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Abstract 
 
A glasshouse experiment was carried out to evaluate the influence of liquid biofertilizer, oligochitosan and 
chemical fertilizer on the growth and yield of okra. The seedlings of okra were grown in pots containing 
approximately 4 kg of soil mixture, dispersed in complete randomized design (CRD) with 5 replications for each 
treatment. This experiment consisted of 5 treatments: control (without chemical fertilizer, oligochitosan and 
biofertilizer); T1 (100% chemical fertilizer), T2 (50% chemical fertilizer, biofertilizer), T3 (50% chemical 
fertilizer, oligochitosan); T4 (50% chemical fertilizer, biofertilizer, oligochitosan) and T5 (50% chemical 
fertilizer). After completion of the experiments (57 DAT), all the plants were harvested and separated according 
to parts viz., aboveground parts (stem, leaf, flower), roots and fruits to determine the growth characteristics and 
yield of the plant. In terms of plant growth, results showed that there were no significant difference on the leaf 
dimension and plant height among the treatments. Significant difference was detected in terms of fresh weight 
and dry weight of aboveground parts excluding the fruits. The fresh weight and dry weight of aboveground parts 
excluding the fruits are greatest in okra plant treated with combination of 50 % chemical fertilizer and 
biofertilizer. This result was comparable to okra plant treated with 100% chemical fertilizer. The fresh weight of 
root for okra plant treated with combination of 50% chemical fertilizer and biofertilizer was comparable to those 
treated with 100% chemical fertilizer. In terms of plant yield, there was no significant difference shown among 
the treatments (number of fruit, fresh weight and dry weight of fruit). As conclusion, combination of all the three 
substances did not increase the growth and yield of greenhouse-grown okra. 
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Abstrak 
 

Eksperimen rumah hijau telah dilaksanakan untuk menilai pengaruh biobaja cecair, oligokitosan dan baja kimia 
ke atas pertumbuhan dan hasil tanaman bendi. Anak benih bendi ditanam di dalam pasu yang mengandungi tanah 
campuran beranggaran 4 kg, ditaburkan dalam reka bentuk rawak lengkap (CRD) dengan 5 replikasi bagi setiap 
rawatan. Eksperimen ini mengandungi 5 rawatan: kawalan (tanpa baja kimia, oligokitosan and biobaja cecair); 
T1 (100% baja kimia), T2 (50% baja kimia, biobaja cecair), T3 (50% baja kimia, oligokitosan); T4 (50% baja 
kimia, biobaja cecair, oligokitosan) and T5 (50% baja kimia). Selepas eksperimen selesai (57 DAT), kesemua 
tanaman dituai dan dipisahkan kepada bahagian-bahagian atas tanah (batang, daun, bunga), akar dan buah bagi 
penentuan ciri-ciri pertumbuhan dan hasil tanaman. Dari sudut pertumbuhan tanaman, keputusan menunjukkan 
tiada perbezaan signifikan dalam ukuran daun dan ketinggian tanaman bagi kesemua rawatan. Perbezaan yang 
signifikan didapati pada berat basah dan berat kering bahagian-bahagian atas tanah kecuali pada buah. Berat 
basah dan berat kering bahagian-bahagian atas tanah tanpa buah adalah paling tinggi pada tanaman bendi yang 
diberi rawatan gabungan 50 % baja kimia dan biobaja cecair. Keputusan ini adalah setanding dengan tanaman 
bendi yang diberi rawatan 100% baja kimia. Berat basah akar tanaman yang diberi rawatan 50 % baja kimia 
dan biobaja cecair juga setanding dengan tanaman bendi yang diberi rawatan 100% baja kimia. Dari segi hasil 
tanaman, tiada perbezaan signifikan ditunjukkan antara kesemua rawatan (bilangan buah, berat basah dan berat 
kering buah). Kesimpulannya, gabungan ketiga-tiga bahan ini tidak meningkatkan pertumbuhan dan hasil bendi 
yang ditanam dalam rumah hijau. 
 
