
4. Discussion
In both Gopalpur and Ishwardi soils, the lowest organic carbon content was observed  

with control (0.99%) and the highest carbon was with the highest rate (9 t ha-1) of rice hull 
or sawdust application . Between the two soils the result was higher for Gopalpur soil than 
for Ishurdi which could be attributed to higher clay content, 27% of the former soil 
compared to the later soil, 13% clay (Fig. 1, Table 1).  The higher clay content might be a 
cause to adsorb more carbonaceous material in Gopalpur soil compared to Ishurdi soil. In 
general, the concentration of soil organic carbon is typically higher in soils with high clay 
content due to the enhanced soil aggregation and organic matter protection provided by 
clay minerals.  

Mon et al. (2024) and Linam et al. (2023) found a positive correlation between the 
addition of compost and soil organic carbon content.  Addition of both rice hull and sawdust 
resulted in increased available N content in both soils. In Gopalpur soil it accounted 28.6% 
and 22.2% increment for rice hull and sawdust, respectively over the unamended (control) 
soil whereas in Ishurdi soil the increments were 41.9% and 37.4%, respectively.  Rice hull 
contained more N (118 mg kg-1) than sawdust did (75 mg kg-1) which value (Table 1) could 
explain the result difference between the two soils. Rice hull and sawdust signi�icantly 
increased soil MBC showing 47.6% and 19.3, respectively in Ishurdi soil. The C:N ratio 
controls the activities of soil microbes. When C:N ratio is high microbial growth becomes 
high and much carbon is immobilized by soil microbes, principally bacteria. It becomes 
stable when C:N ratio comes down to 10:1 – 12:1. In the present study, total status of soil N 
was not measured. Because the research observed the changes in available nitrogen content 
due to the addition of organic amendments in saline soi. That’s why research didn’t conduct 
total N determination.

The result suggests that the organic matter from sawdust was more biodegradable than 
that from the rice hull possibly due to higher C:N ratio in sawdust. Compared to the 100% 
chemical nitrogen (CN) treatment, the use of organic amendments signi�icantly stimulated 
microbial growth and increased the activity of most carbon-degrading enzymes (Luan et al., 
2020). According to Lamptey et al. (2019), soil respiration increased by an average of 12% 
with amendment treatments compared to no amendments.

The decreased bulk density in soils might be due to increase in soil volume for addition 
of organics having low density (could be 0.5 g cc-1). The study of Aytenew and Bore (2020) 
showed application of organic amendments lower soil bulk density values by more than 5% 
versus sole urea fertilized soil and for each 1% increase inorganic matter, soil water holding 
capacity increased by up to 3.7%. Their study also stated that organic amendments play a 
positive role in chemical characteristics of the soil including increase in organic carbon, 
organic nitrogen, microbial biomass and increased enzymatic activity. The increase in soil 

porosity is related to decrease in soil bulk density. Dong et al. (2022) observed that the 
organic amendments increased soil porosity and available water amount and decreased 
bulk density y of soil. 

5. Conclusions 
The result of the present study indicated that rice hull and sawdust varied in their 

effectiveness on the soil characteristics. Rice hull and sawdust signi�icantly improved most 
of the soil parameters (except bulk density) in Gopalpur soil whereas in Ishwardi soil the 
organic carbon content remained unaffected after rice hull and sawdust application. Field 
experiment with crops is necessary to evaluate the effectiveness of organic amendments on 
improvement of saline soil for successful crop production.
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Abstract

Boron (B) is a micronutrient which has remarkable role on �lowering and fruiting of 
crops. This element de�iciency (B) arises in Bangladesh soils and is prominent in dryland 
crops. With this idea the effect of boron (B) application on yield and quality of bitter gourd 
(Momordica charantia) was studied through an experiment at the research �ield of Soil 
Science Division of Bangladesh Agricultural Research Institute (BARI), Gazipur (AEZ-28) 
during kharif-I 2023 season (mid of March to mid of July). The main objective was to 
determine the optimum level of B for maximizing the yield and quality of bitter gourd (cv. 
BARI Karola-4). Five treatments with and without B were imposed: T1: Control, T2: 
Recommended Dose of Fertilizers (RDF), T3: 1 kg B ha-1 + RDF, T4: 1.5 kg B ha-1 + RDF and T5: 
2 kg B ha-1 + RDF. The source of B was boric acid (H3BO3) having 17% B. The common 
fertilizers were applied at a rate of 102-20-42-10-0.5 kg ha-1of N-P-K-S-Zn in the form of 
urea, triple super phosphate, muriate of potash, gypsum and zinc sulphate, respectively. 
Design of the experiment was randomized complete block design (RCBD) with three 
replications of each treatment. The yield and yield contributing characters of bitter gourd 
were signi�icantly and positively in�luenced by B application. All yield parameters showed 
higher results in T4 treatment (1.5 kg B ha-1+ RDF) except �lower shedding which was rather 
positive as this treatment resulted in the lowest �lower shedding. The highest fruit yield 
(23.4 t ha-1) was observed in the same treatment i.e. T4 and it was signi�icantly higher than in 
control plots. The concentration as well as uptake of nutrients in bitter gourd was also 
in�luenced by boron fertilization. Except K uptake, all other nutrient uptake was the 
maximum in the same T4 treatment. Hence, it was concluded that application of boron at 1.5 
kg B ha-1 found effective for reducing �lower shedding and obtaining better yield and quality 
of bitter gourd.

Keywords: Boric acid, Flower shedding, Nutrient uptake, Fruit quality, Fruit yield 
                                                                                                                                  
1. Introduction

Bitter gourd (Momordica charantia) is used as vegetables. This fruit ranks �irst among 
the cucurbits in respect of iron and ascorbic acid (vit. C). It also contains proteins, fats, 

minerals, carotein, thiamine, ribo�lavins and very rich in phytonutrients like anti-oxidants. 
The alkaloid momordicasoides imparts the bitter taste to the fruit. Bitter gourd has a high 
nutrient requirement such as nitrogen, phosphorus, potash, zinc and boron. Bitter gourd 
fruit yield has been set aside by the de�iciency of micronutrients, which leads to certain 
physiological disorders. Bitter gourd is a monoecious crop, where male and female �lowers 
borne on the same plant. The production of staminate �lower is normally much more than 
pistillate �lowers ultimately only pistillate �lowers contribute to the yield (Vala and Savaliya, 
2014). During the plant growth period, micronutrients play various roles in physiological 
and biochemical processes and among those nutrients, B is a vital element which is involved 
in �lowering and fruiting of the plant. So, this element de�iciency causes �loral deformities 
inducing male bareness (Nonnecke, 1989). Boron de�iciency affects the growing points of 
roots and youngest leaves and it functions in the growth of cells in newly emerging shoots 
and roots while in some plants it is crucial for boll formation, �lowering, pollination, seed 
development and sugar transport (Takano et al., 2008; Miwa et al., 2008). Boron de�iciency 
plays a signi�icant role in yield reduction of many vegetables, including bitter gourd due to 
premature �lower, square or boll shedding. 

Bitter gourd is a very popular vegetable in Bangladesh and its yield maximization is a 
major concern of local farmers. Information of the effect of B on major crops is although 
available in Bangladesh, while work on vegetables like bitter gourd is scanty. Bitter gourd 
is an important vegetable, and balanced supply of B for its cultivation is a must. Therefore, 
this study was planned to determine the effect of B on �lower set and yield of bitter gourd, 
and to �ind out the optimum dose of B application for maximizing the yield and quality of 
bitter gourd.

2. Materials and Methods 

2.1 Experimental site and soil characteristics

A �ield experiment was conducted at the experimental �ield of Soil Science Division, 
Bangladesh Agricultural Research Institute (BARI), Joydebpur, Gazipur during 2023 kharif-I 
season. The experimental site falls under the agro-ecological zone Madhupur Tract 
(AEZ-28). Initial soil samples were collected from 0-15 cm depth and analyzed prior to 
application of different fertilizers. Texturally the soil was sandy clay loam, having 6.7 pH 
(1:2.5 soil-water ratio), 1.46% organic matter, 0.08% total N, 11 ppm Olsen-P, 0.11 me% 
NH4OAc extractable (exchangeable) K, 15 ppm CaCl2 extractable S and 3.2 ppm DTPA 
extractable Zn.  The status of hot water-soluble soil B was low, 0.18 ppm.  Chemical analysis 
of soil was done following the method and procedure as outlined by Page et al. (1982).

2.2 Treatments and design

Treatments combinations were T1: Control, T2: recommended dose of fertilizers (RDF), 
T3: 1 kg B ha-1 + RDF, T4: 1.5 kg B ha-1 + RDF and T5: 2 kg B ha-1 + RDF. The experiment was laid 
out in a RCB design, with three replications of each treatment. The unit plot was 2m × 1.5m 
in size. The common fertilizers were applied at the rate of 102-20-42-10-0.5 kg ha-1 of 
N-P-K-S-Zn in the form of urea, triple super phosphate, muriate of potash, gypsum and zinc 
sulphate, respectively. Boron was applied as boric acid (H3BO3) containing 17% B. Basal 
application was made with 5 t ha-1 cowdung. The entire amount of cowdung and all P, K, S, Zn 
and B were applied at the time of sowing as basal dose. N was applied around the plant as 
side dressing in six splits (1st split was applied during transplanting, while 2nd, 3rd, 4th, 5th and 
6th splits were applied with irrigation when necessary). 

2.3 Experiment set up

BARI Karola-4 variety was used in the experiment. Before sowing the seeds were soaked 
in water for 24 hours to enhance germination. Then water was taken off and seed mass was 
covered with a wet cloth until seed is cracked. Then the seeds were placed into polybags 
after the seed cover cracked. When the seedlings were 8-10 cm long, seedlings were planted 
in the pit. Seeds were sown on 26 January 2023 in polybag. Seedlings were transplanted on 
20 February, 2023 with a spacing of 1.5m from row to row and 2m from plant to plant. When 
the seedlings became 15-20 cm long, bamboo sticks were put into the ground. Irrigation was 
done during the growing period to keep the soil moist. Pheromone traps were used after the 
1st week of transplanting in the �ield and it was changed after 50-60 days. Intercultural 
operations were done as and when required.  Fruits were harvested at maturity stage.  
Harvested fruits were selected from each plot for recording necessary yield and yield 
component data.  The data included number of �lower sheds, fruit length (cm), fruit weight 
(g), fruit diameter (cm), and fruit yield (t ha-1) and also vit. C and TSS. 

