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Introduction 

 
Weedy rice (Oryza sativa L.) or locally known as ‘padi angin’ is one of the notorious weed species in rice 
growing areas in Malaysia (Baki, 2010; Azmi et al., 2012). In traditional planting practices, weedy rice 
was controllable due to water seeding, manual transplanting, intensive crop selection, and manual 
weeding (Cao et al., 2006; Delaouche et al., 2007). However, in the last few decades, weedy rice has been 
a global major problem since the shift of rice culture from manual transplant system to direct seeding 
method and introduction of early maturity or semi-dwarf rice varieties (Cao et al., 2006, Delaouche et al., 
2007). In Malaysia, the degree of infestation of weedy rice is worrisome with the yield loss caused by 
weedy rice was reported at about 64,880 tons per year (Baki, 2004). The herbicide-resistant (HR) 
Clearfield® rice technology (Croughan, 2003) provides an option to control weedy rice in rice using 
Imidazolinone herbicides. This technology has been developed in Malaysia by a collaborative project 
between MARDI and BASF (Malaysia) Sdn. Bhd. and was officially launched in 2010 (Azmi et al., 
2012). Although, low levels of natural hybridization are known to occur between the crop and weedy rice 
with gene flow generally ranges from 0.003% to 0.25% (Gealy, 2005; Shivrain et al., 2008), resistant 
weedy rice were soon detected in many commercial fields in the United States, generally after two 
cropping seasons (Burgos et al., 2008; 2014). Similar observations have been reported outside the United 
States, in other regions adopting the similar technology (Gressel and Valverde, 2009; Busconi et al., 
2012; Scarabel et al., 2012; Rosas et al., 2014). Clearfield® Production System (CPS) using the 
imidazolinone tolerant (IMI-TR) rice varieties (MR220CL1 and MR220CL2) has been introduced in most 
of rice granaries in Malaysia to control weedy rice infestation since 2010 (Azmi et al., 2012). The use of 
imidazolinone, the active ingredient in the OnDuty® herbicide, in CPS has successfully control weedy 
rice infestation and dramatically increase rice production from 3.5 to 7 metrics tons ha-1 (Sudianto et al., 
2013). Despite various reports of gene flow and IMI-tolerance weedy rice in the world such as the United 
States (Burgos et al., 2008) and Italy (Scarabel et al., 2012; Rosas et al., 2014), up-to-date, there is still no 
solid reports on weedy rice resistant status in Malaysia although CPS was introduced for more than five 
years since 2010.  
 
A preliminary study at three townships in Kedah reported that there is high likely that weedy rice has 
developed resistance to IMI herbicide at various level (Hamdani et al., 2015) based on the weedy rice 
escapes in CPS rice fields in these areas (Jaafar et al., 2014). In addition, Malaysia with tropic condition 
has high risks of gene flow and evolution of resistant weedy rice populations because of multiple 
cropping of rice in a year and freezing temperatures, which would reduce the density of volunteer plants, 
do not occur (Shivrain et al., 2008; Burgos et al., 2014). Weedy rice is known to have longer seed 
longevity (Diarra et al., 1985; Noldin et al., 2006; Suh, 2008), higher venerability in soil (Vaughan, 
1994), and can stay dormant longer (Moldenhauer and Gibbons, 2003) than cultivated rice. Maintaining 
viability over longer period of time might provide several adaptive advantages for weedy rice to survive 
from heat and high humidity and escape seed deterioration especially in tropical areas (Roberts, 1961; 

mailto:shakirin@um.edu.my
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McDonald, 1999). Seed dormancy is a key trait that promotes the survival of weedy rice (Oryza sativa L.) 
in the rice seedbank (Gu et al., 2005; Mispan et al., 2013). Weedy rice seeds, usually dormant at 
maturation, may survive in soil seed banks for months to years, depending on genotypes and 
environmental conditions in the agro-ecosystems. Integrated weedy rice management strategies should 
include effective approaches to reduce the weed soil seedbank size, dormancy and longevity (Mispan et 
al., 2015). Therefore, this study was aimed to evaluate the potential of seed dormancy as an escape 
mechanism of weedy rice in Malaysia from Imidazolinone (IMI)-herbicide treatment. 
 
Materials and Methods 

 
Plant material 

 

A total of 30 weedy rice biotypes with various morphological characteristics were collected from Muda 
rice granary areas in Kedah. Seed samples were cleaned, air-dried for 3 days, and stored in -20oC freezer 
for further germination test (seed dormancy) and Imidazolinone sensitivity assessment. 
 

Germination test for seed dormancy assessment 

 

The dormancy of weedy rice seeds was tested using standard germination method as described in Mispan 
et al. (2013). A sample of ~30 seeds from each weedy rice biotype was distributed in a 9 cm petri dish 
lined with a Whatman No. 1 filter paper and wetted with 5 mL distilled water. Samples were placed in an 
incubator set at 30oC and 100% relative humidity in dark. Germinated seeds were determined by the 
emergence of radical or coleoptiles. The germination rate was counted at 14 days after imbibition. 
 

Imidazolinone (OnDuty®) sensitivity assessment: Seed bioassay for single-dose IMI-herbicide 

concentration 

 

Similar weedy rice biotypes (used in seed dormancy test) seeds were air-dried for seven days before the 
treatments. The resistant of weedy rice seeds to IMI-herbicide was tested by seed bioassay using single-
dose herbicide application using standard germination method. A sample of ~30 seeds from each weedy 
rice biotype was distributed in a 9 cm petri dish lined with a Whatman No. 1 filter paper in an incubator 
set at 40oC overnight to break the dormancy to eliminate the possibility of false negative germination 
data. Seeds on each petri dish with three replications were wetted with ~5 mL commercially concentrated 
(1.1 gL-1) OnDutyTM herbicide for single-dose application. Control treatment was applied with distilled 
water. Samples were placed in an incubator set at 30oC and 100% relative humidity in light. Germinated 
seeds were determined by the emergence of radical or coleoptiles. The germination rate and number of 
viable seedlings (healthy and green seedlings) were counted at 14 days after imbibition. 
 
Results and Discussion 
 
Germination test to determine seed dormancy level demonstrated that majority (96.7%) of weedy rice 
biotypes collected from Muda rice granaries in Kedah displayed less than 50% germination rate with 
66.7% weedy rice biotypes showed a strong dormancy where germination rate was recorded not more 
than 10% (Figure 1). This indicates that seed dormancy level in weedy rice population in Kedah was 
relatively high. Naturally, plants tend to have characteristic for seed dormancy and longevity for survival 
(Walters et al., 2005). These characters are influenced by various environmental conditions and controlled 
in minor ways by numerous genes scattered all over the genome (Sasaki et al., 2005). Seed dormancy in 
weedy rice is important for weed fitness in rice agro-ecosystem especially to survive in seed bank, 
optimize germination time and preventing from pre-harvest sprouting (Gu et al., 2004; 2005).  



eISSN 2600-9595 
Trans. Malaysian Soc. Plant Physiol. 26 

First Published, 2019 
 

 

4 

 

 
Figure 1: Frequency distribution of weedy rice (WR) biotypes for germination percentage at 14d for seed  

dormancy evaluation (column) and after heat treatment (line). 
 

 
Figure 2:  Germinated seedling percentage for all weedy rice biotypes collected at Muda rice granary.  

Seed dormancy (germination rate) for each biotype was displayed as dotted line. Grey and 
white columns represented seedling survival rate for viable and non-viable seedlings, 
respectively which was divided into, a) viable seedlings were significantly higher than the 
non-viable; b) viable and non-viable seedlings were not significantly different; and c) non-
viable seedlings were significantly higher than the viable.   

 
The germination rate of weedy rice population was significantly increased after heat treatment where 
76.6% of the population showed >50% germination rate (Figure 1). However, this cannot be an indication 
of total dormancy release in the weedy rice. Therefore, determination of seedling survivability after 
herbicide treatment was verified based on the seedling colour/condition after 14 days. Seedlings failed to 
develop ‘green’ pigmentation were considered to loss capability to survive as a fully-grown plant or non-
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viable suggesting susceptibility to Imidazolinone treatment. Interestingly, all biotypes from this 
population obtained various degree of seedling survival (green seedlings) from 1% to 85% (Figure 2). A 
total of 16.7% of the population retained seedling viability over 50% indicating seeds of these biotypes 
have more than half chance to escape Imidazolinone treatment.  
 
Seedling survival rate for post-herbicide application was divided into three categories based on 
percentage ratio between green (viable) and white (non-viable) seedlings (Figure 2). The statistical 
significance of the differences between the viable and non-viable seedlings was investigated by the t-
test at the 5% level. Figure 2a showed that 33% of weedy rice biotypes have significantly (P<0.05) higher 
chances to maintain viability from the germinated seedlings suggesting that weedy rice higher probability 
to escape in the rice field as a matured plant. Figure 2c, on the other hand, displayed the opposite where 
37% of biotypes have low probability to survive. This data showed that all weedy rice biotypes have 
capability to dodge IMI-herbicide application with various degrees in the future.  
 
Seed dormancy was significantly correlated (r = 0.304) with total germination after herbicide application 
(Table 1) indicating that dormancy is related to Imidazolinone resistant at seedling developmental stage.  
This analysis also demonstrated that weedy rice with weak dormancy tend to develop susceptibility to 
Imidazolinone (r = 0.435) while IMI-tolerant weedy rice biotypes displayed no relationship with seed 
dormancy (r = -0.077). Relationship of seed dormancy and seed longevity (viability) has been widely 
discussed although there is no conclusive argument about their association. Roberts (1961) revealed that 
these two traits possessed no association based on the experiments using Indica and Japonica type 
varieties. On the other hand, Ikehashi (1975) and Siddique et al. (1998) reported that cultivars with low 
dormancy lost viability very quick unlike the dormant cultivars which retain certain degrees of longevity. 
Studies on weedy rice also showed that higher dormant seeds generally have higher rate of viable seeds 
after series of burial and/or storage time (Goss and Brown, 1939; Noldin et al., 2006). Positive correlation 
between seed dormancy and IMI-tolerance revealed that these traits might be associated together for the 
viability and longevity of weedy rice. Therefore, seed dormancy might be one of the potential escape 
mechanisms for weedy rice from Imidazolinone herbicide application. 
 
Table 1: Summary of correlation coefficients (r) between seedling number after standard germination test 

(seed dormancy) and Imidazolinone (IMI)-treatments. Values significant at P<0.05 are shown 
with asterisk.  

  Seed dormancy IMI-resistant (Total) IMI-resistant (Viable) 
IMI-resistant (Total) 0.304* 

  IMI-resistant (Viable) -0.077 0.590*  
IMI-resistant (Non-viable) 0.435* 0.573* -0.324* 

 

Conclusions 
 
This study demonstrated that weedy rice populations in Kedah displayed strong seed dormancy status and 
high IMI-resistant potential which can lead to the ineffectiveness of CPS system to control weedy rice. 
This also suggested that weedy rice with strong dormancy has unknown mechanism/s to avoid herbicidal 
injuries during seedling development. It is high likely that weedy rice in Kedah has already ‘evolved’ to 
be resistant to Imidazolinone herbicide (OnDuty™) possibly from consequential conferment of resistant 
genes from Clearfield® rice to weedy rice (Shivrain et al., 2008; Jaafar et al., 2014). This could cause 
problems in the sustainability of CPS technology in Malaysia if this resistant pattern keeps building up 
(Ruzmi et al., 2017). A stringent ecological risk assessment of Imidazolinone application and a weedy 
rice herbicide-resistant screening are required to avoid future escape of IMI-tolerant weedy rice into rice 
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fields, and worse, weedy rice can turn into the next and major herbicide resistant weed in Malaysian rice 
agro-ecosystems (Mispan et al., 2015; Ruzmi et al., 2017). 
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Introduction 
 

Rice is a staple food crop and major income sources especially for small agricultural farmers in Asian 
countries including Malaysia. Generally, many of rice variety were cultivated under a continuous flooded 
system worldwide. This method is a favourite method since the early eighties in Malaysia thus has 
replacing the manual transplanting (Wah, 1998). In Southeast Asia, the method of the continuous flooded 
system in lowlands contributes to more than 95% of the paddy production (Mutert, 2002). However, 
continuously flooded of rice cultivation system requires high volume of waters in the field lead to 
anaerobic conditions and thus one of the important sources of greenhouse gases emission (GHG) which is 
methane (CH4) emissions (Pathak, 2005) where it will contribute to global warming and climate change. 
Methane emissions from the continuously flooded irrigation systems in Malaysia showed higher than 
rainfed system and were forecasted to increase up to 88 Gg by 2030 due to expansion of rice cultivation 
area (Shaidatul Azdawiyah, 2018). 

 
The System of Rice Intensification (SRI) was introduced for lowland rice to reduce the amount of water 
used for irrigation (Uphoff, 2003). The method has proven increased both growth and yield of rice plants 
compared to conventional cultivation methods (Hidayati, 2016). For example, a study in India shows that 
SRI production systems offer generous environmental benefits by reducing water and energy use, 
reducing GHG emissions, reducing reliance on nutrient inputs as well as improving farmer returns by 
over 400% through increasing yields while reducing costs (Gathorne-Hardy, 2016).  

 
In recent years, the demand for fragrant rice in Malaysia has grown due to its distinct characteristics like 
the taste and aroma. Since the last 10 years, Malaysian Agricultural Research and Development Institute 
(MARDI) has taken efforts to develop fragrant rice varieties through breeding program (Shahida, 2016). 
Fragrant rice varieties which have been released by MARDI namely MRQ 76 have the characteristic 
almost similar to Jasmine rice with soft and sticky rice texture and the cultivation mostly focusing at 
rainfed and outside of Malaysian central irrigation scheme area. Thus, this study aimed to verify the 
growth performance of Malaysian fragrant rice variety MRQ 76 cultivated under SRI and conventional 
continuous flooded rice farming as control. 
 
Materials and Methods 

 

Description of the study 
 

The field experiment conducted at the terrace research plot (R), Plant House, Faculty of Science and 
Technology, UKM, Bangi, Selangor, Malaysia from July to October 2017. The study aimed to evaluate 
the crop growth performance using two different methods of rice cultivation which were the direct seeded 
(conventional) and the SRI method using rice seed variety MRQ 76 obtained from MARDI. The study 
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was conducted using a randomised complete block design with the size of the experimental plots 5 m x 5 
m (25 m2), and each treatment replicated three times.  
 
Land preparation and management 

 
The seedling used for transplanting of SRI method is 12 days old after seeding in the tray on nursery bed. 
The transplanting of single plant was done quickly after the seedlings removed from the nursery bed, and 
carefully putting the seedling in very shallow (1-2 cm) soil in a square pattern with spacing at 25 cm x 25 
cm distances between rows and hills. Commercial organic SRI Soil enhancer and fertilizer (SRI 
ORGANIK @ SEMPROT) formulated by local SRI farmers which containing nitrogen (N), phosphate 
(P205), potassium oxide (K2O), magnesium oxide (MgO), Cupper (Cu), Zink (Zn), Mangan (Mn) and Iron 
(Fe) were used in the SRI cultivation plot and were applied every 10 days until 80 days after transplant 
(DAT). In the SRI method, plots were kept moist with a water level of about 1-2 cm at the vegetative 
phase until ripening phase and drained at 20 days before harvest. Weeding was carried out to ensure 
topsoil aeration at 10, 20, and 30 days after planting using a handmade weeder.    

 
The pre-germinated seeds directly broadcasted at the plots of direct seeded were at rate of 400 seeds per 
m2 based on a regular practice by the conventional farmers. Flooded water was supplied continuously 
with a water level of about 5 cm until 14 days before harvest in the direct seeded method. The direct 
seeded plots were received inorganic NPK fertilizer at rate 15:15:15 at 21 and 34 days after sowing 
(DAS) and 12:12:17 at 49 DAS. Weeding of the conventional method plots performed at 10 and 20 days 
after planting by hand.  
 
Measurement of plant growth performance 

 
Rice growth parameters measured at 28 DAS for vegetative phase, 60 DAS for reproductive phase and 
ripening phase measured at 98 DAS. The plant height (cm) measured from ground level to the tip of the 
longest leaf of rice plants using the 1 m measuring tape and the size of rice tillers were measured using 0-
150 mm, 0.02 resolution and graduation, Vernier calliper. Tiller number and leaf number per hill for both 
of the cultivation method; direct seeded and SRI were counted manually. The measurement of leaf 
chlorophyll content or “greenness” of the rice plants was taken using Soil Plant Analysis Development 
(SPAD) meter (SPAD-502, Minolta, Japan). 
 
Statistical analysis 

 
A one-way analysis of variance (ANOVA) method was used to analyse all the data statistically using 
Statistical Analysis System (SAS) software (SAS®, SAS Institute Inc., Cary, NC, USA) release 9.4. 
Mean separation was carried out for significantly different parameters using Least Significant Difference 
(LSD) test at p<0.05. 

 

Results and Discussion 

 

Size and number of rice tillers 
 

The results of this study show that growth performance of rice MRQ 76 cultivated under SRI indicates 
significantly higher (p<0.05) for size and number of rice tillers during all the three phases namely 
vegetative, reproductive and ripening as in Figure 1 and Figure 2. The rice plants cultivated under the SRI 
improved strength of tillers and better tiller size, thus enhanced the plants’ growth and tillering ability. 
The number of phyllochrons completed has a close relationship with the tillering ability in rice before 
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entering the reproductive stage (Stoop, 2002). The main reason of the significantly higher growth 
performance of rice plants in SRI method during vegetative phase is due to the minimised effect of 
seedlings transplanting shock in SRI methods due to earlier transplanting of young seedlings, which was 
12 DAS in this study. A greater number of phyllochrons was allowed to complete by the plants before the 
onset of anthesis by the subsequent favourable growing conditions of SRI method (Thakur, 2010). The 
high growth of the rice cultivated under SRI methods also contributed by the use of organic fertilizer in 
the area (Shahida, 2016), which will increase the soil biological properties such as a population of 
microbe, fungi and soil respiration (Subardja, 2016). 
 

 
Figure 1: Size of rice tillers cultivated under SRI and conventional method in three phases; vegetative, 

reproductive and ripening. Means with the same letters do not differ significantly according to 
LSD (p<0.05). 

 

 
Figure 2: Number of rice tillers cultivated under SRI and conventional method in three phases; vegetative, 

reproductive and ripening. Means with the same letters do not differ significantly according to 
LSD (p<0.05). 

 
Plant height and leaf number 

 

Plant height increased with increasing plant age from vegetative to ripening phases for both SRI and 
conventional method. The plant height of rice cultivated under SRI during vegetative phase shows higher 
than the conventional method however, during reproductive and ripening phases the plant height were 
higher under the conventional method compared to SRI as shown in Figure 3. Increase in plant height at 
reproductive and ripening phases might attribute to higher competition for growth resources especially 
for light with increasing in leaf number of rice in a direct seeded method although the SRI method shows 
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higher leaf number compared to the conventional method as shown in Figure 4. Thakur et al. (2010) 
suggested that reducing competition between the plants for uptake of nutrients, water, light, and air by 
transplanting one seedling per hill, as well as the wider spacing between hills as in the SRI method 
played a role to increase the growth of individual rice plant (Thakur, 2010). However, the result obtained 
as shown in Figure 3, might be contributed by other factors which is unknown and further study should 
be permitted whether the results of higher number of rice tillers for SRI might be one of the factors that 
reduce the plant height as nutrients were used to improve yield.  
 

 
Figure 3: Plant height of rice cultivated under SRI and conventional method in three phases; vegetative, 

reproductive and ripening. Means with the same letters do not differ significantly according to 
LSD (p<0.05). 

 

 
Figure 4: Leaf number of rice cultivated under SRI and conventional method in three phases; vegetative, 

reproductive and ripening. Means with the same letters do not differ significantly according to 
LSD (p<0.05). 

 
Chlorophyll content  

 

The value of SPAD or the greenness of the rice leaves indicates the chlorophyll level in the rice plants 
and provides instantaneous on-site information on crop nitrogen status or uptake (Shahida, 2016). It could 
provide proper management of nitrogen supply in the rice field in the future. As shown in Figure 5, all 
the chlorophyll content  of rice cultivated under SRI method at 3 different growth phases in this study 
were significantly higher than those in the direct seeded conventional method and also higher than 
optimum level of 35 for the optimum grain yield for indica varieties as reported by Peng et al. (1996). 
The higher level of leaf chlorophyll content indicated that the SRI practices induced greater root growth 
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and enhanced root activity of the rice plant via greater xylem exudation rates (Thakur, 2011). The 
enhancement of nutrient uptake (nitrogen) by the rice under SRI system is indicated by greater and 
deeper root systems resulted in increasing the root oxidation activity and root-sourced cytokinins (Zhang, 
2009), which play a major role in promoting cell division or growth of the rice plant. 
 

 
Figure 5: SPAD readings of SRI and conventional method under three rice phases; vegetative, 

reproductive and ripening. Means with the same letters do not differ significantly according to 
LSD (p<0.05). 

 
Conclusion 

 
This study revealed that performance of rice variety MRQ 76 were dissimilar at different growth phases 
cultivated under agro-ecological approach (SRI) and direct seeded method. The agro-ecological approach 
method shows high performance in most of rice plants growth parameters evaluated especially during 
vegetative and ripening phases as compared to conventional way. Further research on growth 
performance of the variety under established rice field area on longer cropping season needs to be taken 
in the future. The results of this preliminary study can be used as a preliminary reference in establishing 
the rice MRQ 76 cultivation under agro-ecological approach method.      
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Introduction 

 
Rice (Oryza sativa L.) is the most important and primary source of food and one of the top five major 
carbohydrate crops for more than half of the world’s population (Amirjani, 2011). It is extensively 
cultivated and grown due to its vital carbohydrate role for human consumption. According to Khush 
(2005), rice is grown on about 11% of world’s cultivated land and mostly consumed by Asians as their 
daily calorie intake. Food and Agriculture Organization (FAO, 2017) estimated that the total rice 
production in early 2017 was 502.6 million metric tons, in which China and India were the leading 
producers, followed by Indonesia, Bangladesh, and Vietnam. In Malaysia, rice covering an area up to 
205,548 hectares as it is the third most important crop grown mainly in eight granaries, especially in 
Peninsular Malaysia (Azmi and Mashhor, 1995).  
 
Plants are complex and sessile organisms. They tend to confront with different types of both biotic and 
abiotic stresses by developing a unique mechanism. As a result, they can adapt and survive well under 
numerous stressful events and environment factors (Rejeb et al., 2014). Among the major abiotic stresses, 
salinity is the most brutal environmental constraint which is responsible for the reduction of cultivated 
plants worldwide (Tari et al., 2015). Most crop plants are glycophytes and sensitive to high concentrations 
of salt in the soil (Hasanuzzaman et al., 2013). This is because high salt concentrations can be toxic to the 
plants and cause difficulty to extract water (Munns and Tester, 2008). On the other hand, low salt 
concentrations will delay and suppress the plant growth itself (Peel et al., 2004). Salt-affected land has 
been reported to increase day by day and up to 20% of the cultivated land was affected (Gupta and 
Huang, 2014). Some of the saline soil lands were resulted from the human-induced processes or natural 
cause of salt accumulation over a long period of time (Rengasamy, 2002).  
 
Salinity stress has really given negative impact towards the rice production worldwide. In other words, 
salinity can reduce crop productivity and its yield production and since rice is considered as the most 
important staple food for half of the world’s population, salinity problem can actually cause more harm if 
not supervised. Therefore, it is crucial to maintain the production of rice. Germination stage is very 
important for a plant as it is an early phase in plant development. There were a lot of studies reporting 
how salinity stress affected the germination stage of plants. Hence, this study was aimed to overcome 
these problems by developing a liquid formulation containing potassium chloride (KCl), potassium nitrate 
(KNO3) and phytohormones as seed germination and growth promoter for rice under salinity stress. 
Phytohormones such as salicylic acid (SA) and gibberellic acid (GA) have been reported to cope stress in 
plants by producing proteins and causing resistance. A significant improvement was observed in 
germination rate, germination percentage, reduction in the mean germination time and even enhanced 
gaseous exchange parameters of different types of crop under different salinity levels. Application of 
liquid formulation is seen to be more practical for the production of rice in paddy field. This can be one of 
the solutions instead of producing new breed of rice cultivar that is resistance to salinity condition in 
Malaysia. This liquid formulation was designed to increase the seed performance in germination phase 
and to enhance the plant development of rice under salinity stress.  
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Therefore, an experiment was conducted to (i) determine the ideal concentration of KCl, KNO3, SA and 
GA that promotes the germination of salt stressed MR 263 seeds and, (ii) develop a liquid germination 
enhancer for salt stressed MR 263 seeds.  
 
Materials and Methods 

 

The MR 263 seeds were obtained from the Gene and Seed Bank of Malaysian Agricultural Research and 
Development Institute (MARDI), Serdang, Selangor. The seed sterilization was done according to a study 
by Kalhori et al. (2018) with a slight modification. Healthy, strong and uniform size seeds were selected 
and surface sterilized with 70% (v/v) ethanol solution for 30 seconds. Seeds were then washed with 20% 
(v/v) sodium hypochlorite solution with a few drops of tween 20 to remove dirt for another 15 minutes. 
Next, the seeds were washed thoroughly with autoclaved distilled water for 5 times, followed by air 
drying on a tissue paper. 
 
The treatments used in this study were KCl and KNO3 with addition of two plant hormones, i.e. SA and 
GA. The concentrations used were altered and modified slightly according to the availability and 
compatibility of the plant of interest in this study (Table 1).  
 
Table 1: Treatment with KCl, KNO3, SA and GA.  

Treatment Concentration Proposed by 
KCL 0, 10, 20, 30 and 40 mM Mohammed (2016) 
KNO3 0, 10, 20, 40 and 60 mM Zheng et al. (2008) 
SA 0, 0.25, 0.50, 0.75 and 1.0 mM Mohammed (2016) 
GA 0, 20, 40, 60 and 80 mg/L Misratia et al. (2015); Guadagnin et al. (2017) 

 
Sterilized rice seeds were osmoprimed with 10 mL of sodium chloride solution with -1.5 MPa osmotic 
potential (severe) for 3 days at 24°C according to Jisha and Puthur (2016). The method was revised and 
altered according to the availability and compatibility to the plant of interest in this study, which is rice. 
The purposed seed priming was to induce the salt stress in seeds. 
 
The first step in development of plant growth enhancer was to select the ideal concentrations of KCl, 
KNO3, SA and GA for enhancing the germination of salt-stressed rice seeds. The best concentrations 
were chosen based on their germination growth and other parameters. The second step was to determine 
the combination of the ideal concentrations of the chemicals as shown in Table 2 below. 
 
Table 2: The combinational treatments with KCl, KNO3, SA and GA. 

Number Combinational treatments 
1 Control 
2 20 mM KCl + 0.25 mM SA 
3 20 mM KCl + 80 mg/L GA 
4 20 mM KCl + 20 mM KNO3 

5 80 mg/L GA + 20 mM KNO3 

6 0.25 mM SA + 80 mg/L GA 
7 0.25 mM SA + 20 mM KNO3 

8 20 mM KCl + 0.25 mM SA + 80 mg/L GA 
9 20 mM KCl + 0.25 mM SA + 20 mM KNO3 

10 20 mM KCl + 80 mg/L GA + 20 mM KNO3 

11 0.25 mM SA + 80 mg/L GA + 20 mM KNO3 

12 20 mM KCl + 0.25 mM SA + 80 mg/L GA + 20 mM KNO3 
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The primed seeds were germinated in petri dishes containing Whatman No. 1 filter paper. The seeds were 
soaked in 8 mL of the respective treatments as shown in Table 2. Soaking with distilled water was applied 
as the control. Seven seeds were geminated in one petri dish and sealed to minimize the evaporation and 
permitted aeration at the same time. Then, it was kept at 24±2°C under 14 hours light and 10 hours dark 
cycle by Philips fluorescent light arranged in Completely Randomized Design. The germinated seeds 
were observed daily and data were recorded once the radicle and plumule have come out. At one time 
experiment, there were two replicates for each treatment and repeated thrice to get credible data. Data 
collection on germination percentage (%), germination index, seed vigor and early seedling growth 
parameters were taken and measured. All data collected were tabulated and analysed by using SPSS 
version 22. A one-way ANOVA at confidence level p≤0.05 was used to find the significance difference 
among the concentrations and combinational treatments followed by a post-hoc test of Duncan’s Multiple 
Range Test and Tukey’s HSD for mean comparison at confidence level p≤0.05. 
 
Results and Discussion 

 
The germination index, seed vigor and early growth of salt-stressed MR 263 seeds were shown to have 
been influenced by the KCl treatments (ANOVA, p≤0.05). The ideal concentration of KCl was found to 
be 20 mM, whereby it gave higher results in germination percentage (92.75%), germination index 
(10.32), seed vigor (16.26), shoot length (8.23 cm), seedling length (17.67 cm) and biomass (0.11 g) 
parameter as compared to control treatment (Table 3). 
 
Table 3: Germination percentage, germination index, seed vigor, shoot length, seedling length and  

biomass of salt-stressed MR 263 seeds in different concentrations of KCl. 
Concentration 
(mM) 

Germination 
percentage (%) 

Germination 
index 

Seed vigor 
Shoot length 
(cm) 

Seedling 
length (cm) 

Biomass 
(g) 

0 93.00±4.04a 8.66±0.04a 12.57±0.48ab 6.59±0.24a 13.55±0.32ab 0.08±0.00a 
10 92.75±7.25a 9.25±0.06b 14.31±1.03bc 7.50±0.28abc 15.49±0.67ab 0.09±0.00a 
20 92.75±7.25a 10.32±0.08d 16.26±0.92c 8.23±0.31c 17.67±0.87c 0.11±0.00b 
30 89.25±6.92a 9.56±0.05c 13.56±0.88abc 7.77±0.28bc 15.23±0.24b 0.08±0.00a 
40 82.00±6.96a 9.28±0.04b 10.18±0.75a 6.77±0.21ab 12.42±0.20a 0.08±0.01a 

Means having the same letter(s) within column are not significantly different at P≤0.05. 
 
The study found that, germination percentage, germination index, seed vigor and early growth parameter 
of MR 263 under salinity stress were influenced by the KNO3 treatments (ANOVA, p≤0.05). The ideal 
concentration of KNO3 was 20 mM, whereby it gave higher results in germination percentage (86%), 
germination index (9.57), seed vigor (16.35), shoot length (9.96 cm), seedling length (19.07 cm) and 
biomass (0.11 g) parameter as compared to control treatment (Table 4).  
 
Table 4: Germination percentage, germination index, seed vigor, shoot length, seedling length and    

biomass of salt-stressed MR 263 seeds in different concentrations of KNO3. 
Concentration 
(mM) 

Germination 
percentage (%) 

Germination 
index 

Seed vigor 
Shoot length 
(cm) 

Seedling 
length (cm) 

Biomass 
(g) 

0 78.50±4.33ab 8.68±0.04b 12.98±0.73b 6.28±0.30a 16.52±0.47b 0.07±0.00a 
10 74.75±3.75ab 8.79±0.09b 13.93±0.57bc 9.09±0.03c 18.59±0.14cd 0.09±0.00b 
20 86.00±0.00b 9.57±0.09c 16.35±0.06c 9.96±0.06c 19.07±0.07d 0.11±0.00c 
40 82.25±3.75b 8.64±0.02b 14.10±0.67bc 9.48±0.12c 17.16±0.18bc 0.09±0.00bc 
60 64.00±4.04a 8.01±0.14a 7.65±0.73a 7.74±0.37b 11.84±0.54a 0.06±0.00a 

Means having the same letter(s) within column are not significantly different at P≤0.05. 
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Table 5: Germination percentage, germination index, seed vigor, shoot length, seedling length and 
biomass of salt-stressed MR 263 seeds in different concentrations of SA. 

Concentration 
(mM) 

Germination 
percentage (%) 

Germination 
index 

Seed vigor 
Shoot length 
(cm) 

Seedling 
length (cm) 

Biomass 
(g) 

0 89.50±3.50a 8.69±0.03b 14.34±0.42c 5.62±0.13a 16.08±0.19c 0.06±0.01a 
0.25 96.50±3.50a 10.37±0.05c 17.64±0.59d 7.24±0.03c 18.38±0.21d 0.08±0.00c 
0.50 93.00±4.04a 9.28±0.06b 13.66±0.57c 6.45±0.06bc 14.72±0.28c 0.08±0.00ab 
0.75 86.00±0.00a 8.93±0.02b 9.41±0.35b 5.66±0.31ab 10.99±0.41b 0.07±0.01ab 
1.00 86.00±0.00a 8.05±0.29a 5.05±0.45a 4.94±0.24a 7.16±1.00a 0.06±0.02a 

Means having the same letter(s) within column are not significantly different at P≤0.05. 
 
Based on the results obtained, germination index, seed vigor and early growth parameters were found to 
have been influenced by the SA treatments (ANOVA, p≤0.05). The ideal concentration of SA was 0.25 
mM, whereby it gave higher results in germination percentage (96.50%), germination index (10.37), seed 
vigor (17.64), shoot length (7.24 cm), seedling length (18.38 cm) and biomass (0.08 g) parameter as 
compared to control treatment (Table 5). 
 
Treatment with GA was shown to have influenced the germination percentage, germination index, seed 
vigor and early growth (ANOVA, p≤0.05). The ideal concentration of GA was 80 mg/L, whereby it gave 
higher results in germination percentage (96.50%), germination index (9.63), seed vigor (23.58), shoot 
length (18.11 cm), seedling length (24.53 cm) and biomass (0.08 g) parameter compared to control 
treatment (Table 6).  
 

Table 6: Germination percentage, germination index, seed vigor, shoot length, seedling length and 
biomass of salt-stressed MR 263 seeds in different concentrations of GA. 

Concentration 
(mg/L) 

Germination 
percentage (%) 

Germination 
index 

Seed vigor Shoot length (cm) 
Seedling 
length (cm) 

Biomass (g) 

0 86.00±0.00a 8.60±0.05ab 11.90±0.20a 6.25±0.16a 13.89±0.23a 0.06±0.00a 
20 82.25±3.75a 8.13±0.15a 14.72±0.66ab 10.57±0.86b 17.97±0.78b 0.06±0.00ab 
40 86.00±0.00a 8.65±0.09b 17.42±0.97bc 13.79±1.41bc 20.33±1.13bc 0.07±0.00ab 
60 86.00±0.00a 9.08±0.10b 18.95±0.90c 16.19±0.85cd 22.61±1.28cd 0.07±0.00ab 
80 96.50±3.50b 9.63±0.14c 23.58±0.50d 18.11±0.58d 24.53±0.77d 0.08±0.00b 

Means having the same letter(s) within column are not significantly different at P≤0.05. 
 
The ideal concentrations for KCl, KNO3, SA and GA obtained were combined to produce a liquid 
germination enhancer that induced the germination and early growth of salt-stressed MR 263 seeds. The 
combinational treatments were mixtures of the chemicals as shown in Table 2 above. From the results 
obtained, all combinational treatments were shown to have influenced the germination percentage, 
germination index and seed vigor (ANOVA, p≤0.05) as shown in Table 7. Combination of 20 mM KCl + 
20 mM KNO3 + 0.25 mM SA + 80 mg/L GA significantly increased the early growth of salt-stressed 
MR263 seedling (ANOVA, p≤0.05). On the other hand, 20 mM KCl + 0.25 mM SA + 80 mg/L GA + 20 
mM KNO3 resulted in the highest seed vigor, shoot length, seedling length and biomass as compared to 
control treatment and other combinations (Table 8).  
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Table 7: Germination percentage, germination index and seed vigor of salt-stressed MR 263 seedlings in 
different combinations of plant growth regulators. 

Number Combination 
Germination 
percentage (%) 

Germination 
index 

Seed vigor 

1 Control 86.00±0.00a 8.47±0.03a 12.85±0.15a 
2 20 mM KCl + 0.25 mM SA 86.00±0.00a 8.68±0.03a 13.45±0.05ab 
3 20 mM KCl + 80 mg/L GA 100.00±0.00b 11.26±0.07f 26.52±0.20gh 
4 20 mM KCl + 20 mM KNO3 86.00±0.00a 9.20±0.04b 16.39±0.18cd 
5 80 mg/L GA + 20 mM KNO3 86.00±0.00a 8.45±0.05a 18.14±0.21f 
6 0.25 mM SA + 80 mg/L GA 86.00±0.00a 9.56±0.08c 15.09±0.08de 
7 0.25 mM SA + 20 mM KNO3 86.00±0.00a 9.80±0.07cd 21.86±0.24bc 
8 20 mM KCl + 0.25 mM SA + 80 mg/L GA 93.00±4.04ab 9.65±0.08cd 13.90±0.48ab 
9 20 mM KCl + 0.25 mM SA + 20 mM KNO3 89.50±3.50a 9.85±0.11cd 14.70±0.57bc 
10 20 mM KCl + 80 mg/L GA + 20 mM KNO3 89.50±3.50a 10.19±0.05e 19.82±0.90ef 
11 0.25 mM SA + 80 mg/L GA + 20 mM KNO3 86.00±0.00a 11.57±0.00f 24.79±0.15g 
12 20 mM KCl + 0.25 mM SA + 80 mg/L GA + 20 

mM KNO3 

86.00±0.00a 9.91±0.10de 27.53±0.28h 

Means having the same letter(s) within column are not significantly different at P≤0.05. 
 
Table 8: Shoot length, root length, seedling length and biomass of salt-stressed MR 263 seedlings in 

different combination of plant growth regulators. 

Number Combination 
Shoot length 
(cm) 

Root length 
(cm) 

Seedling 
length (cm) 

Biomass 
(g) 

1 Control 6.87±0.33a 7.87±0.17c 15.00±0.18a 0.06±0.00a 
2 20 mM KCl + 0.25 mM SA 7.75±0.05ab 7.95±0.03c 15.70±0.06ab 0.08±0.00d 
3 20 mM KCl + 80 mg/L GA 19.78±0.28f 6.75±0.20b 26.52±0.20g 0.07±0.00c 
4 20 mM KCl + 20 mM KNO3 8.64±0.16bc 10.49±0.15d 19.12±0.21d 0.09±0.00e 
5 80 mg/L GA + 20 mM KNO3 18.45±0.36f 6.65±0.11b 25.09±0.25f 0.09±0.00e 
6 0.25 mM SA + 80 mg/L GA 12.57±0.24d 8.60±0.31c 21.16±0.10e 0.07±0.00b 
7 0.25 mM SA + 20 mM KNO3 8.96±0.19bc 8.64±0.13c 17.60±0.28c 0.10±0.00f 
8 20 mM KCl + 0.25 mM SA + 80 

mg/L GA 
12.15±0.23d 2.84±0.25a 14.99±0.29a 0.06±0.00b 

9 20 mM KCl + 0.25 mM SA + 20 
mM KNO3 

9.80±0.25c 6.67±0.08b 16.47±0.22b 0.10±0.00f 

10 20 mM KCl + 80 mg/L GA + 20 
mM KNO3 

15.80±0.35e 6.39±0.32b 22.19±0.26e 0.10±0.00g 

11 0.25 mM SA + 80 mg/L GA + 20 
mM KNO3 

22.39±0.30g 6.53±0.41b 28.92±0.17h 0.11±0.00h 

12 20 mM KCl + 0.25 mM SA + 80 
mg/L GA + 20 mM KNO3 

26.15±0.36h 5.97±0.16b 32.12±0.32i 0.12±0.00h 

Means having the same letter(s) within column are not significantly different at P≤0.05. 
 
Potassium (K) plays a critical role in plant growth and metabolism. Recent studies suggested that K is one 
of the great alternatives in alleviating various biotic and abiotic stresses, especially for plants under salt 
stress (Wang et al., 2013). For example, in another study of O. sativa, the applications of both KCl and 
K2SO4 were reported to reduce the osmotic stress in rice through an increased in transpiration rate and 
production of proline (Zain and Ismail, 2016). SA also has been recognized in providing protection 
against abiotic stresses such as drought, cold stress and even salinity stress (Miura and Tada, 2014). 
According to Hara et al. (2012), a low level of SA is a great phytohormone in enhancing antioxidant 
activities in salt affected plants. Increased in GA was also observed to promote plant growth by 
promoting cell elongation and cell division (Mahmoody and Noori, 2014) while reduction of GA 
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inhibited plant development. According to Iqbal et al. (2011), these phytohormones were known to have 
alleviated the negative effects of salt stress on pigment content, hill activity and water use efficiency. 
 
Conclusion 

 

To conclude, salt stress undoubtedly gave negative effects on the germination of MR 263 seeds. 
Therefore, this study was conducted to find the most suitable treatment to enhance the germination of salt 
stressed MR 263 seeds by using KCl, KNO3, SA and GA. The study found that 20 mM KCl, 20 mM 
KNO3, 0.25 mM SA and 80 mg/L GA was the ideal concentration for the germination of salt stressed MR 
263 seeds. The combination of ideal concentrations of 20 mM KCl + 0.25 mM SA + 80 mg/L GA + 20 
mM KNO3, on the other hand, was the most effective treatment as compared to other combinations and 
even single treatment to act as the liquid germination enhancer in increasing the seedling growth of salt 
stressed MR 263 seeds.  
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Introduction 

 
Seed priming is a technology known to enhance seed performance. This technique is relatively simple, 
low cost and effective for early seedling growth and works well under stressed and non-stressed 
conditions (Kaur et al., 2015). Despite its better growth, this method also shows faster germination time 
and higher germination rate during seed germination phase. This phase is crucial since it is the starting 
point in plant development. According to Kaymakanova (2009), germination stage determines when and 
where seedling growth begins which makes it the most preeminent stage in life cycle of plants. It is the 
most sensitive stage to all abiotic stresses including drought stress. Drought stress occurs when the plant’s 
surrounding is scorching in high temperature with great water deficiency which disrupts the biological 
process in plants due to low water uptake. It was also reported to cause significant reduction in 
germination rate, shoot and root length of many plant species (Okcu et al., 2005; Torabi and Ardestani, 
2013; Liu et al., 2015). 
 
Rice (Oryza sativa) generally requires a large amount of water to grow (5000 L of water to produce 1 kg 
of rice). Thus, rice production can severely be affected by drought stress. Reportedly, due to El Nino 
phenomenon, drought strike had affected Malaysia from September 2015 to April 2016. Consequence, 
there was a great loss in rice production in Kedah and Penang states. With respect to this issue, treatment 
using chemical solutions was introduced to alleviate drought stress. 
 
The use of Potassium chloride (KCl), Thiourea (TU), Kinetin (Kin) and Salicylic acid (SA) in the 
treatment was reported to show improvements in germination rate, germination index, plant growth and 
crop production of various plant species under drought stress (Syekhbaglao et al., 2014; Eghobor et al., 
2015; Al-Shaheen et al., 2016). Hence, this study was conducted to apply seed priming technique and 
develop a liquid  enhancer that consist of KCl, TU, Kin, and SA for rice cv. MR 284 germination under 
drought stress condition. 
  
Materials and Methods 

 
Plant materials 

 

Rice seeds cv. MR 284 used in the present study were obtained from Malaysian Agricultural Research 
and Development (MARDI) Parit Station, Perak.   
 
Experimental design 

 

PEG6000 solution (-1.2 MPa) was used to induce drought condition in the seed germination. PEG6000 
solution (-12 MPa) has significantly reduced germination percentage and shoot and root growth of 
pyrethrum (Li et al., 2011). All seeds were germinated in petri dishes containing 8 mL of PEG6000 
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solution and left in a control room with temperature regulated at ±25ºC, and 16/8-hours (light/dark) 
cycled by Philips fluorescent light. All petri dishes were arranged in a Completely Randomized Design 
with 15 replications. The first step was to determine the ideal concentration of KCl, TU, Kin, and SA 
followed by the next step to combine the chemical solutions based on the ideal concentration found in 
step 1 and determines the ideal concentration of the combination.  
 

Step 1: Determination of ideal concentration of KCl, TU, Kin, and SA  

 

This method was adapted and improvised from Toklu et al. (2015). Rice seeds were surface sterilized 
with 20% sodium hypochlorite and rinsed 3x with distilled water. The sterilized rice seeds were then 
primed in KCl (10, 20, 30, 40, 50 mM), TU (10, 20, 30, 40, 50 mM), Kin (0.25, 0.50, 0.75, 1.0 mM), and 
SA (0.25, 0.50, 0.75, 1.0 mM) for ±16 hours. Primed and unprimed rice seeds (8) were germinated in -1.2 
Mpa PEG6000 solution (8 mL) for 10 days, and unprimed seeds were served as control treatment. The 
germinated seeds were observed daily and growth parameters such as shoot length, root length, dry 
weight, and fresh weight were taken on day 10. Germination percentage, germination index, and seed 
vigor were calculated as follows, and analysed using a one-way ANOVA, SAS 9.4. 
 

1. Germination percentage (GP) (%) (Ellis and Roberts, 1981) 
 GP =  Number of germinated seedsTotal number of seeds sown  x 100 

 
2. Germination index (Anchalee, 2011) Germination index = ∑ Number of germinated seedsNumber of days  

 
3. Seed vigor (SV) (Abdul-Baki and Anderson, 1973) 

 SV = (Average shoot length + Average root length) x GP 
 
Step 2: Combination of chemical solutions to produce liquid enhancer  

 

All ideal concentrations were combined as the followings: A1 (KCl + TU), A2 (KCl + Kin), A3 (KCl + 
SA), B1 (TU + Kin), B2 (TU + SA), B3 (Kin + SA), C1 (KCl + TU + Kin), C2 (KCl + TU + SA), C3 
(TU + Kin + SA), D (KCl + TU + Kin + SA). These treatments were tested using the same rice 
germination process as in step 1. Measurements and calculations for all parameters were analysed by 
using a one-way ANOVA, SAS 9.4.  
 
Results and Discussion 

 

Determination of ideal concentration of KCl, TU, Kin, and SA 

 

In this study, seed priming with KCl, TU, Kin, and SA showed significantly higher value of germination 
percentage, germination index and seed vigor than unprimed seeds (control treatment). Ideal 
concentration of a chemical solution is the concentration with the highest value of seed vigor index, 
germination index and germination percentage amongst all concentrations. The ideal concentration for 
MR 284 was 20 mM KCl, 10 mM TU, 0.50 mM Kin, and 0.25 mM SA as shown in the Tables 1-4. 
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Table 1: Effects of different concentrations of KCl on germination percentage (GP), germination index 
 (GI), and seed vigor (SV) on MR 284 rice seed.  

Treatment KCl (mM) GP (%) GI SV 
Control 23.3±11.5c 2.94±0.3c 0.59±0.1c 
10 29±10.1c 1.93±0.3d 0.96±0.05b 
20 43±8.9a 5.77±0.6a 1.74±0.7a 
30 17.67±1.9d 1.34±0.2d 0.32±0.02c 
40 21.67±9.2c 1.39±0.2d 0.95±0.01b 
50 36±6.7b 3.72±0.4b 1.4±0.02a 

Means with the same letter were not significantly different at P≤0.05. 
 
Table 2: Effects of different concentrations of TU on germination percentage (GP), germination index 

(GI), and seed vigor (SV) on MR 284 rice seed.  
Treatment TU (mM) GP (%) GI SV 
Control 23.3±11.5c 2.94±0.3c 0.59±0.1c 
10 50±0a 4.89±0.3a 2.21±0.3a 
20 33.3±7.2b 4.44±0.2b 1.4±0.08b 
30 53.3±11.5a 5.05±0.6a 1.8±0.2a 
40 36.6±10.2b 4.45±0.3b 1.38±0.01b 
50 19±8.5d 2.07±0.3c 0.41±0.02c 

Means with the same letter were not significantly different at P≤0.05. 
 
Table 3: Effects of different concentration of Kin on germination percentage (GP), germination index 
 (GI), and seed vigor (SV) on MR 284 rice seeds.  

 
 
 
 
 
 

Means with the same letter were not significantly different at P≤0.05. 
 
Table 4: Effects of different concentration of SA on germination percentage (GP), germination index
 (GI), and seed vigor (SV) on MR 284 rice seeds.  

Treatment SA (mM) GP (%)  GI  SV  
Control 23.3±11.5b 0.34±0.3d 0.59±0.1b 
0.25 38±3a 3.34±0.3a 1.62±0.17a 
0.50 16.33±3.7c 2.11±0.2b 0.71±0.06a 
0.75 15±3c 1.35±0.03c 0.24±0.08b 
1.0 34±3.8a 3.16±0.2a 1.21±0.11a 

Means with the same letter were not significantly different at P≤0.05. 
 
Combination of chemical solutions to produce liquid enhancer 

 
Table 5 shows the germination percentage, germination index, and seed vigor of MR 284 at different 
combination treatments of 20 mM KCl, 10 mM TU, 0.50 mM Kin, and 0.25 mM SA. It revealed 
significantly higher value of germination percentage, germination index, and seed vigor for most of the 
seeds treated with the combination treatment compared to the control treatment at p<0.05. Figures 1-3 
show representative of 10 days old MR 284 seedlings in treatment A, B, C, and D. All treatments showed 
better growth of seedlings compared to those in control. 
 

Treatment Kin (mM) GP (%) GI  SV  
Control 23.3±11.5c 0.34±0.3d 0.59±0.1d 
0.25 16.1±3.9d 1.83±0.1c 1.25±0.4c 
0.50 55.75±5.7a 8.59±0.5a 3.36±0.5a 
0.75 48.3±1.7a 9.32±0.4a 1.99±0.24b 
1.0 40.7±0.67b 6.14±0.2b 2.32±0.3a 
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Table 5: Germination percentage (GP), germination index (GI), and seed vigor (SV) of MR 284 rice seeds 
at different combination treatment of KCl (20 mM), TU (10 mM), Kin (0.5 mM), and SA (0.25 
mM).  

Treatments GP (%)  GI  SV  
Control 83.7±4.3b 9.7±0.7b 4.6±0.7b 
A1 (KCl + TU) 96.0±4.0a 11.0±0.6ab 4.8±0.1ab 
A2 (KCl + Kin) 100±0a 11.2±0.9ab 4.9±0.5ab 
A3 (KCl + SA) 88±0b 11.4±0.4ab 6.01±0.7ab 
B1 (TU + Kin) 88±0b 12.9±1.3a 5.5±0.5ab 
B2 (TU + SA) 100±0a 12.8±1.1a 6.1±0.8ab 
B3 (Kin + SA) 96.0±4.0a 10.5±0.4ab 4.2±0.9b 
C1 (KCl + TU + Kin) 100±0a 11.8±0.8ab 6.6±0.8ab 
C2 (KCl + TU + SA) 100±0a 10.4±0.5ab 4.7±0.9b 
C3 (TU + Kin + SA) 100±0a 11.3±0.9ab 6.6±0.9ab 
D (KCl + TU + Kin + SA) 100±0a 11.9±0.3ab 7.3±0.9a 

Means with the same letter were not significantly different at P≤0.05. 
 

 
Figure 1: 10 days old of MR 284 seedlings in treatment A versus control. 

 
Figure 2: 10 days old of MR 284 seedlings in treatment B versus control. 

 

Control B1 B2 B3 
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Control A1 A2 A3 
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Figure 3: 10 days old of MR 284 seedlings in treatment C, and D versus control. 
 

In this study, seed priming technique increases germination percentage, germination index, and seed vigor 
of MR 284 rice seeds under drought stress condition. This occurred when the primed seeds showed higher 
results by nearly 2 folds in comparison to unprimed seeds (control treatment). According to Kaya et al. 
(2006), primed seeds were able to increase the germination rate and gave higher germination percentage. 
In this technique, the soaking method caused the seeds to be hydrated partially to a point where 
germination metabolic process began. This was the reason for the seed priming technique to be capable of 
increasing germination rate.  
 
The ideal concentration selection is the one that gives highest value of seed vigor, germination index, and 
germination percentage. According to Egli and Rucker (2012), seedlings with high seed vigor showed 
better germination performance and expected to germinate more uniformly in comparison with seeds of 
lower vigor. The high values of seed vigor, germination index, and germination percentage were the 
indicators that the treatment was able to enhance the germination rate of MR 284 rice seeds under drought 
stress condition. In this study, drought condition was induced by -1.2 Mpa PEG600 solution that act as 
the germination solution. Almost all treatments showed better result in all parameters compared to control 
(unprimed seed) which explain that the application of formulation treatments via seed priming is able to 
enhance MR 284 rice germination under drought condition.  
 
The combination treatments showed better results in comparison to the single treatment. As in this study, 
amongst all treatments, combination treatment A3 which consisted of 20 mM KCl and 0.25 mM SA was 
the most effective treatment as it shows no significant different with treatment D that gave the highest 
value of germination percentage, germination index and seed vigor. Combination of KCl and SA was 
found to have similar effect with the combination of KCl, TU, Kin and SA. This study reveals that the 
synergistic effect between KCl and SA has an ability to alleviate drought stress in the germination process 
and increase the germination rate of the MR 284 rice seeds.  
 
Conclusion 

 
A seed priming technique is found to significantly enhance germination rate and germination performance 
of MR 284 rice seeds under drought stress. This study found that the combination treatment A3 which 
consisted of 20 mM KCl and 0.25 mM SA is the best treatments compared to control and other treatments 
with high seed vigor (6.01±0.7) and germination index (11.4±0.4). Even though combination of treatment 
D showed the highest mean in seed vigor and germination percentage, there were no significant 
differences amongst all treatments. Therefore, combination treatment A3 was the best. This treatment is 
the simplest and cheapest than other treatments, and also able to increase the germination by 1.5 times 
compared to control treatment of MR 284 seeds under drought condition. 

Control C1 C2 C3 D 

Root 
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Introduction 

 

In Asia, the demand for rice is expected to increase by 70% over the next 30 years, driven primarily by 
population growth (Muthayya et al., 2014). Acid sulfate soils in Malaysia are found along its coastal 
plains (Enio et al., 2011). The soil is characterised by pH below 3.5 (Shamshuddin, 2006) caused by 
pyrite oxidation. It is associated with a high level of aluminum (Al) which in most cases reduce 
phosphorus (P) availability, increase iron (Fe) toxicity and other nutrients deficiencies (Azman et al., 
2014). These features affected rice growth and production lower than the standard yield. Rice yield on 
acid sulphate soil in Malaysia is lower compared to other types of soil (Suswanto et al., 2007). In 
Malaysia, they appear mainly in the coastal plains of the west coast states of Peninsular Malaysia 
(Shamshuddin, 2006) as well as Sarawak (Teng, 2005).  
 
Conventional practice to increase soil pH and ameliorate the soil prior cultivation is liming by using 
ground magnesium limestone (GML) and/or basalt. Recycling of organic wastes as alternatives to 
chemical fertilisers is a good approach not just to amend the soil but also to supply major nutrients for 
crop production. Animal manure gives many beneficial effects in improving soil quality and productivity. 
Chicken manure has long been known of its high nitrogen (N) content as one of the most necessary 
fertilizers (Davis et al., 2017). Application of cow manure improved organic matter content by six and 
seven years in contrast with the area without it (Moreno and Garcia, 2014). Oil palm empty fruit bunch 
(EFB) compost is a good quality compost which can improve soil pH, increase availability of primary 
nutrients (N, P and K), as well as Ca and Mg in soil (Kavitha et al., 2013). Organic acids produced from 
organic matter form stable complexes with Al and Fe thus able to alleviate Al toxicity (Shamshuddin et 
al., 2004). Therefore, applying organic amendments mixed with low level of lime could increase the pH 
and nutrients availability. The objectives of the study were to identify the best combination of GML and 
organic amendments (cow, goat and chicken manures; and EFB compost) which could increase pH of 
soil, nutrient availability, and also to identify the growth performance of MR 220 rice grown in acid 
sulphate soil. MR 220 rice variety was chosen as the variety was planted in the soil source area from 
Merbok. In addition, this variety could produce higher yield and resistant to diseases. It could tolerate 
unstable water condition at ripening stage and also the problems of improper manuring by the farmers. 
 
Materials and Methods 

 
Soil sampling and soil analyses 

 

Linau Soil Series of acid sulfate soil was sampled randomly in Kampung Segantang Garam Merbok, 
Kedah (5º39’47.2”N 100º23’41.1”E) from an area recommended by Muda Agriculture Development 
Authority (MADA). The soil was formerly cultivated with MR 220 rice. Linau Soil Series is clayey type 
with below 80 cm depth of ground water table. On the top layers of the soil, jarosite mottles can be found 
during dry season and it is highly acidic. 
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Soil texture, bulk density, pH, available phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), 
iron (Fe) and aluminium (Al) content were determined. The soil texture was identified using the 
hydrometer method (Jones, 2001), and the standard soil textural triangle devised by the United States 
Department of Agriculture (USDA, 1951) was used. Bulk density of the soil was measured using the core 
method. Soil organic matter content was determined using the method of loss on ignition (LOI). Soil 
colour notation was made based on Munsell Colour Chart. The pH of the soil was determined in a 1:2.5 
soil:distilled water suspension. Available phosphorus in the soil was determined using Bray-Kurtz No.2 
extracting method. Cation exchange capacity (CEC) and available K, Ca and Mg were extracted using 1M 
ammonium acetate pH 7.0 whereas Fe and Al content in soil were determined by using Mehlich No.1 
method. Extracted solutions were analysed by ICP-OES (Jones, 2001). 
 
Nutrient content of organic amendments  

 
Organic amendments nutrient content was extracted using dry ashing methods (Jones, 2001) and the 
concentrations were determined by ICP-OES.  
 
Pot experiment preparation 

 

The soil sample was air dried and mixed thoroughly with organic amendments and GML (Table 1). The 
amount of organic amendments were recommended by MARDI (Malaysian Agricultural Research and 
Development Institute) while the amount of GML used followed farmers normal practice.  

 
Table 1: Treatment of soil amendments.  
Treatment Treatment combination 
T0 (Control) GML (20 g) 
T1 Cow Manure (690 g) + GML (20 g) 
T2 Goat Manure (385 g) + GML (20 g) 
T3 Chicken Manure (565 g) + GML (20 g) 
T4 EFB (400 g) + GML (20 g) 
T0 (Control) GML (20 g) 
 
The mixture was left for 30 days in 30 cm diameter pots, before transplanting of MR 220 rice seedlings. 
Water level was maintained at 5 cm above the soil surface. At 15 and 35 days after planting, NPK 
compound fertiliser (15:15:15) and urea were applied to all pots. The seedlings were grown for 115 days, 
the average growing period for MR 220 to reach maturity stage. In this study, all the treatments were 
arranged using the completely randomised design (CRD) method and planted in a greenhouse. 
 

Measurement of relative chlorophyll content and rice growth 

 

Relative chlorophyll content of the leaves was measured using a portable chlorophyll meter (SPAD 502, 
Minolta, Japan). The readings were taken around the midpoint at the midrib of each leaf sample and 
averaged (Yuan et al., 2016). The leaf length (cm) and plant height (cm) were measured using measuring 
tape while number of tillers and weight of rice (g) were recorded at the end of the experiment. All data 
were subjected to Analysis of Variance (ANOVA) at p≤0.05 followed by Tukey’s test using Minitab. 
 
Results and Discussion 

 

Characteristics of Linau Series Soil were as shown in Table 2. The bulk density of soil at (1.04 g cm-3) is 
not optimal for conventional tillage but it is suitable for no tillage among common rice cultivation 
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systems. Optimal bulk density for no tillage on rice cultivation is 1.32 to 1.35 g cm-3 while for 
conventional tillage is at 1.37 to 1.39 g cm-3 (Motschenbacher et al., 2011). Based on the soil texture 
triangle, it is clay loam type of soil since Linau Soil Series was located near the river. Clay loam has very 
small particles, and when it is wet or rain, it could hold and retain water. This is suitable for the 
cultivation of rice. Water requirement for rice cultivation in Malaysia is normally 775 mm/season which 
the volume of water required for one season is 1.4 x 104 m3 (Azwan et al., 2010). 
 
Data showed soil pH increment after application of treatments (Table 3). Soil pH in the range of 5.5 to 6.5 
indicated an ideal pH for rice cultivation where the availability of macro- and micronutrients needed for 
rice growth are made available for the plant uptake. Among all treatments, T2 and T4 were significantly 
higher than T0 (Figure 1). It could be due to high Ca and Mg contents in the EFB and goat manure (Table 
4). Mandisi et al. (2016) reported that soil pH increased from 4.77 to 5.14 after application of goat 
manure. These elements act as the bases to neutralise exchangeable Al and Fe presence in acid sulfate soil 
(Azman et al., 2014). The manures where were decomposed, releasing basic cations which could raise the 
initial pH of the soil thus enhance the growth of rice (Uwah and Eyo, 2014). Therefore, organic 
amendments mixed with GML gave a positive effect on the soil fertility in terms of reducing the Al and 
Fe concentrations in soil. 
 
Table 5 showed nutrient content in soil after application of the organic amendments. There was an 
appreciable amount of available P, K, Ca and Mg in treated soils. Besides liming effect, GML also helps 
to supply Ca and Mg. Organic manures supply essential nutrients formed during mineralisation and 
improve physical characteristics of the soil thus providing a good medium for rice growth. Soils treated 
with chicken manure (T3) contained lower nutrients compared to others. It might be due to nutrients in 
poultry manure which are released slowly and stored for a longer period of time in the soil (Sharma and 
Mittra, 1991). 
 
Table 2: Soil physical for Linau soil series taken from Merbok, Kedah. 

 
Table 3: Soil pH before and after treatment application. 
Treatment Soil pH before treatment Soil pH after treatment 
T0 (Control) 3.99 4.63 
T1 (Cow manure) 4.01 5.32 
T2 (Goat manure) 4.07 5.62 
T3 (Chicken manure) 3.79 5.55 
T4 (EFB) 4.17 5.61 
 
 

 
 
 
 
 
 

Soil 
series 

Bulk 
density 
(g cm-3) 

Depth 
(cm) 

Organic 
matter 
content 

Cation 
exchange 
capacity 
(meq/100 g) 

Colour 

Particle distribution 
(%) Soil 

Texture 
Sand Silt Clay 

Linau 1.04 15-30 5.73 % 19.03 
10YR 
4/2 

26 47 27 
Clay 
loam 
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Table 4: Nutrient content in organic amendments. 

Treatment 
Nutrient content (mg kg-1) 

P K Ca Mg 
Cow manure 4830 14820 5782 3697 
Goat manure 15460 50840 15300 6398 
Chicken manure 1216 3055 3055 2691 
EFB 10930 14480 14480 6019 

 
Table 5: Soil nutrient content after treatment application.  

Treatment 
Nutrient content (mg kg-1) 

P K Ca Mg 
T0 (Control) 2.60 304.3 835 352.8 
T1 (Cow manure) 2.23 788.8 1043 468.1 
T2 (Goat manure) 1.66 872 1106 463.8 
T3 (Chicken manure) 1.89 266.7 886 244.1 
T4 (EFB) 2.18 542 1267 496.6 

 
The leaf length and plant height showed no significant difference among treatments (Figures 2 and 3). 
The number of tillers of T3 (GML with chicken manure) was significantly higher than T0 and T2 (GML 
with goat manure). However, T3 recorded insignificant number of tillers with T1 (GML with cow 
manure) and T4 (GML with EFB) (Figure 4). In Figure 5, data showed insignificant effects of organic 
amendments on relative chlorophyll content of rice plants. However, several studies reported higher 
chlorophyll a and b content as well as SPAD meter readings in rice leaves treated with organic manure 
along with chemical fertilisers compared to organic manures (Ramesh et al., 2002; Morteza and Shankar, 
2013). 
  
From the data collected, the yield in combination of GML and goat manure (T2) was not significantly 
different with combination of GML with cow manure (T1) and GML with EFB (T4). The grain weight 
were in the order of goat manure (33.13 g), followed by cow manure (29.1 g), EFB compost (26.81 g), 
control 16.76 g) and chicken manure (16.59 g) (Figure 6). This result agreed with the hypothesis of this 
study where there was an increase in the yield of MR 220 rice when organic amendments and GML were 
applied to acid sulfate soil. Figure 7 showed rice plants at harvesting stage. Generally, soils treated with 
GML and organic amendments produced better rice plants than control. 
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Means with the different letter(s) indicate significant difference using Tukey’s Test at p≤0.05. 

Figure 1: Soil pHKCl of acid sulfate soil treated with GML and organic amendments. 
 
Means with the different letter(s) indicate significant difference using Tukey’s Test at p≤0.05. 
 
Figure 1: Soil pHKCl of acid sulfate soil treated with GML and organic amendments. 
 
 

 
Means with the different letter(s) indicate significant difference using Tukey’s Test at p≤0.05. 
 
Figure 2: MR 220 leaf length on acid sulfate soil treated with GML and organic amendments. 
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Means with the different letter(s) indicate significant difference using Tukey’s Test at p≤0.05. 
 
Figure 3: Plant height of rice planted on acid sulfate soil treated with GML and organic amendments. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Means with the different letter(s) indicate significant difference using Tukey’s Test at p≤0.05. 
 
Figure 4: Number of tillers of rice planted on acid sulfate soil treated with GML and organic 

amendments. 
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Means with the different letter(s) indicate significant difference using Tukey’s Test at p≤0.05. 
 

Figure 5: Relative chlorophyll content of leaves of rice planted on acid sulfate soil treated with GML and 
organic amendments. 

 

 
Means with the different letter(s) indicate significant difference using Tukey’s Test at p≤0.05. 
 

Figure 6: Weight of rice planted on acid sulfate soil treated with organic amendments after 115 days. 
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Figure 7: Rice grown on acid sulfate soil amended with different combinations of GML and organic 

amendments. 
 

Conclusion 
 
Combination of GML and EFB (T4) was found able to improve acid sulfate soil quality and MR 220 rice 
yields. Combination of GML and EFB raised soil pH up to 5.61 at harvesting period. EFB contained high 
P, K, Ca, and Mg which helped to add and supply available nutrients for rice growth and yield 
production. Therefore, it is recommended that combination of GML and EFB (at amount per ha) will give 
higher yields of rice and better improve Linau Soil Series of acid sulfate soil.  
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Introduction  

 

Mangrove forest plays an important part in our ecosystems. Mangroves functions include coastline 
protection, marine produce, firewood, charcoal production and for the conservation of floral and faunal 
species. This unique ecosystem is under tremendous stress due to erosion, excessive anthropogenic 
activities and natural disasters such as tsunamis. The coastlines of Malaysia have witnessed drastic 
decline in the recent years whereby 29% of the Malaysian coastal areas were reported to be vulnerable to 
serious erosion (Wan Rasidah et al., 2015). In order to restore this vulnerable ecosystem, efforts have 
been undertaken by replanting of mangrove seedlings and placing geotubes to control soil erosion and 
accretion. Geotubes are intended to slow erosion along coast line, breakwater and to provide some 
protection to mangrove seedlings. It consists of permeable geotextile fabric folded and sewn together and 
hydraulically filled with dredged sand (Shin et al., 2002). Since the installation of geotubes, we monitored 
the soil physical and chemical properties of an old growth mangrove forest and a newly regenerating 
mangrove stands over the years. This paper highlights the important changes that took place from 2007 to 
2017 in an established mangrove and a newly regenerating mangrove plots which have been restored. 
 
Materials and Methods  

 

The mangrove forest in Sungai Haji Dorani, Sungai Besar Selangor (3o 38’N, 101o 01’E) is mainly 
dominated by the Avicennia and Rhizophora species. The annual average temperature is about 26.9°C, 
with the hottest in October at 27.7°C and lower in July at 26.2°C. The annual rainfall and relative 
humidity are approximately 130 mm and 70-95%, respectively (Jeyanny et al., 2009). In 2007, four units 
of geotubes measuring 50 m each were installed as a wave breaker to impede the effects of erosion and 
the impact of waves on the mangrove coastline. The installation of geotubes was able to allow the 
regeneration of mangrove forests overlooking the sea. An old growth mangrove stand and a newly 
regenerating mangrove stand were selected for comparison. The range for diameter at breast height 
(DBH) for the newly regenerated mangrove and established mangrove stands were 3.7-10.3 cm and 2.8-
11.5 cm, respectively. Each quadrant comprises of 5 x 5 m quadrant and there were 40 quadrants 
established. For soil profile analysis, samples of up to 120 cm of soil depth were collected in both areas 
for description purposes using a Jarett auger and modified mud sampler (Table 1). The soil samples that 
were collected at 0-15 cm depth in each quadrant were transported to FRIM for the determination of soil 
pH, electrical conductivity (EC), soil nitrogen (N), organic matter (OM) and soil organic carbon (OC) 
using Walkley and Black Method (1934). Microbial biomass carbon (microbial C) and nitrogen 
(microbial N) were analysed according to Chloroform Fumigation Direct Extraction Method (CFDM). 
The soil pH, soil EC, soil C (carbon), soil C:N ratio, microbial biomass C and microbial biomass N were 
analysed using T test. The mean comparisons were then computed using a Duncan’s Multiple Range Test 
(DMRT) in Statistical Analysis System (SAS). 
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Results and Discussion 

 

The general soil descriptions for both old growth and restored mangrove area are given in Table 1. Soil 
pH in the old growth and restored area ranges from 6.12 to 6.93 and 7.8 to 7.75, respectively. Values for 
OC and N were generally lower in the newly regenerated site but were not far off from the old growth 
forest. It was noted that cation exchange capacity (CEC) values for the restored mangroves were 1.6 and 2 
times lower for the first two upper horizons as compared to the old growth. The proportions of clay 
content were also elevated at 49-62% and 39-40%, respectively. The availability of microbial N, OM, soil 
pH, soil C, and ratio of C:N were all significantly higher in the old growth forest as compared to the 
newly restored mangrove (Table 2).  
 
Table 1: Summary results on the soil profile in the old growth and restored coastline at Sungai Besar, 

Selangor.  

Soil Profile Dry 
pH 

N        
(%) 

OC  
(%) 

Av. P 
(ppm) 

CEC 
(cmol/kg) 

Coarse 
sand    
(%) 

Fine    
sand    
(%) 

Silt       
(%) 

Clay      
(%) 

Old growth 
         

0-11 cm 6.12 0.29 2.97 47.63 25.58 0 0 37 62 
11-28 6.81 0.15 1.71 82.08 22.79 0 1 41 57 
28-55  6.93 0.12 1.44 70.38 22.18 0 1 40 59 
55-120 6.87 0.20 2.20 41.60 17.48 0 3 48 49 
Restored 

         0-5 cm 7.75 0.16 1.73 59.45 12.68 4 16 35 40 
5-45 7.76 0.16 1.83 53.95 13.84 9 8 38 40 
45-80 7.80 0.10 1.46 74.50 15.02 7 10 38 40 
80-120  7.75 0.10 1.53 89.98 18.33 12 2 43 39 

 
Table 2:  Results of selected soil properties (0-15 cm depth) in the old growth and restored Sungai Besar 

coastline, Selangor. 
Variables Old growth  Restored  
Microbial N 2.25(0.21)a* 1.64(0.18)b* 
Microbial C 17.15(2.09)a* 27.64(2.84)b* 
OM 4.65(0.14)a** 4.05(0.20)b** 
pH 6.59(0.02)a** 7.63(0.04)b** 
C 3.62(0.05)a** 2.45(0.14)b** 
N 0.18(0.01)a** 0.35(0.01)b** 
CN 13.53(0.65)a** 10.58(0.51)b** 
EC 11.99(0.26)a** 20.92(0.86)b** 

Values in parenthesis represents standard error.* Significant at p<0.01; **Significant at p<0.05.  

 

Soil health encompasses soil quality which is further governed by the physical, chemical, biological and 
ecological processes within a soil (Wall and Bardgett, 2012). Soil health of mangroves is vital to be 
monitored as they will determine the success of a soil restoration initiative. Previous studies in the 
mudflats have also shown that there were severe soil degradation, soil erosion, structure less substrates 
and soil depletion (Jeyanny et al., 2009; Mohamad Fakhri et al., 2009; Jeyanny and Wan Rasidah, 2015). 
However, with geotubes placement, it was observed that the area cordoned off for restoration has 
transitioned from bare mudflats to newly regenerating vegetation.  
 
Soil organic matter which is closely related to soil C and N is of primary importance for vegetation 
growth (Craswell and Lefroy, 2001). It can be seen that the soil C and N in the restored area have 
increased by 2.45 and 0.35% as compared to the earlier sampling results obtained at 1.38% and 0.12%, 
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respectively, for a similar soil depth in 2008 (FRIM, 2009). However, soil microbial C results do not tally 
with OM and soil C (Table 2). We believe that microbial C is governed by more complex factors such as 
the microenvironment-specific microbial species related to the availability of nutrients, hydrocarbons, 
biodegradation processes, anoxic conditions and substrate types as also discussed by Al- Amoudi et al. 
(2016). It is also possible that the results could be due to delayed in analysis and prolonged storage that 
may have influenced the microbial viability.  
 
Soil CEC which was higher in the old growth forest (Table 1) is owed to a better developed soil structure 
with higher clay content (Table 1), whereby clay minerals are negatively charged sites that assist in 
holding cations and give higher CEC values. The soil C:N  of 10.58  in the restored area is an indicative 
of good quality organic matter and with stabilized humus (Miller and Donahue, 1990), which will further 
enhance the state of soil health in the mangroves. The sharp contrast in EC in the restored mangroves was 
due to the frequent salt water intrusion into the mudflats unlike the old growth forest. Nevertheless, 
mangrove species were reported to withstand EC levels up to 35 mS/cm (Chan and Baba, 2009) where 
species such as Avicennia have peg roots that can assist in root respiration.  
 
Conclusions 

 

Although most variables in the old growth forest showed higher values, the gradual increase in soil 
properties (i.e. OM, C, N, microbial N, CN, EC) in the restored mangroves is an indicative of the capacity 
of soils in decomposition and nutrient cycling processes in supporting the evolving mudflat zone for 
vegetative productivity. Soil restoration with wave breakers may benefit the degrading coastline in the 
long run, provided that the soil environment is conducive for mangrove forest re-establishment. Future 
work is in progress in delineating the microbial diversity population using metagenomics in the old 
growth forest and the restored mangroves to gauge their role in soil nutrition processes.  
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Introduction 
 
Planting of mangrove and Rhu species at the national coastlines has been implemented in Malaysia since 
2005 to 2012 that has managed to plant 6.3 million trees (Anon, 2011; Anon, 2014). The purpose of the 
planting is to conserve diversity of life and to minimize erosion problems on the coastlines. The planting 
was carried out by government agencies such as the Forestry Department of Peninsular Malaysia, 
Forestry Research Institute of Malaysia, State Forestry Departments, and non-Governmental 
Organizations (Audrey, 2018). 
 
Currently, there are no growth and yield plots established in the planted areas. Therefore, the growth and 
yield plots have been established for mangrove and Rhu species. Data collected from the plots are very 
useful for the future planning. Objective of the study is to investigate the growth performance of planted 
mangrove and Rhu species in Malaysia. 
 
Materials and Methods 
   
Four Rhu areas and two mangroves areas were selected for the initial study in Perak. A study plot size 20 
m x 20 m for each species was established and replicated twice. The planting areas have the same 
characteristics in terms of soil properties. 
  
Results and Discussion 
 
Growth data of Rhu species aged 2 years, 3 years, 4 years and 8 years old were recorded. The Rhu 
planting areas have the same soil and environmental characteristics. It was found that the average 
incremental Diameter at Breast Height (DBH) of Rhu per year is 3.49 cm (Table 1). It also shows that 
incremental DBH for Rhu at age 2 to 4 years are quite high i.e more than 3.0 cm per year compared to age 
5 to 8 years i.e at a rate of 1.0 cm per year (Table 1). 
  
Table 1: DBH and height for Rhu species according to year of planting. 

Rhu species Year of planting DBH (cm) Average height (m) 
Casaurina equisetifolia 2010 16.21 18.93 
Casaurina equisetifolia 2014 12.10 12.38 
Casaurina equisetifolia 2015 8.98 8.64 
Casaurina equisetifolia 2016 5.74 6.56 
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Table 2: DBH and height for mangrove species according to year of planting. 

Mangroves species 
Year of 
planting  DBH (cm) 

DBH increment per 
year (cm) 

Average 
height (m) 

Rhizophora apiculata (Bakau Minyak) 2008 5.43 0.68 11.56 
Rhizophora mucronata (Bakau Kurap) 2008 6.84 0.85 7.71 
 

Conclusion 

 
The preliminary results showed that planting of mangrove and Rhu species at the national coastlines is 
successful. The trees planted will conserve biodiversity and minimise erosion problems at the coastlines.  
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Introduction 

 
Mangrove trees need the basic elements same like other plants for their plant growth. This includes 
organic carbon, macronutrients and micronutrients. Some of these nutrients are readily available to plant 
from naturally occurring processes from its environment. Macronutrients play an important role in plant 
growth and development same as micronutrients which essential for plant growth but required in smaller 
amounts compared to macronutrients (Tripathi et al., 2014). However, some heavy metals elements were 
present in the environment due to the anthropogenic activities. Several studies proved that mangrove trees 
and sediments have an extraordinary ability to immobilize the heavy metals which entered to the system 
(Huang and Wang, 2010). The effects of trace pollutants on mangrove plants under controlled condition, 
revealed that growth, photosynthesis, and biomass ware reduced and mortality is increased due to the high 
concentration of heavy metals in the mangrove sediments (Lovelock, 2009).  
 
The objective of this study is to determine the growth of Rhizophora trees (Rhizophora mucronata, 
Rhizophora apiculata and Rhizophora stylosa) growth and the soil properties at mangrove forest in 
Tanjung Piai, Johor.  Tanjung Piai located at the end point of Asia continent which consists of coastal 
mangroves and inter-tidal mudflats. Tanjung Piai National Park covers an area of 526 ha and 400 ha of 
mangroves forest (Jamil, 2016). This park serves as an important site for tourism not only for economic 
purposes but also to increase the awareness among the tourists on the important of mangrove forest.  
However, in July 2012, Kosmo’s newspaper reported that Tanjung Piai National Park is facing the 
problem of oil spills and organic deposit disturbance which had killed approximately 7,000 mangroves 
trees that have been planted at the mangrove forest (Mazlina, 2012). Therefore, an evaluation on growth 
performance of Rhizophora trees (R. mucronata, R. apiculata and R. stylosa) in mangrove forest at 
Tanjung Piai, Johor was carried out by measuring plant height. Soil condition such as total organic carbon 
and nitrogen content, soil fertility, and the concentration of heavy metals between four treatments based 
on different categories of organic deposit in the soil was also studied. 
 
Materials and Methods 

 
Research location and list of treatments 

 

Tanjung Piai is the southernmost point of Peninsular Malaysia and it is one of the RAMSAR site which 
also known as Conservation of International Wetlands. This research includes four treatments with three 
replicates (Table 1). 
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Table 1: List of treatments. 
Treatment Description 

T1 Site without organic deposit 

T2 Rhizophora trees planted in 2014 with organic deposit 

T3 Rhizophora trees planted in 2015 with organic deposit 

T4 Rhizophora trees planted in 2016 with organic deposit 

 
Growth performance 

 
Selected Rhizophora trees were identified and were tagged according to its species (R. mucronata, R. 

apiculata and R. stylosa). The height of each tree was measured using measuring tape. The data were 
collected every three months. This study was started in June 2016 till December 2016.  
 
Soil analysis 

 

The soil sediments were taken at the depth from 0 to 10 cm and 10 to 30 cm depth for soil composite by 
using soil augers. Then the soil samples were oven dried at temperature not exceeding 40C and sieved 
for further analysis. Total organic carbon (%) was analyzed using Walkey and Black (1934) method. 
Total nitrogen (%) was determined using the modified method (Bremner and Mulvaney, 1982), while the 
total elements in soil were determined by using the Aqua Regia method (EPA-ROC, 1994). 
 
Statistical analysis 

 
The relationship between metals in the mangrove sediments were analysed using Statistical Package for 
the Social Sciences (SPSS). 
 
Results and Discussion 

 

Figure 1 shows the total mean of plant height increment for all Rhizophora species studied. Although T1 
recorded an increase in plant height increment from June to September and from September to December, 
the total mean for plant height increment (June until December) in T1 was not the highest among the 
treatment plots. The plant height increment in T3 and T4 were higher at almost for all Rhizophora 
species. This might be due to the present of organic deposit that leads to an increase in nutrient 
availability thus enhancing the soil fertility (FAO, 2005). However, the height increment between plots 
were not significant (p>0.05) which might due to the soil contamination (Chibuike and Obiora, 2014).  
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Figure 1:  Plant height increment (with standard errors) of Rhizophora species from June till December 
2016. 

 

The total organic carbon (TOC) and total nitrogen (TN) were higher in T3 and T4 compared to T1 and T2 
at both soil depth. This is due to the absence of organic deposit which one of the factor that contributes to 
the organic material content in soil. High organic material will lead to increase in TOC levels in soil and 
serve as N reservoir (Havlin et al., 2005). Organic matter was also one of the most important properties 
affecting heavy metal availability in soils for retaining heavy metals in an exchangeable form. In the 
study site, the mean total heavy metals concentrations in sediments at all treatment plots decreased in the 
order Mn > Pb > As > Cd > Hg (Table 2). 
 
Table 2:  Concentration of heavy metals, TOC and TN ( standard errors) in soil in four treatment plots at 

Tangjung Piai mangrove forest. 
Treatment TOC (%) TN (%) As (ppm) Cd (ppm) Hg (ppm) Mn (ppm) Pb (ppm) 

Soil depth 0 – 10 cm 

T1 1.870.14b 0.170.00b 5.320.20c 1.820.53a 0.190.02a 212.967.60a 13.890.59bc 
T2 4.042.22b 0.120.04b 3.581.76c 0.790.05a

 0.410.36a 103.7113.82b 7.961.22c 
T3 14.920.07a 0.660.01a 18.681.34b 1.470.04a 0.170.05a 59.975.18c 23.541.45a 
T4 14.891.09a 0.670.05a 13.150.96a 1.400.12a 0.140.11a 77.263.83bc 15.002.01ab 

Soil depth 10 – 30 cm 

T1 2.120.08b 0.180.00b
 7.070.68a 1.500.06a 0.140.08a 371.643.23a 14.060.50bc 

T2 5.481.80b 0.130.03b 8.610.78a 0.900.08b 0.130.10a 120.1714.59b 9.951.10c 
T3 12.670.90a 0.560.03a  13.693.22a 1.390.19a 0.050.10a 63.193.71c 20.151.15a 
T4 12.142.01a 0.540.07a 15.162.09a 1.290.20ab 0.400.07a 60.427.21c 18.541.50ab 

 

Conclusion  

 
The total mean of height increment for Rhizophora trees showed site with organic deposit recorded a 
higher increment compared to the site without organic deposit. The present of organic deposit lead to 
increase in nutrient availability thus enhance the soil fertility. Indirectly, it improved the growth of 
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Rhizophora trees at mangrove forest in Tanjung Piai. However, it is recommended that the concentration 
of heavy metals in the soils be monitored continuously.  
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Introduction 
 
Productivity of black pepper is highly dependent on the growth and flowering behavior of the vine 
(Satheeshan, 2000). Fruit set and flowering in black pepper indicate a number of unique features, not seen 
in other tropical plantation and spice crops. The critical stages in determining the yield of black pepper 
occur during flushing and flowering. Hence to exploit the maximum production potential of black pepper, 
the detailed and deep understanding of growth and flowering pattern is of great importance. Flower 
composition which is the number of hermaphrodites, male and female flowers in a spike is critical in 
determining the yield of pepper. High percentage of bisexual flowers is essential for effective pollination 
and fruit set (Ravindran et al., 2000). 
 