 

 
 
 
 



 

114 
 

INTRODUCTION 
 
Prevailing agricultural practices are the key success to food security but some of them are considered 
unsustainable. One of them is the excessive use of synthetic fertilizers which will contribute to degradation of soil 
pH, topsoil, soil humus and water retention ability (Baishya, 2015). In term of sustainable agricultural practices 
(SAPs), FAO (1995) has described them to be environmentally non-degrading, resource conservation, socially 
acceptable, technically appropriate and economically viable.  
 
Application of various biofertilizers are gaining popularity in plant nutrition because of the proper maintenance 
of soil health, minimize environmental pollutions and cut down the use of chemicals. Biofertilizers may be defined 
as substances containing living microorganisms which colonizes the rhizosphere of the interior of the plants and 
promotes growth by increasing the supply or availability of primary nutrients to the target crops when they are 
applied to soils seeds or plant surfaces. Biofertilizers have the ability to mobilize nutritionally important elements 
from non usable to usable form (Roychowdhury et. al, 2014). Nuclear Malaysia has successfully developed 
biofertilizer and being named Bioliquifert. Bioliquifert is a natural, multifunction and multi-application liquid 
biofertilizer. It contains microorganisms that provide major nutrients through activities of nitrogen fixation, 
phosphate and potassium solubilisation and plant growth promotion. Bioliquifert is environmentally friendly, 
economic and easy to handle. This fertilizer is adaptable to various agricultural applications such as fertigation 
system, flooded and aerobic rice farming and vegetable crop cultivation (Rahim and Hoe, 2015). 
 
Chitosan is a natural polymer obtained from the deacetylation of chitin by highly concentrated alkaline solution 
(El-Sawy et al. 2010). Chitosan is widely used in medical and health care products, foods, wastewater industry 
and also in agriculture. As in agricultural sector, chitosan was reported to have good bioactivity properties which 
can induce antibacterial/antimicrobial activity, growth promotion effect and elicitation effect to the plants (Duy 
et al. 2011). Studies reported that chitosan with low molecular weight indicates better effects compare to the high 
molecular weight chitosan. Most of studies claimed that low molecular weight chitosans with average Mw, 
5000Da – 10000Da indicate special bioactivity properties which are different from the ordinary high molecular 
weight chitosan (Duy et al. 2011; Makuuchi 2010). Low molecular weight chitosan or oligochitosan can be 
obtained from degradation of high molecular weight chitosan by chemical, enzymatic degradation or ionizing 
radiation such as gamma radiation and electron beam. Gamma radiation was claimed as green technology can 
induce breakage of glycosidic linkages in chitosan to produce chitosan with shorter chain which known as 
oligochitosan. Oligochitosan acquired from this process can used directly without any purification (Zyball 2004). 
Nuclear Malaysia has successful developed oligochitosan through gamma irradiation of chitosan. Yacob et al. 
(2013) reported that oligochitosan act as growth promoter during rice seedling period of 1st day to 15th day and 
from blast lesion index, which mean oligochitosan treatment has shown an effective elicitor which can protect 
rice plant from blast disease. Foliar application of oligochitosan at early growth stage enhances growth and 
functional components of tomato and eggplant (Salma et al., 2017). 
 
Studies on the synergistic effect of biofertilizer and oligochitosan on plant had been carried out. Narandelger et al 
(2015) found that combination of both biofertilizer and oligochitosan can be used to promote growth and yield of 
tomato in the greenhouse. Agbodjato et al. (2015) also reported on improved growth of maize when treated with 
combination of chitosan and rhizobacteria. The aim of this study was to evaluate the growth and yield of okra 
using combination of biofertilizer and oligochitosan in the presence of reduced dose of chemical fertilizer under 
greenhouse conditions. 
 
 

MATERIALS AND METHODS 
 
Preparation of okra seedling 
 
Jiffy pots were placed in tray. The pots were allowed to sit in water until they fully expanded. The excess water 
was discarded. Indian Ocean Okra, Abelmoschus esculentus (L.) seeds were put into the soaked jiffy pots. Each 
jiffy pot occupied one seed. The moisture of jiffy pots were maintained during the whole time (Figure 1). After 
several days, the seed will germinate and ready for transplanting. 
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Figure 1. The okra seeds and the germination of seeds in swollen jiffy. 