Fruit N, P, K & B was determined by acid digestion, H2SO4 for N and HNO3-HClO4 (3:1) for 
P, K & B. Vit. C and TSS were also determined by standard methods. Total soluble solid (TSS) 
was measured with a digital hand refractometer and reported as Brix. Vitamin C was 
determined by classical titration method using 2, 6- dichlorophenol indophenols solution 
and expressed as 100 mg g-1 of fresh weight (Ranganna, 1995). 

2.4 Statistical analysis 

Data were analyzed by STATISTIX-10 program and means were compared by multiple 
comparison test using LSD (Statistix for Windows, 1998).

                                                

3. Results and Discussion

3.1 Effects of boron on the �lowering of bitter gourd   

Signi�icant variation was observed among the treatments showing higher number of 
female �lowering and decreased �lower shedding (Table 1). The maximum number of female 
�lowers was recorded in T4 treatment containing 1.5 kg B ha-1 + NPKS fertilizers (70.9 plant-1) 
which was identical with T5 (69.6 plant-1), followed by T3 (64.9 plant-1) and T2 (60.6 plant-1). 
The lowest number of female �lowers was noted in control (45.2. plant-1) treatment.  
Increased number of female �lowers in bitter gourd with added B was also reported by Fozia 
et al. (2018) and Karthick et al. (2018). The number of �lower shedding plant-1 also 
signi�icantly differed with the treatments. The minimum number of �lower shedding (38.9) 
was found in T4 treatment while the maximum number was observed in T1 (79.2 plant-1) 
treatment. The highest decrease in �lower shedding was recorded in T4 (50.9%) treatment 
leading to higher number of �lower set. The percent decrease in �lower shedding due to B 
treatment was the maximum in the study of Sultana et al. (2017).

Table 1. Effects of B on the �lowering of bitter gourd 

Treatments No. of female  No. of �lower  Decrease in �lower
 �lowers plant-1 sheds plant-1  shedding (%)

T1: Control  45.2c 79.2a -

T2: RDF  60.6b 63.9b 19.3

T3: 1.0 kg B ha-1 + RDF  64.9ab 53.9c 32.0

T4: 1.5 kg B ha-1 + RDF 70.9a 38.9d 50.9

T5: 2.0 kg B ha-1 + RDF 69.6a 40.9d 48.4

CV (%) 5.80 5.79 

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS)      

3.2 Effects of boron on the yield components and yield of bitter gourd   

In�luence of boron treatment on the yield components and yield of bitter gourd were 
shown in Table 2.  The number of fruits plant-1 ranged 42.9 - 68.9, the maximum value was 
observed in T4 treatment having 1.5 kg B ha-1 along with usual NPKS dose which however 
was identical with T5 (67.2), followed by T3 (63.2) and T2 (60.9) treatment. The longest fruit 
was documented in T4 (17.5 cm) followed by T5 (16.2 cm), T3 (15.6 cm) and T2 (13.5 cm) 
treatment. Fruit diameter ranged from 4.05 cm to 4.61 cm, the maximum diameter being in 

T4 (4.61 cm) and followed by T5 (4.51 cm), T3 (4.44 cm) and T2 (4.27 cm) treatment. Bharati 
et al. (2018) noticed increased fruit length, girth and weight in their studies. Signi�icant 
variations were also observed in case of individual fruit weight. The maximum value was 
found in T4 (104 g) which was identical with T5 (103 g) and followed by T3 (99 g), T2 (94.2 g) 
treatment. The lowest value was noted in control treatment (89.2 g). Fruit weight (kg plant-1) 
ranged from 2.87 kg to 6.26 kg, the maximum value being observed in T4 which was followed 
by T5 (5.98 kg), T3 (5.35 kg) and T2 (4.81 kg) treatment. Signi�icant variation was also found 
in total yield (t ha-1) of bitter gourd. The highest yield was obtained in T4 (23.4 t ha-1) which 
was followed by T5 (22.5 t ha-1), T3 (20.4 t ha-1) and T2 (18.6 t ha-1) treatment. The lowest 
yield was identi�ied in T1 (12.1 t ha-1). It was clearly noticed that T4 was the best treatment 
that was the combination of 1.5 kg B ha-1 + NPKSZn. Added boron compared to control 
increased yield that was mentioned by several researchers (Fozia et al., 2018; Ashraf et al., 
2020; Bharati et al., 2018).

Table 2. Effects of B on the yield components and yield of bitter gourd 

Treatments No. of  Length Fruit dia. Individual Fruit  Fruit 
 fruits of fruit (cm) fruit Fruit wt./ wt./plant yield
 plant-1   (cm) wt.  (g)  (kg) (t ha-1)

T1: Control  42.9c 11.4c 4.05b 89.2c 2.87d 12.1d

T2: RDF  60.9b 13.5bc 4.27ab 94.2bc 4.81c 18.6c

T3: 1.0 kg B ha-1 + RDF  63.2ab 15.6ab 4.44ab 99.0ab 5.35bc 20.4bc

T4: 1.5 kg B ha-1 + RDF 68.9a 17.5a 4.61a 104.0a 6.26a 23.4a

T5: 2.0 kg B ha-1 + RDF 67.2a 16.2ab 4.51ab 102.5a 5.98ab 22.5ab

CV (%) 5.10 11.8 6.46 4.06 7.11 6.17

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS) 

Fruit dry yield, nutrient content and uptake of N, P, K, Zn and B, were presented in Tables 
3 and 4.  Signi�icant differences were observed in those plant parameters. The highest dry 
yield was recorded in T4 (2228 kg ha-1) which was followed by T5 (2144 kg ha-1), T3 (1953 kg 
ha-1) and T2 (1790 kg ha-1), and the lowest value was noted in T1 i.e. Control (1202 kg ha-1) 
treatment. The B concentration of fruit 44-58 ppm that together with fruit yield  resulted in 
the maximum B uptake (1255 kg ha-1) in T4 treatment which was similar  with T5 (1244 kg 
ha-1). The Zn concentration of fruit increased by the application of B to a certain level then its 
concentration decreased with higher rate of B application. Zn concentration varied from 46 

to 56 ppm that also resulted in the maximum Zn uptake for the T4 treatment (0.125 kg ha-1). 
The lowest Zn uptake was recorded as 0.056 kg ha-1.

The effect of B on the concentration of N, P, and K showed that added B increased the 
concentration of P and K in bitter gourd fruit, but the increment was not signi�icant. The 
minimum N (3.46%) and P concentrations (0.41%) were found in control treatment while 
the maximum N concentration (3.71%) was found in T5 and the maximum P (0.473%) was 
found in T4 treatment. The N uptake by fruit was reached to the peak in T4 (82.3 kg ha-1) 
treatment which was identical with T5 (79.6 kg ha-1). The P conc. (%) was found to lie in 
between 0.410% and 0.473% that also re�lected in P uptake by fruit kg ha-1 limiting between 
4.91 kg ha-1 and 10.55 kg ha-1. The K conc. (%) was the highest in T5 (2.90%) and there was 
no signi�icant difference between the treatments. The K uptake by fruit was the top in T5 
treatment (62.2 kg ha-1) which however was identical with T4 (61.6 kg ha-1), T3 and T2 
treatments. The present �indings indicated that up to a certain level of B application to soil, 
plant N P, K, Zn and B content showed synergistic relationship.

Table 3.  N, P and K content and uptake in bitter gourd fruit 

Treatments N P K N uptake P uptake K uptake
 conc. conc. conc. by fruit by fruit by fruit
 (%) (%) (%) (kg ha-1) (kg ha-1) (kg ha-1)

T1: Control  3.46b 0.410 2.48 41.6d 4.91d 29.8b

T2: RDF  3.58ab 0.433 2.63 64.1c 7.77c 47.2a

T3: 1.0 kg B ha-1 + RDF  3.65ab 0.440 2.78 71.3bc 8.55bc 53.8a

T4: 1.5 kg B ha-1 + RDF 3.69ab 0.473 2.75 82.3a 10.55a 61.6a

T5: 2.0 kg B ha-1 + RDF 3.710a 0.450 2.90 79.56ab 9.64ab 62.21a

CV (%) 4.45 8.66 7.87 7.33 8.37 9.21

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS)      
                                                                                                    

Table 4.  Nutrient content and uptake of Zn and B in bitter gourd fruit

Treatments Fruit dry Zn B B uptake Zn uptake
 yield conc. conc.  by fruit by fruit
 (kg ha-1) (ppm) (ppm) (g ha-1) (g ha-1)

T1: Control  1202d 46c 44c 53.0d 56d

T2: RDF  1790c 50bc 48bc 86.0c 90c

T3: 1.0 kg B ha-1 + RDF  1953bc 52ab 52ab 101.9b 100bc

T4: 1.5 kg B ha-1 + RDF 2228a 56a 56a 125.5a 125a

T5: 2.0 kg B ha-1 + RDF 2144ab 53ab 58a 124.3a 114ab

CV (%) 5.84 4.77 7.44 7.37 7.70

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS)

The minimum Zn content was observed in control while the maximum Zn content was 
found with higher dose of B in the study of Sultana et al. (2017) which also indicated   that 
at certain level of B in soil, Zn and B showed synergism. They also observed that B 
application increased the concentration of N and P in bitter gourd insigni�icantly. They 
again cited that relationship between B and K was synergistic having coinciding role in 
physiological approaches.