Various cultural practices need to be timed in relation to their critical stages of growth especially during 
flowering and fruit set in order to achieve high productivity of pepper. Studies done by DeWaard et al. 
(1969) found that hermaphroditism varied from cultivar to cultivar and determined productivity to a large 
extent and this character is genetically controlled. A later study by Venugopal et al. (2013) found that the 
cultivars showed a great variability in the composition of bisexual, female and male flowers in their 
spikes which would affect the final yield of a vine. Highly packed inflorescences or with larger anther 
primordial per flower caused the reduction in anther number (Manos and Jaramillo, 2001). 
 
In Piper nigrum stigmas are exerted three to eight days ahead of another dehiscense and receptivity lasts 
for up to ten days (Kanimazhi and Sujatha, 2015). In spite of differences in sexual expression, it is 
possible for the pollen of any spike to fertilize the entire spike if properly distributed (Martin and 
Gregory, 1962). Spike length is another character of importance which controls the pepper production 
along with increased berry set. Gentry (1955) reported that high fruit set in a dioecious clone of black 
pepper with no staminate flowers visible resulted in poor fruit set in the absence of staminate flowers 
(Martin and Gregory, 1962; Menon, 1981). 
 
Therefore, the objectives of this research were to study the morphology of pepper flower in Bintulu and to 
identify the shading effect on pepper productivity of Kuching, Semongok Aman and Semongok Emas 
varieties. This was also to identify the composition of flower on the spike of different pepper varieties.  
 
Materials and Methods 

 
The observations of flowers in black pepper (P. nigrum L.) were carried out at the four pepper growing 
areas around Bintulu, Sarawak. Three black pepper varieties: Kuching, Semongok Aman and Semongok 
Emas were selected for the study. Nine spikes from each vine were selected randomly to determine the 
flower composition. All the samples were then soaked in 4% formalin for preservation before the 
observation of flower composition in the laboratory. The study sites were located in Bintulu: Sg. Asap 1, 
Sg. Asap 2, Sg. Asap 3 and Samarakan. The selection of vines was based on their height and yielding 
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ability and freedom from pests and diseases. The vines were in the age group of 1 to 5 years old. They 
were grown under open conditions and were rain fed. The height of the pepper vines varied from 2-5 m.  
 
Observations were made to assess the spike at three different canopy levels, i.e., lower, middle and upper 
canopy. The spike characters included peduncle and spike length and were measured in at least 27 spikes 
from 9 vines by using Mitutoya digital calipers and expressed in mm. As for flower composition analysis, 
three vines were selected randomly for each variety. The number of hermaphrodite, pistillate and 
staminate flowers and the total number of flowers in spike were observed and recorded using Keyence 3D 
microscope. 
 
Statistical analysis was carried out using a two-way ANOVA of SAS (Version 9.4) 2010 to test the 
significant differences existed in spike length, peduncle length and flower composition as among varieties 
and canopy levels of Kuching, Semongok Aman and Semongok Emas black pepper. This study involved 
Duncan’s Multiple Range Test (DMRT) for mean comparison (p<0.05).  
 
Results and Discussion 

 

Morphology of spike  

 

The results shown in Figure 1 indicated that there was no significant difference among canopy levels of 
Kuching, Semongok Aman and Semongok Emas varieties in all studied sites. In this study, the average 
peduncle length varied between 8.1-11.8 mm, 8.1-11.4 mm and 6.2-11.1 mm in Kuching, Semongok 
Aman and Semongok Emas variety, respectively. These results of the study support the view of 
Sasikumar et al. (2007) who reported that peduncle length only varied between species of Piper ranging 
from 0.2 cm in Piper mullesua to 2.5 cm in Piper argyrophyllum and an unusually long range between 
8.0-10.0 cm in Piper barberi. 
 
Spike length is another important character which control pepper production along with the increase of 
berry set. The spike length was measured and compared in four selected black pepper farms around 
Bintulu. The observation was made to identify the effect of canopy level within the varieties towards the 
spike length. The spike lengths of black pepper varieties are presented in Figure 2. The average spike 
length ranged 69.8-95.4 mm in Kuching variety, 61.2-87.3 mm in Semongok Aman variety and 69.3-
86.3mm in Semongok Emas variety. In this study, spike length was not significantly different among 
canopy levels of Semongok Aman and Semongok Emas varieties in the four pepper locations. But 
Kuching variety at Sg. Asap 1 showed significant difference in canopy level and spike length. This 
implied that light intensity was found to affect spike length of Kuching variety in Sg. Asap 1. This result 
proved that the varying light intensities of the different canopy levels had significant influence on spike 
growth (Madhura and Chandini, 2000). Spike length in the upper canopy of Kuching variety at Sg. Asap 
1 was significantly less compared to the lower canopy (Figure 2). The increased length obtained under 
shaded condition may be due to lesser photosynthetically active radiation obtained under the situation 
(Attridge, 1990). High irradiance results in high rate of transpiration which is likely to result in internal 
deficiencies of water and a consequent retardation during cell elongation and cell division process. This 
may be the possible reason for the reduced spike length on the upper part of the canopy. Similar results 
were reported in black pepper vines done by Senanayake and Kirthisinghe (1983).  
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Flower composition 
 

Semongok Emas variety at Sg. Asap 1 had the highest percentage of female flowers (75.5%) followed by 
Kuching variety with 69.5% of female flowers (Figure 3), whereas, Semongok Aman variety had the 
lowest female percentage (49.6%) but highest in hermaphrodite flowers (50.2%). Among different 
varieties at the four locations, the male flowers in a spike varied from 0-9.8% and the proportion of 
hermaphrodite flowers showed even greater variation 24.7-87.7%. The percentage of hermaphrodite 
flowers in spike of Kuching, Semongok Aman and Semongok Emas varieties was highest in Sg. Asap 2, 
Sg. Asap 3 and Samarakan. The percentage of hermaphrodite flowers was in the range of 51.8- 87.7%. 
The percentage of female flowers in Sg. Asap 2 varied between 38.3-46.6% while in Sg. Asap 3 varied 
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between 21.4-47.9%. Among the three varieties at Samarakan, the percentage of female flowers showed 
the lowest percentage in the range between 2.5-24.6%. 
 
The present study revealed considerable variability among the genotypes for flower composition in 
spikes. Among the varieties, variations occurred with regard to the relative proportion of male, female and 
hermaphrodite flowers in spikes and the composition of flowers in the spike was primarily dependent on 
the genotype (Venugopal et al., 2013). The percentage of hermaphrodite flowers was in the range of 30.0-
67.4% in Kuching, 50.0-87.7% in Semongok Aman and 49.0-87.0% in Semongok Emas. However, 
among the varieties, the male flowers in a spike varied from 0-9.8% while the female flowers among the 
varieties varied from 2.0-90.9%. In the present study hermaphrodite to female phase was noticed in all 
three varieties studied. However shift towards female phase was drastic in Semongok Aman and Kuching 
at Sg. Asap 1. This result supports the view of Geetha and Nair (1989) that the proportion of female 
flowers would increase with increasing intensity of shade. The study agrees with the suggestion of 
Devasahayam (2006) that the pepper vines need to be exposed to sunlight to induce higher proportion of 
hermaphrodite flowers instead of having female flowers. This is because high percentage of 
hermaphrodite flowers is very important for pollination and good fruit set (Ravindran et al., 2000). The 
present study has provided valuable information for crop production and scientific management in black 
pepper. Thus, it enables us to reorient crop production technology through manipulation of the limiting 
factors, both internal and external, to bring forth maximum flowering and fruit set. 
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Conclusion 

 

Light intensity as represented in the different canopy levels of the vines appears to be conversely related 
to production of black pepper. The canopy levels did not significantly affect the peduncle and spike 
length the black pepper varieties. Phenology studies of pepper in relation to pollination success can be 
further carried out to identify whether temporal partitioning of the pollinator community in both Piper 

varieties and between the understory and canopy can be useful in maintaining productivity of many 
varieties at individual sites. 
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Introduction  
 
Foliage potted plants which consist of various species of beautiful leafy ornamentals have been identified 
as suitable for usage as interior decoration. Most of these species have attractive shapes and colours and 
also can survive in the indoor environment. These indoor ornamental plants can improve the aesthetical 
value and air quality of the surrounding (Hanim et al., 2014). Indoor ornamental plants not only can 
absorb toxic gases such as formaldehyde and benzene but indirectly can also increase worker's 
productivity. These types of plants are normally used to decorate space in the building, office or dwelling 
house. Malaysian Agricultural Research and Development Institute (MARDI) has identified two potential 
ornamental plants for indoor landscape, which are Scindapsus pictus and Piper porphyropyllum. Both of 
these potential indoor plants are unique, and they are also native species with an exotic look. 
 
Scindapsus pictus, or its common name Kelampang batik, is native plant that derives from Peninsular 
Malaysia, Bangladesh, Thailand, Borneo, Jawa, Sumatera, Sulawesi and Philippines. Leaves are oval and 
entire at young stage of the plants whereas on mature plants, the leaves are pinnately lobed (Figure 1). 
They are matte green colour and covered in silver blotches. 
 

 
Figure 1: Piper porphyropyllum plant (A), single node leafy cutting (B), stem cutting (C) and leaf cutting   

(D).    
 
Piper porphyrophyllum from the family of Piperaceae, on the other hand, is locally known as Lada hutan, 
Sire harimau, Kerakap rimau and Akar bugu. It has not only beautiful leaf features with strip pink as 
shown in Figure 2 but they were also reported to contain seven flavonoid compounds identified as 5-
hydroxy-7-methoxyflavanone, 5,7-dimethoxyflavone, 40,5,7-trimethoxyflavone, 30,40,5,7-
tetramethoxyflavone, 40-hydroxy-30,5,7-trimethoxyflavone, 5-hydroxy-30,40,7-trimethoxyflavone and 
40,5-dihydroxy-30,7-dimethoxyflavone (Rajudin et al., 2010). These phythochemical compounds showed 

B C 

A 
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the antimicrobial and anti-inflammatory activities of the extracts and isolated compounds (Farediah et al., 
2014). 
 
Scindapsus pictus and P. porphyrophyllum have unique attributes of being capable to absorb volatile 
organic compounds. However, the related agronomic practices on this plant were limited, especially on 
the propagation technique. Therefore, this experiment was conducted to identify the most suitable part of 
stem cutting and growing media for optimum growth of S. pictus and P. porphyrophyllum. 

 

 
Figure 2: Scindapsus pictus plant (E), single node leafy cutting (F), stem cutting (G) and leaf cutting (H).  
 

Materials and Methods 
 
The experiments, each with a plant species, were carried out under 50% shaded condition at Flower and 
Orchid Complex, MARDI. The treatments were laid out using a Randomized Complete Block Design and 
replicated three times. There were four media (M1: Vermiculate: Perlite (1:1), M2: Vermiculate, M3: 
Vermiculate: Perlite: Top soil (1:1:2), M4: Peat moss: Vermiculite: Perlite (1:1:1)) and three types of 
cutting (K1: Leaf, K2: Stem and K3: Single Node leafy) studied. Data obtained during the experiment 
included number of shoots, days to root appearance, days to shoot appearance and shoot length. Irrigation 
was applied manually twice a day. Data on the effects of media and type of cutting were analyzed by 
analysis of variance (ANOVA) using SAS software version 9.4. Mean comparisons were carried out 
using LSD when applicable.  
 

Results and Discussion 

 
For each experiment on S. pictus and P. porphyrophyllum, respectively, there was no significant 
interaction between media and type of cutting on the growth of the plants. In each experiment, type of 
media also gave no significant effect on the plant growth. The type of cutting used, however, significantly 
affected the plant regeneration and development. 
 
Most suitable cutting for S. pictus was K2 and K3. This was based on the higher number of shoots (K2: 2 
and K3: 2), lower number of days to root appearance (K2: 14 and K3: 9), lower number of days to shoot 
appearance (K2: 29 and K3: 23) and higher shoot length (K2: 2.9 cm and K3: 3.1 cm) shown by this type 
of cutting. K1 or leaf cutting was not suitable for propagating S. pictus as the leaves became dry after one 
week (Table 1).  
 
 

E 

F 
G H 

https://www.sciencedirect.com/topics/chemistry/antimicrobial-agent
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Table 1: Growth performance of Scindapsus pictus. 
Type of cutting Number of days 

to shoot 
appearance 

Number of days 
to root 
appearance 

Shoot number  Root number Shoot length 
(cm) 

Leaf (K1) 0b 0b 0b 0b 0b 
Stem (K2) 29a 14a 2a 3a 2.9ª 
Single node leafy (K3) 23a 9a 2a 4a 3.1a 

Means with the same letter were not significantly different among type of cutting (p<0.05) using LSD. 

 
For P. porphyrophyllum, the most suitable cutting was K3. This was based on higher number of shoots 
(K3: 2), higher number of roots (K3: 3), lower number of days to root appearance (K3:24), lower number 
of days to shoot appearance (K3: 25) and higher shoot length (5.2 cm) achieved with this type of cutting. 
Stem without leaf (K2) was not suitable as a propagation material for this species as the stem turned dry 
after three days (Table 2).   
 
Table 2: Growth performance of P. porphyrophyllum. 

Type of Cutting  Number of days 
to shoot 
appearance 

Number of days 
to root 
appearance 

Shoot number  Root number Shoot length 
(cm) 

Leaf (K1) 30a 26a 1b 2a 5.24a 
Stem (K2) 0b 0b 0b 0b 0b 
Single node leafy (K3) 25b 24b 2a 3a 5.1a 

Means with the same letter were not significantly different among type of cutting (p<0.05) using LSD. 

 

Conclusion 

 

Scindapsus pictus can be easily propagated by using single node leafy or stem cutting while P. 

porphyrophyllum can be done so using single node leafy cutting.  
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Introduction 

 

Nowadays, in 11th Malaysia Rolling Plan, fruit production was listed from the government and ministry as 
one of the most potential industries that need to be developed for our country. Specifically, our National 
Key Economy Area (NKEA), has targeted to produce 570,000 tonnes in 2020, with 94.7% dominated by 
tropical fruits. Therefore, some of the initiatives by implementation of Entry Point Project (EPP7) has 
been made, where fruits and vegetables were targeted to penetrate the premium market such as in Europe 
and Middle East (Hanis et al., 2015). Mango, specifically as Harumanis is one of the most important 
tropical fruits in Malaysia and was chosen in this planning, the acreage of the Harumanis plantation and 
also the production needs to be increased. Harumanis was registered as MA128 from Department of 
Agriculture Malaysia and it is most the famous variety and widely cultivated in northern region of 
Malaysia such as Perlis and Kedah states (Hafiz et al., 2016). In fact, it was creating a great demand since 
a decade ago and it was already commercially exported to Japan. However, the production of the high 
quality of fruits is still limited due to the great demand from that country. In order to increase and sustain 
the production of high yield and better quality of Harumanis, there were a few aspects of research area 
need to be developed like rootstock and interstock scion interaction with the objective to improve the 
growth, yield and fruit quality of Harumanis. Application of rootstock and interstock to raise a planting 
material is already commercially applied by the nursery producer and propagator. However, there is 
limited information on the effect to the scion interaction in Harumanis mango. The other reason to use the 
specific rootstock or interstock in grafting is for inducing dwarfness. Some of the incompatibility effect 
between rootstock and scion can be solved by using suitable interstock which the interstock can be act as 
a bridge between a desirable rootstock and scion by being compatible with both and without a decrease in 
yield. However, it must be taken into account that the different genetic materials used as unit, it would 
also generate an interaction that would affect the reproductive behavior and the yield and quality of the 
fruit (Fanor and Jose, 2009). It was proven in lemon trees where the application of rootstock and 
interstock would affect the plant growth, tree performance, fruit yield and quality, salinity tolerance, 
disease tolerance and scion compatibility whether it was grown at any climates and types of soil (Bilge et 
al., 2015). A similar result was found in mango where, the use of Hilacha and Arauca mango variety has 
influenced the fruit quality of scion as used Irwin, Tommy Atkin and Davis Haden (Fanor and Jose, 
2009). Therefore, the objective of this project was to evaluate the effect of different interstock used to the 
reproductive growth, yield and quality of fruit, and on the parameters used to determine the Harumanis 
mango variety. 
 

Materials and Methods  

 
The experiment was conducted in mango farm located at MARDI Sintok, Kedah at mango fruit season 
from May to June 2017. The variety was observed in this study as Harumanis. The area of the 
experimental site is about 0.49 hectare with the planting distance used as 8 metre x 8 metre.  There are 52 
of Harumanis trees which 25 years old were planted in 1993 with used of different interstock mangoes as 
a treatment. The development of the planting material started by germinating the mango var. Telur as a 
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rootstock at the nursery. Then, there were 7 mango varieties selected and the scion was grafted to the 
rootstock using top cleft grafting technique. After 5 months old, the plant was regrafted using the 
Harumanis mango variety using a uniform scion. Hence, the Harumanis seedling which comprises of 
different interstock was produced and planted into the ground after 5 months old. All trees were managed 
using proper and standard agronomic practices including fertilization, flower induction, pruning, thining, 
and pest and disease control. 
 
There were 7 interstock treatments used, while mango var. Telur was selected as control in this study. 
Every treatment consisted 6 replications which were selected in terms of frequent uniformity of trunk size 
and canopy structure. All treaed trees were arranged in a Completely Randomized Design (CRD). The 
treatments (Interstock variety) used were as follows: 
 
T0 - Harumanis with Telur as interstock (control) 
T1 - Harumanis with Epal Ramasamy as interstock 
T2 - Harumanis with Malgoa as interstock 
T3 - Harumanis with Kuini as interstock 
T4 - Harumanis with Chok Anan as interstock 
T5 - Harumanis with Epal Rumania as interstock 
T6 - Harumanis with Epal Tanjung Karang as interstock 
 
The data was analysed using ANOVA (SAS 9.3 TS Level 1M1). Differences within the means were 
compared by using a Duncan’s Multiple Range Test at 5% probability level. 
 

Several of parameters were taken which classified as reproductive growth, yield and fruit quality 
assessment. The parameters taken for reproductive growth were consisted as ratio of inflorescence with 
shoot number and ratio of fruit with flower number. It was done after the fruits was wrapped or 42-45 
days after fruit setting. In terms of fruit quality assessment, there were several parameters taken including 
colour analysis, total soluble solid (TSS), total titratable acidity and ratio of total soluble solid with total 
titratable acidity. The ratio of TSS to the TTA was measured and calculated using the following formula:- 
  

  Total Soluble Solid (TSS) 
 
Total Titratable acidity (TTA) 

 
The sample was harvested by using standard harvesting time which was done after 13 weeks of fruit set. 
The fruits were ripened using calcium carbide in the close box for 3 days before the data was taken at 
laboratory. 
  
Results and Discussion 

 
Reproductive growth 

 

In terms of reproductive growth measurements, there are two parameters were taken as ratio of 
infloresence to shoot number and ratio of fruit number to flower number which reflected to the Harumanis 
plant as a scion. The inflorescence ratio to shoot number of Harumanis from Figure 1 indicated that, the 
used of T2 (0.51) has produced the highest and significantly difference amongst the treatment as Control 
(0.08), T1 (0.17), T3 (0.11), T4 (0.10), T5 (0.14), T6 (0.05). It shows the performance and the ability of 
the plant to produce flowers by using that interstock, gives the higher interaction in term of inflorescence 
ratio. Moreover, the ratio of fruit number to flower numbers of Harumanis in Figure 2 was indicated that, 
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all the treatments are not significantly difference. This result indicates that there is no interaction occurred 
between the interstocks and the bearing fruit of Harumanis. There were similar studies found by the 
research conducted in apple trees where, the use of the heavy bearing apple trees resulted had no 
significant effect to the fruit bearing of inflorescence (Claudio et al., 2008). 
 

 
Figure 1: Effect of different interstock on ratio of inflorescence to shoot numbers of Harumanis at 

MARDI Sintok in mango fruit season 2017. Means with the different number in the same fruit 
weight range percentage is significantly difference at p<0.05 according to Duncan’s Multiple 
Range Test (DMRT). 

 
 

 
Figure 2: Effect of different interstock on ratio of fruit number to flower numbers of Harumanis at 

MARDI Sintok in mango fruit season 2017. Means with the different number in the same fruit 
weight range percentage is significantly difference at p<0.05 according to Duncan’s Multiple 
Range Test (DMRT). 

 

Fruit quality 

 

Fruit quality assessment has divided into two main sub-parameters as colour analysis and chemical 
analysis. In terms of fruit colour assessment from Table 1, T4 (211.19) gives the highest value and 
significantly difference compare to T5 (167.68) for parameters taken as skin hue. The trend was also same 
with skin chroma which T4 (44.68). However, for the flesh colour analysis as flesh hue and chroma, there 
is no significantly difference recorded. The result was indicated that, the qualitative characteristic like 
colour can be transmited into the scion by using the selected interstock (Figure 3). In this case, Chok Anan 
mango is one of the mango varieties which produce the yellow colour during ripening thus, the result of 
the skin and chroma colour of Harumanis was turned to yellowish. Furthermore, fruit quality assessment 
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as total soluble solid in Table 2 shows the interaction which Control, T4 and T6 are not significantly 
difference but these 3 treatments was significantly difference compare to T1, T2, T3, and T5. In total 
titratable acidity parameter, Control (1.17), T1 (0.96), T3 (1.21), T4 (1.01), T6 (1.26) was recorded not 
statistical difference among the treatment but the T6 are significantly difference compare to T2 (0.85) and 
T5 (0.85). In terms of ratio between total soluble solid and total titratable acidity parameter from Table 2, 
T2 (19.06) and T5 (19.56) are not statistical difference but it was significantly difference compare with 
other treatments. According to this parameter, it was referred to the actual quality and balanced of soluble 
solid concentration and acidity level which the highest value would represent the good quality of fruit. 
According to the present study, the use of Hilacha mango as rootsrock gives the better ratio of TSS to 
TTA of Davis Haden mango, and it presented the better quality compare with the common rootstock as 
Arauca mango (Fanor and Jose, 2009). 
 

Table 1:  Effect of different interstock on fruit colour analysis of Harumanis at MARDI Sintok in mango 
fruit season 2017. 

Interstock 
Fruit colour analysis  

Skin hue  Skin chroma Flesh hue  Flesh chroma 
Control –Harumanis/ Telur 153.2bc  41.97ab  261.51a  66.16a  
T1 –Harumanis/ Epal Ramasamy 153.12bc  41.06ab  260.86a  63.29a  
T2 –Harumanis/ Malgoa 132.85c  37.41b  262.65a  64.9a  
T3 –Harumanis/ Kuini 133.06c  39.42ab  260.05a  64.73a  
T4 –Harumanis/ Chok Anan 211.19a  44.68a  260.37a  63.99a  
T5 –Harumanis/ Epal Rumania 167.68b  38.72ab  259.72a  64.21a  
T6 –Harumanis/ Epal Tanjung Karang 159.99bc  40.34ab  260.39a  64.67a  

Treatments with the same letter(s) do not differ significantly (P≤0.05) according to the Duncan’s Multiple Range Test. 

 

Table 2: Effect of different interstock on fruit quality assessment of Harumanis at MARDI Sintok in 
mango fruit season 2017. 

Treatments (Interstock) 
Total soluble solid 
(TSS) 

Total titratable acidity 
 (TTA) 

Ratio TSS/TTA 
 

Control –Harumanis/ Telur 18.27a 1.17ab 15.62bc 
T1 –Harumanis/ Epal Ramasamy 16.02c 0.96ab 16.69b 
T2 –Harumanis/ Malgoa 16.20bc 0.85b 19.06a 
T3 –Harumanis/ Kuini 16.73b 1.21ab 13.83c 
T4 –Harumanis/ Chok Anan 18.03a 1.01ab 17.85b 
T5 –Harumanis/ Epal Rumania 16.63b 0.85b 19.56a 
T6 –Harumanis/ Epal Tanjung Karang 17.75a 1.26a 14.09c 

 Treatments with the same letter(s) do not differ significantly (P≤0.05) according to the Duncan’s Multiple Range Test. 

 
 

 
Figure 3:  The appearance of Harumanis fruit from different interstock during fruit quality assessment as   

Control (1a), T1 (1b) and T4 (1c). 
 
 

1a 1b 1c 
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Conclusion 

 
The use of selected rootstock or interstock is one of the solutions to improve the reproductive growth and 
quality of Harumanis fruit. However, it is not totally can influence the character in terms of reproductive 
growth or fruit quality assessment. According to the result, it shows that, the use of different variety of 
interstock can influence the ratio of inflorescence to shoot number which represented the more developed 
flower. Malgoa interstock shows the effect to the inflorescence level of Harumanis which is heavy 
flowering. Moreover, the usage of interstock also can influence the skin colour of the Harumanis. It is 
proven by using Chok Anan mango as an interstock. Furthermore, the fruit quality assessment for 
Harumanis was also affected by using other interstock to improve the TSS value as use Chok Anan and 
Epal Tanjung Karang mango as interstock instead of Telur. In terms of quality and balanced of soluble 
solid and acidity ratio, the use of Malgoa and Epal Rumania mango as an interstock could be chosen as an 
interstock because it can increase the ratio of TSS to TTA which resulting the better taste of Harumanis 
mango. The research will be further evaluated in the following fruiting season.  
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Introduction 

 

Citrus hystrix, commonly known as kaffir lime or limau purut is belongs to the family of Rutaceae. This 
citrus plant is native to Malaysia, Thailand, South East Asia, India and Southern China (Jamilah et al., 
2011). It has aromatic leaves and fruits that usually used in Asian cuisine and traditional preparation. The 
oil from leaves and fruits are used in perfumery and massage oil. Chemical studies have shown that the 
fruit contains various phytoconstituents that possess antibacterial, antifungal, anticancer, 
chemopreventive, antioxidant, anticholinesterase, cardio and hepatoprotective effects (Abirami et al., 
2014). 
 
In Malaysia, C. hystrix is normally grown in backyard by the locals and there are also some commercial 
plantations can be found in various parts of the country. According to Yahya et al. (2005), this species is 
very adaptable and can be cultivated on various soil types, performing well in open area with full 
sunlight. The leaves can be harvested after 3-5 years of planting. Based on the financial assessment 
conducted by Farah Fazwa et al. (2007), C. hystrix is a profitable venture with high internal rate of return 
(15.2%), positive net present value (RM12, 900) and benefit cost ratio (1:1). 
 
Due to the great economic potential of this species, Forest Research Institute Malaysia (FRIM) has come 
out with several high yielding clones of C. hystrix and establishment of the germplasm. The selection of 
clones was done based on the quality and quantity of the essential oil produced from the leaves. The 
selected clones may produce up to 6.5% of essential oil as compared to that of the unselected clones with 
only 4.0% in one kilogram of fresh leaves. Leaves production per plant is also important as bulk number 
of leaves is required for sufficient supply of the essential oil to the industry. Suitable fertilizer should be 
applied to boost the growth of C. hystrix. Therefore, this study was undertaken to investigate the effects of 
different fertilizer treatments consisting of N, P, K sources, leaf compost and biochar on the growth 
performance of C. hystrix. 
 

Materials and Methods 

 

Planting materials, experimental site and treatments 

 
The study was conducted at the FRIM’s research station (SPF) at Mata Ayer, Perlis. A total of 300 one-
year old C. hystrix plantlets were planted on April 2017 in a 0.27 ha plot at the SPF. Five treatments of 
organic and inorganic fertilizers were prepared as below: 
 
Treatment 1: NPK Green fertilizer (15% N: 15% P: 15% K) [50 g] 
Treatment 2: Controlled-release fertilizer (10% N: 6% P: 20% K: 2% Mg + 5% micronutrients) [50 g] 
Treatment 3: Controlled-release fertilizer (10% N: 6% P: 20% K: 2% Mg + 5% micronutrients) [50 g] +       
         biochar [2.5 kg] 
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Treatment 4: Controlled-release fertilizer (10% N: 6% P: 20% K: 2% Mg + 5% micronutrients) [50 g] +   
         leaf compost [2.5 kg] 
Treatment 5: Controlled-release fertilizer (10% N: 6% P: 20% K: 2% Mg + 5% micronutrients) [50 g] +     
         biochar [2.5 kg] + leaf compost [2.5 kg] 
 
The rate and type of fertilizers selected were according to FRIM standard nursery practices. The plants 
were fertilized twice per year. The size of planting holes prepared for each plant was 0.3 m x 0.3 m x 0.3 
m and the planting distance is 3 m x 3 m. The experimental design used was Randomized Complete 
Block Design (RCBD) with three replicates (Figure 1). Each treatment consists of 20 plants per replicate.  
 

Figure 1: Experimental design used in the study. 
 

Measurement of vegetative growth 

 

The data was collected from April 2017 to April 2020. Data presented in this report represent the growth 
performance of C. hystrix one year after planting (April 2017-April 2018). The measurement of plant 
height, collar diameter and crown diameter were taken every three months. The plant height (cm) was 
measured from the stem base to the top of the main plant stem using a high stick. The collar diameter 
(mm) was taken at 1 cm height from the ground surface using a vernier caliper. Crown diameter (cm) was 
measured using cross-method (Blozan, 2008). The crown diameter is the average of the lengths of the 
longest spread from edge to edge across the crown and the longest spread perpendicular to the first cross-
section through the central mass of the crown. 

 
Statistical analysis 

 

All data were subjected to ANOVA by using statistical analysis system (IBM SPSS Statistics version 22), 
and Duncan post-hoc multiple comparisons was used to differentiate the means (P<0.05).  
 

Results and Discussion 

 
Effects of different fertilizer on plant height 

 

The effects of five different fertilizers on plant height of C. hystrix are presented in Figure 2. There was a 
statistically significant difference (p<0.05) on plant height of C. hystrix with the fertilizer treatments at 12 
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months of planting. The plant height increased by 81% in T4 and 45% in T1 after one year of planting. 
While, T3 showed the lowest plant height increment of 27%. 
 

 
Values followed by the same letter(s) above the bars are not significantly different by Duncan Multiple Range Test (p≤0.05); 
error bars represent standard errors. 

 
Figure 2: Effects of different fertilizers on plant height in C. hystrix  
 
Effects of different fertilizer treatments on collar diameter 

 
The effects of five different fertilizers on collar diameter of C. hystrix are presented in Figure 3. The 
statistical analysis revealed significant difference (p<0.05) of the collar diameter at month 12. T4 
recorded the highest increment for collar diameter at 16.9% followed by T2 at 16.7%. T3 had the lowest 
collar diameter with 13.8% increment after one year of planting.  
 

Effects of different fertilizer treatments on crown diameter 

 
The effects of five different fertilizers on crown diameter of C. hystrix are presented in Figure 4. The 
statistical analysis revealed no significant difference (p<0.05) between the treatment in terms of crown 
diameter at each month of observation. The results showed there were larger increments of crown 
diameter showed from month 9 to month 12 in all fertilizer treatments and the highest increment was 
recorded in T4 at 111%. 

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0

1 2 3 4 5

P
la

n
t 

h
e

ig
h

t 
(c

m
) 

Treatment 

Month 3

Month 6

Month 9

Month 12

a 

a 

a ab 
a 

a 

a 

a 

a b 

a 
a 

ab 
a a 

a 

a 
a 

a 

ab 



eISSN 2600-9595 
Trans. Malaysian Soc. Plant Physiol. 26 

First Published, 2019 
 

 

63 

 

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

1 2 3 4 5

C
o

ll
a

r 
d

ia
m

e
te

r 
(m

m
) 

Treatment 

Month 3

Month 6

Month 9

Month 12

Values followed by the same letter(s) above the bars are not significantly different by Duncan Multiple Range Test (p≤0.05); 

error bars represent standard errors. 

 

Figure 3: Effects of different fertilizers on collar diameter in C. hystrix. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Values followed by the same letter(s) above the bars are not significantly different by Duncan Multiple Range Test (p≤0.05); 

error bars represent standard errors. 

 
Figure 4: Effects of different fertilizers on crown diameter in C. hystrix.  
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Fertilization is a common practice in agriculture and plantation to increase yield. The combined effects of 
organic and inorganic fertilizer gave advantages in improving the overall growth and nutrient content of 
plants (Chen, 2006). The combination of leaf compost with controlled-release fertilizer improved the 
physical growth of C. hystrix in this study. Improved plant growth in controlled-release fertilizer + 
compost treatment has also been reported in L. pumila (Norhayati et al., 2017) and Zea mays L. (Rasheed 
et al., 2010). 
 
The application of inorganic fertilizer alone either NPK green or controlled-release fertilizer showed no 
significant difference on plant growth, though the N, P, or K ratio was different. However, the controlled-
release fertilizer has recorded higher percentage of plant height and collar diameter by 56% and 16.7%, 
respectively. The addition of 2% Mg and 5% micronutrient in controlled-release fertilizer probably help 
the plant to grow better.  
 
In contrast, the addition of biochar with controlled-release fertilizer showed poor response to the C. 

hystrix growth. It is known that biochar is an organic amendment sources which can improve soil quality 
(Khasifah, 2018) but it response differently in this study and the correlation is still unknown. However, 
the combination of biochar with chemical fertilizer worked well in other food crop such as pepper and 
tomato (Graber et al., 2010; Cole et al., 2016). 
 

Conclusion 

 

The combination of controlled-release fertilizer with leaf compost positively increased the growth of C. 

hystrix rather than the application of inorganic fertilizer alone. Therefore, T4 is recommended to be used 
in the nursery or plantation of C. hystrix to increase the seedlings growth. Further analysis should be 
conducted to study the significant effect of these fertilizers on the yield of essential oil and the present of 
bioactive compound. 
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Introduction 

 

Malaysia producing world demand for oil and fats and is one of the global leading palm oil producer that 
has oil palm plantation covering 80% of the agricultural land in Malaysia. Crude palm oil production is 
nearly 20 million tonnes yearly in order to meet the world demand consumptions (Awalludin et al., 2015). 
The main focus of oil palm plantation is to get optimum fresh fruit bunch (FFB) yield, which is the 
primary commodity of most plantation and has become a major international commodity with demand 
remains consistently high (Pirker et al., 2016). Palm oil plays a major role towards human health 
consumption as usages of chemical fertilizer have routinely been applied at oil palm plantation to 
maintain optimum growth and to ensure good survival rates. However, excessive use of chemical 
fertilizer will increase soil acidification and lead to environmental pollution which has become a major 
concern (Guo et al., 2010). 
 
Therefore, to ensure sustainable agriculture, alternative systems for the applications of limiting nutrients 
are being sought, and organic farming is considered one achievable way for sustainable agriculture. 
Fertilizers other than chemical fertilizers such as organic fertilizer, compost and bio-fertilizer shall be 
used to produce organic products. Amongst, biofertilizers are the most attractive because of their positive 
impacts to both plant growth and the environment. Previous study have shown biofertilizers can also be a 
good source of stimulus compounds like 5-aminolevulinic acid (ALA) that can reduce environmental 
stress, such as salt stress, on rice growth (Nunkaew et al., 2014). Moreover, plant growth promoting 
rhizo-bacteria (PGPR) assists well in mineralization and channelization of nutrients leading to enhanced 
plant productivity (Ansari et al., 2017). PGPR adopt various possible ways to accelerate the rate of crop 
production (Chen, 2006; Rizvi et al., 2015). 
 
Beside, chances of organic fertilizers to meet the requirement is very narrowed, since organic fertilizer 
releases nutrient slowly, and only fraction of nitrogen and other nutrient become available for palm in the 
first year after application. However, organic fertilizer has higher organic matter content and richer 
nutrient elements; it can enhance soil physical properties mainly by improving aggregate stability and 
decreasing soil bulk density; it can also improve soil biological and biochemical properties and optimize 
soil microbial community structure (Diacono and Montemurro, 2010).  
 
Taking the advantages and disadvantages of these fertilizers, therefore idea to use inorganics application 
with living microorganism or biofertilizer has become an effective approach for fertilizer management. 
The applications of biochemical fertilizer (BCF) are used to increase efficiency in manuring at oil palm 
plantation. Ansari and Mahmood (2017) also have shown that by using Rhizobium sp. bacteria can offered 
higher growth, yields and ameliorated soil physio-chemical properties ensuring sustainability. Thus, there 
is substantial evidence that this might improve the efficacy of nutrient uptake which indirectly enhances 
palm growth and productivity. This study aims to assess new formulation of BCF with selected fertilizer, 
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integrated with living microorganism and to increase immature oil palm growth in the first two years in 
replanting area.  
 

Materials and Methods 

 

Study site 

 
Field trial was located at Felda Agricultural Services Sdn Bhd (FASSB) at Telang oil palm plantation 
located in Kuala Lipis (4°19'35.6"N 102°00'33.2"E), Padang Tengku, Pahang, Malaysia. Considered as 
undulating area, rainfall and number of raining days during the experimental years are shown in Figure 1 
and pH of this area are between 4.2 to 4.3 from 0-30 cm depth. 
  
Experimental fertilizer 

 

Treatment for chemical fertilizer in this experiment was compound fertilizer (N:P:K:Mg, 9%: 9%: 12%: 
4%; FPM Sdn Bhd fertilizer). A new formulation of biochemical fertilizer which was developed by 
Faculty of Agricultural, Universiti Putra Malaysia with biochemical fertilizer, N:P:K:Mg, 11%: 11%: 
15%: 4% and comprising of living microorganism was used to enhance nutrient uptake effectiveness.  
 
Experimental material and design 

 
This field trial was conducted for 24 months from January 2015 to December 2016, oil palm plantation 
was transplanted in December 2014. Yangambi (DxP) planting material was planted for this field 
experimental site and an area of 3.2 ha was allocated for this experiment. There were two treatments, with 
six replicates each according to Felda Standard Practices (FSP) and a biochemical fertilizer (BCF). Each 
replication consists of 30 palms (6 x 5) including buffer row and 12 recording palms (4 x 3).  
 
Broadcast manuring method was used for both treatments, fertilizer was scattered around oil palm within 
one meter from their girth. Basal fertilizer for FSP treatments were applied four times in the first year and 
5 times in the following year. However, basal fertilizer for BCF was applied 3 times in each year.  
 
Growth measurement and sampling 

 

Palm vegetative measurements were taken twice yearly, at June and December. The parameters measured 
were frond production, frond length, and chlorophyll content. Frond selection for measurement and 
sampling was according to palm age, 3rd frond used for first year and 9th frond at second year age. Leaf 
sample and rachis was taken after each measurement.  
 
Rainfall information 

 

The rainfall distribution is very crucial as the general guideline is to avoid fertilizer application during 
rainfall seasons with high monthly rainfall of more than 250 mm, not that exceeds 16 days and with high 
intensity rainfall events of more than 25 mm per day (Goh et al., 2003). Timing of the application should 
also be taken into considerations so as to avoid substantial nutrient losses. 
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Figure 1: Rainfall distribution at Felda Agricultural Services Telang Sdn Bhd, Pahang. 
 

Results and Discussion 

 

Vegetative measurement 

 

Table 1 showed frond production using BCF and FSP treatments. Frond length was significantly higher in 
BCF treatment for up to 18 months after treatment (MAT). This indicates that the response of palm 
growth to the biochemical fertilizer was significantly better as compared to Felda Standard Practices in 
the early stage. Aduloju et al. (2009) also stated that biofertilizer applications can increase greater amount 
of light interception by the crop plants due to higher vegetative growth of crop plants and this may the 
reason BCF treatments showed a better response. 
 
Table 1: Vegetative measurement under different fertilization regime. 

Parameter Treatment 
Months after treatment (MAT) 

6 MAT 12 MAT 18 MAT 24 MAT 
Frond Length (cm) FSP 97.09b 158.29b 182.00b 204.19a 

BCF 111.83a 163.58a 194.40a 205.43a 
Frond Production FSP 6.67b 21.25a - 14.46a 

BCF 7.25a 19.36b - 14.75a 
Chlorophyll (SPAD) (%) FSP 47.74a 65.94a 69.62a 63.40a 

BCF 57.44b 62.74b 67.20b 64.00a 
Leaf Area (m2/m2) FSP 0.42b 1.30b 1.62b 2.20b 

BCF 0.67a 1.44a 1.72a 2.50a 
Dry weight frond (kg) FSP 0.50b 1.01a 0.46a 1.27a 

BCF 0.58a 0.88b 0.61a 1.19a 
 
Chlorophyll measurement was taken using SPAD meter. However, the chlorophyll content at months 12 
MAT onward showed a significant increased as compared to the lower months of 6 MAT (Table 1). This 
indicates that the palms started producing bunches and may triggered fruiting with an increased in 
photosynthetic rate as stimulated by the presence of developing bunches which can act as a carbon sink 
for assimilation during young palm age (Henson, 1990). Leaf area (LA) measurement reflects the frond 
measurement of the palm, BCF treatment showed a significantly higher measurement in this experiment. 
This distinct vegetation results between treatments represent the capability of BCF treatment in order to 
enhance palm vegetative growth. 
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However, dry matter production between treatment do not showed any significant different from 18 to 24 
MAT. There are indications that certain microorganisms or fungi that can promote and sustain oil palm 
growth may not present but are necessary to ensure that new crops establish quickly so as to ensure that 
soil nutrients do not depleted easily (Jeffries and Barea, 2000; Gianinazzi et al., 2002). There biochemical 
fertilizers application used in this study also indicate that the palm dry matter in the second years was not 
affected but likely to promote some vegetative growth.  
 
Foliar nutrients 

 

Range of nutrients status was illustrated in Figure 2. Determination of nutrient content of Total Nitrogen 
(N), Phosphorus (P), Potassium (K) and Magnesium (Mg) in oil palm leaves by means of Near 
Spectroscopy (NIRS) and SAMM Accredited Plant Material in house method. The total N decreased 
between treatments indicated that amount of N supplied to palm in BCF treatment may be reduced due to 
rainfall at 12 MAT with 2.90±0.07% (mean±se) and 24 MAT at 3.01±0.02% (Figure 2). This is caused by 
either surface run off or manuring frequency carried out 3 times per year. The optimal frequency of 
fertilizer application still depends on the crop requirements, tree age, ground conditions, types of fertilizer 
available and rainfall (Comte, 2013). Compared to FSP, the standard protocol of manuring showed that 
the total N are constantly available in palm uptake due to frequent fertilizer application in immature trees 
(Goh and Chew in 1995). 
 
Frequent application at low fertilizer rates is preferred for sandy or sloped land where the risk of nutrient 
losses through runoff or drainage is high. It is recommended that a single annual application of water 
insoluble rock phosphate is suitable as soluble fertilizers would be applied at low doses constantly. 
 
In this study, the foliar P determined at constant level of 0.17% of dry matter. Meanwhile rachis P level at 
0.10% dropped as the level of Mg increased after 12 month after treatments, Figure 2b. This level was 
also reported by Foster and Probowo, 2002 where the rachis P concentration of the palms at a critical P 
level of 0.10%, this duplicates result showed P rachis status was more reflective of the P nutrient status 
compared to foliar P status. Therefore it can be used to identify a better P fertilizer requirement. 
   
The effects of biochemical fertilizer and Felda standard practices on tissue Mg and K levels are shown in 
Figure 2c and Figure 2d. The results show that both fertilizers increased foliar Mg levels after 18 month 
after treatments, with Felda standard practices tending to have the greatest effect. These increases in Mg 
level also indirectly decreased leaf and rachis K. Foliar K status in both treatments is reduced in the 
second year of applications Figure 2d. This may derived from bunches pre-form stage is started, palm 
start to produce bunches and used of K in the process. However, Teoh and Chew (1988) have shown that 
rachis K is more sensitive than leaf K in detecting K deficiency in oil palm especially when soil 
exchangeable Ca and Mg are high in relation to soil exchangeable K. Furthermore, from the results it is 
showed positive correlation pattern of nutrient K between foliar and rachis.  
 
In this recent study, although rounds of application of fertilizers were reduced from either 5 or 4 in FSP to 
three rounds using biochemical fertilizer, it given non-absolute effect toward palm nutrient status. Ning et 
al. (2017) in her study also stated even the organic fertilizer treatments were lower than chemical 
fertilizer, the amount of nutrients were high enough for crop requirement and 20% chemical fertilizer 
reduction did not influence crop yield. This positive effect of biochemical fertilizer also suggested 
reducing fertilizer application is possible and may contribute to shrink fertilizer wasted.  
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(a) 

 

(b)    

 
 
 

(c) 

 

(d) 

  

Figure 2: Foliar and rachis analysis on dry matter; a-Total-Nitrogen (N), b- Phosphorus (P), Potassium (K), c- Magnesium (Mg), d- Potassium (K). 
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Conclusions 

 

Biochemical fertilizer can stimulate early growth of oil palm. BCF fertilizer showed a significant higher of 
vegetative growth of frond length, frond production and especially in leaf area (LA) which were 
comparable to Felda standard practices conventional programed. The foliar nutrients status between 
biochemical fertilizer and Felda standard practices also showed both treatment given positive outcome, 
and no absolute different found between treatments, indicating new developed biochemical fertilizer 
application contribute to palm health as good as Felda standard practices at a lesser applications. 
Consequently, new formulation of BCF might be adapted into the industries in other large scale 
implementation as biochemical fertilizers may enhance soil fertility in long term advantages. 
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Introduction 

 
The oil palm, Elaeis guineensis Jacq. is one of the most important oil-producing crop due to production 
high yield per hectare compare to other edible oil crops. Indonesia and Malaysia are most producers of oil 
palm in the world. Due to its important in economic, the agronomic practices is favourable use of 
chemicals fertilizers to improve productivity and yield of oil palm. Many studies reported on plant 
physiology that involved directly in the modification of nutrition of for growth enhancer and controlling 
diseases (Peter, 2012). while the investigation on effects of fertilizers as growth enhancer also for crop 
protection in oil palm especially for Ganoderma disease control were reported (Hanafi et al., 2014; 
Mohidin et al., 2015; Tengoua et al., 2015),  The GanoCare® is an innovative patent technology which is 
contained balanced nutrients, powdered empty fruit bunches (EFB) and beneficial elements to enhanced 
plant growth through regulation of plant metabolism such improved nitrogen fixation, rhizobia growth and 
increase the thickness of plant cells walls (Idris et al., 2005; Sharma, 2006). The use of these beneficial 
elements in oil palm significantly effective for controlling diseases in oil palm (Hanafi et al., 2014; 
Mohidin et al., 2015; Sahebi et al., 2015 and Tengoua et al., 2015;). Others used of traced elements as 
supplementation besides of NPK fertilizer was significantly suppressed basal stem rot disease incidence in 
oil palm (Sariah et al., 1997; Fang and Kao, 2000; Nur Sabrina et al., 2012; Siti Naimah et al., 2015). 
Surprisingly, physiological responses on the vegetative growth of oil palm seedlings applied with organic 
fertilizers has not been extensively studied. The optimum usage of fertilizer on oil palm that has 
responsive on growth, preventive treatments from the diseases also increase productivity and yield were 
widely important for the stakeholders of the oil palm industry. The aim of this study to investigate the 
effects of organic fertilizers containing beneficial elements GanoCare® on vegetative growth and 
physiological responses of oil palm seedlings in a nursery evaluation. 
 
Materials and Methods 

 

Preparation of planting material and treatments 

 

The study was carried out at an experimental nursery trial at the Seberang Perak, Perak. Three-month old 
oil palm seedlings, Tenera (Dura x Pisifera) were prepared in the nursery one month before commencing 
treatment. The experimental design used in this study was a Completely Randomized Design (CRD) with 
three replications. The rate and fertilizer treatments were applied for this study is given in Table 1.  
 
Table 1: Rate of two different fertilizer treatments. 
Treatment Type of fertilizer and  Rate (per seedling) 
T1 NPKMg 12-12-17-2  monthly application at 40g per seedling  
T2 NPKMg 12-12-17-2 + 

GanoCare® Organic  
monthly application at at 40g + organic 
fertilizer at total 450g per seedling  

mailto:idris@mpob.gov.my;
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Oil palm seedlings were planted in parallel polybags (sized 150 mm width x 180 mm heights) and 
labelled. During the experiment, the oil palm seedlings received regular watering with applications of 
pesticides as appropriate. 
  
Vegetative growth  

 

Vegetative growth was determine by measuring the total green frond numbers, palm height, pseudostem 
girth, rachis length, total dry weight and leaf area. The measurements were collected at three, six and nine 
months after treatment. The palm height was measured using a measuring tape between the ground level 
and the insertion of leaves number 1. Total plant biomass was taken by calculating the dry weight of roots, 
stems and leaves per seedling. Destructive sampling was carried out after nine-months treatments 
completed. The leaves, stems and roots were placed in paper bags and oven dried for 48h at 80°C until 
constant weight. The weights of samples were weighed using an electronic weighing scale (CDS 125, 
Mitutoyo Inc, Japan). Leaves area per plant was measured using a leaf area meter (LI-3100, Lincoln Inc, 
USA).  
 
Physiological properties  

 

The leaf gas exchange paramaters such as photosynthetic rate, stomatal conductance, transpiration rate and 
instantaneous water use efficiency (WUE) were measured on the leaflets of frond 3 for each seedling. The 
gas exchange was measured using a portable photosynthesis system (CIRAS-1, PP-System, UK) together 
with the following benchmarks:  the leaf cuvette was controlled at 400 ppm CO2, 70% relative humidity 
and 1000 µM m-2 sec-1 of Photosynthetically Active Radiation (PAR). Relative chlorophyll content was 
measured from the intact leaves of frond 3 using a chlorophyll meter (SPAD 502, Minolta, Japan).  
 

Results and Discussion 

 

Effects of GanoCare® organic on the growth of oil palms in the nursery 

 

Optimum fertilizer through nutrients modification of plants such oil palm generally effects on the physical 
growth properties especially for seedlings in nurseries. Manuring with balanced nutrients in nursery will 
provide healthy oil palms seedlings as planting material for plantations. In this study, the growth 
characteristics such as total green frond numbers, palm heights, pseudo girth, rachis length and leaf area 
were significantly greater in oil palm seedlings treated with GanoCare® (T1) compared to the control 
seedlings (T1) (Figure 1, Table 2). Previous findings were reported by Shamala et al. (2010) and Zaiton et 
al. (2008) on the effects of biological microbes as supplementation on oil palm seedlings were almost 
practically comparable to this study. They reported that biological microbes essentially could enhance the 
growth of oil palm seedlings, while the applications of optimum-balanced nutrients are highly important in 
oil palms. Application of balanced nutrients is important for plant growth, increase yield and cost-
effectiveness of fertilizer. The use of trace elements in oil palm has been concerned for controlling BSR 
disease in oil palm. It was reported that use of silicone or calcium as supplementation in oil palm besides 
of chemical fertilizer was significantly suppressed BSR disease incidence (Sariah et al., 1997). The 
application of copper as supplementation of NPK fertilizer also influence to control many plant diseases 
(Fang and Kao, 2000), primarily by decreasing the spread of the disease (Nur Sabrina et al. 2012). The 
applications of trace elements enhance productivity and increase protection against abiotic and biotic 
stresses. 
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Table 2: Growth characteristics, plant dry weight and relative chlorophyll content of oil palm seedlings 
under the different fertilizer treatments after nine-months of treatment.  

Treatments 
Frond 
Number 

Plant 
Height 
(cm) 

Stem 
Girth 
(mm) 

Rachis 
lengths 
(cm) 

Relative 
Chlorophyl 
(Chl SPAD) 

Dry weight 
(grams) 

Leaf area 
(m2) 

T1 15.0b 149.74b 80.16b 74.81b 57.7a 250.3b 1.277b 

T2 16.0a 160.3a 89.45a 84.91a 59.8a 300.0a 1.386a 

 Note: Columns with the same letter indicates no significant differences at p<0.05 using LSD. T1-oil palm seedlings treated with 

NPKMg 12-12-17-2 fertilizer and T2-oil palm seedlings treated with NPKMg 12-12-17-2 fertilizer and GanoCare® Organic 

(total 450g / palm).  

      
 

 
 
 
 
 
 
 

 
 
 
 
 
 
Figure 1: Effect of organic fertilizer containing beneficial elements on frond numbers, heights, girth, 

rachis length, Chlorophyll SPAD, dry weights and leaf areas of oil palm seedlings at three, six 
and nine- months after treatment. T1-oil palm seedlings treated with NPKMg 12-12-17-2 
fertilizer and T2-oil palm seedlings treated with NPKMg 12-12-17-2 fertilizer and GanoCare® 
Organic (total 450 g/palm). 

 
At the six-months after treatment (6MAT), seven to nine months old seedlings, were also increased the 
above-mentioned parameters by 16%, 5%, 12.6%, 14.8%, 9.2% and 38% respectively compared to the T1. 
When the seedlings approached to 12-months old at nine-months after treatment (9MAT), seedlings 
treated with T2 increased the number the fronds, plant height, stem girth, rachis length, leaf area, and dry 
weight by 38.5%, 12.6%, 44.8%, 32.9%, 12.8% and 40% compared T1 as control. The production of root 
hairs and increase in root mass were significantly enhanced. T2 also improved the physical and root 
growth of the seedlings. The seedlings treated with NPKMg 12-12-17-2 fertilizer alone recorded the 
lowest vegetative growth. Generally, the control seedlings developed growth and recorded the lowest 
increase in height; stem diameter and root mass (Figure 2). This suggested that the GanoCare® organic 
had positively contributed to the plants in sustaining their growth also to cover the damage caused by G. 

boninense. 
 
 
 
 
 
 



eISSN 2600-9595 
Trans. Malaysian Soc. Plant Physiol. 26 

First Published, 2019 
 

 

76 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Effects on the GanoCare® organic applications on the seedlings treated with T2 (2A) have 

healthier roots as compared to control seedlings at T1 (2B) with less roots production. 
 
Effects of organic fertilizers on the physiology properties of oil palm seedlings 

 

In the study, applications of organic and inorganic fertilizer (T2) significantly improve leaf gas exchange 
parameters such as photosynthetic rate and stomatal conductance. However, no significant differences 
between treatments were observed in transpiration rate and instantaneous WUE (Table 3). The higher 
photosynthetic rate is associated with the increased in stomatal conductance. This result suggests that 
increase photosynthetic activity is beneficial to the plant growth (Siddiqui et al., 1999; Tayeb et al., 2003; 
Hanif et al., 2005; Afifah et al., 2018).  
 
Table 3: Effects of GanoCare® organic on photosynthetic rate, stomatal conductance, transpiration rate 

and instantaneous water use efficiency (WUE) of oil palm seedlings. 
Treatment Photosynthetic rate 

(µmol/m2/s) 
Stomatal 
conductance 
(mol/m2/s) 

Transpiration 
(mmol/m2/s) 

Instantaneous Water use efficiency (WUE)  
(µmol CO2 assimilated mmol-1H2O loss) 

T1 11.34b 0.12b 2.01a 6.39a 

T2 11.68a 0.13a 2.22a 5.65a 
Note: Treatment means within each column followed by the same letters are not significantly different from each other (n = 40) at 

p<0.05 using Least Significant Different (LSD), T1-oil palm seedlings treated with NPKMg 12-12-17-2 fertilizer (control) and T2-

oil palm seedlings treated with NPKMg 12-12-17-2 fertilizer and GanoCare® Organic (total 450 g /palm).  

 
Conclusion 

 

There was a great increase in growth and leaf gas exchange of oil palm seedlings treated with organic 
fertilizer containing beneficial elements, GanoCare®. Therefore, it is recommended to use GanoCare® 
organic fertilizer to enhance growth of oil palm seedlings. 
 
 

2A 2B 
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Introduction  

 

Passiflora plants are generally known as passion fruit may well be the most fascinating plant of the 
tropics. Their unique, almost lavishly beautiful flowers have a mysterious look and convey an exotic 
ambiance (Vanderplank, 2000). Passion fruit plants belong to the family Passifloraceae, consists of 18 
genera including genus Passiflora (Ocampo et al., 2007). Passion fruits are one of the widely grown fruit 
crops around the world. The main dispersal area extends over Central America and South America 
(Vanderplank, 2000; Krosnick and Freudenstein, 2005). Although 50 species bear edible fruits, only two 
forms of Passiflora edulis; i.e., P. edulis (Purple passion fruit) and P. edulis f. flavicarpa (Yellow passion 
fruit) are widely cultivated in commercial scale for fresh fruit and juice market (Bernacci et al., 2008). In 
Peninsular Malaysia, Passiflora plants were grown in Ayer Hitam (Johor) and Cameron Highlands 
(Pahang) which were extended to be a commercial in 1960s (Chai, 1979). Thereafter, the passion fruit 
production in these regions has been affected by a passion fruit woodiness diseases (PWD) which 
discouraged further expansion in commercial planting (Chai, 1979). However, this fruit is still cultivated 
on a small scale due to the prevalence of suitable growing conditions (Ramaiya et al., 2013). There is an 
immense potentiality of boosting passion fruit industry in Malaysia. 
 
Pollination is essential for fruit production on Passiflora plant. Flowers of the P. edulis vine normally set 
fruit when the flowers are cross pollinated (Souza et al., 2004). The amount of pollen deposited on the 
stigma determines the number of seeds set and size of the fruit. The most effective pollinating insects of 
Passiflora species are carpenter bee (Xylocopa sonorina) and the honeybee (Apis millifera) (Lim, 2012). It 
has been reported in its native country Brazil, whereby P. edulis are observed to be self-incompatible 
while in India, Apis cerana is the primary pollinator (Joy and Sherin, 2013). During the preliminary 
observation, we found there are good fruits being sets although there were not many effective pollinators 
having visited the flowers. Thus, this led to the interests into researching on the plant’s mode of natural 
pollination. Therefore, the objective of this study was to assess the detail information on the floral 
behaviors of Passiflora species for yield, quality improvement and other breeding programs.   
 
Materials and Methods 

 
Study location and plant cultivation 

  
The present study was conducted at the Passiflora small scale farm initiated by Universiti Putra Malaysia 
Bintulu Sarawak Campus (UPMKB). Planting materials used in this study were seeds acquired from the 
commercial supplier, Trade Winds Fruit, Windsor, California. Five Passiflora species: P. edulis (Purple), 
P. edulis (Frederick), P. maliformis, P. quadrangularis and P. incarnate were cultivated and examined in 

mailto:shiamala@upm.edu.my
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the present study. For planting of Passiflora species, a vertical trellis system with ten rows, each with 25 
m apart was constructed. The trellis system consisted of 2.4 m tall post set at 5 m intervals along the rows. 
Three gauge galvanized wires (2.5 mm) were strung along the posts. Four months old seedlings with 
uniform height (about 20-25 cm) and leaf number (at 9-13) were chosen for transplanting with a planting 
distance of 3 x 2.5 m.  
 
Observations on phenological study and fruits productivity 

 

Observations were carried out for a duration of two years and eight months. The plant development phase 
recorded in the present study was based on extended BBCH scale (Growth stage of plants, BBCH 
Monograph, Meier et al., 2009). The observations were based on the occurrence, duration and frequency 
of the vegetative growth, flowering and fruiting. The flowering period was defined as the open flower, as 
Passiflora species produces flower all year around. This phenology was obtained to verify the blooming 
pattern. The major and minor blooms were worked out on the basis of number of flowers opened daily. In 
case of major bloom, more than half of the vines produced five or more number of flowers per day for a 
duration of 10 days in a month as defined by Kishore et al. (2010). Any other details observed include 
time of anthesis until closing of flowers, changes in position of pistil and stamen and frequency of visitors. 
 

Statistical analysis  

 
The data recorded for flower biology was statistically analysed using statistical software SAS 9.1. Means 
were compared using a single factor one way analysis of variance (ANOVA). A post hoc Tukey’s test 
(p<0.05) was performed if the ANOVA result was significant.  
 

Results and Discussion  

 

Flower development of Passiflora species 

 
The flowering type of Passiflora species classified as “steady-state species” that exhibit constant 
production of few flowers and, lasting only about 24 hours. There are five main stages of flower 
development: bracts formation, bud initiation, bud development, complete bud formation and flower 
blooming. 
 
This behavior however, varied significantly between the studied species. For example, P. incarnate was 
recorded to have earliest flower initiation. The plant displayed expressive bloom after 14 weeks of 
transplanting. The maximum bud size was 5.04±0.09 cm and flower opening took about 13.4±0.55 days. 
In P. edulis (Purple) and P. edulis (Frederick), the first flower initiation was recorded on 5th month after 
transplanting and the bloom may last for about 160 days. Almost similar results were also recorded in 
Bangladesh by Banu et al. (2009) with a maximum size bud of 5.15±0.10 cm.  
 
In P. quadrangularis, blooming occurred about 163 days after transplanting. This plant however, may 
required slightly longer period of 16.8±0.84 days as compare to all other species. Flower bud development 
normally took 14.0±1.00 days with larger flower bud of 6.79±0.10 cm. It was further reported by Montero 
et al. (2013) that development period for flower buds was over 13 days with different from outside its 
origin center, for example, in Malaysia it took 16-18 days and Venezuela, 21 days (Haddad and Figueroa, 
1972). The maximum size of flower bud was 6.45±0.07 cm. This species showed late flowering with first 
blooms only began after 195 days upon transplanting.  
 
 



eISSN 2600-9595 
Trans. Malaysian Soc. Plant Physiol. 26 

First Published, 2019 
 

 

81 

 

Blooming duration 

 

Summary of blooming durations were presented (Table 1). Based on the detail observations, the time of 
flowering varied between Passiflora species. P. quadrangularis and P. maliformis showed the earliest 
flower opening. It starts at early hours from 0652±0.17 to late at about 1600-1730. However, full 
blooming can only be recorded around 0721±0.04 hour but it took only about 30 min for the styles to be 
completely curved and in contact with the anthers after 0806±0.23 hour.  
 
In contrast, P. incarnata showed the longest blooming duration of about 100 minutes to fully developed 
while P. edulis only opened and fully bloomed at around noon 1223±0.25 hour with anthesis started only 
after 1316±0.29 hour till night. This phenomenon was also observed by Banu et al. (2009) which stated 
that P. edulis (Purple) flowers normally fully bloom around 1052-1240 hour in Bangladesh. This may be 
due to the variation in phenological differences, environment, adaptability and genetics (Das et al., 2013). 
 
Table 1: Flowering time of Passiflora species observed in n=50 flowers. 

Blooming events P. edulis 
(Purple) 

P. edulis 
(Frederick) 

P. maliformis P. quadrangulars P. incarnata 

Flower started to open 
(hr) 

1153±0.20a 

(1130-1221) 
1100±0.25a 
(1028-1120) 

0820±0.10b 
(0802-0849) 

0652±0.17c 
(0623-7000) 

1214±0.19a 
(1130-1212) 

Full bloom (hr) 1223±0.25ab 

(1134-1240) 
1123±0.07b 
(1102-1140) 

0831±0.20c 
(0820-0853) 

0721±0.04d 
(0700-0730) 

1229±0.36a 
(1148-1315) 

Style faced anther (hr) 1316±0.29ab 

(1215-1340) 
1219±0.28b 
(1138-1258) 

0913±0.20c 
(0834-0912) 

0806±0.23c 
(0740-0810) 

1351±0.20a 
(1300-1400) 

Row with same alphabets indicate differences at p<0.05 (ANOVA, Tukey’s test). Values are given as means (hr) ± SD and values 

in parenthesis are the range. 

 

Flower blooming stages, the stigma and anther positions 

 

Position of stigma and anther are very important in Passiflora flower due to its natural pollination factor. 
The example of complete Passiflora flower (P. incarnata) blooming stages is showed in Figure 1. 
Basically, three phenological stages have been recognized in all the studied Passiflora species but no 
significant changes in colour and odour were observed. These include:  
 

Phase 1: Pre-anthesis 

 

This is the bud stage prior to anthesis and known as phase 1 which also corresponds to the preceding 
anthesis floral stage. The gynoecium, androecium and the corona were fully covered by the sepals which 
then converged toward the center of the flower. Here, the reproductive structure was not visible. The styles 
are erected (Figure 1a) with anthers dehiscenced facing up (Figure 1b).  
 
Phase 2: Flower homogamous with herkogamy 

 
At this phase, the flower starts to open, the sepals, petals and corona spread out rapidly and the 
reproductive structures fully exposed to the external environment (Figure 1c). The upright facing anthers 
during flower opening, were tumbled down and turned around, thus bringing the dehisced side of the 
anther facing downward (Figure 1d). Styles which are in the upright position began to tilt and reaching the 
anthers (Figure 1e-g). Simultaneously, the stigma remained receptive and anthers were indehiscent. The 
receptive stigma will then come into contact with the receptive anthers, donating pollen grains onto the 
stigmatic surface (Figure 1h-i). This is an important phenomenon in Passiflora flowers for pollination 
process. As the pollen grains were large and with bright yellow to white in colour the presence of pollen 
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grains on the stigma surface could then be clearly seen. Passiflora flowers are normally homogamous 
where the anther and stigma mature simultaneously and present herkogamy, showing a distinct spatial 
separation of anthers and stigma.  
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Various flower blooming stages of P. incarnata; a) flower bud-ready to be opened, b) flower 

opening, c) anthers started to tumble down, d) all the anthers facing outwards, e) styles were in 
horizontal position, f) styles taking curve, g) styles were tilt and stigma started to be in contact 
with the anthers, h) stigma completely touched the anthers and i) stigma touched the anthers and 
pollens were transfered. 

 
Phase 3: Flower senescence 

 

This phase is the closure of the flower with the petals and corona wilted, the surfaces lose turgidity and 
started closing. The sepal returned to an upright position while stigmas were erected backward, while the 
bracts remained fresh. There was no nectar present after the flowers were closed. Pollinated flowers 
showed rapid enlargement of the ovary and developing fruit can be recognized in 3 days while non-
pollinated flowers abscised within 2-3 days without showing enlargement of the ovary.  
 
In addition, based on the detail observation during the stage 2 of flower blooming, the Passiflora flowers 
exhibited 3 types of style morphology; a) styles without curvature (WC), where the style stand erect, b) 
partially curved (PC) style, where the style curved partially, and the stigmas does not touch the anther and 
c) completely curved (CC) style, where style is curved and the stigmas in contact with the anther. 
Percentage (%) of different types of styles in Passiflora flower is presented in Figure 2. Among five 
Passiflora species, CC flowers were commonly found (≥80% except in P. maliformis, 38.33%) and 
produced more fruits. The WC flowers were relatively less common where such flowers did not get 
pollinated and did not produce fruits. The maximum WC flowers were recorded in P. edulis and P. 

quadrangularis (6.67%) while 0% was observed in P. incarnata. Flowers of P. maliformis possessed 
mostly the PC styles (60.00%).  
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As discussed above, the unique movement of styles and position of stigma and anthers are important for 
self-pollination besides the presence of effective pollinators. In most of its native habitat, the Passiflora 
species were self-incompatible and carpenter bees were the effective pollinators. In the present study site, 
there was good fruit sets, although lesser number of pollinators visiting the farm or sometimes absence. 
The pollinators observed were butterflies, wasps, bees and carpenter bees. As the visitors landed on the 
flat corona and feeding on nectar, the upper part of the approaching pollinators came into contact with the 
lower exposed pollen bearing surface of the anther and some pollen grains deposited on their wings and 
thorax, thus touched the stigma and transferred the pollen grains. The most common visitors were the ants 
but they are nectar feeders and not the pollinators. In this sense, the studied species mostly exhibited a 
unique autonomous self-pollination, involving the movement of styles to lead the stigma faced the anthers 
during flower blooming which provided reproductive assurance to the species.  
 
The plants were self-compatible and able to produce constant fruit sets during the study period when biotic 
pollination is a limitation. P. edulis growing in its native habitat is usually self-incompatible and can 
become self-compatible (Cox, 1957). This evolution feature in Passiflora flower is an important factor for 
its adaptability and survivability. According to Sicard and Lenhard (2011), the changes from self-
incompatibility to self-compatibility have frequently occurred in most cultivated flowering plant species. 
A number of flowering plants such as Roscoea schneideriana and Collinsia verna have evolved various 
devices to achieve autogamous self-pollination when pollinators are scarce (Zhang and Li, 2008). Self-
pollination has also been observed in orchid (Chen et al., 2012) where pollinators are scarce. Evolution of 
self-compatibility has generally been interpreted as a reproductive assurance in the absence or scarce of 
pollinators (Sicard and Lenhard, 2011) which is the main feature contributing to a wide distribution of the 
Passiflora species around the world. 
 

 
Figure 2: Percentage (%) of different types of styles in Passiflora flowers (n=60 flowers). CC- completely 

curved, PC- partially curved and WC-without curvature (stand erect). 
 

Conclusion 

 
The flower of Passiflora species is known as “steady-state species” that exhibit constant production of few 
flowers within a day. The flowering behaviors may varied between species. The Passiflora flowers 
exhibited a unique autonomous self-pollination involving the movement of styles and anthers. This 
assurance the production of good yield even the pollinators are scarce. The detail floral biology was 
performed to understand the growth of Passiflora species for farmers to get visual clues for timing of 
farming operations in local cultivation practices, plant protection practices and to understand the 
vulnerable periods for the crop. Understanding the whole plant development stages can also lead to better 
strategies to attain a good stand. Simultaneously, the floral biology information reported in this study will 
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help to enhance for further research on breeding works and environmental adaptation towards increase 
yields and production of the fruits.  
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Introduction 

 

The sago palm (Metroxylon spp.) is a crop that has been considered as an excellent source of starch in the 
21st century. It is also an extremely sustainable plant with an ability to thrive in most soil conditions from 
peat to mineral soil, and from brackish water to fresh water (Rekha et al., 2008). It is an increasingly 
socioeconomically important crop in South-East Asia (Kjaer et al., 2004). It can be found from 17⁰S and 
15-16⁰N latitude ranging from Thailand, Peninsular Malaysia and Indonesia to Micronesia, Fiji and Samoa 
in the Pacific region (McClatchey et al., 2006). It is grown commercially in plantations in Indonesia and 
Malaysia. Sago has been used as a staple food and its starch is commercially used as an ingredient in foods 
such as fish crackers, baked goods, puddings and used in the manufacture of other food products (Shin and 
Collins, 2015). 
 
According to Beccari (1918), there are two recognized species of Metroxylon (i.e. Metroxylon sagu, a 
spineless variety, and Metroxylon rumphii, the spiny variety). In 1986, Rauwerdink merged the two 
species into M. sagu based on the fact that seeds from spineless palms can produce spiny seedlings 
(Rauwerdink, 1986; Ehara et al., 1998) or vice versa, spineless seedlings from spiny seeds (Jong, 1995). It 
grows in the natural peat swamps of Sarawak and elsewhere in the Malay-Indonesian archipelago under 
wild and semi-wild conditions. 
 
The economic yield of sago is the starch accumulation in the trunk. Starch yield in a sago palm is 
estimated about 200 kg/trunk and about 10-25 t/ha (Flach, 1980). It can store approximately 300 kg (dry 
weight) of starch per palm (Ehara et al., 2005; Azhar et al., 2018a). The accumulation of starch in sago 
palm depends on carbon dioxide (CO2) assimilation in the leaf through the photosynthesis process. Sago 
palm increases photosynthetic capacity and facilitates stable sago production under sufficient amount of 
water (Azhar et al., 2018b). During trunk formation, starch accumulation is strongly limited by the leaf 
photosynthesis under the canopy (Flach and Schuiling, 1991). Previous studies reported that the 
photosynthetic rate in spineless sago palm after trunk formation was higher than in younger stage and prior 
to trunk formation in sago (Miyazaki et al., 2007). Very few studies have explored the photosynthetic gas 
exchange in different sago species. Therefore, the aim of this study was to examine the leaf gas exchange, 
leaf characteristics and vegetative growth between spineless and spiny sago palms during trunk formation. 
The findings of this study will help to provide information for the production of different sago palm 
species. 
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Materials and Methods 

 

Experimental site and planting materials 

 

This experiment was conducted at the Malaysian Palm Oil Board (MPOB) Sago Research Station Penor in 
Pahang, Peninsular Malaysia 3° 41' 4.9992'' N and 103° 15' 53.6472'' E. Sago palms were planted in April 
2010 on compacted peat. This area was considered as shallow peat and sago palms were planted at a 
density of 136 palm/ha. The planting materials used in this experiment consist of the spiny and spineless 
varieties. Each sago palm species consists of three replications. The spineless and spiny sago palms were 
obtained from Peninsular Malaysia and Sarawak, respectively. The measurement was made in February 
2018. Sago palms were about eight years old during the measurement time. 
 
Vegetative growth 

 

Quantitative morphological variables of sago palm were determined by measuring palm height, trunk 
diameter, rachis length, number of leaflets and total number of green fronds in the crown. Palm height was 
measured based on tangen method in three points measurements (i.e first point was shooted at a 
convenient point on the trunk to get the baseline distance, ii) second point was shooted at the base of palm 
and iii) third point was shooted to the top of the palm) using a laser rangefinder (Forestry Pro Rangefinder, 
NIKON). Trunk diameter at 100 cm from soil surface of palm was measured by using a trunk caliper. 
Rachis length from frond 3 was measured using a measuring tape and similar frond was used to determine 
the total number of leaflets. The total number of green fronds was determined according to leaf 
arrangement of sago palm. 
 
Leaf gas exchange  

 
Leaf gas exchange measurement such as photosynthetic rate (PN), stomatal conductance (gs), intercellular 
CO2 concentration (ci) and transpiration rate (Tr) were made with a portable photosynthesis system (LI-
6400xt, LI-COR, Lincoln, NE, USA) between 0900 and 1100 h local time together with the following 
benchmark parameters: 400 μmol CO2 with photosynthetic photon flux density (PPFD) of 1,000 µmol m-

2s-1. The instantaneous water use efficiency (WUE) was calculated by PN/Tr. The measurement was made 
on the most active leaflets or the 3rd frond position from the top of the palm. Three different leaflets from 
the frond 3 were chosen for the measurement. 
 
Leaf characteristics 

 
Leaf relative chlorophyll content 

 

Relative chlorophyll content was measured on the same leaflets for gas exchange measurement by using a 
portable chlorophyll meter (SPAD 502 Minolta Camera Co., Osaka, Japan).  
 

Relative water content and specific leaf area  

 
Six leaflets from frond 3 were sampled, cut into 20 small leaf discs (diameter 0.55 cm) and immediately 
weighed to determine their fresh weight. Leaflets discs were subsequently immersed in deionised water for 
4 h. The leaf discs were reweighed after blotting using paper towels to dry and then dried in the oven at 
70⁰C for 24 h to determine their dry weight. Relative water content (RWC) was obtained using the 
following equation:  
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𝑅𝑊𝐶 = (𝐹𝑟𝑒𝑠ℎ 𝑤𝑒𝑖𝑔ℎ𝑡 − 𝑑𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡) (𝑇𝑢𝑟𝑔𝑖𝑑 𝑤𝑒𝑖𝑔ℎ𝑡 − 𝑑𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡) x 100⁄  
 

To estimate specific leaf area (SLA), the similar leaf discs for RWC determination were used. The 
SLA was calculated as the ratio between leaf area and leaf dry mass of the leaf disc with slight 
modification according to Hoffmann et al. (2005). 
 

Statistical analysis 

 

The comparison of means was performed by T-test method at P<0.05 using the SAS version 9.0. 
 

Results and Discussion 

 

Leaf gas exchange and instantaneous water use efficiency 

 
The photosynthetic gas exchange parameters showed significant differences (P≤0.05) between spineless 
and spiny sago palm (Table 1). The stomatal conductance (gs), intercellular CO2 concentration and 
transpiration rate were lower at 30, 16 and 22%, respectively in spiny sago palm compared to the spineless 
sago palm. However, photosynthetic rate in both sago palms was similar. In this study, lower gs in spiny 
sago palm reduces water loss through transpiration resulted in higher instantaneous WUE (31%) compared 
to spineless sago. This result indicates that spiny sago palm uses water efficiently for photosynthesis.  
 
Table 1: Leaf gas exchange parameters of spineless and spiny sago palms. 

Sago species Photosynthetic 
rate 
(μmolm-2s-1) 

Stomatal 
conductance 
(molm-2s-1) 
 

Intercellular 
CO2 
concentration 
(μmolm-2s-1) 

Transpiration 
rate 

(mmolm
-2

s
-1

) 

Instantaneous WUE 
(μmol CO

2
 

assimilated/mmol of 
H

2
O loss) 

Spineless 12.05a 0.20a 270.99a 2.27a 5.42b 
Spiny 12.46a 0.14b 226.68b 1.75b 7.11a 

Means within the column with similar letter indicates no significant difference at P≥0.05. 
 

Leaf characteristics and vegetative growth  

 

Relative chlorophyll content in both sago species was not different since both materials received similar 
nutrient (Table 2). RWC in spiny sago was significantly higher (13%) compared to spineless sago. This 
result indicates that spiny leaves were more turgid and had higher water content compared to spineless 
sago. This result also suggests that spiny sago palm might be able to minimize stress by maintaining turgid 
leaves during stress condition and allows sago palm to grow, maintain photosynthesis and photochemistry 
in the leaves. Lisar et al. (2012) reported that reduction in the RWC led to decrease in photosynthesis of 
higher plants. SLA is the ratio of leaf area to dry mass. Spiny sago palm had significantly lower (17%) in 
SLA as compared to spineless sago palm. This result suggests that spiny sago might be able to reduce 
water loss from the evaporative surface during stress condition (Hayatu and Mokhtar, 2010). Vegetative 
growth of both species showed similar characteristics (Table 3).  
 
Table 2: Leaf characteristics of spineless and spiny sago palms. 

Sago species Relative chlorophyll content 
(SPAD unit) 

Specific leaf area 
 (cm2/g) 

Relative water content  
(%) 

Spineless 77.92a 97.94a 73.23b 
Spiny 73.00a 81.17b 82.98a 

Means within the column with similar letter indicates no significant difference at P≥0.05. 
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Table 3: Morphological characteristics of spineless and spiny sago palms determined in February 2018. 
Growth characteristics Spineless sago Spiny sago 
Height (m) 9.13a 9.10a 
Trunk diameter (cm) 50.33a 55.67a 
Rachis length (m) 5.24a 5.57a 
Number of leaflets 133a 135a 
Total number of green fronds 15a 15a 

Means within the row with similar letter indicates no significant difference at P≥0.05. 
 
Conclusion 
 

Photosynthetic gas exchanges were significantly different between spineless and spiny sago palm during 
trunk development. Higher photosynthetic rate with lower transpiration rate in spiny sago palm resulted in 
high instantaneous WUE may enhance dry matter production. Therefore, spiny sago palm species could be 
a potential planting material for higher starch productivity.  
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Introduction 

 

Arundina graminifolia is commonly known as bamboo orchid. Bamboo orchid is a terrestrial perennial 
orchid with erect stem, forming into large clumps growing to a height between 70 cm to 2 m, leaves are 
long and narrow and flowers are purple red or white petals (Das et al., 2013). It is widely distributed in 
Southeast Asia, from the Himalayas to western Indonesia (Hong et al., 1983). Currently, Malaysian 
Agricultural Research and Development Institute (MARDI) had produced a new hybrid of A. graminifolia 
which has good characteristic and at the same time has the potential to be commercialised (Wan Rozita, 
and Rozlaily, 2015). The new hybrid of A. graminifolia has a modest height with a more attractive, 
unique flower colour and shape (Wan Rozita and Rozlaily, 2015). Thus A. graminifolia has received high 
demand from Kuala Lumpur City Hall (DBKL), local authority and housing developers as a landscape 
plant. Therefore, a study on mass propagation of the new hybrid of A. graminifolia should be carried out. 
 
Commonly, A. graminifolia is propagated through seed, division of the root mass or aerial plantlet and in 

vitro culture technique. Propagation through seeds produced the not true-to-type plant. Propagation of 
Arundina spp. has been reported through seed culture (Bhadra et al., 2005; Chen et al., 2006), while 
propagation through division of the root mass or aerial plantlet are very limited and requires a longer time. 
Meanwhile, in vitro culture techniques have been done by many researchers (Bhadra et al., 2005; Chen et 
al., 2006; Martin, 2007; Das et al., 2013) but take a long growth period and require an effective protocol. 
However, no researches have been tried through conventional propagation on A. graminifolia.  
 
Stem cutting in the closed capillary propagation system (CCPS) has been shown to be very successful in 
the propagation of tree species (Ab. Kahar et al., 2009). Similar approach could be adopted in A. 

graminifolia. The present study aimed to evaluate the shoot-bud proliferation of A. graminifolia using the 
alternative methods; the capillary propagation system (CPS) and permanent immerse system (PIS). 
 
Materials and Methods 

 
This study was conducted in the nursery with 90% level of shade, at MARDI, Serdang, Selangor. Four 
different propagation systems were evaluated on A. graminifolia D. Don. Hochr. and the physical 
properties were showed in Table 1.  
 
Arundina graminifolia was obtained from MARDI, Serdang. Three node cuttings about 10-12 cm long 
were used as explants. All leaves on the cuttings were removed and washed in running tap water for 20 
min. The explants were soaked with 10% (v/v) clorox solution for 10 min and mixed two point of twenty-
20 solution to disinfect the germs in the explants before planting. 
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Table 1: Physical properties of propagation systems used in this study. 
 Closed capillary 

propagation system  
(CCPS) 

Open capillary 
propagation system 
(OCPS) 

Closed permanent 
immerse system 
(CPIS) 

Open permanent 
immerse system 
(OPIS) 

Material Clear disposable 
plastic cup 
(14.4 x 11.4 cm, 
1 L volume) 

Clear disposable 
plastic cup  
(14.4 x 11.4 cm, 
1 L volume) 

Clear disposable  
plastic cup  
(14.4 x 11.4 cm, 
1 L volume) 

Clear disposable 
plastic cup  
(14.4 x 11.4 cm, 
1 L volume) 
 

Medium Peat-moss + Sand 
(8:2 v/v) 

Peat-moss + Sand 
(8:2 v/v) 
 

Distilled water Distilled water 

Part Two separate part, 
the upper part is for 
the medium for 
explants planting 
material and the 
lower part is for 
water reservoir 

Two separate part, 
the upper part is for 
the medium for 
explants planting 
material and the 
lower part is for 
water reservoir 
 

One part for the  
water reservoir 

One part for the 
water reservoir 

Place at nursery In polystyrene box 
(48.2 x 35.6 x 37 cm) 
under 90%  
shade level 
 

Under 
90%  
shade level 

In polystyrene box 
(48.2 x 35.6 x 37 cm) 
Under 90%  
shade level 

Under 
90%  
shade level 

Temperature  
(°C) 
 

37±2 35±2 36±2 35±2 

Relative humidity  
(%) 
 

90±3 50±5 94±3 50±5 

Light  
(μmol m2/s1) 

50-100 100-200 50-100 100-200 

Measurements for temperature, relative humidity and light were taken on a clear sunny day between 12:00 pm until 2:00 pm in 

propagation system environment. 