 
 
Preparation of soil and pot 
 
Soil mixture of topsoil and compost at the ratio 2:1 was prepared and transferred into pot. The pots were placed 
in greenhouse. The average weight of the soil in the pot was determined and used in the calculation of chemical 
fertilizer to be applied. Before transplanting, the soil was watered until water was observed draining out from the 
bottom of the pot.  
 
 
Preparation of liquid biofertilizer and oligochitosan 
 
In this study, the liquid biofertilizer used was the BIOLIQUIFERT. It contains bacterial strain designated as P2 
and P3 which were isolated from compost. Single colony of P2 and P3 from 24 hours culture plate was picked 
and inoculated into Schott bottle containing sterile NB (100 mL).  It was incubated in incubator shaker at 150 
rpm, 28 + 2ºC for 24 to 48 hours. This will be used as stock culture having ~109 cfu/mL. Next, this was inoculated 
into Schott bottle containing NB (1 000 mL). It was incubated in incubator shaker at 150 rpm, 28 + 2ºC for 24 to 
48 hours. The final concentration of the P2 and P3 in the fermentation broth was 109 cfu/mL. This broth was 
maintained at 4oC until utilization as inoculant. Oligochitosan used in this experiment was produced in-house by 
another project team in Malaysian Nuclear Agency. Concentrated oligochitosan was diluted using tap water to the 
concentration required prior to usage. 
 
Glasshouse experiment 
 
The experiment with Indian Ocean okra was implemented in a greenhouse at Agrotechnology and Biosciences 
Division of Malaysian Nuclear Agency. Transplanting of okra seedlings was carried out on 11 DAS. Immediately 
after transplanting, seedlings were sprayed with oligochitosan (100 ppm) according to treatment. On the next day 
after transplanting, liquid biofertilizer (50 mL, 109 cfu/mL) was applied to the soil according to the treatment. The 
next application of liquid biofertilizer was a month later. 
 
Different NPK fertilization levels associated or not with the inoculation of liquid biofertilizer (BIOLIQUIFERT) 
and application of oligochitosan were evaluated. The assay was composed of the following treatments : control 
(without chemical fertilizer, oligochitosan and biofertilizer); T1 (100% chemical fertilizer), T2 (50% chemical 
fertilizer, biofertilizer), T3 (50% chemical fertilizer, oligochitosan); T4 (50% chemical fertilizer, biofertilizer, 
oligochitosan) and T5 (50% chemical fertilizer). The chemical fertilizer was applied to the soil according to 
treatment once a month. Oligochitosan (100 ppm) was sprayed to the leaves and stem at morning using hand spray 
twice a week. The liquid biofertilizer was applied to the soil once a month (Figure 2). 
 
The experiment was conducted using pots containing approximately 4 kg of soil mixture, disposed in complete 
randomized design (CRD) with 5 replications for each treatment. Irrigation was carried out using drip system 
twice daily. Data on aboveground plant parts such as leaf number, diameter of stem and plant height were collected 
every two weeks. Observation on plant disease were also carried out every two weeks. After completion of the 
experiments (57 DAT), all the plants were harvested and separated according to parts i.e., aboveground parts 
(stem, leaf, flower), roots and fruits to determine the growth characteristics and yield of the plant. The plant parts 
were labelled properly according to treatment. 
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Figure 2. (a) Foliar application of oligochitosan; (b) Application of liquid biofertilizer to the soil. 
 
 
Analysis of growth characteristics of aboveground parts of plant, root and fruit 
 
Plant height was measured from the ground level to the top of the main stem using measuring tape. Plant stem 
diameter was measured 5 cm from the ground using stainless steel vernier caliper. The number of leaves present 
on each plant was counted manually. Root washing was carried out using running tap water to remove soil that 
adhered to the roots. The washed root was well spreaded and the length of the root was measured using measuring 
tape. The fruits were harvested in the greenhouse and and placed into labelled paper bags. The number of fruits 
according to treatment were counted and recorded. The fresh weight and dry weight of the cut aboveground parts 
(stem, leaf, flower), root and fruits were determined separately using laboratory balance (Bel Engineering). Drying 
was carried out using drying oven (Memmert) at 70oC for several days.  
 