3.3 TSS and vitamin C content of bitter gourd

Quality characters such as Vit. C and TSS (0Brix) of bitter gourd have been depicted in 
Table 5. Vit. C ranged from 62.1 mg 100g-1 to 71.3 mg 100g-1, the maximum value recorded in 
T4  which was identical with T5 (70.2 mg 100g-1) which was  followed by T3 (68.3 mg 100g-1), 
T2 (65.7 mg 100g-1) and T1 (62.1 mg 100g-1) treatment but they were statistically similar 
(Table 5). The maximum TSS was recorded in T4 (3.97), followed by T5 (3.70), T3 (3.40) and 
T2 (3.27) treatments. Vit. C and TSS were found to increase with B application in the study of 
Bharati et al. (2018). Ashraf et al. (2020) reported the maximum amount of TSS with B 
treatment. The highest TSS content in fruit was obtained with all micronutrients which 
might be due to higher conc. of N, P, K and micronutrient in leaves and fruits, which might 
have boosted the accumulation of assimilates resulting in better quality for bitter gourd 
(Meenakshi et al., 2007).

Table 5. Quality characters of bitter gourd fruit as in�luenced by different B levels 

Treatments Vit. C TSS
 (mg/100g) (0Brix)

T1: Control  62.05b 3.10c

T2: RDF  65.74ab 3.27bc

T3: 1.0 kg B ha-1 + RDF  68.29ab 3.40bc

T4: 1.5 kg B ha-1 + RDF 71.28a 3.97a

T5: 2.0 kg B ha-1 + RDF 70.19a 3.70ab

CV (%) 5.90 7.11

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS)      

4. Conclusions
Application of B enhanced fruit length (cm), fruit weight (g), fruit diameter (cm), fruit 

yield (t ha-1), vit. C and TSS, and decreased �lower shedding in bitter gourd. The highest yield 
(23.4 t ha-1) was observed in T4 (1.5 kg B ha-1 + RDF) and it was signi�icantly higher than 
control plants. The maximum lowering of �lower shedding (50.9%) was also observed in the 
same treatment. Nutrient concentration and uptake in bitter gourd were also in�luenced by 
B treatment. It was, therefore, concluded that 1.5 kg B ha-1 + NPKSZn (RDF) application could 
be used to obtain higher yield and quality of bitter gourd. 
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4. Discussion
In both Gopalpur and Ishwardi soils, the lowest organic carbon content was observed  

with control (0.99%) and the highest carbon was with the highest rate (9 t ha-1) of rice hull 
or sawdust application . Between the two soils the result was higher for Gopalpur soil than 
for Ishurdi which could be attributed to higher clay content, 27% of the former soil 
compared to the later soil, 13% clay (Fig. 1, Table 1).  The higher clay content might be a 
cause to adsorb more carbonaceous material in Gopalpur soil compared to Ishurdi soil. In 
general, the concentration of soil organic carbon is typically higher in soils with high clay 
content due to the enhanced soil aggregation and organic matter protection provided by 
clay minerals.  

Mon et al. (2024) and Linam et al. (2023) found a positive correlation between the 
addition of compost and soil organic carbon content.  Addition of both rice hull and sawdust 
resulted in increased available N content in both soils. In Gopalpur soil it accounted 28.6% 
and 22.2% increment for rice hull and sawdust, respectively over the unamended (control) 
soil whereas in Ishurdi soil the increments were 41.9% and 37.4%, respectively.  Rice hull 
contained more N (118 mg kg-1) than sawdust did (75 mg kg-1) which value (Table 1) could 
explain the result difference between the two soils. Rice hull and sawdust signi�icantly 
increased soil MBC showing 47.6% and 19.3, respectively in Ishurdi soil. The C:N ratio 
controls the activities of soil microbes. When C:N ratio is high microbial growth becomes 
high and much carbon is immobilized by soil microbes, principally bacteria. It becomes 
stable when C:N ratio comes down to 10:1 – 12:1. In the present study, total status of soil N 
was not measured. Because the research observed the changes in available nitrogen content 
due to the addition of organic amendments in saline soi. That’s why research didn’t conduct 
total N determination.

The result suggests that the organic matter from sawdust was more biodegradable than 
that from the rice hull possibly due to higher C:N ratio in sawdust. Compared to the 100% 
chemical nitrogen (CN) treatment, the use of organic amendments signi�icantly stimulated 
microbial growth and increased the activity of most carbon-degrading enzymes (Luan et al., 
2020). According to Lamptey et al. (2019), soil respiration increased by an average of 12% 
with amendment treatments compared to no amendments.

The decreased bulk density in soils might be due to increase in soil volume for addition 
of organics having low density (could be 0.5 g cc-1). The study of Aytenew and Bore (2020) 
showed application of organic amendments lower soil bulk density values by more than 5% 
versus sole urea fertilized soil and for each 1% increase inorganic matter, soil water holding 
capacity increased by up to 3.7%. Their study also stated that organic amendments play a 
positive role in chemical characteristics of the soil including increase in organic carbon, 
organic nitrogen, microbial biomass and increased enzymatic activity. The increase in soil 

porosity is related to decrease in soil bulk density. Dong et al. (2022) observed that the 
organic amendments increased soil porosity and available water amount and decreased 
bulk density y of soil. 

5. Conclusions 
The result of the present study indicated that rice hull and sawdust varied in their 

effectiveness on the soil characteristics. Rice hull and sawdust signi�icantly improved most 
of the soil parameters (except bulk density) in Gopalpur soil whereas in Ishwardi soil the 
organic carbon content remained unaffected after rice hull and sawdust application. Field 
experiment with crops is necessary to evaluate the effectiveness of organic amendments on 
improvement of saline soil for successful crop production.

Con�licts of Interest
The authors declare no con�licts of interest regarding publication of this paper.

References
Anderson, J. 1982. Soil Respiration. In: A.L. Page et al (ed.) Methods of soil analysis, Part 2. 2nd ed. 

Agronomy. 9:831–871.

Aytenew, M., Bore, G. 2020. Effects of organic amendments on soil fertility and environmental quality: 
a review. Plant Sci. 8(5): 112-119. doi:10.11648/j.jps.20200805.12 

Begum, M., Khan, H.R. 2014. Physico-chemical characteristics of saline soil under wheat as in�luenced 
by gypsum, rice hull and different salinity levels. International J. Res. Applied Nat. and Social 
Sci. 298:121–126.

Blake, G.R., Hartge, K.H. 1986. Bulk density. pp. 363-375. In: Klute, A. (ed.), Methods of soil analysis: 
Part 1: Physical and Mineralogical Methods, Monograph Number 9 (Second Edition). 
American Society of Agronomy, Madison, Wisconsin, USA.

Brady, N.C., Weil, R.R. 2017. The Nature and Properties of Soils. 15th edition. Pearson Education, 
London, United Kingdom. ISBN: 978-0133254488

Bremmer, J.M., Mulvaney, C.S. 1982. Nitrogen total. Academic Press Inc. ISBN 9780891183730.

Byous, E.W., Williuams, J.E., Jonesa, G.E., Horwath, W.R., Kessel, C.V. 2004. Nutrient requirements of rice 
with alternative straw management. Better Crops. 36:6–11.

Chen Z., Yu G., Wang, Q. 2020. Effects of climate and forest age on the ecosystem carbon exchange of 
afforestation. J. Forestry Res. 31: 365-374.

Dong, L., Zhang, W., Xiong, Y., Zou, J., Huang, Q., Xu, X., Ren, P., Huang, G. 2022. Impact of short-term 
organic amendments incorporation on soil structure and hydrology in semiarid agricultural 
lands. Int. Soil Water Conserv. Res. 10(3): 457-469.

Gee, G.W., Bauder, J.W. 1986. Particle-size analysis. In A. Klute (Eds.), Methods of soil analysis. Part 1. 
Physical and mineralogical methods. (pp. 383–411). American Society of Agronomy, Soil 
Science Society of America, Madison, Wisconsin.

Hossain, M.Z., Akter, F., Kibria, K.Q.  2019. Effects of Organic Amendments and Incubation Time on the 
Amelioration of Saline Soils. Malays. J. Soil Sci. 23: 99-108.

Jackson, M.L. 1973. Soil Chemical Analysis. 2nd Edition. Prentice-Hall Inc., Englewood Cliffs, NJ.

Jenkinson, D.S., Ladd, J.N. 1981. Microbial biomass in soil: Measurement and turnover. P 415-471. In: 
Paul, E.A and Ladd, J.N. (ed.) Soil Biochemistry, vol 5. Mercel Dekker, New York.

Kaniz, F., Khan, H.R. 2013. Reclamation of saline soil using gypsum, rice hull, and sawdust in relation to 
rice production, J. Adv. Sci. Res. 4(3):1-5.

Lamptey, S., Xie, J., Li, L., Coulter, J.A., Jagadabhi, P.S.  2019. In�luence of organic amendment on soil 
respiration and maize productivity in a semi-arid environment. Agron. 9(10):611.

Larsen, J., Rashti, M.R., Esfandbod, M., Chen, C. 2024. Organic amendments improved soil properties 
and native plants’ performance in an Australian degraded land. Soil Res. 62: SR22252. 
https://doi.org/10.1071/SR22252

Linam F., Limmer, M.A., Ebling, A.M., Seyfferth, A.L. 2023. Rice husk and husk biochar soil amendments 
store soil carbon while water management controls dissolved organic matter chemistry in 
well-weathered soil. J. Environ. Manage. 1(339): 117936. 

 doi: 10.1016/j.jenvman.2023.117936

Luan, H., Gao, W., Huang, S., Tang, J., Li, M., Zhang, H., Chen, X., Masiliūnas, D. 2020. Organic amendment 
increases soil respiration in a greenhouse vegetable production system through decreasing 
soil organic carbon recalcitrance and increasing carbon-degrading microbial activity. J. Soil 
Sediment. 20: 2877–2892.

Luna, L., Vignozzi, N., Miralles, I., Solé-Benet, A. 2018. Organic amendments and mulches modify soil 
porosity and in�iltration in semiarid mine soils. Land Degrade. Dev. 29: 1019-1030. doi: 
10.1002/ldr.2830

Marzouk, S.H., Semoka, J.M., Amuri, N.A., Tindwa, H.J. 2024. Rice straw incorporation and Azolla 
application improves agronomic nitrogen-use-ef�iciency and rice grain yields in paddy 
�ields. Front. Soil Sci. 4. https://doi.org/10.3389/fsoil.2024.1378065

Meena, M.D., Yadav, R.K., Narjary, B., Yadav, G., Jat, H.S., Sheoran, P., Meena, M.K., Antil, R.S., Meena, B.L., 
Singh, H.V., Meena, V. S. 2019. Municipal solid waste (MSW): Strategies to improve salt 
affected soil sustainability: a review. Waste Manage. 84: 38–53.