 
The experiment was performed in Randomized Complete Block Design (RCBD) with four replications 
and each replicate consist of thirty cuttings. The experiments were repeated twice. Data on shoot width 
and shoot height was measured using a digital caliper (Mitutoyo 0.01 mm). Number of leaves was counted 
at fourth weeks. Meanwhile, survival rate of cutting and percentage of shoot-bud response were calculated 
weekly after planting (survival rate of cutting or shoot-bud response divided by total number of cuttings 
used and multiplied by 100). Data on the effects of different propagation systems was subjected to analysis 
of variance (ANOVA) using SAS software version 9.3 and tested for significance using Least Significant 
Difference (LSD) at P≤0.05. Data from the treatments were represented as mean ± standard error. 
 
Results and Discussion 
 
After four weeks of propagation system, the percentage of survival rate and percentage of shoot-bud 
proliferation response were obtained (Figure 1 and 2). At this stage, CPIS gave the highest percentage of 
survival rate (100%) followed by CCPS (96%), OPIS (93%) and OCPS (86%). Meanwhile, percentage of 
shoot-bud proliferation in OPIS gave the highest response (93%) followed by CPIS (88%), CCPS (83%) 
and OCPS (73%). All systems used in this experiment showed a good finding to improve shoot-bud 
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proliferation within a month compared to Das et al. (2013) and Martin, K.P. (2007). According to Das et 
al. (2013), only 50% explants showed positive response and took 40-42 days for bud proliferation. Martin, 
K.P. (2007) has also established micro propagation of Arundina through PLBs using node explant and 
89% conversion of PLBs to shoot at two months.  
 

As shown in Table 2, shoot measurements such as shoot width, shoot height and number of leaves 
initiated, were generally highest and lowest in CPIS and OCPS, respectively. Survival rate of cutting can 
be enhanced if the cutting propagation was conducted in appropriate season, temperature and humidity, 
cutting medium and optimal processing of hormone (Shaorong et al., 2013). These results showed that 
shoot-bud proliferation of A. graminifolia was better in water than in growing media. The close system 
which maintained high humidity improved the survival.    

 

 
Figure 1: Survival rate of A. graminifolia in four different propagation systems. 

 

 
Figure 2: Shoot-bud response in nodal explant of A. graminifolia in four different propagation systems. 
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Table 2: Effect of different propagation systems on shoot formation in nodal explant of A. graminifolia    
(Data collected after four weeks). 

 
 

 

 

 

 

 

 

 
Means with the same letter(s) within the column do not differ significantly according to LSD (p<0.05) Mean±SE. 

 

Conclusion 
 

Our results showed that the selection of suitable propagation system is vital in propagating A. 

graminifolia. In this study, Close Permanent Immerse System (CPIS) is an efficient propagation technique 
derived which may be useful for mass production of A. graminifolia in a short time for commercial 
purposes at the lowest cost. 
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Propagation system Shoot width   Shoot height  Number of leaves  
Closed capillary propagation system (CCPS) 
 

2.72±0.08ᵇᶜ  9.06±0.81ᵃ 3.16±0.14ᵃᵇ 

Open capillary propagation system (OCPS) 
 

2.59±0.08ᶜ 6.79±0.57ᵇ 3.00±0.21ᵇ 

Closed permanent immerse system (CPIS) 
 

3.01±0.07ᵃ  10.76±0.85ᵃ 3.43±0.11ᵃ  

Open permanent immerse system (OPIS) 2.91±0.06ᵃᵇ  8.93±0.75ᵃᵇ 3.28±0.38ᵃᵇ 
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Introduction 

 

Labisia pumila is also known as Kacip Fatimah, selusoh Fatimah, rumput Siti Fatimah, kacit Fatimah, 
pokok pinggang, rumput palis, tadah matahari and mata pelanduk rimba in different parts of Malaysia 
(Noraida, 2005; Ong, 2006). It is used in Malaysia for many generations to induce and facilitate childbirth, 
treat menorrhagia and as a post-partum tonic (Intan and Nik, 2015). At least four varieties of L. pumila can 
be found in Malaysia but only three are regularly reported, namely var. alata, var. pumila and var. 
lanceolata (Sunarno, 2005; Jamia, 2006; Chua et al., 2011). It was disclosed that either L. pumila var. 
alata or L. pumila var. pumila could be an effective medicine while the medicinal properties of L. pumila 
var. lanceolata is less reported. This species can be found in various regions spreading from Thailand, 
Indochina, Peninsular Malaysia to Sumatra in Borneo, Java, Philippines and New Guinea (Sunarno, 2005). 
 
There are two varieties of L. pumila which can be distinguished by their broad winged petiole (leaf stalk) 
characteristics for variety alata and marginated winged petiole for pumila (Farah Fazwa and Syahida 
Emiza, 2015). The differentiation based on petiole characteristics can be confusing due to unfamiliarity 
with the different parts of leaf structure. This study aims to provide general information on microscopic 
identification of L. pumila var. alata and L. pumila var. pumila. 

 
Materials and Methods 

 

Microscopic identification 

 

The fresh specimen of leaf and petiole of each varieties used in this study (Figure 1) was collected at 
Herbs and Tree Branch, FRIM, Kepong, Selangor, Malaysia. Specimens were fixed in a 3:1 Acetyl 
Alcohol (AA) solution (70% ethanol: 30% acetic acid), sectioned using a sliding microtome through the 
leaf and petiole parts and stained in Safranin (Sigma-Aldrich, India) and Alcian Blue (R&M Chemical, 
Essex, UK.). Following dehydration process in a series of ethanol solutions (50%, 70%, 95% and 100%), 
the sections were mounted on slides using Euparal (R&M Chemical, UK) and placed in the oven at 60ºC 
for two weeks. Fixation and embedding followed the method by Johansen (1940) and Sass (1958) with 
suitable modifications. Photomicrographs of the leaf and petiole sections were captured and processed 
using CellSens Standard software (Olympus Soft Imaging Solutions GmbH, Münster, Germany).  
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Figure 1: Microscopic characteristic of leaf and petiole: A. Labisia pumila var. alata; B. Labisia pumila 

var. pumila. 

         

Results and Discussion 

 

Observations were made on the outline structure of the petiole, midrib and margin parts of the two taxa. 
Findings showed that there are variations in the anatomical characteristics that can be used to differentiate 
between the two taxa (Table 1). In the petiole cross section (Figure 2), the wings structure of Labisia 

pumila var. alata approximately ±1200 µm length and 200 µm width compared to Labisia pumila var. 
pumila ±500 µm length and 200 µm width. Sclerenchyma cells were found abundance in Labisia pumila 
var. pumila specifically around the vascular bundle, wing and parenchyma cell. The major function of 
sclerenchyma cells is to provide support in plant through a thick cell wall (Showalter, 1993). Usually, 
botanist will press the petiole area to recognize the varieties. The one with sturdy petiole were identify as 
variety pumila while variety alata has slightly soft petiole when pressed with finger (Farah Fazwa and 
Syahida Emiza, 2015). The presence of sclerenchyma cells at the wing area in variety pumila made the 
petiole stronger than variety alata. 
 

Labisia pumila var. alata Labisia pumila var. pumila 

Petiole 

 

 

 

 

 

 

Petiole 

 

Figure 2: Comparisons of petiole cross section between two important varieties of Labisia pumila.
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Table 1: Cross-section identification of different varieties of Labisia pumila leaf. 

No. Microscopic characteristics 
                                                                  Labisia pumila 

var. alata var. pumila 
1. Petiole cross-section 

Outer form 
 Adaxial surface 
 Abaxial surface 
 Wing 
Vascular tissue 
 
Sclerenchyma cell 
 
Starch 
Resin ducts 
Types of trichomes 
Types of crystals 

 
 
Concave 
Approaching “U” shape 
Present, ±1200 µm length and 200 µm width 
Close system, present of medullary vascular and accessory 
bundles 
Present around vascular bundle 
 
Present, dense distribution 
Present, dense distribution 
Glands; capitate and peltate types 
Solitary and druse form 

 
 
Concave 
Approaching “U” shape 
Present, ±500 µm length and 200 µm width 
Close system, present of medullary vascular and 
accessory bundles 
Present, very dense at vascular bundle, wing and 
parenchyma cell 
Present, very dense distribution 
Present, dense distribution 
Glands; capitate and peltate types 
Solitary and druse form 

2. Midrib cross section 
Outer form 
 Adaxial surface 
 Abaxial surface 
Vascular tissue 
 
Starch 
Resin ducts 
Types of trichomes 
Types of crystals 

 
 
Convex 
Arc shape 
Close system, present of medullary vascular and accessory 
bundles 
Present, dense distribution 
Present, dense distribution 
Glands; capitate and peltate types 
Solitary and druse form 

 
 
Convex 
Convex about ½ - ¾  circle 
Close system, present of medullary vascular and 
accessory bundles 
Present, dense distribution 
Present, dense distribution 
Glands; capitate and peltate types 
Solitary and druse form 

3. Margin 
Outer form 

Tapering and pointing downward Rounded and straight 

4. Lamina 
Epidermis layer 
 Height & width ratio 
Clorenchyma cell 
 
Types of trichomes 
Types of crystals 

 
One layer of cell 

1:2 
One layer of palisade cell (=1/4 thickness of cell); sponge mesophyll consist of 5-6 layer of cell; no interval between 

cell 
Peltate 

Solitary and druse form 
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In midrib cross section, both taxa exhibited convex shaped on the adaxial surface (Figure 3). While, 
the abaxial surface shows that L. pumila var. alata developed arc shape and variety L. pumila var. 
pumila ¾ of circle. This finding is in line with the study conducted by Aladdin et al. (2016) on the 
microscopic analysis of three varieties of Marantodes pumilum (synonym: Labisia pumila). 
 

Labisia pumila var. alata Labisia pumila var. pumila 
Midrib 
 
 
 
 
 
 
 
 

Midrib 
 

Figure 3: Comparisons of midrib cross section between two important varieties of Labisia pumila. 

 
The two varieties of L. pumila shared similar leaf lamina anatomical characteristics with one layer of 
epidermis cell in ratio 1:2 of height and width and one layer of palisade cell (1/4 thickness of cell). 
Both varieties have peltate trichome which functions in absorbing water and minerals. However, the 
two varieties could be differentiated by the marginal outline: tapering and pointing downwards in L. 

pumila var. alata while rounded and straight in L. pumila var. pumila. The transverse section of leaf 
lamina and marginal direction between the taxa is displayed in Figure 4. 
 

Labisia pumila var. alata Labisia pumila var. pumila 

Lamina Lamina 

Margin 

 

 

Margin  

Figure 4: Comparisons of leaf lamina and margin between two important varieties of Labisia pumila.

  

Conclusions 

 

Results from this study provide important information and data for authentication of the different 
varieties of L. pumila. Cross section of the fresh plant materials would be one of the identification 
methods of the two varieties based on the characteristic’s differences in terms of the outline structure 
of leaf margin, petiole and midrib and the distribution of sclerenchyma cell. Appropriate authentication 
of raw materials to be used in product manufacturing is important to ensure the consistent quality, 
safety and efficacy of the herbal products. 
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Introduction 

 

Billions of seedlings are utilised yearly in various segments of agriculture including vegetables. High 
value vegetables like lettuce, celery, chilli, bell pepper and melon are practically planted through 
seedling transplanting. However, they are often transplanted when the roots are spiralling and 
overgrown. Insufficient production of new hair roots, reduce the acceleration of roots to explore the 
growing medium, thus increasing abiotic stress and ineffective nutrient absorption (Mathers et al., 
2007). Seedling root systems have important physical and physiological roles from the onset of seed 
germination (radical protrusion) and emergence through subsequent seedling growth and development. 
Important root functions include shoot anchorage, water and nutrients uptake, and hormones 
production. The size, morphology or architecture of the root system may influence the relative size and 
growth rate of the shoot. 
 
High quality seedlings are required to produce superior plants in a greenhouse or in the field. During 
transplanting, fine roots of seedlings are usually damage, affecting the plant growth (Harris and 
Gilman, 1993). Root pruning is essential to correct root malformation of transplanted seedlings. 
Transplanting success is increased with container air prune produced plants due to preservation of 
intact root systems when handled and transplanted (Mathers et al., 2007). Positive results have been 
achieved through air root pruning technique where the root tip exposure to air movement desiccates 
and inhibit the root tip. Marshall and Gilman (1998) also reported that corrugated sides of air root 
pruning containers caused an increased in number of descending roots compared to smooth sided 
containers. As roots get pruned, the area behind the root tip is stimulated to produce more secondary 
roots. The more secondary roots develop, the more efficient of nutrient absorption, enhancing the plant 
to grow vigorously. In other words, air root pruning inhibits root tip growth, increase secondary root 
branching, reduces root circling, reduces root to shoot ratio and promotes root regeneration after 
transplanting (Wolfe and Wolfe, 2018). 
 
Pruning the roots of vegetables seedling through air root pruning can be adopted by using peat cube as 
sowing medium which can replaces conventional techniques. Very little research and scarce 
information on air root pruning on vegetables have been done in Malaysia, whereas the production of 
transplants is increasing year by year. Thus, the aim of this experiment was to evaluate the 
effectiveness of using peat cube as air root pruning approach compared with plug tray and root pruning 
container in producing a better quality root system of lettuce (Lactuca sativa L.) seedlings. 
 

Materials and Methods 

 

Planting materials 

 

Commercial loose type of lettuce seed cultivar, Green Parade, produced by Green World Genetic and 
marketed by Leckat Seeds Sdn. Bhd. was chosen for the experiment. This cultivar is commonly sold to 
conventional and organic growers and widely planted in Malaysia, especially in Cameron Highlands.  
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Experimental condition, treatments and design 

 

The experiment was conducted under a protective structured nursery at the Horticulture Research 
Centre, Malaysian Agricultural Research and Development Institute (MARDI), Serdang, Selangor, 
Malaysia. The protective structure was 30% shaded (PAR 889-1124 mol m-2s-1) with average 
temperatures and relative humidity of 27-35oC and 62-82%, respectively. Lettuce seeds were sown in 
three sowing conditions; seeding Plug Tray-PT with 89 holes (no air pruned), air Pruned Pot-PP 
(partially air pruned) and Peat Cube-PC size 38 mm x 38 mm x 38 mm (fully air pruned). Peat cube 
was made by hand held blocker with a special mould which is pressed into the seed flat mix and then 
the compressed mix is pushed out on flat trays. A seed is placed on the top of each block with light 
pressure, and not covered. The cubes are then watered using mist system. For peat cube to function 
effectively, the seed flat mix must be denser and more cohesive than the plug tray mix. When the plant 
starts to grow in peat cube, its roots are “air pruned”, because roots will not grow out of block and into 
the air. Sowing medium used was the mixture of coarse peat moss, cocopeat and fine peat moss (5:3:2, 
v/v). Treatments were arranged in Randomized Complete Block design (RCBD) with four replicates. 
A total of 100 seedlings were used for each replicate.  
 
Root sampling and growth measurements 

 

Lettuce seedlings root were analysed at 5 days interval started from day 10 until day 40 after sowing. 
Three seedlings per plot were sampled in every destructive sampling. Roots were rinsed with running 
tap water and the shoots were separated from root by using a scissor. Root samples were then analysed 
using root scanner, WinRHIZO Pro 2007b (Regent Instrument Inc., Quebec, Canada). Root growth 
parameters such as root weight, root length, average root diameter, root volume, root surface area, 
number of primary and secondary roots were recorded. 
 
Statistical analysis 

 

All data were subjected to one-way analysis of variance (ANOVA) and tested for significance using 
Least Significant Difference (LSD) at P≤0.05 (Version 9.1, 2011. SAS Institute, Cary, N.C.) 
 
Results and Discussion 

 

Effect of air root pruning on seedlings root growth performance 

 

Figure 1 shows the air root pruning improved lettuce seedlings root performance (root length, root 
surface area, root volume, and secondary root/hair root) during 40 days of nursery stage. Root biomass 
for PC seedling was increased significantly started from 20 to 30 days after sowing (Figure 2). At 
initial stage, root length (Figure 1a) of all sowing condition was rapidly increased. However, after day 
20 the root length was decreasing for all treatments. PC seedlings root was relatively longer due to 
contribution of secondary roots formation. However, average root diameter (Figure 1c) for PC 
seedlings was low due to abundant production of hair roots (Figure 1f). Advantage of this, root surface 
area [Figure (b)] was significantly higher where it can increase the efficiency of water and nutrients 
uptake (Newman, 1966). Reduced root diameter (Figure 1c) and high secondary root numbers (Figure 
1f) indicate the PC seedlings were well air pruned and sufficiently received oxygen. The surrounding 
of peat cube is exposed to air, and roots get more oxygen, makes seedling grow healthier (Kuack, 
2017), but in small container like small plug seedling experiencing insufficient of oxygen (Huang and 
Scott, 1999). It was suggested that lettuce seedlings are suitable to be transplanted at 15-20 days due to 
optimum growth condition of root. 
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a)       b) 

 
c)       d) 

              
 
e)      f)  

 
 
Figure 1: Effects of air root pruning on seedling root growth performance of lettuce (L. sativa L.) by 

days after sowing. Error bars are standard errors of means. Means with different letter(s) on 
the bar indicate a significant difference at p<0.05 using LSD. 
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                              (a)          (b) 
Figure 2:  Visual comparison of lettuce seedling size (a) with sowing media and (b) cleaned root at day 

30. PT-Plug Tray (no air pruned), PP-Air Pruned Pot (partially air pruned) and PC- Peat 
Cube (fully air pruned). 

 
Conclusion 

 

Application of air root pruning technique by using peat cube as the sowing medium has significantly 
improved lettuce seedlings root growth performance. Proper root system is a precondition for a better 
vegetables growth and establishment after transplanting. This research will increase the quality of 
vegetables seedling production and open up the potential for new aspects of seedling production 
technology in Malaysia.  
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Introduction  

 
Interspecific hybridization is important in developing genetically superior genotypes, it will enable to 
transfer of genes of interest between different species; especially those involved in disease resistance 
and other important traits. However, for the success of such a transfer, the species must be genetically 
close, minimizing incompatibility problems and thus enabling hybridization. In addition, it is 
important to know about the direction of the cross, because in some species, the interspecific cross is 
possible in one direction only (Prestes and Goulart, 1995). In this study, interspecific hybridization 
was carried out between two species, Capsicum annuum (the species encompasses a wide variety of 
shapes and sizes of peppers, both mild and hot, such as bell peppers, Jalapeno, New Mexico chilli, and 
cayenne peppers) and Capsicum frutescens (classified as one of the most pungent chillies in the world, 
next to the habanero; Capsicum chinensis). This hybridization was conducted to improve the capsaicin 
content of Semerah chilli which was released by MARDI in 2008 as a new ‘cili padi’ with high 
yielding, excellent fruiting habit and showed some degree of resistance to prevailing diseases. But, 
chilli Semerah has low capsicin level compared to chilli padi Thai with 6,240 SHU and 41,888 SHU, 
respectively (Mohd Nazrul Hisham et al., 2014).  
 
Due to the important of interspecific hybridization for improvement of chilli Semerah, especially for 
increasing of capsaicin level is needed to incorporate of pungency gene from selected chilli padi to 
Semerah. Therefore, the objectives of this study were to estimate the crossability and compatibility in 
crosses between Semerah chilli (C. annuum) with selected chilli padi varieties (C. frutescens) viz; C. 
Kapit, C. Bara, C. Centil, C. Padi and CP02. All information can be used as guidelines for further 
evaluation and trial. 
 
Materials and Methods 

 

The crosses were performed between March and April 2018 at 8:30 am to 10:00 am. Controlled hand 
pollinations were performed between Semerah (C. annuum) with selected chilli padi varieties (C. 

frutescens) such as C. Kapit, C. Bara, C. Centil, C. Padi and CP02 as a pollen donor (male parents).  
Seeds of these accessions were germinated in a germination tray. After 3 weeks, all seedlings were 
transplanted at the vegetables experiment plot, MARDI Headquarters with 10 plants per accession per 
row while Semerah planted alternately with other accessions with total of 50 plants. The layout of an 
experiment is as in Figure 1.  
 
To obtain the F1 hybrids, flower buds were collected from the male parents and pollen grains 
transferred to the stigma of the plants whose flower buds had been emasculated before pollination. 
After this procedure, the flowers were protected by a paper bag to avoid contamination with pollen of 
the other parents and the crosses were labelled. To evaluate the crossability, the number of crosses was 
recorded and 3 days after pollination, the crosses were examined for fruit set. Later, the number of 
seedless fruits and/or abnormal (empty) seeds was recorded. The fruits were picked and seeds 
extracted were kept for the next F1 evaluation in field.  
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*10 plants/row 

 

 

 

 

 

 
Figure 1: Experimental layout of crossability and compatibility in crosses between Semerah    

(Capsicum annuum) with selected chilli padi varieties (Capsicum frutescens). 

 
Results and Discussion 

 

Based on the results of the 100 hand pollinations involved 20 crossed of five combinations viz; 
Semerah (C. annuum) x C. Kapit (C. frustescens), Semerah (C. annuum) x C. Bara (C. frustescens), 
Semerah (C. annuum) x C. Centil (C. frustescens), Semerah (C. annuum) x C. Padi (C. frustescens) 
and Semerah (C. annuum) x CP02 (C. frustescens), 20 fruits with seeds set were obtained, 
corresponding 20.0% fruiting rate (Table 1). The highest crossability rate was 50%, recorded between 
Semerah (C. annuum) x C. Kapit (C. frustescens). In this crossed, 10 fruits with average 40 seeds per 
fruit were successfully produced. While, Crossability rate between Semerah (C. annuum) x C. Bara (C. 

frustescens) and Semerah (C. annuum) x C. Padi (C. frustescens) were only 20% and produced 4 fruits 
for each cross with 18 and 24.5 average number of seeds respectively. The crossability percentage 
obtained from Semerah (C. annuum) x C. Centil (C. frustescens) was 21% and produced 2 fruits with 
21 average seeds number per fruit. However, the crossed between Semerah (C. annuum) x CP02 (C. 

frustescens) is not successful and no fruit is produced. 
 
Table 1: Number of pollinated flower (NPF), number of seeds set (NSS), crossability (%) (seed set 

percentage) (CA) and seed number/fruit number (SNF) obtained in the combinations. 
  Female 

parent 
Male parent NPF NSS CA (%) Seed 

Set 
SNF 
(Average)  

Semerah x 
C. Kapit 

Semerah C. Kapit 20 10 50 40 

Semerah x 
C. Bara 

Semerah C. Bara 20 4 20 18 

Semerah x 
C. Centil 

Semerah C. Centil 20 2 10 21 

Semerah x 
C. Padi 

Semerah C. Padi 20 4 20 24.5 

Semerah x 
CP02 

Semerah CP02 20 0 0 0 
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Conclusion 

 

Based on these results, it can be concluded that interspecific hybridization between Semerah (C. 

annuum) and C. Kapit, C. Bara, C. Centil, C. Padi and CP02 (C. frutescens) gives some indication on 
possibility of interspecific hybridization between C. annuum and C. frutescens for improving chilli 
quality in terms of pungency level. Further evaluation with more combinations of varieties will be 
added in future study. 
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Introduction 

 
Acacia species especially Acacia mangium has been planted in forest reserves and state lands 
throughout the country and was proven very adaptable to a wide range of sites/soils. Besides 
commercial planting on fertile forest soils, Acacia species were also tested on mining lands in 
Selangor and Perak and BRIS soils (Beach Ridges Interspersed with Swales) in the states of 
Terengganu and Pahang. Due to a lack of cultivable land, increasing populations, and urge to improve 
the standard of living of inhabitants in the coastal area especially in Terengganu, there is a need to 
develop a viable plantation project. So far not many forest species have been proven to be suitable and 
economical for BRIS soil. The objective of these studies is to evaluate the growth performance of four 
years-old A. mangium, A. auriculiformis and Acacia hybrid trees on two different BRIS soil series at 
Setiu, Terengganu. 
 
Materials and Methods 

 

Study area 

 

The experiment was conducted in Setiu on two types of BRIS soil, Rhu Tapai and Rhu Dua series. The 
land area was flat formerly occupied by coastal shrubs mainly Melaleuca and Casuarina species. They 
were cleared off prior to planting. The texture of the soil was more than 98% sand, poor in nutrient 
content and during the dry period, the soil temperatures of the surfaces can cause leaf scorching and 
wilting of the plant. The pedological features of Rhu Dua soil series are moderately deep, sandy soils, 
structureless and single grained, yellowish brown in colour and spodic horizon at 80 cm depth. 
Whereas, Rhu Tapai soil series is a young soil without a podogenetic horizon. It is found near the sea 
and has high sand with a quartz composition (Amir et al., 1999; Mohd. Ghazali et al., 2007). 
 
Experimental plots 

 

Five sample plots of 30 m x 30 m were established in the Rhu Tapai series and another five sample 
plots similar in size were also established in Rhu Dua series. In each sampel plot, the Rhu tapai and 
Rhu dua series of four years-old A. mangium, A. auriculiformis and Acacia hybrid were mixed planted. 
Within each plot, the 3 type acacias species were planted with 3 m x 3 m spacing (equivalent to100 
trees/plot). Measurement was done at 6 months intervals month. The parameters measured are for total 
heights and diameters at breast height (dbh). The Yamayo Million 12 Diameter Tape was used for the 
diameter measurement. Meanwhile, the Haglox Vertex III Measurement Device was used for the total 
height measurement. Statistical analysis of differences between treatments was analysed using SAS 
version 9.1 PROC GLM (General Linear Model) and the significant level was set at 0.05.  
 
Results and Discussion 

 

Total height  

 

The mean height performance of four years old A. mangium, A. auriculiformis and Acacia hybrid trees 
on two different BRIS soil series, Rhu Tapai and Rhu Dua were established (Figure 1). The growth 
performances of four years old Acacia spp. and Acacia hybrid trees were slightly better on Rhu Tapai 

mailto:dasrul@frim.gov.my


eISSN 2600-9595 
Trans. Malaysian Soc. Plant Physiol. 26 

First Published, 2019 
 

 

107 

 

than Rhu Dua series. The mean height performance of A. mangium trees planted on Rhu Tapai were 
highly significant at 13.60 mm tall followed by Acacia hybrid and A. auriculiformis, 12.84 m and 
12.44 m respectively. A similar pattern was observed on Rhu Dua soil series, where A. mangium 
(12.83 m) were also significantly different from the rest of the species tested. 
 

 
Figure 1: Mean height performance of four years old Acacia species and Acacia hybrid trees planted 

on different BRIS soil series.  
 

Diameter measurement  

 
The mean diameter performance of four years old A. mangium, A. auriculiformis and Acacia hybrid 
trees on two different BRIS soil series, Rhu Tapai and Rhu Dua were obtained (Figure 2). The mean 
diameter performance of A. mangium on Rhu Tapai was 11.10 cm, a significantly diffrent in size 
compared to the mean diameter of Acacia hybrid (10.82 cm) and A. auriculiformis (10.31 cm). Similar 
results were observed at Rhu Dua soil series where the average diameter of A. mangium was slightly 
bigger (11.92 cm) than Acacia hybrid and A. auriculiformis trees, 10.81 cm and 10.15 cm.  
 

 
Figure 2: Mean diameter performance of four years old Acacia species and Acacia hybrid trees planted 

on different BRIS soil series.  
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Conclusions  

 

The results of this study demonstrate that A. mangium, A. auriculiformis, and Acacia hybrid can be 
planted on BRIS soils. The results have shown marked differences among Acacia species in their 
performances in term of height and diameter growth. A. mangium trees planted on both Rhu Tapai and 
Rhu Dua series performed better and taller than A. auriculiformis and Acacia hybrid trees. While 
amongst A. auriculiformis and Acacia hybrid trees, they were relatively uniformed in height growth. 
The results have also revealed that all Acacia species planted on Rhu Tapai study plots were 
significantly taller than Rhu Dua series. The results also indicate clear differences in diameter sizes 
which A. mangium trees were larger in diameter followed by Acacia hybrid and A. auriculiformis. 

Acacia mangium trees were uniformed in diameter growth on both sites whereas Acacia hybrid and A. 

auriculiformis performed better on Rhu Tapai series. The results obtained from this study are very 
important for future reforestation programme on BRIS soils. The ability of A. mangium, A. 

auriculiformis, Acacia hybrid to grow on BRIS soils will help local farmers to produce general utility 
timbers and fuel wood for their own consumption. 
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Introduction 

 
Cauliflower (Brassica olearacea var. botrytis L.) is one of the various B. olearacea derivatives which 
were originated from Europe and Asia. In addition to cauliflower, other cultivars in this species are 
cabbage (B. oleracea var capitata L.), broccoli (B. oleracea L. var. italica Plenck), kale (B. oleracea 
var. viridis L.), kohlrabi (B. oleracea var. gongylodes) and kailan (B. oleracea var alboglabra). This 
group of plants is propagated through seeds and widely known as cole crop referring to flower and leaf 
branches that grow on the stem. Cole crops are herbaceous biennial plants that take two years to 
complete their biological life cycle: first year for vegetative stage and second year for reproductive 
stage. Most of these species are self-incompatible and depend on pollinator, usually insects, for seed 
production. Cauliflowers contain a lot of nutrients. According to U.S Food and Drug Administration, 
124 g cooked cauliflower are highly rich with vitamin C, vitamin K, folate, panthothenic acid, and 
vitamin B6. Besides, cauliflower is also good source for choline, fibre, omega - fats, manganese, 
phosphorus and biotin. 
 
Cauliflower can be grown in a wide range of climates. However, the precise temperature is needed for 
normal formation and development of its edible part, the clustered-immature inflorescence that 
commonly called as curd. Ideal daily temperatures for healthy curd initiation and development are 
between 17°C and 5°C (Delahaut and Newenhouse, 1997). Higher or lower temperatures will slow 
down or inhibit the formation of curd and decrease the weight of the curd (Ray and Mishra, 2017). 
Other abnormalities of curd resulted from high temperature are head buttoning, development of small 
unmarketable curd, riciness, marked by velvety or granular appearance on the curd surface, interior 
bract or leaf formation and yellowish of the curd (Masarirambi et al., 2011). 
 
In Malaysia, temperate vegetable cultivation has been established in highland areas such as Cameron 
Highlands in Pahang and Kundasang in Sabah. However, the explorations of this crop in lowland area 
are still few and more focused on hobbyists and farmers who are trying their best. There are heat 
tolerant hybrids developed for lowland and tropical climates (Gopalakrishnan, 2007). The success of 
hybrid cultivation in Malaysian lowland environment has not been recorded conclusively. The hot and 
high fluctuation of temperatures in Malaysia gives huge challenges to the successful cauliflower 
cultivation. For that reason, this study was conducted to evaluate the potential and capabilities of 
growing and producing good quality cauliflower curd in Malaysian lowland environment. As for a 
start, nine commercial hybrids were evaluated between April and July 2018 and their performances are 
discussed in this paper. 
 
Materials and Methods 

 
Nine commercial hybrids as listed in Table 1 were evaluated under rain-shelter structure in Vegetable 
Research Plot, Horticulture Research Centre, MARDI. Seeds were sown in germination tray and 
placed in nursery for one month. Experiment was arranged in a completely randomized design. 
Twenty-five cauliflower seedlings of one month old from each hybrid were transferred into planter 
boxes of 8 x 1 x 0.3 m (LxWxH) which contain mineral soil, 10 kg GML (12.5 mt/ha) and 20 kg 
organic materials (25 mt/ha). Seedlings were planted in zig-zag arrangement with plant distant 0.6 cm 
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between plant and 0.4 cm between rows (Figure 1). Watering was done using drip system four times 
daily (400 mL each time). Liquid fertilizers were applied through fertigation until the initiation of curd 
was established. Pest and disease were controlled using combination of preventive manual techniques 
and chemical controls.  
 
Table 1: List of cauliflower hybrids used.  

No. Hybrid code Hybrid original name Company 
1 C1 White Flash Sakata 
2 C2 1360 Green Eagle 
3 C3 Eskimo 6311 Leckat 
4 C4 Snow Leopard A60 Leckat 
5 C5 White Excel Sakata 
6 C6 Snow Crown Takii 
7 C7 White Snow 307 Green World 
8 C8 Cauliflower #22 GWG 
9 C9 Cauliflower #6 GWG 

 

 
Figure 1: The arrangement of cauliflower plant in the planter box. 
 
Data taken during vegetative stage included the plant height measured from soil surface to the top of 
stem (in cm) and plant spread (the widest point of the leaf branches). These data were taken twice (at 
one and two months old) after transplanting. During the reproductive stage, days to curd initiation and 
days to harvesting were recorded. Time to maturity was calculated from the difference of maturity date 
and curd initiation date. The curd weight (fresh and dry weight) and size were measured to assess the 
quality of the hybrid. Temperature and relative humidity (RH) under the rain shelter structure were 
recorded at three points inside the rain shelter (in front, near the main entrance; middle and at the 
back), three times daily, i.e. at 8:00 a.m., 12:00 noon and 4:00 p.m. throughout the experiment. 
 
The performance of the hybrids was analysed using analysis of variance (ANOVA) and mean 
comparison was conducted using Duncan’s new multiple range test (DNMRT). For temperature and 
RH data inside the rain-shelter, randomized complete block design were used to determine the effect 
of points where the temperature and RH were taken. The data collected were analysed using SAS 
software package. 
 
Results and Discussion 

 

Temperature and relative humidity 

 
Highly significant different were obtained for temperature and RH recorded daily in the morning, noon 
and afternoon (Table 2). This showed high variation of temperature occurring during day time. In the 
morning, there was no significant difference of temperature under the rain-shelter, but for data in the 
noon and afternoon, there were significant difference in temperature and RH, respectively, from the 
front to the back of the rain-shelter. Figure 2 showed graphic picture of the temperature and RH in the 
morning, noon and afternoon across the rain shelter at three points, i.e. front, middle and at the back.  
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Table 2: Mean square, mean and the range of temperature and relative humidity under rain-shelter. 
Source df Mean squares temperature Mean squares RH 
  Morning Noon Afternoon Morning Noon  Afternoon 
  8:00 a.m. 12:00 p.m. 4:00 p.m. 8:00 a.m. 12:00 p.m. 4:00 p.m. 
Days 74 4.4** 26.8** 31.8** 117.2** 124.3** 238.0** 
Points 2 1.2ns 20.4* 41.4** 25.9ns 401.8** 115.9** 
Mean  26.5 36.5 35.4 96.0 67.5 68.8 
Range  23.4 - 31.8 29.3 - 44.2 26.3-41.5 66.1-100 53.9-96.1 51.3-90.8 

**, * Significant at ρ≤0.01 and 0.05, respectively. ns = not significant. 

 

  

Figure 2: Mean temperature and relative humidity under rain shelter in the morning, noon and 
afternoon. Mean values followed by the same letter in the same column for each time are 
not significantly different at ρ≤0.05 based on DNMRT (Duncan's New Multiple Range 
Test). 

 

Plant growth and curd initiation  

 

Highly significant differences were observed among the hybrids for traits of plant height, plant spread 
at both one and two months after transplant, days to curd initiation, days to harvest and time to mature. 
Significant differences were also observed for curd diameter as in Table 3. Mean performances for all 
the hybrids for each trait are presented in Table 4.  
 
Table 3: Mean squares for traits measured on nine cauliflower hybrids. 

Source df Mean squares 
  PH1 PH2 PS1 PS2 FW DW CD CH 
Hybrid  7 20.2** 44.2** 336.8** 448.2** 20552.3ns 108.8ns 8.4* 15.1ns 
Error 33 3.4 15.3 16.2 47.4 9330.1 58.7 3.4 9.3 
CV  20 11.9 6.9 7.5 19.8 20.3 11.3 20.8 
R-square  0.4 0.24 0.7 0.5 0.3 0.3 0.3 0.3 

 
Source df Mean squares 
  DTC DTH TM 
Hybrid  7 1969.3** 846.7** 332.2** 
Error 163 62.6 39.3 23.1 
CV  11.4 7.1 25.3 
R-Square  0.6 0.5 0.4 

Source = Source of variation; CV = Coefficient of variation; PH1= Plant height at one month after transplant; PH2 = plant 

height at two months after transplant; PS1 = Plant spread at one month after transplant, PS2 = Plant spread at two months 

after transplant; FW = Fresh weight; DW = Dry weight, CD = Curd diameter; CH = Curd height; DTC = days to curd 

initiation; DTH = Days to harvest; TM = Time taken to mature.**, * Significant at ρ≤0.01 and 0.05, respectively. ns = not 

significant. 
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Table 4: Mean for traits measured on nine cauliflower hybrids. 
Hyb Mean 

PH1 (cm) PH2 (cm) PS1 (cm) PS2 (cm) DTC (cm) DTH (days) TM (days) FW (g) DW (g) CD (cm) CH (cm) 

C1 9.4ab 35.0a 67.0a 97.5ab 66.9bc 85.5bcd 18.7ab 504.3ab 39.1ab 17.1ab 15.2a 

C2 11.3a  30.1bc 61.7b 89.8bc 70.0b 85.9bc 15.9bc 490.8ab 38.5ab 17.6ab 12.9a 

C3 11.2a 35.5a 63.0ab 98.2a 70.2b 91.7b 21.5ab 516.0ab 37.9ab 16.4ab 17.9a 

C4 9.0bc 31.1abc 55.6c 89.6bc 63.3bcd 84.6bcd 21.4ab 517.7ab 41.9a 16.8ab 14.9a 

C5 8.4bcd 32.3ab 50.2d 90.2bc n.a n.a n.a n.a n.a n.a n.a 

C6 9.5ab 33.4ab 60.8b 104.1a 89.0a 100.9a 11.9c 333.0c 27.2b 13.3c 14.9a 

C7 6.6d 26.9c 39.0e 86.1c 57.0d 78.0d 21.0ab 641.1a 46.1a 19.3a 15.7a 

C8 8.4bcd 34.9a 58.7bc 81.9c 58.8cd 82.4cd 23.6a 524.4ab 40.6a 16.4ab 13.4a 

C9 7.0cd 31.7ab 55.8c 87.3c 67.2bc 87.1bc 19.9ab 459.7bc 34.2ab 16.0bc 13.3a 

Hyb. = Hybrid; PH1= Plant height one month after transplant; PH2 = plant height two months after transplant; PS1 = Plant spread one month after transplant, PS2 = Plant spread two months 

after transplant; FW = Fresh weight; DW = Dry weight, CD = Curd diameter; CH = Curd height; DTC = days to curd initiation; DTH = Days to harvest; TM = Time taken to mature; n.a = 

Data not available. Mean values followed by the same letter in the same column are not significantly different at ρ≤0.05 based on DNMRT (Duncan's New Multiple Range Test). 
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The highest mean temperature during day time recorded in this study was 36.5°C and during noon, it could 
reach up to 44°C. This was very high compared to the recommended temperature for tropical heat tolerant 
cultivars, which is around 25°C to 30°C (Gopalakrishnan, 2007; Hemphill, 2010). From the data recorded, 
it was found that temperature under the rain shelter was not homogenous. There was significant gradient 
of temperature from noon to afternoon resulting in about 1°C reduction of temperature at the back of the 
rain shelter compared to the middle and front areas. According to Ray and Mishra (2017), the curd weight 
and temperature were inversely correlated where the weight decreased 6% for each 1°C rise of 
temperature. In this experiment, no significant difference was, however, detected in terms of fresh weight 
and dry weight among the hybrids evaluated regardless of the locations of the hybrids planted.  
 
During the first month after transplanting, hybrids C2, C3, C6 and C1 recorded comparably highest plant 
height range between 9.4 cm to 11.3 cm. The shortest plant was the hybrid C7 with the average of plant 
height of 6.6 cm. At two months after transplanting, three hybrids, C3, C1 and C6 still recorded as the 
tallest plants. Hybrid C2, however, did not grow much with the plant height of only 30.1 cm, comparably 
short as that of the shortest plant C7. For the plant spread, the plant width ranged between 39.0 cm to 67.0 
cm at one month after transplanting. The widest plant spread was recorded with hybrid C1 and C3 with 
average width of 67.0 and 63.0 cm, respectively. The narrowest plant spread was recorded with hybrid C7 
at only 39.0 cm canopy width. At two months after transplanting, the hybrid C6 recorded the widest plant 
canopy, comparably with C3 and C1 with the mean of 104.1 cm, 98.2 cm and 97.5 cm, respectively. The 
narrowest width was recorded with C8 with 81.9 cm. The wide plant spread in this study indicated the 
need of blanching procedure. The result on the curd quality discussed below strengthened this suggestion. 
Without the blanching procedure, the curd of hybrid C4 and C1 developed some irregular purple spots 
which are due to susceptibility to direct sun light. 
 
Eight hybrids out of nine tested in this experiment were able to form curd despite of the high temperature. 
The quality of curds was varied by hybrids depending on their endurance to the high temperature. Earliest 
days for curd initiation started around two months after transplanting, which was obtained with C7 (57 
days), C8 (59 days) and C4 (63). Mean temperature recorded during this time was around 34.2°C. Late 
curd formation was recorded at almost three months after transplanting with hybrid C6 (89 days). Curd 
development is highly regulated by temperature where vernalization is obligatory to promote the transition 
from vegetative to reproductive phase (Matschegewski et al., 2015). For temperate cauliflower cultivar, 
optimum vernalization is usually obtained at temperature between 5°C-17°C (Wurr et al., 1988). However, 
some tropical cauliflowers did not need vernalization but require uniform cool temperature ranging from 
20°C-27°C with moderate humidity (Peter, 2009). In Malaysian environment, Farahzety (2014) recorded 
cauliflower curd formation from White Shot variety under rain-shelter at temperature 30°C-34°C. 
 
Matured curd could be harvested at 12 to 16 days after curd formation. The fresh weight and dry weight 
varied within the hybrids and were not significantly different among all the hybrids tested. Mean fresh 
weight ranged from 333 to 641 g as recorded with C6 and C7, respectively. However, most of the curd 
harvested from C6 was premature due to susceptibility to fungal disease, while for the C7 hybrid, data was 
taken only from one single plant that survived. Mean for curd fresh weight for all the hybrids, excluding 
C6 and C7, was, hence, around 500 g. This result was not far from the weight obtained by Farahzety 
(2014), who recorded curd weight of 484.4 g. Temperate cauliflower could produce curd around 1.5 to 2 
kg. Curd weight exhibited a negative linear function with respect to mean temperature. Warmer 
temperature reduced total biomass due to later initiation of curd and reduced curd growth rate by 
producing inhibitory effect on the rate of apex diameter expansion (Nowbuth and Pearson, 1998). 
 
The qualities of curds obtained in this experiment varied among all the hybrids (Figure 3). Most of the 
hybrids showed distress effect from high growing temperature. The colour of curd obtained varied from 
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white to yellowish. Two hybrids, C2 and C7, produced white and compact curd. Hybrid C9 produced 
white but ricey and loose curds. Riciness and loose curds were also observed with C1, C6 and C8, which 
also had yellowish curds. The curd of hybrid C4 was pale yellowish and had medium compactness. Hybrid 
C6 showed susceptibility to fungal disease. Some hybrids, namely C6 and C1, also developed a lot of 
irregular purple spots. These spots were caused by the presence of anthocyanins due to over exposure to 
sunlight. For some hybrids, blanching procedure by covering the developing head with surrounding leaves 
may be needed to get perfect white cauliflower, while other hybrids may be naturally self-blanched or 
resistant to the sunlight.   
 

    
C1: Pale yellowish, ricey, 
loose curd. Develop 
irregular purple spot. 
Curd stem greenish 
white. 

C2: White compact curd. 
Curd stem very white. 

C3: Yellowish, abnormal 
loose curd. Curd stem 
greenish white. 

C4: Pale yellowish 
intermediate compact. 
Curd stem greenish white. 

    
C6: Yellowish, loose 
curd. Develop irregular 
purple and fungal spots. 
Curd stem greenish 
white. 

C7: White compact curd. 
Curd stem greenish white. 

C8: Yellowish, ricey loose 
curd. Curd stem greenish 
white. 

C9: White, ricey loose 
curd. Curd stem greenish 
white. 

Figure 3: The curd of eight cauliflower hybrids evaluated. 
 

Conclusions 

 

This study has provided the information on the possibilities of growing temperate origin crops under 
Malaysian lowland environment. With no extra treatments other than rain-shelter structure and common 
fertigation technique, the results showed that growing this crop is very challenging. Selection for the right 
variety is very crucial to ensure the success of planting cauliflower. Hybrid C2 (1360 Green Eagle) in this 
study showed it as a good candidate to be used in high temperature range of 25°C-35°C. This hybrid also 
showed good performance in other traits evaluated. Thus, it is concluded that this hybrid is the most heat 
tolerant cauliflower hybrid from this evaluation. Other hybrids, such as C1, C4, C8 and C9 also have 
potential to be explored further. Despite some abnormalities in the curd formation, these hybrids can 
withstand the fluctuating temperature and successful form curd. With some adjustments in temperature or 
modification in the environment, these hybrids also possibly produce good yield.  
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Introduction 

 
Roselle (Hibiscus sabdariffa L.) is widely cultivated for its succulent fruits, leaves, and young shoots 
which are well documented to have many health benefits to human. The anthocyanin pigments that create 
the fruit colour (Tsai and Ou, 1996) are responsible for the wide range of colouring in many foods. Being 
high in anthocyanins, roselle fruit is both good colorant and potentially a good source of antioxidant. 
Many internal and external factors that affect the concentration of anthocyanins such as genetic strain, 
light intensity, crop load, agronomical practices like pruning and fertilization have been widely studied. 
However, the information on the effects of irrigation mainly water deficit irrigation technique on the 
accumulation of anthocyanins, postharvest quality of roselle and its growth development is still scarce. 
One of the water deficit techniques that had promising outcomes in enhancing growth and quality 
performance of various fruit crops is regulated deficit irrigation (RDI). However, the information on the 
effects of RDI on roselle plants grown on Beach Ridges Interspersed with Swales (BRIS) soil is limited. A 
vast area of BRIS soil found in Terengganu is 67,582.61 hectares (Mohd Ekhwan et al., 2009), which is 
renowned as a problematic soil. Even though BRIS soil is poor in physical and chemical characteristics, 
roselle is suitable to be planted because it has a well aerated and deep rooting zone. BRIS soil, on the other 
hand, does not support plant growth well as it has low water retention, high infiltration rate, low nutrient 
content, and low organic matter, but this can be avoided by applying optimal irrigation management series.  
 
Currently, there is little information available on the application of RDI based on different crop 
coefficients (Kc) at different growth stages of roselle plants. Previously, Naimah et al. (2014) has 
conducted an experiment on roselle plants by applying different amount of irrigation water which was 
based on the same Kc for the whole growing stages under RDI technique. They found that RDI imposed 
for up to 91 days on roselle plants had no effects on plant growth and postharvest fruit quality. In addition, 
Naimah et al. (2014) also reported that 20% RDI increased roselle yield and saved 20% irrigation water. 
However, in the present study, the application of RDI technique was slightly different from the previous 
research. Therefore, this study aimed to evaluate the impact of different amount of water, which was 
calculated based on different Kc, at different growth stages of roselle plant on the growth and its fruit 
quality. The exact amount of irrigation water applied and its impact on roselle growth and postharvest 
quality grown on BRIS soil also needs further investigation. 
 
Materials and Methods 

 
Plant material, experimental location and experimental design 

 
Thirty-two roselle plants variety Terengganu (UMKL-1) were used to investigate its responses on the 
different regimes of irrigation. The experiment was conducted in a greenhouse at the School of Food 
Science and Technology, Universiti Malaysia Terengganu. BRIS soil was taken from Stesen 
Pembangunan Komoditi Pertanian, Rhu Tapai, Terengganu. Meanwhile, roselle seeds were purchased 
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from Kompleks Pertanian Negeri, Ajil, Terengganu. Roselle seeds were sown on 27th October 2013. 
Fourteen-day-old seedlings were transferred to polybag containing 30 kg BRIS soil. All plants received 
similar cultural practices including fertilization, pesticides and fungicides application excluding irrigation 
water.  
 
Various RDI treatments were arranged in a Randomized Complete Block Design (RCBD) with treatment 
comprising of four different regimes of irrigation, i) control (100% I full irrigation), ii) 20% RDI (80% 
irrigation), iii) 40% RDI (60% irrigation) and iv) 60% RDI (40% irrigation). Two roselle plants 
represented as an experimental unit. The experimental period was 84 days which started from October 
2013 and ended in January 2014. The dripper (pressure Compensating Dripper, DIY) with a flow rate at 
4Lh-1 was used for irrigation. Irrigation was applied twice a day at 0930-1000 hours and 1630-1700 hours. 
The amount of irrigation water was based on crop water use calculation: Etc=ETo x Kc; where ETc=crop 
evapotranspiration, ETo=reference crop evapotranspiration and Kc= crop coefficient. Kc values vary with 
crop phenological stages to accommodate crop changes (Naimah et al., 2014). The Kc used was 0.78, 1.2 
and 0.6 for vegetative (0-45 days after transplanting (DAT)), flowering (46 - 69 DAT) and harvesting (70 - 
84 DAT) stages, respectively (Wan Zaliha et al., 2014), while, ETo was 1.99 mm/day (Niazuddin, 2007). 
The ETo was calculated from Penman-Monteith equation according to Allen et al. (1998). Full irrigation 
or control was 1.40 L, 2.15 L and 1.07 L per day for vegetative, flowering and harvesting stages, 
respectively. 
 
Parameter evaluation 

 
The preharvest parameters evaluated were volumetric water content (θ), leaf water potential (ψleaf), plant 
height, stem diameter and number of branches. ψleaf and θ were determined by using pressure chamber 
(Model 3000, Soil Moisture Equipment Corp., Santa Barbara CA, U.S.A) and moisture sensor (TRIME-
PICO64), respectively at 11:00 and 14:00 solar time. ψleaf and θ were expressed in (-) Mega Pascal (MPa) 
and percentage (%), respectively. The assessments were taken at 7 days intervals viz 0, 7, 14, 21, 28, 35, 
42, 49, 56, 63, 70, 77 and 84 days after transplanting (DAT). Meanwhile, postharvest parameters were 
fresh and dry weight of individual plant organs, fruit fresh weight, colour (lightness (L*), chromaticity 
value a*, chromaticity value b* chroma (C*) and hue angle (h°)) and firmness, number of fruits, titratable 
acidity (TA), total anthocyanins and soluble solid concentration (SSC) (Wan Zaliha, 2009). Cumulative 
fresh weight and number of roselle fruits were recorded on 70, 77, 84 DAT.  
 

Statistical analysis 

 
The data were subjected to the analysis of variance (ANOVA) using General Linear Models (GLM) 
procedures and further separated by LSD for least significance at P≤0.05 (SAS Institute Inc., 1999). 
 
Results and Discussion 

 
No significant difference was recorded for both ψleaf and θ of the roselle plants grown on BRIS soil 
(Figures 1 and 2). Regardless of RDI treatments, ψleaf and θ showed fluctuating trends throughout the 84 
days experimental period. Even though all treatments had similar values of ψleaf and θ, the RDI 
treatments (40%-60% RDI) showed moderate stress according to the classification of Hsiao (1973). This 
was based on the values of ψleaf recorded on 42, 56 and 70 DAT. The fluctuations in ψleaf may be 
attributed to the rainy days as the experiment was conducted from mid-November 2013 to January 2014. 
The decreasing amount of ψleaf mainly for 40% and 60% RDI treated plants might be ascribed to the dry 
part of the rhizosphere, which limits the plants’ ability to meet the transpirational demand due to a 
lowering of root hydraulic conductivity and water deficit in the root zone (Lafolie et al., 1999). 



eISSN 2600-9595 
Trans. Malaysian Soc. Plant Physiol. 26 

First Published, 2019 
 

 

118 

 

The moderate water stress imposed on the roselle plants grown on BRIS soil did not significantly affect 
plant height, stem diameter and number of branches (Figures 3 and 4). Previously, Qiang et al. (2016) 
claimed that RDI technique with mild water stress had minimal effect on the yield. El-Boraie et al. (2009) 
also claimed that similar size and height of roselle plants might be attributed to the competition between 
plants for obtaining more light. This was also in agreement with Alias et al. (2013), Nur Razlin (2013) and 
Naimah et al. (2014). As observed in the current study, regardless of irrigation treatments, roselle plant 
followed a sigmoid pattern of growth based on all growth performance parameters evaluated. The growth 
and development of roselle plants grown on BRIS soil were not affected with the application of water 
stress treatments. Furthermore, roselle capsule diameter followed a sigmoid growth curve which was 
characterised by a lag phase, wherever the growth rate is negligible. Similar growth pattern was also 
recorded in other Malvaceae plants such as kenaf, okra, hibiscus and others. 
 

  
Figure 1: Effects of RDI on volumetric water 

content of roselle grown on BRIS soil. 
The vertical bars=LSD at P≤0.05. 

 

Figure 2: Effects of RDI on leaf water potential of 
roselle grown on BRIS soil. The vertical 
bars=LSD at P≤0.05. 

  
Figure 3: Effects of RDI on the plant height of 

roselle grown on BRIS soil. The 
vertical bars=LSD at P≤0.05. 

Figure 4: Effects of RDI on the stem diameter of 
roselle grown on BRIS soil. The vertical 
bars=LSD at P≤0.05. 
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The fresh and dry weights of different roselle plant parts were not affected by irrigation water scheduling 
(Tables 1 and 2). The non-stressed plants showed higher values of fresh and dry weight of different roselle 
plant parts for all RDI treatments. The 20% RDI treated plants had higher values for the above-mentioned 
parameters rather than other stressed plants but overall, were lower than those of the non-stressed controls. 
These results were supported by Pulupol et al. (1996) who claimed that the whole plant fresh and dry 
weights were higher in control plants (100% I) than in water deficit plants. In contrast, El-Boraei et al. 
(2009) reported that fresh and dry weight of different plant organs and the whole plants were significantly 
increased under different irrigation regimes. Hsiao (1973) reported that water stress has a wide range of 
effects on plant growth, anatomy, morphology, physiology, and biochemistry. Possibly, this might be the 
reason on sporadic outcomes on fresh and dry weight of water stressed plants. Another reason might be 
due to the accumulation of hormone in plant organs. Ober and Sharp (2007) reported that the ABA 
accumulation in roots has been clearly proved in enhancing root growth in a drying soil. Havlova et al. 
(2008) claimed that cytokinins were also involved in inhibiting root branching and thus enhancing primary 
root growth by preventing formation of auxin gradient (Laplaze et al., 2007) in which needed for pattern 
lateral root primordia. Thus, the long primary root growth can be seen in water stressed-plants. 
 
Table 1: Effects of RDI on fresh weight of leaves, stems and roots of roselle plants grown on BRIS soil. 

 Fresh weight (g) 
Treatment Leaves Stems Roots 
100% I 235.81a 350.29a 319.26a 
20% RDI 197.66a 344.35a 353.30a 
40% RDI 204.35a 311.89a 274.75a 
60% RDI 184.34a 281.54a 254.06a 

Means with the same letter within column are not significantly different at the 5% level according to LSD test. I = fully irrigation 

and RDI = regulated deficit irrigation. 

 
Table 2: Effects of RDI on dry weight of leaves, stems and roots of roselle plants grown on  BRIS soil. 
 Dry weight (g) 
Treatment Leaves  Stems  Roots 
100% I 24.10a 85.69a 58.60a 
20% RDI 23.81a 82.33a 66.05a 
40% RDI 23.69a 71.15a 45.43a 
60% RDI 19.58a 61.79a 43.21a 

Means with the same letter within column are not significantly different at the 5% level according to LSD test. I = fully irrigation 

and RDI = regulated deficit irrigation. 

 
Table 3: Effects of RDI on fresh weight and number of fruits of roselle grown on BRIS soil. 
Treatments Fresh weight of fruits (g) Number of fruits 
100% I 505.34a 58a 
20% RDI 689.84a 76a 
40% RDI 546.93a 67a 
60% RDI 543.11a 60a 

Means with the same letter within column are significantly different at the 5% level according to LSD test. I = fully irrigat ion and 

RDI = regulated deficit irrigation. 

 

In the present study, plants subjected to the under study RDI treatments had no significant difference in 
weight and number of fruits with control plants (Table 3). Despite no significant difference observed, the 
20% RDI plants showed a tendency to increase the cumulative fresh weight as well as roselle fruit number. 
The increase in fruit fresh weight might be attributed to the mild water stress imposed. This was in 
agreement with the reports of Nur Razlin et al. (2013) and Nur Amirah et al. (2015). Furthermore, Dorji et 
al. (2005) claimed that the yield of RDI-treated tomato plants was reduced in terms of fresh weight but 
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total dry mass was similar to control plants. This may be ascribed to the movement of water into the fruits, 
however, the translocation of dry matter into the fruits may not be affected. In addition, Behboudian et al. 
(2005) claimed that deficit irrigation system managing soil water supply to impose periods of 
predetermined plant or soil water deficit can result in some economic benefits.  
 
For postharvest quality, the RDI treatments applied based on different Kc did not significantly influence 
the fruit colour attributes, TA, total anthocyanin, and SSC (Tables 4 and 5). Similarly, Nur Razlin et al. 
(2013) claimed that the colour attributes of water stressed-roselle fruits in terms of L*, chromaticity values 
a*, and b* were similar to control plants. Moreover, Mandour et al. (1979) claimed that excess or lack of 
water supply during the vegetative growth and developmental stage of some plants possibly decreased the 
chlorophyll and carotenoids while medium supply of irrigation water increased the pigmentation in the 
leaf and other organ. As shown in Table 5, TA and SSC of water-stressed roselle fruits were similar to 
100% I control fruits. Similar findings were also recorded in water deficit experiment conducted by 
Naimah et al. (2014) and Nur Amirah et al. (2015). Similarly, Behboudian et al. (2005) reported that there 
was no effect of deficit irrigation on TA of apple fruit. In contrast, El-Boraie et al. (2009) reported that 
SSC in roselle fruit increased as irrigation water decreased. Likewise, Dorji et al. (2005) also noticed the 
high SSC at final harvest in water deficit-treated-tomato plants as it reduced fruit water content and greater 
hydrolysis of starch into sugar. In addition, Wan Zaliha and Singh (2010) also claimed the higher TA was 
recorded in water-deficit Cripps Pink apple which might be ascribed to the higher concentration of acid 
contents such as tartaric, fumaric and succinic acid which were presented as an indicator of the 
contribution of organic acid to the fruit osmotic adjustments. However, the non-significant effects of RDI 
on TA and SSC warrant further investigations. 
 
There was no adverse effect of RDI on total anthocyanin concentration of roselle fruit. The mild water 
stress imposed might possibly not be sufficient to enhance the red skin colouration of roselle fruit. The 
results obtained were similar with the reports of Nur Razlin et al. (2013). However, Wan Zaliha and Singh 
(2010) claimed that the increased red skin colour of Cripps Pink apple coincided with the increased in total 
anthocyanin concentration. Mandour et al. (1979) reported that excess or lack of water supply during the 
vegetative growth and developmental stage of roselle plants decreased the chlorophyll and carotenoids 
while medium supply of irrigation water increased the pigmentation in the leaf and other organs. 
 
Table 4: Effects of different irrigation treatments on lightness (L*), chromaticity value a*, b* and hue 

angle (h°) of roselle fruits.  
Treatment L* a* b* h° 
100% I 28.00a 20.68a 6.53a 17.62a 
20% RDI 28.40a 22.13a 6.74a 16.90a 
40% RDI 28.43a 20.02a 5.92a 16.37a 
60% RDI 28.86a 21.16a 6.63a 17.3.6a 

Means with the same letter within column are not significantly different at the 5% level according to LSD test.
 
I = full irrigation 

and RDI = regulated deficit irrigation. 
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Table 5: Effects of different irrigation treatments on total anthocyanins, fruit firmness, titratable acidity 
(TA) and soluble solid concentration (SSC) of roselle fruits. 

Treatment Total anthocyanins 
(mg/100g fresh weight) 

TA 
(% malic acid) 

SSC 
(%) 

Fruit firmness 
(N) 

100% I 310.02a 5.30a 7.4a 0.36a 
20% RDI 223.71a  5.23a 7.1a 0.39a 
40% RDI 275.66a 4.74a 7.3a 0.42a 
60% RDI 182.80a 5.32a 6.9a 0.37a 

Means with different letters are significantly different at the 5% level according to LSD test.
 
I = full irrigation and RDI = 

regulated deficit irrigation. 

 

Conclusion 
 
Three levels of RDI applied based on different crop Kc at different growth stages on roselle plant grown 
on BRIS soil had similar values of pre- and postharvest performances with fully irrigation or 100% 
irrigation plants. Roselle plants experienced moderate water stress (-0.50 MPa to -1.50 MPa) as resulted 
from plant water relation parameters. The treatment, 60% RDI (40% irrigation) that applied on different 
Kc at different growth stages increased yield as well as water use efficiency and maintained other quality 
attributes such as fresh weight, dry weight and minerals in roselle plant parts. Consequently, the 60% RDI 
could be the best irrigation scheduling for roselle plantation on BRIS soil as it increased water use 
efficiency, saved 60% irrigation water and, at the same time, enhanced profit for local farmers. The exact 
amount of water to be applied for roselle plants were 7 m³/ha or 0.61 L/tree/day. In conclusion, the 
application of RDI treatments based on different Kc had a potential to increase water use efficiency 
without adversely affecting the productivity as well as pre- and postharvest performances as compared 
with non-stressed roselle plants. 
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Introduction 

 

Spathoglottis species is a wild terrestrial orchid and has potential to be developed as a landscape plant in 
tropical garden due to its unique beauty and ‘heat-tolerance’ plant characteristics. To date, utilization of 
orchids in urban landscape design has become popular and the demand on this type of orchid has increased 
tremendously in the last few years. Research on landscape orchids has begun since 2013 in order to 
produce new hybrids with desired ‘heat tolerance’ characteristics. Malaysian Agricultural Research and 
Development Institute (MARDI) has successfully identified several wild orchid species having potential as 
outdoor plants and one of them is Spathoglottis species (Rozlaily and Wan Rozita, 2012). Spathoglottis is 
a beautiful orchid species which makes a great understory plant. It has the potential to be incorporated in 
landscape planting. This orchid species is easy to flower and sufficiently shade tolerant to thrive under 
canopies of other taller plants/trees. This species has been evaluated and documented based on findings 
from morphological and adaptation studies. In an attempt to create genetic variability, hybridization work 
has been conducted by crossing the species of Spathoglottis plicata Blume with Spathoglottis kimballiana. 
Spathoglottis plicata Blume has attractive bright purple flowers of small size while S. kimballiana exhibits 
attractive bright yellow petal shaving the largest flower size in the spathoglottis genus. 
 

Materials and Methods 
 
Collection and hybridization programme 

 
Collection of orchid species around Peninsular Malaysia as a source of genetic materials for the 
hybridization work has been done since 1979 (Fadelah and Hanim, 1993; Hanim and Fadelah, 1994). The 
plants are grown in an orchidarium where the environment is created to be almost similar to the natural 
habitat of the species. These species have been documented and evaluated based on their morphological 
and adaptation characteristics (Rozlaily and Wan Rozita, 2014). Based on these evaluation and selection 
works, Spathoglottis sp. is found to have a potential to be utilized as a garden plant because of its ‘heat-
tolerance’ characteristics. While, crosses between S. plicata Blume and S. kimballiana have been produced 
since 2013. 
 
Media preparation and seed culturing 

 

Capsules from successful crosses were harvested 30 days after pollination and germinated on various basal 
strengths of Murashige and Skoog (MS) medium (Murashige and Skoog, 1962). Four different 
concentrations of MS (¼ MS, ½ MS, ¾ MS and full strength MS) supplemented with 20 g/L sucrose, 200 
mL/L coconut water and 4 g/L gelrite were used in this study. The pH of the medium was adjusted to 5.2 
before autoclaving at 12oC for 20 minutes. Harvested capsules were surfaced sterilized by a dip in 70% 
ethanol for 15 seconds followed by flaming for 3-4 seconds and were dissected longitudinally with the 
sterilized forceps and scalpel. Then, the seeds were tapped gently onto the medium. Seeds were 

https://link.springer.com/article/10.1007/s11240-007-9270-z#CR22
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maintained in the culture until germinated, formed green protocorm and developed to complete plantlets. 
The rate of seed germination percentage was recorded. Sub-culturing was carried out every two weeks 
at plantlet stage to prevent contamination. Cultures were maintained at 25±2ºC under 16 hours of light 
daily, provided from cool white fluorescent lamp (Philips). 
 
F1 evaluation and selection 

 

Matured seedlings which had reached in height above 5 cm with at least four initial roots were transferred 
to the nursery. The F1 seedlings were transplanted in 2.5 cm-diameter pots using wood shaving and perlite 
as the planting medium. The plants were placed on benches under 80% netted shade structure at MARDI 
Orchid Complex in Serdang, Selangor, Malaysia until flowering, then were transferred under 50% netted 
shade for further evaluation. Plants were arranged in a Completely Randomised Design (CRD).  
 
Fertilization was applied once a week and watering was done twice a day using sprinkler irrigation system. 
Seven selected F1 hybrids coded WR01, WR02, WR03, WR04, WR05, WR06, WR07 and their parents 
were chosen in this study. The parameters measured were flower morphological characteristics such as 
adaptability to sunlight, flower size, flower colour, flower shelf life, plant growth performance such as 
plant height, response to fertilizer and tolerance to major pests and diseases. Flower colour was 
determined using a standard colour chart of The Royal Horticultural Society, London.  
 
Results and Discussion 

 

Seed germination 

 
Stages of seed germination and plantlet development in culture condition of Spathoglottis crosses are 
shown in Figure 1. Percentage of seed germination showed varied result depending on strength of 
germination medium. Germination begun 14 days after seed culture in ¼ MS medium, followed by ½ MS 
at 17 days, ¾ MS at 19 days and the most delayed germination was found on full strength of MS medium. 
Result indicated that 1⁄4 strength of MS medium showed the highest percentage of seed germination 
(90%) within five weeks from inoculation day (Table 1). Hence, MS medium having the lowest content of 
macro elements favoured the best condition for the earlier in vitro germination of Spathoglottis.  
 
 

 

 

 

 
 
Figure 1: Different stages of in vitro seed germination and seedling development of F1 progenies. A) Seeds 

were sown in MS culture medium. B) Seed germination formed green PLB’s. C) Multiple 
plantlets formed on MS medium. D) Matured seedlings with 5 cm in height ready to be 
transferred to the nursery. 

 
 
 
 

A B C D 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=germination+percentage
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Table 1: Percentage of seed germination of Spathoglottis crosses using various strengths of MS medium. 
 
 
 
 
 
 
 

F1 evaluation and selection 

 

Flower morphological characteristics and plant size of seven potential F1 progenies and parents (SK= S. 

kimballiana; SP= S. plicata Blume) are presented in Table 2. The flower size, inflorescence length, flower 
colour and plant size varied between progenies. F1 population produced smaller sized plants compared to 
both parents. Results showed that plant sizes (plant height and canopy spread) of F1 population were 
smaller compared to both parents. The highest plant height was recorded by F1 progeny coded WR07 with 
35.7 cm while the broadest canopy spread was found on WR01with 66 cm. Flower size of F1 progenies 
was smaller compared to S. kimballiana but inherited the size of male parent, S. plicata Blume. The 
biggest flower size among F1 progenies was recorded by WR05 with horizontal and vertical dimensions of 
6.2 and 7 cm, respectively. The smallest flower was produced by WR04 with 3.4 cm x 3.1 cm dimension. 
F1 progenies inherited flower colour from their parents and some of them having colour combination of 
yellow with purplish splashes. Colour morphology of the F1 population and their parents are shown in 
Table 3.  
 

 

 

 

 

 

 

 

 
Figure 2: Variation of F1 progenies and parents. A) Spathoglottis kimballiana (SK), B) Spathoglottis 

plicata Blume, C) WR01, D) WR02, E) WR03, F) WR04, G) WR05, H) WR06 and I) WR07.           
 
 

Treatment  1st germination (days) Percentage of seed germination (%) 
Week 3 Week 4 Week 5 

Full strength 21 0 16.67 17.5 
3/4 19 12.5 52.5 63.75 
1/2 17 23.75 65 90 
1/4 14 8.75 38.3 50 

B C 

H G I 

E A 

F 

D 
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Table 2: Plant growth and flower characteristics of seven F1 progenies and their parents. 

Accensions 

Plant 
height 
(cm) 

Canopy 
spread 
(cm) 

Leaf Flower 
Inflorescence 
length (cm) 

Petal Midlobe 

Length 
(cm) 

Width 
(cm) 

Horizontal 
(cm) 

Vertical 
(cm) 

Length 
(cm) 

Width 
(cm) 

Length 
(cm) 

Width 
(cm) 

WR01  31 66 28 4.45 3.8 3.2 46.9 2.4 1.7 2.2 1.9 

WR02  12.2 28.3 18 1.9 3.8 3.5 16.5 2.3 1.1 1.7 1.1 

WR03  12.8 34.3 22.1 2.6 3.7 3.2 26.7 2.0 0.9 1.1 1.5 

WR04 18.9 37.4 25.5 2.4 3.4 3.1 25.3 1.8 1.5 1.4 1.2 

WR05 23 74 47.6 3.0 6.2 7 51 3.5 2.2 2 1.3 

WR06 25.7 39.4 73.4 3.7 5.9 6.0 90.2 3.4 2.3 2.5 2.1 

WR07 35.7 30.7 99 3.9 4.7 3.9 105 3.1 2.1 2.4 2.0 

S. Kimballiana 
(parent) 

68.43 106.40 82.53 3.46 8.16 7.93 77.50 4.43 1.90 2.20 1.03 

S. Plicata  
Blume (parent) 71.13 149.20 80.23 5.20 3.10 3.30 95.6 2.20 1.26 1.30 0.76 

 

Table 3: Flower colour characteristics of F1 progenies and the parents. 
Acc Color of sepal Color of petal Color of lip 
WR01  Red purple Group 67 A + Yellow Group 10 A Red purple Group 67 A + Yellow Group 10 A Yellow Group 9 A 
WR02  Yellow Group 9 B Yellow Group 9 B Yellow Group 9 B + Red-purple Group 58 B 
WR03  Red purple Group 7 A + Yellow Group 1 D Red purple Group 7 A + Yellow Group 1 D Red purple Group 71 A + Yellow Group 7 D 
WR04 Red Purple Group 74 N + Yellow Group 13 B Red Purple Group 74 N + Yellow Group 13 B Red Purple Group 60 A + Yellow Group 9 A 
WR05 Red Purple Group 12B + Yellow Group 64 C Red Purple Group 12B + Yellow Group 64 C Red Purple Group 61B + Yellow Group 9 A 
WR06 Red Purple Group 63B + Yellow Group 4 B Red Purple Group 63B + Yellow Group 4 B Red Purple Group 64A + Yellow Group 6 A 
WR07 Yellow Group 4 B Yellow Group 4 B Red Purple Group 58B + Yellow Group 7 B 
S. Kimballiana 
(parent) 

Yellow Group 5 A Yellow Group 5 A Yellow Group 5 A + Red-Purple 72C 

S.Plicata 

Blume (parent) 
Purple-violet Group N81 B Purple-violet Group N81 B Purple-violet N81 Group N81 A + Yellow 

Group 6 A 
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Conclusion 

 

For the conclusion, colours produced were varied among the F1 population. From the observation and 
ecstatic value, WR01 had a unique flower combination of bright yellow and bright purple petals and 
seemed to be of high potential as a landscape plant. Seed germination protocol is useful for selection of 
best condition for mass propagation of other orchid hybrids. Besides having attractive flowers, these F1 
progenies are easy to manage and maintain due to respond well to fertilizers and are free flowering. The 
information on this study could be useful for future breeding programme. 
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Introduction 

 
In current scenario where climate change becomes a global challenge, plant defensive abilities should be 
more emphasised. Drastic changes of the growth factors would affect plants’ performances, though plants 
had abilities to adapt with the environment. Thus, the use of proper techniques to promote plant resilience 
towards environmental changes is essential particularly for the highly economical crops and ornamental 
species grown within harsh urban environment.  
 
A well-known plant growth retardant, paclobutrazol (PBZ) modifies plant growth in terms of 
morphology, physiology as well as the biochemical contents (Fletcher et al., 2000; Ahmad Nazarudin et 
al., 2012; Wanderley et al., 2014). PBZ should be considered as one of the mitigation approaches to 
enhance stress tolerance in plants as it can ameliorate the phenolic contents. It is well documented that 
phenolics play important roles in defense mechanism against various types of stresses caused by 
pathogens, pests or unfavourable growth conditions (Treutter, 2001; Agrios, 2005). Previous research 
demonstrated that PBZ increased the levels of proline (Mackay et al., 1990), antioxidants (Bañón et al., 
2003) and chlorophyll content (Watson and Himelick, 2004). A study conducted on Arachis hypogaea 
found increased of antioxidant levels and activities of scavenging enzymes as response to PBZ and it then 
minimised the water stress condition in those plants (Sankar et al., 2007). Increased phenolic content was 
also occured in leaves, stems and roots of PBZ-treated Catharanthus roseus (Jaleel et al., 2009). 
 
Furthermore, PBZ also improves carbohydrate content in plant which further enhances the reproductive 
performance. For instance, in Mangifera indica, PBZ increased the total non-structural carbohydrate 
content in the shoots before flowering stage, enhancing the number of flowers and improving yield and 
quality of fruit (Yeshitela et al., 2004). Yim et al. (1997) also found a significant accumulation of 
carbohydrate in leaves, stems, and roots of PBZ-treated Oryza sativa seedlings. PBZ application reduced 
gibberellins (GA) but enhanced indole acetic acid which probably stimulate carbohydrate accumulation in 
bulb, and also increased the sucrose contents in the leaves of Lilium sp. (Zheng et al., 2012). Upreti et al. 
(2013) indicated that besides affecting GA, PBZ also increased abscisic acid and cytokinin contents 
concomitant with C:N ratio in leaf and leaf water potential in mango buds to elicit flowering responses. In 
other words, augmented carbohydrate content will further benefit the plant’s growth performance. 
 
Other element, potassium (K) is also vital in plant growth and development. It affects most of the 
biochemical and physiological processes that influence plant growth and metabolism. It is mainly 
required for the activation of over 80 enzymes throughout the plant (Mengel, 2007). In addition, K plays 
essential roles in protein synthesis, photosynthesis, osmoregulation, stomatal behaviour, energy transfer, 
phloem transport, cation-anion balance and stress resistance in plants (Marschner, 2012). Thus, it helps in 
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improving plants’ ability to withstand extreme environments such as cold and hot temperatures, prolong 
drought, and pest and disease attacks (Umar, 2006; Mengel, 2007).  
 
Thus, this study aimed to determine the effects of PBZ and potassium nitrate (KNO3) on total phenolic 
content (TPC) and total non-structural carbohydrate content (TNC) at flushing, flowering and fruiting 
stages in Xanthostemon chrysantus (F. Muell.) Benth. (Myrtaceae) planted in urban site which usually 
exposed to various circumstances.  
 
Materials and Methods 

 
Establishment of study site 

 
The study was carried out at an urban park, Metropolitan Batu Park, Kuala Lumpur (3° 12' 49" N; 101° 
40' 43" E). A total of 81 roadside trees of X. chrysantus (about six year-old after planting) were randomly 
selected prior to PBZ and KNO3 treatments. Nine treatment combinations of PBZ (0, 0.125 and 0.25 
g/l/tree) and KNO3 (0, 100 and 200 g/tree) were replicated nine times in a completely randomised design. 
Cultar® formulation containing 250 g a.i. PBZ/l and KNO3 (13.7:0:46.3) were used. PBZ was applied as 
soil drench at root collar, at an application volume of 1 l per tree while, control plants were applied with 1 
l tap water. PBZ was applied once at the start of the study. KNO3 was applied into the soil using pocket 
system technique. The allocated amount of KNO3 was equally applied in four holes for each tree. The 
holes of 15 cm in depth were dug under the drip-line of the tree canopy. The holes were then back-filled 
with the original soil to prevent runoff. KNO3 was applied at three months intervals from the start of the 
study. 
 
Determination of total phenolic content and total non-structural carbohydrate 

 
Assessment on TPC and TNC were conducted at six months after the treatment. The first three fully 
developed leaves from randomly selected flushing, flowering and fruiting branches of each tree were 
collected for both analyses. About 200 g of leaf samples were cut into small pieces and soaked in 1:6 w/v 
ethanol in a sealed conical flask. It was then kept at room temperature for 72 h on orbital shaker at a speed 
of 100 rpm. Later, it was filtered using Whitman no. 4 filter paper. The filtrate was then poured into an 
evaporating flask and subjected to water bath (45oC), followed by refrigeration (15oC), vacuum pumped 
(54 mBar), and stirred by using a rotary evaporator at 100 rpm for 20 min. The crude extract was then 
used for TPC analysis. Determination of TPC was performed using Folin-Ciocalteu reagent (Singleton 
and Rossi, 1965) with slight modifications (Vimala et al., 2003). Absorbance was measured at 725 nm by 
using a UV-spectrophotometer (UV-2600, Shimadzu, USA). A calibration curve was generated by using 
the gallic acid standard absorbance (optical density) and the levels of TPC in the leaves samples were 
expressed as milligram equivalent gallic acid per g sample dry weight (mg GAE/g). The TPC was 
calculated by using the following equation: 

 
TPC (mg GAE/g) = (A/GA) x D / 100 
 
Where: 
A : absorbance (optical density) of the sample 
GA : 0.0049 (gallic acid standard) 
D : 5 (dilution factor) 

 
As for TNC, the freshly collected leaves were oven-dried at 70oC for 24 h. It was then ground into small 
pieces, soaked in 400 mL of boiled water in sealed a conical flask, and rotated for 2 h with a magnetic 
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stirrer. It was later filtered using Whitman no. 4 filter paper. The filtrate was then poured into an 
evaporating flask and subjected to water bath (100oC), refrigerated (15oC) and vacuum pumped (54 
mBar), and rotated by using a rotary evaporator at 5 rpm for 30 min. The crude extract was then used for 
TNC test. The sum of soluble sugars and starch were determined. The determination of the TNC was 
performed using phenol sulphuric acid method (Masuko et al., 2005). The TNC was calculated according 
to the formula below: 

 

% TNC = 
(Absorbance of sample) x (weight of standard glucose) 

x 100 
(Absorbance of glucose x weight of sample) 

 

Data analysis 

 
Data obtained was subjected to one-way ANOVA and the treatment means were then compared using a 
Duncan’s Multiple Range Test (DMRT) (p<0.05). 
 
Results and Discussion 

 
Total phenolic content 

 
There was a significant difference found in TPC in the leaf of X. chrysanthus after PBZ and KNO3 
treatments at flushing, flowering and fruiting branches, respectively (Table 1). With flushing branch, 0.25 
g/L PBZ gave the highest TPC. On the other hand, 0.125 g/L PBZ resulted in the highest TPC in the leaf 
on the flowering branch. Meanwhile, the control tree contained the lowest TPC in all growth stages. 
These results imply that PBZ was effective to increase the TPC in all growth stages of X. chrysanthus, 
while the addition of KNO3 did not give much effect on TPC. There was no difference in TPC observed 
between the control and KNO3-treated trees on the flowering and fruiting branches, respectively. 
However, 200 g/tree KNO3 resulted in significantly higher TPC as compared to the non-treated tree at 
flushing stage.   
 
In general, greater TPC at flowering branch was recorded than flushing branch. TPC was also declined at 
fruiting branch regardless of the treatments. For instance, combination of 0.125 g/L PBZ and 100 g/tree 
KNO3 had lower TPC during flushing and higher at flowering stage, showing 16.3% increment. However, 
the TPC reduced at fruiting stage. A similar pattern of TPC was also recorded in all treatments.  
 
Table 1: Effects of paclobutrazol and potassium nitrate on total phenolic content at different branches in 

X. chrysanthus.  

Treatment 
Total phenolic content (mg GAE/g) at different growth branches 

Flushing Flowering Fruiting 
Control 16.13±1.66c 16.82±0.65c 16.26±2.41b 
100 g KNO3 17.37±1.44bc 19.96±0.68bc 18.77±0.38b 
200 g KNO3 19.16±0.98ab 19.71±0.15bc 18.96±0.07b 
0.125 g/l PBZ 19.07±0.93ab 24.74±2.01a 19.82±2.07a 
0.125 g/l PBZ + 100 g KNO3 18.78±1.15ab 22.45±4.08ab 19.92±0.91a 
0.125 g/l PBZ + 200 g KNO3 18.90±0.26ab 21.44±4.41ab 19.08±0.44a 
0.25 g/l PBZ 20.33±1.44a 23.75±0.95ab 20.45±2.15a 
0.25 g/l PBZ + 100 g KNO3 18.92±0.50ab 21.03±1.43abc 19.75±1.94a 
0.25 g/l PBZ + 200 g KNO3 18.45±0.51ab 20.47±1.49abc 18.84±0.07ab 

Means followed by the same letter(s) within column do not differ (p<0.05) by DMRT; Mean ± standard deviation. 
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Increased phenolic compounds were also reported in PBZ-treated C. roseus (Jaleel et al., 2006), Ocimum 

sanctum (Gopi et al., 2009) and Rosa hybrid (Schmitzer et al., 2010). In plants, phenolics are greatly 
important for pigmentation, reproduction and resistance to pathogens (Lattanzio et al., 2006). 
Enhancement of phenylopropanoid metabolism and the amount of phenolic compounds can be observed 
under different environmental and stress conditions (Lavola et al., 2000; Diáz et al., 2001; Sakihama and 
Yamasaki, 2002). Synthesis of isoflavones and some other flavonoids was induced when plants are 
infected or injured (Takahama and Oniki, 2000; Ruiz et al., 2003), or under extreme temperature and poor 
nutrient condition (Sakihama and Yamasaki, 2002; Ruiz et al., 2003). It has been discovered that water 
shortage led to an increase in the concentration of the blue fluorescence originating from plant phenolics, 
mostly from ferulic acid (Morales et al., 2005; Hura et al., 2006). Phenolics are able to counteract light 
falling on the foliage through its conversion into blue fluorescence, which is no longer harmful and can 
even be utilised for photosynthetic quantum adaptation (Bilger et al., 2001). Fletcher et al. (2000) stated 
that triazole-treated plants showed reduction in transpiration, used less water and was able to withstand 
drought better than untreated plants. In this study, single application of KNO3 at both rates was not 
effective to increase TPC. Significant different in TPC was only found between the control and 200 g 
KNO3 at flushing stage. This could be due to lacking of nutrients in the urban soil as reported by Russo et 
al. (2005), including K element. Hence, higher amount of KNO3 is required to enhance TPC content for 
the species planted in such condition. Moreover, the physical character of the urban soils is of poor 
quality as they are highly modified and compacted (Lorenz and Lal, 2009).  
 