Statistical analysis 
 
The data collected were analyzed using analysis of variance (ANOVA) at α = 0.05 (SPSS Statistics 22). Significant 
differences among treatment means were separated using least significance difference (LSD) test 5%. 
 
 

RESULTS AND DISCUSSION 

Assessment of aboveground plant growth characteristics 

Plant height is an important morphological component that acts as a potent indicator for availability of growth 
resources in its vicinity (Khan et al., 2008). Figure 3(a) shows the okra plant height profile according to treatment. 
Initially, irrespectively of treatment, all the plants showed little increment in height. This was the lag phase 
whereby the seedlings were adapting to new growing media and environment. After approximately 12 DAT, all 
the okra plant height increased progressively until 50 DAT. After 57 DAT, the highest okra plant was observed 
in T2 treated plant (102.360 ± 10.967 cm) and the shortest was observed in T3 treated plant (80.400 ± 18.736 cm).  
However, there was no significant difference in term of okra plant height on the different DAT i.e. 5, 12, 32, 42, 
48 and 57 DAT. These results are conformity with findings of Kamal et al. (2018) who reported on continuous 
increase in tomato height from transplanting to the day of harvesting but without significant difference among the 
treatments at all the stages. Narandelger et al. (2015) also did not observed significant difference in terms of 
tomato plant height in their study using biofertilizer and irradiated oligochitosan. Similar trend was reported by 
Agbodjato et al. (2015) for maize. On the other hand, Khateeb et al. (2018) observed significant increment of 
peace lily height when treated with high level of chitosan. Sultana et al. (2017) reported on increased of tomato 
and eggplant height when foliar sprayed with oligochitosan. Naim et al. (2017) found that nitrogen and 
biofertilizers had significant effect on roselle stem height in their field experiment. Foliar application of chitosan 
increased okra plant height significantly compared to control for both pot and field condition (Mondal et al., 
2012). 

Figure 3(b) shows the okra plant stem diameter profile according to treatment. Similar to okra plant height profile, 
all the okra plants showed little increment of the stem diameter initially. After approximately 12 DAT, the stem 
diameter started to increase progressively. At 32 DAT, the stem diameter of some okra plants started to show little 
increment or being constant while there were some continued to show progressive increment of their stem 
diameter. However, there was no significant difference in term of okra plant height on the different DAT i.e. 5, 
12, 32, 42 and 48 DAT. Naim et al. (2017) reported that there were no significant differences among the nitrogen 

(a)                                                        (b)              
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and biofertilizer treatments for the stem diameter in roselle. On the other hand, the presence of biofertilizer had 
been reported to significantly increased stem diameter in tomato (Kamal et.al, 2018) and peach transplants (Al-
Hadethi et al. 2017). 

 

 
Figure 3. (a) Okra plant height profile according to treatment; (b) Okra plant stem diameter profile 

according to treatment 
 

 
The number of leaves per okra plant on 48 DAT was shown in Table 1. There was no significant difference among 
all the treatments on the number of leaves per okra plant. The number of leaves per plant was in the range of 8.0 
– 13.0. Naim et al. (2017) also found in their study that the nitrogen and biofertilizer treatments had no significant 
on the number of leaves per plant for roselle in a field experiment. On the other hand, Agbodjato et al. (2015) had 
reported on improved number of leaves per maize plant when treated with P. fluorescens and chitosan. Chitosan 
alone had also been reported to enhanced leaves formation when sprayed on peace lily specifically at lower level 
(Khateeb et. al, 2018). Foliar application of chitosan increased number of leaves per okra plant significantly 
compared to control for both pot and field condition (Mondal et al., 2012). Based on Table 1 too, there was no 
significant difference on the leaf dimension (length, width) among the treatments. 
 