Mon W.W., Toma Y., Ueno H. 2024. Combined effects of rice husk biochar and organic manures on soil 
chemical properties and greenhouse gas emissions from two different paddy soils. Soil Syst. 
8(1):32. https://doi.org/10.3390/soilsystems8010032

Piper, C.C. 1950. Soil and Plant Analysis. 3rd Edition. Adelaide University Press, Australia. 

SRDI (Soil Resource Development Institute). 2010. Saline soils of Bangladesh. SRMAF Project. Ministry 
of Agriculture. Mrittika Bhaban, Krishi khamar Sarak, Farmgate, Dhaka-1215.

Trivedi, P.Y., Singh, K., Pankaj, U., Verma, S.K., Verma, R.K., Patra, D.D. 2017. Effect of organic 
amendments and microbial application on sodic soil properties and growth of an aromatic 
crop. Ecol. Eng. 102: 127-136. doi:10.1016/j.ecoleng.2017.01.046

USDA (United States Department of Agriculture). 2004. Soil Survey Laboratory Manual, soil survey 
investigation report no. 42, version 4.0, USDA-NRCS, Nebraska, USA.

Zaman, S.M.H., Rahman, K., Howlader, M. 1982. Simple lessons from biometry. Bangladesh Rice 
Research Institute (BRRI) Publication, no. 54, Gazipur, Bangladesh.

Zhu, T., Shao, T., Liu, J., Li, N., Long, X., Gao, X., Rengel, Z. 2021. Improvement of physico-chemical 
properties and microbiome in different salinity soils by incorporating Jerusalem artichoke 
residues. Appl. Soil Ecol. 158: 103791.

EFFECTS OF BORON APPLICATION ON YIELD AND 
QUALITY OF BITTER GOURD

M.B. Banu*, M. Akter, S. Sultana, M.R. Khatun, H.M. Naser
Soil Science Division, Bangladesh Agricultural Research Institute (BARI), Gazipur. Bangladesh
*Corresponding author: bilkisbari@yahoo.com

 
Abstract

Boron (B) is a micronutrient which has remarkable role on �lowering and fruiting of 
crops. This element de�iciency (B) arises in Bangladesh soils and is prominent in dryland 
crops. With this idea the effect of boron (B) application on yield and quality of bitter gourd 
(Momordica charantia) was studied through an experiment at the research �ield of Soil 
Science Division of Bangladesh Agricultural Research Institute (BARI), Gazipur (AEZ-28) 
during kharif-I 2023 season (mid of March to mid of July). The main objective was to 
determine the optimum level of B for maximizing the yield and quality of bitter gourd (cv. 
BARI Karola-4). Five treatments with and without B were imposed: T1: Control, T2: 
Recommended Dose of Fertilizers (RDF), T3: 1 kg B ha-1 + RDF, T4: 1.5 kg B ha-1 + RDF and T5: 
2 kg B ha-1 + RDF. The source of B was boric acid (H3BO3) having 17% B. The common 
fertilizers were applied at a rate of 102-20-42-10-0.5 kg ha-1of N-P-K-S-Zn in the form of 
urea, triple super phosphate, muriate of potash, gypsum and zinc sulphate, respectively. 
Design of the experiment was randomized complete block design (RCBD) with three 
replications of each treatment. The yield and yield contributing characters of bitter gourd 
were signi�icantly and positively in�luenced by B application. All yield parameters showed 
higher results in T4 treatment (1.5 kg B ha-1+ RDF) except �lower shedding which was rather 
positive as this treatment resulted in the lowest �lower shedding. The highest fruit yield 
(23.4 t ha-1) was observed in the same treatment i.e. T4 and it was signi�icantly higher than in 
control plots. The concentration as well as uptake of nutrients in bitter gourd was also 
in�luenced by boron fertilization. Except K uptake, all other nutrient uptake was the 
maximum in the same T4 treatment. Hence, it was concluded that application of boron at 1.5 
kg B ha-1 found effective for reducing �lower shedding and obtaining better yield and quality 
of bitter gourd.

Keywords: Boric acid, Flower shedding, Nutrient uptake, Fruit quality, Fruit yield 
                                                                                                                                  
1. Introduction

Bitter gourd (Momordica charantia) is used as vegetables. This fruit ranks �irst among 
the cucurbits in respect of iron and ascorbic acid (vit. C). It also contains proteins, fats, 

minerals, carotein, thiamine, ribo�lavins and very rich in phytonutrients like anti-oxidants. 
The alkaloid momordicasoides imparts the bitter taste to the fruit. Bitter gourd has a high 
nutrient requirement such as nitrogen, phosphorus, potash, zinc and boron. Bitter gourd 
fruit yield has been set aside by the de�iciency of micronutrients, which leads to certain 
physiological disorders. Bitter gourd is a monoecious crop, where male and female �lowers 
borne on the same plant. The production of staminate �lower is normally much more than 
pistillate �lowers ultimately only pistillate �lowers contribute to the yield (Vala and Savaliya, 
2014). During the plant growth period, micronutrients play various roles in physiological 
and biochemical processes and among those nutrients, B is a vital element which is involved 
in �lowering and fruiting of the plant. So, this element de�iciency causes �loral deformities 
inducing male bareness (Nonnecke, 1989). Boron de�iciency affects the growing points of 
roots and youngest leaves and it functions in the growth of cells in newly emerging shoots 
and roots while in some plants it is crucial for boll formation, �lowering, pollination, seed 
development and sugar transport (Takano et al., 2008; Miwa et al., 2008). Boron de�iciency 
plays a signi�icant role in yield reduction of many vegetables, including bitter gourd due to 
premature �lower, square or boll shedding. 

Bitter gourd is a very popular vegetable in Bangladesh and its yield maximization is a 
major concern of local farmers. Information of the effect of B on major crops is although 
available in Bangladesh, while work on vegetables like bitter gourd is scanty. Bitter gourd 
is an important vegetable, and balanced supply of B for its cultivation is a must. Therefore, 
this study was planned to determine the effect of B on �lower set and yield of bitter gourd, 
and to �ind out the optimum dose of B application for maximizing the yield and quality of 
bitter gourd.

2. Materials and Methods 

2.1 Experimental site and soil characteristics

A �ield experiment was conducted at the experimental �ield of Soil Science Division, 
Bangladesh Agricultural Research Institute (BARI), Joydebpur, Gazipur during 2023 kharif-I 
season. The experimental site falls under the agro-ecological zone Madhupur Tract 
(AEZ-28). Initial soil samples were collected from 0-15 cm depth and analyzed prior to 
application of different fertilizers. Texturally the soil was sandy clay loam, having 6.7 pH 
(1:2.5 soil-water ratio), 1.46% organic matter, 0.08% total N, 11 ppm Olsen-P, 0.11 me% 
NH4OAc extractable (exchangeable) K, 15 ppm CaCl2 extractable S and 3.2 ppm DTPA 
extractable Zn.  The status of hot water-soluble soil B was low, 0.18 ppm.  Chemical analysis 
of soil was done following the method and procedure as outlined by Page et al. (1982).

2.2 Treatments and design

Treatments combinations were T1: Control, T2: recommended dose of fertilizers (RDF), 
T3: 1 kg B ha-1 + RDF, T4: 1.5 kg B ha-1 + RDF and T5: 2 kg B ha-1 + RDF. The experiment was laid 
out in a RCB design, with three replications of each treatment. The unit plot was 2m × 1.5m 
in size. The common fertilizers were applied at the rate of 102-20-42-10-0.5 kg ha-1 of 
N-P-K-S-Zn in the form of urea, triple super phosphate, muriate of potash, gypsum and zinc 
sulphate, respectively. Boron was applied as boric acid (H3BO3) containing 17% B. Basal 
application was made with 5 t ha-1 cowdung. The entire amount of cowdung and all P, K, S, Zn 
and B were applied at the time of sowing as basal dose. N was applied around the plant as 
side dressing in six splits (1st split was applied during transplanting, while 2nd, 3rd, 4th, 5th and 
6th splits were applied with irrigation when necessary). 

2.3 Experiment set up

BARI Karola-4 variety was used in the experiment. Before sowing the seeds were soaked 
in water for 24 hours to enhance germination. Then water was taken off and seed mass was 
covered with a wet cloth until seed is cracked. Then the seeds were placed into polybags 
after the seed cover cracked. When the seedlings were 8-10 cm long, seedlings were planted 
in the pit. Seeds were sown on 26 January 2023 in polybag. Seedlings were transplanted on 
20 February, 2023 with a spacing of 1.5m from row to row and 2m from plant to plant. When 
the seedlings became 15-20 cm long, bamboo sticks were put into the ground. Irrigation was 
done during the growing period to keep the soil moist. Pheromone traps were used after the 
1st week of transplanting in the �ield and it was changed after 50-60 days. Intercultural 
operations were done as and when required.  Fruits were harvested at maturity stage.  
Harvested fruits were selected from each plot for recording necessary yield and yield 
component data.  The data included number of �lower sheds, fruit length (cm), fruit weight 
(g), fruit diameter (cm), and fruit yield (t ha-1) and also vit. C and TSS. 

Fruit N, P, K & B was determined by acid digestion, H2SO4 for N and HNO3-HClO4 (3:1) for 
P, K & B. Vit. C and TSS were also determined by standard methods. Total soluble solid (TSS) 
was measured with a digital hand refractometer and reported as Brix. Vitamin C was 
determined by classical titration method using 2, 6- dichlorophenol indophenols solution 
and expressed as 100 mg g-1 of fresh weight (Ranganna, 1995). 

2.4 Statistical analysis 

Data were analyzed by STATISTIX-10 program and means were compared by multiple 
comparison test using LSD (Statistix for Windows, 1998).