Total non-structural carbohydrate content 

 

Observation on all growth stages showed that TNC was significantly higher in the control and KNO3-
treated trees as compared to other treatments where PBZ existed (Table 2). At flushing stage, a great 
difference in TNC was found between the control and tree treated with 0.25 g/l PBZ, showing 87.9% 
difference. A similar pattern of TNC in both treatments was also measured at flowering and fruiting 
stages, respectively. These results suggested that, the existence of PBZ reduces the TNC in the newly 
expanded leaves of the species.  
 
Table 2: Effects of paclobutrazol and potassium nitrate on total non-structural carbohydrate at different 

growth branches in X. chrysanthus.  

Treatment 
Total non-structural carbohydrate (%) at different growth branches 

Flushing  Flowering Fruiting 
Control 11.36±0.95a 11.47±1.86a 13.12±4.17a 
100 g KNO3 12.22±0.67a 11.01±0.51a 10.69±0.59a 
200 g KNO3 11.58±1.02a 11.11±1.21a 10.28±0.06a 
0.125 g/l PBZ 1.25±0.07d 1.52±0.27c 1.14±0.10c 
0.125 g/l PBZ + 100 g KNO3 4.25±1.12b 3.15±0.10b 2.62±0.44c 
0.125 g/l PBZ + 200 g KNO3 2.99±0.61bc 2.90±0.53bc 2.04±0.17c 
0.25 g/l PBZ 1.37±0.06d 1.67±0.38bc 1.52±0.30c 
0.25 g/l PBZ + 100 g KNO3 1.88±0.55cd 1.50±0.64c 2.02±0.07c 
0.25 g/l PBZ + 200 g KNO3 1.93±1.11cd 1.52±0.60c 1.67±0.55c 

Means followed by the same letter(s) within column do not differ (p<0.05) by DMRT; Mean ± standard deviation. 

 

Some of the earlier studies indicated that carbohydrate content in various plant tissues were enhanced by 
PBZ (Assuero et al., 2012; Zheng et al., 2012). For example, PBZ dramatically enhanced the retention of 
carbohydrate contents in O. sativa (Das et al., 2005). Total soluble sugar, sucrose and starch content in the 
bud organs, leaf and stem in Brasscia napus were also improved by PBZ at the initial flowering phase 
(Hua et al., 2014). 
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Nevertheless, several researches have published contradict results. Insignificant differences were found in 
TNC concentrations in the leaves of PBZ-treated M. indica during vegetative and reproductive stages 
(Urban et al., 2008). Watson (2006) also indicated that TNC was not enhanced by PBZ in Quercus alba. 
These results showed that there is possibility of having different outcome regarding TNC due to PBZ 
treatment with different plant species. Some of the possible reasons are improper dosages of PBZ applied, 
or it could be due to different responses to the treatment from each plant species. In this study, TNC in the 
leaves of X. chrysanthus was not induced by PBZ or combined treatment of PBZ and KNO3. However, 
single application of KNO3 resulted in higher TNC than those treated with combination of both elements. 
KNO3 supplied K which is essential to activate various enzymes responsible for synthesis of protein and 
carbohydrate in plant (Mengel, 2007; Patil, 2011; Zheng et al., 2012). K element is also known to enhance 
plant tolerance to drought conditions (Thomas and Thomas, 2009; Kim et al., 2010), a typical situation in 
urban soils. Nevertheless, the effects of KNO3 may be interfered by PBZ as shown in the combined 
treatments. It is well known that PBZ has growth regulating properties which are mediated by changes in 
the balance of essential plant hormones, including the GAs, abscisic acid and cytokinins (Hajihashemi et 
al., 2007). These changes would affect the growth and development of plants.  
 

Conclusion 

 
In conclusion, TPC was greatly enhanced with combined treatment of PBZ and KNO3 at all growth stages 
of X. chrysanthus. Meanwhile, TNC was significantly higher in the non-treated trees and trees treated 
with single application of KNO3 than other treatments. Increased TPC might be beneficial to improve the 
tolerance of the tree species planted in the harsh urban environment.  
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Introduction 
 
Baeckea frutescens or locally known as Cucur atap is a small tree which is found in Peninsular Malaysia 
and Sumatra. It is also found distributed along the coastal areas of Southern China and Australia. It grows 
wild on arid soils in the mountain and midlands. In Peninsular Malaysia, it is found both on the mountain 
and sandy coasts such as in Terengganu and Pahang states. The tree trunk is short with several upright 
branches that spread out and droop at the ends as fine twigs. The leaves are opposite, small and very 
narrow, needle-like, only about 6-15 mm long. In traditional usage, it is claimed to be effective in treating 
influenza, dyspepsia, jaundice, dysentery, measles and irregular menstrual cycles. Its external usage is in 
treating furunculosis and impetigo (Herbal Medicine Research Centre, 2002). They are also used in 
massaging postpartum women for the treatment of body aches and numbness of the limbs. Baeckea 

frutescens leaf extract has been reported to have var-ious pharmacological activity such as cytotoxic 
(Fujimoto et al., 1996), anti-cariogenic (Hwang et al., 2004) and anti babesial activities (Murningsih et al., 
2005). Chemical studies on the leaves of B. frutescens have indicated the presence of volatile oil (Ibrahim 
et al., 1998), sesquiterpenes (Tsui and Brown, 1996), chromone C-glycosides (Satake et al., 1999), 
phloroglucinols (Fujimoto et al., 1996) and flavanones (Makino and Fujimoto, 1996).   
 
Due to its great potential, the over exploitation of the species from abundant and along the coastal areas 
may resulted to the unsustainable supply of the species from the wild. In ensuring adequate and regular 
supply of planting stocks, an appropriate vegetative propagation method should be investigated. 
Vegetative propagation through cutting, grafting, budding and air layering has been a vital tool in tree 
improvement activities and used for multiplying desirable the species without genetic segregation (Zobel 
and Talbert, 1984). Air layering can be used as an effective method to obtain roots. Air layering is fairly 
common and used to propagate guava, under the same family of B. frutescens (Rahman et al., 2014). The 
propagation of B. frutescens through seeds should not be encouraged because the process will take more 
than 12 months for the seedlings to fully develop. Therefore, this experiment is conducted to investigate 
the best rooting media for air layering of ten selected mother trees of B. frutescens from Setiu, 
Terengganu. The results of the study will benefit the industries for quick and effective method in order to 
produce mass planting materials. 

 
Materials and Methods 

 
The experiment was conducted at Setiu, Forest Research Institute Malaysia, Kepong, Selangor by air 
layering of ten B. frutescens mothers’ trees. A few phenotypically superior trees showing good growth, 
full of branches, superior height and bole diameter were selected for the study (Figure 1).  
 
By using a scrapping knife, healthy branches of trees were girdled at a width of 2.5 cm from position 25 
cm from the tip of the branch. The cut must deep enough to get through the cambium layer and scraped 
the branch well to remove the soft material. Dust the bases of the layering limb with growth commercial 
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hormone powder, Seradix 3 (0.8% indole butyric acid-IBA) (Figure 2). Six types of wet rooting media, 
squeezed out well, placed in the middle of a piece of plastic and covered around the ringbarked area. The 
ringed area was then wrapped tightly with plastic film and tied above and below the ball of media. Two to 
three holes were made on the film for aeration and the medium was kept moist by spraying water once a 
week. The air layering media treatments were i) M1: 100% top soil (control), ii) M2: 100% jiffy peat, iii) 
M3: 50% top soil + 50% sand, iv) M4: 50% top soil + 50% sawdust, v) M5: 50% top soil + 50% jiffy 
peat, and vi) M6: 50% top soil + 50% coconut husk (Figure 3).  
 
The six treatments were replicated in two blocks with a total number of five samples were used for each 
treatment. After 17 weeks of rooting period and new roots emerged and visible, the layer was ready to be 
taken from the parent tree. Data on percentage of success rooting (no of layers survived/no of samples x 
100%), number of roots per layer, length and diameter of longest root were recorded using ruler. The data 
were analyzed using Analysis of Variance (SPSS Statistics version 22), and Tukey post-hoc was 
calculated at difference value P<0.05 to differentiate the mean treatments. The detached rooted layers 
were then planted in polybags (10 x 10 cm) containing a mixture of topsoil and river sand at the ratio of 
1:2 and the plants were maintained at nursery. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

Figure 1: Mother trees of Baeckea frutescens at Setiu, Terengganu. 
 

 
 
 
 
 
 
 
 
 
 

Figure 2: Process of girdling and application of hormone to Baeckea frutescens branches.  
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Figure 3: Six types of rooting media used for propagation of Baeckea frutescens. 
 

Results and Discussion 

 
Analysis of variance revealed that there were significant differences between the applied media after 17 
weeks. Baeckea frutescens propagated in M5: 50 % topsoils + 50% jiffy media produced the highest 
rooting percentage, 60.0% compared to other media treatments. Muhamad Fuad et al. (2015) in his study 
used jiffy media in acclimatization of Eurycoma longifolia plants to increase the survival rates of the 
plants. The lowest rooting percentage was recorded by air layering using M4: 50% topsoil + 50% sawdust 
at 10.0% (Table 1). Sawdust was found to have high capacity in holding moisture and may contribute to 
low air porosity. Under this condition, the plants do not receive sufficient air and oxygen for respiration 
during the rooting process (Frenck and Kim, 1995). 
 
Table 1: Root percentage in air layering of Baeckea frutescens as affected by different media. 

 
 
 
 
 
 
 
 

Number of roots produced from layers for each treatment was significantly different. Figure 4 indicated 
that M5: 50 % topsoils + 50% jiffy gave the highest root numbers followed by M6: 50% top soil + 50% 
coconut husk. However, M1, M2, M3 and M4 showed no significantly differences in terms of their roots 
number. Combination of topsoil and jiffy composed of peat moss is also found to be the best rooting 
media for air layering of Guava (Psidium guajava) which is from the same family of B. frutescens 
(Rymbai and Sathyanarayana, 2010). This is due to its capacity to retain higher moisture retention with 
high porosity for better aeration. The finding was also similar with Singh and Jawanda, (1981) in 
propagation of Litchi species.  
 

Rooting media (v/v) Root percentage (%) 
M1: 100% topsoil (control) 40.0 
M2: 100% jiffy peat 30.0   
M3: 50% topsoils + 50% sands  40.0 
M4: 50% topsoil + 50% sawdust 10.0 
M5: 50 % topsoils + 50% jiffy 60.0 
M6: 50% top soil + 50% coconut husk   20.0 
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In terms of roots length, M4: topsoil + sawdusts (1:1) gave the highest roots length (7.80 cm), whereas 
M1: 100% jiffy gave the lowest roots length (2.45 cm). Jiffy composed of peat moss cells are thin-walled 
cells with large holes and their function is to absorb and transport water. However, it is important to keep 
the media wet in order to maintain the moisture condition and aeration (Lawson, 2017). Since Setiu, 
Terengganu is identified as dry area, jiffy media used in the study are exposed to heat, and therefore are 
not suitable for air layering propagation. Other than that, it is also suggested to use higher concentration 
of IBA hormone to stimulate faster growth of roots (Tyagi and Patel, 2004). The highest root diameter 
was also obtained from the propagation using M5: topsoil + sawdusts (1:1) at 0.79 mm. However it is not 
significantly different with M1, M2 and M4. Combination of media topsoil and coconut husk indicated 
the lowest roots diameter (0.56 mm).  
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
Figure 4: Roots number produced from six types of rooting media in air layering of Baeckea frutescens 

mother trees from Setiu, Terengganu. 
 

 
 

 

 

  
 
 

 

 

 

 

 

 

 

 

Figure 5: Roots length (cm) produced from six types of rooting media in air layering of Baeckea 

frutescens mother trees from Setiu, Terengganu.  
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Figure 6: Roots diameter (mm) produced from six types of rooting media in air layering of Baeckea 

frutescens mother trees from Setiu, Terengganu. 
 

Conclusion 

 

In conclusion, it can be stated that rooting media treatments have tremendous effect on the success of air 
layering in B. frutescens. The overall results obtained from this study revealed that the better rooting of 
air layering in B. frutescens when topsoil and jiffy are used as rooting media. However, further 
investigation should be carried out by studying the effects of different concentrations of IBA and time of 
layering. The results of the study will benefit the industries for quick and effective method in order to 
produce mass planting materials for the species. 
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Introduction 

 
The genus Gonystylus consists of about 30 species that are distributed throughout the Malesian region 
with the exception of Central and East Java and the Lesser Sunda Islands Eastward (Soerianegara and 
Lemmens, 1994). The distribution area extends towards the Solomon Islands, Nicobar and Fiji. The vast 
majority of species are found in Borneo (27 species), especially in Sarawak. Peninsular Malaysia and 
Sumatra come second with 7 species each (Whitmore, 1972), and the Philippines possess 2 species. Other 
areas are each occupied by a single species. According to Shaw (1954), Ramin is a local trade name for 
the species of Gonystylus bancanus, G. velutinus, G. intoranffius, and G. xylocaipus. However, in this 
study, ramin refers mainly to G. bancanus Kurz, a species that naturally grows in peat swamp forest 
(PSF) as its habitat. Six species are currently known to be commercially valuable. These species include 
G. affinis, G. bancanus, G. forbesii, G. macrophyllus, G. maingayi and G. velutinus. Gonystylus bancanus 
is the most commonly traded of the species. Due to the concern on unsustainable exploitation or 
harvesting of Ramin, an assessment to identify current distribution and ecological status of this threatened 
genus has been addressed. This will relate to the current status of growing stock, biological and ecological 
condition of Ramin. Forest ecosystems can modify the atmospheric carbon dioxide (CO2) through 
biomass accumulation mostly in tree stems with diameter at breast height (DBH) of ≥10 cm (Do et al., 
2017). Aboveground biomass increment (ΔAGB), and changes in stand AGB, number of stems and basal 
area (BA) were calculated from growth data of tree in tropical PSF, Pekan Forest Reserve (FR). Data 
were derived from a 1 ha permanent ecological plot established in 2016, where all stems with DBH ≥10 
cm were tagged, identified to species, and measured for DBH in 2017 and 2018.  
 
In Peninsular Malaysia, the extent of PSF coverage area was 255,080 ha (Forestry Statistics Peninsular 
Malaysia, 2014). Forestry Statistics showed that PSF coverage area under Permanent Reserve Forest by 
forest type in 2014 was as follow: Johor (5,429 ha), Pahang (140,830 ha), Selangor (82,890 ha), 
Terengganu (25,931 ha) using digital satellite data. No value was recorded in other states. The Southeast 
Pahang PSF (SEP PSF) is the largest remaining PSF in Malaysia. Khali et al. (2007) described stand 
characteristics of tree communities in Ramin-Bintangor forest subtype in SEP PSF as rich with 
commercial timber species To date, there were 93,477 ha of remaining virgin peat swamp under pristine 
condition in Peninsular Malaysia (IHN-5, 2014) Among prominent tree species normally inventoried in 
PSF are G. bancanus (Ramin melawis), Calophyllum ferrugineum (Bintangor gambut), Shorea 

platycarpa (Meranti paya), Tetramerista glabra (Punah), Durio carinatus (Durian paya), Koompassia 

malaccensis (Kempas), Syzygium sp. (Kelat), Santiria sp. (Kedondong) etc. Being listed as ‘critically 
endangered’ in the International Union for Conservation of Nature (IUCN) Red List of Threatened 
Species, it is crucial to conserve G. bancanus to ensure its survival and important growing stock, 
especially in swamp forest. Ramin has been listed on CITES Appendix II since 2005 to curb the illegal 
trade of the species and encourage the use of quotas and permits to the trade of the species in a range of 
countries, which are now thoroughly used and applied (CITES, 2005). 
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In this preliminary study, tree biomass and carbon (C) stock for G. bancanus in Pekan FR was quantified. 
The objectives of the study were: 
 
1. To conduct biomass and C stock assessment studies of G. bancanus in PSF in natural/pristine  

condition.  
2.  To quantify biomass accrual and C stock increment for tropical PSF. 
 

Materials and Methods 
 
The study site is located at Compartment 75, Pekan FR, in the Southeast of Pahang, Malaysia (Figure 1). 
Compartment 75 is a 200-ha area currently classified as “production forest” by Forest Department of 
Pahang.  
 
Ecological plot establishment 

 
Twenty-five (25) plots of 20 x 20 m were established for population profile assessments. It is important to 
acquire information and examine changes in forest structure and species composition through time, and to 
examine changes in stand density and basal area. All trees ≥10 cm DBH were measured to describe the 
stand structure and density. 

 

 
Figure 1: Establishment of 25 permanent plots sized 20 x 20 m in Compartment 75, Pekan FR, for 
 biomass assessment and C stock study. 
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Forest stand metrics 

 
All living trees and dead trees were enumerated in each plot. The merchantable height and DBH were 
recorded and metrics of abundance, including basal area and stand density, were also recorded. The 
growth parameter used for this study was DBH.  
 
Tree basal area and tree volume was calculated as follows:  
 
Basal area, ba = [π (DBH2)/40000] (unit in m2), 
Tree volume, vol = ba x mht x 0.65 (unit in m3), where mht is merchantable bole height in meters. The 
0.65 value is a presumed form factor applied to all trees (JPSM, 1997). Only trees with ≥10 cm DBH 
were analysed. 
 
Tree biomass and C stock 

 
Allometric function used for biomass calculation in tropical peat swamp was developed by Manuri et al. 
(2014) based on mixed species PSF and lowland dipterocarp forest in Kalimantan using three 
variables/predictors, namely DBH, merchantable height (H) and wood density (WD). 
 
Biomass (aboveground), AGB = AGB=0.0494 x D1.7961 X H1.2292x WD0.9170, DBH in cm, H in metre and 
WD as oven dry mass/fresh volume in (g/cm3), R2 = 99  
 
Biomass (belowground), BGB = 20.1% of AGB 
 
Total Plant Biomass = Biomass (aboveground) + Biomass (belowground) 
 
C stock was calculated by multiplying the sum of biomass with C fraction. The C fraction of dry matter in 
biomass used for this study is 0.47 (IPCC, 2006) 
 

Results and Discussion 

 
This paper highlights stand characteristics of a PSF based on our ecological plot established in VJR at 
Compartment 75, Pekan FR, Pahang. From the inventory, we recorded a total of 61 tree species from 48 
genera and 33 families among all trees of 10 cm DBH and above. In the 1-ha ecological plot, a total of 17 
of 465 trees enumerated were G. bancanus (Table 1).  
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Table 1: Flora inventory in Compartment 75 of PSF in Pekan FR, Pahang.  
Family Scientific name (Local name) No. of 

species 
No. of 
trees 

Anacardiaceae Campnosperma coriaceum (Terentang simpoh) 1 10 
Annonaceae Xylopia ferruginea (Jangkang) 1 7 
Aquifoliaceae Ilex cymosa (Mensirah) 1 14 
Bombacaceae Durio carinatus (Durian paya) 1 6 
Burseraceae Santiria rubiginosa (Kedondong kerantai), Santiria tomentosa 

(Kedondong bulu), Santiria laevigata (Kedondong kerantai licin), 
Dacryodes macrocarpa (Kedondong matahari), Dacryodes 

crassifolia (Kedondong matahari) 

5 36 

Calophyllaceae Calophyllum molle (Bintangor), Calophyllum ferrugineum 

(Bintangor gambut), Calophyllum sclerophyllum (Bintangor 
jangkang) 

3 51 

Celastraceae Lophopetalum multinervium (Mata ulat) 1 6 
Chrysobalanaceae Parastemon urophyllus (Nyalas) 1 18 
Ctenolophonaceae Ctenolophon parvifolius (Mertas) 1 1 
Dipterocarpaceae Shorea platycarpa (Meranti paya), Shorea leprosula (Meranti 

tembaga) 2 
15 

Ebenaceae Diospyros lanceifolia (Kayu arang), Diospyros maingayi (Kayu 
arang) 

2 9 

Elaeocarpaceae Elaeocarpus floribundus (Mendong)  1 8 
Euphorbiaceae Blumeodendron tokbrai (Gaham badak), Pimelodendron 

griffithianum (Perah ikan), Macaranga hypoleuca (Mahang), 
Neoscortechinia philippinensis (Agar-agar) 

4 15 

Fabaceae Koompassia malaccensis (Kempas), Dialium indum (Keranji paya) 2 13 
Fagaceae Lithocarpus ewckii (Mempening), Castanopsis sp. (Berangan) 2 7 
Guttiferae Cratoxylum formosum (Geronggang), Garcinia urophylla (Kandis), 

Garcinia parvifolia (Kandis) 
3 8 

Lauraceae Litsea grandis (Medang daun lebar), Actinodaphne sesquipedalis 

(Medang payung), Crytocarya impressa (Medang kunyit), Litsea sp. 
(Medang) 

4 14 

Malvaceae Heritiera elata (Mengkulang jari) 1 3 
Meliaceae Aglaia rubiginosa (Bekak), Sandoricum beccarianum (Sentol) 2 11 
Moraceae Parartocarpus venenosus (Ara bertih paya) 1 5 
Myristicaceae Gymnacranthera farquhariana (Penarahan), Horsfieldia crassifolia 

(Penarahan), Horsfieldia wallichii (Penarahan), Knema sp. 
(Penarahan), Myristica lowiana (Penarahan arang gambut) 

5 32 

Myrtaceae Syzygium cerinum (Kelat gelam), Syzygium kiahii (Kelat), Syzygium 

lineatum (Kelat), Syzygium napiforme (Kelat), Syzygium sp. (Kelat) 
5 71 

Ochnaceae Campylospermum serratum (Mata ketam) 1 2 
Pittosporaceae Pittosporum ferrugineum (Belalang puak) 1 1 
Rhizophoraceae Carallia brachiata (Meransi), Pellacalyx axillaris (Membuloh) 2 3 
Rubiaceae Diplospora malaccensis (Gading-gading) 1 2 
Rutaceae Maclurodendron sp. 1 3 
Sapindaceae Nephelium maingayi (Redan) 1 20 
Sapotaceae Pouteria maingayi (Nyatoh nangka merah) 1 10 
Sapotoideae Palaquium sp.(Nyatoh ) 1 2 
Stemonuraceae Stemonorus secundiflorus (Sampul keris) 1 30 
Tetrameristaceae Tetramerista glabra (Punah) 1 15 
Thymelaeaceae Gonystylus bancanus (Ramin melawis) 1 17 
Total 61 465 
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Stocking density was the highest in the DBH class of 55.0-69.9, represented by 10 stems (56.07%). Both 
basal area and volume were the largest in the DBH class 55.0-69.9 with 27.07m2/ha and 0.9282 m3/ha, 
respectively. The stocking density was relatively high out of the total for this DBH class which is 
considered mature trees. Basal area is useful measurement for site occupancy and to forecast future 
development of tree stand at a given time. Total basal area and volume was 30.56 m2/ha and 1.0465 
m3/ha, respectively (Table 2). Khali et al. (2009) recorded Ramin stocking in different compartment in 
Pekan FR in 2007 as follow: 25 stems/ha (Cmpt 100), 5 stems/ha (Cmpt 156) and 3 stems/ha (Cmpt 200). 
 
Table 2: Stand structure of Gonystylus bancanus by DBH classes in Compartment 75, Pekan FR, in 2017. 

DBH class (cm) Stocking density (stems/ha) Basal area (m2/ha) Volume (m3/ha) 
10.0-24.9 1 0.03 0.0003 
25.0-39.9 1 0.06 0.0008 
40.0-54.9 3 1.77 0.0600 
55.0-69.9 10 27.07 0.9282 
≥70 2 1.64 0.0572 
Total 17 30.56 1.0465 

 
Table 3 shows aboveground and belowground biomass according to DBH class. Total biomass was the 
highest in the DBH class of 55.0-69.9 (almost 66.77%). Regeneration will take longer duration for small 
trees (DBH 10.0-24.9 & 25.0-39.9) to reach mature phase. Total biomass and C stock contributed by this 
timber species were 35.45 t/ha and 19.15 t C/ha, respectively. A significant accrual of total biomass for 
the study area from 193.30 t/ha in 2017 to 248.03 t/ha in 2018 contributed almost 20% of overall biomass 
increment. On the other hand, the C stock estimated was 90.85 t C/ha in 2017 and 116.57 t C/ha in 2018. 
Previous study has not mentioned figure for any increment for biomass and C stock for G. bancanus in 
tropical peat swamp in Peninsular Malaysia.  
 
Table 3: Tree biomass for Gonystylus bancanus in Compartment 75, Pekan FR in 2017. 

DBH class (cm) Aboveground biomass (t/ha) Below ground biomass (t/ha) Total biomass (t/ha) 
10.0-24.9 0.19  0.04 0.22 (0.63%) 
25.0-39.9 0.43  0.09 0.52 (1.47%) 
40.0-54.9 2.70  0.54 3.24 (9.14%) 
55.0-69.9 19.71  3.96 23.67 (66.77%). 
≥70 6.49  1.31 7.80 (22%) 
Total 29.52  5.93 35.45 (100%) 

 
Under pristine condition, our ecological plot has the potential as a growing stock of G. bancanus since no 
forest harvesting activity has taken place at the study site. The measured Leaf Area Index (LAI) to 
characterize the forest canopy in Compartment 75 ranged between 3.5 to 3.69 indicating a relatively low 
canopy light conditions providing a suitable breeding ground for ramin seedlings since they are light-
intolerant during growing phase.  
 
Table 4:  Stand inventory (SI) and field survey for Gonystylus bancanus in Compartment 75, Pekan FR in    

year 2017 and 2018. 
Year Biomass (t/ha) Total C stock (t C/ha) Increment (t/ year) 
2017 35.45 (18.3%) 13.87 (15.2%) 11.22 t/ha (for biomass) 

5.28 t c/ha (C stock) 2018 48.93 (19.7%) 19.15 (16.4%) 
 
In a 2-year study period, the Ramin biomass accrued from 35.45 t/ha in 2017 to 48.93 t/ha in 2018 (Table 
4). The increment of 1.4% or 11.22 t/ha per year of total biomass in the study area is estimated from 
Ramin timber. The total biomass calculated for Compartment 75 (based on a 1-ha plot) is as follow: 
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193.30 t/ha in 2017 and 248.03 t/ha in 2018. C stock of 90.85 t C/ha in 2017 and 116.57 t C/ha in 2018 
showed a 1.2% increment. The diameter growth for Ramin ranged from 0.2 cm to 2.5 cm per year based 
on species inventory. 
 

Conclusion 

 
The accumulation of biomass during stand development was accompanied by C accretion stored at the 
study site under pristine condition. A series of diameter increment function should be developed to model 
Ramin growth in the future. Apart from tree diameter, mortality rate and stand recruitment (new growth) 
should be assessed simultaneously to determine forest productivity and stand dynamic in the long run.  
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Introduction 

 

Eucalyptus pellita is afast growing species that has been recognized as one of the potential plantation 
species in Sarawak. The species has attracted the attention of forest plantation industry in Sarawak 
because of its straight bole form with limited branching and well known to be more disease resistance. It 
has also been identified as an ideal species to complement native hardwoods for solid wood and 
appearance-grade veneer production (Hii et al., 2016). With the increasing interest on E. pellita by forest 
plantation industry in Sarawak, SARAWAK FORESTRY through its Planted Forest Research Program 
(PFRP) has carry out several R&D activitieson this species includingdeveloping suitable silvicultural 
technique to increase plantation productivity in which nutrient management is one of the vital 
components. Past research has indicated the important of applying fertilizer to increase Eucalyptus 
plantation productivity in Australia, South Africa, China, Indonesia and Sabah (Mendhamet et al., 2008; 
du Toit et al., 2010; Siregar et al., 2015). Although E. pellita is well researched and documented in some 
other country like Australia, not much field study has been carried out in Sarawak to demonstrate its 
nutrient requirement under local condition. As such, under the PFRP, six fertilizer trials have been 
established at different location in Sarawak to study the growthresponse of E. pellita to different fertilizer 
application. 
 
Materials and Methods 

 
Seven trial plots have been established between 2016 and 2017 at five different locations in Sarawak 
using open planting technique. The study site comprised of mineral soil and peat soil respectively. The 
details of each plot are shown in Table 1.  
 
Table 1: Summary of location, date of establishment, soil type and fertilizer treatment for each of trial 

plot. 
No Location Date planted Soil type Fertilizer Treatment 
1 Tg Manis 1, Sibu 18 /5/16  Peat soil 14N, 26P, 1B  
2 Sempadi1, Kuching 27/8/16  Mineral soil 14N, 26P, 1B  
3 Naman, Sibu 10/10/16  Peat soil 14N ,26P, 15K, 1B & other micro 
4 Tg Manis 2, Sibu 17 /1/17  Peat soil 14N, 26P, 15K, 1B & other micro  
5 Sempadi 2, Kuching 10/2/17  Mineral soil 14N, 26P, 15K, 1B & other micro  
6 Seping, Bintulu 15/4/17  Mineral soil 14N, 26P, 15K, 1B  
7 BTSS, Bintulu 10/10/17  Mineral soil 14N, 26P, 15K & other micro 

 
The trials were established in Randomized Complete Block design with four replicates. Each treatment 
plot consisted of 5 rows x 5 trees at 3m x 3m spacing and only 14 inner trees were assessed. For all the 
trials, N was applied in a form of urea, TSP for P, while K is applied in a form of MOP. Early assessment 
is only based on height (m) and DBH (cm). Effect of treatments on the parameters were analysed in 
ANOVA at 95% confidence level and further mean comparisons were carried out using Duncan Test.  
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Results and Discussion 

 

Early assessment showed that application of Phosphate (P) during planting gave a significant growth 
response to E. pellita tree planted at mineral soil. In all four trials planted at mineral soil, trees applied 
with single or combination of P ranked significant higher in term of height and DBH as compared to 
control and fertilizer treatment without P. A very significant result can be observed at 20 months old plot 
in Sempadi-1 in which all the treatment without P ranked the lowest with a significant height and DBH 
different (Table 2). Another plot was established at Sempadi and BTSS in 2017 that include additional of 
micronutrient fertilizer in the treatment. For both trials, treatment with application of single N was 
excluded since the results from the earlier trials showed that it has no significant effect to the growth of E. 

pellita. Assessment from trial plot in Sempadi-2 showed that combination of P with Zn and Cu gave the 
highest mean height and DBH with 6.51m and 6.07cm respectively after 1-year planting. However, it was 
not significantly different with single P treatment that ranked second, which attained 6.39 m mean height 
and 6.04 cm DBH. Summary of results is shown in Table 3. For both trials, additional of other different 
micronutrient does not demonstrate any significant higher results than treatment with macronutrient only. 
Nevertheless, regardless the type of treatment, all trees that applied with fertilizer gave a significant 
higher growth as compared to control. 
 
Table 2: Summary of 20 months old E. pellita planted at Sempadi-1 trial plot.     

Rank (on height) Treatment Height (m) DBH (cm) 
1 P only 6.74a 6.90a 
2 N+P+B 6.68a 6.76a 
3 N+P 6.13a 6.39a 
4 N only 4.26b 3.82b 
5 Control 4.23b 3.55b 
6 B only 4.10b 3.72b 

*Treatments that do not share a common letter are significantly different. 

 

Table 3: Summary of 12 months old E. pellita planted at Sempadi-2 trial plot. 
Rank (on height) Treatment Height (m) DBH (cm) 
1 N+P+Zn+Cu 6.51a 6.07a 
2 P only 6.39ab 6.04a 
3 N+P+K 6.31abc 5.96a 
4 N+P+Cu 6.24abc 5.96a 
5 N+P 6.00abc 5.92a 
6 N+P+B 5.82abcd 5.83a 
7 N+P+Fe 5.72bc 5.66a 
8 N+P+Zn 5.64bc 5.74a 
9 N+P+Mg 5.58cd 5.38ab 
10 N+P+DuoB 4.91d 5.13b 
11 Control 2.80e 2.40c 

*Treatments that do not share a common letter are significantly different. 

 

Meanwhile, inconsistent results were found at trial plots planted in peat soil area. First trial of peat soil 
area was established in 2016 at Tanjung Manis, which only include single or combination of N, P and B 
as treatment. It was found that application of fertilizer at early planting does not affect the growth of E. 

pellita tree. With control ranked first, the 2-years E. pellita did not show any significant growth response 
to the application of fertilizer at planting (Table 4). Meanwhile, like other trials at mineral soil, the results 
obtained from the peat soil area also demonstrated the insignificant of single N application to the early 
growth of E. pellita. The same trend was also found at another peat soil area in Naman (Table 5) Second 
trial in Tanjung Manis was established in 2017 as repetition to the first trial with micronutrient treatments 
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were included. As shown in Table 6, the 1-year results also showed that Control was not ranked the 
lowest, while single N treatment at early planting also not given any significant effect to the growth of E. 

pellita. Moreover, similarly with trial at Sempadi-2, treatment with Cu also ranked higher than other 
micronutrient. 
 
Table 4: Summary of 24 months E. pellita planted at Tanjong Manis-1 trial plot.    

Rank (on height) Treatment Height (m) DBH (cm) 
1 Control 6.81a 8.01a 
2 N+P only 6.78a 7.91a 
3 N+P+B 6.53a 7.78a 
4 P only 6.51a  7.98a 
5 N only 6.30a  7.20a 

*Treatments that do not share a common letter are significantly different. 
 

Table 5: Height (m) and DBH (cm) of 12 months old E. pellita planted at Naman trial plot. 
Rank (on height) Treatment Height (m) DBH (cm) 
1 K only 4.60ab 4.79a 
2 N+P+K 4.36ab 4.49ab 
3 P only 4.29ab 4.56a 
4 N+P+K+B 4.28ab 4.59a 
5 Control 4.24abc 4.47ab 
6 Compound NPK 4.22abc 4.36abc 
7 N+P+K+B+MM 4.14abc 4.16abcd 
8 N+P 3.72bc 3.74bcd 

9 N only 3.70c 3.72cd 

*Treatments that do not share a common letter are significantly different. 
 

Table 6: Height (m) and DBH (cm) of 12 months old E. pellita planted at Tanjung Manis-2 trial plot. 
Rank (on height) Treatment Height (m) DBH (cm) 
1 N+P+Cu 6.02a 6.79a 
2 N+P+B+Zn 5.81ab 5.82bc 
3 N+P+Zn+Cu 5.31bc 5.35cd 
4 N+P+B 5.15cd 5.10cde 
5 K only 5.00cd 4.95de 
6 Control 4.99cd 4.84def 
7 N+P+K 4.65de 4.90de 
8 N+P 4.65de 4.45ef 
9 N+P+Zn 4.64de 4.72def 
10 N+P+Fe 4.60de 4.91de 
11 P only 4.27e 4.33ef 
12 N+P+Mg 4.21e 4.03f 

13 N only 4.13e 4.25ef 

*Treatments that do not share a common letter are significantly different. 
 

Conclusions 

 
The results from this study demonstrated that applying fertilizer especially Phosphate is critically 
important to increase tree growth. Although some of the nutrient like Nitrogen and Boron showed no 
benefit when applied as a single treatment, combination of these nutrients with Phosphate also may 
significantly increase the growth of E. pellita. More study will be done to determine the need for re-
application of the critical fertilizer as well as the amount for optimum productivity until the trials ready 
for harvesting. 
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Introduction 

 
Shorea roxburghii or also known as white meranti or meranti temak nipis is belongs to the family of 
Dipterocarpaceae. The species is native to Southeast Asia region such as Peninsular Malaysia, Thailand, 
Cambodia, Vietnam, Laos, Myanmar and east of India (Pooma et al., 2017). It can be found in lowland 
dipterocarp forest, semi-evergreen forests and limestone forests (Chua et al., 2010). It has been reported 
that this species can grow up to 40 m tall (Raju et al. 2011) and highly tolerant to hot weather conditions 
(Pooma et al., 2017).  
 
Generally, this species is harvested for its timber and resin (Pooma et al., 2017). In Malaysia, even though 
logging activities have been recorded, the data from the Peninsular Malaysia Fourth National Forest 
Inventory in 2007 showed approximately 232, 200 stems with a diameter at breast height above 30 cm 
(Chua et al., 2010). The IUCN Red List classified S. roxburghii as Vulnerable (VU) species (Pooma et al., 
2017) but under Malaysia Plant Red List, this species is classified as Near Threatened (NT) (Chua et al., 
2010).  
 
Pooma et al., (2017) has suggested that the ex situ collections of S. roxburghii should be made. 
Furthermore, the species has also been identified as a conservation priority in Southeast Asia. Monitoring 
and management of the harvest of this species have also been recommended in order to ensure the 
sustainability. 
 
Thus, an improvement through selection of plus tree study has been initiated with the main objective to 
provide high-quality planting materials needed for the plantation industry. Plus tree is defined as the 
selected tree that has been graded for the sources on production for further breeding study (Hettasch et al., 
2002). However, the genetic superiority of the selected plus tree is still needed to be tested. But, the 
probabilities of the progenies from selected plus tree to have good genotype is high due to reasonable 
heritability. Seeds collected from the selected plus tree is grown and planted in progeny trial. 
Conceptually, in progeny trial, the seedlings are planted in the replicated field trial. Growth performance 
of the trial is evaluated regularly. On the other hand, the established trial plots can be converted into a 
Seedlings Seed Orchard (SSO) in the future. 
 
Materials and Methods 

 
Selection of superior plus tree 

 

Initially, 51 Candidate Plus Trees (CPTs) were selected for grading. Among the criteria used for the 
assessment are height, diameter at breast height, crown size, straightness, stem form, crown dominancy, 
angle of the third branch, size of the third branch, the ability of the tree to self-pruning, non-forking, and 
wood properties. The data were recorded on standard tree grading form and the assessment was made 
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based on the scoring. The sampling activities were conducted at natural forest areas in Perlis as S. 

roxburghii is native to north Peninsular Malaysia. The GPS coordinate of the locations was also recorded. 
 
Seeds germination  

 

A total of 27 plus trees were selected out of 51 CPTs, based on the tree grading evaluation. Seeds were 
collected at the end of April 2017. Seeds obtained were about 600 gto 5 kg depending on the families (1 
kg contains about 1000 seeds). After dewinging, seeds were germinated on 100% sand bed. The seeds 
were considered germinated when the plumule emerged from the sowing media. For each family, a total 
of 100 seeds were evaluated to determine variations among the families’ germination rate. Growth data 
(height) was taken started in the first month after there was no further seeds germination and every three 
months before planting. 
 
Table 1: Details of the 27 selected mother trees.  

No. Family Longitude and latitude Altitude 

1 RTN 4 N6 33.085 E100 14.289 36 m 

2 RTN 5 N6 33.210 E100 14.318 53 m 

3 RTN 11 N6 30.871 E100 14.618 27 m 

4 RTN 16 N6 29.671 E100 13.907 22 m 

5 RTN 22 N6 39.228 E100 14.828 64 m 

6 RTN 23 N6 39.392 E100 18.941 66 m 

7 RTN 27 N6 39.198 E100 14.872 59 m 

8 RTN 28 N6 39.165 E100 14.870 62 m 

9 RTN 31 N6 39.259 E100 14.951 61 m 

10 RTN 33 N6 39.333 E100 15.079 74 m 

11 RTN 34 N6 39.282 E100 14.889 63 m 

12 RTN 35 N6 39.429 E100 14.760 57 m 

13 RTN 36 N6 39.430 E100 14.788 58 m 

14 RTN 37 N6 39.660 E100 14.592 60 m 

15 RTN 38 N6 39.223 E100 13.728 -3 m 

16 RTN 39 N6 39.253 E100 13.544 22 m 

17 RTN 40 N6 39.287 E100 13.556 35 m 

18 RTN 42 N6 39.064 E100 14.202 51 m 

19 RTN 43 N6 39.060 E100 14.217 53 m 

20 RTN 44 N6 39.165 E100 14.114 62 m 

21 RTN 45 N6 39.371 E100 13.984 55 m 

22 RTN 46 N6 39.017 E100 14.279 54 m 

23 RTN 47 N6 36.197 E100 12.923 49 m 

24 RTN 48 N6 35.820 E100 13.072 43 m 

25 RTN 49 N6 31.840 E100 12.964 26 m 

26 RTN 50 N6 38.992 E100 14.403 59 m 

27 RTN 51 N6 39.165 E100 14.224 39 m 
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Planting activities at three different locations 

 

At the age of one-year old, the seedlings were planted at FRIM’s research station (SPF), Mata Ayer 
(Perlis) and Jeli (Kelantan). Planting activities at both sites were conducted at the onset of rainy season. 
Another respective location is at SPF Setiu (Terengganu) but the planting activities have been held due to 
extremely hot weather conditions. Planting activities at Setiu site were then commenced on October 2018. 
The progeny trial plots were laid out in Randomized Complete Block Design (RCBD) with four trees per 
family (27 families in total), replicated by 12 blocks, by the distance of 4 x 4 m, making the total number 
of trees planted were 1296 trees with the total areas of 2.1 ha.  
 
The three locations were selected based on the different environmental and soil properties. SPF Mata 
Ayer has sandy loam type of soil, extremely hot weather condition, and most importantly north Peninsular 
is native to S. roxburghii. Second, SPF Jeli, on the other hand, has silty clay loam type of soil and higher 
annual rainfall. Third, the main reason for choosing SPF Setiu is to experiment with the Beach Ridges 
Interspersed with Swales (BRIS) type of soil. 
 
Statistical analysis 

 

For phenotypic assessment of superior plus tree, each mother tree was evaluated and graded based on 
superior plus tree grading criteria’s; straightness, stem form, forking, crown size (measured using haglof 
metre for distance, the average of X and Y axis), crown dominancy, the size of the third branch and the 
angle of the third branch. Each criterion was given a score based on the following index:  

(i) Straightness   1 to 4 
(ii) Stem form   1 to 4 
(iii) Forking    1 to 4 (1 = ¼ ; 2 = ½ ; 3 = ¾ ; 4 =  top) 
(iv) Crown dominancy  1 to 3 (1 = lower, 2 = equal, 3 = dominant) 
(v) Size of the third branch   1 to 4 (1 = ½ - ¾ ; 2 = ½ ; 3 = ¼ - ½ ; 4 = ¼ ) 
(vi) Angle of the third branch 1 to 4 (1 = 25˚; 2 = 45˚; 3 = 65˚; 4 = 90˚) 

The scores assigned for the selected Candidate Plus Tree (CPT) were then calculated in percentage (%). 
 
Seeds viability were assessed based on the complete count of germinated seeds originally sowed for each 
family. Germination rate was recorded every week once the seeds started to germinate until there was no 
further germination observed. Growth performance based on height (cm) data at 10 months old were 
analysed using the Statistical Package for the Social Sciences (IBM SPSS Statistics 22). Analysis of 
Variances (ANOVA) was used and variations among families were evaluated by Tukey post-hoc test.   
 
Results and Discussion 

 
Phenotypic assessment 

 

Selected mother trees for seeds sources scored ranged from as high as 86.3% (RTN 40) and as low as 
66.3% (RTN 4) (Figure 1). The ideal plus tree based on phenotypic characteristics; has non-forking, 
straight stem, non-twisting bole, narrow crown, and thin branches with wide branch angle. Additionally, 
the ideal plus tree also has good wood properties (high wood density and long fibre) and resistance to 
pests and diseases. These additional criteria, usually being tested on the sites after the trial plots 
establishment. On the other hand, the main reasons for the unselected CPTs are the forking traits, poor 
stem form, and poor straightness. 
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Nevertheless, in conducting tree grading for selection of plus tree, the experienced grader is needed. This 
is due to the scoring marks in the tree grading form were determined by the grader. In our study, the 
grading of CPTs was conducted by two experienced foresters with the supervision of the experienced 
researcher. All the CPTs were evaluated by the same grader to avoid subjective views of different 
individuals. 
 
Viability and germination rate 

 
Based on the observation, the seeds started to germinate in the second week and most of the families 
showed vigorous germination rate in the third week (Figure 2). During the third week, 87% of the seeds 
from family RTN 11 has already germinated and the family also has the highest viability rate, 97%. The 
lowest viability rate is family RTN 36 with 51%. 
 
 

 
Figure 1: Total score (%) of 27 selected mother trees based on tree grading system. 
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Figure 2: Germination rate (%) of 27 families of S. roxburghii. 

 

Growth performances of S. roxburghii seedlings at 10 months old 

 

ANOVA on the growth trait of height (cm) showed a highly significant difference among the 27 half-sib 
families (Table 2). RTN 45 showed the highest height (52.35a) of all 27 families (Table 3). The mean 
indicated that the RTN 45 family significantly performed better compared with other families.  
 
Table 2: Analysis of Variance.  

  
Sum of Squares 
 

     df 
 

Mean 
Square 

F 
 

    Sig. 
 

Between 
Groups 

120685.729 26 4641.759 60.631  .000* 

Within 
Groups 

135659.070 1772 76.557     

Total 256344.799 1798       
*- significant (p≤0.05). 
 
Tukey’s HSD test showed that the top four families (RTN 45, RTN 44, RTN 48 and RTN 51) and the 
lowest scored family (RTN 28) significantly differed among the 27 families. However, there was no 
significant difference among the families RTN 44, RTN 48 and RTN 51. Whereas for the rest of the 
families, there was a slightly significant difference in height (Table 3). 
 
Seedlings from each family used for planting activities, however, were selected uniformly based on 
height, healthy leaves and free from pests and diseases. This practice was to ensure that there will be no 
initial variation on the growth of the seedlings. 
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Table 3: Mean for height (cm) of 27 half-sib families at 10 months old after germination. 
No. Family 

 
N 
 

Mean* 
 

± STDEV 
 

1. RTN 45 80 52.35a 15.05 

2. RTN 44 61 35.93b 8.86 

3. RTN 48 74 35.52b 12.35 

4. RTN 51 85 35.31b 12.15 

5. RTN 47 59 33.36bc 9.91 

6. RTN 50 77 32.46bcd 10.08 

7. RTN 49 50 29.04cde 10.45 

8. RTN 43 73 28.85cde 8.78 

9. RTN 38 58 27.73cdef 12.66 

10. RTN 40 79 27.35defg 8.24 

11. RTN 39 81 26.72efgh 11.39 

12. RTN 46 63 25.61efghi 7.03 

13. RTN 22 76 24.00efghij 6.70 

14. RTN 4 49 23.01fghijk 6.75 

15. RTN 35 63 21.81ghijk 5.74 

16. RTN 16 78 21.61hijkl 6.29 

17. RTN 23 55 21.05hijkl 5.08 

18. RTN 33 53 20.06ijkl 6.45 

19. RTN 31 81 19.92ijkl 6.20 

20. RTN 27 57 19.88jkl 6.97 

21. RTN 36 43 19.77jkl 6.12 

22. RTN 11 93 19.75jkl 7.14 

23. RTN 42 64 19.25jkl 7.69 

24. RTN 34 66 18.46jkl 5.71 

25. RTN 37 57 17.96kl 5.93 

26. RTN 5 76 17.57kl 5.23 

27. RTN 28 48 16.38l 5.09 

*Mean with the same alphabet showed no significant difference at 0.05. 
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Establishment of the progeny trial plots 

 

Progeny trial plots at SPF Jeli and SPF Mata Ayer were established during the early and end of May 
2018, respectively. As the planting activities at SPF Setiu was conducted in October, once the rainy 
season has started, initial growth data was taken immediately after the planting activities were done, 
following by every three months interval. 
 

 
Figure 3: Progeny trial plot of S. roxburghii at SPF Jeli (Kelantan), the different colour of blocks 

indicated different replicates and the level of blocks represented the different geographical 
locations. 

 

 
Figure 4:  Progeny trial plot of S. roxburghii at SPF Mata Ayer (Perlis), the different colour of blocks  
 indicated different replicates. 
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Figure 5:  Progeny trial plot of S. roxburghii at SPF Setiu (Terengganu), the different colour of blocks 

indicated different replicates. 
 

Conclusion 
 

The establishment of the progeny trial plots of S. roxburghii is an effort to improve the quality of the 
planting materials. This is also an effort to introduce the indigenous species for industrial scale plantation 
in the long run. Furthermore, these trial plots have the capacity to be converted into a Seedlings Seed 
Orchard (SSO) which would provide selected materials (seeds sources) for future studies and also as 
conservation plots. 
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Introduction 

 

Thaumatococcus daniellii is a Marantaceae species known with various local names such as katempfe, 
miracle berry, miracle fruit or prayer plant (Lim, 2012). This species is originated from the tropical forest 
of West Africa and found abundantly on forest floor under forest canopies (Lim, 2012 and Yeaboh et al., 
2002). The species was introduced to many tropical countries such as Australia and Malaysia mostly for 
landscape purposes (Waliszewski et al., 2005). Thaumatococcus daniellii is a natural sweetener species 
with wide application as sweetener agent and flavour enhancer (Keerthi et al., 2011). It is also a 
multipurpose species with many plant parts are used for various purposes such as leaf (food wrapping, 
herbs), petiole (pulp, mat woven), root and rhizome (herbs) (Ogunsanwo et al., 2012; Shalom et al., 2014; 
Sotannde and Oluwadare 2014). All these products provide additional income to local people which can 
be as high as up to USD 12,310.24 per hectare (Boadi et al., 2014; Oluwatayo, 2014; Arowosoge and 
Popoola, 2006).  
 
The fruit consists of fleshy arils enclosing black hard seed which contain sweetening agent known as 
thaumatin with the degree of sweetness ranging from 1000 to 3000 times sweeter than sucrose (Surana et 
al., 2006; Lim, 2012). As a forest floor species, it grows well under low to moderate irradiance regimes 
(Waliszewski et al., 2012). Akinleye and Omolara (2012) found that irradiance significantly increased the 
growth performance of T. daniellii grown in Ibadan, Nigeria with total biomass production and leaf area 
increased under 45% and 65% irradiance regimes. However, under irradiance extremes, the growth tends 
to be reduced or stunted (Waliszewski et al., 2005).  
 
The long-term objective of this study is to introduce this species into an existing plantation as an intercrop 
that could generate additional income to smallholder farmers. Rubber plantation seems to be a potential 
candidate because of the suitable light environment (Mohamed Senawi et al., 2001), and furthermore it is 
dominated by smallholder’s sector that contribute about 88% of the total Malaysian rubber production 
from the cultivation area of 0.99 Mha. Crop integration within rubber has been a common practice within 
smallholders as a source of additional income in this country and various types of intercropping and its 
economic benefit have been reported (Abdul Ghani and Zulkefly, 2003).  
 
The information on the cultivation of T. daniellii as a commercial crop is limited (Yeaboah et al., 2002). 
However, Waliszewski et al. (2005) had gathered some basic information pertinent to cultivation 
practices by interviewing plant collectors and farmers in Ghana which can be used as cultivation 
guidelines of T. daniellii as a commercial crop. Recently, it was shown that T. daniellii was successfully 
cultivated as an intercrop in rubber and cocoa plantations in Cameroon (Waliszewski et al., 2012).  
 
The objective of the study was to make comparative assessment of the overall growth and physiological 
performance of this species under local environment with those grown under the native habitat. 
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Materials and Methods 

 

The experiment was carried out on a small population of this species currently thriving vigorously under 
forest canopy at the Taman Botani Negara Shah Alam, Selangor (TBNSA), from 2013 to 2014. Ten 
clumps of various sizes ranging from 5 to a maximum of 76 tillers per clump were randomly selected 
from a natural population within a 0.05 ha of study area. 
 
Photosynthetically active radiation (PAR) characterization 

 

The irradiance environment within the forest floor at TBNSA varied greatly depending on canopy gaps 
and the vegetation types. To precisely characterise the irradiance environment within this forest floor, the 
irradiance measurements were carried out diurnally using thirty-five of three point transects to cover the 
whole of the experimental area. Photosynthetically active radiation (PAR) was measured using a 
ceptometer (LP-80, Decagon, Pullman, USA). The PAR transmission ratio measurements were calculated 
based on the ratio between the irradiance impinging on canopy top of T. daniellii grown on the forest 
floor with the irradiance under the open area with clear sky, using the formula;[(PAR above T. daniellii 
canopy - under forested area)/(PAR in the open clear sky) x 100]. 
 
Growth performance 

 
Ten clumps were selected from the experimental area and different growth characteristics such as plant 
height (cm), and numbers of tiller, shoot bud, inflorescence and fruit were recorded. The plant height (cm) 
was measured using the tallest tiller in a clump. The various plant parts were separated, and biomass 
samples were oven dried at 72ºC for 48 hours for dry mass determination. Leaf area was measured using 
an image capturing method of Adobe Photoshop CS6 following Jarou (2009). 
 
Physiological performance 

 
Seven matured clumps were used for physiological measurements. The relative chlorophyll content of 
four fully matured expanded leaves were measured by averaging 6 readings per leaf sample, using a 
chlorophyll meter (SPAD 502 Plus, Minolta, Japan). Whilst, stomatal conductance (gs) was measured 
diurnally, from 0800 to 1800 hr, using a steady state leaf porometer (model SC-1, Decagon, USA).  
 
Fruit components and yield 

 
Fruits were collected from populations grown naturally without any proper cultural practices at two 
different locations; Taman Botani Negara Shah Alam (TBNSA) and Kebun Rimau Sdn. Bhd., Balong, 
Tawau, Sabah. Most of the fruit samples were obtained from the experimental area. Fruits were separated 
into various components and biomass was determined after oven dried at 72ºC for 48 hours. Fresh weight 
basis was also determined for overall fruit and aril components.  
 
Results and Discussion 

 

Photosynthetically active radiation (PAR) characterization 

 
Irradiance is important as an energy sourcefor many physiological processesin plant andmay become a 
limiting factor under shade environment. T. daniellii grew vigorously under forested area in the natural 
environment at the Taman Botani Negara Shah Alam (TBNSA) with photosynthetically active radiation 
(PAR) transmission ratio between 30 to 50% diurnally (Figure 1). Based on overall crop response to 
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irradiance (Figure 2, 3, 4 and 5), this species has a great potential to be introduced as an intercrop under 
major plantation crops with similar level of irradiance environment. Oil palm and rubber are the two 
major plantation crops in Malaysia, with total planting area of 5.8 Mha and 1.1 Mha, respectively (Mohd 
Azraie, 2018 and Lembaga Getah Malaysia (LGM), 2018). The canopy gaps of rubber trees are generally 
getting smaller and eventually closed as plants aged. Depending on the planting system and stand density 
used, rubber canopies are considered less dense with PAR transmission ratio varied between 20 to 50%. 
Some species may be suitable to be introduced within rubber ecosystem as an intercrop especially from 
the ginger species (Langenberger et al., 2016). Thaumatococcus daniellii has been shown to grow well 
and successfully established under rubber plantation in Africa (Waliszewski et al., 2012). However, under 
oil palm plantation, with denser canopy gaps, a PAR transmission ratio was generally much lower ranging 
between 5 to 30% (Abdul Awal et al., 2005) which may not be suitable for successful growth of T. 

daniellii. 
 

 
Figure 1: Diurnal PAR transmission ratio on the forest floor at TBNSA. 
 

Growth and biomass production 

 
The overall growth of T. daniellii was generally prolific under the forest floor environment receiving 30 
to 50% of diurnal PAR transmission ratio. Based on the vigorous growth of the species grown under this 
growing environment, it is assumed that this local environmental condition similar the native habitat of 
the species in the West Africa (Waliszewski et al., 2005). The plant or clump increases in size through an 
increase in tiller number, and tiller number increased through self-propagating rhizome as the crop aged 
(Figure 2). Each tiller consisted of short stem (Ley and Claßen-Backhoff, 2012), long petiole, pulvinus 
and a single large, ovate dark green leaf blade (Andersson, 1998 and Tomlinson, 1961). A tiller with a 
fully expanded matured leaf was referred as a functional tiller while the folding, unopened light green leaf 
and without visible petiole was designated as shoot buds (Figure 3). The reproductive structures such as 
fruit and flower were only found on clumps with thirty or greater tiller number. Clumps with higher 
functional tiller number resulted in greater plant height ranging from 0.3 to 2.5 m (Figure 2).  
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Figure 2:  Growth performance of T. daniellii under forested area, as indicated by number of leaf, shoot     
     bud, flower, fruit and plant height in relation to functional tiller number. 

 

 
Figure 3: Morphological characteristic of selected clump of T. daniellii. 

 
Total leaf area and biomass production of various plant parts increased linearly as the number of 
functional tillers increased (Figure 4a). The clump with highest functional tiller number (68) had the 
maximum biomass of about 1.1 kg and leaf area of 4.6 m2 whilst the smallest clump with only five tillers 
had the lowest biomass production of 5.37 g and leaf area of 0.06 m2 (Figure 4a). Similarly, with the 
incremental pattern of total biomass, the rhizome dry mass increased with increasing in clump size, 
ranging between 1.8 to 84.1 g (Figure 4a). Clumps with more than 25 tillers showed significantly greater 
biomass allocation to the aboveground than to the belowground (Figure 4b). In general, both above and 
belowground biomass per clump basis also exhibited increasing trend with an increase in functional tiller 
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number (Figure 4b). The amount of reproductive biomass observed in the clump with highest tiller 
number was relatively small, ranging from 0.6 to 1.65g (Figure 4a). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Dry mass of (a) various plant parts (leaf, petiole, shoot, rhizome, root and reproductive) and leaf 

area, (b) total, above and belowground, dry mass in relation to functional tiller number. 
 
Thaumatococcus daniellii is considered as a shade loving species in which growth is most favourable 
under moderate shade level (Waliszweski et al., 2005; Most et al., 1978), however, under irradiance 
extremes such as heavy shade or full sun, the growth may be inhibited or stunted. Under favourable 
condition, the plant produces dark green, hard textured matured leaf with petiole length ranged between 2 
to 3 m (Waliszewski et al., 2005; Lim, 2012). The irradiance level within the forest floor varied 
depending on the canopy denseness of the above upper strata. Areas where irradiance was limited, the 
plants adapted by producing many tillers with new developed tillers were usually taller than those formed 
earlier. This is a form of plant strategy to ensure enough irradiance is captured by newly formed leaves to 
sustain growth, similar observation was also reported under species native environment in the West and 
Central Africa (Waliszewski et al., 2005). Other shade loving or understory species also increased their 
plant heights in response to the irradiance limitation to ensure sufficient irradiance for normal 
photosynthesis process (Vikram and Hedge, 2014; Kittur and Sudhakara, 2015; Santelices et al., 2015). In 
general, clumps with more than 30 tillers were considered matured and enter the reproductive phase. At 
this stage, the rhizome is considered fully matured and each tiller capable of producing flower and fruit 
(Waliszewkiet al., 2005; Most et al., 1978). The flowers were formed in a complex synflorescene, 
consisting of several to three inflorescences (Andersson, 1998; Tomlinson, 1961), and emerge from the 
lowest node of the short stem (Ley and Claßen-Backhoff, 2012). The onsets of reproductive stage when a 
clump has more than thirty tillers were also reported in the native area. Once the clump enters into 
reproductive stage, the plant will continue to flower and bear fruits twice per year especially after the 
rainy season (Waliszewski et al., 2005). 
 
Physiological performance 

 

In general, stomata conductance was higher during midday with values ranging between 140 to 400 
mmolm-2s-1 as compared to morning and afternoon readings (Figure 4a). A regression of pooled data of 
stomatal conductance with air temperatures (Figure 4b) indicated the decrease in stomata conductance 
was associated with an increase in temperature. Temperature below 30°C is suitable for better growth of 
the plant. The specific leaf weight (SLW) increased linearly with an increase in SPAD value (Figure 4c). 
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Higher SLW of greater than 60 gm-2 corresponded to SPAD value of above 50, while SLW lower than 60 
corresponded to lower SPAD value below than 50. 

a. Diurnal stomata conductance
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Figure 5: Physiological performance of T. daniellii grown under forested area, a) Diurnal stomata 

conductance, b) Relationship between stomata conductance and temperature and c) 
Relationship between SPAD value/reading and SLW.  

 

The leaf chlorophyll content as reflected by the SPAD value increased with the increase in SLW, this 
could be accomplished by thicker leaf width due to leaf structural or anatomical changes as the result of 
the surrounding growth irradiance. Stomata responsible for plant and environment gas exchange and 
stomata regulation are affected by several factors such as irradiance intensity and quality, temperature, 
carbon dioxide concentration and relative humidity (Taiz and Zeiger, 2008). The increase in irradiance 
level was reported to increase the stomata conductance of several shade loving species (Yasuhiko, 2013; 
Gaurav et al., 2015). 

 

Fruit component and yield 

 
Matured fruit of T. danielii is red coloured with black hard seed covered with a layer of sticky and 
transparent gel. At the top end of the seed is a soft fleshy aril with pale yellow in colour. The fruit 
maturity period varies with environmental factors as well as fruit size (Waliszewski et al., 2005). Each 
fruit may contain one, two or three seeds, however, one seeded fruit is the most commonly found (Table 
1). Seed constitute the biggest component of the fruit drymass with a range of 0.6 to 1.7 g, while aril is 
the smallest component of the fruit (Dahal and Xu, 2012) with fresh weight values ranging between 0.6 to 
1.8 g (Table 1) but it is the most valuable part due to its sweetening protein thaumatin content. The fresh 
weight of aril, however, increased with the increase in the seed number (Table 1). In this study, fruits 
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obtained from Balong, Sabah where T. daniellii were grown under shade of teak and agarwood species 
(Tectona and Aquilaria) were compared with fruits from the Botanical Garden Shah Alam. Generally, 
fruits from both locations did not differ very much with respect to biomass allocation within fruit 
components (Table 1). There was a linear positive relationship between fruit and aril on the fresh weight 
basis, where an increase in the total fresh weight increased the aril fresh weight content (Figure 6). Other 
fruit parts such as pericarp and seed also have the potential to be used as animal feed (Elemo et al., 2011).  
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Figure 6: Relationship between fresh weight fruit and fresh weight aril (TBNSA).  

 
Table 1: Descriptive statistics of biomass components of T. daniellii’s fruits grown at two different 

locations (TBNSA and Balong, Tawau, Sabah). 
Area TBNSA Balong, Sabah 

Total average 
Seed number 1 2 3 Overall 

fruit 
average 

1 2 3 Overall 
fruit 
average 

Fruit number/area (n) 148 79 32 259 5 10 5 20 
Fresh weight fruit (g) 9.06 

±0.74 
14.15 
±1.6 

17.8 
±3.47 

11.69 
±0.70 

8.60 
±3.84 

15 
±4.74 

16.46 
±7.36 

13.76 
±3.07 

Fresh weight aril (g) 0.60 
±0.04 

1.21 
±0.14 

1.75 
±0.31 

0.93 
±0.05 

0.82 
±0.36 

1.99 
±0.63 

2.41 
±1.08 

1.80 
±0.40 

Dry weight pericarp (g) 0.70 
±0.05 

1.02 
±0.11 

1.17 
±0.21 

0.85 
±0.05 

0.58 
±0.26 

0.94 
±0.29 

1.01 
±0.45 

0.87 
±0.19 

Dry weight seed (g) 0.62 
±0.05 

1.16 
±0.13 

1.70± 
0.30 

0.92 
±0.05 

0.67 
±0.30 

1.23 
±0.38 

1.72 
±0.77 

1.21 
±0.27 

Dry weight aril (g) 0.12 
±0.01 

0.23 
±0.03 

0.32 
±0.06 

0.18 
±0.01 

0.09 
±0.04 

0.24 
±0.07 

0.29 
±0.13 

0.21 
±0.05 

Total dry weight (g) 1.44 
±0.12 

2.41 
±0.27 

3.20 
±0.56 

1.95 
±0.12 

1.35 
±0.60 

2.41 
±0.76 

3.02 
±1.35 

2.29 
±0.51 

 

Conclusion 
 
Based on the overall growth and physiological performance, T. daniellii has been shown to be well 
adapted and can grow well and vigorously under local environment with moderate irradiance of PAR 
transmission ratio ranging between 30-50%. The possibility of this species to do well under rubber 
plantation is promising based on the similar growing environment characteristics of both ecosystems. 
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Introduction 

 
Acidic soil has become a major problem to soil fertility and productivity of the slope soil in Malaysia. 
Soil acidification is a natural process caused by soil respiration, production of organic acids and plant 
uptake of base cations (Hovmand and Bille-Hansen, 1999). Acidification of soil has also caused by 
atmospheric deposition of sulphur (S), and nitrogen (N) compounds, originating from anthropogenic 
activities. Soil acidity plays an important role in the formation of plant communities, their species and 
structural diversity in ecosystems (Koptsik et al., 2001). In most cases, soil acidity will suppress the plant 
growth and eventually the plant die off due to lack of buffering capacity and insufficient nutrients, which 
would leave the slope soil’s surface barren and prone to erosion. 
 
A typical plant is not favoured to grow at highly acidic condition because some nutrients cannot be 
efficiently absorbed by plant roots and overload a plant’s system which causes it to languish and die 
(Shan et al., 1997). Hence, this study is aimed to investigate the effects of the acidic condition on the 
plant growth of five different potential slope plants. 
 
Materials and Methods 

 
Experimental site and design 

 
A short-term pot experiment had been carried out with saplings of Murayya paniculata, Syzygium 

campanulatum, Melastoma malabathricum, Cinnamomum iners and Hibiscus rosa-sinensis, cultivated at 
sandy-loam soil in an open-ended PVC in four replications. Three treatments were applied; T1 (pH 2-3), 
T2 (pH 3.1-4), T3 (pH 4.1-5) and control treatment, T4 (pH 6-7). Soil samples were treated with diluted 
1M sulphuric acid (H2SO4) to get the required pH and were arranged in a Completely Randomized Design 
(CRD). The research was carried out in the glasshouse at Rimba Ilmu Botanical Garden, Institute of 
Biological Sciences, Faculty of Science, University of Malaya. The glasshouse receives a range of 
Photosynthetically Active Radiation (PAR) of 300-200 E m-2 s-1, relative humidity (RH) of 65-90% and 
atmospheric temperature of 25-28oC. 
 
Soil samples were prepared by using the red and black garden soil mixture in ratio of 2:1, respectively. 
The soil samples were then mixed with the diluted 1M sulphuric acid (H2SO4) with the aim to induce 
rapid changes in soil pH. The experimental design was adapted from Yuan et al. (2015). Homogenized 
soil samples of 2 kg were placed in open-ended PVC with 3.39 dm3 volumes. The saplings were watered 
once in 3 days for about 200 mL-300 mL to achieve maximum soil moisture. The pot experiment lasted 
for 84 days without further fertilisation. Soil samples were air dried, homogenized, sieved on 2 mm sieves 
and characterised for soil pH (H2O). At the end of the experiment, on 84th day, we collected all plant 
samples from each container, oven dried and weighted. 
 
The soil pH was measured by suspending soil in water (ratio 1:2.5) by using a pH/mV meter with 0.01 
resolution (HI2211-01, Hanna Ins., Italy). Plant growth parameters taken were the photosynthetic rate 
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(A), transpiration rate (E) and total biomass. The photosynthetic rate (A) and transpiration rate (E) were 
determined by using a portable Photosynthesis System (Li6400XT, LI-COR, U.S.A.) once in 4 weeks of 
observation. The total biomass was determined through the dry weight of the plants which need to be 
dried in the oven at 60°C for at least 72 hours or at least until the weight of the plant is constant. Plant 
survival rate is calculated as follows:  
 Survival Rate = Number of Plant SurvivedTotal Number of Plant Grown × 100% 

 
Statistically we evaluated results by using a Two-Way Analysis of Variance (ANOVA) with soil pH and 
species as factors. The correlations between soil pH and growth parameters were also deduced using 
Microsoft Excel.  
 

Results and Discussion 

 
Generally, only two species can withstand severe acidic conditions (T1), which are C. iners and H. rosa-

sinensis. These two species have 100% of survival rate in comparison with S. campanulatum, M. 

malabathricum and M. paniculata which only had 80% of survival rates. The soil pH was proven to 
significantly influence the growth of these plants. The results also imply that all the species studied can 
withstand severe (C. iners and H. rosa-sinensis) to moderate (others) acidic conditions, prominent 
indicator as potential slope plants. The effects of acidic conditions on the growth and development of 
plants are complex, nevertheless visible injuries and yield losses can be observed. Young rootlets, leaves 
and shoots are typically more sensitive to low pH condition, but other metabolic aspects of the plants can 
be harmed as well (Lal and Singh, 2012; Lal, 2016). 

 

The highest increment in photosynthetic rate was observed in S. campanulatum in moderate acidic 
condition (T3) with 76% increment (Figure 1). This species also showed the highest increment of 
transpiration rate (E) as much as 67% in T3 (Figure 2), indicating the moderate acidic could be the 
optimum conditions for the growth of the species.   
 
In severe acidic conditions (T1), H. rosa-sinensis showed the highest increment in both photosynthetic 
rate and transpiration rate, with 50% and 53% of increment, respectively (Figure 1 and Figure 2). Based 
on the plant shoot system, this species was affected by the severe acidic condition; however, it was able to 
survive the acidic condition which indicates that this species have the mechanism to live in extreme 
conditions. This species tolerates the severe acidic condition by reducing the number of leaves which 
eventually reduced the photosynthetic rate and transpiration rate by 41% and 36%, respectively, in 
comparison with control. The previous study had also revealed that H. rosa-sinensis could live in acidic 
soil and can be used as phytoremediation plant (Bada and Kalejaiye, 2010). 
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Figure 1: The initial and final measurement of photosynthetic rate for every species in each treatment. 
 
 

 
Figure 2: The initial and final measurement of transpiration rate for every species in each treatment. 
 
The highest total biomass was S. campanulatum in weak acidic condition (T3) followed by H. rosa-

sinensis in control (T4) with 59 g and 50 g, respectively (Figure 3). These results reflected that these 
plants do not suffer stress by moderate acidic conditions. Thus, it implies that high performance in 
photosynthetic rate and transpiration rate resulted in high plant biomass production and enhanced the 
plant growth (Saifuddin et al., 2015). In severe acidic condition (T1), H. rosa-sinensis showed declination 
of total biomass by 41% in comparison with control (T4), potentially as a survival mechanism of the 
species such as reducing the number of leaves (Figure 3). 
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Figure 3: The total biomass of each species in every treatment. 
 
The photosynthetic rate and transpiration rate show positive correlations with the soil pH (Figure 4 and 
Figure 5, respectively). However, the lowest values of both growth indicators are not as low as expected 
in severe to moderate acidic conditions, proving the moderate effects of the lower soil pH on the growth 
of all the species studied.  
 

 
Figure 4: The correlation between soil pH and photosynthetic rate. 
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Figure 5: The correlation between soil pH and transpiration rate. 

 
Conclusions 

 

This study showed that the low soil pH has moderate effects on most of the plant growth studied. This 
may be due to the moderate adaptation and adjustment process of plants in acidic condition. The best 
plant to live in acidic condition is H. rosa-sinensis as it could grow in wide range of soil pH (severe to 
moderate). Therefore, based on this study, it is highly recommended that H. rosa-sinensis to be planted in 
acidic slope as it can also increase the slope stability via root anchorage to prevent soil erosion and soil 
degradation. Other plants could also help in slope stabilization program in moderate acidic conditions. 
More detailed mechanisms on the plant resistance and adaptation towards acidic conditions is indeed 
essential. 
 

References 

 

Bada, B.S. and Kalejaiye, S.T. 2010. Response of kenaf (Hibiscus cannabinus L.) grown in different soil 
 textures and lead concentrations. Research Journal of Agriculture and Biological Sciences 6(5): 
 659-664. 
Hovmand, M.F. and Bille-Hansen, J. 1999. Atmospheric input to Danish spruce forests and effects on soil 
 acidification and forest growth based on 12 years measurements. Water, Air, and Soil Pollution 
 116(1-2): 75-88. 
Koptsik, S., Berezina, N. and Livantsova, S. 2001. Effects of natural soil acidification on biodiversity in 
 boreal forest ecosystems. Water, Air, and Soil Pollution 130(1-4): 1025-1030. 
Lal, N. 2016. Effects of Acid Rain on Plant Growth and Development. Journal of Science and 
 Technology 11(5): 85-108. 
Lal, N. and Singh, H. 2012. The effects of simulated acid rain of different pH-levels on biomass and leaf 
 area in Sunflower (Helianthus annuus). Current Botany 3(5): 45-50. 
Saifuddin, M., Osman, N., Idris, R.M. and Halim, A. 2016. The effects of pre-aluminum treatment on 
 morphology and physiology of potential acidic slope plants. Kuwait Journal of Science 43(2): 
 199-220. 
Shan, Y., Izuta, T., Aoki, M. and Totsuka, T. 1997. Effects of O3 and soil acidification, alone and in 
 combination, on growth, gas exchange rate and chlorophyll content of red pine seedlings. Water, 
 Air, and Soil Pollution 97(3-4): 355-366. 
Yuan, C., Fitzpatrick, R., Mosley, L.M. and Marschner, P. 2015. Sulphate reduction in sulfuric material 
 after re-flooding: effectiveness of organic carbon addition and pH increase depends on soil 
 properties. Journal of Hazardous Materials 298: 138-145. 



eISSN 2600-9595 
Trans. Malaysian Soc. Plant Physiol. 26 

First Published, 2019 
 

 

174 

 

Physiological Responses, Nutrient Content and Fruit Quality of Mango 

(Mangifera indica L.) cv. Harumanis at Different Agro-climatic Zones 
 
Mohd Aziz, R.

1,*
, Shaidatul, A.A.T.

1
, Fauzi, J.

1
, Zabawi, M.A.G.

1
, Norlida, M.H.

1
, Hafiz, M.M.H.

2
, 

Fazlyzan, A.
1
, Norfarhah, A.R.

1
, Nizam, S.A.B.

1
, Subahir, S.

1
, Malek, A.K.

1
, Ghazali, M.R.

1
 and 

Alif, O.M.M.
1
 

1Agrobiodiversity and Environment Research Centre, Malaysian Agricultural Research and Development 
Institute (MARDI), Persiaran MARDI-UPM, 43400 Serdang, Selangor, Malaysia. 
2Horticulture Research Centre, Malaysian Agricultural Research and Development Institute (MARDI), 
Persiaran MARDI-UPM, 43400 Serdang, Selangor, Malaysia. 
*E-mail: azizrd@mardi.gov.my 

 
Introduction  

 
Magnifera indica cv. Harumanis has gained popularity as one of the best tasting mango varieties in 
Malaysia. However, the fruit supply never meets the high market demand due to low production. 
Harumanis is highly sensitive to the climate variability as it requires a significant dry weather period to 
initiate flowering, therefore it is commercially grown in Perlis and some part of Kedah (agro-climatic 
zone 1). Harumanis also needs a hot and dry environment (high temperature with less rain) during 
reproductive stage (Shaidatul et al., 2018). Harumanis is available only for a limited period, which is from 
the middle of April until the middle of June annually, making the cultivar the most sought-after in the 
country (Farook et al., 2012). Perlis exported 3.1 metric tons of Harumanis to Japan in 2010, and 
projected that the export demand will increase up to 100 metric tons by 2020. Currently, MARDI is 
conducting a study to produce Harumanis fruits in agro-climatic zone 2 in Jelebu, Negeri Sembilan, using 
grafting of matured budding on mango var. Chokanan trees. Air temperature and rainfall distribution are 
the main climatic variables that influence the vegetative, flowering and other phenological phases in 
mango (Shailendra, 2012). Both climatic variables are the most important factors in determining 
suitability of an area’s climate for mango production. This study evaluates the effects of climate 
variability at two agro-climatic zones on physiological responses, flowering, carbohydrate content and 
fruit quality of Harumanis. 
 
Materials and Methods 

 
The study was conducted at 3 locations in 2 agro-climatic zones with different age of Harumanis matured 
budding (Table 1). The Harumanis matured budding was grafted on 2-4 years old Chokanan mango tress. 
The physiological responses were determined during vegetative and reproductive phase using a portable 
photosynthesis system (Li6400XT, LICOR Inc., USA). Fruits were harvested after reaching maturity and 
ten fruits from each location were analysed for fruit nutrient and quality. Data obtained were subjected to 
statistical analysis, using a one-way Analysis of Variance (ANOVA) to test the significance effect of all 
variables investigated. Means separation was performed using the least significant difference (LSD) 
method at 5% (P = 0.05) by the statistical package of SAS 9.3 Institute Inc. USA. 
 
Table 1: Location and Harumanis budding age. 

Agro-climatic zones Location Age of matured budding 
1 Chuping, Perlis 3 years 
1 Sintok, Kedah 18 months 
2 Jelebu, N.Sembilan 18 months 
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Results and Discussion 

 

Climatic variability, phenological phase and fruit yield 

 
Agro-Climatic zone 1 (Chuping) has a longer duration of drought/low precipitation from December 2017 
to March 2018 (Figure 1) that induced higher rate of flowering and fruiting (Table 2) as compared to 
other locations. Higher rate of flowering in Chuping was also due to older age of matured budding 
branches as compared to other locations. The flowering of Harumanis branches in Chuping started in the 
first week of January 2018. Low precipitation was recorded in February and March 2018 for Sintok and 
Jelebu; and the flowering for both locations started in the third week of February 2018. Fruit buds were 
developed 4 weeks after flowering. It showed that Harumanis required at least 3-4 weeks of drought or 
very low precipitation to initiate flowering. The rate of flowering for Harumanis branches in Chuping, 
Sintok and Jelebu was 100, 56 and 39%, respectively. Chuping, Sintok and Jelebu produced 13.2, 6.32 
and 3.35 kg of fruits per tree, respectively. 
 

 
 

 
Figure 1: Monthly precipitation and mean maximum and minimum air temperature at Chuping (A), 

Sintok (B) and Jelebu (C) from August 2017-June 2018. 
 
Table 2: Plant phenological phase and fruit yield of mango Harumanis. 

Location Plant 
no. 

No. of plants 
flowered 

Plants flowered 
(%) 

Fruit no. Fruit no. / 
plant 

Yield / 
plot (kg) 

Fruit yield / 
plant (kg) 

Chuping 250 250 100 7000 28.00 2,500.00 13.2 
Sintok 45 25 56 352 14.08 157.95 6.32 
Jelebu 28 11 39 89 8.09 36.9 3.35 
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Plant growth 

 

Higher plant height and canopy size of mango trees in Chuping as compared to other location was due to 
older age of branches from matured budding. However, leaf area index (LAI) in Chuping was lower due 
to agronomic practices where farmers cut the upper canopy of the trees to allow more sunlight to reach 
lower canopy. This practice will allow higher photosynthesis of leaves at lower canopy for better yield 
and quality of mango fruits. Plant height, canopy size and LAI of trees in Jelebu were higher as compared 
to Sintok although the age of branches from matured budding was the same. This was due to higher 
precipitation in Jelebu that induce higher biomass growth and plant vegetative development. 
 
Table 3: Plant height, canopy size and leaf area index of mango trees. 

Location Plant height (m) Canopy size (m2) Leaf area index (LAI) 
Chuping 4.54a 35.00a 2.07b 
Sintok 2.91c 9.34c 1.27c 
Jelebu 3.94b 17.57b 3.80a 

*Means followed by the same letter within column are not significantly different by DMRT at P≤0.05. 

 

Physiological responses 

 

Net photosynthetic rate of mango leaves were not significantly different between locations (Figure 2). 
However, net photosynthetic rate of mango during flowering was significantly lower than during 
vegetative phase. The reduction was probably due to the accumulation of inhibitors (abscisic acid) that 
responsible for the reduction in the carboxylation efficiency that affects the fixation of CO2 in the 
mesophyll cells (Raschke and Fischer, 1987). Respiration rate measured during night time showed that 
higher temperature induced rates of leaf dark respiration, thus higher amount of glucose was used in the 
process (Table 4). Agro-climatic zones with lower mean night temperature reduces respiration rate, thus 
will support higher amount of carbohydrate accumulation and fruit yield. However, between August 2017 
to June 2018, mean daily minimum temperature of all locations were not significantly different (22.32a, 
21.79a and 21.77a at Chuping, Sintok and Jelebu, respectively). Therefore, minimum temperature did not 
have significant influence on the respiration rate of Harumanis at these locations. 
 

  
Figure 2: Net photosynthesis rate the leaves from Harumanis branches at vegetative (left) and flowering    

(right) growth stages. 
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Table 4: Physiological responses of mango. 
Temp. (oC) Net photosynthesis (µmol m-2 s-1) Glucose production (%) 
30 9.68 100 

 
Respiration (µmol m-2 s-1) Glucose usage (%) 

20 2.50 25.87 
22 2.59 26.82 
24 2.83 29.3 
26 3.10 32.11 
28 3.32 34.35 

 

Fruit nutrient and carbohydrate content 

 

Carbohydrate content in mango fruits from Chuping was significantly higher than Sintok. Mango trees 
with older Harumanis branches in Chuping were taller and bigger canopy size probably support more 
carbohydrate accumulation to fruits and total yield. Lower fruit number per plant (8.09) in Jelebu as 
compared to Sintok (14.08) probably supports higher carbohydrate content in fruits.  However, starch and 
total sugar content in fruits of all locations was not significantly different.   
 
Table 5: Fruit nutrient and carbohydrate of mango Harumanis. 