Table 2 shows the fresh and dry weight of aboveground okra plant parts (excluding the fruits) on 57 DAT. 
Significant difference was detected in terms of fresh weight and dry weight of the aboveground parts excluding 
the fruits. Post hoc using LSD showed that both fresh weight and dry weight of T2 treated okra (50% chemical 
fertilizer + biofertilizer) were significantly higher compared to control, T3, T4 and T5 treated plants. Naim et al. 
(2017) reported on the highest shoot dry weight of roselle at certain location using half doses nitrogen and 
biofertilizer. Inoculation of biofertilizer was also found to increase aerial fresh weight in other plants i.e. maize 
(Agbodjato et al., 2015), peace lily (Abbasniayzare et al., 2012) and tomato (Singh et al., 2004). Other researchers 
had reported on increased of shoot fresh and dry weight of shili using combination of microbial fertilizer and 
oligochitosan (Dzung et al., 2017) but this was not observed in this study. Based on Table 2 as well, combination 
of T2 (50% chemical fertilizer and biofertilizer) produced okra aboveground biomass (exclude the fruits) 
comparable to T1 (100% chemical fertilizer). Thus, this can reduce the usage of chemical fertilizer. 
 
 
 
 
 
 
 
 
 
 
 

(a)                                                                                            (b) 
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Table 1. Okra leaf characteristics according to treatments 
 

Treatment  Number of leaves  
per plant 
(48 DAT) 

Length of leaf 
(cm) 

(57 DAT) 

Width of leaf 
(cm) 

(57 DAT) 
Control 9.2 ± 2.8 21.133 ± 1.411 28.567 ± 1.750 

T1 (100% chemical fertilizer) 10.4 ± 4.7 20.633 ± 2.165 27.600 ± 1.251 

T2 (50% chemical fertilizer, 
 biofertilizer) 

13.0 ± 2.1 21.667 ± 1.087 27.700 ± 1.579 

T3 (50% chemical fertilizer, 
 oligochitosan) 

8.0 ± 2.1 19.467 ± 1.017 25.400 ± 1.256 

T4 (50% chemical fertilizer,  
biofertilizer, oligochitosan) 

10.0 ± 1.9 20.467 ± 2.063 27.167 ± 2.472 

T5 (50% chemical fertilizer) 8.6 ± 1.1 19.267 ± 2.699 25.733 ± 4.781 

Significance (P<0.05) 0.091(ns) 0.306 (ns) 0.342 (ns) 

N = 5 replicates; ns=not significant 
  

 
Table 2. The fresh and dry weight of aboveground plant parts (excluding the fruits) on 

57 DAT 
 

Treatment  Aboveground fresh 
weight (g) 

Aboveground dry 
weight (g) 

Control 97.566 ± 25.774    14.798 ± 4.943 

T1 (100% chemical fertilizer) 118.566 ± 30.907  16.452 ± 4.610 

T2 (50% chemical fertilizer, 
 biofertilizer) 

147.336 ± 25.539  20.708 ± 5.360 

T3 (50% chemical fertilizer, 
 oligochitosan) 

83.022 ± 31.852  11.086 ± 5.315 

T4 (50% chemical fertilizer,  
biofertilizer, oligochitosan) 

97.210 ± 20.384  13.118 ± 3.278 

T5 (50% chemical fertilizer) 82.462 ± 14.655  12.286 ± 2.365 

Significance (P<0.05) 0.004 0.029 

   N = 5 replicates 
 
 

Assessment of root growth characteristics 
 
The okra root part in this study was shown in Figure 4 while Table 3 shows the data of root length, root fresh 
weight and root dry weight on 57 DAT according to treatments. All the root growth characteristics did not showed 
significant difference among treatment except root fresh weight. Post hoc analysis using LSD showed that the 
root fresh weight also significantly higher for T1 and T2 compared to T3, T4 and T5. Combined application of 
50% chemical fertilizer with oligochitosan and biofertilizer (T4) did not give higher fresh weight of okra root. 
This showed that there was no synergy effect on okra root. The combined application of 50% chemical fertilizer 
and biofertilizer (T2) produced root with significantly higher fresh weight than other combinations and 
comparable to okra plant treated with 100% chemical fertilizer (T1). Khateeb et al. (2018) reported that peace lily 
showed significant increment in root length, fresh weight and dry weight when treated with chitosan. But this was 
not observed in this study either oligochitosan was used singly or as combination.  
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Figure 4. Okra root part according to treatments 
 