                                                

3. Results and Discussion

3.1 Effects of boron on the �lowering of bitter gourd   

Signi�icant variation was observed among the treatments showing higher number of 
female �lowering and decreased �lower shedding (Table 1). The maximum number of female 
�lowers was recorded in T4 treatment containing 1.5 kg B ha-1 + NPKS fertilizers (70.9 plant-1) 
which was identical with T5 (69.6 plant-1), followed by T3 (64.9 plant-1) and T2 (60.6 plant-1). 
The lowest number of female �lowers was noted in control (45.2. plant-1) treatment.  
Increased number of female �lowers in bitter gourd with added B was also reported by Fozia 
et al. (2018) and Karthick et al. (2018). The number of �lower shedding plant-1 also 
signi�icantly differed with the treatments. The minimum number of �lower shedding (38.9) 
was found in T4 treatment while the maximum number was observed in T1 (79.2 plant-1) 
treatment. The highest decrease in �lower shedding was recorded in T4 (50.9%) treatment 
leading to higher number of �lower set. The percent decrease in �lower shedding due to B 
treatment was the maximum in the study of Sultana et al. (2017).

Table 1. Effects of B on the �lowering of bitter gourd 

Treatments No. of female  No. of �lower  Decrease in �lower
 �lowers plant-1 sheds plant-1  shedding (%)

T1: Control  45.2c 79.2a -

T2: RDF  60.6b 63.9b 19.3

T3: 1.0 kg B ha-1 + RDF  64.9ab 53.9c 32.0

T4: 1.5 kg B ha-1 + RDF 70.9a 38.9d 50.9

T5: 2.0 kg B ha-1 + RDF 69.6a 40.9d 48.4

CV (%) 5.80 5.79 

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS)      

3.2 Effects of boron on the yield components and yield of bitter gourd   

In�luence of boron treatment on the yield components and yield of bitter gourd were 
shown in Table 2.  The number of fruits plant-1 ranged 42.9 - 68.9, the maximum value was 
observed in T4 treatment having 1.5 kg B ha-1 along with usual NPKS dose which however 
was identical with T5 (67.2), followed by T3 (63.2) and T2 (60.9) treatment. The longest fruit 
was documented in T4 (17.5 cm) followed by T5 (16.2 cm), T3 (15.6 cm) and T2 (13.5 cm) 
treatment. Fruit diameter ranged from 4.05 cm to 4.61 cm, the maximum diameter being in 

T4 (4.61 cm) and followed by T5 (4.51 cm), T3 (4.44 cm) and T2 (4.27 cm) treatment. Bharati 
et al. (2018) noticed increased fruit length, girth and weight in their studies. Signi�icant 
variations were also observed in case of individual fruit weight. The maximum value was 
found in T4 (104 g) which was identical with T5 (103 g) and followed by T3 (99 g), T2 (94.2 g) 
treatment. The lowest value was noted in control treatment (89.2 g). Fruit weight (kg plant-1) 
ranged from 2.87 kg to 6.26 kg, the maximum value being observed in T4 which was followed 
by T5 (5.98 kg), T3 (5.35 kg) and T2 (4.81 kg) treatment. Signi�icant variation was also found 
in total yield (t ha-1) of bitter gourd. The highest yield was obtained in T4 (23.4 t ha-1) which 
was followed by T5 (22.5 t ha-1), T3 (20.4 t ha-1) and T2 (18.6 t ha-1) treatment. The lowest 
yield was identi�ied in T1 (12.1 t ha-1). It was clearly noticed that T4 was the best treatment 
that was the combination of 1.5 kg B ha-1 + NPKSZn. Added boron compared to control 
increased yield that was mentioned by several researchers (Fozia et al., 2018; Ashraf et al., 
2020; Bharati et al., 2018).

Table 2. Effects of B on the yield components and yield of bitter gourd 

Treatments No. of  Length Fruit dia. Individual Fruit  Fruit 
 fruits of fruit (cm) fruit Fruit wt./ wt./plant yield
 plant-1   (cm) wt.  (g)  (kg) (t ha-1)

T1: Control  42.9c 11.4c 4.05b 89.2c 2.87d 12.1d

T2: RDF  60.9b 13.5bc 4.27ab 94.2bc 4.81c 18.6c

T3: 1.0 kg B ha-1 + RDF  63.2ab 15.6ab 4.44ab 99.0ab 5.35bc 20.4bc

T4: 1.5 kg B ha-1 + RDF 68.9a 17.5a 4.61a 104.0a 6.26a 23.4a

T5: 2.0 kg B ha-1 + RDF 67.2a 16.2ab 4.51ab 102.5a 5.98ab 22.5ab

CV (%) 5.10 11.8 6.46 4.06 7.11 6.17

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS) 

Fruit dry yield, nutrient content and uptake of N, P, K, Zn and B, were presented in Tables 
3 and 4.  Signi�icant differences were observed in those plant parameters. The highest dry 
yield was recorded in T4 (2228 kg ha-1) which was followed by T5 (2144 kg ha-1), T3 (1953 kg 
ha-1) and T2 (1790 kg ha-1), and the lowest value was noted in T1 i.e. Control (1202 kg ha-1) 
treatment. The B concentration of fruit 44-58 ppm that together with fruit yield  resulted in 
the maximum B uptake (1255 kg ha-1) in T4 treatment which was similar  with T5 (1244 kg 
ha-1). The Zn concentration of fruit increased by the application of B to a certain level then its 
concentration decreased with higher rate of B application. Zn concentration varied from 46 

to 56 ppm that also resulted in the maximum Zn uptake for the T4 treatment (0.125 kg ha-1). 
The lowest Zn uptake was recorded as 0.056 kg ha-1.

The effect of B on the concentration of N, P, and K showed that added B increased the 
concentration of P and K in bitter gourd fruit, but the increment was not signi�icant. The 
minimum N (3.46%) and P concentrations (0.41%) were found in control treatment while 
the maximum N concentration (3.71%) was found in T5 and the maximum P (0.473%) was 
found in T4 treatment. The N uptake by fruit was reached to the peak in T4 (82.3 kg ha-1) 
treatment which was identical with T5 (79.6 kg ha-1). The P conc. (%) was found to lie in 
between 0.410% and 0.473% that also re�lected in P uptake by fruit kg ha-1 limiting between 
4.91 kg ha-1 and 10.55 kg ha-1. The K conc. (%) was the highest in T5 (2.90%) and there was 
no signi�icant difference between the treatments. The K uptake by fruit was the top in T5 
treatment (62.2 kg ha-1) which however was identical with T4 (61.6 kg ha-1), T3 and T2 
treatments. The present �indings indicated that up to a certain level of B application to soil, 
plant N P, K, Zn and B content showed synergistic relationship.

Table 3.  N, P and K content and uptake in bitter gourd fruit 

Treatments N P K N uptake P uptake K uptake
 conc. conc. conc. by fruit by fruit by fruit
 (%) (%) (%) (kg ha-1) (kg ha-1) (kg ha-1)

T1: Control  3.46b 0.410 2.48 41.6d 4.91d 29.8b

T2: RDF  3.58ab 0.433 2.63 64.1c 7.77c 47.2a

T3: 1.0 kg B ha-1 + RDF  3.65ab 0.440 2.78 71.3bc 8.55bc 53.8a

T4: 1.5 kg B ha-1 + RDF 3.69ab 0.473 2.75 82.3a 10.55a 61.6a

T5: 2.0 kg B ha-1 + RDF 3.710a 0.450 2.90 79.56ab 9.64ab 62.21a

CV (%) 4.45 8.66 7.87 7.33 8.37 9.21

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS)      
                                                                                                    

Table 4.  Nutrient content and uptake of Zn and B in bitter gourd fruit

Treatments Fruit dry Zn B B uptake Zn uptake
 yield conc. conc.  by fruit by fruit
 (kg ha-1) (ppm) (ppm) (g ha-1) (g ha-1)

T1: Control  1202d 46c 44c 53.0d 56d

T2: RDF  1790c 50bc 48bc 86.0c 90c

T3: 1.0 kg B ha-1 + RDF  1953bc 52ab 52ab 101.9b 100bc

T4: 1.5 kg B ha-1 + RDF 2228a 56a 56a 125.5a 125a

T5: 2.0 kg B ha-1 + RDF 2144ab 53ab 58a 124.3a 114ab

CV (%) 5.84 4.77 7.44 7.37 7.70

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS)

The minimum Zn content was observed in control while the maximum Zn content was 
found with higher dose of B in the study of Sultana et al. (2017) which also indicated   that 
at certain level of B in soil, Zn and B showed synergism. They also observed that B 
application increased the concentration of N and P in bitter gourd insigni�icantly. They 
again cited that relationship between B and K was synergistic having coinciding role in 
physiological approaches.

3.3 TSS and vitamin C content of bitter gourd

Quality characters such as Vit. C and TSS (0Brix) of bitter gourd have been depicted in 
Table 5. Vit. C ranged from 62.1 mg 100g-1 to 71.3 mg 100g-1, the maximum value recorded in 
T4  which was identical with T5 (70.2 mg 100g-1) which was  followed by T3 (68.3 mg 100g-1), 
T2 (65.7 mg 100g-1) and T1 (62.1 mg 100g-1) treatment but they were statistically similar 
(Table 5). The maximum TSS was recorded in T4 (3.97), followed by T5 (3.70), T3 (3.40) and 
T2 (3.27) treatments. Vit. C and TSS were found to increase with B application in the study of 
Bharati et al. (2018). Ashraf et al. (2020) reported the maximum amount of TSS with B 
treatment. The highest TSS content in fruit was obtained with all micronutrients which 
might be due to higher conc. of N, P, K and micronutrient in leaves and fruits, which might 
have boosted the accumulation of assimilates resulting in better quality for bitter gourd 
(Meenakshi et al., 2007).