Location Fruit 
weight 
(g) 

Energy 
(kcal/ 
100g) 

Fat  
(g/100g) 

Protein  
(g/100g) 

Mois-
ture (g/ 
100g) 

Ash 
(g/ 
100g) 

Starch 
(g/ 
100g) 

Carbo-
hydrate 
(g/ 
100g) 

Total 
sugar  
(g/ 
100g) 

Chuping 472.8a 71.60a 0.34a 0.54a 81.95b 0.34a 2.75a 17.05a 7.62a 
Sintok 435.8ab 58.50b 0.21a 0.47a 85.42a 0.14b 1.88a 13.84b 7.31a 
Jelebu 401.5b 66.30a 0.16a 0.54a 83.02b 0.42a 1.97a 16.01a 8.07a 

*Means followed by the same letter(s) within column are not significantly different by DMRT at P≤0.05. 

 

Fruit quality 

 

High TSS of mango fruits were recorded in both agro-climatic zones (14.1-16.8oBrix) although Sintok 
showed slightly higher TSS. However, the sweetness of fruits is also affected by the handling during 
postharvest ripening. This indicates that production of Harumanis in agro-climatic zone 2 will produce 
good quality fruits as agro-climatic zone 1. 
 
Table 6: Total soluble solids, pH and titratable acidity of mango fruits. 

 Total soluble solids (TSS) oBrix pH Total titratable acidity (TTA) 
Chuping 14.09b 5.11ab 1.05a 
Sintok 16.77a 5.45a 1.10a 
Jelebu 14.80b 4.98b 1.26a 

*Means followed by the same letter(s) within column are not significantly different by DMRT at P≤0.05. 

 

Conclusions 

 

Agro-Climatic zone 1 especially in Chuping has a longer duration of drought/low precipitation that 
induced higher rate of flowering and fruiting as compared to zone 2. Lower flowering rate and fruits yield 
in zone 2 indicated that agronomic manipulation or water stress treatment is required to induce the 
flowering rates. High TSS value of fruits produced in zone 2 indicates the potential of Harumanis 
production in another agro-climatic zone besides zone 1.  
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Introduction 

  
Soil salinity is one of the major environmental degradation problems affecting the sustainability of crop 
production around the world (Hasegawa, 2013). Developing salt tolerant varieties is one of the essential 
developments needed to overcome this future food security crisis. A number of previous studies have 
attempted to gain information on how plants respond in saline environments. Attention has been given to 
the roles of signalling pathways, ion homeostasis, reactive oxygen species detoxification and 
osmoprotectant biosynthesis in conferring salt tolerance (Che-Othman et al., 2017). Many of the 
processes mentioned above are intertwined with the central metabolism network through carbohydrate 
metabolism, glycolysis, and the TCA cycle activities in energy metabolism and amino acid metabolism. 
Even though a considerable number of observations have been obtained regarding how these components 
respond to salinity stress, there is still very little known regarding the sites of impact of rising salinity on 
central carbon metabolism and how these impacts is important in influencing salinity tolerance in plants. 
This is probably due to the complexity of metabolism networks and limitations in available analysis 
technologies to define its cause and effect.   
  
Energy metabolism is a critical component of interest when investigating plant salinity responses as it 
plays a significant role in salt stress adaptation as a number of salt stress adaptation mechanisms are 
energy consuming processes including ion homeostasis, reactive oxygen species (ROS) defence 
mechanisms, and osmotic adjustment by accumulating inorganic ions and compatible solutes (Azevedo 
Neto et al., 2004; Wu et al., 2014; Donà and Mittelsten-Scheid, 2015). Energy metabolism beyond 
photosynthesis, consists of three main components that are glycolysis, tricarboxylic acid (TCA) cycle and 
mitochondrial electron transport chain (ETC) (Fernie et al., 2004). The structural organization of 
glycolysis has been well characterised. In glycolysis, glucose that derived from starch and sucrose is 
degraded to produce pyruvate (Fernie et al., 2004). The TCA cycle utilises pyruvate to produce reducing 
equivalents such as NADH and FADH2 to be used by the ETC. The ETC builds a proton gradient across 
the inner mitochondrial membrane (Fernie et al., 2004). The flow of the protons back to the matrix 
through ATP synthase produces adenosine triphosphate (ATP), an energy-rich compound that can be 
utilised by a range of cellular energy consuming processes. Besides its role in energy metabolism, the 
TCA cycle is also important in linking energy metabolism with other metabolic pathways as TCA cycle 
intermediates can be used as sources of carbon skeletons for the biosynthesis of amino acids and 
compatible solutes (Jacoby et al., 2011). Proteins that are involved in energy metabolism in plants have 
been shown to differentially change in abundance under salinity stress (Che-Othman et al., 2017). There 
is also considerable variations in respiratory rates observed in different plant species under salt stress 
(Jacoby et al., 2011). Since energy metabolism interacts with carbohydrate metabolism, amino acid 
metabolism, and compatible solute biosynthesis that in turn influenced by the environmental conditions, 
the variations in respiration rates could be due to the different strategies adopted by each plant to adapt to 
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salinity stress. In the present study, systematic physiology and metabolomics analyses were conducted to 
explore the response of central carbon metabolism to salinity stress in wheat. 
    
Materials and Methods 
 

Plant growth 

 
Wheat plants (Triticum aestivum var. Wyalkatchem) were grown in a supported hydroponic system 
according to (Munns and James, 2003) with some modifications. The seedlings were grown in a 
laboratory growth chamber with 16/8 light/dark cycle, light intensity 500 μmolm-2s-1, 28/22°C day/night 
temperature and constant 65% humidity. For salt treatment plants, the salt treatment was commenced 
immediately after the emergence of the third leaf. NaCl was added to the nutrient solution at 25 mM 
increment at around 9:00 a.m. and 4:00 p.m. every day for three consecutive days to reach a final NaCl 
concentration of 150 mM. NaCl concentration remained 150 mM until harvest.  
 
Measurements of gas exchange 
 
CO2 fluxes of the leaves were measured using a portable infrared gas analyser (IRGA) systems (Li- 6400; 
LI-COR Inc., USA) using a 6 cm2 leaf chamber. The third fully emerged leaf harvested from the control 
and salt-treated plants at days 1, 2, 8 and 15 after salt addition (SA) completed. 
 
Global metabolite analysis 
 
The third fully emerged leaf harvested from the control and salt-treated plants at days 1, 2, 8 and 15 after 
salt addition (SA) completed. Metabolites were extracted according to a procedure developed by 
Shingaki-Wells et al. (2011). Raw GC-MS data preprocessing and statistical analysis was performed using 
Metabolome Express software (version 1.0; http://www.metabolome-express.org). Only metabolites of 
known structures that have been automatically identified in Metabolome Express and present in all 
replicates were considered in comparisons.  
 
Results and Discussion  
 
Physiological performance of wheat under salinity 

 
The rate of photosynthesis, stomatal conductance and transpiration were measured on leaf 3 while the 
respiration rate was measured using several green leaves to get sufficient material for the measurement. 
Overall, the result showed that the photosynthesis rates of salt treated plants were lower compared to 
control plants, which is consistent with the general response of the salt sensitive plants to salt stress by 
affecting positive carbon balance that is crucial for plant growth (Chaves et al., 2009). The key factors 
that could limit photosynthesis rate under salt stress include reduced stomatal conductance, impaired 
activity of carbon fixation enzyme, reduced photosynthetic pigments, and destruction of the 
photosynthetic apparatus (Farooq et al., 2015). The rates of photosynthesis of salt treated plants were 
slightly lower than control plants from day 2 to day 8 after the SA. Interestingly, from day 8 to day 15 
after SA, while photosynthetic levels in control plants were maintained, the photosynthetic levels of salt 
treated plants were markedly decreased. The slight reduction in the photosynthesis rate of salt treated 
plants from day 2 to day 8 could be due to the early osmotic stress phase of salt stress. At this stage, the 
water content in the leaves is decreased which could lead to the reduction in turgor pressure of the cell 
and causing stomatal closure (Abideen et al., 2014).  
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Mitochondrial respiration is vital during salinity stress as it provides energy to fuel salinity tolerance 
mechanisms including ion homeostasis, ROS defence mechanisms, and osmotic adjustment by 
accumulating inorganic ions and compatible solutes (Donà and Mittelsten-Scheid, 2015). The dark 
respiration levels of salt treated plants were significantly higher compared to control plants from day 1 to 
day 8 after SA (Figure 1). The increased respiration level in salt treated plant might be due to the 
increased energy demand for maintenance processes. However, the reduction in the growth rate might 
indicate that more carbon was utilised for energy metabolism which in turn, affected the carbon balance 
of the plants. 
 
Metabolites responses to salinity in wheat 

 
The physiological changes seen in wheat plants exposed to salinity may be due to changes in 
biochemistry at the molecular level. To study these molecular responses, changes in metabolites and 
proteins that are involve in central carbon metabolism, including respiratory energy metabolism were 
investigated. The abundance of the identified targeted metabolites that were involved in starch and 
sucrose metabolism, the TCA cycle and amino acids metabolism in control and salt-treated plants are 
shown in Figure 2 A-C respectively. Metabolites that are involved in starch and sucrose metabolism that 
were identified and considered for comparison between control and salt-treated plants include fructose, 
sucrose, trehalose, glucose, and maltose. In this study, these water-soluble carbohydrates were found to 
accumulate differentially during salinity stress, probably due to the various factors including 
photosynthetic capacity, carbon use efficiency, and carbon partitioning between growth and maintenance 
respiration (Xue et al., 2008).  
        

 
Figure 1:   Average of the photosynthesis rate, respiration rate, stomatal conductance and transpiration of 

control (blue line) and salt treated (red line) wheat seedlings. Error bars represent standard 
error of the mean. Star indicates significant differences between control and salt treated plants 
with P<0.05, n=4. 
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Metabolites that are involved in the TCA cycle or are direct products from it that have been identified and 
considered in this comparative analysis include the organic acids: aconitate, citric acid, 2-oxoglutaric 
acid, succinate, fumarate and malic acid. Organic acids and TCA cycle intermediates are also well known 
sources of carbon skeletons for the biosynthesis of many molecules such as amino acids and compatible 
solutes (Carillo et al., 2008). The reduction of organic acids and TCA cycle intermediates could be 
correlated with an increased demand for the carbon skeletons to be used in nitrogen assimilation 
producing amino acids and compatible solutes as an adaptive mechanism during salt stress. This 
postulation is also consistent with the increases in 2-oxoglutarate and aspartate abundance in leaf 3. Both 
2-oxoglutarate and aspartate represent metabolic branch points connecting the TCA cycle with nitrogen 
assimilation (Nunes-Nesi et al., 2013).  
 
In general, the levels of quantified amino acids were higher in the leaf 3 of the salt-treated plants at all 
time points (Figure 2C). Interestingly, the average of proline content in salt-treated plants was more than 
160-fold higher compared to control plants at day 15 after SA. The high accumulation of proline might be 
one of the adaptive mechanisms employed by plants during salt stress. Proline accumulation is known to 
occur widely in plants under abiotic stresses and has been reported in soybean (Yin et al., 2015), maize 
(Farooq et al., 2015), barley and wheat (Puniran-Hartley et al., 2014). Like other osmolytes, besides 
having a role in osmotic adjustment, proline is believed to contribute to salt tolerance by stabilizing 
membranes and protein structure and function. Proline also plays an important role in scavenging free 
radicals and buffering cellular redox potential under stress conditions (Ashraf and Foolad, 2007).  
 
The TCA cycle shows an interesting result as there are decreases in metabolites pool despite an increase 
in respiration rate. The big depletion in aconitate level under salinity stress might indicate a reduction of 
reduced pyruvate uptake into the TCA cycle. This pyruvate uptake involves the activity of mitochondrial 
pyruvate carrier and pyruvate dehydrogenase complex (PDC) (Fernie et al., 2004). During stress 
condition, the TCA cycle might not operate in its normal circular form while requiring the anaplerotic 
role of amino acid (Sweetlove et al., 2010; Akçay et al., 2012). Also, there is an increased role of GABA 
as the alternative carbon source for TCA cycle as it can be converted into succinate through the activity of 
GABA transaminase and succinyl semialdehyde dehydrogenase (Akçay et al., 2012; Renault et al., 2013). 
Since the TCA cycle process is located in mitochondria, mitochondrial protein enrichment and 
quantification the TCA cycle related proteins may provide vital information about TCA cycle activity 
under salt stress in wheat and how it influences the overall carbon metabolism in the plant.  
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Figure 2:  Abundance of metabolites that are involved in starch and sucrose metabolism (A), TCA cycle 

(B) and amino acid metabolism (C) in leaf 3 of control (blue line) and salt treated wheat plants 
(red line). Error bars represent standard error of the mean. Star indicates significant differences 
between control and salt treated plants at P<0.05, n=4. 

 
Conclusion 

 
Salinity stress in wheat is characterised by a decrease in growth, reduction in photosynthetic rate, which is 
related to osmotic and ionic stress responses. Increases in CO2 release in the dark might indicate an 
increase in respiration rate and thus an adaptation in energy metabolism. Increased respiration and 
decreased photosynthesis lead to reduced carbon balance and growth rate. Integration of metabolite and 
proteomics data indicate that the TCA cycle might operate through alternative routes in favour of 
consuming glucose for energy metabolism while enhancing soluble sugar and amino acid accumulation 
during salt stress in wheat. However, further study of TCA cycle activity involving mitochondrial protein 
enrichment step is necessary to gain more information on the operation of the TCA cycle under salt stress.  
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Introduction 

 

In a static control atmosphere (CA) environment, fruits are stored in which temperature, the oxygen (O2) 
and carbon dioxide (CO2) levels are maintained on a certain level during storage (Tran et al., 2015). 
Recent research findings in improvements of gas monitoring equipment and storage room structure have 
identified an improved version of CA termed dynamic controlled atmosphere (DCA), a potential 
replacement for chemical methods (Mditshwa et al., 2017).  
 
DCA uses technologies that allow continuous monitoring and adapting O2 levels in response to changes 
of fruits metabolism tolerated by the fruit in their metabolic stage during storage (Zanella, 2003). By 
storing fruits at the lowest oxygen limit (LOL) tolerated by the fruit could slow down oxidative reactions 
and senescence processes thus preventing the development of physiological disorders and quality 
degradation. Hence, allowing exporters to maximize fruit storage potential for distant markets while 
maintaining good quality fruits. This system has been tested in controlling physiological disorders and 
maintaining postharvest quality in apples (Mditshwa et al., 2017), pears (Mattheis and Rudell, 2011) and 
avocado (Burdon et al., 2008).  
 
The use of DCA for long term storage for tropical fruits has not been studied extensively in Malaysia. 
Given the beneficial effects of storage under DCA reported for apples, pears and avocado, this study 
aimed to evaluate the potential of this technology for the Malaysian fruits. As one of the important 
premium fruits of Malaysia, carambola fruits (Averrhoa carambola cv. B10) were chosen for this study. 
Carambola fruits is an important export fruit with an annual export value of RM30 million and is mainly 
exported to Europe. This research objective was to investigate the effect of DCA on the postharvest 
quality of carambola fruits during storage. 
 
Materials and Methods 

 

Carambola (A. carambola cv. B10) used in this study were obtained from a farm in Slim river, Perak, 
Malaysia. Fruits were harvested at commercial stage; colour index 2 (fruit colour is light green with tinge 
of yellow) and transported on the same day to the MARDI Postharvest Complex at Serdang, Selangor. 
Fruits were packed in one layer in paperboard boxes before storage.  
 
Storage conditions 

 

Fruits were stored at 7°C (85-90% relative humidity; RH) in static controlled atmosphere (SCA) 
condition (3% O2 + 8% CO2) and DCA condition (1.6% O2 + 0.03% CO2) and compared with fruits 
stored in air as a control. For DCA, the chlorophyll fluorescence non-destructive monitoring system 
(HarvestWatch, Satlantic Inc, Halifax, Canada) with an ability to predict and indicate LOL was used to 
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determine DCA set points (Prange et al., 2003). The fruit quality was assessed alternately at 0, 4, 6 and 9 
weeks of storage. 
 
Physical evaluation 

 

Colour of fruit peel (L*, a* and b*) were measured by using a portable chromameter (model CR-400 
Minolta Corp., Osaka, Japan) and interpreted as follows: L* for lightness range from black = 0 to white = 
100, the a* and b* values indicate chromatic coordinates or colour directions (McGuire, 1992). A positive 
a* value indicates redness (-a* is greenness) and a positive b* value indicates yellowness (-b* is 
blueness) on the hue circle.  
 
Chemical properties 

 

The fruit was peeled and homogenized for chemical analysis. The soluble solids concentration (%SSC) of 
juice from homogenate was measured using a digital refractometer. Total titratable acidity (TTA) was 
determined using the titration method and expressed in % citric acid. Ascorbic acid (AA) content was also 
determined using titration method and expressed in mg/100g of fresh weight (FW). 
 
Statistical analysis 

 

The experiment was conducted using the completely randomized design (CRD) with three replicates 
consisting of four fruits each replicate. Data was subjected to analysis using general linear model 
procedure (GLM) and means were separated using Duncan’s Multiple Range Tests (DMRT) using SAS 
9.4 (SAS Institute Inc., USA). 
 
Results and Discussion 

 

The mean values of the color parameters L*, a* and b* of the fresh carambola fruits were 24.82, -8.04 and 
24.19, respectively. These values showed that fresh carambola fruits at colour index 2 were characterized 
with their bright green and glossy skin. From Table 1, it was clearly shown that the L*, a*, and b* values 
had changed significantly for all treatments during nine weeks of storage. As storage weeks progressed, 
Table 1 showed the decrease of L* value and the increase of both a* and b* values indicated the skin 
began to turn from green to yellow. Value of a* and b* increased during storage, however the increase 
was minimal in DCA stored fruit compared to SCA and control fruits (Table 1). These results suggest that 
low O2 level in DCA was able to delay ripening of the carambola fruits during storage by slowing the 
process of chlorophyll degradation (loss of green) and biosynthesis of carotenoids (yellow) (Wills et al., 
2007). It has also been reported that DCA maintained greener skin colouration in apples (Zanella, 2003; 
Tran et al., 2015). The ability of DCA to retain fruit green colour is a highly desired quality attribute 
especially after shipment.  
 
There was no significant differences in TTA, SSC:TTA and AA content among treatments except for SSC 
(p<0.05) (Table 2). Upon removal, higher SSC value (p<0.05) was observed in fruits kept in SCA and 
DCA compared to fruits kept in normal air (p>0.05) (Table 2). These results indicated that with 
combination of low temperature and low oxygen levels in storage environment effectively inhibits the rate 
of biological reactions of fruits (Tran et al., 2015). Whereas for control fruits, SSC value is significantly 
lower in control fruits could be explained by high respiratory activities of these fruit (Wills et al., 2007). 
As storage weeks progressed, there was a significant increase of SSC content at week 9 (p<0.05) (Table 
2).  
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There was a significant increase of AA content in all stored carambola fruits as storage weeks progressed 
from week 0 to week 4 (p<0.05) (Table 2). However, the AA content did not vary significantly (p>0.05) 
at week 4, 6 and 9. It was observed that the ascorbic content is found higher in ripe carambola fruits 
(Pauziah et al., 2010). During storage, ripening process of carambola fruits is still occurring at a much 
slower phase as the fruits turned slightly yellow from green which resulted in higher SSC and AA content 
as storage week progressed.  
 
Table 1: Effects of different storage conditions on colour development (L*, a* and b*) of carambola fruits 

(Averrhoa carambola L. cv. B10) during storage. Fruits were stored at 7°C in air, static 
controlled atmosphere (SCA) and dynamic controlled atmosphere (DCA) for 9 weeks.  

 
L* a* b* 

Storage condition (SC)    

Normal air 34.60a -0.88a 25.19a 
Static CA (3% O2, 8% CO2) 36.47a -1.37a 24.14ab 
Dynamic CA (1.6% O2, 3.2% CO2) 35.58a -4.63b 22.98b 
F-sig ns ** * 

     
Storage week (W) 

   0 24.82c -8.04c 24.19b 
4 30.00b -1.86b 20.85c 
6 30.08b -2.62b 25.53ab 
9 37.32a 3.35a 25.82a 
F-sig * ** ** 

     
SCxW * ** * 
Mean values with different letter(s) in the same column indicate statistically significant differences (p<0.05) according to DMRT. 

 
Table 2: Effects of different storage conditions on soluble solids concentration (SSC), total titrable acidity 

(TTA), SSC:TTA ratio and ascorbic acid (AA) content of carambola fruits (Averrhoa 

carambola L. cv B10) during storage. Fruits were stored at 7°C in air, static controlled 
atmosphere (SCA) and dynamic controlled atmosphere (DCA) for 9 weeks.  

  SSC (%) TTA (mg/100g) SSC/TTA AA (mg/100g) 
Storage condition (SC) 

    
Normal air 5.87b 0.24a 24.40a 12.51a 
Static CA (3% O2, 8% CO2) 6.47a 0.24a 26.77a 14.49a 
Dynamic CA (1.6% O2, 3.2% CO2) 6.38a 0.25a 25.52a 15.02a 
F-sig * ns ns ns 

     Storage week (W) 
    0 6.11b 0.23a 27.25a 9.30b 

4 6.03b 0.24a 24.73a 16.58a 
6 6.07b 0.25a 24.69a 15.28a 
9 7.18a 0.24a 26.16a 14.77a 
F-sig ** ns ns * 

     SCxW ns ns ns ns 
Mean values with different letter(s) in the same column indicate statistically significant differences (p<0.05) according to DMRT. 
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Conclusion 

 

The storage of carambola fruits (A. carambola cv. B10) in DCA maintained unripe colour, less 
physiological disorder and longer storage life (9 weeks) compared to conventional SCA storage (6 weeks) 
and normal air (4 weeks).  
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Introduction 
 
Durian (Durio zibethinus) is in order Malvales, family of Bombacaceae and belongs to the genus of 
Durio. It is a climacteric tropical fruit, and available during its season through out of South East Asia 
(Thailand, Malaysia, Indonesia and Philippines). Durian is famous for its strong and unique taste and 
aroma as well as nutritional content (Ho and Bhat, 2015). The durian fruit is covered with thorny thick 
husk. As durian ripens, abscission area naturally develops at the centre of each locule that weakens and 
allows the fruit to easily open. The fruit typically has five locular units and each contain 1-5 pulps. The 
pulp consists of seed, which covered by a white, yellow or orange aril, the edible portion of the fruit 
(Voon et al., 2006). 
 
Due to its popularity, durian is now having demand all over the world. Thailand is the largest producer of 
durian followed by Indonesia and Malaysia. The largest producers of durian in Malaysia are Pahang, 
Johor, and Sarawak (DOA, 2017). In 2017, the total hectarage covered in Malaysia were about 72,391.34 
hectares with production of 210,873.99 metric tonnes. The value of production was estimated about RM 
2,794,080.33 in 2017. The common durian which are familiar to Malaysia are includes D24, D159 (Mon 
Thong), D175 (Udang Merah), D168 (Hajjah Hasmah), and D197 (Musang King).  

 
Nowadays, Durian D197 (Musang King) is one of the popular variety due it thick flesh, small core and 
melts-in-your-mouth goodness. However, postharvest life of this durian is still limited because of it’s a 
type of climacteric fruit and its tropical condition. Different from Thailand’s durian that harvest by cutting 
them before drop, Malaysian durian for example Musang King are matured drop, thus they are easily 
cracked and its short postharvest life affect its market distribution. Cold storage has plenty of benefits in 
prolonging shelf life of fresh produce after harvest by reducing respiration and water loss as well as 
controlling decaying process. However, fruits like durian are susceptible to chilling injury when exposed 
to temperatures lower than their optimum temperatures (Kader, 2002). In Thailand, durian has extended 
shelf-life when stored at 15°C with relative humidity of 85% to 95% (Booncherm and Siriphanich, 1991). 
The objective of this study was to prolong the postharvest quality of Musang King durian, by determining 
the lowest safe temperature that does not induce chilling injury. 

 
Materials and Methods 
 
Musang King durian were purchased from Top Fruit Sdn. Bhd. in Batu Pahat, Johor, Malaysia and fruit 
were kept in 7°C after arrived in Postharvest Complex, MARDI Serdang. Fruit were sorted for sound and 
not crack as well as free of visual defects. Fruit were randomized into three groups for storage at 13°C, 
10°C or 7°C. Fruit (n=3) were analysed initially at day 1 and each seven days during 21 days’ storage. At 
each analysis, fruit were transferred to 25ºC for 24 hours to allow for the development of any chilling 
injury symptoms.  
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At each evaluation days, individual fruit were subjectively rated for external chilling injury symptoms, 
red lesions area, dehiscence incidence (yes or no) and overall acceptability rating (Table 1). 
 
Table 1: Percentage of chilling injury symptoms, red lesions area and overall acceptability ratings. 

Chilling injury symptoms and red lesions area (% surface area) Overall acceptability ratings 
0% = No trace 5. Excellent 
<25% = Slightly affected 4. Good 
16-25% = Moderately affected 3. Acceptable 
25-50% = Badly affected 2. Poor 
>50% = Severely affected 1.Very poor 

 
The experimental setup was a completely randomized design and performed for each variable. For this 
purpose, a one-way ANOVA test was used to evaluate the effects of the treatments on each measurement 
day. The Duncan Multiple Range Test (DMRT) was used for means difference testing. A 95% confidence 
interval was used for all calculations (p≤0.05). SAS statistical software version 9.4 was used to perform 
the statistical analyses. 
 
Results and Discussion 
 
According to Siriphanich (1994), chilling injury in durian shows symptom like dark color development 
along the groove between spines, and later the whole rind will turn black. The aril may remain hard or 
ripen abnormally. In this study, visual appearances of the rind after left for 24 hours in ambient 
temperature showed that there were no chilling injury symptoms occurred as described above and among 
treatments during 21 days of storage. Thus, the storage temperature of durian can be reduced to 7°C 
without any chilling injury symptoms observed on the rind of durian.   
 
Chilling injury occurs when commodities are held at temperature below their optimum temperature but 
above their freezing points. Commonly, chilling injury symptoms are including discoloration, pitting, 
water-soaked appearance, failure to ripen, internal breakdown, off flavor and tissue decay (Wang, 2010). 
In durian, chilling injury symptoms were observed as red lesions along the suture (wet core) at the centre 
of the fruit. After 7 days storage, there were no red lesions area was observed in all storage temperature 
tested. However, after 14 days storage, fruit stored at 7°C (T3) started to develop red lesions incidence at 
the wet core near the stem-end.  
  
After 7 days of storage, fruit stored at 13°C (T1) had highest incidence of fungal infection (28.3%) and it 
was significantly higher compared to fruit stored at 7°C, only (6.7%). When the storage was extended to 
14 days, fruit stored at 10°C (T2) (40%) had significantly higher fungal infection at stem compared to 
fruit at 7°C (27%). This can be concluded that fruit may still be infected by fungus in cold environment 
and storage in low temperature can only slow it down.  
 
Husk dehiscence or cracking is a primary problem limiting the shelf life of durian (Khurnpoon, et al., 
2008). The table showed that at day 7, most durian stored at 13°C already dehisced. On day 14, most 
durian at treatment 10°C also already dehisced while durian stored at 7°C still did not dehisced. On day 
21, most durian at 7°C was already dehisced. The results indicate that storage temperature of 7°C was 
suitable for durian storage for at least 14 days. According to Sriyook (1994), water loss and ethylene 
production are the two main factors that caused the mature durian fruit to dehisce. Water losses caused the 
husk to shrink and pull the carpel from each other along the suture at the middle of each locule. Ethylene 
weakens the cells in the dehiscence region that consists of parenchyma cell which does not contain 
chlorophyll. 



eISSN 2600-9595 
Trans. Malaysian Soc. Plant Physiol. 26 

First Published, 2019 
 

 

193 

 

Table 2: Percentage of chilling injury symptoms, red lesions area, disease at stem (% surface area), 
dehiscence (yes or no) and overall acceptability rating (scale 1-5) for durian during 21 days 
storage at 13°C, 10°C and 7°C based on each fruit (n=3). 

    Treatment Day 0 Day 7 Day 14 Day 21 
Chilling injury on the rind 13°C (T1) 0.0a 0.0a . . 
(%) 10°C (T2)  0.0a 0.0a 0.0a . 
  7°C (T3)  0.0a 0.0a 0.0a 0.0 
Red lesions  13°C (T1) 0.0a 0.0a . . 
(%) 10°C (T2)  0.0a 0.0a 0.0a . 
  7°C (T3)  0.0a 0.0a 3.3a 3.3 
Disease at stem 13°C (T1) 0.0a 28.3a . . 
(%) 10°C (T2)  0.0a 15ab 40.0a . 
  7°C (T3)  0.0a 6.7b 26.7b 36.7 
Dehiscence zone 13°C (T1) No Yes . . 
  10°C (T2)  No No Yes . 
  7°C (T3)  No No No Yes 
Overall acceptability  13°C (T1) 5.0a 3.0c . . 
  10°C (T2)  5.0a 4.0b 2.5a . 

     7°C (T3)  5.0a 5.0a 3.3a 2.7 
Means in each column with the same letter are not significantly different at p≤0.05. 

 
For overall acceptability, after 7 days storage, durian at 7°C scored as excellent, durian at 10°C scored as 
good and durian at 13°C is acceptable up to 7 days. The fruit at 13°C were then been discarded due to 
fungal infection and most of them were already dehisced. At day 14, fruit stored at 10°C were scored poor 
while fruit at 7°C were still acceptable.  
 
Figure 1 shows the percentage of weight loss during 21 days storage for different storage temperature. 
The percentage of weight loss of fruit stored at 13°C was highest (4.07%) after 7 days storage as 
compared to fruit stored at 10°C and 7°C, i.e. 3.68% and 2.30% respectively. This can be concluded that 
percentage of weight loss is correlated with storage temperature. Increase of storage temperature will 
increase the weight loss of the fruit. After 2 weeks of storage, the fruit stored at 10°C lost 6.61% of its 
weight while fruit at 7°C lost only 4.86%. 
 

 
Figure 1:  Weight loss of durian at three different storage temperatures (13°C, 10°C, 7°C) with 85-90%  

relative humidity.  
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Conclusion 
 
Cold storage at 13°C is not suitable for Musang King durian because of the short storage life (less than 7 
days) while storage at 10°C can last not more than 14 days. Durian at 13°C also easily infected by fungus 
and has recorded for highest weight loss. Cold storage at 7°C is the most suitable temperature to store 
durian Musang King as it delays the dehiscence of the fruit for more than 14 days.  
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Introduction 

 

Tomato (Lycopersicon esculentum L.) is known for high nutritional resources, especially antioxidants, 
namely lycopene and beta-carotene (Canene-Adams et al., 2005). In Malaysia, tomatoes are produced 
from the very limited highland areas in Cameron Highlands. Due to high demand of tomato (Perangkaan 
Agromakanan, 2015), the technology of lowland tomato cultivation has been emphasized to cater for the 
local demand of this temperate vegetable thus, enabling to reduce the extreme usage of limited land areas 
in the Cameron Highlands (Rozlaily et al., 2016). Therefore, MARDI has developed a new hybrid 
lowland tomato that suitable for tropical climate and capable to produce high yield and resistant to 
bacterial rot disease (Nor Hazlina et al., 2017). Tomato can be stored at ambient temperature for a period 
of up to 7 days. It is generally agreed that for longer storage tomato can be stored at 10-15°C and 85-95% 
relative humidity (Shewfelt et al., 1988; Castro et al., 2005). However the effect of storage temperature on 
physiochemical quality and quantity changes in tomatoes, varies with cultivar (Abou-Aziz et al., 1976), 
exposition time (Hobson, 1981) and harvesting conditions (Autio and Bramlage, 1986). Thus, this study 
was conducted to determine the fruit quality of the newly developed hybrid lowland tomato No. 32 
harvested at different maturity when stored at an ambient temperature. 
 
Materials and Methods 

  
Lowland tomato No. 32 was grown using soilless culture system under rain shelter. To determine the day 
of harvesting, full bloom flowers were tagged. After 35-45 days of tagging, fruits at different maturity 
indices were harvested. Samples were placed at ambient condition for 10 days. The fruits were sampled at 
3-day intervals to determine the changes in quality. The postharvest quality of tomato was judged visually 
and the criteria used were retention of original colour, freshness and postharvest disease. The colour of 
tomato was measured using a chromameter (Model CR-400 Minolta, Japan). Each colour value of 
lightness (L*), chroma (C*), and hue angle (h°) was expressed as the means of three measurements. 
Texture of tomatoes was measured using a texture analyzer (Model 1140 Instron Universal Testing 
Machine) with needle probe. Soluble solids content (SSC) was determined with a digital refractometer 
(Model DBX-55, Atago Co., Ltd, Japan). Titratable acidity (TTA) was determined by titrating 20 mL of 
extraction with 0.1 mol l-1 NaOH to pH 8.2 (Shaw et al., 1987). Ascorbic acid content was determined by 
extraction of 10 g of sample with the addition of 100 ml of 3% metaphosphoric acid. Then, 10 mL of 
extraction was titrated immediately with a standard dye solution to first permanent pink endpoint. Rates 
of respiration and ethylene production were measured using a closed system. The lids of the containers 
were tightly closed for 2 h prior to the gas measurement. Three containers were used to represent a 
replication for each index. The respiration rate (CO2 concentration and O2 consumption) and ethylene 
production were measured by gas chromatograph (Perkin Elmer Auto System XL, USA). The 
experimental design was a completely randomized design with three replications. The data was analyzed 
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using analysis of variance (ANOVA) and mean comparison was conducted by Duncan’s Multiple Range 
Test (DMRT) at the 5% level of significant. Unless otherwise specified, all significant differences in this 
paper were p≤0.05. 
 
Results and Discussion 

 

Lowland tomato No. 32 matured about 35-37 days after flowers were tagged at full bloom. The most 
appropriate maturation index is the colour change of the skin. Fruit colour for index 1 showed shiny green 
whereas for index 2 the fruit were green with trace of pink colour. It is also called as breaker stage. At 
ambient condition, breaker stage tomato was able to ripen uniformly after 3-4 days. Thus, breaker stage 
was the earliest rank suitable for harvesting. While for Index 3 (skin is greener than reddish pink/turning 
stage) and Index 4 (reddish pink with spot green) were suitable for export market. The fruit was turn into 
orange-red (Index 5) and deep-red colour/full ripen (Index 6) after 40-45 days of flowering and suitable 
for the local market. Tomato at this stage can be served for better eating quality. However it had short 
storage life and near to deterioration. Figure 1 showed appearance of lowland tomato after harvesting 
according to maturity indices. 
 
The colour of tomato changed from green to red during storage period. After 7 days of storage, the 
matured green fruits (Index 1) reached the deep-red/red-ripe stage (Index 6). The quality of Index 6 
tomatoes was maintained with slightly lighter weight due to respiration process. According to Shewfelt et 
al. (1988), colour development in tomato is characterized by lower L* value (lightness) readings, decrease 
in hue angle and increase in chroma. Similarly was found in this study where L* and hue angle and 
chroma values were high in green colour tomato but slowly decreased when tomato reached to Index 5 
and 6. In addition, there were slightly significant differences (p≤0.05) observed in L*, chroma and hue 
angle among all the maturity indices during storage (Table 1). The colour change of tomato during 
storage was correlated with ripening process from degradation of chlorophyll and incapacity to synthesize 
lycopene (Gnanasekharan et al., 1992). During storage period, firmness was highly significant affected by 
fruit maturity stage. The tomato firmness also decreased gradually when the fruit start to ripen from 
mature green to deep-red tomato (Table 1). Tomatoes had a high respiration rate at ±28°C, initially at 
18.83 mgCO2/kg-hr and increased at 35.69 mgCO2/kg-hr after 7 days storage. The ethylene production 
also slightly increased from 72.62 mL/kg-hr to 118.19 mL/kg-hr due to the ripening process.  
 
The combine effect of maturity and storage temperature have also significantly influenced on chemical 
changes of tomato during ripening. Changes in SSC, TTA, sugar/acid ratio and ascorbic acid content were 
showed high significantly affected (Table 1). During storage duration, SSC slightly increased (from 4.11 
to 5.44°Brix) and decreased at day 7 (4.79-4.97°Brix). Tomato harvested at deep-red stage showed higher 
SSC whereas breaker stage to orange-red stage slightly increased and showed higher significant among 
maturity indices, respectively. Value of TTA was slowly decreased within maturity indices. According to 
Table 1, deep-red tomato had high sugar/acid ratio (11.02) compare other indices. It is probably the 
reduction rate of sugar content was increased with the advancement of fruit ripening (Moneruzzaman, et 
al., 2009) and gave better eating quality. Ascorbic acid content of tomato was affected by maturity.  
Breaker stage to orange-red stage showed high content of ascorbic acid (range 30.31-31.96 mg/100g) and 
slightly decreased at deep red stage (28.44 mg/100g) and also during storage, respectively (Table 1). 
Meanwhile, there were highly significant interaction for chemical changes between maturity indices and 
storage period.  
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Figure 1: Colour indexes for lowland tomato No. 32 after harvesting. 
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Table 1: Changes in soluble solids content (SSC), total titratable acidity (TTA), sugar/acid ratio, ascorbic acid content (AAC), firmness, fruit 
 colour, respiration rate and ethylene production of lowland tomato No. 32 at different maturity indices in ambient temperature storage. 

Means separation within columns and main effect by DMRT at p≤0.05. 
L*= lightness, C*= chroma and h° = hue angle 

ns,*, ** Non significant or significant or highly significant at p≤0.05, respectively. 

Factor 
 

SSC 
(°Brix) 

TTA 
(% citric 
acid) 

Sugar/ 
acid 
ratio 

AAC 
(mg/100g) 

Firmness 
(N) 

                  Fruit colour 
L*               C*             ho 

  CO2 
  mL/kg-hr 

 O2 
 mL/kg-hr 

C2H4 
µL/kg-hr 

Maturity indices (M)            
1- Mature green  4.74bc 0.66a 7.23d 29.50b 10.40a 60.71a 40.94a 96.89a 27.06b 876.89a 43.26c 
2- Breaker  4.50c 0.56b 8.20c 30.31a 7.85b 54.17b 41.20a 77.14b 28.84b 674.06b 87.97b 
3-Turning  4.78bc 0.55b 8.78c 31.90a 6.67c 47.65c 36.79b 68.46b 23.64b 842.20a 93.56ab 
4- Pink  4.88ab 0.52c 9.85b 30.49a 5.83d 42.11d 35.77b 51.24c 18.75b 690.28b 104.36ab 
5- Orange-red  4.92ab 0.49d 9.49b 31.96a 5.53d 40.89d 33.82b 49.60c 28.28b 874.08a 133.79a 
6- Deep-red  5.15a 0.47e 11.02a 28.44b  4.33e 40.64d 35.68b 48.97c 38.60a 899.66a 99.77ab 
F-Test significant * ** ** ** ** ** * ** * * * 
Storage period (Day)            
0 4.11c 0.50c 8.54b 32.08a 8.93a 50.75a 35.08b 79.96a 18.83c 720.75b 72.62b 
3 5.44a 0.56a 9.75a 30.10b 6.68b 49.11ab 37.05b 69.40b 28.05b 792.43b 90.55ab 
7 4.79b 0.58a 8.46b 31.51a 5.73c 47.58b 36.30b 64.23b 35.69a 915.41a 118.19a 
10 4.97b 0.53b 9.63a 27.36c 5.73c 43.35c 41.03a 47.95c . . . 
F-Test significant ** ** ** ** ** ** * ** ** * * 
Interaction 
M*D 

* ** * ** * * ns ** * ns ns 
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Conclusion 

 
Mature green and breaker stages capable to maintain the best quality fruits during storage up to 7-10 
days at ambient condition. This will allow the highest percentage of the marketable fruits. The orange-
red and deep red stages tomato were the best for fresh consumption however, it had short shelf life 
when stored at ambient temperature.  
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Introduction 

 

Kuini or kwini is a local name of Mangifera odorata that considered as underutilised fruit in 
Malaysia. Befitting the scientific names, this fruit is known for it’s intense, earthy aroma with slightly 
fibrous flesh (Campbell, 2007) and often consume as fresh fruits or semi cooked in traditional cuisine 
such as sambal. For purpose of upscaling or commercialization of this fruits, postharvest studies need 
to be conducted to obtain basic data on this fruits. This is crucial as implementing good postharvest 
handling can improve fruits quality. From previous study conducted to determine optimum harvesting 
time (Wan Mahfuzah et al., 2018), fruits that harvested at week 11-12 will have a good quality but 
fruits harvested later than that resulting in more fibrous flesh which is unappealing to the consumer. 
Thus, this study was planned as continuation to evaluate storage life and also chemical treatments to 
prolong shelf life of Kuini. Propiconazole is a fungicide that often used to prevent major postharvest 
diseases on mango such as stem end rot and anthracnose while EOnature is an oil palm based fruit 
coating develop by MARDI as an alternative to the synthetic fungicide to combat diseases, preserves 
cosmetic values of fruits and able to delay ripening process (Nor Hanis Aifaa et al., 2015).  
 
Materials and Methods 

 
Samples preparation 

 

Mangifera odorata elite accession plot in Sintok, Kedah was used in this study and only trees from 
same accession were selected. Fruits were tagged at fruit set stage and harvested after 12 weeks. 
Fruits were wrapped with paper bag to protect from pest and disease problems and to preserve 
cosmetic values of fruits skin. Harvested fruits were brought to postharvest laboratory for postharvest 
handling activities such as trimming, sorting and cleaning with clean water. Samples were dipped for 
1 minute in propiconazole 250 ppm (T2) and in EOnature solution (T3). Control samples were only 
washed with clean tap water (T1). All fruits were air dried before packed into corrugated fibre board 
box (CFB).  
 
Quality assessment 

 

Quality assessments were done at a 4-day interval starting from the day of harvest (day 0) until day12 
to evaluate soluble solid contents (SSC), pH, titratable acidity (TA), ascorbic acid and sugar acid 
ratio. Total soluble solid was measured by using digital handheld refractometer (ATAGO CO. LTD 
PAL-α) while pH was taken by using pH meter (HANNA Instrument HI2211). Titratable acidity 
content was measured by titrating 20 mL extract from sample with 0.1 M 1-1NaOH until reach 8.2 pH 
while for ascorbic acid, 10 mL extract from 10 g and 100 mL 3% metaphosporic acid were titrated 
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with standard dye until extract turn into faint pink colour. Fruits were also observed to note any 
visible changes such as disease incidence and external quality. 
 
Statistical analysis 

 

Experiment was designed using a completely randomized design (CRD) with three replications. 
Statistical analysis was performed by using ANOVA and difference of means was determined by the 
Duncan’s Multiple Range Test (DMRT) at 5% level. 
 
Results and Discussion 

 

Based on chemical analysis shown in Table 1, only ascorbic acid content was not significantly 
different between treatments. However, the ascorbic acid content at day 0 was significantly different 
from other removals. This is due to ripening process of kuini where the fruits only started to ripen 
from day 4. Kuini is a climacteric fruit that can ripen after harvest. Hence other chemical contents 
were change from day 0 until day 12. The SSC and pH were increased while TTA was decreasing 
along with the ripening process. Fruits maturity can be judged based on sugar acid ratios (Li et al., 
2018) where the unripe fruits will have higher acids but low in soluble solid content. During ripening 
process, acidity will start to decrease and fruit sugar (SSC) will increase (Anon, 2017). Based on these 
criteria, fruits that treated with propiconazole 250 ppm ripen more rapidly as compared to EOnature 
and control where it started to ripen as early as 4 days after harvest. The control fruits could maintain 
their quality for 12 days. In regards to diseases, 33% of control fruits were infected at day 12 and the 
flesh had become tenderer compared to other treatments. Fruits coated with EOnature were able to 
delay the ripening process but caused the lenticels on fruits skin turns into brown colour. This could 
due to the fruit response to the biotic or abiotic stress signals to release polyphenol oxidase causing 
discoloration of lenticels however had not affect fruits internal quality (Du Plooy et al., 2006) because 
the lenticels were blocked by lipid in the formulation that functions to reduce respiration process. 
Fruit coating are able to reduce water loss and modifying CO2 and O2 concentration in the fruits that 
cause stress signals to the lenticels (Li et al., 2018). Thus, kuini treated with EOnature can extend the 
shelf life of fruits compared to control and propiconazole 250ppm.  
 
Table 1: Changes in soluble solid concentration (SSC), pH, total titratable acidity (TTA), ascorbic 

acid content (AA), and sugar acid ratio of Kuini treated with propiconazole and EOnature at 
25°C storage temperature. 

Treatments SSC (Brix°) pH TTA (g/L) AA (mg/mL) 
Sugar acid 
ratio 

Chemical treatments (CT) 
     

Control 14.727a 3.588ab 16.913b 4.662a 0.871a 
Propiconazole 250 ppm 15.400a 3.696a 15.864b 4.388a 0.971a 
EONature 11.536b 3.427b 23.373a 4.710a 0.494b 

     
 

Storage duration (SD) 
    

 
0 Days 7.733d 3.317b 25.384a 1.608b 0.305c 
4 Days 12.867c 3.323b 20.841b 4.629a 0.618bc 
8 Days 15.278b 3.468b 18.672b 5.248a 0.818b 
12 Days 17.622a 4.090a 12.192c 5.869a 1.445a 
Interaction (CT x SD) * * * ns * 

Each value was the mean of three replicates. 

ns, *, Non significant, significant at P≤0.05, respectively. Means with the same letter are not significantly different by DMRT 
(p≤0.05), 
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Conclusion 

 

Results suggested that EOnature can be used to prolong the shelf life of Kuini up to 12 days compared 
to control and propiconazole. Propiconazole can maintain the fruit quality only for 8 days in ambience 
temperature.  
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Introduction 

 

Falcataria moluccana or formerly known as Albizia falcataria is a species of fast-growing tree with a 
massive trunk and an open crown in the legume family, Fabaceae. In natural forests it can reach up to 
40 m tall with the first branch at a height of up to 20 m. This tree is considered to be invasive in 
Hawaii, American Samoa and several other island nations in the Pacific and Indian Oceans. However 
it is cultivated for timber throughout South Asian and Southeast Asian countries including Malaysia.  
 
Falcataria moluccana has many common names. These include: albizia (Hawaii), Moluccan albizia, 
sengon (Java), batai (Malaysia), sau and falcata (Wikipedia, 2018). This species, like other fast-
growing tree species, is becoming increasingly important for wood industries as supplies for plywood 
from natural forests decrease. It is one of the tree species preferred for industrial forest plantations 
because of its very fast growth, its ability to grow on varieties of soils, its favourable silvicultural 
characteristics and its acceptable quality of wood for the panel and plywood industries. On good sites 
it can attain a height of 7 m in just over a year. Trees reach a mean height of 25.5 m and a bole 
diameter of 17 cm after six years, 32.5 m high and 40.5 cm diameter after nine years, 38 m high and 
54 cm diameter after 12 years, and 39 m high and 63.5 cm diameter after 15 years (Useful Tropical 
Plants Database, 2014). 
 
Batai trees start to flower as early as three years after planting. The flowering and fruiting seasons 
differ according to geographical location. In general, ripe pods appear approximately two months after 
flowering. The pods start to open when ripe, often when they are still attached to the tree, scattering 
the seeds on the ground. The seeds can be picked from the tree after they have changed colour from 
green to straw-coloured or from the ground by shaking the branches. The seeds are sometimes easily 
collected by cutting down branches bearing ripe brown pods or from felled trees if the fruits are in the 
right condition.  
 
A healthy 5-8-year-old Batai plantation can produce 12,000 viable seeds per ha. The weight of 1000 
seeds is approximately 16-26 g (Soerianegara and Lemmens, 1993). There are approximately 38,000-
44,000 cleaned seeds per kg (Parrotta, 1990; Soerianegara and Lemmens, 1993). Batai seeds can be 
easily dried to about 8-10% moisture content. Dried seeds can be stored for at least 1.5 years at 4-8°C 
with no loss of viability. The germination rate may be still high (70-90%) after 18 months of storage 
(Soerianegara and Lemmens, 1993).  
 
Seed storage is the preservation of seeds under controlled environmental conditions which will 
prolong the viability of the seeds for long periods. Seldom are seeds harvested and immediately 
planted without undergoing at least a brief storage period. According to Larry and Miller (1995), the 
optimum temperature may be defined as the temperature giving the greatest percentage of germination 
within the shortest time. If the storage environment is not suitable, it will reduce the quality and 
viability of the seeds. Among the importance of seed storage is to secure the supply of good quality 
seed for a planting program whenever needed, especially during non-fruiting seasons.  
 
In view of the increasing demand for quality seeds imposed by expanding forestry as well as 
agroforestry planting programs, there is an imperative need to know the proper seed handling and 
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management in order to maintain a good source of seeds for a long period. Therefore, the aim of this 
research is to assess the germination performance of Batai seeds after being stored at different 
temperatures which are 4C, 8C, 12C, 16C and room temperature (25-27°C).  
 
Materials and Methods 

 

This experiment was conducted in the Seed Lab of Sarawak Forest Tree Seed Bank, Kuching. Effect 
of seed viability against different storage temperatures and storage duration were investigated over a 
period of six years. Seeds for the experiment which originated from East Java were purchased from 
CV. Berkah Lestari, Indonesia in the year 2012 with initial moisture content 9.58% and seed 
germination 70.0% upon receipt. 
 
Received seeds were mixed thoroughly and five seed lots were taken out and sealed separately to 
prevent further moisture content changes. These seed lots were then kept separately at 4°C, 8°C, 
12°C, 16°C and 25-27°C which is ambient room temperature as control. Seeds were taken out at a 
three-month-interval for germination and moisture content tests. For moisture content test, 4 
replications of around 2 g of Batai seeds were placed in aluminum foil saucers and weighed using 
analytical balance. The aluminum foil saucers were then put in an oven for 17±1 hours at 103±2C 
and reweighed. Moisture content was expressed as percentage of the wet weight basis. 
 
For germination test, 4 replications of 100 seeds were used to assess the viability of seeds. Seeds were 
soaked in hot water (90°C) for one minute and later soaked in distilled water overnight for 17 hours. 
The next morning, seeds were rinsed with premix 1 g/100 mL fungicide solution (Benocide 50WP) 
prior to sowing. Rinsed seeds (100 seeds) were placed on top of three layers of damp filter papers in a 
Petri dish. The Petri dishes were finally placed into plant growth chamber set at an alternating 
temperature of 30°C and 20C (12 hours each temperatures) with 45-50% relative humidity and were 
exposed to 12 hours light and 12 hours darkness. Seeds were checked for germination on the 7th and 
14th day after sowing. Germination was defined by emergence of radicle (at least 5 mm protruded) 
through the testa. The data were –subjected to analysis of variance (ANOVA) and Duncan’s Multiple 
Range Test (DMRT). Results of the analysis are considered significant if the probability level is equal 
or less than 5% (p0.05). 
 
Results and Discussion 

 

Results are shown in terms of mean germination percentages in Table 1. Initial germination and 
moisture content of the seed was 70.0% and 9.58% respectively. First visible seed germination for 
different treatments were mostly observed on the second day after sowing. The duration for seed 
germination was 14 days; whereby most treatments reached maximum germination within this period. 
Some fluctuations in germination percentage is exhibited with time instead of monotonic decreases 
which might be expected. This is the same case with seed moisture content. There were slight changes 
on the moisture content of stored seeds compared to initial moisture content which was 9.58%. These 
fluctuations are possibly due to some variation from month to month in the sampling technique used. 
No logical explanation relating to seed behavior can be suggested. 
 
From the results, it is apparent that viability of Batai seeds can be retained regardless of the storage 
temperatures for the first six years of storage, as long as they are being kept in air-tight jars and in 
total darkness. In other words, storage temperatures and storage duration were found to have not much 
influence on Batai seed germination. However, there are some decreasing trend monitored on seed 
germination with every increase of temperatures and time of storage. This is contrary from other seed 
species like Neolamarckia cadamba (Kelampayan) whereby it rapidly loses its viability within one 
year after being stored at 16C and room temp (Joe, 2007).  
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Table 1:  Germination of Batai seeds stored up to six years. Moisture content reading was only   
available until 36 months due to limited amount of seed.  

Storage 
time 
(Months) 

Year 

Storage temperature 

4C 8C 12C 16C Room temp. 

                                             Germination (%), MC (%) 

0 

 
 

1 

                                                     70.0, 9.58 

  

3 69.5, 8.84 72.5, 8.70 71.5, 9.34 70.0, 8.95 70.3, 9.64 

6 73.3, 9.30 74.8, 8.45 71.8, 8.77 76.5, 8.63 72.0, 9.11 

9 71.5, 8.93 70.8, 9.02 67.8, 7.87 70.0, 8.64 59.8, 6.91 

12 71.0, 9.25 73.8, 8.74 66.8, 8.61 58.8, 8.39 65.0, 10.22 

       

15 

2 

72.3, 9.28 80.0, 9.09 70.5, 9.00 72.3, 9.01 59.3, 9.48 

18 74.0, 8.99 67.3, 8.95 72.8, 9.25 70.5, 9.12 63.3, 9.32 

21 73.0, 9.41 74.5, 9.04 74.8, 9.09 69.3, 9.30 64.5, 9.35 

24 64.3, 8.99 67.0, 9.00 67.8, 9.08 64.8, 9.28 62.3, 9.25 

       

27 

3 

76.3, 9.19 72.3, 9.24 68.8, 9.47 57.5, 9.73 55.3, 9.28 

30 60.5, 10.23 68.8, 9.19 74.3, 7.22 58.5, 8.83 61.5, 9.12 

33 71.5, 9.86 68.3, 8.89 66.3, 9.08 65.8, 8.88 55.5, 9.55 

36 69.0, 9.55 69.8, 9.09 64.8, 8.95 59.8, 8.70 49.3, 9.11 

       

39 

4 

68.3 72.0 71.5 66.3 55.5 

42 66.5 68.5 70.8 67.8 57.0 

45 72.8 72.5 60.8 60.8 64.3 

48 67.8 77.8 67.3 64.0 60.0 

       

51 

5 

70.5 67.8 63.8 61.3 56.5 

54 65.8 59.0 62.8 59.3 52.0 

57 68.8 68.0 68.0 65.8 58.5 

60 66.0 66.8 66.3 65.8 61.8 

       

63 

6 

70.5 66.8 71.0 55.5 58.8 

66 63.0 64.0 66.0 61.8 59.5 

69 67.0 67.0 56.5 53.5 61.3 

72 71.0 69.3 62.3 58.0 61.3 
Each germination percentage is the mean of four 100-seed test samples while each moisture content percentage is the mean 

of four wet-weight basis tests. 

 
From Table 1 and 2 it is apparent that after six years of storage, the reduction of seed germination is 
not much for the first two storage temperatures, i.e. 4C and 8C. For seeds stored at 12C, 16C and 
room temperature, the reduction of germination is around 8-12% with fluctuations as per mentioned 
before. For this species, storage temperature seems to be not as crucial as other species like 
Kelampayan (Sabrina, 2007). They can be stored at any temperatures even up to ambient room 
temperatures for six years. 
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Table 2: Summary of Batai seed germination percentage at the end of each year.  

Storage 
time (Year) 

                                                 Storage temperature 

4C 8C 12C 16C Room temp. 

                                                   Germination (%) 

0                                                          70.0 

1 71.0ABa 73.8Aab 66.8ABCa 58.8Ca 65.0BCa 

2 64.3Aa 67.0Ab 67.8Aa 64.8Aa 62.3Aa 

3 69.0Aa 69.8Aab 64.8Aa 59.8ABa 49.3Bb 

4 67.8Ba 77.8Aa 67.3Ba 64.0Ba 60.0Ba 

5 66.0Aa 66.8Ab 66.3Aa 65.8Aa 61.8Aa 

6 71.0Aa 69.3Aab 62.3Ba 58.0Ba 61.3Ba 
Means followed by the same capital letters in the row and lowercase in the column did not differ by DMRT at 5% 

probability. 

 
Some tree species produced flowers and fruits once a year and some do every few years. Vertucci et 
al. (1996) observed that seed production, both in quality and quantity is not stable from year to year. 
Factors influencing this might be genetic, climate, pests and diseases, animal, human interference and 
also forest fire. Therefore, consideration must be given to the processing and appropriate storage of 
seeds collected. 
 
For certain plantation companies, storage of seeds is crucial if they imported seeds in bulk, 20 to 30 
kg per purchase as the importation process might take some time to complete and of course, the 
importers first have to make sure that they are buying quality seeds from the right source. For certain 
planters who produced their own seed, seed storage is still crucial as they might not be able to finish 
planting or selling the seeds within the same year. Maintaining of seed vigour during storage is also 
important as it influences subsequent nursery performance. 
 

Conclusions 

 

Accepting that these results are based on one experiment with one seedlot, it is tentatively concluded 
that Batai seed can be stored under a wide range of storage temperatures which is in the range of 4C 
to room temperature (25-27C) with small impairment of viability for up to six years, provided it is 
stored under air-tight conditions and in total darkness at moisture content 8-10%. However, to 
maintain the seeds at its highest viability, it is better if the seeds are stored at lower temperatures, i.e. 
at 4C-8C. As Batai seed can suffer rapid loss of viability if both MC and temperature are high, it is 
important that it be placed in air tight storage under the conditions indicated by this work as soon as 
practicable after collection.  
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Introduction 

 

Controlled atmosphere (CA) storage technique involves keeping fresh produce especially fruits in 
atmospheric composition that is different from air composition, typically by reducing oxygen (O2) and 
increasing carbon dioxide (CO2) (Thompson, 2010). CA storage has been long used to prolong 
storage life of fruits by lowering their respiration rate, as storage life increase when respiration rate 
decrease. In conventional static CA (SCA), O2 is maintained at pre-determined safe level throughout 
storage period, higher than optimum requirement. Need of lowest possible O2 levels tolerated by fruit 
to maximize the CA benefits has resulted in development of dynamic controlled atmosphere (DCA).  
In DCA, the O2 level is set at the lowest safe level by determining the low O2 stress point, which can 
be detected by measuring ethanol production, fruit respiration or chlorophyll fluorescence. The most 
successful strategy to date is based on sensing of chlorophyll fluorescence changes (Stephens and 
Tenner, 2005). As the O2 level in the storage decreases over time, a stress point is reached when the 
chlorophyll fluorescence signal increases. In response, the O2 level can be increased to just above the 
stress point. Hence, the atmosphere in DCA is changing (dynamic) rather than being static throughout 
storage as in conventional CA. The present study was carried out to evaluate the effects of chlorophyll 
fluorescence based-DCA on storage life and quality of mango var. Chokanan (MA224). Chokanan 
mango has a short storage and shelf life; it only can last for three weeks when stored at 13ºC and only 
a few days at ambient temperature (Ahmad Tarmizi et al., 1996; Wan Reza et al., 2007;). Longer 
storage life is needed to allow sufficient time for marketing of the fruit to distant market and to have a 
prolonged availability even during the off-season.  
 
Materials and Methods 

 
Chokanan mango fruits at mature green stage; 10 weeks after fruit set (Ahmad Tarmizi and Pauziah, 
2005) were purchased from a commercial farm in Bidor, Perak and were brought to the Postharvest 
Laboratory in MARDI, Serdang on the same day. After an overnight precooling, fruits were sorted, 
washed, air-dried and packed in corrugated fibre board. They were then placed in gas-tight cabinets 
and subjected to three different atmosphere compositions, namely air (control), SCA and DCA at a 
temperature of 13ºC for up to 8 weeks. Air and SCA composition were set at 21% O2 + 0.03% CO2 
and 2% O2 + 5% CO2 respectively. DCA composition was set at 0.7% O2 + 1.4% CO2 according to the 
fruit’s fluorescence response to low oxygen stress, implemented by using by HarvestWatch System 
(Satlantic Inc., Halifax, N.S., Canada). Chlorophyll fluorescence (F-α) was assessed hourly using 
Fluorescence Interactive Response Monitor (FIRM) sensors throughout the entire storage period on a 
sample of six fruits for each cabinet. The experiment was laid out in a completely randomized design 
with three replications. Each replicate consists of 18 fruits. In order to promote uniform ripening, 
fruits were subjected to ethylene treatment at 200 mg/L upon removal from storage, and subsequently 
transferred to ambient temperature (25ºC) to simulate commercial shelf life. Physiological and quality 
evaluations were done every week interval immediately upon fruits removal from storage and when 
fruits ripen at ambient. Parameters measured were respiration rate, ethylene production rate, total 
soluble solids (TSS), total titratable acidity (TTA), ascorbic acid, flesh firmness, skin and flesh colour, 
disease incidence and severity, ethanol, acetaldehyde and ethyl acetate content. The data were 
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subjected to one-way analysis of variance using GLM (General Linear Models, SAS Institute Inc., 
1994) procedures. Mean separation was done by using Duncan multiple range test at P≤0.05. 
 
Results and Discussion 

 

Chlorophyll fluorescence signal indicating fruits response to low O2 stress as well as subsequent stress 
release conditions are represented in Figure 1. It is clearly seen that there was a spike in F-α value 
once the fruit were exposed to O2 below critical value (0.6%). When stress was released by increasing 
the O2 concentration to 0.7%, F-α value was restored to its previous base level. Therefore, O2 level at 
0.7% was used in DCA composition. On the other hand, CO2 level was set 1.4%; twice as much O2 
level based on finding from a preliminary experiment which found that a ratio of 1 O2 : 2 CO2 is the 
best DCA composition for Chokanan mango (Data not shown).  
 
Extremely low O2 level in DCA techniques has resulted in significantly decreased respiration rate 
upon removal from storage followed by shelf life. Figure 2 shows respiration rate of fruits from each 
storage treatment measured soon after removal from storage (day 0) and during subsequent ripening at 
ambient for 4 days (day 1-4). At removal, DCA-stored fruits showed the lowest respiration rate, 
whereas CA-stored fruits an intermediate and air-stored fruits showed the highest respiration rate, 
which about two-fold difference between each storage condition. Regardless of storage condition, 
fruit demonstrated dramatic increase of respiration rate after 1 day of shelf life, suggesting a 
climacteric rise; as mango is a climacteric fruit characterized by increased respiration and ethylene 
production during ripening (Sivakumar et al., 2012). Nevertheless, DCA and SCA-stored fruits 
showed residual inhibitory effect of low O2 atmosphere as they both remained lower than that air-
stored fruits during ripening. No significant ethylene burst was observed in fruit irrespective of 
storage conditions (Table 1). This might be due to the fact that ethylene gas sampling was done only 
once a day throughout shelf life; and the gas might have been given off at different time for different 
individual fruits, thus resulting in high deviation among replicates. Nevertheless, it is noteworthy that 
no ethylene was detected from fruits removed from DCA storage until 3 days of shelf life, suggesting 
that ethylene production was suppressed by extreme low O2 in DCA.  
 
Lowering O2 below its threshold point could induce anaerobic respiration to maintain the fruit’s 
energy supply (Kader, 1986; Weichmann, 1987), prompting an increase in CO2 production and 
accumulation of ethanol and acateldehyde; eventually resulting in off-flavours and tissue breakdown 
(Kubo et al., 1996; Golias et al., 2008). The result showed that there was a considerable high 
accumulation of acetaldehyde and ethanol production in the flesh of DCA-stored fruit (Table 2A). 
Whether this accumulation was caused by anaerobic respiration could not be derived at this time, but 
it was more likely a transient accumulation after fruits were kept in the gas-tight cabinet for several 
weeks. These products decline to the level similar to that of air-stored fruit when fruit ripened at 
ambient (Table 2B). In addition, CO2 level remained at very minimal level in DCA throughout storage 
period, and no tissue breakdown and off-flavours were detected, thus ruling out aerobic respiration 
was shifted to anaerobic respiration in DCA-stored fruits. 
 
In line with respiratory activity, ripening process was most delayed in DCA-stored fruits followed by 
SCA- and air-stored fruits. As described by Kader, (1996) low O2 resulted in inhibition of expression 
of senescence related genes; hence delay loss of chlorophyll, indicated by higher hueº; slowed-down 
activity of cell wall degrading enzymes that caused fruit softening, as indicated by high firmness 
level; slowed-down starch conversion to sugar as indicated by higher TSS content; reduced loss of 
acidity, indicated by higher TTA; as well as enhanced retention of ascorbic acid. All aforementioned 
data are shown in Table 2A. Of the parameters, all storage condition did not differ much in TSS and 
ascorbic acid content. Despite ripening suppression, DCA- and SCA-stored fruits were able to 
undergo the compositional changes upon transfer to ambient air, which were previously suppressed 
during storage. Nevertheless, the changes took place at slower pace with a smaller magnitude than 
that of air-stored fruits (Table 2B). It is noteworthy that, increase of TSS in DCA-stored fruits, was 
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not concomitant with a decrease in TTA, resulting in lower TSS:TTA ratio which generally reflects 
sugar to acid ratio, thus suggesting that fruits were less sweet even though they contain high TSS 
(Khaliq et al., 2016). TSS is correlated to degradation of cell walls and hydrolysis of starch to sucrose,  
whereas TTA is associated with the respiration process which using organic acid as substrate and may 
contribute to decline in fruit acidity (Hossain et al., 2014). Constant low respiration rate of DCA-
stored fruits during storage which persist even after ripened might explain high retention of acidity in 
the fruit. Apart from low O2, delayed ripening could be a result of high accumulation of acetaldehyde 
in DCA-stored fruit. According to Beaulieu et al. (1997), acetaldehyde which is a result of conversion 
of ethanol, could be involved in fruit ripening delay. 
 
DCA-stored fruits had significantly lower incidence and severity of anthracnose disease; whereby 
slight symptom was first appeared on 7 weeks of storage (Table 2A) and only become severe on week 
8. On the other hand, severe anthracnose symptom was observed in SCA- and DCA-stored fruits on 
week 4 and week 6, respectively. Disease severity coupled with senescence render air-stored fruits 
only can be kept up to 3 weeks, whereas SCA- and DCA-stored fruits can be kept up to 5 and 7 
weeks, respectively. This result was anticipated as pathogen respires and so does fruit, thus lowering 
O2 suppresses pathogenic growth in the host (Makino and Hirata, 1997). In addition, lower incidence 
of anthracnose in both CA-stored fruit may be attributed to their slower ripening process; considering 
the fact that anthracnose is a latent infection, which is initially dormant until it is triggered by 
dramatic physiological changes such as ripening which induce its reactivation of infection and 
eventually appearance of symptoms (Coates and Johnson, 1997). 
 

 

 

 

 
 

 

 

 

 

 

 

 
Table 1: Ethylene production rate (µL kg/hr) of Chokanan mango after 3 weeks of storage and 

subsequent ripening at ambient temperature. Means followed by letters within respective 
storage period are significantly different (p<0.05). 

1
Storage period represents number of weeks after storage followed by number of days at shelf life. 

 

 
 3 weeks + 0 day 3 weeks + 1 day 3 weeks + 3 days 3 weeks + 4 days 

 Ethylene production rate (µL kg/hr) 

Air 0.24a 0.56a 0.91a 0.91a 

SCA 1.01a 0.00a 0.77a 0.58a 

DCA 0.00a 0.00a 1.74a 1.68a 

Figure 1:  Chlorophyll fluorescence signal 
(Fα) increased (in circle) 
indicating that the fruit is under 
low O2 stress. 

 

Figure 2: Respiration rate (mL kg/hr CO2) of 
Chokanan mango after 3 weeks of 
storage and subsequent ripening at 
ambient temperature. Bars represent 
standard error. 
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Storage 
period 

Storage 
condition 

Storage 
period 

(A) (B) 

Storage 
condition 

Table 2:  Chemical changes (total soluble solids (TSS), total titratable acidity (TTA), TSS:TTA, 
ascorbic acid, ethanol and aldehyde content); colour changes (skin and flesh hue); firmness 
and disease severity of Chokanan mango fruit upon removal from storage (A) and after 
ripen at ambient (B).  

                                                      

1
Skin and Flesh Hueº: Generally higher hueº indicates more green.

 2
Disease severity score: 1=No symptom; 2=Slight; 

3=Moderate; 4=Severe. Means followed by different letters within respective storage period are significantly different (p 

<0.05) by DMRT. 

 
 
 

 
  
 
 

Week 
0 

Week 
3 

Week 
5 

Week  
7 

    
 

 
 

Week 
0 

Week  
3 

Week  
5 

Week 
7 

Total soluble solid – TSS (Brixº)  Total soluble solid – TSS (Brixº) 
Air 9.16a 13.37a - -  Air 17.97a 14.23a - - 
SCA 9.16a 14.20a 12.3a - SCA 17.97a 13.43a 12.53a - 
DCA 9.16a 12.63a 13.4a 16.1 DCA 17.97a 14.23a 12.53a 14.9 

Total titratable acidity – TTA (%)  Total titratable acidity – TTA (%) 
Air 1.02a 0.48b - -  Air 0.5a 0.25b - - 
SCA 1.02a 0.68b 0.30b  SCA 0.5a 0.30ba 0.22b - 
DCA 1.02a 0.92a 0.77a 0.51 DCA 0.5a 0.35a 0.37a 0.41 

TSS : TTA ratio  TSS : TTA ratio 
Air 9.08a 28.13a - -  Air 88.33a 57.52a - - 
SCA 9.08a 21.33ba 41.50a - SCA 88.33a 45.16b 66.24a - 
DCA 9.08a 13.81b 18.11b 32.6 DCA 88.33a 38.64b 33.63b 36.42 

Ascorbic acid (mg/100g fresh weight)  Ascorbic acid (mg/100g fresh weight) 
Air 37.02a 28.66a - -  Air 12.38a 10.16ba - - 
SCA 37.02a 30.07a 25.4a - SCA 12.38a 6.89b 8.07b - 
DCA 37.02a 29.25a 27.29a 28.11 DCA 12.38a 12.34a 10.97a 9.19 

Ethanol (mg/L)  Ethanol (mg/L) 
Air 1.03a 28.6b - -  Air 1.43a 81.09a - - 
SCA 1.03a 93.6a 83.5a - SCA 1.43a 71.86a 93.21a - 
DCA 1.03a 235.5a 112.9a 137.6 DCA 1.43a 95.87a 90.62a 86.69 

Acetaldehyde (mg/L)  Acetaldehyde (mg/L) 
Air 3.07a 1.92b - -  Air 0.95a 1.37a - - 
SCA 3.07a 1.97b 1.07a - SCA 0.95a 1.61a 0.74a - 
DCA 3.07a 5.63a 3.79a 3.69 DCA 0.95a 1.37a 0.55a 0.78 

Skin colour (Hueº)1  Skin colour (Hueº)1 
Air 116.07a 94.28c - -  Air 81.5a 89.51a - - 
SCA 116.07a 109.87b 92.69b - SCA 81.5a 89.61a 86.42b - 
DCA 116.07a 115.58a 111.86a 105.85 DCA 81.5a 92.26a 86.85b 85.55 

Flesh colour (Hueº)1  Flesh colour (Hueº)1 
Air 97.81a 92.97b - -  Air 85.5a 92.22a - - 
SCA 97.81a 95.83a 93.38b - SCA 85.5a 92.66a 91.64a - 
DCA 97.81a 97.35a 96.57a 95.89 DCA 85.5a 92.54a 93.04a 93.32 

Firmness (N)  Firmness (N) 
Air 100.7a 6.09b - -  Air 9.46a 3.96b - - 
SCA 100.7a 53.29a 28.11b - SCA 9.46a 5.81ba 5.23b - 
DCA 100.7a 58.58a 40.27a 21.72 DCA 9.46a 6.32a 6.51a 5.16 

Disease severity score2  Disease severity score2 
Air 1.0a 1.08a - -  Air 1.0a 2.08a - - 
SCA 1.0a 1.00b 1.8a -  SCA 1.0a 1.50b 2.23a - 
DCA2 1.0a 1.00b 1.3b 1.3  DCA2 1.0a 1.19b 1.27b 1.97 
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Conclusions 

 

Chokanan mango showed positive response to storage under DCA, whereby DCA-stored fruit can be 
kept up to 7 weeks, compared to only 5 and 3 weeks for SCA- and air-stored fruit, respectively. This 
was brought about by significant reduction of respiration rate, slow ripening process and delayed 
disease incidence during storage and persist even after transfer to ambient air. However, slow 
metabolic process resulted in a residual inhibitory effect; whereby TTS increase was not coupled with 
concomitant decrease in TTA, resulting in relatively high acidity retention in DCA-stored fruit. Fine-
tuning is needed to optimize DCA implementation on Chokanan mango to overcome such problem so 
that extending the storage life would not be at the expense of eating quality.   
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Introduction 

 

One of the major diseases caused by the fungi in rice plantation in Malaysia is rice blast. Rice blast is 
caused by ascomycete fungus, Magnaporthe grisea Barr (anamorph Pyricularia grisea (P. oryzae) 

Sacc., synonyms to Pyricularia oryzae C a v.), which is the most destructive and aggressive fungus 
under favorable condition in rice field (Couch and Kohn, 2002). Rice blast disease is capable of 
destroying rice crops severely due to P. oryzae. Rice blast pathogen can attack all plant growth stages 
from seedlings, vegetative stage or even stage of harvest (productive stage). Besides that, this 
pathogen can also affect all parts of paddy plant including parts of panicle, collar, neck, leaf, node and 
leaf sheath. Neck blast gives the most contribution in yield losses of rice production and the most 
serious phase of the blast disease that cause unfilled grain (Khan et al., 2014). According to Kihoro et 
al. (2013), P. oryzae attacks the rice plants and will reduce the quality of the rice and there are many 
other cases that resulting in 100% of the plants destroyed. Despite this, a bulk of the research on blast 
has been focusing on reducing the severity of rice blast disease.  
 
Rice blast disease is commonly controlled by chemical fungicides, which are applied as foliage 
sprays. It gives effects in a short time and farmers tend to use chemical fungicides in a large dosage as 
it kills the pathogen. On the other hand, the regular use of fungicide can possibly pose a risk to the 
environment particularly if residue persists in the soils and enter the rivers (Kibria et al., 2010). 
Overuse of fungicide can cause the pathogen becoming more resistance in the long run (Deising et al., 
2008). It is also hazardous to human, animals and environment. However, due to a growing concern 
about the harmful effects of the chemical fungicides on human health and environment, efforts have 
been made to develop environmentally friendly strategies to control pathogen and pest (Paul and 
Sharma, 2002). Besides micro biocontrol agents, plant extracts have also been found effective against 
various types of pathogen.  
 
Allamanda cathartica or known as golden trumpet is a type of shrubs and evergreen trees from the 
Apocynaceae family that grow well in Malaysia. Some chemical contents of A. cathartica are tannins, 
flavonoids, carbohydrates, proteins, phenols, steroids and glycosides, which are rich in microbial 
activity, anti-inflammatory and other activities. Crude extracts of A. cathartica have also been found 
to be effective against a range of fungal pathogens. This may be due to the presence of bioactive 
compounds that could break the hyphal and spores that were agglutinated, while some of them were 
ruptured due to lysis. Hence, the present study was carried out to evaluate the potential use of A. 

cathartica stem extracts on P. oryzae. The information generated from this research could be 
beneficial for further studies on the specific compounds that could lead to the inhibitory of P. oryzae.  
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Materials and Methods 

 

Isolation of of P. oryzae 

 

Pyricularia oryzae was isolated from the infected paddy plant. The lesions were cut into small pieces 
(about 2 mm) and the surface was sterilized in 10% Clorox. It was then rinsed twice with distilled 
water and blotted dry. The samples were placed on the potato dextrose agar (PDA) and incubated for 
12 hours at room temperature. Fungal pathogen was sub-cultured and maintained in PDA. The fungal 
colonies growing on the PDA plates were morphologically identified under a light microscope at 40× 
magnification. 
 
Plant sample preparation  

 

Allamanda cathartica plants were collected from Jengka, Pahang, Malaysia. About 5 kg of fresh 
weight of stems were collected and were air-dried at room temperature (20 to 26°C with an average of 
23°C) for a week. The stems were then ground using an electric grinder into a powder form and kept 
in an air tight container until further use. 
 

Plant extracts preparation  

 

A 200 g ground stem tissues of A. cathartica were extracted using sequential extraction by solvents 
with the increasing polarity; hexane, chloroform and methanol. The samples were soaked by 
increasing the polarity. The samples were first soaked in hexane for 48 hours, and then were filtered 
to obtain hexane filtrates. The hexane filtrates were dried using a rotary evaporator. The residues were 
left to dry and were soaked again using chloroform and methanol solvent. The same procedures were 
repeated to gain the chloroform and methanol crude extracts. 
 

Preparation of treatment  

 

Five concentrations (10000, 7500, 5000, 2500 and 1000 ppm) of stem crude extracts were prepared. 
Hexane and chloroform crude extracts were dissolved in 5 mL of methanol: dimethyl sulpahate 
(DMSO) (4:6) while methanol crude extracts were dissolved in 100% methanol, then sterilized 
through a 0.45 µm sterile filter (Sartorius® Syringe Filter). Methanol: dimethyl sulpahate (DMSO) 
(4:6) solvent was used as a negative control for hexane and chloroform crude extracts while methanol 
(100%) was used for methanol crude extracts. Mancozeb fungicides served as the positive control 
treatment. 
 
Antifungal activity screening of A. cathartica stems extract against rice blast pathogen 

 

The antifungal activities of A. cathartica stem extract were tested by using well diffusion method 
(Shinwari et al., 2009). Two holes of 5 mm were made at 2.5 cm from fungal plug in PDA plate by 
using sterile core borer. About 10 µL of the plant extract was pipetted into each hole. The plates were 
then incubated at room temperature for seven days with 10 replicates for each treatment. Fungitoxicity 
was recorded in terms of percentage colony inhibition and calculated according to the following 
formula: 

 
PIRG =  Rc - Rt × 100% 

Rc 
 
Where,  
PIRG : percentages of radial growth 
Rt : radial growth of the fungal pathogen in the treatment  
Rc        : radial growth of the fungal pathogen in the control 
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Preliminary phytochemical tests 

 

Phytochemical analyses of A. cathartica stem extracts were conducted according to the methods by 
Pavithra et al. (2009) with slight modification. The analysis was conducted to screen the presence of 
active ingredients in the stem extract. 
 
Test for alkaloids  

 

One percent of hydrochloric acid was added in 1 mL of methanol extracts of A. cathartica on a steam 
bath. The mixtures were filtered, and the filtrate was treated with six drops of Mayer’s reagent. The 
formation of cream white precipitate showed the presence of alkaloids. 
 
Test for tannins 

 

Positive test for tannins was represented by the appearance of precipitate. This precipitate was formed 
by the addition a few drops of 10% lead acetate into the methanol extract. 
 
Test for saponin 

 

One mL of methanol extract was shaken with 9 mL of distilled water. The appearance of stable froth 
indicated the presence of saponin.  

 

Test for steroids  

 

Two mL of methanol extract was mixed with chloroform, a few drops of acetic anhydride and 
concentrated sulfuric acid along the side of test tube. A reddish-brown coloration of the interface was 
formed to show the presence of triterpenoids. 

 

Test for cardiac glycosides 

 

A few drops of acetic acid, ferric chloride and three to four drops of concentrated sulfuric acid were 
added into 1 mL methanol extracts. A blue-green color was formed, which indicated the presence of 
glycosides. 
 
Test for flavonoids  

 

Two mL of methanol extract was dissolved with concentrated hydrochloric acid and magnesium 
ribbon. The appearance of pink-red color indicated the presence of flavonoids. 
 

Statistical analysis 

 

The treatments were arranged in a completely randomized design (CRD) with ten replications with 
types of extracts and different concentrations of stem crude extracts of A. cathartica as factors. All the 
data were subjected to analysis of variance (ANOVA) where significant (P<0.01) differences between 
means were determined by Tukey’s Standardized Range Test. The Minitab 16 software was used to 
perform all analyses. 
 

Results and Discussion 

 

Antifungal activity of A. cathartica against P. oryzae 

 

Hexane, chloroform and methanol crude extracts of A. cathartica were screened via in vitro for their 
antifungal activity against P. oryzae. Results showed that the stem crude extracts of A. cathartica 
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significantly (P<0.05) inhibited the growth of P. oryzae after seven days of incubation. Among the 
crude extracts evaluated, chloroform stem crude extracts showed the highest percentage of inhibition 
followed by methanol and hexane. Antifungal activity of A. cathartica against P. oryzae increased as 
the concentration of extract increased from 1000 to 10000 ppm. Hexane crude extracts of A. 

cathartica showed the lowest antifungal activity on growth of P. oryzae as compared to chloroform 
and methanol crude extracts. The smallest radial growth was observed on fungus treated with 10000 
ppm chloroform and methanol crude extracts except for hexane crude extracts at 700 ppm (Table 1). 
Figure 1 showed that hexane extracts inhibited the radial growth of P. oryzae with 3.12 cm (22% 
inhibition), chloroform with 1.60 cm (60% inhibition) and methanol with 1.70 cm (57.50% 
inhibition). However, chloroform stem crude extracts gave the strongest activity compared to other 
crude extracts, thus, proved that intermediate polar compounds from stem of A. cathartica exhibited 
the greatest inhibition on radial growth of P. oryzae. Result found that chloroform stem crude extracts 
at concentration of 10000 ppm gave the highest antifungal activity (60%) followed by the 
concentration of 7500 ppm, which gave 59% of inhibition, 5000 ppm gave 52.75% inhibition, 2500 
ppm gave 38% inhibition and 1000 ppm gave 28.25% inhibition. Islam et al. (2010) stated that the 
crude extracts of A. cathartica has mild to moderate antimicrobial activity where chloroform crude 
extract showed a significant antimicrobial activity (10-13 mm zone of inhibition) against Shigella 

dysenteriae.  
 
Chloroform crude extracts of A. cathartica was proven to contain glycosides, coumarins, phytosterols, 
toxic iridoid lactone, allamandin and carbohydrates that may contribute to the antifungal activities 
(Joseline et al., 2012; Prabhadevi et al., 2012). The antifungal activity of plant extracts may not be due 
to the action of a single active compound, but the synergistic effect of several compounds. Methanol 
crude extracts also showed good inhibition against P. oryzae as shown in table 1 whereby at 10000 
ppm, the methanol crude extracts gave the highest percentage inhibition as compared to other 
concentrations with 57.5% followed by 7500 ppm, which gave 57.25 % inhibition, 5000 ppm gave 
48.75% inhibition, 2500 ppm gave 44.5% inhibition and 1000 ppm gave 44.25 % inhibition (Table 1). 
According to the Britto et al. (2011), the methanol extracts of A. cathartica showed active inhibitions 
against Salmonella paratyphi, Salmonella typhi, Klebsiella vulgaris, Streptococcus aureus, Shigella 

dysenteriae, Escherichia and Shigella boydii. Previous study showed that chloroform and methanol of 
Allamanda species gave the strongest antifungal activity against Colletotrichum gloeosporioides 
where more than 80% colony growth inhibition was observed (Farah et al., 2013). Based on Figure 2, 
A. cathartica stem crude extracts significantly suppressed the mycelial growth and the production of 
hyphae and sporangia of P. oryzae were stunted. The mycelial growth of P. oryzae was significantly 
decreased as concentrations increased.  
 