 
Table 3. Root growth characteristics on 57 DAT 
 

Treatment  Root length 
(cm) 

Fresh weight of 
root 
(g) 

Dry weight of 
root 
(g) 

Control 42.400 ± 12.157 20.092 ± 12.096  5.022 ± 3.593 

T1 (100% chemical fertilizer) 45.800 ± 5.869 35.242 ± 12.613 5.148 ± 1.401 

T2 (50% chemical fertilizer, 
 biofertilizer) 

40.500 ± 2.598 38.598 ± 23.157 6.008 ± 3.751 

T3 (50% chemical fertilizer, 
 oligochitosan) 

35.700 ± 8.758 15.406 ± 5.282 2.934 ± 1.363 

T4 (50% chemical fertilizer,  
biofertilizer, oligochitosan) 

37.600 ± 3.209 15.282 ± 2.173 3.298 ± 0.874 

T5 (50% chemical fertilizer) 37.600 ± 11.014 15.802 ± 9.907 3.218 ± 0.994 

Significance (P<0.05) 0.411 (ns) 0.016 0.224 (ns) 

N = 5 replicates; ns=not significant 
 
 
Assessment of fruit yield 
 
The okra fruit yield according to treatment on 57 DAT was shown in Table 4.  There was no significant difference 
among the treatments in terms of number of fruit, fresh weight and dry weight of fruit. Average number of fruit 
per plant for each treatment ranged from 4.2 – 6.0. Narandelger et al. (2015) reported on significantly higher 
number of fruits per plant in tomato plant treated with combination of biofertilizer and oligochitosan. 
Oligochitosan used alone had been reported to enhance fruit yield in chili (Dzung, 2017), okra (Mondal, 2012) 
tomato dan eggplant (Sultana et al., 2017) through increment of fruit numbers per plant. Application of 
biofertilizer alone had also been reported to increase fruit numbers per roselle plant (Kalil et al., 2017).  
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Table 4. Total yield of fruit according to treatment 

Treatment  Total 
number  
of fruits 

 harvested 

Number 
of fruits 
per plant 

Fresh weight 
of fruits per plant 

(g) 

Dry weight of fruits 
per plant 

 (g) 

Control 26 5.2 87.548 ± 40.169 8.272 ± 4.140 

T1 (100% chemical fertilizer) 30 6.0 88.858 ± 14.971 7.900 ± 1.196 

T2 (50% chemical fertilizer, 
 biofertilizer) 

29 5.8 91.168 ± 28.949 9.086 ± 3.099 

T3 (50% chemical fertilizer, 
 oligochitosan) 

21 4.2 54.610 ± 31.414 4.846 ± 2.857 

T4 (50% chemical fertilizer,  
biofertilizer, oligochitosan) 

25 5.0 70.844 ± 28.643 6.684 ± 2.960 

T5 (50% chemical fertilizer) 21 4.2 60.112 ± 34.307 5.698 ± 3.169 

Significance (P<0.05)  0.210 (ns) 0.282 (ns) 0.259 (ns) 

N = 5 replicates; ns=not significant 
 
 

CONCLUSION 
 

The results obtained from this study showed no significant changes in almost all growth parameter (plant height, 
stem diameter, number of leaves per plant, leaf length, leaf width, root length, dry weight of root) and yield of 
okra plant among all the treatments. There was no synergistic effect between oligochitosan and biofertilizer on 
okra plant specifically in this pot experiment. There was also no positive influence from biofertilizer or 
oligochitosan on okra plant growth and yield when being used singly with 50% chemical fertilizer compared to 
application of 100% chemical fertilizer. 
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