Table 5. Quality characters of bitter gourd fruit as in�luenced by different B levels 

Treatments Vit. C TSS
 (mg/100g) (0Brix)

T1: Control  62.05b 3.10c

T2: RDF  65.74ab 3.27bc

T3: 1.0 kg B ha-1 + RDF  68.29ab 3.40bc

T4: 1.5 kg B ha-1 + RDF 71.28a 3.97a

T5: 2.0 kg B ha-1 + RDF 70.19a 3.70ab

CV (%) 5.90 7.11

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS)      

4. Conclusions
Application of B enhanced fruit length (cm), fruit weight (g), fruit diameter (cm), fruit 

yield (t ha-1), vit. C and TSS, and decreased �lower shedding in bitter gourd. The highest yield 
(23.4 t ha-1) was observed in T4 (1.5 kg B ha-1 + RDF) and it was signi�icantly higher than 
control plants. The maximum lowering of �lower shedding (50.9%) was also observed in the 
same treatment. Nutrient concentration and uptake in bitter gourd were also in�luenced by 
B treatment. It was, therefore, concluded that 1.5 kg B ha-1 + NPKSZn (RDF) application could 
be used to obtain higher yield and quality of bitter gourd. 
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4. Discussion
In both Gopalpur and Ishwardi soils, the lowest organic carbon content was observed  

with control (0.99%) and the highest carbon was with the highest rate (9 t ha-1) of rice hull 
or sawdust application . Between the two soils the result was higher for Gopalpur soil than 
for Ishurdi which could be attributed to higher clay content, 27% of the former soil 
compared to the later soil, 13% clay (Fig. 1, Table 1).  The higher clay content might be a 
cause to adsorb more carbonaceous material in Gopalpur soil compared to Ishurdi soil. In 
general, the concentration of soil organic carbon is typically higher in soils with high clay 
content due to the enhanced soil aggregation and organic matter protection provided by 
clay minerals.  

Mon et al. (2024) and Linam et al. (2023) found a positive correlation between the 
addition of compost and soil organic carbon content.  Addition of both rice hull and sawdust 
resulted in increased available N content in both soils. In Gopalpur soil it accounted 28.6% 
and 22.2% increment for rice hull and sawdust, respectively over the unamended (control) 
soil whereas in Ishurdi soil the increments were 41.9% and 37.4%, respectively.  Rice hull 
contained more N (118 mg kg-1) than sawdust did (75 mg kg-1) which value (Table 1) could 
explain the result difference between the two soils. Rice hull and sawdust signi�icantly 
increased soil MBC showing 47.6% and 19.3, respectively in Ishurdi soil. The C:N ratio 
controls the activities of soil microbes. When C:N ratio is high microbial growth becomes 
high and much carbon is immobilized by soil microbes, principally bacteria. It becomes 
stable when C:N ratio comes down to 10:1 – 12:1. In the present study, total status of soil N 
was not measured. Because the research observed the changes in available nitrogen content 
due to the addition of organic amendments in saline soi. That’s why research didn’t conduct 
total N determination.

The result suggests that the organic matter from sawdust was more biodegradable than 
that from the rice hull possibly due to higher C:N ratio in sawdust. Compared to the 100% 
chemical nitrogen (CN) treatment, the use of organic amendments signi�icantly stimulated 
microbial growth and increased the activity of most carbon-degrading enzymes (Luan et al., 
2020). According to Lamptey et al. (2019), soil respiration increased by an average of 12% 
with amendment treatments compared to no amendments.

The decreased bulk density in soils might be due to increase in soil volume for addition 
of organics having low density (could be 0.5 g cc-1). The study of Aytenew and Bore (2020) 
showed application of organic amendments lower soil bulk density values by more than 5% 
versus sole urea fertilized soil and for each 1% increase inorganic matter, soil water holding 
capacity increased by up to 3.7%. Their study also stated that organic amendments play a 
positive role in chemical characteristics of the soil including increase in organic carbon, 
organic nitrogen, microbial biomass and increased enzymatic activity. The increase in soil 

porosity is related to decrease in soil bulk density. Dong et al. (2022) observed that the 
organic amendments increased soil porosity and available water amount and decreased 
bulk density y of soil. 

5. Conclusions 
The result of the present study indicated that rice hull and sawdust varied in their 

effectiveness on the soil characteristics. Rice hull and sawdust signi�icantly improved most 
of the soil parameters (except bulk density) in Gopalpur soil whereas in Ishwardi soil the 
organic carbon content remained unaffected after rice hull and sawdust application. Field 
experiment with crops is necessary to evaluate the effectiveness of organic amendments on 
improvement of saline soil for successful crop production.
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Abstract

Boron (B) is a micronutrient which has remarkable role on �lowering and fruiting of 
crops. This element de�iciency (B) arises in Bangladesh soils and is prominent in dryland 
crops. With this idea the effect of boron (B) application on yield and quality of bitter gourd 
(Momordica charantia) was studied through an experiment at the research �ield of Soil 
Science Division of Bangladesh Agricultural Research Institute (BARI), Gazipur (AEZ-28) 
during kharif-I 2023 season (mid of March to mid of July). The main objective was to 
determine the optimum level of B for maximizing the yield and quality of bitter gourd (cv. 
BARI Karola-4). Five treatments with and without B were imposed: T1: Control, T2: 
Recommended Dose of Fertilizers (RDF), T3: 1 kg B ha-1 + RDF, T4: 1.5 kg B ha-1 + RDF and T5: 
2 kg B ha-1 + RDF. The source of B was boric acid (H3BO3) having 17% B. The common 
fertilizers were applied at a rate of 102-20-42-10-0.5 kg ha-1of N-P-K-S-Zn in the form of 
urea, triple super phosphate, muriate of potash, gypsum and zinc sulphate, respectively. 
Design of the experiment was randomized complete block design (RCBD) with three 
replications of each treatment. The yield and yield contributing characters of bitter gourd 
were signi�icantly and positively in�luenced by B application. All yield parameters showed 
higher results in T4 treatment (1.5 kg B ha-1+ RDF) except �lower shedding which was rather 
positive as this treatment resulted in the lowest �lower shedding. The highest fruit yield 
(23.4 t ha-1) was observed in the same treatment i.e. T4 and it was signi�icantly higher than in 
control plots. The concentration as well as uptake of nutrients in bitter gourd was also 
in�luenced by boron fertilization. Except K uptake, all other nutrient uptake was the 
maximum in the same T4 treatment. Hence, it was concluded that application of boron at 1.5 
kg B ha-1 found effective for reducing �lower shedding and obtaining better yield and quality 
of bitter gourd.

Keywords: Boric acid, Flower shedding, Nutrient uptake, Fruit quality, Fruit yield 
                                                                                                                                  
1. Introduction

Bitter gourd (Momordica charantia) is used as vegetables. This fruit ranks �irst among 
the cucurbits in respect of iron and ascorbic acid (vit. C). It also contains proteins, fats, 

minerals, carotein, thiamine, ribo�lavins and very rich in phytonutrients like anti-oxidants. 
The alkaloid momordicasoides imparts the bitter taste to the fruit. Bitter gourd has a high 
nutrient requirement such as nitrogen, phosphorus, potash, zinc and boron. Bitter gourd 
fruit yield has been set aside by the de�iciency of micronutrients, which leads to certain 
physiological disorders. Bitter gourd is a monoecious crop, where male and female �lowers 
borne on the same plant. The production of staminate �lower is normally much more than 
pistillate �lowers ultimately only pistillate �lowers contribute to the yield (Vala and Savaliya, 
2014). During the plant growth period, micronutrients play various roles in physiological 
and biochemical processes and among those nutrients, B is a vital element which is involved 
in �lowering and fruiting of the plant. So, this element de�iciency causes �loral deformities 
inducing male bareness (Nonnecke, 1989). Boron de�iciency affects the growing points of 
roots and youngest leaves and it functions in the growth of cells in newly emerging shoots 
and roots while in some plants it is crucial for boll formation, �lowering, pollination, seed 
development and sugar transport (Takano et al., 2008; Miwa et al., 2008). Boron de�iciency 
plays a signi�icant role in yield reduction of many vegetables, including bitter gourd due to 
premature �lower, square or boll shedding. 

Bitter gourd is a very popular vegetable in Bangladesh and its yield maximization is a 
major concern of local farmers. Information of the effect of B on major crops is although 
available in Bangladesh, while work on vegetables like bitter gourd is scanty. Bitter gourd 
is an important vegetable, and balanced supply of B for its cultivation is a must. Therefore, 
this study was planned to determine the effect of B on �lower set and yield of bitter gourd, 
and to �ind out the optimum dose of B application for maximizing the yield and quality of 
bitter gourd.

2. Materials and Methods 

2.1 Experimental site and soil characteristics

A �ield experiment was conducted at the experimental �ield of Soil Science Division, 
Bangladesh Agricultural Research Institute (BARI), Joydebpur, Gazipur during 2023 kharif-I 
season. The experimental site falls under the agro-ecological zone Madhupur Tract 
(AEZ-28). Initial soil samples were collected from 0-15 cm depth and analyzed prior to 
application of different fertilizers. Texturally the soil was sandy clay loam, having 6.7 pH 
(1:2.5 soil-water ratio), 1.46% organic matter, 0.08% total N, 11 ppm Olsen-P, 0.11 me% 
NH4OAc extractable (exchangeable) K, 15 ppm CaCl2 extractable S and 3.2 ppm DTPA 
extractable Zn.  The status of hot water-soluble soil B was low, 0.18 ppm.  Chemical analysis 
of soil was done following the method and procedure as outlined by Page et al. (1982).

2.2 Treatments and design

Treatments combinations were T1: Control, T2: recommended dose of fertilizers (RDF), 
T3: 1 kg B ha-1 + RDF, T4: 1.5 kg B ha-1 + RDF and T5: 2 kg B ha-1 + RDF. The experiment was laid 
out in a RCB design, with three replications of each treatment. The unit plot was 2m × 1.5m 
in size. The common fertilizers were applied at the rate of 102-20-42-10-0.5 kg ha-1 of 
N-P-K-S-Zn in the form of urea, triple super phosphate, muriate of potash, gypsum and zinc 
sulphate, respectively. Boron was applied as boric acid (H3BO3) containing 17% B. Basal 
application was made with 5 t ha-1 cowdung. The entire amount of cowdung and all P, K, S, Zn 
and B were applied at the time of sowing as basal dose. N was applied around the plant as 
side dressing in six splits (1st split was applied during transplanting, while 2nd, 3rd, 4th, 5th and 
6th splits were applied with irrigation when necessary). 