Table 1: The percentage of inhibition of A. cathartica stem extracts against P. oryzae. 

Concentration 
(ppm) 

Hexane Chloroform Methanol 
Percentage inhibition (%) Percentage inhibition (%) Percentage inhibition (%) 

1000 14.75b 
20.00a 
13.75b 
22.00a 
19.00a 

28.25d 
38.00c 
52.75b 
59.00a 
60.00a 

44.25b 
22.50c 
48.75b 
57.25a 
57.50a 

2500 
5000 
7500 
10000 

zMeans within columns followed by the same letters are not significantly different (Tukey’s Test; P<0.05). 
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Figure 1: Effects of different solvent extractions (hexane, chloroform, methanol, negative control and 

positive extract) of Allamanda cathartica stem on radial growth of P. oryzae. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2:   Microscopic observation of antifungal activity of A. cathartica crude extracts against rice 
blast disease under 40x magnifications (a) Healthy hyphae (b) Healthy sporangia (c) 
Stunted hyphae (d) Stunted sporangia.       

              
Phytochemical tests 

 
The result from the antifungal activities of stem crude extracts of A. cathartica showed the presence 
of bioactive constituents. Methanol extracts were used to determine the active compound found in A. 

cathartica since methanol is a polar solvent and able to attract most active compounds. The results of 
the phytochemical test in the stem extract of A. cathartica are summarized in Table 2. 
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Table 2: Phytochemical screening test of A. cathartica stem extracts. 
Compound  Methanol stem extracts 
Alkaloids - 
Tannins + 
Saponin + 
Steroids and triterpenoids - 
Cardiac glycosides + 
Flavonoids - 
Fatty acid + 

Key:                             -       Absent                            +      Present 
 
Various bioactive constituents, which can be found in plants have the potentials for the development 
as a medical agent (Noorshilawati et al., 2015). The phytochemical analysis of stem methanol extract 
demonstrated the presence of phytochemical constituents such as tannins, saponin, cardiac glycosides 
and fatty acid. The phytochemical analysis was aligned with the reports of other studies (Essiett and 
Udo, 2015).  
  
Conclusions 

 

Allamanda cathartica stem crude extracts possessed a potent antifungal activity to control the growth 
of P. oryzae that stunted the growth of hyphae and spore. The phytochemical analysis revealed the 
presence of tannins, saponin, cardiac glycosides and fatty acid that contributed to antifungal activity. 
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Introduction 

 

Orthosiphon stamineus Bentham, with a common name of cat’s whiskers or misai kucing is a shrubby 
perennial belonging to the family Lamiaceae. The herbs have been notably free of serious insect 
problems until recently. The herbs planted in Subang Jaya, Selangor, were heavily attacked by lace 
bug, Cochlochila bullita (Stal) (Ahmad Saip and Tan, 2010). Pyrausta panopealis and Pycnarmon 

cribata (Lepidoptera: Crambidae) also become one of the main pests for this herb that attacked the 
plants in several locations such as Serdang, Bachok, Raub and Pontian. Pyrausta panopealis 
(Lepidoptera: Crambidae) is distributed in South-East Asia including China, Japan, India and South 
America (Hyung Keun Oh et al., 2010). They are holometabolous, which undergo complete 
metamorphosis (completed all four stages: eggs, larvae, pupae and adult). As the leaves are damaged, 
the crop dies and thus affects herbal production. Young leaves become the shelter and food source of 
the Crambidae larvae. Uncontrollable distribution of this species affects the production of O. 

stamineus. The objective of the study was to determine the effectiveness of different types of 
biopesticides against Leaf Roller Caterpillar, P. panopealis. 
 

Materials and Methods 

 
Plant material and extracts 

 

Plant extracts were prepared using water extraction method at the Product Development Laboratory, 
Crops and Soils Sciences Research Centre, MARDI, Serdang. One type of laboratory-reared insect 
pests, viz, the leaf roller caterpillars, P. panopealis that was collected from misai kucing plants in the 
field were used in the insecticidal tests. All the various stages of the test insects were reared in the 
laboratory at MARDI, Serdang, under ambient conditions. Two botanical oil-based biopesticides, 
neem oil ((B’Green® (a.i. Azadirachta indica) and neem oil (1.2% a.i. Neemix® 4.5 - Azadirachtin)) 
and four natural biopesticides (Garlic extract, tobacco leaves extract, citronella leaves and neem 
leaves extract) were evaluated against the four instar stages of the insect pests based on the leaf-dip 
and residue bioassay methods in the laboratory with different concentrations (0, 0.5, 1.0 and 1.5%). 
Ten insects pests of P. panopealis (4 instar larvae) were placed in a petri dish and each treatment 
consisted of four replications. The treatments were examined for larva mortality by prodding for any 
movement using a fine brush. Mortality was recorded at 0 hour before treatment and at 24, 48 and 72 
h after treatment. In the field, ten insects of P. panopealis species (4 instar stages larvae) were 
selected and labeled on misai kucing plants with the symptom and incidence of pests and each 
treatment had four replications was sprayed. Data analyses were done using two-way ANOVA and 
Tukey’s test. Both of these data analyses were obtained through the MINITAB Statistical Version, 
Version 16. Mean of mortality rate were being transformed √ x square root of before analyzing the 
data.   
 

 



eISSN 2600-9595 
Trans. Malaysian Soc. Plant Physiol. 26 

First Published, 2019 
 

 

223 

 

Results and Discussion 

 

Direct dip method as well as their interaction 

 
The results of the two-way ANOVA showed that all two independent variables or factors (treatment 
and concentration) showed some significant differences (P<0.05) on the number of larvae mortality of 
P. panopealis on O. Stamineus against different biopesticides using the direct dip method but not 
significantly different on their interaction (P>0.05) (Table 1). Generally, the mortality of P. 

panopealis (leaf roller caterpillar) increased as the concentration of biopesticide increased. The mean 
mortality was higher when the pests were treated with commercial biopesticides (Neemix® 4.5  and 
B’Green® neem oil – a.i: Azadirachtin) than garlic extract, neem leaves extract, citronella extract and 
tobacco leaves extract at all concentrations of biopesticide (Figure 1). At concentrations of 0.5 to 1.0 
(% of active ingredient), the effect of Neemix® was stronger and mortality rate of P. panopealis was 
higher compared to B’Green® neem oil (Figure 1). However, both biopesticides killed all pests which 
recorded 100% of mortality when treated at 1.0 (% of active ingredient) of concentration. For plant-
based biopesticide, garlic + sticker was more effective in killing P. panopealis by recording a 
significant higher percentage of mortality (P<0.05) of pests at all concentrations compared to other 
leaf extract. However, in contrast to commercial bio pesticides, all plant based-bio pesticides were 
unable to record 100% mortality at concentrations of 1.5 (% of active ingredients).  
 
Table 1: The larvae mortality of P. panopealis on O. stamineus with different biopesticides using 

direct dip method. 
Source Df F-value P-value 
Treatment 
Concentration 
Treatment*Concentration 
Error 
Total 

11 
2 
22 
72 
107 

10.09 
4.91 
0.60 

< 0.05 
< 0.05 
 0.908 

 
 

 
Figure 1: Mean number of mortality death (%) of P. panopealis with different treatment and 

concentration using direct dip method. 
 
Khan and Wassilew (1987) reported that A. indica is a strong plant pesticide of decision for natural 
horticulture and it is generally utilized in a few nations around the globe today either independently in 
Integrated Pest Management (IPM) or related to synthetic pesticides. Neem based pesticide is better 
than other herbal pesticides (Charleston et al., 2005) for example, Rotenone and Pyrethrins. It has a 
place with the class of medium to expansive range pesticides. Bhattacharyya (2007) revealed that in 
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Egypt, the colossal measure of data appearing plant remove based pesticides particularly neem is 
exceptionally dynamic against the number of various irritation species under research facility, 
greenhouse, semi-field, and field conditions and in various situations. They indicated impact on wide 
scope of irritation creepy crawlies, bugs, nematodes, snails, shellfish and parasitic types of person, 
residential creatures and family unit bug just as plant maladies (Rembold, 2005; Charleston et al., 
2006; Nathan et al., 2006; Peveling and Ely, 2006; Seljasen and Meadow, 2006). 
 
Residual method 

 
The results of the two-way ANOVA showed that all two independent variables or factors (treatment 
and concentration) as well as their interaction showed some significant differences (P<0.05) on the 
number of larvae of P. panopealis mortality on O. stamineus against different biopesticides using the 
residual method (Table 2). This study indicated that the number of P. panopealis larvae mortality 
increased when the concentration of the pesticide used increased (Figure 2). The mortality of P. 

panopealis larvae was higher when treated with Neemix® 4.5 and B’Green® neem oil (commercial 
biopesticides) compared with garlic extract, neem leaves extract, citronella extract and tobacco leaves 
extract at all concentrations (Figure 2). Neemix® 4.5 (a.i azadirachtin) of commercial biopesticide 
recorded the highest mortality rate at 0.5 to 1.0 (% of a.i.). While, the tembakau leaves extract + 
sticker showed the lowest percentage of mortality in all concentrations of biopesticides. 

 
Table 2: The larvae mortality of P. panopealis on O. stamineus with different biopesticides using 

residual method. 
Source Df F-value P-value 

Treatment 
Concentration 
Treatment*Concentration 
Error 
Total 

11 
2 
22 
72 
107 

12.19 
27.93 
1.77 

<0.05 
<0.05 
<0.05 

 

 
Figure 2: Mean number of mortality (%) of P. panopealis with different treatment and concentration 
    using residual method. 
 

Sara et al. (2004) was reported that, neem-based pesticide is suited for blending with other 
manufactured pesticides and in fact upgrades their activity. Charleston et al. (2006) portrayed that 
natural concentrates effectively affected survival, fertility, improvement, oviposition, and bolstering 
of Plutella xylostella, yet no immediate negative consequences for the survival and rummaging of the 
parasitoids. At the point when neem mixes, particularly Azadirachtin entered in the collection of bug 
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hatchlings, the movement of ecdysone (adolescent hormone) was smothered and the hatchlings 
neglected to shed and stayed in the larval stage and eventually kicked the bucket (Seljasen and 
Meadow, 2006) (Oviposition Deterrent Insect Growth Regulation). The neem compound produces 
something like retching sensation; as a result of this sensation, the bug does not benefit from the neem 
treated surface (Villanueva-Jimenez et al., 2000) (Feeding deterrent). 
 
Field application 

 
The mean mortality percentage of P. panopealis on O. stamineus with different treatments by foliar 
spray in the field application are shown in Figure 3. The commercial biopesticide, neem oil (1.2% a.i: 
Neemix® - Azadirachtin) showed 100% of mortality of P. panopealis but not significantly different 
(P>0.05) compared to other biopesticides in the field (Figure 3). Interestingly, all the natural 
biopesticides had potential to control the pests in the field application. The azadirachtin had no 
reactions on birds and other animals. There is no lethal buildup left to debase the earth and bugs do 
not create protection from neem (Sara et al., 2004). Bhattacharyya (2007) announced that a neem 
pesticide is a characteristic item, completely non-dangerous, 100% biodegradable and condition 
cordial. Sara et al. (2004) surveyed on wellbeing assessment of neem pesticide and security 
evaluations for the different neem-inferred arrangements that were made contrasted with the ingestion 
of deposits on nourishment treated with neem arrangements as bug sprays. 

       

 
Figure 3: Mean percentage P. panopealis of mortality (%) on O. stamineus with different treatment by 

foliar spray in the field. 
 

Conclusions 

 
The potential for using botanical based biopesticides as a natural biopesticdes against the larval stages 
of P. panopealis, was suggested by the results of this study. The laboratory and field studies found 
that, the commercial biopesticides were more effective in killing P. panopealis pest. However, the 
extraction of garlic extract used in this study had the potential to be biopesticides against this pest. 
This is because the extraction of some plant species has a toxic effect on P. panopealis and can act as 
a natural biopesticides. In addition, the results of the laboratory study showed that Neemix® 4.5 
(1.2% of a.i.) was able to record a relatively high percentage of P. panopealis mortalities despite low 
dose concentrations. This makes Neemix® 4.5 (1.2% of a.i.) can be used as a commercial 
biopesticides on the P. panopealis with low concentration of dose and reduces the risk of toxic effects 
on the environment due to excessive use of chemical pesticides. 
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Introduction 

 
The mango plant is abundantly grown in Malaysia with a planted area of 5,772.7 ha with a value 
estimated at RM 75,951,868 in 2015 (Department of Agriculture, Malaysia, 2018). Even though the 
mango plant is established here in Malaysia, it is prone to attacks of diseases such as anthracnose and 
stem-end rot (Akhtar et al., 2002). Anthracnose is recognized as the most important pre and post-
harvest fungal disease of mango worldwide caused by Colletotrichum gloeosporioides Penz 
(Sundravadana et al., 2007). The post-harvest phase is the most damaging and economically 
significant phase of the disease. This phase is directly linked to the field phase where initial infection 
usually starts on young twigs and leaves and spreads to the flowers, causing blossom blight and 
destroying the inflorescences and even preventing fruit' set. 
 
The reduced efficacy of chemicals due to pathogen resistant strains, has forced producers to evaluate 
safer alternatives for controlling diseases in the context of sustainable agriculture. These alternatives 
include antagonistic microorganisms, natural compounds, organic and inorganic salts, and physical 
methods to ensure optimal fruit quality (Ippolito and Sanzani, 2011; Youssef et al., 2012; Youssef and 
Roberto, 2014).  
 
In developing a safer control for the disease, a procedure in blossom blight inoculation is needed to 
verify whether the product developed is well equipped in controlling the disease. Hence, this study was 
done to evaluate different inoculation techniques for blossom blight disease, C. gloeosporioides of 
mango flower for future reference. 
 

Materials and Methods 

 

The pathogen causing blossom blight on mango plants, C. gloeosporioides, was isolated from infected 
mango flowers in the Malaysian Agricultural Research and Development Institute (MARDI) Sintok, 
Kedah. Five samples of diseased tissues were washed and dipped for 10 minutes in 10% clorox. 
Consequently, the tissue was re-washed with sterile distilled water for three times and subsequently 
dried. Then it was placed on potato dextrose agar (PDA). The isolates were identified by using the 
morphological characteristics and molecular polymerase chain reaction (PCR) (Figure 1). 
 

 
 
 
 
 

 

 

 

 

Figure 1: (A) C. gloeosporioides; Culture plate on PDA and (B) Spore under microscope observation 
    (40x).  
 
 

A B 
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Flowering of the mango plant is triggered by stress due to drought season. Thus, this experiment was 
done in February 2018, which was the drought season in Sintok, Kedah. Standard farm practices were 
done throughout the experiment minus fungicide and pesticide sprays on the experimental plants. The 
flower panicles used for this experiment was from 12 years old mango Var. Raja. The flower stage 
chosen is inflorescence development stage where the flower buds are ready to open. Three approaches 
(Figure 2); injection inoculation, filter paper inoculation and spray inoculation were done to inoculate 
C. gloeosporioides artificially on mango flowers. Each method used C. gloeosporioides spore 
suspension 106 spore/mL. Culture plates, 10 days old, were flooded with 20 mL sterile water and 
slightly shaken to suspend conidia. Conidial suspensions were adjusted to 106 conidia/mL with the use 
of a haemocytometer.  
 
Injection inoculation method 

 

C. gloeosporioides spore suspension is harvested and 1 mL of spore suspension is put into syringe. At 
field, the flower panicle chosen were injected with 1 mL of C. gloeosporioides spore suspension 106 
spore/mL at middle part of the flower panicle. It was then covered with translucent plastic to promote 
moisture for the development of the blossom blight disease. After 24 hours, the plastic cover was 
removed, and symptoms of blossom blight were observed daily. 
  
Filter paper inoculation method 

 

Filter papers were prepared by punching a 90 mm filter paper to 6 mm diameter size. They were then 
sterilized before use. After the spore suspension 106 spore/ml is prepared, filter papers are soaked in 
the spore suspension for an hour. At field, chosen flower panicle was first injured by inserting a sterile 
needle at the middle part of the flower panicle. Filter paper soaked with spore suspension is then 
placed onto wounded area. The whole flower panicle is covered with translucent plastic for 24 hours. 
The symptoms of blossom blight were observed daily for 7 days. 
 
Spray inoculation method 

 

Ten milliliters of spore suspension were put into sterile sprayers in sterile conditions in the laboratory. 
At field, the flower panicles are wounded by poking the middle part of the flower panicle using sterile 
needles. The whole flower is then sprayed with the spore suspension and immediately enclosed in 
translucent plastic bags after inoculation. 
 

Figure 2:  Inoculation method; (A) Injection inoculation method, (B) Filter paper inoculation method, 
     and (C) Spray inoculation method. 

A B C 
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Observations were recorded daily for 7 days after inoculation were done. Disease severity were 
recorded by percentage of blossom blight symptoms mainly; infection on the flowers causing black 
and necrotic spots on the bud, flowers, flower stalks and the entire flower panicle. When the condition 
is damp, the spots will grow and unite. Eventually the whole flower becomes black and dry. Isolation 
of the disease was then done for each experimental unit to uncover the causal agent for the symptoms. 
The experiment consisted of 3 treatments with 8 replications in a randomized complete block design 
(RCBD). Disease occurrence were analysed by ANOVA using SAS 9.3 TS Level 1M1. Differences 
within the means were compared by using Least Significant Difference (LSD). 
 
Results and Discussion 

 

The efficacy of different inoculation method; injection inoculation, filter paper inoculation and spray 
inoculation were tested to prove the pathogenic ability of C. gloeosporioides. The results are presented 
in Table 1. Disease appearance was seen after 24 to 48 hours after inoculation was done. Where filter 
paper inoculation showed a faster appearance of symptom on the flower panicle (Table 1). From a 
study done by Kumari, et al. in 2017, symptoms of C. gloeosporioides on mango leaves and fruits 
were seen 36 hours after inoculation. In this experiment, earliest symptoms are seen at 24 hours after 
inoculation. This is due to mango flower tissue being more delicate than that of mango leaves and 
fruits. For this experiment, appressoria presence was in the 24 hours timeframe as the earliest disease 
appearance was at 24 hours. Whereas for mango fruit infection reported by Dinh, S. et al. (2003), after 
48 hours, 60% of fungal propagules present were appressoria, as it took more time for disease 
infection to appear in mango fruits.  
 

 

 
Figure 3: Isolation of blossom blight symptoms on experimental units (A) Symptoms of blossom 

blight on mango flower, (B) Isolated C. gloeosporioides culture plate on PDA and (C) C. 

gloeosporioides spore under microscope observation (40x). 
 
Disease percentage occurrence was seen for all the treatments after 7 days after inoculation was done 
at different degrees of severity. To confirm the causal agent for the blossom blight symptoms, isolation 
of disease was done to all experimental units. Here, it was identified by morphological characteristics 
that they were spores of C. gloeosporioides (Figure 3). 
 
From SAS analysis (Table 1), no significant difference was seen by these treatments. The treatments; 
injection inoculation, filter paper inoculation and spray inoculation were all group together as one 

A 

B C 
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having a disease occurrence of 83.33%, 75% and 66.67% respectively. All the 3 treatments were 
successfully infected the matured flower samples with C. gloeosporioides artificially. 
 
Table 1: Effect of different inoculation methods on disease development of mango flowers. 

Inoculation methods Time after appearance of symptoms on 
flower panicle (h) Disease severity (%) 

Injection inoculation 48  83.33a 
Filter paper inoculation 24  75.00a 
Spray inoculation 48  66.67a 

 
Conclusions 

 

The fungus, C. gloeosporioides was able to infect the flower panicle by all three methods applied; 
injection inoculation, filter paper inoculation and spray inoculation method. The spray inoculation 
method is superior as less steps are included in the inoculation procedure. Nevertheless, all the 
methods can be done to achieve artificial inoculation of blossom blight on mango flowers at field 
level. 
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Introduction 

 
Phytophthora palmivora is a highly destructive plant pathogen in the tropics, favoring its warm 
temperature, high rainfall, and high relative humidity. This fungus has a complex disease cycle 
involving the production of a number of different spores including sporangiospores, zoospores, 
oospores and chlamydospores that are water borne, air borne, soil borne and vector borne (Drenth and 
Guest, 2013). The pathogen attacks multiple plant parts, including roots, stems, branches, flowers, 
leaves, and fruit of susceptible hosts such as coconut, cocoa, durian, papaya and rubber (Widmer, 
2014). The pathogen attacks the branch fork and cocoa pod at all growing stages, causing stem canker 
and black pod diseases. Black pod disease causes up to 30% of pod losses and stem canker annually 
kills up to 10% of the cocoa trees, with an annual impact of one billion US dollars (Drenth and Guest, 
2016).  
 
Cultural practices and fungicide application are the most common disease management strategies. The 
fungicide metalaxyl and its active isomer, mefenoxam, demonstrate good oomycete disease control. It 
is a protectant and curative fungicide that inhibits mycelium growth and sporulation (Ware and 
Withacre, 2004). However, the extensive and prolonged use of this fungicide has resulted in the 
emergence of resistant Phytophthora isolates (Qi et al., 2008). The objective of this study was to i) 
characterize P. palmivora isolates collected from cocoa using morphological and molecular 
characteristics, and ii) to determine in vitro antifungal activity of selected fungicides against the 
mycelial growth of P. palmivora isolates. 
 
Materials and Methods 
 
Sampling and fungal isolation  

 

Sampling of cocoa pods showing black pod disease symptoms (Figure 1) were conducted in a cocoa 
farm in Bintulu, Sarawak. Five cocoa pods were collected from KKM22 and PBC123 clones, 
respectively. The pods were cut into small pieces (0.5 x 0.5 x 0.5 cm), soaked into 10% sodium 
hypochlorite for 1 min, and rinsed twice for 1 min in several changes of distilled water. The surface-
sterilized pieces were plated onto Potato Dextrose Agar (PDA) amended with 50 ppm ampicillin, 50 
ppm streptomycin, 100 ppm pentachloronitrobenzene (PCNB) and 25 ppm Benocide. The plates were 
incubated at 25°C under florescent light for 72 hours. 
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Figure 1: Symptom of black pod disease on cocoa. The first symptom is a brown to black spot on the 
    pod, which rapidly spread over the whole pod. 
 
Morphological identification and characterization 

 

Species identification was based on the morphological characteristics of sporangiospore and 
chlamydospore as described by Bush et al. (2006). Sporangiospore and chlamydospore morphology 
were evaluated using seven day old and two week old cultures, respectively. The plates were evaluated 
at 1000X (100X objective and 10X eyepiece) magnification using a Leica DM2500 microscope (Leica 
Microsystems, Germany) and the images were analyzed using Leica LAS EZ software. Twenty 
sporangia and chlamydospores were photographed and measured for each isolate. Colony diameter of 
every isolate was recorded daily for ten days. Growth rate was calculated as mean daily growth (mm 
per day). Differences in mean morphological characteristics between isolates were compared using 
Duncan’s Multiple Range Test, SAS software. 
 

Polymerase chain reaction (PCR) 

 
DNA was extracted from 0.1 g fungal mycelium using Fungi Genomic DNA Extraction Kit (BioTeke 
Corporation, China) according to instruction from the manufacturer. Nucleic acid concentration and 
quality were quantified using Pico200 PicoDrop Spectrophotometer (Bionner Corporation, Korea). 
Primers were designed to flank the Internal transcribed spacer (ITS) and mitochondrial encoded 
cytochrome c oxidase 2 (COX-II) regions. All primer sequences were as listed in Table 1. PCR 
amplification was performed in a total volume of 25 µL consisting 2x Power Taq MasterMix (BioTeke 
Corporation, China), 0.4 µM forward and reverse primer and 50 ng DNA template. PCR programs 
were as follows: initial denaturation at 95°C for 5 min; 35 cycles of 95°C for 30 s, 55°C annealing for 
30 s, 72°C extension for 1 min and, 10 min of final extension at 72°C. PCR products were verified on 
1% (w/v) agarose gel and purified using Gel Extraction and PCR Purification Combo Kit (BioTeke 
Corporation, China) according to the instructions from the manufacturer. DNA sequences were 
analyzed using Basic Local Alignment Search Tool (BLASTn). 
 
Table 1: List of primers used for PCR amplification. 

Primer Primer sequence (5-3’) 
ITS1 TCCGTAGGTGAACCTTGCGG 

ITS4 TCCTCCGCTTATTGATATGC 

Cox2-F GGCAAATGGGTTTTCAAGATCC 

Cox2-R CCATGATTAATACCACAAATTTCACTAC 
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Phylogenetic analysis 

 

ITS and COX-II region sequence of five P. palmivora isolates from cocoa and sequences available at 
National Center for Biotechnology Information (NCBI) database were compared for genetic diversity. 
Sequences were aligned with ClustalW followed by construction of phylogenetic tree using maximum 
parsimony method. The bootstrap consensus tree was inferred from 1000 replicates using Molecular 
Evolutionary Genetic Analysis (MEGA) software, ver. 7.0 (Tamura et al., 2011). 
 
Fungicide sensitivity assay 

 

Agar discs (5 mm in diameter) were removed from the edge of a seven day old culture and placed in 
the center of a Petri dish containing PDA amended with test fungicides at various concentrations. 
Three fungicides, including copper oxychloride (Pipertox, 84% a.i.), metalaxyl (Sensor 25WP, 25% 
a.i.), benzalkonium chloride (PhytoClean, 10% a.i.) and a bio-fertilizer, Bacillus subtilis (Bacto 10) 
were evaluated for their ability to inhibit the mycelium growth of P. palmivora isolates. The final 
concentrations tested for copper oxychloride and metalaxyl were 0, 0.1, 0.5, 1, 2 mg/mL and 0, 0.5, 1, 
5, 10 and 50 µg/mL, respectively. Benzalkonium chloride and B. subtilis were tested at final 
concentration of 0, 0.2, 0.4, 0.6, 0.8, 1% and 0.5, 1, 2, 4 and 8%, respectively. Two perpendicular 
measurements were made for each treatment and the average colony diameter was determined. The 
mycelial growth at each fungicide concentration was plotted and the effective concentration (EC50) 
was determined.  
 
Results and Discussion 

 
Morphological characterization of P. palmivora isolates 

 
A total of ten Phytophthora isolates were recovered and identified. P. palmivora isolates had 
uniformly shaped colony pattern, with white scanty fluffy mycelia and no pigmentation (Figure 2) on 
Potato Dextrose Agar (PDA) at an average growth rate of 4.0±1.8 mm/day. P. palmivora isolates 
produced coenocytic mycelia, chlamydospores and sporangiospores on PDA. Chlamydospores were 
round shape with an average diameter of 33.59±1.30 µm (n = 20 for each isolate). Sporangia were 
caducous and papillate with pedicle. Sporangia can exist in various shapes includes obpyriform, 
globose, ovoid, limoniform and ellipsoid. Ovoid form was the most common sporangial morphology 
(Figure 3). The average sporangial length and breadth was 61.12±20.85 µm and 17.13±6.07 µm (n = 
20 for each isolate), respectively. However, significant differences in mycelium growth rate, 
chlamydospores and sporangia were not observed. 
 

 
Figure 2: Colony morphology of P. palmivora on PDA. Colony pattern was characterized as uniform. 
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PCR and phylogenetic analysis 

 
PCR products obtained from the ITS and COX-II regions measured approximately 809 bp and 527 bp, 
respectively (Figure 4). Basic local alignment search tool (BLAST) analysis showed 98% to 100% 
similarity with P. palmivora from NCBI GenBank database. ITS sequence-based phylogeny revealed 
that P. palmivora isolates from cocoa is distinct from other P. palmivora isolated from rubber and 
durian. However, Phylogeny generated from the ITS sequences of P. palmivora isolates from cocoa, 
rubber and durian (Figure 5). However, all the P. palmivora isolates from cocoa has grouped in one 
cluster (clade I). Sequence analysis from the ITS and COX-II regions did not provide a clear indication 
of possible phylogenetic relationships for isolates characterized by similar morphological grouping 
(based on mycelium growth rate and spore shape). However, genetic variation was observed in P. 

palmivora isolates from different host plants (durian and rubber).  
 

 
Figure 3: Morphological characteristics of P. palmivora. a) Chlamydospore and, b) Obpyriform 

sporangiospore under 1000x magnification.  
 
 

 
Figure 4: PCR product of a) ITS and b) COX-II. PCR products were run on 1% (w/v) TAE agarose gel 
    mixed with Gelview nucleic acid dye. PCR product of expected size was indicated by arrow. 
    M: 100 bp DNA Ladder (BioTeke Corporation, China), Lane 1: no template control and 
    Lane 2: PCR products.   
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Figure 5: Phylogenetic tree generated from a maximum parsimony analysis of P. palmivora ITS 

sequences. Values above branching nodes represent percentage bootstrap calculated from 
1000 replicates. Branch lengths are proportional to the number of nucleotide substitutions 
and are measured by scale bars. 

 
Fungicide sensitivity assay 

 

Benzalkonium chloride and metalaxyl exhibited 100% inhibitory effect against P. palmivora in vitro, 
at effective concentration (EC50) of 0.2% and 0.3 µg/mL, respectively. Bacillus subtilis and copper 
oxychloride provided over 85% efficacy, with EC50 estimated at 0.35% and 1500 µg/mL, respectively. 
Therefore, benzalkonium chloride and B. subtilis are a good alternative for rotation with the commonly 
used active ingredients (metalaxyl and copper oxychloride) for P. palmivora control and management 
of resistance. The in vitro study has demonstrated good control of P. palmivora but in vivo study is 
required to account the environment factor and systemic response of the plant.  
 
Conclusions 

 

The present study contributed to the knowledge on the morphological and molecular characteristics of 
P. palmivora causing black pod disease of cocoa. The use of fungicides requires precise management 
to limit emergence of resistant isolates. 
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Introduction 

 

Carbon dioxide (CO2) enrichment has shown to increase biomass as well as the photosynthetic rate of 
crops (Kowlosky et al., 1991; Kim et al., 2001) including rice. Based on a study by Abzar et al. (2017), 
CO2 has proven to give positive impact on rice seed germination, vigour index and seedling growth. 
Kimball and Idso (1983) also reported that doubling of CO2 concentration was able to reduce 
transpiration rate and increased yield and water use efficiency.  
 
CO2 gas cylinders are often used in CO2 enrichment experiments on plants. However, this method is 
expensive and difficult to be implemented by farmers. A cheaper and easier technique to supply CO2 
can be applied by using the fermentation process of the baker’s yeast, Saccharomyces cerevisiae 
(Fugelsang, 2007). CO2 is the by-product of metabolic processes in S. cerevisiae such as fermentation 
(anaerobic) and oxidative phosphorylation (aerobic) which depend on the presence or absence of 
oxygen. The metabolic fate of sugars in yeast fermentative metabolism is outlined in Figure 1. 
 

 
Figure 1: The fate of sugars during S. cerevisiae metabolism (Walker and Steward, 2016). 

 
Information on CO2 enrichment techniques and procedures are still lacking especially in the tropics. 
Therefore, a preliminary study was conducted to examine the effect of three different sucrose 
concentrations on the rate of CO2 production from S. cerevisiae metabolism activity and investigate 
the S. cerevisiae metabolism activity in a closed CO2 chamber in the field. The findings of this study 
can be used to develop a suitable method or technique for CO2 enrichment experiment using baker’s 
yeast by improving the CO2 chamber setup.  
 
Materials and Methods 

 
Effect of different sucrose concentrations on CO2 production 

 

In the experiment, three sucrose concentrations of 12.5% (w/v), 25% (w/v) and 50% (w/v) were 
prepared with two replications for each concentration. CO2 generator as shown in Figure 2(a) was 
prepared in laboratory prior to the experiment. A total of 11 g baker’s yeast (S. cerevisiae) was used in 
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each bottle containing sucrose medium. The amount of CO2 produced by S. cerevisiae in media with 
different sucrose concentrations were measured within a week, at 5-minute intervals using CO2 data 
logger (Century Harvest, Model TH2000). The data logger was placed into a 26 cm (diameter) x 34 cm 
(height) closed cylinder container with a small opening of 3 cm in diameter. This experiment was 
carried out in a laboratory at temperatures between 28-30°C. 
 
Suitability of CO2 chamber to sustain CO2 production 

 

The suitable sucrose concentration obtained from the first experiment in the lab was later used in the 
field using the CO2 generator in a 2 m (width) x 2 m (length) x 1 m (tall) closed chamber (Figure 2(b)). 
CO2 production rate was recorded at 5-minute intervals for 6 days using carbon dioxide data logger 
(Century Harvest, Model TH2000). 
 
       

 
Figure 2: a) Experiment setup in the lab and b) Experiment setup in CO2 chamber. 

 
Results and Discussion 

 

Effect of different sucrose concentrations on CO2 productions 

 
Based on the results (Figure 3), S. cerevisiae with sucrose concentration of 12.5% (w/v) was capable 
of producing CO2 up to 74 hours only (3 days). The highest CO2 concentration recorded was 3,800 
ppm and remained above 1,000 ppm until 62 hours. However, this rate later continued to decrease until 
74 hours showing CO2 concentration of below 500 ppm.  
 
Saccharomyces cerevisiae with 25% (w/v) sucrose concentration showed the longest CO2 production 
compared to 12.5% (w/v) and 50% (w/v) sucrose. The concentration of CO2 remained above 1,500 
ppm at 120 hours (5 days) with the highest CO2 concentration of 6,800 ppm.  
 
Saccharomyces cerevisiae with 50% (w/v) sucrose concentration recorded the highest CO2 produced 
(8,003 ppm) at 21 hours. However, it showed a decreased in CO2 production of below 1,000 ppm at 
100 hours and decreased further below 700 ppm at 110 hours. Although the yeast with 50% (w/v) 
sucrose concentration showed the highest CO2 production, it could not be sustained for a longer period 
of time. This might be due to active yeast activity causing the mixture to break out of the CO2 
generator bottle into the filter bottle. This in turn caused CO2 production to decrease and could not last 
long. Therefore, 25% (w/v) sucrose concentration was later used in the field experiment. 
 

CO2 Data logger 

Opening (CO2 out) 

a) b) 
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Figure 3: CO2 concentration (ppm) from S. cerevisiae metabolism activity in three different sucrose 

concentrations (12.5% (w/v), 25% (w/v) and 50% (w/v)) for 120 hours. 
 
Suitability of CO2 chamber to sustain CO2 production 

 

The result in Figure 4 showed that the fermentation of S. cerevisiae in 25% (w/v) sucrose maintained 
the rate of CO2 production at 700 ppm to 1,200 ppm when temperature was between 26 and 40°C. 
Meanwhile, an increase in temperature of >40°C reduced the rate of CO2 to below 700 ppm. This 
experiment showed that S. cerevisiae in 25% (w/v) sucrose could provide the required CO2 

concentration of between 700 ppm to 1,000 ppm in a closed chamber (2 m width x 2 m length x 1 m 
tall) for a week. However, some improvements on the chamber setup are necessary to reduce the 
temperature during the day. CO2 enrichment should not go beyond 1,000 ppm, as it is not beneficial 
for plants and unnecessarily expensive. Too high CO2 levels could cause partial closure of the pores in 
the leaves, which is not good. In addition, a higher CO2 concentration can cause a higher risk of 
accumulation of other noxious gases that can be present in the CO2 gas. 
 

 
Figure 4: CO2 concentration (ppm) from S. cerevisiae metabolic activity in 25% (w/v) sucrose inside 
    closed chamber in 120 hours. 
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Conclusion 

 

Saccharomyces cerevisiae and sucrose mixtures can be used as an alternative CO2 generator to the 
conventional commercial CO2 sources. This method was also found to be suitable in supplying carbon 
dioxide at the rate required by the plant at 700 ppm to 1,000 ppm. Overall, the yeast system for CO2 
source is a cheap, functional and sustainable method for enriching plants with CO2. 
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Introduction 
 
Petai belalang (Leucaena leucocephala) belongs to the family Fabaceae, of the subfamily 
Mimosoideae (Brewbaker et al., 1985). As mentioned by D’Mello and Acamovic (1989), this species 
is widely distributed in the high-rain fall regions of Central America, Africa, Asia and Northern 
Australia. This plant can be found in the several countries including Malaysia, Mexico and so on. Petai 
belalang is a long-lived tree and could grow up to 7-18 meters height. The leaf is bipinnate with 6-8 
pairs of pinnae. The leaf‘s length can expand up to 35 cm. According to Brewbaker et al. (1985), the 
inflorescence of petai belalang has a cream color with globular shape. The influence produces a cluster 
of flat brown pods at 13-18 mm long containing up to 15-30 seeds. Current application of petai 
belalang is used as timber and to control erosion (Brewbaker and Sorensson, 1990).  
 
Studies conducted by Dubois et al. (1990) measured several nutrient compositions of petai belalang 
including crude protein, amino acid, and total nitrogen and free amino acids. Other studies showed the 
proximate value of petai belalang’s leaf. However, the nutritive value of mature and old seeds and the 
antioxidant properties of different parts of petai belalang have not been extensively studied. 
Antioxidant refers to a compound that can delay the oxidation of lipids or other molecules by 
inhibiting the initiation of oxidative chain reactions.  
 
Antioxidant can be used to prevent the damage caused by radical oxygen. Therefore, the study was 
carried out to evaluate the nutritional value, antioxidant properties and bioactive compounds of L. 

leucocephala‘s leaf, mature seed and old seed. 
 
Materials and Methods 

 

Sample preparation 

 
The leaves, mature seed and old seed of petai belalang were collected from Faculty of Food Science 
and Technology, Universiti Putra Malaysia, Selangor, Malaysia. Unlike seeds, the leaves were cleaned 
and washed under running tap water prior to oven-dried (Memmert UFB-50, GmbH, Germany) at 
35°C for 72 hours. Next, the dried samples were ground into powder and stored at -20ºC for future 
analysis. 
 

Proximate analysis 

 

The analysis of moisture, ash, crude fiber, fats, carbohydrates and proteins were determined according 
to AOAC standard method (2000).  
 
Solvent extraction  

 

The solvent extraction was carried out based on modified conditions previously proposed Chang et al. 
(1977). 
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Antioxidant evaluation  

 

The free radical scavenging capacity was determined using stable free radical, 2,2-diphenyl-1-
picrylhdrazyl (DPPH) according to the modified method of Brand-Williams et al. (1995), while the 
ability of the plant extracts to reduce ferric ions was determined by ferric reducing antioxidant 
potential (FRAP) according to a modified method by Benzie and Strain (1996). 
 
Antioxidant component 

 
Total phenolic content (TPC) was determined using Folin–Ciocalteu reagent by the method described 
by Singleton and Rossi (1965) while total flavonoid content (TFC) was determined using aluminium 
chloride colorimetry procedures described by Chang et al. (2002) with some modifications. 
 
Statistical analysis 

 

All data were expressed as mean ± standard deviation and were done in triplicate of the independent 
analyses. Data were analyzed by one-way analysis of variance (ANOVA) using SPSS version 16 
(SPSS Inc., Chicago, Illinois, USA). A Duncan’s Multiple Range Test was used for mean comparison 
at p<0.05. 
 

Results and Discussion 

 

Proximate analysis 

 
Result of the study showed the mature seed contained significant amount of protein, crude fiber, crude 
fat, and moisture at 16.72%, 3.55%, 5.19% and 71.48%, respectively as showed in Table 1. However, 
the old seed contained significantly higher amount of the protein, crude fat and crude fiber as 
compared to the mature seed with the value at 51.88%, 18.76%, and 14.06%, respectively. The protein, 
crude fat and crude fiber in the leaf were at 19.74%, 6.96%, and 2.60%, respectively. 
 
Table 1: Proximate composition from Leucaena leucocephala mature seed, old seed and leaf. 

 
 
 
 
 
 
 

Values are the mean ± Standard Deviation (n=3); means that do not share a letter are significantly different (p<0.05) as 

measured by Duncan’s Multiple Range test. NFE calculated by subtracting from 100%. 

 
This finding emphasized that old seed of petai belalang contained more crude protein, fiber and fat as 
compare to the leaf. This concluded that the leaf and old seed of petai belalang can be considered as 
highly nutritious and have potential applications food industries. Moisture content was significantly 
highest in mature seed. Therefore, it can be used as the parameter for physiochemical characteristic 
because it could influence the flavour, texture and appearance and shelf life of fruit (Yuniastuti et al., 
2018). From this study, the lowest moisture content was found in old seed suggest that the old seed 
will have highest shelf life. High moisture content in the fruit needs to be handled carefully after 
harvesting. Meanwhile, high fiber content may suggest the old seed as hypocholestrolaemic agent for 
people with cholesterol illness (Olagbemide and Ogunnusi, 2015). Besides, high protein contains with 
low fat and carbohydrate showed the old seed as potential food for someone who intend to facilitated 
their weight loss. To conclude, old seed are highly nutritious then mature seed and leaf. 
 

 Mature seed Old seed Leaf 
%Moisture 71.48±0.15a 11.61±0.02c 67.74±0.98b 
%Ash 1.05±0.01a 3.59±0.09c 1.37±0.19b 
%Protein 16.72±0.32c 51.88±0.60a 19.74±0.62b 
%Fat 5.19±0.57b 18.76±2.35a 6.96±0.03b 
%Crude fiber 3.55±0.47b 14.09±0.37a 2.60±0.05c 
%NFE 2.01a 0.07c 1.59b 
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Antioxidant activity 

 

The result of study showed that mature seed contained that the highest free radical scavenging activity 
with IC50 value at 4.20 µg/mL, followed by leaf (5.43 µg/mL) and old seed (7.06 µg/mL) as shown in 
Figure 1. DPPH is a stable free radical. When reacts with antioxidants, it changes the colour from 
purple to yellow. The IC50 measures the concentration of extract needed to scavenge half of the free 
radicals present in the sample. A lower IC50 value indicates that the extracts contained higher 
antioxidant activity. In this study, methanolic extract of mature seed showed the lowest IC50, indicating 
it had the highest antioxidant activity.  
 
Ferric ion reducing antioxidant potential (FRAP) showed the highest antioxidant activity exhibited by 
leaf, then followed by mature seed, and old seed. The result indicated that the leaf extract could donate   
the electron to Fe (III) better then old seed and mature seed, thus reducing it to Fe (II) (Maqsood and 
Benjakul, 2010). The reducing capacity measures the ease of the compounds in donating electrons 
(Medina et al., 2007). This determined that leaf have higher reducing power to react with ferric 
tripyridyl triazine (Fe3+-TPTZ) complex and yielded a final product of ferrous tripyridyl triazine (Fe2+-
TPTZ) as compared to the controls (ascorbic acid). 
 

 
Figure 1: Free radical scavenging activity and FRAP value of methanolic extract of L. leucocephala 

old seed, mature seed and leaf. Data represent mean ± Standard Deviation (n=3); means that 
do not share a letter are significantly different (p<0.05) as measured by Duncan’s multiple 
range test. 

 

Analysis of antioxidant component 

 

The total phenolic content (TPC) analysis showed the leaf extract contained the highest value of TPC 
as shown in Figure 2. Then the value was followed by old seed and mature seed. Based on previous 
study, the plant extracts that contain high total phenolic content also show the high antioxidant activity 
(Bolling et al., 2010). The leaf contained highest total phenolic content thus showed the highest FRAP 
value. However, the free radical scavenging was not in diligent with TPC value. This could be due to 
the presence of antioxidant compounds such as polyphenols that are reactive ferric iron but do not 
react efficiently with DPPH free radicals (Reihani and Azhar, 2012).   
 
Total flavonoid content (TFC) analysis showed old seed had the highest value with 1.35 mg/g 
followed by mature seed (1.07 mg/g extract) and leaf (0.85 mg/g extract) as shown in Figure 2. 
According to Maisuthisakul et al. (2007), flavonoids are ubiquitous in plants, while quercetin and rutin 
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are the most distributed flavonoid. Based on previous study by Sharma and Chaurasia (2014), L. 

leucocephala leaf contains flavonoid content up to 1.550±.008 mg QE/g. However the results were 
different with previous study. This could be explained due to several factors such as soil composition, 
temperature, and light may affect the level of total flavonoid content (Kouki and Manetas, 2002).  
 

 
Figure 2: Total phenolic content (TPC) and total flavonoid content (TFC) of L. leucocephala old seed, 

leaf and mature seed extracts. Values are the mean ± Standard Deviation (n=3); means that 
do not share a letter are significantly different (p<0.05) as measured by Duncan multiple 
range test. 

 
Conclusions 

 

In conclusion, the proximate analysis showed all part of the studied L. leucocephala had high 
nutritional value. The antioxidant property of leaf and mature seed was better than old seed. Therefore, 
both leaf and mature seed can be suggested as a potential source of food with high antioxidant 
property. It can be concluded that the maturity process may reduce the functional properties of the 
seed. 
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Introduction 

 
‘Harumanis’ mango is the most popular mango cultivar widely planted in the northern part of Malaysia 
especially in Perlis and Kedah. It is gaining popularity in the local market due to its sweetness, delicate 
taste and aroma (Rosidah et al., 2010). The skin of this mango remained green even after the fruit has 
ripened. Thus, carbon bagging was used by farmers in Perlis to change the colour of Harumanis from 
green to yellow when it ripened. However, farmers get complaints from customers that the eating 
quality of fruit bagged by carbon paper has a mushiness taste is watery. Mushiness taste in mango 
usually happens when the fruit is overippen but in this case it may be caused by carbon bagging. 
Mango is considered mature enough to be picked and will ripen properly with a good flavor when it 
has 14% dry matter content (Walsh et al., 2016). Dry matter is an index of starch and sugar content of 
fruits and it is an indicator of physiological and harvest maturity. Dry matter content of hard green 
fruit is well correlated with Brix of ripe fruit and thus Brix is a determinant of eating quality. It is 
related to eating quality if the fruit ripened properly. Therefore, this study was conducted to investigate 
either carbon bagging affects the quality of Harumanis mango. 
 
Materials and Methods 

 

Harumanis mango obtained from a farm in Kg. Alor Ara, Arau, Perlis, was used in this study. Fruits 
with a diameter of 16-18 cm were bagged using three different types of paper bags. Fruits in treatment 
1 (T1) were bagged with an old newspaper which served as a control, treatment 2 (T2) with a white 
paper, and treatment 3 (T3) with a carbon paper. The experiment was conducted using a completely 
randomized design arranged in a factorial treatment (three types of bagging materials and five storage 
days) with three replications. Thirty fruits for each treatment were bagged using 30 randomly selected 
trees. Mature fruits were harvested manually then transported directly to the Postharvest Complex at 
MARDI Serdang within 24 h after 8 weeks of bagging. After one night of being precooled at 10oC, 
fruits were washed and rinsed with clean water then were to undergo ripening process by using 
ethylene gas (200 ppm) at 25ᴏC. After that, fruits were stored at ambient for 3 days. Fruits were 
analysed at day 1, 3, 5, 7 and 10 days after ripening initiation. Three fruits from each treatment were 
used to analyse for skin and flesh colour, dry matter content (DM), water content, firmness, soluble 
solids concentration (SSC), pH, titratable acidity (TA), vitamin C, soluble solids concentration (SSC), 
titratable acidity (TA), pH, sugar/acid ratio and vitamin C. Statistical analysis was performed by using 
ANOVA and the differences between means were determined by using Duncan’s Multiple Range Test 
(DMRT) at 5% probability level. 

 
Results and Discussion 

 

Quality assessments in Table 1 showed that there were no significant differences on ascorbic acid 
content, titratable acidity, pH, sugar/acid ratio, dry matter content and water content among all 
treatments. This result also been proved by Ding and Shahirah (2010) on influence of fruit bagging on 
postharvest quality of Harumanis, who found that  bagging  did not affect Harumanis mango pulp 
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firmness, SSC, TA, pH and vitamin C. For dry matter content, there is no significant difference among 
treatments. This result is in line with Joyce et al. (1997) who reported that bagging of ‘Kensington’ 
mangoes and pears (Amarante et al., 2002) did not affect fruit dry matter content or weight at harvest. 
For skin colour, it showed that carbon paper produced significantly higher values of lightness (L), a 
and b followed by newspaper bag. This result showed that carbon bagging produced light orange skin 
compared to other types of baggings, with newspaper and white paper producing more greenish skin 
than fruits bagged with carbon paper. There was also an interaction between treatment and storage 
which is significantly higher effect on b value. This result is in line with Hwang et al. (2004) whereby 
the skin of ‘Ruby’ grape fruit bagged using black paper has light reddish orange color as compared to 
bright yellow in control fruit. From chemical parameter results in Table 1, it was observed that dry 
matter content was not significantly affected by bagging at harvest and at ripe stages.  
 
These results are in line with results obtained by Nagaharshitha et al. (2014) in mango fruit. However, 
in this study found bagging with newspaper give significantly higher on soluble solid concentration 
compared to white and carbon papers. This could probably be that the newspaper contains low amount 
of carbon and this low amount could increase the sugar of fruit itself when it had ripened. For 
sugar/acid ratio, there are non-significant among treatment. Rathore et al. (2007) reported that the 
eating quality of a mango fruit is determined by sugars, acids and sugars/acids ratio and bagging may 
not have affected the fruit’s content. This result showed that different types of bagging did not affect 
the taste of Harumanis. 
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Table 1: Changes in soluble solids concentration (SSC), pH, total titratable acidity (TTA), ascorbic acid content, dry matter content (%), colour of mango skin 
   (L*, a, b) sugar acid ratio, texture and water content (%) of mango Harumanis with different bagging treatments (newspaper, white paper and carbon  
   paper)  at 25°C storage temperature. 

Each value was the mean of three replicates. Means with the same letter are not significantly different at 5% level (p<0.05) according to Duncan Multiple Range Test.   

                 (DMRT), L*= lightness, NS=Non-significant, * =Significant, **=Highly Significant. 

 

 

Main 
effects 

 

SSC 
(%) 

pH TTA 
(% citric 
acid) 

Ascorbic 
acid content 
(mg/100g) 

Dry matter 
content 
(%) 

                   Colour of skin 
(L*)                    (a)                  (b) 

Texture 
(N) 

Sugar acid 
ratio 

Water 
content 
(%) 

Bagging treatments (T)          
Newspaper 17.67a 5.20a 0.26a 4.65a 19.96a 51.77b -11.81b 25.77b 2.57a 84.07a 80.04a 
White 16.54b 5.03a 0.21a 5.68a 19.76a 50.54b -11.27b 23.16b 4.03a 105.26a 80.24a 
Carbon 15.70b 4.82a 0.17a 6.17a 19.19a 59.62a -2.98a 34.72a 2.39a 99.62a 80.81a 
Storage life (D)       

 
     

1 
3 
5 
7 
10 

18.77a 
16.58bc 
17.04b 
16.23bc 
15.69c 
 

4.72a 
4.75a 
5.46a 
5.18a 
4.87a 

0.31a 
0.08b 
0.20ab 
0.21ab 
0.27a 

3.04b 
6.09a 
6.66a 
6.67a 
4.58ab 
 

24.01a 
18.98bc 
19.29bc 
19.97b 
16.85c 

53.77a 
53.55a 
53.70a 
56.65a 
52.22a 

-7.67a 
-8.77a 
-9.49a 
-6.52a 
-10.39a 

26.54a 
27.70a 
30.32a 
29.88a 
24.96a 

6.11a 
2.34b 
3.13b 
2.12b 
2.15b 

62.61b 
147.68a 
96.06ab 
104.46ab 
62.15b 

72.99a 
81.01a 
80.70ab 
80.03b 
83.14a 

Interaction  
T X D 

NS NNS NS NS NS NS * ** * NS NS 
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Conclusion 
 
In conclusion, the results of this study proved that soft flesh incidence in Harumanis mango is not 
cause by a carbon paper bag. However, the bagging produced Harumanis with orange skin colour. 
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Introduction 

 
One of the high value herbs in Malaysia is Orthosiphon aristatus or misai kucing from Lamiaceae 
family. It has been used for many countries in South-East Asia and widely used in Malaysia for 
treating hypertension, urinary system ailments and kidney stone disease (Awale et al., 2003). There 
are increasing demands for misai kucing raw material for production of herbs-based product due to its 
medicinal properties. However, misai kucing is not cultivated widely in Malaysia and unable to meet 
the demand of the raw material. The total cultivated area of misai kucing in Malaysia is only 12.27 ha 
with a production of about 80.28 mt (DOA, 2016). 
 
MARDI has identified two potential varieties of misai kucing which are MOS 1 and MOS 2. The 
MOS 1 is white flowered which has rapid growth performance compared to the MOS 2 which is 
purple flowered (Musa et al., 2005). Lack of technology in cultivation practicing is one of the main 
issues that the growers not interested to cultivate misai kucing. It is because the biomass and quality of 
the raw material produced was inconsistent and unfulfilled the standard. 
 
One of the important criteria in cultivation of misai kucing is harvesting stage. Basically, the quality 
of herbs is higher during flowering stage. However, the exact of flowering stage is not yet identified 
for high yield and quality of misai kucing. Thus, a study was conducted to determine the optimum 
time of harvesting at flowering stage for high yield and quality of misai kucing.   

 
Materials and Methods 

 

The experiment was conducted under semi-controlled environment at MARDI Headquarters, Serdang, 
Selangor. The plants were propagated using stem cuttings. Cuttings of 2-3 nodes were taken from 
mother plants that were planted in MARDI. These cuttings were raised under 25% shade in 
germination trays (104 plugs) that contained commercial medium of Holland peat. The seedlings were 
ready to be transplanted after 5 weeks of propagation. Soil from the field at MARDI (Serdang Series) 
was used as a planting medium for this pot experiment to gain the results as near as planted under field 
condition. The chemical properties of the soil are presented in Table 1. At five days before 
transplanting, processed chicken dung was applied at 5 t/ha as basal fertilizer. Matured, healthy and 
uniform seedlings of five weeks old were selected and transferred to the pots. The crop was irrigated 
using a drip irrigation system two times a day.  
 
Ten treatments comprised of different flowering stages which were T1: before flowering 1-25 days 
after transplanting (DAT), T2 : before flowering 2-30 DAT,  T3 : green flower  1-35 DAT, T4 : green 
flower 2-40 DAT, T5 : green flower 3-45 DAT, T6 : flowering 1-50 DAT, T7 : flowering 2-55 DAT, 
T8 : flowering 3-60 DAT, T9 : flowering 4-65 DAT and T10 : flowering 5-70 DAT. Three plants were 
planted for every treatment with one plant per pot. All treatments were applied with processed chicken 
dung and compound fertilizer of NPK 10:10:10 at the rate of 5 t/ha and 70 kg/ha respectively as 
combination application at 30 and 60 days after transplanting (DAT). The plant was harvested at 
different flowering stage according to the treatments by cutting 30 cm from the top of the plant using 
secateurs. The experimental design was Randomized Complete Block Design (RCBD) with five 
replications. 
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The harvested plants were washed using filtered tap water and fresh weight was recorded. The fresh 
samples were oven dried immediately at 50oC until moisture content has dropped to 10-12%. 
Immediate drying is important as phytochemical content in fresh samples will decline after a few 
days. The dried samples were weighed and recorded as a dried yield. The dried samples then were 
grounded and extracted for phytochemical analysis. Phytochemical such as antioxidant activity, total 
phenolic and total flavonoid content were analyzed and recorded. Total phenolic and total flavonoid 
yield then were calculated by multiplied the content with the dried yield. Determination of antioxidant 
activity was done using method developed by Brand-Williams et al. (1995) with minor modifications. 
Meanwhile, analysis of total phenolics and total flavonoid content were determined using method of 
Swain dan Hillis (1959) with minor modifications and Kiranmai et al. (2011) respectively. Analysis of 
data was carried out using SAS statistical package 9.1 (SAS, 2002). When the ANOVA was 
significant, mean separation using t-test was done.  
 
Table 1: Chemical properties of soil. 
Soil properties   Values 
N (%) 0.12 
P (%) 0.02 
K (%) 0.21 
Total Carbon (%) 1.06 
Ex. Ca (meq/g) 0.02 
Ex. Mg (meq/g) 0.01 
CEC (meq/g) 0.08 
Conductivity (Us/cm) 35.62 
Base Saturation (%) 43.31 

 
Results and Discussion 

 

The biomass yield response 

 

The fresh yield of misai kucing was significantly different at different flowering stage. The fresh yield 
increased from 50 kg/ha (T1) to 1500 kg/ha (T10) (Figure 1). The increasing of fresh yield from T1 to 
T10 was about 67%. Meanwhile, the dry yield of misai kucing at different flowering stage also was 
significantly different. The dry yield increased from 12 kg/ha to 332 kg/ha respectively at T1 and T10 
(Figure 1). The biomass yields increased due to the plants were actively growing from 25 DAT (T1) 
until 70 DAT (T10).  
 

 
Figure 1: Biomass yield at different flowering stage. 
  

FY - Fresh yield; DY- Dry yield 
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The antioxidant activity response 

 
Result on antioxidant activities (AO) showed that T5 were the highest followed by T6, T8, T7, T4, T9, 
T10 and T3 but not significantly different to each other (Figure 2). The trend showed an increase of 
AO from T1 (52%) until T5 (80%) and decrease from T6 (79%) until T10 (71%). It is means that 
antioxidant activities in misai kucing is optimum started at green flowering stage 2 to flowering stage 
5 which at age of 40 to 70 DAT.  
 

 
Figure 2: Antioxidant activities at different flowering stage. 
 
The total phenolic and total flavonoid content response 

 

Total phenolic content was significantly different and higher at T2 (7.79 mg/mL), T3 (7.38 mg/mL) 
and T7 (6.89 mg/mL) (Figure 3). However, total phenolics content at all treatments was below than 10 
mg/mL which the lowest was at T4 (4.64 mg/mL). Results on total flavonoid content showed that T2 
was the highest with 72.41 mg/mL followed by T1 (61.89 mg/mL) (Figure 3). Phenolics and 
flavonoids, are widely found in food products derived from plant sources, and they have been shown 
to possess significant antioxidant activities (Ebrahimzadeh et al., 2009). 
 

 
Figure 3: Total phenolics and flavonoid content at different flowering stage. 
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The total phenolic and total flavonoid yield response 

 

Results on total phenolics and flavonoid yield showed that T10 was the highest for both of the total 
phenolic and flavonoid yield with 1635 kg/ha and 62593 kg/ha, respectively (Table 2). Although the 
total phenolics and flavonoid content were lower at T10, but the biomass yield at this treatment was 
higher that resulted in increasing of phenolics and flavonoid yields.  
 
Table 2: Total phenolic and flavonoid yield at different flowering stage. 

Treatment 
 

                         Yield (kg/ha) 

Total phenolic  Total flavonoid  

T1 68f 4226e 

T2 248ef 18032d 
T3 168ef 8073e 
T4 137ef 4478e 

T5 283e 6266e 
T6 524d 17219d 
T7 672cd 28290c 
T8 740c 26339c 

T9 1217b 44719b 
T10 1635a 62593a 

 

Conclusion 

 

Based on this study, the optimum flowering stage was at 70 days after transplanting which at late 
flowering (flowering stage 5) based on biomass yield, total phenolics and total flavonoid yield.  
 
References 

 
Awale, S., Tezuka, Y., Banskota, A.H., Adnyana, I.K. and Kadota, S. 2003. Nitricoxide inhibitory 
 isopimarane-type diterpenes from Orthosiphon stamineus of Indonesia. Journal of Natural 
 Products 66: 255-258.  
Brand-Williams, W., Cuvelier, M.E. and Berset, C. 1995. Use of a free radical method to evaluate 

antioxidant activity. LWT - Food Science and Technology 28(1): 25-30. 
Ebrahimzadeh, M.A, Nabavi, S.M. and Nabavi, S.F. 2005. Correlation between the in vitro iron 

chelating activity and poly phenol and flavonoid contents of some medicinal plants. Pakistan 
Journal of Biological Sciences 12(12): 934-938. 

Jabatan Pertanian Malaysia (DOA). 2016. Statistik tanaman herba dan rempah ratus Malaysia 2016. p: 
5. retrieved May 16 2018 from 
http://www.doa.gov.my/index/resources/aktiviti_sumber/sumber_awam/maklumat_pertanian/
perangkaan_tanaman/perangkaan_herba_rempah_ratus_2016.pdf. 

Kiranmai, M., Mahendra, C.B.K. and Ibrahim, M. 2011. Comparison of total flavonoid content of 
Azadirachta indica root bark extracts prepared by different methods of extraction. Research 
Journal of Pharmaceutical, Biological and Chemical Sciences 2(3): 254-255. 

Musa, Y., Muhamad Gawas, M. and Mansor, P. 2005. Penanaman Tumbuhan Ubatan dan Beraroma. 
MARDI, pp. 57-62. 

SAS (Statistical Analysis System). 2002. SAS/STAT. The Practical Application of Guide Version 9. 
Institute Inc. Raleigh: North Carolina, USA. 

Swain, T. and Hillis, W.E. 1959. The phenolic constituents of prunus domestica. I.-The quantitative 
analysis of phenolic constituents. Journal of the Science of Food and Agriculture 10: 63-68. 

http://www.doa.gov.my/index/resources/aktiviti_sumber/sumber_awam/maklumat_pertanian/perangkaan_tanaman/perangkaan_herba_rempah_ratus_2016.pdf
http://www.doa.gov.my/index/resources/aktiviti_sumber/sumber_awam/maklumat_pertanian/perangkaan_tanaman/perangkaan_herba_rempah_ratus_2016.pdf


eISSN 2600-9595 
Trans. Malaysian Soc. Plant Physiol. 26 

First Published, 2019 
 

 

255 

 

Development of Horn-type Dendrobium Orchid Hybrids for Potted and 

Landscaping 
 

Farah Zaidat, M.N.
1,*

, Najah, Y.
1
 and Rozlaily, Z.

2
 

1Urban Agriculture and Floriculture Programme, Horticulture Research Centre, MARDI 
Headquarters, 43400 Serdang, Selangor, Malaysia. 
2Vegetables Programme, Horticulture Research Centre, MARDI Headquarters, 43400 Serdang, 
Selangor, Malaysia. 
*E-mail: fzaidat@mardi.gov.my 

 

Introduction 

 

Dendrobium is the second largest genus in the Orchidaceae after Bulbophyllum. Dendrobium is so 
massive that its more than 1,000 species are divided into several sections and subsections based on 
both floral and vegetative characteristics (Ronald, 2001). One of it is in the section Spatulata which 
are commonly called Antelope-types or Horn-types orchid. It calls horn because twisted petals 
resemble the shape like horns of antelope. Orchid hybrids made between the two species are referred 
to as semi-antelope types.  Horn types or semi-antelope types are one of the easiest orchids to grow 
under most conditions and is a ‘heat-tolerance’ Dendrobium orchid which required more sun-light 
(70-80%) for free-flowering (Fadelah, 2004 and 2007). Usually vandaceous orchids such as Mokara, 
Vanda and Renanthera were mostly used as landscape due to their hardy and heat-tolerant 
characteristics. Most of Dendrobium hybrids need more shade and not very suitable to be used in 
landscaping. A heat-tolerant characteristic of horn-type Dendrobium makes it ideal for landscape 
decoration. These horn-type orchids it requires more sun and less shaded compared to other 
Dendrobium. However, the lack of heat-tolerant orchid variety limit its usage in landscaping. 
Development of new hybrids on horn-type Dendrobium are required locally. This study was initiated 
to increase the variety of horn-type Dendrobium hybrids in the industry. The objective of this study is 
to evaluate and select new orchid hybrids with heat-tolerance and good characteristics such as hardy, 
vivid color, good shape, long shelf-life and free flowering suitable for potted and landscaping.  
 
Materials and Methods 

 

Evaluation on flower morphological characteristics, shelf life and plant growth habit were carried out 
on F1 progenies from four crosses of Dendrobium horn-types orchid. The crosses are Dend. Margaret 
Thatcher x Dend. Helic 2, Dend. Margaret Thatcher x Jeffrey Tan, Dend. Merdeka Golden 
Anniversary x Dend. Siah Ko-Ko and Dend. Taiping x Dend. Siah Ko Ko. The female parent, Dend. 
Margaret Thatcher is twisted and spiky, with two horns on the top of the flower. Petals and sepals are 
greyed-purple with purple lips. The male parent, Dend. Jeffrey Tan has greyed-orange flower and 
flowers of Dend. Helix 2 has purple with light brown flower. Both paternal parents have red-purple 
group lips. Another group of crosses used Dend. Siah Ko-Ko as a paternal parent. The flowers has 
yellow colour with strong twisted horns.  
  
A total of 2000 pots of these F1 progenies being observed in the MARDI’S orchid nursery in Serdang.  
Subsequent transplanting into bigger pots was necessary, so as to allow space for further side shoots to 
develop (William and Brian, 2010). Evaluation and selection of potential progenies were conducted at 
the flowering stage, mainly based on desirable flower color, size, shape, length of flower stalk and 
frequency of flowering. Flower morphology and shelf life data were recorded as well.  
 
Results and Discussion 

 

All F1 progenies were transferred into nursery and were further transplanted into bigger pots. Flowers 
initiated after 18 to 24 months and data on plant and flower characteristics were recorded. Three 
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progenies HT12.07, HT23.29 and HT64.03 were selected based on their desirable characteristics. 
HT12.07 and HT14.07 were progeny from a cross between Dend. Margaret Thatcher x Dend. Helix 2. 
HT23.29 and HT25.29 were progeny from a cross between Dend. Margaret Thatcher x Dend. Jeffery 
Tan and HT64.03 was a potential progeny resulting from a cross between Dend. Merdeka Golden 
Anniversary x Dend. Siah Ko-Ko (Table 1 and Figure 1).    
 
Flowers of HT12.07 were greyed orange purple with a twisted horn-type shape petals and sepals. 
While HT23.29 have red and greyed purple flowers and bearing up to 18 flowers per inflorescense. 
Flowers of HT64.03 was a combination of purple and yellow colour, bearing up to 22 flowers per 
inflorescence. 
 
Table 1: Five potential progenies of horn-type Dendrobium selected based on their desirable 
 characteristics. 

RHSCC = Royal Horticulture Society Colour Chart. 

 

 

 

 

 

 

 

 

a) b) c) e) d) 
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Figure 1: Five potential progenies: a) HT12.14, b) HT14.07, c) HT23.13, d) HT25.29 and e) HT64.03. 
 
Conclusions 

 

The emphasis of selection for heat-tolerance character was made due to the lack of orchids can be 
used as landscape in the current market. The availability of these new hybrids will help to solve the 
problem of a lack heat-tolerance orchid in the orchid industry and provide a new variety orchid to be 
used in landscape decoration.  
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Introduction 

 
The basic requirement of growing plant which includes water, oxygen, carbon dioxide, temperature, 
light, medium and nutrients is essential for the physiologic processes. A significant amount of plant 
fertilizer additive (plant hormone), macronutrient as well as micronutrient are required to support its 
roots, stems, leaves, flowers and fruits for maximum plant growth and yield. Nowadays many 
fertilizers sold in the market provide a ready-made formula containing additives and nutrients to help 
simplify the plant growth process and yield. The products including pre-fertilized soils, quick-release 
fertilizers, slow-release fertilizers, fish emulsion and many more.  
 
DK-20 is a natural plant nutrition product containing trace amount of plant growth enhancers or plant 
fertilizer additive with properties of plant hormones namely auxins and cytokinins. These natural 
enhancers work in unison to trigger the plant’s own biochemical and physiological pathways (Bielach 
et al., 2017). DK-20 may be applied as a seed treatment, foliar spray, soil enhancer or a combination 
of these treatment methods. Responses of a plant to DK-20 are dependent on dose, method of 
application, and the plant’s developmental stage. Foliar application offers a specific advantage over 
soil application when plant demand for nutrients exceeds the capacity of the roots to absorb nutrient 
and when environmental conditions limit the effectiveness or prevent the application of nutrients to 
the soil. This study evaluated the effect of DK-20 as plant fertilizer additive on Chinese cabbage 
growth and yield.   
    
Materials and Methods 
 
The study was conducted at Malaysian Agricultural Research and Development Institute. Chinese 
cabbage seeds were sown in sowing tray filled with peatmoss media in the glasshouse. After one week 
of germination, the seedlings were transplanted into 2 m x 0.5 m tray filled with mix soil (top soil and 
manure; 3:1) under rain shelter.  
 
A total of 350 mL DK-20 solution was diluted into 3.5 L of water as a stock solution. There were two 
levels of DK-20 tested: 50% and 100% concentrations of DK-20 stock solution. A control treatment: 
water without DK-20 solution, application was also included. The treatments were arranged in 
completely randomized design with 3 replicates. Each replicates consist of 10 plants per treatment. 
Application was done by foliar spray at 1st week and 3rd weeks after transplanting. Data for plant 
height and leaf diameter were recorded at 2nd week after transplanting and 4th weeks after 
transplanting. Plant weight and leaf number were recorded upon harvesting. Data obtained were 
subjected to analysis of variance to test the significant effect of all the variables investigated. 
Significant differences (P<0.05) between means were determines by Duncan Multiple Range Test. 
 
Results and Discussion 

 

A plant exogenous hormone is a synthetic substance that similar to natural plant hormones. It is 
normally used to regulate plant growth to ensure optimum agricultural production. Currently, there are 
five recognized groups of plant hormones namely auxins, gibberellins, cytokinins, abscisic acid 
(ABA) and ethylene that coordinating the growth and development of plant cells.   
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Plant height 

 
The plant height of Chinese cabbage at 14 days after transplanting (DAT) is presented in Table 1. The 
height was ranged from 9.9 cm to 14.4 cm. Plant treated with 100% DK-20 concentration was 
significantly taller than control. However, plant height at 50% concentration did not differ 
significantly except with the control. The plant height upon harvesting was found to increase up to 
53% when 100% DK-20 concentration was applied to the Chinese cabbage (Table 2). There were 
significant differences in the height of the Chinese cabbage between the treatments. It was observed 
that DK-20 rates appear to influence the height and weight of Chinese cabbage. Figure 1A-C showed 
the Chinese cabbage plants at 28 days after transplanting with 100%, 50% and 0% DK-20 
concentration rates application respectively. 
 
Leaf diameter and leaf number 

 

The mean leaf diameter and leaf number are presented in Table 1 (14 DAT) and Table 2 (28 DAT). It 
was observed that there was no significant difference in leaf diameter and leaf number between 100% 
and 50% rates application with exception to the control treatment. However, the DK-20 application 
has increased significantly the leaf number and diameter of the plant. 
 
Plant weight 

 
Results on plant weight for the 3 treatments are presented in Table 2. There was significant difference 
in plant weight between the treatments. Plant weight was increased by 165% when 100% DK-20 
concentration was applied to the Chinese cabbage against control (without DK-20 application). DK-20 
plant growth regulator found to be significantly affect on plant weight with the highest 54.8 g obtained 
with 100% concentration rate. This is not surprising, considering the large amounts of hormones (from 
the DK-20) applied.   
  
Table 1: Plant height and leaf diameter of Chinese cabbage at 100% and 50% DK-20 concentration 

rates after 14 days transplanted. 
DK-20 rates Plant height (cm) Leaf diameter (cm) 
100% 14.4a 10.1a 
50% 13.3a 9.3a 
0% (control) 9.9b 7.1b 

Means followed by the same letter in each column did not differ at p<0.05 by DMRT. 

 
Table 2: Plant height, leaf diameter, leaf number and plant weight of Chinese cabbage at 100% and 

50% DK-20 concentration rates after 28 days transplanted. 
DK-20 rates Plant height (cm) Leaf diameter (cm) Leaf number (cm) Plant weight (g) 
100% 19.3a 12.9a 9.9a 54.8a 
50% 17.5b 12.0a 9.5a 41.8b 
0% (control) 12.6c 9.2b 7.1b 20.7c 

 Means followed by the same letter in each column did not differ at p<0.05 by DMRT. 
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Figure 1: Chinese cabbage at different DK-20 plant growth regulator concentration rates application 

after 28 days transplanted. A: 100%; B: 50%; C: 0% Control.  
 
Conclusion 

 
It is concluded that DK-20 plant growth regulator enhanced Chinese cabbage growth. The growth and 
plant weight were significantly increased with the DK-20 supplement. Study will be carried out at the 
lower concentrations to determine the optimum rates that will give positive effect on plant growth and 
yield.  
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Introduction 
 
The world will be facing a challenge of sufficient food supply to feed the population which estimated 
to hit 9.5 billion people by 2050. Although increasing the agricultural productivity is an important 
development goal, it does not ensure food security or improved food nutrition. Growing more food is 
necessary but usually not sufficient to achieve good nutrition and health. Agriculture interventions do 
not always contribute to positive nutritional outcomes. People need to take adequate quality food 
rather than quantity so that will not affect nutritional requirement. There are numerous sources of 
nutritious food especially from the vegetables that can be added into the food dietary. 
 
Eggplant (Solanum sp.) is a popular vegetable crop in the world especially in central southern, south-
eastern Asia and also African (Li et al., 2010). This edible crop is known as brinjal and aubergine in 
many countries (Daunay, 2008). It was reported that the origin of eggplant was from India due to the 
diversity of eggplants in the country (Kalloo, 1988). Another report indicates that eggplant originates 
from the African country (Lester and Hasan, 1991). Both countries claim that they have greatest wild 
relative eggplants that can still be found. This vegetable was reported to contain low calories (Hossein 
et al., 2010) and the fruit is rich in essential vitamins and minerals. It contains 89.0 g of water, 1.4 g 
protein, 1.0 g fat, 8.0 g carbohydrate, 1.5 g celloluse, 130 mg calcium, 105 mg vitamin c and 1.6 mg 
Iron. In particular, eggplant is a good source of calcium, phosphorus and iron salts for bone and blood 
cell formation in the body, as well as a reasonable source of vitamin A (Carotene), Vitamin B-
complex and vitamin C, all essential for good health (Romain, 2001).  
 
There are many eggplant varieties that are different from their shapes, sizes and colours. Among them 
are Terung Telunjuk, Terung Rapuh, Terung Susu, Terung Pipit, Terung Bulu, Terung Meranti, and 
Terung Asam. Terung Telunjuk, or its scientific name Solanum sp., is a kind of wild relatives of 
eggplant cultivars. Unlike commercial eggplant in the market, this crop is typically neglected and 
disregarded as a primary food crop due to lack of consumer awareness, promotion and inconsistent 
seed supply. Whilst being a cheap source of food and fibre, these plants also serve medicinal and 
nutritional purposes. A study was conducted at Malaysian Agricultural Research and Development 
Institute (MARDI), Serdang to evaluate the potential of Terung Telunjuk to contribute to food and 
nutritional security. The study showed that Terung Telunjuk has a good nutritional value in line with 
commercial eggplant. In fact, this variety has minimal in pests and diseases issues and require less 
agriculture inputs. Typically, this variety is grown in home garden for their own food. However, it has 
the potential to be cultivated substantially for high production and thus can increase the farmers’ 
household income. Findings from this study are well-aligned in vegetables industry to increased 
production and finally reduce our dependency on imported vegetables.  
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Materials and Methods 
 
Field experimental procedure 

 
The study was conducted to evaluate the food production potential of Terung Telunjuk (Solanum sp.).  
Three varieties were used in the experiments which were Terung Telunjuk, Terung Bulat (MTE) and 
Terung Panjang. All seeds were sown in the glasshouse and transferred to the field 3 weeks after 
germination. They were planted on raised bed measuring 60 cm height and 100 cm wide. The trial was 
established as single row planting with 240 cm between plants in the row and 200 cm between rows 
using Randomised Complete Block Design with three replicates. Standard culture practices were 
applied. Data for days to flowers, plant height, fruit number per plant, fruit weight and fruit yield were 
recorded. Analysis of variance was used to distinguish the plant means (SAS software). Significant 
differences (P<0.05) between means were determines by Duncan Multiple Range Test. 
 
Inventory of pests 

 

A total of three insect sampling techniques were carried out i.e. scoring, yellow sticky traps (YST) and 
sweeping (using sweep net). All techniques were applied according to the growth stage of each kind of 
eggplants. All insects obtained have been identified at MARDI Insect Museum. Data were analysed 
by using Minitab 18. 
 
Isolation and identification of bacteria, fungi and viruses in eggplant 

 

Inventory of plants that infected by bacteria, fungi and viruses was done routinely based on the 
symptom’s development. Samples of infected plants will be collected and washed with 10% Clorox 
followed by 70% alcohol and three times rinse with distilled water. The clean samples were then used 
for bacteria and fungus isolation. To isolate the bacteria, sample was crushed using mortar and pestle. 
Subsequently, the sap was spread on Nutrient Agar (NA) plate prior to incubation at 25°C for 1-2 
days. Meanwhile for isolation of fungus, a cut of clean sample was placed on the Potato Dextrose 
Agar (PDA) media which then incubated at room temperature for 3-7 days. Isolation of virus was 
done by inoculating host plants with the sap of infected plants. Formation of lesion was observed and 
the infected leaves were then used in virus identification.   
 
For species identification, DNA samples of bacteria, fungi and viruses were extracted using DNA 
and/or extraction kit following manufacturer's instruction manual. Polymerase chain reaction (PCR) 
was performed using universal primers; 16S rRNA and 18S rRNA respectively for bacteria and fungi 
whilst specific primer was used for identification of virus. 
 
Determination of antioxidant activity (2,2-diphenyl-1-picrylhydrazyl (DPPH)) 

 

Scavenging activity of the Solanum extracts on 2,2-diphenyl-1-picrylhydrazyl (DPPH) radicals was 
assayed according to Molyneux (2004) with slightly modifications with minimum exposure of light. 
Various concentrations of the Solanum crude extracts in methanol were prepared to give a final 
volume of 7 µL and were mixed with 280 µL of methanolic solution containing DPPH (Sigma, USA) 
radicals resulting in a final concentration of 0.06 mM. The mixture was vigorously shaken and left to 
stand for 30 min. in the dark. The absorbance was measured at 517 nm. Meanwhile, ascorbic acid 
(Sigma, USA) was used as the positive control. The results were expressed as IC50 value (mg/mL), 
which is the inhibitory concentration at which DPPH radicals were scavenged by 50%.  
 
Determination of total phenolic content (TPC) 

 
Total phenolic content of the Solanum extracts was estimated by a colorimetric assay as described by 
Singleton and Rossi (1965) with slightly modifications with minimum exposure of light. Crude 
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extracts (50 µL) were mixed with 100 µL of Folin Ciocalteau’s phenol reagent (Merck, Germany). 
After 3 minutes, 100 µL of 10% sodium carbonate (Na2CO3) (Sigma Aldrich, USA) was added to the 
reaction mixture and allowed to stand in the dark for 60 minutes. The absorbance was measured at 725 
nm and the total phenolic content was obtained from a calibration curve using gallic acid (0-10 
µg/mL) as a standard reference. The test was run in triplicate. The results were mean values ± 
standard deviations and expressed as mg gallic acid per 100 g samples.  
 
Results and Discussion 
 
Yield traits 

 
Analysis of variance showed that the three varieties were not significantly different for days to flower 
and their plant height. However, it showed significantly different for fruit number per plant, fruit 
weight and yield (Table 1). The mean of fruit number per plant was 34.5 for Terung Telunjuk. 
Besides, the mean of Terung Telunjuk fruit weight and total fruit harvested was 17.37 g and 596.60 g 
respectively. Note that the fruit size of Terung Telunjuk is much smaller than Terung Bulat (MTE) 
and Terung Panjang. The size is about 12 cm long and 2 cm wide giving it a light weight compared 
with others two varieties. Although the total yield of Terung Telunjuk is lower than the larger-sized 
commercial eggplant, its market price is more expensive than the commercial eggplant. Rasmuna et al. 
(2018) reported that the analysis of cost of production showed that these traditional vegetables are 
viable and able to generate relatively high net profit.      
 
Table 1: Mean of days to flowers, plant height, fruit number, fruit weight and yield of Terung 
 Telunjuk and two commercial varieties. 

Varieties 
Days to 
flower 

Plant height 
(cm) 

Fruit 
no./plant 

Fruit weight 
(g) 

Yield/ plant (g) 

Terung Telunjuk 60.37ab 30.10cd 34.50a 17.37g 596.60f 

Terung Bulat 
(MTE)  

56.30bcd 31.47bcd 19.80bcde 123.97a 1880.70ab 

Terung Panjang 55.13cd 36.87abc 15.17e 96.20c 1912.70ab 

 Mean values with the same letter(s) are not significantly different at p<0.05.   

 
Inventory of pests and diseases on eggplant varieties 

 
Five major types of pests have been identified as red spider mites, thrips (Thrips sp.), green 
leafhoppers (Amrasca sp.), fruitfly (Bactrocera dorsalis) and whitefly (Bemisia tabaci). It was found 
that the percentage of green leafhopper infestation on Terung Telunjuk was lower than Terung 
Panjang and Terung Bulat (MTE2) which was 58% compared to 61% and 69% respectively (Figure 
1). The percentage of thrips infestation on Terung Telunjuk is significantly lower than the Terung 
Panjang and Terung Bulat (MTE2). No infestations of red spider mites, fruitfly and aphids have been 
found on Terung Panjang. 
 
Terung Panjang was observed to be most susceptible to virus whilst Terung Bulat most susceptible to 
fruit borer. This is indicated in Figure 2 with 45% and 47% of disease incidence respectively. 
Observation of rust and anthracnose that caused by fungi were least occurred in Terung Telunjuk 
when compared to Terung Bulat and Terung Panjang. Moreover, Terung Telunjuk also shows of 
lowest percentage attacked by the fruit borer. Findings of this study show that Terung Telunjuk is a 
potential species to be cultivated based on its minimal issue of diseases occurrence. 
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Figure 1: Percentage of pest attack on eggplant varieties. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Percentage of disease symptom on eggplant varieties. 
 
Nutritional and antioxidant activity on eggplant varieties 

 
All the crude extracts were sent to accredited laboratory (Unipeq, UKM) for the mineral testing. 
Among three crude extracts, Terung Telunjuk was found rich in essential micronutrients (Ca = 262 
mg/kg; Fe = 52 mg/kg; Mg = 251 mg/kg; Na = 276 mg/kg and Zn = 22 mg/kg) (Figure 3). Meanwhile, 
radical scavenging test showed that, Terung Telunjuk has the strongest antioxidant activity with IC50 
= 6.11 mg/mL compared to others eggplant varieties (Figure 4). Lowest value of IC50 indicates the 
strongest antioxidant activity. In addition, total phenolic content (TPC) obtained from Terung 
Telunjuk was 35.61 mg/g, highest compared to others eggplant varieties. Hence it is suggested that the 
high amount of phenolic content presence in the Terung Telunjuk responsible to its strongest 
antioxidant activity. 
 

  
Figure 3: The concentration of mineral content in eggplant varieties. 
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Figure 4: The antioxidant activity IC50 values and total phenolic content (TPC) of eggplant varieties. 
 
Conclusions 
 
The study showed that Terung Telunjuk was found rich in essential micronutrients in line with 
commercial eggplant. Furthermore, it has the strongest antioxidant activity compared to others 
eggplant varieties. In fact, this variety has minimal in pests and diseases issues and require less 
agriculture inputs. Typically, these varieties are grown in home garden for their own food. However, it 
has the potential to be cultivated substantially for high production and thus can increase the farmers’ 
household income. Findings from this study are well-aligned in vegetables industry to increased 
production and finally reduce our dependency on imported vegetables. 
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Introduction 

 
Research has demonstrated that tropical rainforests maintain evapotranspiration (ET) even during dry 
period (Tani et al., 2003). Pasoh Forest Reserve (FR), which is located in a dry zone of Peninsular 
Malaysia, had received the lowest yearly rainfall amount among adjacent south-eastern tropical 
rainforests and maintained relatively stable ET even during the driest period, based on 7 years of 
continuous eddy covariance (EC) measurement (Kosugi et al., 2012a). Consequently, stable annual ET 
rates (1,287±52 mm) were obtained despite the relatively small annual rainfall amount (1,805±280 
mm, from 1995 to 2015) (Kosugi et al., 2012a) compared to other Southeast Asian tropical rainforests 
(Kume et al., 2011; Noguchi et al., 2003). No obvious decline in monthly ET variability was detected 
even during the driest month, although the amount of rainfall was much lower than ET (Kosugi et al., 
2012a). The Amazonian tropical forest, which has distinct dry and wet periods, had also consistently 
demonstrated this characteristic (da Rocha et al., 2004; Costa et al., 2010). The stability of ET in dry 
periods and in the dry season seen in tropical rainforests should be supported by stable water sources 
in the soil throughout the seasons. Hence, investigation should be conducted to determine the source 
of water for this.  
 
Stable isotope such as hydrogen and oxygen isotopes (δ18O and δ2H) is a tracer which is useful for 
investigating soil water residence time and water uptake by the trees (Ehleringer and Dawson, 1992; 
Evaristo et al., 2015). Isotope is any two or more forms of a chemical element, having the same 
number of protons but different number of neutrons. According to International Atomic Energy 
Agency (IAEA), stable isotopes are non-radioactive forms of atoms. The deuterium excess (or d-
excess), is defined by d (‰) = δ2H-8*δ18O and is a proxy for continental moisture recycling 
(Dansgaard, 1964).   
 
Here we assessed the values of hydrogen (δ2H) and oxygen (δ18O) isotopes in precipitation, soil water 
at different depths, and xylem water of Dipterocarpus sublamellatus, Xanthophyllum stipitatum, 
Ptychopyxis caput-medusae, Syzygiium rugosum, Diplospora malaccensis, Homalium dictyoneurum, 
Baccaurea parviflora and Macaranga lowii at Pasoh FR. The goal of this assessment was to 
determine how the seasonal variability of δ18O and δ2H in precipitation is integrated in soil water and 
in xylem water of trees; to resolve the distribution of precipitation in the soil; and to identify the 
temporal origin of a tree’s source water, that is, to determine which rain event is used by the trees 
throughout a season.  

 
Materials and Methods 

 
Site description 

 

The study was conducted in a lowland dipterocarp forest within the 6 hectares of Pasoh FR located at 
2° 58’ N, 102° 18’ E at approximately 75 to 150 metres above sea level (m.a.s.l.). The soil in this area 
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belonged to the local Durian series, which was classified as an ultisol with a yellowish silt-clay layer 
(40-80 cm thick), overlaying a blocky indurated lateritic horizon (30-40 cm thick) on top of mottled 
white clay that overlaid weathered shale down to a depth of 130-150 cm (Leigh, 1982).  The 
maximum depth of tap roots was about 4 m (Niiyama et al., 2010); most of the fine roots were found 
at the A horizon (Amir Husni, 1989). The canopy height ranged between 30 and 40 m with emergent 
trees of ~45 m. Rainfall distribution in Pasoh FR was short duration and high intensity, with a mean 
annual rainfall of 1,805 mm (1995–2015) and mean annual air temperature of 25.4°C (1997-2011) 
(Noguchi et al., 2003, 2016; Marryanna et al., 2017).   
 

Soil water content and evapotranspiration 

 
The volumetric soil water content (VSWC) was measured using time domain reflectrometry (TDR) 
sensors (CS615 or CS616, Campbell Scientific) at depths of 0.1, 0.2 and 0.3 m at three points around 
the tower logged at the 30-minute intervals (Noguchi et al., 2016). The daily average value of these 
nine sensors were used as a reference VSWC for the surface layer between 0 and 0.5 m. Eddy 
covariance (EC) fluxes of sensible heat and water vapour were measured at a height of 54 m on the 
flux tower. ET measured from the flux tower included of transpiration, interception evaporation, and 
soil evaporation. Four years of data from January 1, 2012 to December 31, 2015 was used in this 
study, which is compatible with water sampling for isotope analysis. The antecedent precipitation 
index (API60) also used as a wetness index for the study area. The API60 is defined as:  ∑ 𝑃𝑖/𝑙60𝑖=1  
where Pi is daily precipitation (mm), and i is the number of preceding days (Kosugi et al., 2007). 
 

Precipitation, stream, plants, and soil sampling 
 
Rainwater samples for isotope analysis were collected daily at 8:00-9:00 a.m. from September 2012 to 
December 2015 from a storage-type rain gauge installed at the observatory station. Stream water 
samples were collected on 19 occasions between January 2013 and December 2015 from the main 
stream between the 6-ha plot and the 50-ha plot (about 2000 m away from the flux tower). Soil and 
plant samples were obtained from the area surrounding the flux tower at Pasoh FR. Four sampling 
events were conducted for eight species of plants of different sizes and soils at different depths. Water 
extraction was conducted using a cryogenic vacuum distillation system (West et al., 2006) which is the 
most widely utilised method for plant and soil water extraction (Orlowski et al., 2013). A cavity ring-
down spectrometer (CRDS) (L2120-i, Picarro, CA, USA) was used to analyse the isotope composition 
of the samples. The delta (δ) notation indicates the isotopic ratio value of a water sample with respect 
to the Vienna Standard Mean Ocean Water (VSMOW).  
 
Results and Discussion  
 

Temporal trend of ET in Pasoh FR 

 
Temporally, it was found that there was no decrease in ET even in dry period. The percentage ratio of 
ET to precipitation ranged between 62% in 2014 and 74% in 2015. The annual average ET for four 
years was 1182 mm per year. Generally, ET has stable trend although several declining values 
detected in the rainy season at the end of the year (Marryanna et al., 2017). Water evaporated from 
forest every day even in the driest period with the average of 3.24 mm (SD 0.86) per day. Temporally, 
one-month antecedent water supply showed water supply not sufficient for plant consumption. 
Additional two-month antecedent water supply was also not sufficient to accommodate plant water 
use for dry period. We looked for the four-month antecedent water supply and found that it was still 
insufficient for plant water use. During the severe dry period (12-13 March 2014), at least four months 
of reserved water was required in Pasoh FR to accommodate ET demand (Figure 1). 
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Spatial trend of ET in Pasoh FR 

 

After analysing the temporal trend of ET in this forest, we looked at the spatial trend to investigate 
water source of the ET during wet and dry period in this forest. Spatially, plants in Pasoh FR usually 
obtained their water supply from the surface soil layer (0-0.5 m) and from the deeper layer when the 
soil water content at 0-0.5 m decreased. The declining slopes of evaporative demand in June 2013 and 
March 2014 were greater than the declining slopes of soil water storage at 0-0.5 m. The ET demand in 
June 2013 was approximately 50%, and in March 2014 only 10% of ET was supplied from surface 
soil layers. This indicated that water was supplied from deeper soil layers during prolong dry period. 
The stable isotope used to verify the spatial and temporal water source and usage of forest 
environment in Pasoh FR. Figure 2 shows the isotopes signature of precipitation, stream, and soil and 
plant water. 
 

 
Figure 1: Temporal trend of precipitation and evapotranspiration demand in Pasoh FR. 
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Figure 2: Isotope signatures of precipitation, stream, soil, and plant water at Pasoh Forest Reserve. (A) 
   Time series fluctuation in δ18O of precipitation, stream, and soil water at 0.05, 0.3, and 3.0 
   m. The relationship between δ18O and δ2H for (B) rainfall, stream, soil, and plant water; (C) 
   soil water; and (D) plant water.  
 
During the dry period, for 30-day antecedent rainfall, most plant water isotopic contents were different 
from rainwater, while for longer (60-day) antecedent rainfalls, rainwater isotopic contents 
corresponded with plant and soil water, although plant water still deviated slightly from the rainwater 
meteoric water line. During the very dry period (12-13 March 2014), most rainwater values were 
larger than soil and plant water values for 60-day antecedent rainfall, and 120-day antecedent rainfall 
should be analysed to identify the source water for plants and soils. The isotope values of plant water 
became closer to those of soil water in this very dry period, and both soil and plant water (except at 
3.0 m soil) deviated from the rainwater meteoric water line. The isotope values of plant water can be 
explained by the soil water mixture. During very wet periods in the rainy season the soil and plant 
water isotopic signature corresponded with the rainwater meteoric water line for 30-day antecedent 
rainfall, but did not fall within the range of antecedent rainfall between 31 and 60 days. Soil water at 
all depths did not show any deviation from rainwater. Most water (except P. caput-medusae) did not 
show any deviation from the local meteoric water line (LMWL); however, some plant species had 
more negative values and was out of the range of soil water. Isotope signals from different tree heights 
and species at different periods did not show any clear tendency towards a specific water uptake 
depth. Plant water isotope values were mostly deviated to the right side of the rainwater LMWL. They 
also differed from the values of soil water at any depth, and became closer to those of soil only in the 
very dry period. 
 
Conclusion 
 
ET during the observation years was lower than in previous studies however, a stable pattern was 
observed. Temporally at least four months of water storage is needed to accommodate ET needs 
during a very dry season. Spatially, plants in Pasoh FR typically obtained their water supply from the 
surface soil layer (0-0.5 m), and sourced further water from deeper layers during the dry period. Deep 
rooting and stomatal control are two well-known mechanisms that allow plants to cope with periods of 
high atmospheric demand and low water availability. Isotope analysis results show that plants, soil, 
and stream have different sources of water in this forest. Similarity in rainwater and stream water, 
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indicating the dominance of ‘new’ water runoff. The source of water for this forest does not have a 
distinct pattern corresponding to soil depth and tree height suggesting the existence and use of water 
storage in tree xylem. Occasional isotopic differences between plants and soil water, was probably due 
to difference in plant water source and water strongly bounded to the soil.  
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Introduction 

 

Mangosteen (Garcinia mangostana Linn.) cultivation has very long history in Malaysia, the area of 
production is remaining almost stagnant in the entire country (Jabatan Pertanian Semenanjung 
Malaysia, 1999). Mangosteen is a fruit with good potential both for processing and fresh consumption. 
Production mangosteen into the form of juice and functional food product would be a course change 
the scenario of the mangosteen industry from a neglected species to a high value crop. Thus, good 
planting materials should be enough to supply the need for farmer to increase the acreage of 
mangosteen cultivation. Mesta refers to the oblong variant of mangosteen. Mesta originated from 
Pahang, Malaysia has been registered with the registration number GA2 in 1993 by Department of 
Agriculture, DOA (Jabatan Pertanian Semenanjung Malaysia, 1999).  
 
Fruits are ovate in shape, the flesh is sweet and less juicy. Mesta is a perennial tree and well known as 
a crop with very long juvenile period (6-9 years). Trees are slightly smaller and shorter than 
mangosteen. At the early stage of growth Mesta has long main root. However, the development of 
lateral roots which responsible for water and nutrient is very poor. The slow growth of Mesta is most 
probably due to the poor rooting system. Based on plant characteristic, high quality media with proper 
physical and chemical properties can result good plant growth (Verdonck et al., 1992; Muhammadi 
A., 2015). The growth of the Mesta can be accelerated and shorted the juvenile period due to the 
suitable media combination and management in the nursery. This experiment can be a formula in 
making for Advance Planting Material (APM) in Mesta industry through media aspect. Thus, these 
experiments were conducted to determine suitable media combination to encourage the growth of 
Mesta at early stage. 
 
Materials and Methods 

 

The experiment was conducted at MARDI Jelebu, Negeri Sembilan. For this experiment, the Mesta 
seedlings were obtained from Jabatan Pertanian, Pahang aged about 12 months old. The media 
combinations were being tested in this experiment contain soil, sand, peat and empty fruit bunch 
(EFB) with certain ratio shown in Table 1. The T1 are the control treatment. The seedling is 
transplanted into 45cm x 60 cm polybags with different media combination and placed at Nursery 
under 50% shaded netting. During experiment, all seedlings watered once every day. The experiment 
was using RCBD design with 3 replications which each replication consists of 9 seedlings. The 
parameters such as height (from media surface beside plant stem to plant tip) and girth (1in from the 
media surface facing one direction) were taken every month for 12 months and soil properties were 
taken once at 3 months after planting. Experimental data were analysed using SAS software and the 
means were compared using Duncan multiple range test.   
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Table 1: Description of the treatments. 
Treatments       Types of media 
T1 – soil + sand + peat (3:2:1) (Control)  
T2 – soil + EFB (5:1)  
T3 – soil + EFB (3:1)  
T4 – soil + peat (3:1)  
T5 – peat + EFB (5:1)  
T6 – peat + EFB (3:1)  
T7 – Peat (1)  

 

Results and Discussion 

 
For bulk density, the readings for T1, T2, T3 and T4 give higher values than T5, T6 and T7 because 
the media are containing the soil (Table 2). Therefore, the low values such T5, T6 and T7 indicate that 
the media are a light media. The relationship of the treatments for bulk density was as follow 
T1>T4>T3>T2>T6>T7>T5. For porosity, T7 gave higher percentage with 71.08% and T4 gave the 
lowest percentage with 37.45%. The relationship of the treatments for porosity was as follow 
T7>T6>T5>T4>T1>T2>T3. The porosity of the media was significant factor affecting plant growth 
(Jarvis et al., 1996; Mary et al., 2004). After irrigation and drainage, the current guidelines for media 
in container at nursery should have 0.19-0.70 g/cm3 in bulk density and 50-85% in porosity (Yeager 
et al., 2007). When the media are high in porosity value, root can be easy to establish and grow 
compare to lower value of porosity. It is due to more room to expend, the root can easier to elongate. 
The slow growth of the Mesta plant is due to the poor growth of the root system (Roedhy P., 2002). It 
has no root hair, grows slowly and is easily to broken by adverse environments (Cox, 1988). Based on 
this fact, we expected that an improvement root system using soilless base media would increase the 
growth of Mesta.  
 
Treatment 4 gave the highest result in height and girth with respectively 123.20 cm and 20.30 mm but 
there is no significant difference with T1 (Table 3). Treatment 5 gave the lowest result in height with 
71.30 cm while T6 gave the lowest result in girth with 16.69 mm where there has a significant 
difference with T1. Also, there has a significant different in height between soil base media with 
soilless base media. Soil base media have slightly steeper increasing in height compared to soilless 
base media where the growths are a bit flatter (Figure 1). However, when we relate the results from 
soil properties with the growth of the plants, media with lower porosity has better growth than high 
porosity media. These results show an opposite finding from the prediction with a significant 
difference between these two types of media. This is because the media with lower in porosity are 
containing soil. Soil has the ability to hold nutrient better than other substrates. From the growth rate, 
it also indicates that the soil base media can accelerate the growth of Mesta at early growth. 
 
Table 2: Soil properties of the media at 3 months after planting. 

Treatments Bulk density (g/cm3)          Porosity (%) 
T1 1.79          42.72  
T2 1.62          38.28  
T3 1.63          37.45  
T4 1.65          49.01  
T5 0.67          63.39  
T6 0.93          66.33  
T7 0.87          71.08  

 
 
 
 
 
 

Soil base 

Soilless base 
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Table 3: Effect of media combination on Mesta seedlings growth at 12 months after planting.  
Treatments  Height (cm) Girth (mm) 
T1           116.82ab           20.10a 
T2           99.12c           18.36bc 
T3           108.07bc           19.36ab 
T4           123.20a           20.30a 
T5           71.30d           17.12cd 
T6           74.82d           16.69d 
T7           76.54d           17.89cd 

Mean with the same letter(s) are not significant different by DMRT at P≤0.05. 
 

 
Figure 1: Growth pattern of plants in different media for 12 months.  
 
Conclusions 

 

Based on the result, media containing soil and peat (3:1) are the suitable media combination for 
Mesta. Therefore, it show that Mesta still need soil in the media combination at early grow for better 
growing. 
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Introduction 

 

Durian, Durio zibethinus is one of the important fruit crops in Malaysia. The export value of durian 
had reached RM74.4 million for 2016 and is projected to reach RM80 million by 2018 (Charon, 
2017). This creates a big demand for supply of quality durian planting material. Durian is propagated 
mainly via vegetative propagation which is bud grafting technique (Brown, 1997). Grafting is the 
bringing together of two similar, yet genetically distinct plant parts that can form a composite plant. 
This technique includes two main parts of the plant which are scion and rootstock. Scion is the 
cultivar that makes up the top of the plant while rootstock is the lower portion of the grafted plant that 
will serve as the rooting system. The success of clonal propagation of fruit trees via grafting 
techniques depends, among others, on a timely supply of high-quality scion materials. The current 
practice is to produce scions from open-field grown plants which sometimes are old fruiting trees 
which have been around for too long (Brown, 1997). This causes difficulty in collection of scions as 
trees are tall but more than this, scions obtained could possibly carry the risks of diseases such as 
canker and anthracnose. In addition, the quality of these scions might vary according to the 
environment where the budwood trees were grown (Mohd Shaib et al., 2014).  
 
In promoting bud development of fruit trees, several treatments had been studied previously. Among 
others, the most common techniques are mechanically stressing the plants and introduction of 
exogenous plant growth regulators. Previous studies showed that shoot bending was an effective 
measure widely used for promoting flower bud formation in many fruit trees, such as pear (Ito et al., 
2004) and apple (Lauri and Lespinasse, 2001). Plant hormones play the main role to stimulate or 
inhibit the plant growth. Plant growth regulators (PGRs) are very important growth factors affecting 
the growth of plant such as regulating cell division and promoting cell elongation (Bari and Jones, 
2009). Usage of PGRs such as paclobutrazol (PAC), benzylaminopurine (BAP) and gibberelic acid 
(GA3) is a common practice in altering plant conformation. For durian, usage of PGRs needs to be 
evaluated for potential impacts of stimulating new bud initiation which could lead to healthy scion. 
Thus, this study was conducted to investigate the effects of stem bending and different PGR 
treatments on production of new buds in D168 clone durian. 
 
Materials and Methods 

 

Plant materials and growth conditions 

 

Two-year old D168 durian clones were grown in 16 in x16 in polybags at a distance of 1.2 m x 0.8 m 
under a 3400 ft2 shade house with 50% light penetration and watered via an overhead sprinkler system 
(Figure 1(a)). The total number of plants grown was 144. Plant maintenance was carried out according 
to the normally recommended practices as recommended by Department of Agriculture (DOA, 2012).  
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Stem bending and PGR treatments 

 

Plants were bent by tying the main stem of the plants to a pole which was placed approximately two 
feet from the polybags (Figure 1(b)). Three types of PGR were used in this study namely 
paclobutrozol, BAP and GA3. For each type of PGR, three different levels of PGR concentrations of 0, 
50 and 100 ppm were given by spraying the leaves and manually drench the media with 30 mL of the 
solution. 
 
Buds number and growth of stem 

 

Stem growth (diameter) and number of new buds were calculated by the difference between readings 
before and after 12 weeks of treatment. Stem diameter was taken by measuring the lowest part of stem 
using Electronic Digital Caliper (Model SCM DIGV-6) while number of new buds was counted 
manually. 
 
Experimental design and data analysis 

 

The treatments comprising two plant structures, three PGR types and three PGR levels were arranged 
in a split-split plot design with structure as the main plot, PGR types as the sub-plot and PGR levels as 
sub-sub plot with 8 replications. The data obtained were analysed using ANOVA in the SAS software 
(Version 9, SAS Institute Inc. Cary, North Carolina, USA) and differences between treatment means 
were compared using Duncan’s Multiple Range Test (DMRT) at P≤0.10.  
 
(a)       (b) 
 

 
Figure 1: D168 clones grown under shade house (a) and stem bending (b). 

 

Results and Discussion 

 

Among all the main effects tested, number of buds for D168 durian was significantly affected only by 
PGR level (P<0.10) with no significant interaction recorded between the main effects. Plants treated 
with 100 ppm PGR, regardless of PGR type, had significantly higher number of buds compared to 
those without PGR with percentage a difference of 50.88% (Table 1).  
 
High bud initiation in plants treated with high level of PGR is due to the functions of PGR in 
promoting plant growth, particularly for BAP and GA3. Paramita et al. (2018) reported that increasing 
number of leaves per plant is associated with GA3 (100 ppm) function in increasing internodal length, 
promoting cell division, cell enlargement and enhanced apical dominance which can indirectly 
increase the auxin content. The same results were obtained by Moon et al. (2003) where application of 
GA3 at 100 ppm on Satsuma mandarin was reported to considerably increase the number of vegetative 
shoots. Results obtained in this study were also in accordance with a study reported by Brennan et al. 
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(2015) where high levels of BAP at 100 or 500 ppm significantly increase the rate of bud rate and 
shoot elongation of four Quercus species. Being one of the gibberellins inhibitors, application of 
Paclobutrazol at optimum rate normally inhibited plant growth by decreasing the internode length 
(Yeshitela et al., 2004). In this study, application of higher paclobutrazol rate at 100 ppm significantly 
increased the bud’s initiation instead of inhibiting them. This is due to the action of plant growth 
regulators which is strongly dependent on its rate of application and environmental conditions 
(Kishore et al., 2015). Paclobutrazol was reported to enhance photosynthetic pigments and leaf 
photosynthesis in various crops such as cucumber seedling, oak, stevia and corn (Soumya et al., 2017. 
Presumably, increase of photosynthetic efficiency led to increase of bud number reported in this study. 
 
The results also revealed that plant structure had significant effect (P<0.05) on stem growth (diameter) 
with bent plants having 18.02% more stem growth compared to straight plants. On the other hand, no 
significant effect of plant structure was recorded on number of buds. This result contradicted with 
what had been reported previously by Xing et al. (2016), where shoot bending significantly promoted 
bud growth in apple (the length, width and fresh weight per buds) during the flower induction process. 
Besides that, Ito et al. (1999) also stated that bud development was more rapid on bent than on control 
shoot regardless of bud position. In apple, pear and rose, bending shoots were also reported to have 
positive significant effects on bud growth (Xing et al., 2016). These results are associated with the 
change of phytohormones content in buds in response to shoot bending which promotes the bud 
growth (Xing et al., 2016). In durian, presumably changes of phytohormones are not affected by the 
bending treatment thus had no significant effect on the bud initiation.  
 
Table 1:  Main and interaction effects of structure, PGR and PGR level concentrations on bud number 

and stem diameter. 
Factor 

 
Bud number Stem growth (mm) 

Structure 
Bent 2.06a 4.78a 
Control 2.24a 4.05b 

    

PGR 
PAC 2.48a 4.80a 
GA3 2.10a 4.48a 
BAP 1.85a 3.97a 

    

PGR level (ppm) 
0 1.71b 4.51a 
50 2.15ab 4.71a 
100 2.58a 4.02a 

    
Structure 

 
ns ** 

PGR  ns ns 
PGR level  * ns 
Structure*PGR  ns ns 
Structure*PGR level  ns ns 
PGR*PGR level  ns ns 
Structure*PGR*PGR level  ns ns 

**Significant at 5% probability level, *Significant at 10% probability level, ns: Not significant Means in each column with 

the different letters within each factor indicate significant differences at P≤0.10% level according to Duncan’s Multiple 
Range Test. 

 
Conclusions 

 

In durian D168 clone, usage of Paclobutrazol, BAP and GA3 at 100 ppm significantly increased bud 
formation by 50.88%. Stem bending was found to significantly increased 18% of the stem diameter 
but had no significant effect on inducing new buds.  
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Introduction 

 

Ceri terengganu or Lepisanthes fruticosa are underutilised fruit trees from the Sapindaceae family that 
can be found in the Southeast Asia regions such as Malaysia, Thailand, Indonesia, Myanmar, Indo-
china and Borneo. In Malaysia, this species is widely distributed in the state of Johor and Terengganu 
(Abd. Latif et al., 2016). The trees are often used as shading and ornamental trees due to its esthetical 
value that lies on its attractive tree shapes, light purple young foliage and long purple inflorescences 
which can then turning into clusters of remarkable shiny bright red fruits (Rukayah, 2006). The fruit 
can be consumed fresh when fully ripen (Abd. Latif et al., 2016). Lepisanthes fruticosa is also used in 
traditional medicine by rural folks. The seed is consumed when roasted and the root is used to treat 
itching and to reduce body temperature during fever. The fruits are rich with anti-oxidant and the 
value is higher as compared to popular commercialized fruits such as guavas, oranges and apples 
(Mirfat and Salma, 2015). This species has the good prospect in future to be exploited for commercial 
production by farmers in Malaysia. Recognizing its importance and potential, storage methods of the 
seeds should be developed to provide useful information for researchers and growers who working 
with this species.   
 
One of the conservation methods that possibly can be used is by storing the seeds. Through this 
method, seeds are normally being dried and kept in the low temperature in order to achieve long 
storage life. Seeds of species with orthodox seed storage behaviour can be maintained satisfactorily 
over the long term in such storage conditions (Hong and Ellis, 1996). However, there are also seeds 
that are drying and chilling sensitive. These types of seeds are known as recalcitrant seeds. 
Recalcitrant seeds are normally short-lived and the germination rate will decrease rapidly even after a 
short period of storage (Bajaj, 1995). Recently, the information on the seed storage behaviour of L. 

fruticosa is scarce. Therefore, this study was conducted to determine the seed storage behaviour of the 
species by identifying the sensitivity of seed to drying and also storage at different temperature.  
 
Materials and Methods 

 

The effect of different moisture content on the germination of seeds 

 

Seeds (Figure 1b) of Ceri Terengganu (L. fruticosa) were extracted from the ripen fruits (Figure 1a) 
obtained from the MARDI Serdang Field Genebank. The initial moisture content of seeds was 
determined by drying the seeds at 103°C for 17 hours. The moisture content on wet weight basis was 
determined as loss in weight and expressed as percentage (%) of the initial fresh weight of the embryo 
(Cromarty et al., 1982). Three replications of 10 seeds were used for moisture content determination. 
The other batches of seeds were dried in desiccator containing silica gel to the desired moisture 
content (DMC %) namely 50, 40, 30, 20 and 10%. To determine whether seed have reached the DMC 
%, seed moisture content can be monitored by weighing before (initial weight) and during desiccation. 
The following fomula was applied to determine the weight of seeds at 50, 40, 30, 20 and 10% of 
moisture content (Hong and Ellis, 1996): 
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Weight of seed (g) at DMC% : 
 
    (100 – initial moisture content %) 
 ------------------------------------------------    X   Initial Seed weight (g) 
   (100 – Desired Moisture Content %) 

 
After the seeds reached the weight at every DMC, seeds were taken out from the desiccator and 10 
seeds were sown on sterilized sand media for germination and replicated for 3 times. The germination 
was done in an air-conditioned room (25°C±2, 55% relative humidity). Seeds without desiccation 
(initial moisture content) were used as a control treatment. Weekly observations were done on 
germination percentage of seeds for 4 weeks. 
                  
The effect of storage temperature on the germination of seeds 

 

Seed were desiccated to the DMC of 40%, and kept in an air tight container stored at commercial 
refrigerator (8°C±2) and air conditioned room (25°C±2). Seed were taken out after 1, 2, 3, 4, 5, 6 and 
7 weeks of storage and 10 seeds were sown on sterilized sand media for germination and replicated for 
3 times. The germination was done in an air-conditioned room (25°C±2, 55% relative humidity). 
Seeds without storage at 40% moisture content were used as a control treatment. Weekly observations 
were done on germination percentage of seeds for 4 weeks.  
  
The effect of low temperature storage of fruit on the germination of seeds  

 
Ripe fruits were kept in the ziplock plastic bag and stored at commercial refrigerator (8°C±2). Fruits 
were taken out after 1, 2, 3, 4, 5, 6 and 7 weeks of storage. Seeds were extracted from the stored fruits. 
Ten seeds were sown on sterilized sand media for germination and replicated for 4 times. The 
germination was done in an air-conditioned room (25°C±2, 55% relative humidity). Fresh non-stored 
fruits were used as a control treatment. Weekly observations were done on germination percentage of 
seeds for 4 weeks.  
 
Data analysis 

 
All data were analyzed by analysis of variance (ANOVA) using Statistical Analyses System Software 
(SAS) release 9.4. This study adopted the Completely Randomized Design (CRD). Means was 
differentiated at P≤0.05 level of significance using Duncan's Multiple Range Test (DMRT). 
  
Results and Discussions 

 

 
 
 
 
 
 
 
 
 
 
Figure 1: Fruits (a) and seeds (b) of Lepisanthes fruticosa. 

 

Seeds with initial moisture content of 54% (without drying) recorded 100% germination proved that 
seeds of L. fruticosa are can be easily germinated (Figure 2). However, germination percentages were 

a b 
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declined from 93, 83 and 17% when the seeds were dried to the moisture content of 50, 40 and 30% 
respectively. The critical moisture content (CMC), which is the moisture content below which there is 
a rapid fall in viability, for L. fruticosa is 30%. The seeds were completely losing viability dried to 
moisture content at or less than 20%. Similar results were found in G. gummi-gutta where the critical 
moisture content for seeds is around 34% and seeds were completely lost viability at 24 and 17% 
moisture content (Joshi et al., 2017). This current study revealed that L. fruticosa seeds are not tolerant 
to desiccation. Thus, the seeds might be classified into the seeds with the recalcitrant seed storage 
behaviour. According to Chin and Robert (1980), when fresh recalcitrant seeds begin to dry, viability 
is first slightly reduced as moisture is lost, but then begins to be reduced considerably at certain 
moisture content. If drying continues further, viability is eventually reduced to zero.  
 

 
Figure 2: The effect of moisture content on the germination percentage of seeds. Means with different 

letters within the germination percentage are significantly different at p≤0.05. 
 
Partially dried seeds (40% moisture content) are highly sensitive to low storage temperature (8°C±2) 
as the germination percentage declined from 83% to 43% after 0 to 1 week of storage (Figure 3). 
Drastic decline in the germination percentage during 3rd weeks of storage (10%) and the germination 
percentage continued declining until seeds were completely lose viability when seeds were stored at or 
more than 5 weeks of storage. Storage at high temperature (25°C±2) was also unsuccessful where the 
germination percentage declined to 47% when stored even only for 1 week. Although germination 
percentage of seeds stored at 25°C±2 reduced after 1 week of storage however, the values were 
maintained around 40-47% for up to 7 weeks of storage. The value was higher as compared to storage 
at 8°C±2 (0-43%). Similar result was also found by Normah and Chin, (1989) where the best storage 
temperature for Hevea brasiliensis was 27°C as compared to 10°C.  
 
Lepisanthes fruticosa seeds could be calssified into recalcitrant as a result of studies showing drying 
damage in the seeds. The germination percentage decreased rapidly even after a short period of 
storage thus, long-term germplasm cannot be maintained through seeds. Besides seeds, fruits could 
also be an option to be used for short-term storage of L. fruticosa. Based on Figure 3, fruits could be 
stored for up to 5 weeks in low temperature (8°C±2) without any decline in the germination 
percentage. There was slight decline in germination percentage after 6th and 7th weeks of storage with 
80 and 78% of germination percentages respectively. 
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Figure 3: The germination percentages of seeds with 40%  moisture content  stored at  8°C±2 and 

25°C±2 and seeds from  fruits post-stored at 8°C±2 for 0, 1, 2, 3, 4, 5, 6 and 7 weeks of 
storage. Means with different letters within the same bar colour are significantly different at 
p≤0.05. 

 
Conclusions 

 

Ceri Terengganu seeds can be classified into the seeds which have the recalcitrant seeds storage 
behaviour due to its highly sensitivity to drying and chilling. Storage of fruits together with the seeds 
in 8°C±2 could be an option for short-term storage of L. fruticosa where it can be stored for up to 5 
weeks without losing the germination capability 
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Introduction 

 
Lepisanthes fruticosa or locally known as ‘Ceri Terengganu’ are underutilized trees belong to family 
Sapindaceae. It is a non-seasonal tree and can be found in Soth East Asia such as Malaysia, Myanmar, 
Indo-China, Thailand, Philippines and Indonesia. This species produces fruits throughout the year and 
widely distributed in Johor and the East Coast of Peninsular Malaysia (Abd. Latif et al., 2016). Ceri 
Terengganu is found growing naturally in the forests and only occasionally cultivated. The tress are 
often used as ornamental and shading trees due to its esthetical values that lies on its attractive shape, 
light purple young foliage and long purple inflorescence which can then turning to shiny bright red 
fruits (Rukayah, 2006). L. fruisticosa fruits can be consumed fresh when fully ripen and also used in 
traditional medicine by rural folk. The seed is consumed when roasted and the root is used in a 
compound poultice to relieve itching and to reduce body temperature during fever (Mirfat and Salma, 
2015). Recently, this species has valuable due to rich antioxidant capacity in fruit as compared to 
commercial fruits such as orange, lime, apple and guava. Therefore, Ceri Terengganu has a good 
prospect in future to be exploited for commercial production in Malaysia. The interest of agronomist 
and farmer now is to develop the cultural practices for Lepisanthes growing plant. Generally, seed 
germination is controlled by many internal and external factors. Seed size is among of them. Seed size 
is an important parameter, which influences the germination, growth and biomass of the nursery 
seedlings and that trend leads to the future crop. Sowing of the mixed seed of a species may result in 
non-uniform density of seedlings. Studies carried out to investigate the influence of three different 
seed sizes on germination Lepisanthes.  
 
Materials and Methods  

 

Matured Lepisanthes sp. fruits were collected from 10 years old trees at MARDI, Serdang. Extracted 
seeds were visually separated into three size classes determined by seed weight; small (0.2-0.6 g), 
medium (0.7-1.1 g) and large (1.2-1.6 g) and evaluated for the following parameters: (i) 100-seed 
weight; (ii) seed size in terms of length, thickness; (iii) percentage germination; (iv) shoot length (v) 
stem collar diameter; and (vi) vigour index (Table 1). For estimation of germination, four lots 
(replications) of 25 seeds each were sown in germination boxes (28 cm x 14 cm x 14 cm) with peat 
moss medium under greenhouse condition and laid out in a Completely Randomised Design (CRD). 
Regular watering was done as per requirement. Germination percentage was calculated by dividing 
the number of germinated seeds with the total number of seeds and multiplied by hundred (Gharieneh 
et al., 2004). The number of normal seedlings was counted on the 14th day and expressed as 
percentage. All the seedlings per treatment were measured shoot length and stem collar diameter. 
Seedling vigour index of seed size classes was calculated as germination percentage multiplied by 
seedling total length and divided by 100. Data collected being subjected to Analysis of Variance 
(ANOVA). Least Significant Difference (LSD) at 5% probability level was used to compare the 
significantly different treatment means. 
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Figure 1: Lepisanthes seeds with three size classes; small, medium and large. 
 

Results and Discussions 

 

Influence of seed size on germination rate 

 

Irrespective of the seed source, large seeds proved distinctly superior in terms of both percentage 
germination and vigour and a positive relationship between seed size and quality attributes was 
manifest. The result from the study showed significant increase in germination percentage with 
increasing seed sizes (Table 2) with the highest mean germination percentage recorded in large seed 
size with 84.5%, followed by medium sized seed which had 80.25% and small sized seed was found 
to have the least mean germination percentage of 65.5%. Large seeds recorded 29% increased 
germination over the small-sized seeds. Generally, bigger seeds germinate quicker and would take 
lesser duration when compare to that of smaller seed (Manonmani et al., 1996, Negi and Todaria, 
1997, Gunaga et al., 2007). Mosseler et al. (2009) and Ahirwar et al. (2012) also reported that 
germination percentage was significantly influenced by seed size and that such germination 
percentage was highest in large size compared to medium and small seed of loblolly pine (Pinustaeda) 
and Alangiumlamarckii seeds respectively. The better performance of large seeds may be ascribed to 
the availability of greater food reserves and the presence of larger embryo (Siddiqui et al., 1991).  
 
Influence of seed size on seedling growth 

 
The different seed sizes varied in their shoot length values as large seed recorded the highest mean 
shoot length of 21.00 mm followed by medium seed size having 20.25 mm while small seed had the 
shortest mean shoot length of 14.73 mm (Table 2). Large seed size was no significant different 
compared to medium seed size in term of shoot length. In contrast to the present study, Roshanak et al. 
(2013) reported that the medium seed size of soybean had the highest value of shoot length followed 
by the small seed size while the large seed size had the lowest value of shoot length. Stem collar 
diameter was not significantly affected by three different seed size. Seed size is one of the important 
growth components which have an effective role on cultivar adaptation of different condition which 
affects seedling vigour (Morrison and Xue, 2007). Large and medium sized seed showed significantly 
higher seedling vigour compared to small sized seed. Gonzalez (1993) stated that seed size effect plant 
vigour as seeds with greater mass-produced vigorous plants. This finding agrees with the observations 
of Ponnammal et al. (1993) was recorded a strong positive association of seed size with seedling 
vigour attributes in Leucaena leucocephala. 
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Table 1: Average value of seed morphology with different seed size. 
Treatment Small Medium Large 
100 seeds weight (g) 50.80 98.20 138.40 
Seed length (mm) 10.73 12.91 15.82 
Seed thickness (mm) 7.52 9.23 11.42 

 
Table 2: The influence of seed size on seed germination and seedling growth.  

Seed size 
Germination 
percentage  

Shoot length 
(mm) 

Stem collar 
diameter (mm) 

Vigour 
index 

Small 65.5b 14.73b 2.29a 964.8b 

Medium 80.25a 20.25a 2.58a 1625.1a 

Large 84.5a 21.00a 2.62a 1768.2a 
Means in each column with the different letters within each factor indicate significant differences at P≤0.05% according to 
LSD. 

 
Conclusion 
 

Seed size is an important physical indicator of seed quality that affects germination rate and vegetative 
growth. The study indicated that the large seed sizes gave the best germination indices in terms of 
germination percentage, seedling length, girth and vigour compared to medium and small seed sizes. 
Higher germination and vigour seedling in bigger sized seeds could be due to the presence of higher 
amount of carbohydrates and other nutrients than in medium and small sized seed. The overall result 
showed that the seed grading in an essential step to improve the quality of nursery stock as well as 
their performance at field condition. 
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Introduction 
 
Sweet potato (Ipomoea batatas sp.) is one of world’s most important root crops and ranks as the 7th 
major food crops in the world (FAO, 2009). In Malaysia, sweet potato is mainly produced in Perak at 
the area of Kinta, Batang Padang and Kuala Kangsar. The production of sweet potato in 2015 
decreased 18% from 50,607.48 Mt to 43,211.84 Mt in 2016. In addition, the production area also 
decreased by 13% from 2015 to 2016 (DOA, 2016). Among factors contributed to this scenario are 
usage of low yielding varieties and low-quality planting materials. In Malaysia, sweet potato is mainly 
propagated via cuttings. Type, length, age and health of cuttings are four important factors 
determining quality of sweet potato planting material (Jill, 1988). However, effects of these factors, 
especially the age of cuttings on tuber yield production were rarely studied previously. In 2017, 
MARDI had released 3 purple flesh sweet potatoes viz. Anggun 1, Anggun 2 and Anggun 3. These 
varieties are different to each other in term of morphological characteristics and anthocyanin contents 
(Rosnani et al., 2017). Nevertheless, information on the best age to harvest the cuttings from the 
mother plant in order to get high yield planting material is still lacking in these 3 varieties. Therefore, 
this study was conducted to determine the effects of planting material age on tuber yield production of 
three MARDI purple flesh sweet potato cultivars.    
 
Materials and Methods 

 

Preparation of stock plant 

 

Three MARDI varieties of purple flesh sweet potato viz. Anggun 1, Anggun 2 and Anggun 3 were 
planted on tin tailing soil at MARDI Kundang using healthy and firm tip cuttings taken from their 
mother plants with length of 1 foot (approximately 30 cm). The cuttings were grown with spacing of 
30 cm between plants and 30 cm between rows. Fertilizer was applied three times per cycle at 3rd, 5th 
and 8th week after planting and plants were irrigated twice daily using sprinkler system. 
 
Different age of cuttings and growth conditions 

 

After 2.5, 3.0, 3.5, 4.0, and 4.5 months of planting (MAP) of the stock plants, cuttings with length of 1 
foot and consist around 7-8 nodes were collected from the shoot tips of the stock plants in each 
treatment. The tip cuttings were planted with spacing of 30 cm between plants and 30 cm between 
rows. The size of each sub plot was 5.0 m2. Fertilizer was applied three times per cycle at 3rd, 5th and 
8th week after planting and plants were irrigated twice daily using sprinkler system. 
 
Tuber yield 

 

Data on tuber yield was taken randomly from 5 plants of each treatment at 3.5 months after planting 
the tip cuttings. 
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Experimental design and data analysis 

 

The treatments comprising 3 varieties and 5 different ages of cuttings were arranged in a split plot 
design with age of cuttings as the main plot and varieties as sub-plot with 4 replications. The data 
obtained was analysed using ANOVA in the SAS software (Version 9, SAS Institute Inc. Cary, North 
Carolina, USA) and differences between treatments means were compared using Least Significant 
Difference Test (LSD) at P≤0.05%.  
 
Results and Discussion 

 
Results revealed that tuber yield was significantly affected (P<0.001) by both main effects; variety and 
cutting’s age, with no significant interactions recorded between them. Regardless of the cutting’s age 
used, tuber yield of Anggun 3 was significantly higher compared to Anggun 1 and Anggun 2 with 
percentage differences of 49.1 and 30.6, respectively and yield conversion of 47.4 Mt/hectare (Figure 
1). The differences of yield between the varieties might be explained by the complexity of the trait 
since yield is complex genetically and physiologically, and differs considerably even among varieties 
and cultivars of the same species (Mbusa et al., 2018). Kenneth (2012) reported that tuber yields of six 
sweet potato cultivars were significantly different among cultivars even though they were planted 
under the same agronomic practices at the same time and area. In this study, the differences of yield 
between the varieties also can be associated with results obtained by Nurul Atilia and Omar (2016) 
where Anggun 3 was reported to have significantly higher leaf area index (LAI) and crop growth rate 
(CGR) as compared to Anggun 1. Presumably, these attributes lead to higher photosynthetic and 
assimilation activities which consequently results in higher tuber yield production.  
 

 
Figure 1: Shoot and tuber yield of three purple flesh sweet potato cultivars. Means with similar letter 

are not significantly difference at P≤0.05% level according to LSD. 
 

Results also showed that regardless of variety, plants planted with tip cuttings obtained from its 
mother plants at 3 to 3.5 months after planting (MAP) produced significantly higher yield compared to 
other cutting’s age tested with yield conversion of 44.7 and 48 Mt/hectare, respectively (Figure 2). In 
addition, plants planted with tip cuttings from older plants (4 and 4.5 MAP) and younger plants (2.5 
MAP) had significantly lower tuber yield compared to yield of plants produced from 3 and 3.5 MAP. 
This is in accordance with study reported by Martin (1984) on three sweet potato cultivars where 
plants planted from tip cuttings of older plants (4-5 MAP) had significantly low yield (0.43 to 1.05 
kg/plant) compared to plants planted with tip cuttings of younger plants (2-3 MAP). Plants planted 
from cuttings of very young mother plant (<2 MAP) having low tuber yield might be because the 
plants are still in early vegetative stage and is not matured enough for tuber production, thus having 
low tuber yield. However, plants planted from cuttings of 2.5 MAP having low tuber yield because at 
that age, plants putting its energy in tuber formation and enlargement, therefore their vine tips are 
weak and growing slowly.  
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For plants derived from cuttings of very old mother plant, the low tuber yield can be associated with 
the cutting’s health. It was observed that cuttings from older plants with age more than 4 months were 
not healthy and carried disease and weevils which consequently affecting its growth and tuber 
production. 
 

 
Figure 2: Tuber yield of three purple flesh sweet potato cultivars planted from five different age of 

planting materials (2.5, 3, 3.5, 4, and 4.5 months after planting, MAP). Means with similar 
letter are not significantly difference at P≤0.05% level according to LSD. 

 
Conclusions 
 
Usage of Anggun 3 variety with age of cuttings between 3-3.5 MAP (mother plants) is recommended 
as it would lead to high yield production compared to other varieties and age of planting materials.  
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Introduction 

 
Tissue culture of oil palm begins with the culturing of leaf explant sourced from selected ortets 
followed by the formation of undifferentiated callus cells. The calli undergo repeated subcultures in 
fresh media until formation of primary embryoids. Embryoids obtained during this process act as the 
embryo equivalent of oil palm seedlings. At this in vitro stage, it is quite common to obtain various 
types of embryoids. They can be nodular, torpedo-shaped (single or fused), globular, heart and 
haustoria shapes as well as germinating (Samsul et al., 2006). It was reported that, the nodular, 
torpedo-shaped (fused) and germinating types are generally more prolific (Ramakrishna and 
Shasthree, 2016). These structures were continuously subcultured and established as polyembryoids 
with subsequent successful regenerants into small plantlets and ramets. However, it is not known 
whether the different structures will give rise to abnormality when planted in the field (Ahmad et al., 
2018). Hence, the main objective of the study is to investigates the effect of different embryoids 
morphotypes on the vegetative development and yields of oil palm clones. Due to somaclonal 
variations that occurred during tissue culture processes, it was predicted that it will be translated into 
an increased of oil palm yield by 20-30% (Khushairi et al., 2006). However, in this trials, based on 10 
years of observations, in nodular structure clones, frond production (FP) and oil yield (O/B) increases 
by 10%  and 27%  successively as compared to commercial DxP. 
 
Materials and Methods 

 

Primary embryoids were manually selected during the oil palm tissue culture process and were 
divided into six categories based on their morphological structures known as torpedo, fused torpedo, 
nodular, haustoria, heart and germinating (Figure 1). These morphotypes were continuously 
subcultured in the same modified Basal MS (Murasige and Skoog, 1962) media, and established as 
polyembryoids followed by formation of ramets. Ramets from each category were selected in the field 
nursery, individually tagged and field-planted in 2008 at the MPOB Research Station Bagan Datuk, 
(trial number 0.478) (Figure 2).  
 
Bunch yields were recorded from 36 months after field planting at two rounds per month up to 2017. 
Bunch weight (BWT) and bunch number (BNO) were recorded per individual palm. Fresh fruit bunch 
(FFB) refers to the weight of bunches produced by an individual palm (BWT x BNO). Vegetative 
measurements using non-destructive methods were carried out in 2016. Growth parameters including 
petiole cross section, rachis length, palm height and frond number were recorded according to 
standard procedures described by Corley and Breure (1981). Data was analysed using ANOVA (SAS 
version 9.0). 
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Figure 1: Heterogeneous embryoids from the oil palm tissue culture process. 

A = Torpedo, B = Fused Torpedo, C = Nodular, D = Haustoria, E = Germinating, F = Heart 
 

 
Figure 2: Different types of embryoids planted in 2008 at the MPOB Research Station Bagan Datuk. 
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Results and Discussion 

 

After 10 years of field planting, no severely mantled palms were observed in this trial. Close to 10% 
of the palms were mildly mantled initially but revert to normal phenotypes after 5 years. There was no 
significant difference in FFB yields observed between ramets from the different embryoid structures. 
In addition, no significant difference in petiole cross section (PCS), rachis length (RL), height (HT) 
and leaf area index (LAI) were recorded amongst these ramets. However, ramets regenerated from the 
nodular-shaped embryoids showed significantly higher frond production (FP) (Table 1) and 27% 
better yield (O/B) when compared to the DxP standard cross (Table 2). 

 
Table 1: Vegetative performance ramets generated from different embryoid structures at MPOB 
 Research Station Bagan Datuk. 

Family mean for vegetative measurement of Teneras in trial  0.478 

Date planted : Jan 2008                              Material : Clones                         Breeding design : RCBD  

                                              Year 2016 

No Embryoid types 
 

Pedigree n FP PCS (cm2) RL (m) HT (m) LAI (m2) 

1 Torpedo 0.277/106 32 24.31 36.99 5.87 3.99 5.93 

2 Fused torpedo 0.277/106 63 27.57 37.15 5.76 4.09 6.19 

3 Nodular 0.277/106 63 27.87 36.39 5.76 4.09 6.03 

4 Haustorium 0.277/106 62 26.21 36.78 5.78 4.06 6.12 

5 Germinating 0.277/106 63 25.51 36.47 5.70 4.00 6.27 

6 Heart 0.277/106 63 25.98 37.92 5.82 4.00 6.36 

7 DxP std cross  31 24.94 36.63 5.79 3.75 6.10 

            

Mean  346 25.51 36.95 5.77 4.04 6.17 

            

                  

Source of variation df MS MS MS MS MS 

Between family  5 23.24** 19.51ns 0.151ns 0.12ns 1.27n
s 

Within family  340 3.85 33.48 0.152 0.25 0.59 

n= Number of palms, FP= Frond production, PCS= Petiole cross section, RL= Rachis length, HT= Height, LAI= Leaf area 

index, RCBD= Randomised complete block design. 

**= Significant at P≤0.01, otherwise non-significant (ns). 

 
 
 
 
 
 
 
 
 
 
 



eISSN 2600-9595 
Trans. Malaysian Soc. Plant Physiol. 26 

First Published, 2019 
 

 

296 

 

Table 2: Yield performance of ramets generated from different embryoid structures at MPOB 
 Research Station Bagan Datuk. 

Family mean for bunch yield of Teneras in trial 0.478 
Date planted : Jan 2008  Materials : Clones  Breeding design : RCBD 

No Progeny Pedigree Cross n Mean 2011-2017 O/B 
(%) Code Type MFFB 

(kg) 
MBNO 
(No) 

MABW 
(kg) 

         
1 Torpedo 0.277/106 Clones 32 153.99 19.95 7.56 18.40 
2 Fused torpedo 0.277/106 Clones 63 154.89 20.37 7.36 25.46 
3 Nodular 0.277/106 Clones 64 177.80 21.83 7.59 26.77 
4 Haustorium 0.277/106 Clones 63 155.00 20.54 7.36 24.93 
5 Germinating 0.277/106 Clones 64 173.14 21.74 7.88 24.38 
6 Heart 0.277/106 Clones 64 155.96 20.42 7.52 26.07 
7 DxP std cross  DxP 31 172.78 21.35 8.06 21.11 

         
Mean    350 160.72 20.89 7.55 25.31 

         
         

Source of variation   df MS MS MS MS 
Between family   5 4036.15ns 33.81ns 2.33ns 23.17** 

Within family   344 2454.59 33.29 1.06 6.60 
n= Number of palms, MFFB= Mean fresh fruit bunch, MBNO= Mean bunch number, MABW= Mean average bunch weight, 

O/B= Oil to bunch, RCBD= Randomised complete block design. 

**= Significant at P≤0.01, otherwise non-significant (ns). 

 
Conclusions 

 

No difference in yields was recorded amongst the different morphotypes studied when planted in the 
field except for an increase of 27% O/B was observed for the nodular embryoids. Future studies would 
include the use of more clones and planting at different soil types. 
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Introduction 

 

Rice is a staple food for a majority of the human population and it is the preferable source of 
carbohydrate among Asian. Planting rice has its own challenges due to frequent exposure to the biotic 
and abiotic stresses. One of the abiotic stresses commonly faced by rice plantation in Malaysia is 
water stress induced by drought. The plant would experience water stress when the water supply to 
their root becomes limited. Our domestic rice production system would be badly affected by drought 
due to high dependency on the irrigated lowland production system (Ibrahim et al., 2013). Usually, 
plants that are under abiotic stress are susceptible to bacterial infection (biotic stress). The most 
common infection is by Xanthomonas oryzae that is pathogenic to most variety of rice. The infection 
causes bacterial leaf blight and leaf streak symptoms. 
 
Despite all biotic and abiotic stress, the rice plant is well known for its great adaptation to grow and 
survive during an enormous range of situation. Current technologies provide us with many varieties of 
rice strain that are able to adapt to various situations. In this study, MR219-4 was used as a subject due 
to its drought tolerance ability (Harun et al., 2013). MR219-4 is a local rice mutant line of MR219, 
developed under rice radiation mutagenesis for adaptability to aerobic condition (Abd Wahid et al., 
2016). However, the degree of resistance of MR219-4 to X. oryzae infection is yet to be reported. 
Therefore, the main question being addressed in this study was how the infection of X. oryzae would 
affect the growth and development of drought-tolerant paddy MR219-4 in drought condition. 
 

Materials and Methods 

 

MR219-4 in hydroponic solution 

 

The germinated MR219-4 was put in hydroponic solution. The hydroponic solution was prepared with 
the chemical composition of micronutrients and macronutrients according to Podar (2013). In the 
hydroponic container, the filter paper was folded and cut into a bridge-like form to hold the seedlings 
in 4 mL of hydroponic solution. Drought condition was simulated; the seedlings got the water and 
nutrient supply from the nutrient solution that was absorbed by bridge-like filter paper using water 
capillary action mechanism. The seedlings were grown in hydroponic solution before being 
transferred to soil in a greenhouse. At the greenhouse, the container was set up to simulate drought 
condition; the water level was always 10 cm below soil level. The drought-simulation container 
consisted of 47 cm of height container, 50 cm PVC pipe, and soil. 
 

Bacterial infection 

 

MR219-4 was infected with X. oryzae (UPM, Malaysia) bacterial suspension with optical density 0.8 
with concentration approximately 4.0 x 109 cfu/mL. Sucrose Peptone was selected as a medium for X. 
oryzae bacterial suspension. The bacterial suspension infected half of the total paddy. Therefore, 
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another half of total paddies were left uninfected as the controlled variables. The hydroponic solution 
was autoclaved for precaution and to avoid unnecessary other bacterial contamination. 
 
Morphological trait observation 

 

A total of five replicates (n = 5) were taken from each infected and non-infected MR219-4 for 
morphological observation on day 20, 23, 26, 29, 39 and 75. The samples were taken at seedlings, 
vegetative phase (45 days after seeding) and reproductive phase (70 days after seeding) (Ahmad et al., 
2015). The MR219-4 on day 20, 23 and 26 were planted in a hydroponic system while the MR219-4 
on day 29, 39 and 75 had been transferred to the drought-simulation container in a greenhouse. The 
morphological trait (plant height, stem length, root length and fresh weight) were measured and 
recorded. The mean value of every morphological trait was calculated and being compared between 
the infected and non-infected MR219-4. The variance of the morphological trait was also being 
calculated for pathological pattern observation. 
 
Bacterial kinetic observation 

 

A total of five replicates (n = 5) of infected MR219-4 on day 20, 23 and 26 were taken randomly as 
samples. The MR219-4 on day 20, 23 and 26 were chosen for the bacterial observation as they were 
planted in hydroponic solution. In hydroponic solution, the unnecessary bacterial contamination had 
been avoided for precise bacterial kinetic calculation result. The root parts were observed under a 
microscope. The localization of bacterial colonies in the roots’ part was recorded. The distance 
between the bacterial colonies was measured and the velocity was calculated. The observation was 
done using a light microscope together with Dino-eye to view and capture the image. 
 
Total fatty acid content comparison 

 

A total of five samples (n = 5) from every growth phase were taken. The 0.5 g of dried paddy leaves 
were mixed with 10 mL of concentrated HCl and vortexed for 2 minutes. After that, the samples were 
left incubated in a water bath for half an hour (Ahmad et al., 2015). Then, the sample was extracted 
twice in 25 mL of hexane. The hexane residue was vaporized using the double boiling technique at 
80ºC in a rotary evaporator until the constant weight of oil obtained. After complete drying in the 
oven, the weight of oil was measured. The oil weight would represent fatty acid content. The variance 
of oil weight between infected and non-infected MR219-4 was calculated and compared.  
 
Results and Discussion 

 

Xanthomonas oryzae infections did not pathologically affect the morphology and physiology of 

MR219-4 under drought stress 

 

MR219-4 has better morphological traits and higher grain production than the parent, MR219 
(Ibrahim et al., 2013). Although how the MR219-4 responds to the bacterial infection is unknown. 
Measurement of the plant heights (Figure 1A) showed that the average height of the infected MR219-
4 was higher than the non-infected across growth phases. However, the differences are not significant 
(Pvalue >0.05) except on day 75. For detail measurements of the stem length (Figure 1B), shows that the 
stems of infected MR219-4 were longer in average than the non-infected MR219-4 except the 
measurements on day 26 and 29 which shows the non-infected paddy has longer stem length, 
however, the differences are not significant except on day 29. Comparative assessment of the root 
length (Figure 1C) showed that there are no significant differences (Pvalue>0.05) between the infected 
and the non-infected MR219-4. Although on average, the infected have shorter root length than the 
non-infected MR219-4 except on day 23 and 26 observations which show the infected paddies have 
longer root length. For physiology measurement; oil weight which representing the fatty acid content 
(Figure 3.1E), the results showed that the infected MR219-4 had lower average oil weight compared 
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to the non-infected MR219-4. However, the differences are only significant (Pvalue<0.05) on day 23, 26 
and 29. 
 
Xanthomonas oryzae are pathogenic bacteria that commonly cause bacterial blight and bacterial leaf 
streak on rice plant which affects the morphology and the production of grain (NiñO-Liu et al., 2006). 
However, based on the result in this study, the rice variety MR219-4 is seen to be not highly affected 
by the presence of X. oryzae. These due to there are no significant differences between the infected 
and the non-infected MR219-4 in most of the morphological and physiological comparison. The 
infected MR219-4 still manages to grow in drought overcoming the infection from the root. Plus, the 
majority of mean in morphological and physiological traits of the infected is higher than the non-
infected MR219-4. This indeed indicates that the X. oryzae did not pathologically affect the growth of 
MR219-4. 
 

 

Figure 1: Morphological trait (height (A), stem length (B), root length (C) and weight (D)) and 
Physiological trait (oil weight (E) representing fatty acid content) of the infected and non-
infected MR219-4. The P-value of two-tailed heteroscedastic Student’s T-test, n = 5. 

MR219-4 exhibit stochastic response to X. oryzae infection 

 

In a dynamical sense, the variance could tell whether the response at the population level is stochastic 
or deterministic. The higher variance indicates a stochastic response while small variance indicates 
deterministic. Based on the oil weight variance, the infected MR219-4 exhibit higher variance during 
the early and late period of life cycle thus indicates stochastic responses to the infection. The variance 
becoming smaller over days of observation indicating the response becoming more deterministic. 
Thus, indicating the plant has adapted or immune to the infection. Upon inspection on the presence of 

(B) (A) 

(C) (D) 
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bacteria colony on day 20, day 23 and day 26, the number of bacterial colonies increases although the 
plant did not exhibit any symptoms (Figure 3). 
 

Figure 2: The variance of oil weight comparison between the infected and non-infected MR219-4, n = 
    5. 

Figure 3:  (A) The distance of Xanthomonas oryzae per days in the infected MR219-4 on day 20, 23  
 and 26 and (B) representative image of bacterial colonies observation with 40x 
 magnifications on day 75.  
 

Conclusions 

 

The infection of Xanthomonas oryzae in MR219-4 that are under drought stress is asymptomatic at the 
morphological and physiological level. Dynamically, the plants respond to the infection is stochastic 
during the early period of infection due to the large increase in variance in comparison to the non-
infected. This study indicates that MR219-4 is a better rice variety than the parent, MR219, due to 
higher tolerance to common pathogenic bacterial infection even under drought stress. 
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Introduction 

 

Eucalyptus sp. belongs to family Myrtaceae and was introduced from Australia in the 1770’s (Hiwale, 
2015). This species was cultivated in the temperate and tropical countries like the Americas, Africa, 
Europe and Asia. But only in 1990’s this species was brought and planted in South East Asia region. 
According to Assis (2000), E. urophylla x E. grandis is the most used hybrid in tropical climates for 
sawmills, essential oil and pulp and paper for having short and uniform fiber with low coarseness 
compared with other hardwood. Eucalyptus sp. is one of the most fast-growing timber species and 
worth for investments (Coppen, 1992). This tree may grow until 15 years but it can be harvested 
within 3 years after planted for plywood and veneer purposes and 6 years for fiber and pulp industry 
(Eucalyptus Online Book and Newsletter, 2009). 

 
The modern concept of competitiveness includes generating products to meet the industry demand in 
sustainable manners and with minimum environmental impact. Therefore, the development of tree 
breeding and tissue culture programs needed to obtain quick gains and well-established trees (Labate 
et al., 2008). This paper presents the performance of Eucalyptus hybrid tissue culture plantlets in 
nursery scale in order to produce sustainable supply of Eucalyptus hybrid for industrial purposes. 
 

Materials and Methods 

 
The experiment was conducted at the FRIM tissue culture nursery. Eucalyptus hybrid plantlets from 
the ex-lab were brought to a nursery for acclimatization process in the acclimatization chamber. After 
the acclimatization stage completed, plantlets were transferred into different potting media. Potting 
media were prepared according to the experiments and Completely Randomized Block Design 
(CRBD) was applied with the factorial of 4 treatments x 15 replicate plantlets.  
 
Each treatment contained 15 plantlets respectively. Figure 1 shows the design experiment for the 
Eucalyptus hybrid. There were 4 treatments applied, which were Treatment 1 (Burnt soil: Sand), 
Treatment 2 (Topsoil: Sand: Peat: Compost), Treatment 3 (Sand: Coir), last but not least Treatment 4 
(Burnt soil: Peat moss) (Figure 2). During the experiment, NPK 15:15:15 + TE fertilizer and 
fungicides were applied to the Eucalyptus hybrid plantlets to enhance the growth performance of the 
Eucalyptus hybrid in the nursery and also to prevent the plantlets from fungal diseases. 

mailto:saifuldullah@frim.gov.my
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Figure 1: Design experiment for the Eucalyptus hybrid potting medium. 
 
Data of Eucalyptus hybrid growth performance in different potting media was measured by shoot 
height and number of leaves produced. For the shoot, it was measured from the top of the soil in the 
polybag until the terminal shoots of Eucalyptus hybrid and the numbers of leaves produced were 
counted every week until week 7. 
 
 
 
 
 
 
 
 

 
 
 

 
 
Figure 2: a) Potting media and plantlets were prepare, b) Eucalyptus hybrid growth in Week 4.  
 
Results and Discussion 

 

Eucalyptus hybrid shoot height 

 
Based on the data collected, it was observed that the shoot increment in Week 1 until Week 3 for all 
treatments did not show much difference since the plantlets were still adapting in the nursery 
environment. An obvious difference in shoot height among all treatments could be observed in Week 
4 (Treatment 4) which had the highest increment of shoot height for Eucalyptus hybrid plantlets 
followed by Treatment 1, Treatment 2 and Treatment 3. Even though in Week 4 the shoot showed 
obvious height increment, the data was continuously collected until Week 7. Results obtained showed 
that Treatment 4 which contained burnt soil and peat moss supported the highest growth rate of 
Eucalyptus hybrid plantlets compared to other treatments (Table 1 and Figure 3). 
 

 

 

 

 

   
a b 
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Table 1: Average increment of Eucalyptus hybrid shoots height from Week 1 until Week 7.  

Week 
Different potting medium/ shoot height (cm) 

Treatment 1 
(Burnt soil : Sand) 

Treatment 2 
(Topsoil : Sand : Peat : Compost) 

Treatment 3 
(Sand : Coir) 

Treatment 4 
(Burnt soil : Peat moss) 

W1 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 
W2 2.23 ± 0.29 1.55 ± 0.70 2.07 ± 0.31 2.43 ± 0.55 
W3 3.97 ± 0.78 2.77 ± 0.76 2.85 ± 0.48 4.77 ± 1.15 
W4 6.55 ± 1.40 4.70 ± 1.75 4.54 ± 0.69 8.54 ± 2.37 
W5 9.51 ± 2.08 8.18 ± 2.60 7.09 ± 1.76 12.76 ± 3.67 
W6 16.91 ± 3.28 17.99 ± 6.54 15.51 ± 7.23 20.66 ± 4.94 
W7 19.62 ± 4.24 18.96 ± 8.30 17.70 ± 8.53 22.69 ± 5.16 

 

 
Figure 3: Shoot height increment of Eucalyptus hybrid plantlets. 
 

Eucalyptus hybrid leaf number 

 
In terms of Eucalyptus hybrid leaf numbers, (Table 2 and Figure 4) showed Treatment 4 which 
contained of burnt soil and peat moss produced the highest numbers of leaves compared with other 
treatments.  
 

Table 2: Average increment of Eucalyptus hybrid leaf numbers from Week 1 until Week 7. 

Week 
Different potting medium/ leaf numbers 

Treatment 1 
(Burn soil : Sand) 

Treatment 2 
(Topsoil : Sand : Peat : Compost) 

Treatment 3 
(Sand : Coir) 

Treatment 4 
(Burn soil : Peat moss) 

W1 0 ± 0.00 0 ± 0.00 0 ± 0.00 0 ± 0.00 
W2 2 ± 0.74 3 ± 1.27 3 ± 1.34 4 ± 1.45 
W3 5 ± 1.65 4 ± 2.13 5 ± 1.96 7 ± 2.02 
W4 10 ± 4.45 7 ± 2.67 8 ± 2.62 10 ± 2.51 
W5 17 ± 3.85 10 ± 3.03 10 ± 3.02 13 ± 3.23 
W6 17 ± 3.85 14 ± 3.85 14 ± 3.71 18 ± 3.36 
W7 19 ± 3.50 19 ± 5.18 18 ± 4.18 23 ± 4.42 
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Figure 4: Average increment of Eucalyptus hybrid leaf numbers. 
 
Based on the results obtained for both parameters, Treatment 4 was the best potting media for the 
growth performance of Eucalyptus hybrid for nursery condition. The combination of burnt soil and 
peat moss was the perfect media for an improved Eucalyptus hybrid growth performance. This burnt 
soil and peat moss combination is also suitable for forest tree species because peat moss has the ability 
to manage water efficiency and released moisture to the plant’s needs (Carroll, 2018). Carroll also 
stated, Peat moss also can hold the soil nutrients and overcome leaching incidence. With good water 
system and application of fertilizer, the growth of Eucalyptus hybrid could be improved or increased 
in the nursery condition as well as in plantation. 
 

Conclusion 

 
The potting media which is treatment 4 with burnt soil and peat moss gave the best results for 
Eucalyptus hybrid growth performance in the nursery condition. Burnt soil and peat moss gave 
stability to the plantlets to adapt and grow well in nursery condition. Further study on Eucalyptus 

hybrid growth performance in plantation plot is needed to support this study. Furthermore, the 
sustainable supply of Eucalyptus hybrid planting material for forest plantation is crucial to cater the 
demand for Eucalyptus hybrid raw materials and also for conservation. 
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Introduction 

 
The genus Eucalyptus is a versatile fast-growing hardwood tree originated from Australia. Eucalyptus 
produces wide range of valuable product including essential oil from the leaves and timber product 
(Batish et al., 2008). This genus consists of more than 600 varieties where Eucalyptus hybrid (E. 

urophylla x E. grandis) and E. pellita are the most common varieties planted in Malaysia mostly in 
Sabah and Sarawak. The potential of Eucalyptus sp. in plantation has been recognised due to its ability 
to grow fast, adaptation to their unnatural habitat with critical conditions and most importantly for its 
timber. The rotation period of Eucalyptus sp. is 5 years to produce veneer, 7 to 8 years for 
fiber/pulpwood and 15 years for sawlog (Ahmad Zuhaidi, 2018). 
 
The sustainable production of raw material is crucial since dependency on one source from the wild 
was not enough to cater all the demand. Production of plantlets through cutting and tissue culture were 
considered however cutting for some valuable Eucalyptus genotype has been reported challenging due 
to poor rooting response (Mokotedi et al., 2010). 
 
Production of Eucalyptus hybrid using tissue culture techniques is very promising. Successful tissue 
culture protocol development of other Eucalyptus sp. has been reported previously (Trueman et al., 
2018). This paper has discussed the tissue culture protocol developed for Eucalyptus hybrid (E. 

urophylla x E. grandis) by using semi-solid media in the bottle and liquid media in temporary 
immersion bioreactor (TIB) system. Eucalyptus hybrid was selected due to its well performance in the 
field (Ahmad Zuhaidi, 2018). The production of Eucalyptus hybrid tissue culture plantlets were 
successful determined by the clean culture initiation until planting stock ready to be transplanted into 
the field. 
 
Materials and Methods 

 
Clean culture establishment 

 
Tissue culture for Eucalyptus hybrid was performed by using nodal segment as explants. Eucalyptus 

hybrid young shoot, around 30 cm lengths from shoot tips were collected from Bukit Hari, Kepong 
and processed for culture initiation. Fungicide at a concentration of 1 g/L, 70% ethanol and 50% 
Chlorox® were the sterilizing agents used in the surface sterilization process. The success rate was 
measured according to the percentage of clean culture obtained and visual observation of shoots 
viability. 
 
Shoot multiplication and root induction in semi solid and in liquid media in TIB system 
 
The semi-solid Murashige and Skoog (Murashige and Skoog, 1962) media was prepared with 30 g/L 
sucrose and solidified using 3 g/L Gelrite (Duchefa Biochemie). For shoot multiplication, MS basal 
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media supplemented with 0.1 mg/L BAP was used and MS supplemented with 1.0 mg/L IBA was 
used for rooting media. For shoot multiplication in liquid media in the temporary immersion 
bioreactor system (RITA®, Saint-Mathieu-de-Tréviers, France), MS media supplemented with 0.1 
mg/L BAP and 30 g/L sucrose without addition of solidifying agent was prepared and poured into the 
TIB vessel. The pH for all media was set at 5.8 and autoclaved at 121°C for 15 min. Nodal segments 
at ±2.0 cm length were sub cultured into semi-solid and liquid MS media supplemented with 0.1 mg/L 
BAP for shoot multiplication and incubated for 4 weeks. For root initiation, the regenerated 
Eucalyptus hybrid shoots at ±3.0 cm length were cultured into the root induction media for 4 weeks. 
For TIB, immersion time was set at 15 minutes every six hours. The temperature of the growth room 
was set at 22±0.2°C and photoperiod was 16 h light and 8 h dark. 
 
Acclimatization 

 
Complete plantlets produced after one month cultured in rooting media were transferred to a 
controlled weaning chamber for acclimatization process. The controlled weaning chamber was set at 
85-95% humidity and temperature 28°C. Jiffy7® pellet (containing a compressed mixture of coconut 
peat and peat moss) was soaked in water for 10 minutes to let it expanded. The Eucalyptus hybrid 
plantlets were removed from the culture vessel and carefully washed with water to remove excess 
media. The plantlets were kept in the acclimatization chamber for 4 weeks. Percentage of survivability 
during acclimatization process was recorded. The survived plantlets were transferred into a polybag 
filled with burnt soil: peat moss (1:1). 
 
Results and Discussion 

 
Establishment of Eucalyptus hybrid clean culture was successful by using Chlorox® (commercial 
bleach) and ethanol as surface sterilizing agents. The clean culture produced new shoots after 3 weeks 
in culture and multiplied vigorously. The shoot multiplication of Eucalyptus hybrid in semi-solid 
media is preferable in MS basal media supplemented with 0.1 mg/L BAP and this species showed its 
remarkable growth even in the bottle culture compared with other woody species such as Tectona 

grandis and Dyera costulata in our laboratory (personal observation and communication). The plant 
growth regulator i.e. BAP (Benzyl-aminopurine) commonly used for shoot multiplication was 
required only in low concentration since the use of high concentration BAP affect the new shoot 
growth. The height of Eucalyptus hybrid new shoots reduced when cultured in MS media 
supplemented with more than 0.1 mg/L BAP. Even though new shoot increased abundantly in 
numbers, however the quality of the new shoot induced in high BAP concentration is low since the 
shoots were stunted and fragile and also difficult to subculture. During sub culturing process, this 
explant withered and died quickly due to water loss if exposed too long in the laminar airflow. Hence, 
proper techniques during sub culturing are required to obtain optimum result and minimizing the loss 
of the explants. 
 
As for liquid culture, Eucalyptus hybrid shows multiple shoot regeneration and elongation in the 
temporary immersion bioreactor system (TIB). The numbers of new shoot produced were increased 
about 3 folds and elongated about 2 to 4 cm in height after 1 month in culture. Both semi-solid and 
liquid cultures are suitable for Eucalyptus hybrid shoot multiplication and showed no obvious 
differences in the shoot morphology. Eucalyptus hybrid culture in other temporary immersion 
bioreactor system, TIB also produced positive result even different culture medium and different 
immersion time used (Businge et al., 2017; Maximo et al., 2018). 
 
Complete plantlets of Eucalyptus hybrid were successfully acclimatized in a weaning chamber after 4 
weeks with more than 90% survival rate. The survived plantlets were transferred into polybags filled 
with burnt soil: peat moss (1:1) and kept under shades before transplanting in the field to avoid shock 
effect. Figure 1 shows the process flow of tissue culture protocol development for Eucalyptus hybrid. 
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Figure 1:   The process flow of Eucalyptus hybrid tissue culture protocol development A) Sample 

collection at Bukit Hari, Kepong; B) Shoot multiplication in semi-solid media (MS 
supplemented with 0.1 mg/L BAP); C) Shoot multiplication in liquid media, temporary 
immersion bioreactor system (TIB) (MS supplemented with 0.1 mg/L BAP); D) Rooting 
media (½ MS supplemented with 0.1 mg/L IBA) and E) Eucalyptus hybrid plantlets in 
polybags ready to be transplanted in the field. 

 
Conclusions 

 
In our lab, we have successfully developed the protocol for micropropagation of Eucalyptus hybrid (E. 

urophylla x E. grandis). The technology produced is available to be taken up by interested industries 
and the plantlets produced are ready to be sold in large quantity for plantation purposes. This effort 
was taken to support the industrial needs for sustainable raw materials of Eucalyptus hybrid. 
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Introduction 

 
All fertilisers are more or less hygroscopic which means that they start absorbing moisture at a 
specific humidity or at a certain water vapour pressure. Some very hygroscopic fertilisers attract 
moisture much more readily and at lower humidity than others. Water absorption takes place if the 
water vapour pressure of the air exceeds the water vapour pressure of the fertiliser (Adam and Merz, 
1929). 
 
Nanostructured formulation of fertilisers might increase fertiliser efficiency and uptake ratio of the 
soil nutrients in crop production, and can save fertiliser resources. Controlled release modes have 
properties of both release rate and release pattern of nutrients for water-soluble fertilisers. It might be 
precisely controlled through encapsulation in envelope forms of semi-permeable membranes coated 
by resin-polymer, waxes and sulphur (Solanki et al., 2015).  
 
Effective duration of nutrient release that has desirable property of nanostructure formulation can 
extend effective duration of nutrient supply of fertilisers into soil. Nanostructured formulation of 
fertiliser can reduce loss rate of fertiliser nutrients into soil by leaching and/or leaking (Xie et al., 
2011). This experiment was carried out to study the effect of temperature on the particle size of Nano 
NPK and iron chelate Nano fertilisers. 

 
Materials and Methods 

 
In this study, 1g Nano NPK and Nano Iron were dissolved with 500 mL deionizer water, respectively. 
A total of 20 mL Nano NPK and Nano Iron were poured into Schott Duran bottle (100 mL) and placed 
into water bath at 35oC, 40oC and 45oC for 15- and 30-minute incubation periods. After each 
incubation period, the particle size was recorded using particle size analysis machine.  

 
Results and Discussion 

 
The initial reading of nanofertiliser particle size at ambient temperature (25oC) showed that the 
average size of the nanofertilisers were 2300.98 nm and 1131.34 nm for Nano NPK and Nano Iron, 
respectively. 
 
Results in Table 1 showed that the particle size increased from 35oC, 40oC and 45oC for Nano NPK 
and Nano Iron. The results also suggested that temperature increased the kinetic movement of particle 
especially counterions and caused changes to the size of the fertiliser compound. 
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Based on Statistical Analysis from ANOVA Test-Tukey B in Table 2, it was found that the findings 
for the effects of temperature on the nanofertiliser growth were significant (p<0.05). The results 
showed that 30oC incubation temperature for Nano NPK and Nano Iron fertiliser growth were 
significantly better than 40oC and 45oC. The particle size of aggregated nanofertilisers at 35oC = 
[Nano NPK]T and [Nano Iron]T were found at 752.78±60.5 nm and 667.07±147.02 nm respectively. 
 
Table 1: Particle size at different incubation temperatures. 

Temperature (oC) Nano NPK 
(particle size) 
(nm) 

Nano NPK 
(particle size) 
(nm) 

Nano iron 
(particle size) 
(nm) 

Nano iron 
(particle size) 
(nm) 

Time  15 minutes 30 minutes 15 minutes 30 minutes 

30oC 593.04±6.64 662.64±169.69 1375.27±826.01 762.39±132.06 

35oC 752.78±60.5 567.12±55.44 667.07±147.02 615.49±52.58 

40oC 804.36±83.22 706.69±50.4 693.65±24.29 696.65±69.55 

45oC 12494.51±1020.12 5048.37±1117.22 4912.79±2495.33 6589.57±2838.68 

 
Table 2:  Anova (Oneway) for the particle size distribution on different incubation temperatures of  
    nanofertilisers. 
 Sum of squares df Mean square F Sig. 
NanoNPK Between groups 194854538.236 7 27836362.605 5.197 .003 

Within groups 85705963.847 16 5356622.740   
Total 280560502.084 23    

NanoIRON Between groups 4076242.033 7 582320.290 5.361 .003 
Within groups 1738060.633 16 108628.790   
Total 5814302.666 23    

 

 
Figures 1 and 2 showed significant increase of nanofertiliser (nanoNPK and nanoIron) at 40oC and 
45oC for 15- and 30-minute incubation temperatures (Kim et al., 2000). The development of large 
particles size of nanoNPK and nanoIron at 15 minutes and 30 minutes initially started at 40oC and 
increased at 45oC. The increase in nanofertiliser particle size was due to the binding affinity of 
counterions toward the headgroup of fertilisers.  
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Figure 1:  The graph of nanofertiliser particle size (nm) for nanoNPK(- - -) and nanoIron (    ) at 
different incubation temperatures and 15 minutes interval. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: The graph of nanofertiliser particle size (nm) for nanoNPK(- - -) and nanoIron (   ) at 
 different incubation temperatures and 30 minutes interval. 
 
In Figure 3, the particle size of nanofertilisers swelled up from 35oC to 45oC due to the increase of 
kinetic forces leading to the distance of counterions to the headgroup (Veekens and Hamelers, 1999).  
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Figure 3: Swelling phenomenon of nanofertiliser for counterion (C+) affinity to the headgroup (HG) at 

different T = 45oC (a) and 35oC (b).  
 
Conclusion 

 

The present study showed the effect of different incubation temperatures and time on the particle size 
of different nanofertilisers. The surface area of the nanofertiliser particles increased significantly with 
increasing incubation temperatures.  
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Introduction 
 

Bacterial leaf blight and bacterial leaf streak of rice are destructive rice diseases caused by Xanthomonas 
species. The discovery of bacterial leaf streak (BLS) caused by Xanthomonas oryzae pv. oryzicola (Xoc) 
is more recent compared to the bacterial leaf blight (BLB) disease that had been known to exist 
over a century (Mohd Said et al., 2018). Although BLS is seldom reported in Malaysia, BLS was 
prevalent in some parts of Asia and Africa, decreasing yield as high as 32% in 1000-grain weight (Li 
et al., 2014). The BLS occurrence was significantly higher in China where hybrid rice cultivars were 
found to be more susceptible to this disease (Zhao et al., 2012). 
 
Symptoms of BLS infection at early stage consist of water-soak lesions that develop into 
translucent, yellow interveinal streaks of various lengths, initially restrict to the leaf blades (Figure 
1). These lesions will enlarge, turn yellowish-orange to brown and eventually coalesce. Tiny amber 
droplets of bacterial exudates are often present on the lesions. Finally, lesion margins form lines parallel 
to the vein hence called leaf streak rather than wavy formation as for leaf blight. However, at advanced 
stages, both BLB and BLS are difficult to distinguish from each other. Although direct observation 
of the bacteria is preferred, the indication is not scientifically proven or confirm. 
 

 
Figure 1: Pictures of a healthy paddy leaf (left) and Xoc infected paddy leaf with bacterial leaf streak 
    symptoms (right). 
 
Currently, both conventional and real-time PCR have been widely used to detect or verify the presence 
of Xanthomonas oryzae pv. oryzae ( Xoo) and Xoc. However, both methods require skilled and 
trained personnel apart from being time consuming. Under this circumstance, an antibody-based 
biosensor or immunosensor is becoming tool of interest in sensing owing to its versatility and 
sensitivity that allow rapid and sensitive detection of pathogens. Antibody-based biosensors were 
remarked to hold great potential for agricultural plant pathogen detection as it enabled pathogen 
detection in air, water and seeds with on-site application (Fang and Ramasamy, 2015). 
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In this study, an electrochemical immunosensor for the detection of Xoc in rice bacterial leaf streak 
was developed based on screen-printed carbon electrode (SPCE). The detection was adapted from 
sandwich enzyme-linked immunosorbent assay (ELISA) employing chronoamperometry (CA) 
technique. Among parameters studied in the immunosensor construction include set potential 
analysis and selection of suitable blocking agents. By carefully designing and optimizing the sensor 
development, this will eventually lead to a robust and reliable sensor for future on-field applications. 
 