2.3 Experiment set up

BARI Karola-4 variety was used in the experiment. Before sowing the seeds were soaked 
in water for 24 hours to enhance germination. Then water was taken off and seed mass was 
covered with a wet cloth until seed is cracked. Then the seeds were placed into polybags 
after the seed cover cracked. When the seedlings were 8-10 cm long, seedlings were planted 
in the pit. Seeds were sown on 26 January 2023 in polybag. Seedlings were transplanted on 
20 February, 2023 with a spacing of 1.5m from row to row and 2m from plant to plant. When 
the seedlings became 15-20 cm long, bamboo sticks were put into the ground. Irrigation was 
done during the growing period to keep the soil moist. Pheromone traps were used after the 
1st week of transplanting in the �ield and it was changed after 50-60 days. Intercultural 
operations were done as and when required.  Fruits were harvested at maturity stage.  
Harvested fruits were selected from each plot for recording necessary yield and yield 
component data.  The data included number of �lower sheds, fruit length (cm), fruit weight 
(g), fruit diameter (cm), and fruit yield (t ha-1) and also vit. C and TSS. 

Fruit N, P, K & B was determined by acid digestion, H2SO4 for N and HNO3-HClO4 (3:1) for 
P, K & B. Vit. C and TSS were also determined by standard methods. Total soluble solid (TSS) 
was measured with a digital hand refractometer and reported as Brix. Vitamin C was 
determined by classical titration method using 2, 6- dichlorophenol indophenols solution 
and expressed as 100 mg g-1 of fresh weight (Ranganna, 1995). 

2.4 Statistical analysis 

Data were analyzed by STATISTIX-10 program and means were compared by multiple 
comparison test using LSD (Statistix for Windows, 1998).

                                                

3. Results and Discussion

3.1 Effects of boron on the �lowering of bitter gourd   

Signi�icant variation was observed among the treatments showing higher number of 
female �lowering and decreased �lower shedding (Table 1). The maximum number of female 
�lowers was recorded in T4 treatment containing 1.5 kg B ha-1 + NPKS fertilizers (70.9 plant-1) 
which was identical with T5 (69.6 plant-1), followed by T3 (64.9 plant-1) and T2 (60.6 plant-1). 
The lowest number of female �lowers was noted in control (45.2. plant-1) treatment.  
Increased number of female �lowers in bitter gourd with added B was also reported by Fozia 
et al. (2018) and Karthick et al. (2018). The number of �lower shedding plant-1 also 
signi�icantly differed with the treatments. The minimum number of �lower shedding (38.9) 
was found in T4 treatment while the maximum number was observed in T1 (79.2 plant-1) 
treatment. The highest decrease in �lower shedding was recorded in T4 (50.9%) treatment 
leading to higher number of �lower set. The percent decrease in �lower shedding due to B 
treatment was the maximum in the study of Sultana et al. (2017).

Table 1. Effects of B on the �lowering of bitter gourd 

Treatments No. of female  No. of �lower  Decrease in �lower
 �lowers plant-1 sheds plant-1  shedding (%)

T1: Control  45.2c 79.2a -

T2: RDF  60.6b 63.9b 19.3

T3: 1.0 kg B ha-1 + RDF  64.9ab 53.9c 32.0

T4: 1.5 kg B ha-1 + RDF 70.9a 38.9d 50.9

T5: 2.0 kg B ha-1 + RDF 69.6a 40.9d 48.4

CV (%) 5.80 5.79 

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS)      

3.2 Effects of boron on the yield components and yield of bitter gourd   

In�luence of boron treatment on the yield components and yield of bitter gourd were 
shown in Table 2.  The number of fruits plant-1 ranged 42.9 - 68.9, the maximum value was 
observed in T4 treatment having 1.5 kg B ha-1 along with usual NPKS dose which however 
was identical with T5 (67.2), followed by T3 (63.2) and T2 (60.9) treatment. The longest fruit 
was documented in T4 (17.5 cm) followed by T5 (16.2 cm), T3 (15.6 cm) and T2 (13.5 cm) 
treatment. Fruit diameter ranged from 4.05 cm to 4.61 cm, the maximum diameter being in 

T4 (4.61 cm) and followed by T5 (4.51 cm), T3 (4.44 cm) and T2 (4.27 cm) treatment. Bharati 
et al. (2018) noticed increased fruit length, girth and weight in their studies. Signi�icant 
variations were also observed in case of individual fruit weight. The maximum value was 
found in T4 (104 g) which was identical with T5 (103 g) and followed by T3 (99 g), T2 (94.2 g) 
treatment. The lowest value was noted in control treatment (89.2 g). Fruit weight (kg plant-1) 
ranged from 2.87 kg to 6.26 kg, the maximum value being observed in T4 which was followed 
by T5 (5.98 kg), T3 (5.35 kg) and T2 (4.81 kg) treatment. Signi�icant variation was also found 
in total yield (t ha-1) of bitter gourd. The highest yield was obtained in T4 (23.4 t ha-1) which 
was followed by T5 (22.5 t ha-1), T3 (20.4 t ha-1) and T2 (18.6 t ha-1) treatment. The lowest 
yield was identi�ied in T1 (12.1 t ha-1). It was clearly noticed that T4 was the best treatment 
that was the combination of 1.5 kg B ha-1 + NPKSZn. Added boron compared to control 
increased yield that was mentioned by several researchers (Fozia et al., 2018; Ashraf et al., 
2020; Bharati et al., 2018).

Table 2. Effects of B on the yield components and yield of bitter gourd 

Treatments No. of  Length Fruit dia. Individual Fruit  Fruit 
 fruits of fruit (cm) fruit Fruit wt./ wt./plant yield
 plant-1   (cm) wt.  (g)  (kg) (t ha-1)

T1: Control  42.9c 11.4c 4.05b 89.2c 2.87d 12.1d

T2: RDF  60.9b 13.5bc 4.27ab 94.2bc 4.81c 18.6c

T3: 1.0 kg B ha-1 + RDF  63.2ab 15.6ab 4.44ab 99.0ab 5.35bc 20.4bc

T4: 1.5 kg B ha-1 + RDF 68.9a 17.5a 4.61a 104.0a 6.26a 23.4a

T5: 2.0 kg B ha-1 + RDF 67.2a 16.2ab 4.51ab 102.5a 5.98ab 22.5ab

CV (%) 5.10 11.8 6.46 4.06 7.11 6.17

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS) 

Fruit dry yield, nutrient content and uptake of N, P, K, Zn and B, were presented in Tables 
3 and 4.  Signi�icant differences were observed in those plant parameters. The highest dry 
yield was recorded in T4 (2228 kg ha-1) which was followed by T5 (2144 kg ha-1), T3 (1953 kg 
ha-1) and T2 (1790 kg ha-1), and the lowest value was noted in T1 i.e. Control (1202 kg ha-1) 
treatment. The B concentration of fruit 44-58 ppm that together with fruit yield  resulted in 
the maximum B uptake (1255 kg ha-1) in T4 treatment which was similar  with T5 (1244 kg 
ha-1). The Zn concentration of fruit increased by the application of B to a certain level then its 
concentration decreased with higher rate of B application. Zn concentration varied from 46 

to 56 ppm that also resulted in the maximum Zn uptake for the T4 treatment (0.125 kg ha-1). 
The lowest Zn uptake was recorded as 0.056 kg ha-1.

The effect of B on the concentration of N, P, and K showed that added B increased the 
concentration of P and K in bitter gourd fruit, but the increment was not signi�icant. The 
minimum N (3.46%) and P concentrations (0.41%) were found in control treatment while 
the maximum N concentration (3.71%) was found in T5 and the maximum P (0.473%) was 
found in T4 treatment. The N uptake by fruit was reached to the peak in T4 (82.3 kg ha-1) 
treatment which was identical with T5 (79.6 kg ha-1). The P conc. (%) was found to lie in 
between 0.410% and 0.473% that also re�lected in P uptake by fruit kg ha-1 limiting between 
4.91 kg ha-1 and 10.55 kg ha-1. The K conc. (%) was the highest in T5 (2.90%) and there was 
no signi�icant difference between the treatments. The K uptake by fruit was the top in T5 
treatment (62.2 kg ha-1) which however was identical with T4 (61.6 kg ha-1), T3 and T2 
treatments. The present �indings indicated that up to a certain level of B application to soil, 
plant N P, K, Zn and B content showed synergistic relationship.

Table 3.  N, P and K content and uptake in bitter gourd fruit 

Treatments N P K N uptake P uptake K uptake
 conc. conc. conc. by fruit by fruit by fruit
 (%) (%) (%) (kg ha-1) (kg ha-1) (kg ha-1)

T1: Control  3.46b 0.410 2.48 41.6d 4.91d 29.8b

T2: RDF  3.58ab 0.433 2.63 64.1c 7.77c 47.2a

T3: 1.0 kg B ha-1 + RDF  3.65ab 0.440 2.78 71.3bc 8.55bc 53.8a

T4: 1.5 kg B ha-1 + RDF 3.69ab 0.473 2.75 82.3a 10.55a 61.6a

T5: 2.0 kg B ha-1 + RDF 3.710a 0.450 2.90 79.56ab 9.64ab 62.21a

CV (%) 4.45 8.66 7.87 7.33 8.37 9.21

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS)      
                                                                                                    

Table 4.  Nutrient content and uptake of Zn and B in bitter gourd fruit

Treatments Fruit dry Zn B B uptake Zn uptake
 yield conc. conc.  by fruit by fruit
 (kg ha-1) (ppm) (ppm) (g ha-1) (g ha-1)

T1: Control  1202d 46c 44c 53.0d 56d

T2: RDF  1790c 50bc 48bc 86.0c 90c

T3: 1.0 kg B ha-1 + RDF  1953bc 52ab 52ab 101.9b 100bc

T4: 1.5 kg B ha-1 + RDF 2228a 56a 56a 125.5a 125a

T5: 2.0 kg B ha-1 + RDF 2144ab 53ab 58a 124.3a 114ab

CV (%) 5.84 4.77 7.44 7.37 7.70

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS)

The minimum Zn content was observed in control while the maximum Zn content was 
found with higher dose of B in the study of Sultana et al. (2017) which also indicated   that 
at certain level of B in soil, Zn and B showed synergism. They also observed that B 
application increased the concentration of N and P in bitter gourd insigni�icantly. They 
again cited that relationship between B and K was synergistic having coinciding role in 
physiological approaches.