Materials and Methods 

 

Chemicals and reagents 
 
Polyclonal antibody against Xoc was developed in-house at Animal Complex, MARDI using culture 
isolates from National Collection of Plant Pathogenic Bacteria (strain 1585 and 2921) as described by 
Mohd Said et al. (2017). Pyrrole, 3,3’,5,5’-tetramethylbenzidine (TMB) substrate solution, bovine 
serum albumin (BSA), ethanolamine, ferrocenecarboxylic acid (FCA), sodium bicarbonate (NaHCO3), 
sodium carbonate (Na2CO3) and phosphate buffer saline (PBS) tablets were purchased from Sigma- 
Aldrich, USA. N-(3-Dimethylaminopropyl) - N’- ethylcarbodiimide hydrochloride (EDC) and N- 
hydroxysuccinimide (NHS) were purchased from Sigma-Aldrich, Japan. Functionalized multi-walled 
carbon nanotubes (MWCNT-COOH) and ceramic-based screen-printed carbon electrodes (SPCE) 
were from Dropsens, Spain. Blotto Non-Fat Dry Milk and EZ-Link™ Plus Activated Peroxidase Kit 
were supplied by Santa Cruz and Thermo-Scientific, USA, respectively. Phosphate buffered saline 
(PBS) solution was prepared by dissolving one PBS tablet in 200 mL deionized (DI) water yielding 0.01 
M phosphate buffer, pH 7.4 at 25°C. All solutions were prepared using DI water from Milli-Q 
Ultrapure water system with a resistivity of 18.2 MΩcm. 
 
Bio-functionalization of carbon surface 

 
Electrodeposition of polypyrrole (Ppy)/functionalized-MWCNT was performed by 
electropolymerization of 0.075 M pyrrole in the presence of 0.1 mg/mL functionalized-MWCNT 
(MWCNT-COOH) onto SPCE by chronoamperometry technique. Electropolymerization potential of 
+1.0 V was applied and the mixtures were deposited for 900 s in PBS as electrolyte. SPCE was then 
rinsed with DI water and dried under nitrogen (N2) flow. The carboxylic group of MWCNT-COOH was 
activated in 10 µL mixture of 0.4 M EDC and 0.1 M NHS (1:1) for 15 min. The excess unbound 
linker was washed out using PBS, N2 dried and SPCE was immediately incubated with 5 uL of anti-
Xoc antibody 1 hour. The SPCE surface was then washed with PBS and blocked for 30 min using 
different types of blocking agents, i.e. bovine serum albumin (BSA) and ethanolamine. A Xoc cell at 
concentration 100 to 108 CFU/mL was placed on the SPCE’s WE and incubated for 1 hour. The antigen 
was diluted in 0.1 M carbonate-bicarbonate, pH 9.6. The unbound antigen was washed away with PBS 
and 5 µL of purified anti-Xoc antibody conjugated with HRP was dropped onto working electrode, 
incubated for 30 min and washed again with PBS. All modification steps were performed at room 
temperature. 
 
Electrochemical set-up and measurements 

 
Autolab PGSTAT 20 potentiostat (Eco Chemie, Netherlands) was used for the sensor analysis. 
Electrochemical measurements for the modified SPCEs with bounded antibody and Xoc cells were 
carried out by placing 50μL of TMB solution onto SPCEs covering all three-electrode and measured 
using chronoamperometry at optimized potential for 300 s. All electrochemical measurements 
were carried out at room temperature using NOVA 1.10 software. 
 
Results and Discussion 

 
The electrochemical immunosensor system developed in this work was based on direct competitive 
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immunoassay format with horseradish peroxidase (HRP) as the enzyme label and TMB/H2O2 as the 
substrate/mediator system (Figure 2). The screen printed carbon electrode (SPCE) was modified with 
electrodeposited pyrrole and carboxylic functionalized-multiwall carbon nanotube (MWCNT-COOH) 
onto working electrode. The electrodeposition was performed at applied potential of +1.0 V for 15 
minutes. The major advantage of polymer film formation achieved via electrodeposition technique 
is that electrochemical deposition allows precise and controllable formation of the polymer coating 
on the electrode surface. Polypyrrole (Ppy) was favourable in this study owing to its applications’ 
versatility and stability (Cosnier, 2003). The mild conditions used for Ppy polymerizations were 
ideal for immobilization most of the biological elements from enzymes to whole living cells. 
MWCNT on the other hand was able to induce carbon enhancement for signal amplification due to 
the conductive properties of polypyrrole and high surface area of MWCNT-COOH (Swati et al., 
2016). 
 

 
Figure 2: Schematic diagram of electrochemical immunosensor format used for bacterial lea streak      
     detection (adapted from Salam and Tothill, 2009). 
 
Cyclic voltammetry (CV) response of a bare and modified SPCE was measured in the presence of 1 mM 
ferrocenecarboxylic acid (FCA) in PBS 0.01 M, pH 7.4 as redox solution (Figure 3). The peak current 
was found to significantly increase after modification with Ppy/MWCNT-COOH indicating the active 
surface area also has been successfully increased. Large binding site of carboxylated MWCNT 
allowed more immobilization of antibody onto modified electrode surface through EDC-NHS 
crosslink thus increased the sensitivity of the immunosensor (Nurul ain et al., 2016). 
 

 
Figure 3: Cyclic voltammetry (CV) response for bare (blue line) and modified screen printed 

electrode with electrodeposited Ppy/MWCNT-COOH (red line). 
 
A potential scanning study of Xoc detection at range potential from -0.6 V to +0.6 V is shown in Figure 
4. The immunosensor exhibited the highest performance at set potential of -0.1 V.  It was exhibited by a 
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high signal current to background current ratio (S/B) for all concentration of Xoc cells.  Potential of -0.1 
V was thus optimized as set potential for all measurements in chronoamperometry study for sensor 
development. 
 

 
Figure 4: Set potential optimization by scanning the potential from -0.6V to +0.6V. 
 

Non-specific binding which interfere with the real detection signals also a critical problem in the 
development of immunosensor. Eliminating the non-specific binding on a sensor surface was one of 
the greatest challenges for the development of a specific and robust immunosensor (Tam and Hieu, 
2011). In this study, the performances of ethanolamine and bovine serum albumin (BSA) as blocking 
agents were studied and compared (Figure 5). A lower background current was observed when 
ethanolamine was used as blocking agent compared to BSA by 70%. This indicated that 
ethanolamine had successfully deactivated all the remaining active carboxylic acid groups while BSA 
was not favourable in this particular application. 
 

 
Figure 5: Effect of 0.1% ethanolamine (blue legend) and 0.5% BSA (red legend) as blocking agents. 
 
Standard curve for Xoc detection was performed via chronoamperometry (CA) analysis using mix 
culture of 1585 and 2921 Xoc strains in carbonate buffer pH 9.6. After Xoc cells concentrations of 100 
to 108 were added, conjugated anti Xoc antibody-enzyme (HRP) were dropped to allow binding onto 
the Xoc cells. TMB was finally dropped onto electrode and the current was recorded. Figure 6 shows 
the calibration plot of Xoc in the mixed culture. The absolute current values increased accordingly with 
Xoc concentrations in both linear regression graph and logarithmic graph with linear correlation 
coefficient of 0.9607 and 0.9772 respectively. Limit of detection (LOD) is at 102 CFU/mL. These 
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results highlighted the success and sensitivity of the developed immunosensor. 

 
Figure 6: Calibration plot (a) Linear Regression graph; (b) Logarithmic graph of Xanthomonas 

oryzae pv. oryzicola (Xoc) using Xoc mixed culture of 1585 and 2921 Xoc strains. 
 

Conclusions 
 
The successful development of electrochemical immunosensor for the detection of Xoc in rice disease 
was presented here. A sandwich type format was adapted to produce a sensitive immunosensor. Set 
potential was first scanned to obtain the best potential for the immunosensor reaction. It was found that 
potential of -0.1 V gave the highest signal current to background current ratio (S/B) and was selected 
for all chronoamperometry measurements for immunosensor development. The interference attribute 
to non-specific binding was investigated by using ethanolamine and BSA as blocking agents. 
Ethanolamine reduced the non-specific binding by 70% compared to BSA at 100 CFU/mL of Xoc 
(control negative study). Calibration plot was successfully developed showing a good linear 
relationship between number of Xoc cells and the current signal response. This biosensor can thus 
represent a promising bioanalytical tool for early warning system for detection of Xanthomonas oryzae 

pv. oryzicola in rice bacterial leaf streak. 
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Introduction  

 

Rice diseases are among the most significant limiting factors that affect rice production, causing 
annual yield losses conservatively estimated from 5 to 30% (Savary et al., 2012). One of the most 
destructive rice diseases is the bacterial leaf streak (BLS) disease caused by Xanthomonas oryzae pv. 
oryzicola (Xoc). Xoc is an intercellular pathogen that enters plants through wounds or by invading the 
open stomata. Once inside the plants, Xoc multiplies between the mesophyll parenchyma cells, 
spreading up and down the leaf between the vascular bundles (Mew, 1993). 
 
Rice disease management strategies are mainly aimed at the prevention of outbreaks or epidemics 
through the use of chemical and antibiotics. However, continuous, inappropriate and non-
discriminative use of chemicals is known to cause undesirable effects such as residual toxicity, 
development of pathogen resistance, environmental pollution, health hazards to humans and animals 
and increased expenditure for plant protection (Singh et al., 2015). Nowadays, plant pathologists have 
focused their attention on developing environmentally safe, long-lasting and effective biocontrol 
methods based on plant essential oils (EOs) for the management of major diseases in crops.  
 
Essential oils (EOs) are promising alternative compounds which have an inhibitory activity on the 
growth of pathogens. EOs are synthesized naturally in different plant parts during the process of 
secondary metabolism in secretary opening of the cell wall of plants or glandular hairs and these 
survive as fluid droplets in roots, stems, leaves, bark, flowers, and fruits in various plants (Rehman et 
al., 2016). In nature, EOs play important role in the protection of plants as anti-bacterial, anti-viral, 
anti-fungal, insecticides and also against herbivores by reducing their appetite for such plants. Consist 
of volatile compounds, the reactivity of EOs are depended upon the nature, composition, and 
orientation of its functional groups (Wazir et al., 2014). The presence of different types of aldehydes, 
phenolics, terpenes, and other antimicrobial compounds means that the EOs are effective against a 
diverse range of pathogenic bacteria. EOs contains a wide range of secondary metabolites that are 
capable of inhibiting or slowing the growth of bacteria against a variety targets, particularly the 
membrane and cytoplasm, and in some cases, they completely change the morphology of the cells 
(Nazzaro et al., 2013).  
 
The objective of this work is to evaluate the effects of plant essential oils (EOs) on the growth of Xoc. 
Essential oils from the tea tree (Melaleuca alternifolia), lemongrass (Citronella naradus), paper bark 
(Melaleuca cajaputi), garlic (Allium sativum), and nelam (Pogostemon cablin) were evaluated in vitro 
using disc diffusion assay method for inhibitory activity testing against bacteria Xoc. 
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Materials and Methods 
 
Essential oils 

 

Essential oils from tea tree (M. alternifolia), lemongrass (C. naradus), paper bark (M. cajaputi), and 
nelam (P. cablin) were obtained from MARDI Kuala Linggi, Negeri Sembilan while garlic (A. 

sativum) was bought from the local supermarket. 
 
Bacteria 

 

The strain of X. oryzae pv. oryzicola (NCPPB 1585) was obtained from the culture collection of the 
National Collection of Plant Pathogenic Bacteria. The strain was cultured on potato sucrose agar 
(PSA) at 30°C for 48 hrs. Large quantities of the mass-produced bacterium on PSA agar were 
collected by washing the colony surface on the agar plate with 1 mL of ultra-pure water. Cells were 
harvested by centrifugation at 5,000 × g for 15 min at 4C on a benchtop centrifuge. The pelleted cells 
were then washed with 0.01 M phosphate buffered saline (PBS) at pH 7.4 and the procedures were 
repeated three times. The bacterial cells were then re-suspended in PBS and the bacterial suspensions 
were adjusted to optical densities (OD) at 600 nm of between 1.0 and 1.3 to obtain bacterial 
concentrations at 1×109 CFU mL-1 on a UV/VIS spectrophotometer. The bacterial concentrations were 
confirmed by a spread plate method on PSA agar.  
 
Antimicrobial activity 

 

The antimicrobial study involved the paper disc diffusion assay method. The agar plates were 
inoculated with 100 μL of a suspension containing 109 CFU mL-1 of Xoc spread on PSA agar. Then, 6 
mm diameter of filter paper disc was individually impregnated with 5 μL of essential oils and placed in 
the centre of the inoculated agar. Negative controls samples were prepared by replacing essential oils 
with mineral oil while positive controls were prepared using the streptomycin at the concentration of 
0.5 mg mL-1. Petri dishes were then incubated at 30°C for 48 hrs. After incubation, the essential oils 
diffuse into the agar and inhibits the germination and growth of Xoc. The antimicrobial activities of 
the essential oils were evaluated by measuring the zone of inhibition in diameter (mm) around the 
discs against Xoc. Each test assays were repeated in triplicate. The inhibition zones developed in and 
around sample indicate the antimicrobial activity. The experiment was repeated five times.   
 
Statistical analysis 

 

Results are given as mean ± standard deviation. Differences were considered statistically significant at 
p<0.05 using Student’s t-test with a Tukey post Hoc test through GraphPad Prism software (v 5.0) 
available from www.graphpad.com.  
 
Results and Discussion 

 

The antimicrobial activities of crude EOs against Xoc are summarized in Table 1. The results show the 
diameter of the inhibition zone including the diameter of the paper disk (6 mm) after 48 hours. A broad 
variation in antimicrobial properties of the analysed EOs was observed in this study.  
 
The EO of paper bark (M. cajaputi) shows strong antimicrobial activity against Xoc with the inhibition 
zones of 20±0.7 mm, whereas lemongrass (C. naradus) and tea tree (M. alternifolia) show a minimum 
inhibitory reaction with an inhibition zone of 11±1.9 and 9.2±0.40 mm, respectively. On the other 
hand, the EOs of nelam (P. cablin) and garlic (A. sativum) were found to be weak or failed to inhibit 
the growth of Xoc. 
 
 

http://www.graphpad.com/
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Table 1: Antimicrobial activity of EOs against Xoc using paper disk diffusion method.   
Essential oils (EOs) Diameter of inhibition zone (mm) 
Positive control 22.3±1.52 
Negative control No inhibition 
Lemongrass (Citronella naradus) 11±1.9 
Paper bark (Melaleuca cajaputi) 20±0.7 
Tea tree (Melaleuca alternifolia) 9.2±0.4 
Nelam (Pogostemon cablin)  No inhibition 
Garlic (Allium sativum) No inhibition 

*Values are mean diameter of the inhibitory zone (mm), ±SD of five replicates. 

*Significantly different (p>0.05). 

*The diameter is included of the paper disk (6 mm). 

 

    
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Inhibition diameter zones obtained by paper disc diffusion method for; (a) Nelam 
(Pogostemon cablin), (b) Garlic (Allium sativum), (c) Tea tree (Melaleuca alternifolia), (d) 
Lemongrass (Citronella naradus) and Paper bark (Melaleuca cajaputi). 

 
The results of this study may be served as a guide for selecting EOs for future work. The data obtained 
in the present work suggest that EO of paper bark (M. cajaputi) could be applied as an inhibitor to 
prevent the growth of Xoc in paddy field. In accordance with numerous previous reports, paper bark 
(M. cajaputi) had been characterized by a high content of eugenol-type phenylpropanoids or 
terpenoids, of which γ-terpinene and terpinolene predominate among the monoterpenes. The 1,8-
cineole chemotype of paper bark (M. cajaputi) leaf EO has been found to be active against Bacilus 

cereus and Staphylococcus aureus and a series of other fungi while the methyl eugenol chemotype is 
an effective virucide against Herpes simplex virus type 1 (De Silva at al., 2017). 
 
 
 
 

(a) (b) (c) 

(d) (e) 
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Conclusions 

 

Development of natural antimicrobial agents is a major step towards reducing the negative effects 
associated with chemicals and antibiotics such as toxic residues in agricultural products, resistance 
development in targeted microorganisms and general harmful effects on the environment, humans, and 
animal. In vitro studies revealed that the EOs of paper bark (M. cajaputi) had remarkable antimicrobial 
activity against Xoc, and its potential in the management of pathogenic bacteria in agriculture will be 
validated in the future. 
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Introduction 

 
The palm oil exports in 2017 generated significant revenue for the Malaysian economy, totally RM 
46.12 billion from India and European Union market (Kushairi et al., 2018). This was partly 
contributed by the increase of oil palm planted area in the country, which reached over 5.7 million 
hectares (Kushairi et al., 2017). However, moving forward, the increasing due to global demand of 
palm oil and reduced available land for expansion necessitates improving oil palm productivity. The 

tenera is the commercial oil palm, producing outstanding yield compared to dura and pisifera. Yield 
components such as mean bunch number, mean fresh fruit bunch, oil to fruit and mesocarp to fruit 
ratios are the major yield characteristics in oil palm genetic studies. In recent decades, molecular 
markers have been employed to identify quantitative trait loci (QTLs) for these important yield 
components and agronomic traits (Billotte et al., 2010; Pootakham et al., 2015; Teh et al., 2016; Seng 
et al., 2016), stem height (Lee et al., 2015) and fatty acid composition (Jeenor and Volkaert, 2014; 
Ting et al., 2016;). Marker-trait association has therefore made it possible to apply Marker Assisted 
Selection (MAS) technology for early selection of parental palms to accelerate genetic improvement 
efforts (Collard and Mackill 2008). To assist with these on-going efforts, we identified QTLs for 
moisture content (MC) and mean nut weight (MNW) using a selected dura x pisifera (DxP) mapping 
population.   
 

Materials and Methods 

 

Mapping family 

 
The leaf samples of elite DxP mapping family were provided by Kulim Plantations Bhd. (KULIM). 
They consisted of 135 tenera palm progenies. The family was created by crossing the Ex-Ulu Remis 
Deli dura (KT 910512/0804) x AVROS pisifera (KT 911101/1203). The trial was laid down at Tereh 
Utara Plantation, Johor, Malaysia. 
 

Yield phenotypic data 

 

The phenotypic data for moisture content, (MC) and mean nut weight (MNW) was measured from 
2006 to 2010. Distribution analysis according to Kolmogorov-Smirnov, descriptive statistic and 
Pearson correlation was carried out using the statistical software SPSS16.0. 
 
Genomic DNA extraction 

 
Genomic DNA extraction was carried out using the modified CTAB method (Doyle and Doyle, 1990). 
Quality of DNA was verified by EcoRI and HaeIII digestion. DNA was considered acceptable when 
spectrometric reading ranged from 1.8-2.0 obtained using the NanoDrop spectrophotometer 
(NanoDrop Technologies Inc., Wilmington, DE). 
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SNP and SSR analyses 

 
The DNA obtained was genotyped using single sequence repeats (SSR) and single nucleotide 
polymorphism (SNP) markers. For SSR genotyping, the PCR product was separated using 
ABI PRISM® 3100 Genetic Analyzer (Applied Biosystems, Foster City, CA). The data was scored 
according to Billotte et al (2005) assisted by GeneMapperv4.1 (Applied Biosystem). Meanwhile, The 
SNP genotyping was performed on Illumina Infinium II Bead-Chip array (Illumina Inc., San Diego, 
CA) containing 4,451 SNPs. The SNP and SSR genotyping and analysis procedures employed were as 
described by Ting et al. (2013). 
 
Linkage map construction 

 

Polymorphic SSRs and SNPs were used to construct a DxP genetic map using JoinMap® 4.1 (van 
Ooijen 2006) as described by Ting et al. (2013). The linkage map was constructed using ML mapping 
algorithm and Haldane map function. Each linkage group was formed at RF≤0.2 and marker with N.N 
Stress >4cM and with ≥10% missing data were excluded from the genetic map.  
 
QTL analysis 

 
Quantitative trait loci (QTL) analyses for MNW and MC were carried out using MapQTL6.0 software 
(van Ooijen, 2009). Interval mapping (IM) and the Kruskal-Wallis non-parametric ranking tests (KW) 
were performed to link polymorphic markers to genomic regions influencing MNW and MC. 
Permutation test was carried out to estimate threshold value for each trait at 95% with 1000 iterations. 
The individual genotype effect of each marker was further identified using mean comparison of the 
genotype class in SPSS16.0.  
 

Results and Discussion 

 
Yield components statistical analysis 

 
For MNW, the values obtained ranged from 1.25 g to 3.21g with the variance and mean of 0.17 and 
2.37±0.03 respectively. Meanwhile, MC ratio was between 75.31 and 82.79% with the variance and 
mean of 4.66 and 36.24±0.19 respectively. Both of the traits were normally distributed according to 
Kolmogorov-Smirnov at p>0.05 (Figure 1). Correlation analysis revealed that MC was positively 
correlated with MNW (p = 0.01) with the r value of 0.222. This indicates increasing MNW would also 
increase MC value and vice versa. Nonetheless, for selection of higher oil yield, palms with low MC 
are likely preferred as reported by Parodi et al. (2007) in avocado, where the oil content decreased with 
the increase in pulp moisture content. 
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Figure 1: Distribution of selected traits in DxP mapping population. 
 
QTL identification in DxP mapping population 

 
Using permutation test implemented via the MapQTL6 software, the threshold value obtained was 
LOD = 3.1. Thus, any markers with LOD above the threshold value can be considered as significant 
QTL. At 95.0% chromosome-wide level, QTLs for MNW and MC were identified on linkage group 
(LG) 9 (Table 1 and Figure 2). The QTL for MNW was identified at map interval ranging from 26.7 to 
29.6 cM. For MC, two QTLs were found at 29.7 cM and map interval between 62.7 and 65.4 cM. 
The variation explained by the QTL for MBW was 10.9%. As for MC, the QTL explained 9.9% of the 
trait variation. These finding were validated using KW analysis (p = 0.05 and 0.001). Association of a 
marker with two different traits or co-located QTLs might be due to pleiotropic effect. We found one 
marker (SNPM00923) that was significantly associated with both traits, MC and MNW. The study by 
Seng et al. (2016) also reported the  pleiotropic effect where QTLs detected in LG9 were associated 
with mean shell weight (MSW), mean kernel weight (MKW), wet pericarp to fruit ratio (WPF), shell 
to fruit ratio (SF) and dry pericarp to fruit ratio (DPF). In another region of LGDP9, QTL for MC was 
also identified at 62.7-65.4 cM with mEgCIR3363 as the closest flanking marker which is likely a 
result of epistasis where two or more loci interact to determine a phenotype (Miko, 2008).  
 
SNPM00923 (<aa x ab>) falls into two genotype classes, aa and ab, where the mean of both 
genotypes were significantly different for MNW and MC. The mean of MNW for homozygous aa 
group (2.4±0.4) was higher than heterozygous ab group (2.3±0.4). However for MC, the trait mean for 
heterozygous ab group (36.9±2.1) was higher than homozygous aa group (35.7±2.1). This suggests 
that MNW is contributed by the maternal palm meanwhile MC is contributed by the paternal palm. 
With respect to marker mEgCIR3663, four genotype classes were obtained namely aa, ab, ac and bc. 
Palms showing genotype ac revealed the lowest mean MC (35.1±1.9). The means of the MC among aa 
(37.0±2.2), ab (36.6±1.9) and bc (36.9±2.3) groups were not significantly different.  
 
Table 1: QTL analysis output at chromosome-wide level (p=95%). 

 
 
 
 
 
 
 

 
 

Trait Marker 
 
QTL interval 
(cM) 

IM                KW 
Variation 
(%) 

LOD K-value p-value 

MNW SNPM00923 26.7 - 29.6 10.9 3.4 5.3 0.05 

MC SNPM00923 29.7 9.9 3.1 11.1 0.001 
 mEgCIR3363 62.7 – 65.4 13.0 4.1 20.4 0.0005 
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Figure 2: LOD distribution graph of MNW and MC in linkage group 9. 
 
Conclusions 

 

In the present study, QTLs for MC and MNW were detected in linkage group 9. The identification of 
QTL is an important first step towards the application of marker assisted selection to shorten the 
breeding cycle. However, identified QTLs should be validated across different genetic background or 
environment prior to application in oil palm breeding.  
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Introduction 

 
RuBisCO is the most abundant soluble protein in the chloroplast and makes up to 50% or more of all 
proteins in plant leaves. It has a very important role in the photosynthesis which catalyzes two 
competing reactions, CO2 fixation and 2-phosphoglycolate production in photosynthesis and 
photorespiratory pathways, respectively. RuBisCO is a rate-limiting factor for both photosynthesis and 
photorespiration under conditions of saturating light (Makino et al., 1988). Higher plant RuBisCO 
consist of eight small subunits (~14 kDa), coded by the nuclear RBCS multigene family, comprising 
between 2 to 22 members depending on species (Manzara and Gruissem, 1988) and eight large 
subunits (~56 kDa), coded by a single gene (rbcL) in the plastome (Malkin and Niyogi, 2000). The 
active site which is responsible for almost all carbon fixations on earth is in the large subunit and over 
30% of the 476 amino acids in the large subunits are involved in intermolecular associations (Kellogg 
and Juliano, 1997). 
 
Photosynthesis is a fundamental component of plant productivity and intensification of photosynthesis 
could improve yield production (Zhu et al., 2010). RuBisCO has been studied intensively as a prime 
target for manipulation to ‘supercharge’ photosynthesis and improve both productivity and resource 
use efficiency (Parry et al., 2012). High amount of RuBisCO and chlorophyll is very important to 
achieve high yields in crops such as rice, wheat, maize, soybean and potato (Osaki et al., 1993). As for 
rubber tree (Hevea), its yield and productivity are also important to ensure the sufficient and 
sustainable supply for various industries such as tyre and rubber glove. Hence, this preliminary 
analysis investigates the presence of RuBisCO protein in the leaves from seven selected Hevea clones 
namely; RRIM 600, RRIM 928, PB 260, RRIM 2002, RRIM 2023, RRIM 2007 and RRIM 3001. 
Results from this analysis could be further explored for improvement and manipulation of latex yield 
and production in the future. 
 
Materials and Methods 

 

Newly expanded Hevea leaves were collected from seven rubber tree clones which were planted at the 
nursery namely RRIM 600, RRIM 928, PB 260, RRIM2002, RRIM 2023, RRIM 2007 and RRIM 
3001. Following that, an approximately 1.0 g leaves were ground until finely powdered in liquid 
nitrogen. Leaf tissue was ground to extract total protein using the protocol described in Lebrun and 
Chevalier (1990). Protein quantitation present in the leaf extracts was performed using the Bradford 
assay (Bio-Rad). Subsequently, protein separation was then performed in a 15% SDS-PAGE and the 
gels were stained using Coomassie Brilliant Blue. 
 
For this experiment, concentration of total B serum proteins was made equal at 50 µg/mL. Separated 
proteins from the SDS-PAGE were blotted onto a nitrocellulose membrane using electrophoresis 
method for 16 h. Subsequently, the nitrocellulose membrane was blocked with 5% non-fat milk in 
phosphate buffered saline (PBS) and then incubated for 90 min with polyclonal antibodies anti- Rbc-L 
(Agrisera) as the primary antibody. After three washes with PBS-milk, the nitrocellulose membrane 
was incubated for 1 h with the secondary antibody; rabbit anti-goat IgG (Sigma Aldrich) conjugated to 
alkaline phosphatase. After three washes with PBS-milk, the nitrocellulose membrane was incubated 
for 10 min in Tris buffered saline (TBS) before being immersed in 5-bromo-4-chloro-3-indolyl 
phosphatase for visualization. 

mailto:norazreen@lgm.gov.my
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Results and Discussion 

 

Total protein of leaves extract from selected rubber tree clones was analysed on SDS-PAGE (Figure 
1a) at equal concentration to observe the protein quality. Even the amount of protein loaded was made 
equal, apparently the results showed that the protein intensity were different among the samples. 
Following to SDS-PAGE, immunoblot analysis using polyclonal anti-rbcL was performed to further 
detect the presence and profile of RuBisCO in the selected rubber tree clones. The profile of detected 
protein was referred to the protein profile of RRIM 600 as control. RRIM 600 has been widely used in 
various analyses as the model rubber tree (Chow et al., 2007; Sunderasan et al., 2015) and it has shown 
a very good performance in relation to tree productivity and latex yield (Nguyen et al., 1997). 
 
Detection of RuBisCO through electrophoresis and immuno-blot analysis presented that, each of the 
tested samples showed different protein profiles. However, only RRIM 2007 has similar RuBisCO 
protein profile with RRIM 600. These two clones have four major proteins with high intensity bands at 
different sizes; ~18.0 kDa, ~28.0 kDa, ~48.0 kDa and ~55.0 kDa, respectively. Meanwhile, only three 
major bands were detected for RRIM 928 and RRIM 3001. As compared to RRIM 600, RRIM 928 and 
RRIM 3001 have one missing protein band sized at ~55.0 kDa and ~48.0 kDa, respectively. However, 
for PB 260, RRIM 2002 and RRIM 2023, only one ingle protein band was detected at ~18.0 kDa by 
which PB 260 displayed the highest protein intensity as compared to the other two clones. 
Hypothetically, the age of the leaves might affect the profiling as RuBisCO synthesis mainly occurs 
during leaf expansion. Over time, it decreases to a very low level until degradation becoming 
predominant leading to decline in RuBisCO content (Tonouchi et al., 1988). 
 
In addition to that, the polyclonal antibody employed in this experiment possibly recognizes the other 
proteins of high homology. A new protein family was discovered namely RuBisCO-like proteins 
(RLPs) which have structural homologs of RuBisCO. In general, RuBisCO family of proteins have 
been classified into four groups which are; form I, form II, form III and form IV according to amino 
acid sequence similarities. Only form I, form II and form III are able to catalyze the RuBisCO reaction. 
Meanwhile, RLPs are categorized under form IV, which unable to carry out CO2/O2 fixation because 
their sequences contain dissimilar residues at position analogous to RuBisCO’s active-site residues 
(Tabita et al., 2007, Tabita et al., 2008).   
 
With regard to yield among these clones, RRIM 2007 produced the highest latex with 72.9 gram latex 
per tree per tapping (g/t/t), followed by RRIM 2023 (58.9 g/t/t), RRIM 3001 (55.0 g/t/t), RRIM 2002 
(54.4 g/t/t/), RRIM 928 (53.8 g/t/t) and RRIM PB 260 (50.0 g/t/t) (Nurmi Rohayu et al., 2015). 
Meanwhile, for RRIM 600 clone produced average yield 46.06 g/t/t (Mohd Noor, 1991). Based on this 
information, there is no general correlation can be concluded between yield and the presence of 
RuBisCO protein in rubber tree until further analysis is performed. 
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Figure 1: Analysis of SDS-PAGE total leave protein and immuno-blot detection of RuBisCO on 

rubber tree total leave protein. (50 µg/mL protein). 
      (Large RuBisCO (RbcL) 55kDa, small RuBisCO (RbcS) 15kDa). 
                  Lane 1: RRIM 600, Lane 2: RRIM 928, Lane 3: PB 260, Lane 4: RRIM 2002, Lane 5:   

RRIM 2023, Lane 6: RRIM 2007, Lane 7 RRIM 3001. 
 

Conclusions 

 

The Western blot analysis showed that each of selected rubber tree clones has different protein profile 
of RuBisCO. The output from this preliminary analysis could be exploited to investigate the 
connection between RuBisCO profile and its activity on the tree performance and latex yield 
productivity in the rubber tree.  
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Introduction 

 
Papaya (Carica papaya L.) is one of the major fruit crops in the tropical and subtropical countries. 
Although mass propagation of papaya can be performed successfully using in vitro technique, it has a 
problem with root development due to the presence of basal callus which prevents the formation of 
roots or its connection to the stem, hence resulted in low percentage of acclimatization of rooted 
plants (Panjaitan et al., 2007). It is also reported that rooting is a crucial and difficult stage in 
micropropagation of papaya, particularly in obtaining roots with good characteristics (Adigo et al., 
2015). Therefore, it is essential to improve plantlet survival rate during acclimatization as well as to 
enhance shoot proliferation and rooting in vitro. Besides environmental conditions such as humidity 
and light intensity, the quality of roots which has been determined in vitro before transplanting can 
markedly affect the survival rate (Keatmetha and Suksa-Ard, 2004). The quality of roots produced 
plays important role for successful transfer of plantlet during acclimatization. 
 
Although root development usually occur in agar medium in papaya, it was difficult to acclimate the 
plantlets because they tended to degenerate after being transferred to greenhouse (Suksa-Ard et al., 
1998). This may account for the malfunction of the root and debilitating effect on the plantlets. The 
acclimation of plantlets could be readily achieved with a higher survival rate of plantlets even under 
ex vitro condition. Therefore, the purpose of this paper was to evaluate the effects of several rooting 
substrates on root development and anatomical characteristics of C. papaya cv. Eksotika root under in 

vitro condition. 
 
Materials and Methods 

 

Establishment of proliferation culture and preparation of plantlet 

 

Proliferation culture was established using the shoot tips of hermaphrodite C. papaya L. cv. Eksotika 
as explants. The explants were cultured on shoot induction medium consisting of full strength De 
Fossard (DF) medium supplemented with 0.5 mg/L 6-benzylamino purine (BAP) and 30 g/L sucrose 
in pH 5.8. The cultures were kept in light condition at 25±2°C for 6 weeks. 
 
Actively-growing shoot tips about 0.5 to 1.0 cm in length were excised from the proliferating shoot 
and transferred to the medium supplemented with 0.25 mg/L BAP and 0.1 mg/L of naphthaleneacetic 
acid (NAA). The culture was incubated at 25±2°C under 16 hour’s photoperiod of white florescence 
light. The proliferation culture was maintained by dividing the shoot clump, and subculturing every 4 
week. After 4 weeks of culture under the same conditions as previously described, uniformly 
elongated shoots about 3 to 4 cm long were collected and prepared for rooting, the basal leaves were 
removed and three terminal leaves were left.  
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Effect of rooting substrate on root development 

 

Individual shoot obtained through shoot proliferation about 3 to 4 cm in height were excised were first 
cultured on full strength DF solid medium supplemented with 2 mg/L IBA for 4 days in the dark at 
25±2°C. After 4 days pretreatment with auxin (IBA), the shoots were transferred to respectively on 
sterile rooting medium consisting with different substrate viz agar, vermiculite, rock wool, perlite and 
zeolite were tested in sterile conditions.  
 
A half strength DF solidity medium supplemented with 20 g/L sucrose and 2 g/L agar and 50 mL of 
medium was dispensed per jam jar. About 50 mL of vermiculite, rock wool, perlite and zeolite was 
placed in jem jar and moistened with 50 mL of the half strength DF liquid medium containing 20 g/L 
sucrose in sterile condition. All cultures were likewise kept 25±2°C under a 16 hours photoperiod of 
white fluorescence light supplied (Figure 1). 
 
Anatomical observation of root 

 

The roots formed in the respective rooting media were collected after 4 weeks. Transverse section of 
the root a distance of 5 mm from the root tips were stained with 5 g/L safranine and then observed 
under light microscope.  
 
Statistical analysis 

 

The experiment was arranged in a Completely Randomized Design (CRD). Each treatment was 
replicated four times and each replication per treatment contained ten explants. The percentage of 
root, number of root and length of roots were recorded after 4 weeks of culture. Data were analysed 
using analysis of variance (ANOVA) and Duncan New Multiple Range Test (DNMRT). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Plantlet on root development after 4-week transfer into different rooting medium. (a) Agar, 
(b) Vermiculite, (c) Rock wool, (d) Perlite and (e) Zeolite. 
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Results and Discussion 

 

In Malaysia, papaya is commercially cultivated from seed due to non-availability of hermaphrodite 
planting material. Hermaphrodite plant produces bisexual flower. In papaya, the high productivity and 
pear-shaped fruits with lower ovarian cavity, hermaphrodite plant and the major type for commercial 
cultivation in tropical region (Pinto et al., 2013). The female plants are cultivated mainly for papain 
production (Reddy et al., 2012), while males are impractical for economic purpose (Urasaki et al., 
2002). The sex type of a papaya plant can only be identified around 4 to 5 months after planting, when 
the flowers develop. Moreover, the long waiting time from planting to harvest requires the farmers to 
identify a productive hermaphrodite plant at early stage. Additionally, propagation by seeds produces 
non-true-to-type planting materials due to the segregation of offsprings at second filial generation 
(Saker et al., 1999). The determination of sex type of papaya seedlings prior to the flowering stage 
would avoid the need for removing undesired sex types (e.g. males and female) from the field, thus 
saving labour, time and other resources. Clonal propagation of selected hermaphroditic plants of 
papaya could offer a valuable alternative in field planting. Hence, propagation via tissue culture is a 
feasible alternative for rapid and large scare production of planting materials. The production of 
hermaphrodite Eksotika papaya through tissue culture will ensure maximum productivity without 
unnecessary cost. 
 

Plantlets transferred in vermiculite had the highest rooting rate (97.5%) while zeolite had the lowest 
rooting rate (58.8%) (Table 1). Plantlets grown in vermiculite had significantly higher rooting 
percentage, number of roots and root length compared to plantlets grown in other substrates tested. 
Plantlets grown using zeolite had the lowest rooting percentage while for number of roots, plantlets 
grown using agar and zeolite recorded the lowest number of roots was observed, and the roots 
produced were thick, stumpy and vitrified roots. According Kataoka (1994) in the agar medium, the 
root number and length were lower than the vermiculite medium, while root diameter was much 
larger and both media, root hair were observed on root surface in papaya in vitro. Gabriel et al. (2002) 
reported that, shoots of Phyrus ‘Bartlett and OH x F97’ clones did not produce secondary roots in the 
agar substrate while both clones could be rooted in vermiculite at frequency of 31.07 and 53.61% 
respectively. Sekeli et al. (2012) also reported that, vermiculite substrate on rooting transgenic papaya 
shoots showed the higher frequency of rooted plantlets and exhibited better quality comprising of 
many lateral roots and root hairs. Kirdmanee et al. (1995) also reported that, root system in 
vermiculite substrate is stronger branches and extensive root hair, also a high-water potential in the 
leave of plantlets compared to those in agar and gelrite brought high number number of primary root 
in Eucalyptus. 
 
The anatomical analysis performed in roots of hermaphrodite C. papaya L. cv. Eksotika showed that, 
the roots formed in agar and zeolite were less branched than vermiculite, perlite and rock wool 
(Figure 2). The cortex cells of the grown in agar and zeolite were loosely arranged compared to those 
grown in vermiculite, perlite and rock wool. The root section also observed a severe abnormality of 
inner structure of the root consisting of hypertrophy of subepidermal cells accompanied by unusual 
expansion of the intercellular space was revealed. Abnormalities of inner structure were observed in 
the roots formed in agar and zeolite. On the hand, in vermiculite, rock wool and perlite, no structural 
abnormalities of the roots appeared. Therefore, it is hypothesized that the poor aeration of these 
substrates might be the major cause of abnormal development of roots rather than the presence of 
certain inhibiting substances or the low osmotic potential of the medium. According to Yu et al. 
(2000), insufficient aeration could be reason for low quality and loss of root functionality. The lack 
development of root hairs in roots formed in zeolite medium generally made it difficult to get a good 
functional root system in vitro. The also observed by McClelland et al. (1990) that anaerobic root 
development without root hair in agar medium induced a lack of vigor of the plantlet after 
transplanting. Therefore, it is possible that poor aeration of zeolite substrate might be the major cause 
of root induction. Aeration of the rooting substrate was important factor in the formation of 
adventitious root. It is assumed that insufficient aeration cloud be aeration the reason for low quality 
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and loss of root functionality (Keatmetha and Suksa-Ard, 2004). Hazarika (2006) reported that, roots 
of plantlets produces in vitro are usually very week without root hairs. Kataoka (1994) suggests that 
defective water absorption may result from difficulty in the movement of water absorbed by the root 
hairs to vascular bundles of root rather than reduction in water absorption by the root hairs.  
 
Table 1: Effect of rooting substrate on in vitro rooting of C. papaya L. cv. Eksotika. 

Rooting substrate    Rooting percentage (%)   Number of roots Roots length (cm) 
Agar 67.5c 3.4d 1.81e 
Vermiculite 97.5a 13.2a 10.36a 
Rock wool  82.5b 8.18c 5.72c 
Perlite 85.0b 10.28b 8.52b 
Zeolite 57.5d 2.53d 3.31d 

Means with same letters are not significant different at p≤1% level according to DMRT. 

 

 

 

Figure 2: Transverse section of papaya root formed in different rooting substrate (a) Agar, (b) 
Vermiculite, (c) Rock wool, (d) Perlite, (e) Zeolite. Arrows color show: 

 
 
 

Conclusions 

 
The usage of vermiculite as rooting substrate for in vitro propagation of hermaphrodite C. papaya L. 
cv. Eksotika is recommended among other substrates tested in this study due to its high rooting 
percentage and no presence of structural abnormalities in its root’s anatomy. 
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Introduction 

 

Rice (Oryza sativa L.) is an important crop globally due to its vast consumption as a primary source 
of energy and protein (Abed-Ashtiani et al., 2012). The rice production of Malaysia in 2016 was 1.77 
million metric tons which increased from 1.68 million metric tons in 2013 (The Statista Portal, 2017). 
Although the rice production is significantly increased annually, but there are numerous of rice 
diseases have leaded to a huge loss in rice yield up to 80% of total rice production (Nasruddin and 
Amin, 2013). One of the most harmful rice fungal diseases is rice blast disease caused by Pyricularia 

oryzae. Rice blast causes lesions on leaves, stems, peduncles, panicles, seeds and roots of paddy. This 
disease has been reported as the most important plant diseases (TeBeest et al., 2007).  
 
Traditionally, the rice blast is identified by experienced plant pathologists with the observation of 
typical disease symptoms and culturing the pathogen in specialized media (Park et al., 2009). This 
method is accurate but it is time consuming and therefore not suitable for rapid disease management 
practices. Immunoassays have hence been widely used for plant pathogen detection since the 1980s to 
address the limitations of symptomatic diagnosis. Antibody of P. oryzae was produced in 1992 and its 
specificity has been studied in further research using enzyme-linked immunosorbent assay (ELISA) 
(Xia et al., 1992). Although the antibody-based methods are showing high sensitivity, but antibody-
based methods are prone to have cross reactivity with closely related pathogen species having similar 
epitopes for antibody recognition (Franken et al., 1992). DNA-based molecular diagnostic methods 
have been proposed to increase the reliability, sensitivity and specificity of P. oryzae detection. The 
polymerase chain reaction (PCR) is currently the most popular and reliable molecular technique used 
in P. oryzae diagnostic assays. However, to avoid the instrumentational limitations of PCR, 
isothermal approaches such as the Loop Mediated Amplification (LAMP) which uses low constant 
temperature to achieve the DNA amplification have been developed. 
 
LAMP is an isothermal nucleic acid amplification technique which offers various advantages in 
diagnostic researches. It has been widely used due to its high sensitivity, specificity, quickness and 
cost effectiveness. The major advantage of LAMP is it can be carried out at a low constant 
temperature with short reaction time. This makes it perfect technique for plant pathogens detection 
especially for on-site applications. Besides, it has very high amplification efficiency to generate large 
amounts of amplicon with low amount of DNA template. Furthermore, this method is relatively cost 
effective as it only requires simple equipment such as mini incubator to perform the assay (Wee et al., 
2014).  
 
Herein, we demonstrate a method which entails a simple and rapid protocol to detect P. oryzae using 
LAMP. Sensitivity and specificity of the designed LAMP primers were identified in this study. The 
method was first tested on P. oryzae pathotype 1, 7, 9 and 15 causing rice blast disease in Malaysia.  
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Materials and Methods  

 

Pathogen materials 

 

Pyricularia oryzae (Pathotype 1, 7, 9 and 15), Rhizoctonia solani, Helminthosporium oryzae and 
Sarocladium oryzae were obtained from MARDI Seberang Perai. A small agar block containing P. 

oryzae, H. oryzae or S. oryzae hyphae was placed on a Potato Dextrose Agar (PDA) plate (1000 mL 
media consists of 300 g fresh potato, 2 g Na2HPO4.2H2O, 0.5 g Ca(NH3)2.4H2O, 5 g Bacto-peptone 
and 20 g sucrose) and incubated at room temperature (25°C) for 7-10 days until the hyphae were 
visible. However, R. solani was cultured on PDA plate at 28°C for 7 days.   
 

DNA extraction 

 

The GeneAll Plant Genomic DNA prep kit was used for genomic DNA extraction of all the fungi as 
recommended by the manufacturer (http://geneall.com) with minor modification. A culture plate 
containing the fungi hyphae was added with 300 µL of Complete Lysis (CL) buffer and scrapped the 
mycelium out from the media surface. The 300 µL of CL with mycelium was transferred into a 
microcentrifuge tube. The DNA extraction method was then continued with the protocol provided by 
the manufacturer.   
 
LAMP reaction 

 
A LAMP Primer Mix was prepared with all 6 primers (Table 1) which containing 40 µM FIP, 40 µM 
BIP, 5 µM F3, 5 µM B3, 10 µM LoopF, 10 µM LoopB. Briefly 25 μL reactions (1X ThermoPol 
Buffer, 6 mM MgSO4, 1.4 mM each dNTP, 8U Bst DNA polymerase, 3 µL of primer mix) were 
performed at 65°C for 40 min using 1 μL of the extracted nucleic acid (concentration of gDNA was 
depended on the experimental design). Following amplification, 3 μL of the LAMP reaction was 
verified by gel electrophoresis (1.5% agarose gel). 
 

Results and Discussion 

 

The sequence of the transposon Pot2 is unique for P. oryzae (Harmon et al., 2003). This locus was 
used to develop LAMP primers that amplify all pathotypes of P.oryzae. Primers were designed based 
on the unique sequence using PrimerExplorer software (Eiken Chemical Company; 
https://primerexplorer.jp/e/) and synthesized by Sigma-Aldrich. Six primers (external primers F3 and 
B3; internal primers FIP and BIP; Loop primers LoopF and LoopB) were designed for the assay. All 
oligonucleotide sequences are listed in Table 1.  
 
Table 1: Oligonucleotide sequences used in this study. 

Primer name Sequence (5´ to 3´) 
FIP GCCGTTTGGTTATTTGTCCACCACGGATTTAAGCCCTTTCG 
BIP ACCCAACCTTTAACCCCTGAAAATTCGTCCGTTATATGTGATCC 
F3 GTACAACAACAATGGTTTCCC 
B3 AATGGTTGAAGAACGTGTGA 
LoopF CGGTTGCATGAAATTGCCA 
LoopB GCGGTTATTAGTTTTGGATGGC 

 
The specificity of the assay was assessed by detecting P. oryzae, R. solani, H. oryzae and S. oryzae 
(Figure 1). Genomic DNA was extracted from pure fungi cultures on PDA media. Replicate assays 
containing 5 ng of purified genomic DNA from four different fungi as mentioned above were 
performed with LAMP. As expected, only gDNA from P. oryzae (Pathotype 1, 7, 9 and 15) were 
amplified successfully. This indicated that the primers are very specific on P. oryzae. 

http://geneall.com/
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Figure 1: Specificity test of the assay. Gel electrophoresis images of corresponding LAMP reactions 
performed on different sample (P1.0 = P.oryzae Pathotype 1.0, P7.0 = P. oryzae Pathotype 
7.0, P9.0 = P. oryzae Pathotype 9.0, P15.0 = P.oryzae Pathotype 15.0, R = R. solani, H = H. 

oryzae, S = S. Oryzae, -ve = No template control). Each lane is a representative of at least 3 
experimental replicates.  

 
To determine the sensitivity of the assay (Figure 2), gDNA concentration ranging from 0.0001 ng to 1 
ng were used to perform LAMP. From the picture of gel electrophoresis, successful amplified DNA 
was observed in gDNA sample 0.0005 ng and higher DNA concentration samples. No bands were 
observed when the amount of input gDNA was below 0.0005 ng which was same as the control 
reaction containing no genomic DNA. 
 

 

Figure 2: Sensitivity test of the assay. Gel electrophoresis images of corresponding LAMP reactions 
performed on different concentration of P. oryzae gDNA sample (1 ng, 0.1 ng, 0.01 ng, 
0.001 ng, 0.0005 ng, 0.0001 ng). Each lane is a representative of at least 3 experimental 
replicates. 

 
Conclusion 

 
In conclusion, the LAMP primers are specific for P. oryzae detection. This assay is a potential 
diagnostic method for on-site application in the future because of it offers rapid, sensitive, requires 
minimal equipment and less skilled labours. 
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Introduction 

 

Papaya fruit is of considerable economic importance in Malaysia accounting for 21% of the global 
export market in 2004 (Chan and Baharuddin, 2010). However since 2005, papaya production in 
Malaysia faced a major threat from Papaya dieback disease which caused rapid decline in production. 
The disease affects all popular export varieties such as Eksotika, Solo and Sekaki and is characterized 
by leaf spot as well as greasy spot and water soaked lesions in all of the plant parts including leaves, 
fruits and stem. Later, dieback of the infected shoot occurs, leading to the destruction of the papaya 
trees (Noriha et al., 2011). In 2009, the disease has destroyed nearly one million trees or about 800 ha 
out of 2100 ha papaya growing areas. Total yield loss was estimated 200,000 tons, equivalent to USD 
60 millions (Chan and Baharuddin, 2010). The causal agent of papaya dieback disease was first 
reported as Pantoea agglomerans in 2005 (Mohamed and Wan Kelthom, 2005) and later as Erwinia 

papayae in 2008 (Maktar et al., 2008). Recently the disease was confirmed to be caused by Erwinia 

mallotivora based on phenotypic observations, biochemical analysis and genetic studies (Noriha et al., 
2011). Early detection of the disease symptoms and destroying the affected plants seems to be the best 
control strategies at the moment.   
 
Current detection and quantification methods for microorganisms are labor-intensive, costly and/or 
inaccurate (López et al., 2009). Polymerase chain reaction (PCR) has been the commonly practiced 
method for detecting of microorganisms which can detect extremely low levels of the bacteria. 
However, PCR is labor-intensive and generally requires users with advanced knowledge of the 
methods. Traditionally, enzyme-linked immunosorbent assay (ELISA) is one of the most sensitive 
and frequently used methods for estimation of pathogens (i.e. bacteria) and lipopolysaccharide (LPS) 
molecules (Freudenberg et al., 1989). Antibodies (Ab) have historically proven to be excellent 
diagnostic and therapeutic tools due to their small size, ability to withstand high temperatures and 
ability to remain stable in aqueous solutions. Animal immunization has provided a wealth of valuable 
antisera and antibodies as research agents (Jobling et al., 2003). 
 
Therefore, accurate and rapid identification of dieback disease is essential for effective disease 
control. Lateral flow immunoassay (LFIA), widely employed in the diagnosis of plant pathogens, is 
considered as an efficient tool used for `point-of-care' or `in-field' pathogen detection (Boonham et al., 
2008). An LFIA typically consists of a nitrocellulose membrane strip on which pathogen-specific 
antibodies are immobilized. These specific antibodies are bound to nanoparticles that are often made 
of colloidal gold, latex or silica to facilitate visual detection (Posthuma-Trumpie et al., 2009; De Boer 
et al., 2012). Lateral-flow immuno chromatographic assays (dip-stick format) have simplified and 
expedited end-user available diagnostics in human health, food safety, and more recently in plant 
protection (Posthuma-Trumpie et al., 2009). This project will focus on the development of a simple, 
rapid and reliable test for diagnostic laboratories and enabling onsite dieback diagnosis in the field.  
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Materials and Methods  

 
Bacterial strains and culture condition 

 
Erwinia mallotivora were grown in Luria Bertani (LB) agar and grow in room temperature (24-25oC) 
or 28-30oC, 48 hours and were then grow in broth medium at room temperature in shaker incubator 48 
hours. After centrifugation of culture media, sedimented bacteria were harvested and used as an 
antigen for antibody production. 
 

Preparation of polyclonal antibody (IgG) against E. mallotivora 

 
Two New Zealand white rabbits (NZW; female, 2.8-3.0 kg, 11-13 weeks old) were used for the 
immunizations. The first injection was an emulsion of live cells with complete freund adjuvant (CFA) 
in 1:1 mixture (v/v), while for the booster injections; the live cells was mixed with incomplete 
freund’s adjuvant (IFA). The immunogen was subcutaneously injected with maximum injection of 1.5 
mL per route and followed by three booster injections at two weeks interval. Test bleed was carried 
out after 10 days each booster immunization in order to check the ability of rabbit immune system. 
The first bleed serum was obtained after two weeks of third booster injection. Total rabbit IgG was 
determined by quantitative ELISA prior to antibody purification. Protein A chromatography is used 
for the purification of polyclonal antibodies. Prior to chromatography run, the serum sample (from 
terminal bleeding of rabbits) is purified through Protein A chromatography by using AKTA Explorer 
System 100 (GE life Sciences). 
 
Preparation of gold-polyclonal antibody (IgG) conjugate  

 
Colloidal gold nanoparticles sizes of 40 nm were conjugated with polyclonal antibody were purchased 
from Kestrel BioSciences (Thailand) following standard protocol. Resulted conjugate was filtered 
through 0.45 μM filter to clean the conjugate from any of free antibody and BSA and stored at 4ᴏC. 
Prior to use for coating the resulted conjugate solution was mixed with 10% (w/v) sucrose and 5% 
(w/v) trehalose and must be coated on conjugate pad within 1 week only.  
 
Lateral flow immunoassay (LFA) strip  

 
The LFIA consisted of a sample pad, conjugate pad, immobilized nitrocellulose membrane, and 
absorbent pad. A schematic diagram of the LFIA is shown in Figure 1A.  
 

  

Figure 1:  Design of the lateral flow immunoassay strip. (A) Schematic diagram. The conjugate pad 
was dispensed with gold-polyclonal anti- E. mallotivora. At the test line and control line 
position, anti-E. mallotivora and goat anti-rabbit IgG were immobilized, 
respectively. Lateral flow immunoassay system (B) Interpretation of the results. i, negative 
(only the control line area shows a red band) and ii, positive (2 red bands at the readout 
zone). 

 

1A 1B 

https://www.frontiersin.org/articles/10.3389/fmicb.2016.01451/full#F1
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Detection principle and test procedure 

 

The lateral flow immunostrip which consists of sample pad, conjugate pad (containing the conjugated 
pAb-AuNPs), membrane pad and adsorbent pad was constructed and assembled. The gold-polyclonal 
conjugate in PDB was coated on conjugate pad (Whatman GF33, Kestrel BioSciences) manually 
using micropipette and dry at 37oC for 2 h. To prepare 1 mg/mL of control line (C), 250 μL of 2 
mg/mL goat anti-rabbit IgG (Pierce) was added onto 250 μL of 0.02 M phosphate buffered (PB). Goat 
anti-rabbit IgG were then applied on test pad (Milipore) manually and dry at 37oC for 2 h. For test line 
(T), 2 mg/mL of   anti- E. mallotivora IgG in 0.02 M PB with 1 % (w/v) sucrose was used. Anti- E. 

mallotivora IgG was applied on test pad manually and dry at 37oC for 2 h. 
 
Specificity and sensitivity of lateral flow immunoassay strip 

 

Plants pathogenic (E. papayae, Erwinia pyrifoliae, Pseudomonas spp., Pantoea agloomerans and 
Erwinia chrysanthemi of the pure cultures bacteria were used to examine the specificity of the LFIA.   
During the test, the sample solution was pipetted onto the sample pad. For a positive sample, the anti 
E. mallotivora IgG reacted with the (Au)-antibody conjugate to form a complex when the sample 
flows through the conjugate pad. Then, the complex was captured by anti-E. mallotivora, forming a 
red band at the test line. Otherwise, no signal could be seen in the test line when a negative sample 
was used. Excess (Au)-antibody conjugate binds to the goat anti rabbit IgG in the control line, 
forming another red band (Figure 1B). Therefore, for the LFIA developed in this study, the 
appearance of two red bands in the read-out zone indicates a positive test and only one red band in the 
control line indicates a negative test (Figure 1B). In practical terms, the LFIA is laid on a flat bench 
and 100 μL of samples is added to the sample hole. The result is available in 15 min. 
 
Sensitivity test was determined using serial 10-fold dilutions of PBS suspensions of pure cultures of 
E. mallotivora at a range of concentrations from 10 to 108 CFU mL-1. Tests with LFIA were 
performed as described above, and the limit of detection was determined as the lowest concentration 
that produced a visible positive test line. Samples were tested by LFIA in triplicate.   
 

Results and Discussion 

 

Papaya dieback disease is a very serious disease for papaya plants. E. mallotivora species was 
identified as disease agent for dieback disease. Antibody produced against E. mallotivora is very 
useful for development of immunodiagnostic technology that can be used as a diagnostic tool for early 
detection of dieback disease outbreak in papaya industry in Malaysia. To address the problem, the 
development of simple, rapid, sensitive and accurate diagnostic methods for dieback disease has 
become an urgent focus.  
 
Specificity test 

 

The specificity test of the developed LFIA for detection of E. mallotivora was tested with other plant 
pathogen bacteria. The result showed in Figure 2 showed that the developed LFIA only gave positive 
result when tested with E. mallotivora while other pathogen gave negative results indicating that the 
developed LFIA was specific to E. mallotivora. 
 
Sensitivity test 

 

The sensitivity test of the strip is measured by the minimum detectable concentration of E. 

mallotivora that caused the colour of the test line (T) to become obviously invisible than the control 
line (C). The sensitivity test for the test strips was carried out by testing different concentrations of E. 

mallotivora ranging from 1x101 to 1x 108 CFU mL-1. Results in Figure 3 showed that the sensitivity 
test of the developed LFIA kit was at 1 x 105 CFU mL-1. 

https://www.frontiersin.org/articles/10.3389/fmicb.2016.01451/full#F1
https://www.frontiersin.org/articles/10.3389/fmicb.2016.01451/full#F1
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The LFIA developed in this study provides an alternative diagnostic test that combines the advantages 
of enough specificity and sensitivity, low cost, and rapid and simple operation, which make it 
especially appropriate for on-site analysis. An inexpensive, user-friendly paper-based detection and 
quantification tool could allow growers to act immediately in controlling the harmful pathogen and to 
make decisions if further control measures are necessary (i.e., chemical, biological, or cultural). This 
would reduce the risk of the harmful bacteria and in turn lower the environmental impact, by allowing 
growers to use preventative measures only when necessary. 
 

 

Figure 2: Specificity test of developed LFIA strips tested with other plant pathogens. 1: E. 

mallotivora, 2: Erwinia pyrifoliae, 3: Erwinia chrysanthemi, 4: Pantoea agloomerans and 
5: Pseudomonas spp. Each figure is a representative of at least 3 experimental replicates. 

 

 

Figure 3:  Sensitivity test of the developed LFIA strips with different E. mallotivora concentration; 
1:101 cfu/mL, 2 : 102 cfu/mL, 3: 103 cfu/mL, 4: 104 cfu/mL, 5: 105 cfu/mL - 106 cfu/mL, 7: 
107 cfu/mL, 8: 108 cfu/mL E. mallotivora. 

 

Conclusion 

 
Lateral flow immunoassay kit for detection of dieback disease in papaya was successfully developed 
and tested. This kit was developed based on immunoassay platform with the use of nanogold 
conjugated polyclonal antibody against E. mallotivora. The developed strip is able to detect the 
presence of E. mallotivora as low as 105 pfu/mL. The specificity of this strip also was evaluated by 
performing cross reaction test with plant pathogenic bacterial. Cross reactivity against other bacteria 
such as Erwinia pyrifoliae, Erwinia chrysanthemi, Pantoea agloomerans and Pseudomonas spp. 
yielded negative results. 

  1                   2                   3                  4                 5                   6                   7                  8      
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Introduction 

 
Stingless bees forage pollen grains from various plant sources and store them in specialised containers 
(known as pollen pots) to be fermented of which later will be used to feed young larvae. These pollens 
are compacted and over the time they turn sour due to the fermentation - now regarded as bee bread 
(Kieliszek et al., 2018). Thanks to biotechnology advancement, the bee bread can be used to assess 
the plant species visited by the worker bees and this information will aid researchers and farmers to 
better understand the ecological need of stingless bees, hence, improve stingless bee keeping. DNA 
technology can be used to analyse pollen botanical sources of the bee breads through nucleotide 
sequencing and metabarcoding approach. DNA barcoding (or DNA metabarcoding) is one of recent 
platforms to study species diversity and interestingly it can be applied to access complex botanical 
sources of pollen collected by pollinators (Bell et al., 2016). This approach is regarded as having 
better accuracy, comprehensiveness and species resolution in determining plant-pollinator relationship 
network compared to the conventional method of microscopic plant-pollen characterization (Bell et 
al., 2016) and direct observation (Figure 1). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Heterotrigona itama workers observed to be visiting different flowers including a) Bidens 

pilosa (Spanish needle), b) Melastoma sp. (Senduduk), c) Durio zibethinus (durian) and d) 
Dendrobium crumenatum (Dove orchid). Pollens are collected on their hind legs and later 
stored in pollen pots inside their hives. 
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However, the success of sequencing species-specific DNA barcode, such as rbcL, from stored pollen 
(or bee bread) is highly dependent on the retrievability of DNA from the pollen materials. In this 
study, we managed to extract total DNA from bee breads accumulated by stingless bees 
(Heterotrigona itama) and successfully amplified rbcL partial region in all extracted DNA samples. 
Here we showed that DNA is recoverable from bee bread thus giving access to subsequent study on 
plant-pollinator relationship via molecular approach. 
 

Materials and Methods 

 

Bee bread sampling 

 
A dedicated plot of stingless bee hives was established near a gene bank forest reserve at MARDI 
Serdang, Selangor, Malaysia. All bee bread samples were harvested from healthy colonies at this plot 
in July 2018 (Figure 2) and the main flower season at this time could not be accurately determined 
since the forest nearby was comprised of multiple species of trees and shrubs. These samples were 
stored in 4oC and used for extraction within a week of storage.  
 
DNA extraction and purification 

 

100 gram of bee bread from each colony was prepared prior to DNA extraction. Mechanical 
disruption was done using two methods; grinding using mortar and pestle followed by disruption 
using glass bead beater (Figure 2). For DNA extraction and purification, two kits were used - 
FavorPrepTM Plant Genomic DNA Extraction Mini Kit (Favorgen) and DNeasy Plant Mini Kit 
(Qiagen). All steps were carried out using each manufacturer’s protocol with a slight modification by 
adding proteinase K to aid protein digestion since bee breads are rich in protein (Kaplan et al., 2016). 
 
rbcL partial gene amplification from pollen DNA 

 

Primers targeting rbcL region were designed based on Pornon et al (2017) with an expected 
amplicons size of ~500 bp (rbcLaf: 5’-ATGTCACCACAAACAGAGACTAAAGC; rbcLr506: 5’ 
AGGGGACGACCATACTTGTTCA). The PCR was performed on Peltier Thermal Cycler 200 (MJ 
Research) and the temperature cycle parameters were set up as follows: initial denaturation at 95°C 
for 2 min, denaturation at 95°C for 30 s, annealing at 50°C for 1 min 30 s, extension at 72°C for 1 
min, and final extension at 72°C for 5 min (Figure 3).  
 

 
Figure 2: Bee bread (compacted pollens) samples were collected from active stingless bee colonies (5 

hives) at the research plot in the morning. The bee breads were brought to the lab and 
ground in liquid nitrogen using mortar and pestle. Disruption using glass beads were also 
employed. 
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Figure 3: Quantification and quality analysis of DNA was done using NanodropTM spectrophotemetre. 

Annealing temperature (Ta) of rbcL primers and PCR steps were investigated and 
optimized.  

 
Results and Discussion 
 
In this part of study, we had successfully extracted DNA from bee bread (Table 1) and the barcode 
region rbcL was able to be amplified in all samples (Figure 4) even in less pure samples (sample 1 and 
3). The retrievability of DNA and amplificability of rbcL is the two main aspects to be considered 
before the samples can proceed for subsequent metabarcoding sequencing. There were several factors 
that might affect the DNA purity in this study and it was most highly due to high phenolic compounds 
and other secondary metabolites contained in the pollens (Sahu et al., 2012; Lucchetti et al., 2018). 
  
Downstream procedure could have been employed to increase the DNA purity but the greater aim of 
this particular activity was to amplify the target rbcl partial gene region from bee bread samples 
which had been successfully achieved. With these rbcl amplicons (Figure 4), construction of rbcL 
library of the bee bread samples and subsequent metabarcoding sequencing now can be carried out. 
The results of this activity signify our first successful attempt of DNA extraction and rbcL PCR-
amplification from Malaysian H. itama bee breads or pollens. 
 
Table 1: DNA extraction using FavorPrepTM Plant Genomic DNA Extraction Mini Kit (Favorgen) 

yields better results when compared to DNeasy Plant Mini Kit (not shown) in terms of DNA 
purity based on 260/230 and 260/280 ratios. 

Sample no. Sample ID Sample mass (g) ng/uL 260/230 260/280 Kit brand 
1 Colony 1 100 54.52 1.5 1.8 Favorgen 
2 Colony 2 100 163.57 1.78 1.92 Favorgen 
3 Colony 3 100 97.47 1.48 1.88 Favorgen 
4 Colony 4 100 305.38 1.85 2.04 Favorgen 
5 Colony 5 100 229.64 2.05 2.04 Favorgen 
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Figure 4: Successful amplification of rbcL region (570 bp) from five bee bread samples (1 to 5). “-ve” 

is no-template control (water to replace DNA template). “+ve” is positive control (Plant 
gDNA template, 10 ng, according to fluorometric quantification). Only 1 uL of PCR product 
was run on 1.7% TAE agarose gel at 100V, 65 min.  

 

Conclusion 

 

In this study, we have demonstrated that DNA is retrievable from bee bread (fermented pollen grains) 
from Malaysian stingless bees H. itama and the PCR-based amplification of cytochrome oxidase 
subunit 1 (CO1) barcode gene is obtainable.  This step is very critical before any samples can be used 
for DNA sequencing and metabarcoding analysis in determining botanical sources of the bee bread. 
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Introduction  

 

Composting organic waste materials such as peanut and garlic skins is a managed process which 
utilizes microorganisms naturally present in organic matter and soil to decompose organic material. 
Even though the route of managing the waste is persist, a novel method to convert these waste-to-
wealth is needed especially to curb the woes in the presence paddy dilemma- apple snails (Pomacea 

spp) (Halwart, 1994; Litsinger & Estano, 1993).  
 
Apple snail is an aquaculture pest for paddy industries (Teo, 2001). It inhibits the paddy field in 
selected areas of Peninsular Malaysia especially Kedah, Kelantan, Perak and the borders of Penang-
Perak states of Malaysia. Many approaches have been done to combat the problem of apple snail such 
as chemical and biological approaches. However, the problem is still persist and ongoing (Arrighetti 
et al, 2018). Moreover, long term effect on the accumulation of chemical fate residues in rice along 
the value chain has not been studied (Huang et al, 2018). 
 
Realizing the needs to combat the problem of apple snails through biological approach, garlic and 
peanut skin has been selected as raw materials to produce a biological control for this invasive pest. 
The selection of these materials are based on certain prospects; an abundance of the waste materials in 
Malaysia; availability of the waste for extraction; the presence of saponin in garlic and peanut skin 
(saponin has been successfully proven by previous study to biologically control the apple snails) 
(Brito et al., 2018). Due to the above-mentioned parenthesis, this experiment was carried out to study 
the effects of garlic skin and peanut skin extracts on apple snail. The aggregations of extracts were 
also studied to determine the formation of colloidal materials in the natural occurrence. 
 
Material and Methods 

 

Extraction of garlic skin on apple snail 

 

5 g of garlic skin in 300 mL of distilled water were heated. The solution was heated until decreased to 
200 mL. The solution was kept cooled. The apple snail was put into the beaker. The reaction with 
garlic skin extract and the apple snail was observed. 
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Extraction of peanut skin on apple snail 

 

10 g of peanut skin in 300 mL of distilled water were heated. The solution was heated until decreased 
to 200 mL. The solution was kept cooled. The apple snail was put into the beaker. The reaction with 
peanut skin extract and the apple snail was observed. 
 
Particle size analysis 

 

The dynamic light scattering (DLS-Omnibrook) technique has been used to determine the size of the 
colloidal aggregates. Samples such as peanut and garlic skin extract was put inside the cuvette, 
respectively. The particle solution software was run to analyze the particle size of sample extract.  
 

Results and Discussion 

 

Table 1 shows the reaction of garlic skin extract on apple snails. Based on the result, garlic skin 
extract showed cidal effect towards apple snail. The duration of survival was around 8±1 minute for 
apple snail to react with garlic skin extracts. 
 
Table 1: Reaction with garlic skin extract. 

Durationa Observation 
After a few seconds Apple snail comes out from shell 
After 2 minutes It has movement 
After 5 minutes The shell move downwards and stick inside 
After 8 minutes The extract showed cidal effect to apple snail 

a
The duration of observation is based on the average time taken. 

 
Table 2 shows reaction of peanut skin extracts on apple snails. Based on findings, peanut skin extracts 
showed cidal effect towards apple snail. The duration of survival of apple snail was 5±2 minutes for 
peanut skin extracts. 
 
Table 2: Reaction with peanut skin extracts. 

Durationa Observation 
After a few seconds  Apple snail was not come out from shell 
After 2 minutes It moves rapidly in the container 
After 5 minutes The extracts showed cidal effect to apple snail 

a
The duration of observation is based on the average time taken. 

 
The apple snail shows cidal effects for peanut and garlic skins, respectively. The cidal effects of 
peanut and garlic skins can be observed through the immobility/ dormant of apple snail movement 
and the operculum has been exposed (opened) as shown in Figure 1.   
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Figure 1: The overview picture of the apple snail anatomy. 

 
The influence of garlic and peanut skin extracts on apple snail has shown different time frame of cidal 
effects. Based on the observations, the cidal effect of peanut skin extract is better than garlic skin at 3 
minutes time interval. Hypothetically, the saponic contents of peanut skins are higher than garlic skins 
(Duncan et al., 2006). However, this statement needs further investigation and research. 
 
Based on Table 3, the particle size of peanut skin was smaller than particle size of garlic skin. Hence, 
the colloidal aggregates of peanut skins extract comprising saponic compound are able to penetrate 
into apple snails system effectively compared to the garlic skin extract. The size of the particle plays 
an important role for the penetration proses into the snail (Kojima et al., 2018). The penetration 
process into the snails; either infusion or diffusion are proven to give a cidal effect to the snails body 
system at the biopesticide particle size of micro meter level. 
 
Table 3: Particle size analysis. 

Extracts Size (μm) 
Garlic skin 1.381±0.312 
Peanut skin 1.114±0.215 

 

Conclusion  

 

In a summary, the reaction between apple snail with the extracts of garlic and peanut skin increase the 
mortality rate of the pest, respectively. Reaction with the extracts of peanut skin in the form of smaller 
size 1.381±0.312 μm is more cidal than garlic skin extracts (1.114±0.215 μm).  
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Introduction 

 
Most of the metabolite compounds are still extracted from the entire plant, resulting in low yields with 
high cost (Ee et al., 2013). Several studies suggested that the production of plant secondary 
metabolites can be improved using tissue culture technique (Bourgaud et al., 2001; Luczkiewicz et al., 
2002). Shukor et al. (2013) has identified 12 chemical compounds in P. minus leaf cell culture where 
these compounds do not exist in real plants. An alternative method to obtain secondary metabolites is 
through plant in vitro culture such as root culture. Root culture is one of the less studied part of a plant 
compared to shoot. Majority of biotechnology research focuses more towards hairy root culture which 
exhibits a rapid growth rate, high productivity and genetic stability. Most observations reported that 
hairy root culture displayed high productivity of secondary metabolites such as in Plantago 

lanceolata, Datura stramonium and Scutellaria baicalensis (Baiza et al., 1998; Fons et al., 1999; 
Tiwari et al., 2008). However, contradiction was observed in the normal root culture of Coluria 

geoides which produced higher concentration of eugenol than in the hairy root culture (Olszowska et 
al., 1996). 
 
Plant growth regulators are a major factor in controlling growth, morphogenesis in differentiation and 
metabolic activity of cultured tissue (Ramawat and Sonie, 1999). Auxin is responsible for cell 
enlargement, cell wall synthesis and enhancement of rooting (Tamas et al., 1992). Auxin such as 
NAA, IBA and IAA are widely used in promoting of rooting (Ugraiah et al., 2013; Yusuf et al., 
2013). IBA and NAA are common auxin used to determine their ability to improve normal rooting 
(Copes and Mandel, 2000). Some authors have reported that the IBA is a better root inducer than 
NAA (Mackay et al., 1995; Mhatre et al., 2000; Leonardi et al., 2001). Root of Cercis canadenis var. 
Mexicana formed in the presence of NAA is thick and non-branching while finer and branching in the 
presence of IBA (Mackay et al., 1995). High concentration of auxin is capable in producing callus 
(Ndoye et al., 2004) and short root formation in few plant species (Thiem, 2003). 
 
Kesum or Polygonum minus (P. minus) is a popular aroma herb derived from the Polygonaceae 
family. However, no further studies were conducted to determine the optimum culture media content 
for producing P. minus normal root. Therefore, this study was carried out with the aim to determine 
the optimal conditions for P. minus normal root formation by focusing on the types and 
concentrations of plant growth regulators together with the forms and positions of media. 
 

Materials and Methods 

 

Normal root induction was performed by placing 2.0 cm sterile nodal explants on the MS liquid media 
containing different types and concentrations of auxin, which were NAA (0.5, 1.0, 1.5 and 2.0 mg/L) 
and IBA (0.5, 1.0, 1.5 and 2.0 mg/L). Each bottle jar was placed with three nodal explants. Liquid and 
solid MS media without plant growth regulators were used as control treatments in the experiment. 
All these treatment and control cultures were grown in static or shake condition on an orbital shaker in 
a culture room at 25±2ºC under 16-hour photoperiod pendaflour light. This study utilised a 
randomised complete block design (RCBD) with 3 replications where each replication contains 5 jar 
bottles per treatment. Experimental design is shown in Table 1. Data for root length (cm), root weight 
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(g) and normal root quality were recorded after the explant reached 2 months old. Statistical analysis 
was determined by one-way Analysis of Variance (ANOVA) using Statistic Analysis Software 9.4 
programme (SAS 9.4). Analysis was carried out using Duncan's Multiple Range Test (DMRT). 
 
Table 1: Experimental design for normal root induction study of Polygonum minus. 

Code Plant growth regulator (mg/L) 
NAA                  IBA 

Media form Media position 

T1 0.5 0 Liquid Shake 
T2 1.0 0 Liquid Shake 
T3 1.5 0 Liquid Shake 
T4 2.0 0 Liquid Shake 
T5 0 0.5 Liquid Shake 
T6 0 1.0 Liquid Shake 
T7 0 1.5 Liquid Shake 
T8 0 2.0 Liquid Shake 
T9 0.5 0 Liquid Static 
T10 1.0 0 Liquid Static 
T11 1.5 0 Liquid Static 
T12 2.0 0 Liquid Static 
T13 0 0.5 Liquid Static 
T14 0 1.0 Liquid Static 
T15 0 1.5 Liquid Static 
T16 0 2.0 Liquid Static 
C1 0 0 Liquid Shake 
C2 0 0 Liquid Static 
C3 0 0 Solid Static 

 

Results and Discussion 

 
The fresh weight of normal root produced by the explant is influenced by the type and concentration 
of plant growth regulators (PGR) used in media. For instance, fresh weight of normal root for nodal 
explants in liquid MS media supplemented with 0.5 mg/L NAA and shaken demonstrated the highest 
yield value (0.38 g) compared to other treatments including controls (Figure 1). Similar results have 
been reported in the Kaempferia galanga and Kaempferia rotunda (Geetha et al., 1997). 
 

 
Figure 1: Fresh weight of Polygonum minus normal root in different treatments. 
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Like NAA, IBA also showed the highest fresh weight of normal root in the concentration of 0.5 mg/L 
on shaking media condition, which was 0.34 g. However, its fresh weight value was lower than that of 
NAA. The same result also recorded on IBA with 1.0 mg/L concentration. According to Hartmann et 
al. (2007), IBA is the strongest, stable and less toxic of auxin that is widely used as a root booster 
hormone for most species including Panax bipinnatifidus (Thach et al., 2014), Clinacanthus nutans 
(Chen et al., 2015) and Wattakaka volubilis (Vinothkumar and Senthilkumar, 2015). However, for 
some plant species such as Citrus tangerina (Nwe et al., 2014), NAA is stated to be the most suitable 
auxin for normal rooting of nodal explants including P. minus. There were also some species showing 
the same rooting response to NAA and IBA like Punica granatum where MS media at full strength 
containing 0.5 mg/L NAA and 0.5 mg/L IBA showed the best rooting results, respectively (Singth et 
al., 2014). The combination of both NAA and IBA hormones is very successful for some species in 
normal root production; for example, on the rooting of Eriobotrya japonica (Abbasi et al., 2013). 
 
Normal weight of fresh roots that decreased when the NAA concentration increases from 0.5 to 2.0 
mg/L indicates that the effect of inhibition from using high concentration of plant growth regulator. 
This phenomenon has been also reported in Mentha piperita (Ghanti et al., 2004) and Citrus tangerine 
(Nwe et al., 2014). Observation by Rai et al. (2009) suggested that auxin at high concentration causes 
the production of degradative metabolites to increase and inhibit root growth processes. 
 
The liquid media position at static or shaking condition affects the normal root production of nodal 
explants. This was evidenced by the production of low normal fresh root weight in the liquid media, 
which was static rather than shaking for each NAA and IBA concentration used in this experiment 
including the control treatment. IBA showed a significant decrease in root weight for media that are in 
a static condition rather than shaking for each concentration used. Mehrotra et al. (2007) stated that 
growth rate of shoot and root can be enhanced via forced aeration in liquid culture media that are 
continuously shaken. Continuous shaking on liquid media can produce enough oxygen supply and 
distribute nutrient evenly until it finally affects the fast and plentiful growth.  
 
Control treatment, which is a liquid MS media without any plant growth regulator placed in a shaking 
position (C1) produced the highest fresh weight of normal root (0.26 g) compared to other two control 
treatments (C2 and C3). There were only two treatments in this study that produced fresh weight of 
normal root higher and significantly different compared to C1, which were T1 and T5 with the 
weights of 0.38 g and 0.34 g, respectively. Treatments that produced a weight of normal roots that is 
not significant or lower than C1 were considered unsuitable as treatments of normal root production 
for P. minus nodal explant due to loss of cost, time and energy. Data of normal root fresh weight for 
C3 control treatments was lower compared to C1 and C2 proving that the normal root production of 
P. minus nodal explant was more suitable in liquid rather than solid media. Liquid media allows a 
closer relationship between media and tissue in which it can stimulate and facilitate nutrient and 
hormone uptake resulting in improved shoot and root growth (Sandal et al., 2001). 
 
Table 2 illustrates that normal root length was not the only factor contributing to the fresh weight of 
the normal root produced. For instance, the C3 control treatment produced the longest normal root of 
13.8 cm compared to the other treatments, but the fresh weight of its normal root was recorded among 
the lowest. Although T1 treatment produced a relatively moderate normal root length of 7.6 cm 
compared to the other treatments, the fresh weight of the normal root recorded was the highest among 
the others. This proved that other factors such as the number and thickness of the normal root 
produced can give an impact on the fresh weight of the normal root recorded. The root elongation 
phase is highly responsive to auxin concentration where it can inhibit root elongation at high 
concentration (Hu and Wang, 1983) resulted from ethylene production within the root zone that acts 
as an inhibitor agent (Chang et al. 2013). Situation in the treatment of T3 and T4 also occurred in 
Mentha piperita where the resulting root length decreased when the NAA concentrations used 
exceeds 1.0 mg/L (Ghanti et al., 2004). 
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Table 2: Means from DMRT for length and fresh weight of normal root  and of Polygonum minus in 
different treatments with types and concentrations of plant growth regulators on static and 
shaking position.  

Treatment Score 

Code Plant growth regulator 
(mg/L) 

Media 
form 

Media 
position 

Mean of normal 
root fresh weight 
(g) 

Mean of normal 
root length 
(cm) 

NAA IBA 
T1 0.5 0 Liquid Shake 0.38a 7.60f 
T2 1.0 0 Liquid Shake 0.28c  8.20ef 
T3 1.5 0 Liquid Shake 0.24cde 5.57g 
T4 2.0 0 Liquid Shake 0.18fg 5.07g 
T5 0 0.5 Liquid Shake 0.34b 10.87bc 
T6 0 1.0 Liquid Shake 0.21ef 10.67c 
T7 0 1.5 Liquid Shake 0.25cd 11.73b 
T8 0 2.0 Liquid Shake 0.17g 9.40d 
T9 0.5 0 Liquid Static 0.21ef 4.77g 
T10 1.0 0 Liquid Static 0.22de 7.73f 
T11 1.5 0 Liquid Static 0.17g 5.10g 
T12 2.0 0 Liquid Static 0.13hi 4.77g 
T13 0 0.5 Liquid Static 0.07j 2.63hi 
T14 0 1.0 Liquid Static 0.08j 3.20hi 
T15 0 1.5 Liquid Static 0.07j 3.53h 
T16 0 2.0 Liquid Static 0.03k 2.43i 
C1 0 0 Liquid Shake 0.26cd 7.47f 
C2 0 0 Liquid Static 0.16gh 8.77de 
C3 0 0 Solid Static 0.10ij 13.80a 
Means within a column with the same letters are not significantly different (p<0.0001) according to DMRT. 

 
The results in Table 3 displays that the normal roots characters in all treatments media including 
control in shacking position were thick, long and dark in colour (Figure 2A) except for the treatment 
of T3 and T4 where the root condition was clump (Figure 2B). When in static position, the normal 
roots formed for all treatments media were thin, short and bright in colour (Figure 2C) except for 
treatment T12 where the root condition was clump. According to Davies and Joiner (1980), high 
concentration of NAA can affect the quality and shape of the normal root produced.  
 
Table 3: Normal root characters of Polygonum minus in different treatments with types and 

concentrations of plant growth regulators on static and shaking position. 
Treatment T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 

Root character Thick Thick Thick and 
clump 

Thick and 
clump 
 

Thick Thick Thick Thick Thin Thin 

Treatment T11 T12 T13 T14 T15 T16 C1 C2 C3  
Root character Thin Thin and 

clump 
Thin Thin Thin Thin Thick Thin Thin  
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Figure 2: Normal root characters of Polygonum minus: A) Thick, long and dark colour; B) Clump; C) 

Thin, short and bright colour. 
 

Conclusions 

 

The fresh weight of P. minus normal root for nodal explant in shaking MS liquid media supplemented 
with 0.5 mg/L NAA had the highest outcome value (0.38 g) compared to other treatments including 
the controls. This proved that the fresh weight of normal root produced from the explant is influenced 
by the type and concentration of plant growth regulator used together with the form and position of 
media. 
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