3.3 TSS and vitamin C content of bitter gourd

Quality characters such as Vit. C and TSS (0Brix) of bitter gourd have been depicted in 
Table 5. Vit. C ranged from 62.1 mg 100g-1 to 71.3 mg 100g-1, the maximum value recorded in 
T4  which was identical with T5 (70.2 mg 100g-1) which was  followed by T3 (68.3 mg 100g-1), 
T2 (65.7 mg 100g-1) and T1 (62.1 mg 100g-1) treatment but they were statistically similar 
(Table 5). The maximum TSS was recorded in T4 (3.97), followed by T5 (3.70), T3 (3.40) and 
T2 (3.27) treatments. Vit. C and TSS were found to increase with B application in the study of 
Bharati et al. (2018). Ashraf et al. (2020) reported the maximum amount of TSS with B 
treatment. The highest TSS content in fruit was obtained with all micronutrients which 
might be due to higher conc. of N, P, K and micronutrient in leaves and fruits, which might 
have boosted the accumulation of assimilates resulting in better quality for bitter gourd 
(Meenakshi et al., 2007).

Table 5. Quality characters of bitter gourd fruit as in�luenced by different B levels 

Treatments Vit. C TSS
 (mg/100g) (0Brix)

T1: Control  62.05b 3.10c

T2: RDF  65.74ab 3.27bc

T3: 1.0 kg B ha-1 + RDF  68.29ab 3.40bc

T4: 1.5 kg B ha-1 + RDF 71.28a 3.97a

T5: 2.0 kg B ha-1 + RDF 70.19a 3.70ab

CV (%) 5.90 7.11

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS)      

4. Conclusions
Application of B enhanced fruit length (cm), fruit weight (g), fruit diameter (cm), fruit 

yield (t ha-1), vit. C and TSS, and decreased �lower shedding in bitter gourd. The highest yield 
(23.4 t ha-1) was observed in T4 (1.5 kg B ha-1 + RDF) and it was signi�icantly higher than 
control plants. The maximum lowering of �lower shedding (50.9%) was also observed in the 
same treatment. Nutrient concentration and uptake in bitter gourd were also in�luenced by 
B treatment. It was, therefore, concluded that 1.5 kg B ha-1 + NPKSZn (RDF) application could 
be used to obtain higher yield and quality of bitter gourd. 
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4. Discussion
In both Gopalpur and Ishwardi soils, the lowest organic carbon content was observed  

with control (0.99%) and the highest carbon was with the highest rate (9 t ha-1) of rice hull 
or sawdust application . Between the two soils the result was higher for Gopalpur soil than 
for Ishurdi which could be attributed to higher clay content, 27% of the former soil 
compared to the later soil, 13% clay (Fig. 1, Table 1).  The higher clay content might be a 
cause to adsorb more carbonaceous material in Gopalpur soil compared to Ishurdi soil. In 
general, the concentration of soil organic carbon is typically higher in soils with high clay 
content due to the enhanced soil aggregation and organic matter protection provided by 
clay minerals.  

Mon et al. (2024) and Linam et al. (2023) found a positive correlation between the 
addition of compost and soil organic carbon content.  Addition of both rice hull and sawdust 
resulted in increased available N content in both soils. In Gopalpur soil it accounted 28.6% 
and 22.2% increment for rice hull and sawdust, respectively over the unamended (control) 
soil whereas in Ishurdi soil the increments were 41.9% and 37.4%, respectively.  Rice hull 
contained more N (118 mg kg-1) than sawdust did (75 mg kg-1) which value (Table 1) could 
explain the result difference between the two soils. Rice hull and sawdust signi�icantly 
increased soil MBC showing 47.6% and 19.3, respectively in Ishurdi soil. The C:N ratio 
controls the activities of soil microbes. When C:N ratio is high microbial growth becomes 
high and much carbon is immobilized by soil microbes, principally bacteria. It becomes 
stable when C:N ratio comes down to 10:1 – 12:1. In the present study, total status of soil N 
was not measured. Because the research observed the changes in available nitrogen content 
due to the addition of organic amendments in saline soi. That’s why research didn’t conduct 
total N determination.

The result suggests that the organic matter from sawdust was more biodegradable than 
that from the rice hull possibly due to higher C:N ratio in sawdust. Compared to the 100% 
chemical nitrogen (CN) treatment, the use of organic amendments signi�icantly stimulated 
microbial growth and increased the activity of most carbon-degrading enzymes (Luan et al., 
2020). According to Lamptey et al. (2019), soil respiration increased by an average of 12% 
with amendment treatments compared to no amendments.

The decreased bulk density in soils might be due to increase in soil volume for addition 
of organics having low density (could be 0.5 g cc-1). The study of Aytenew and Bore (2020) 
showed application of organic amendments lower soil bulk density values by more than 5% 
versus sole urea fertilized soil and for each 1% increase inorganic matter, soil water holding 
capacity increased by up to 3.7%. Their study also stated that organic amendments play a 
positive role in chemical characteristics of the soil including increase in organic carbon, 
organic nitrogen, microbial biomass and increased enzymatic activity. The increase in soil 

porosity is related to decrease in soil bulk density. Dong et al. (2022) observed that the 
organic amendments increased soil porosity and available water amount and decreased 
bulk density y of soil. 

5. Conclusions 
The result of the present study indicated that rice hull and sawdust varied in their 

effectiveness on the soil characteristics. Rice hull and sawdust signi�icantly improved most 
of the soil parameters (except bulk density) in Gopalpur soil whereas in Ishwardi soil the 
organic carbon content remained unaffected after rice hull and sawdust application. Field 
experiment with crops is necessary to evaluate the effectiveness of organic amendments on 
improvement of saline soil for successful crop production.
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Abstract

Boron (B) is a micronutrient which has remarkable role on �lowering and fruiting of 
crops. This element de�iciency (B) arises in Bangladesh soils and is prominent in dryland 
crops. With this idea the effect of boron (B) application on yield and quality of bitter gourd 
(Momordica charantia) was studied through an experiment at the research �ield of Soil 
Science Division of Bangladesh Agricultural Research Institute (BARI), Gazipur (AEZ-28) 
during kharif-I 2023 season (mid of March to mid of July). The main objective was to 
determine the optimum level of B for maximizing the yield and quality of bitter gourd (cv. 
BARI Karola-4). Five treatments with and without B were imposed: T1: Control, T2: 
Recommended Dose of Fertilizers (RDF), T3: 1 kg B ha-1 + RDF, T4: 1.5 kg B ha-1 + RDF and T5: 
2 kg B ha-1 + RDF. The source of B was boric acid (H3BO3) having 17% B. The common 
fertilizers were applied at a rate of 102-20-42-10-0.5 kg ha-1of N-P-K-S-Zn in the form of 
urea, triple super phosphate, muriate of potash, gypsum and zinc sulphate, respectively. 
Design of the experiment was randomized complete block design (RCBD) with three 
replications of each treatment. The yield and yield contributing characters of bitter gourd 
were signi�icantly and positively in�luenced by B application. All yield parameters showed 
higher results in T4 treatment (1.5 kg B ha-1+ RDF) except �lower shedding which was rather 
positive as this treatment resulted in the lowest �lower shedding. The highest fruit yield 
(23.4 t ha-1) was observed in the same treatment i.e. T4 and it was signi�icantly higher than in 
control plots. The concentration as well as uptake of nutrients in bitter gourd was also 
in�luenced by boron fertilization. Except K uptake, all other nutrient uptake was the 
maximum in the same T4 treatment. Hence, it was concluded that application of boron at 1.5 
kg B ha-1 found effective for reducing �lower shedding and obtaining better yield and quality 
of bitter gourd.

Keywords: Boric acid, Flower shedding, Nutrient uptake, Fruit quality, Fruit yield 
                                                                                                                                  
1. Introduction

Bitter gourd (Momordica charantia) is used as vegetables. This fruit ranks �irst among 
the cucurbits in respect of iron and ascorbic acid (vit. C). It also contains proteins, fats, 

minerals, carotein, thiamine, ribo�lavins and very rich in phytonutrients like anti-oxidants. 
The alkaloid momordicasoides imparts the bitter taste to the fruit. Bitter gourd has a high 
nutrient requirement such as nitrogen, phosphorus, potash, zinc and boron. Bitter gourd 
fruit yield has been set aside by the de�iciency of micronutrients, which leads to certain 
physiological disorders. Bitter gourd is a monoecious crop, where male and female �lowers 
borne on the same plant. The production of staminate �lower is normally much more than 
pistillate �lowers ultimately only pistillate �lowers contribute to the yield (Vala and Savaliya, 
2014). During the plant growth period, micronutrients play various roles in physiological 
and biochemical processes and among those nutrients, B is a vital element which is involved 
in �lowering and fruiting of the plant. So, this element de�iciency causes �loral deformities 
inducing male bareness (Nonnecke, 1989). Boron de�iciency affects the growing points of 
roots and youngest leaves and it functions in the growth of cells in newly emerging shoots 
and roots while in some plants it is crucial for boll formation, �lowering, pollination, seed 
development and sugar transport (Takano et al., 2008; Miwa et al., 2008). Boron de�iciency 
plays a signi�icant role in yield reduction of many vegetables, including bitter gourd due to 
premature �lower, square or boll shedding. 

Bitter gourd is a very popular vegetable in Bangladesh and its yield maximization is a 
major concern of local farmers. Information of the effect of B on major crops is although 
available in Bangladesh, while work on vegetables like bitter gourd is scanty. Bitter gourd 
is an important vegetable, and balanced supply of B for its cultivation is a must. Therefore, 
this study was planned to determine the effect of B on �lower set and yield of bitter gourd, 
and to �ind out the optimum dose of B application for maximizing the yield and quality of 
bitter gourd.

2. Materials and Methods 

2.1 Experimental site and soil characteristics

A �ield experiment was conducted at the experimental �ield of Soil Science Division, 
Bangladesh Agricultural Research Institute (BARI), Joydebpur, Gazipur during 2023 kharif-I 
season. The experimental site falls under the agro-ecological zone Madhupur Tract 
(AEZ-28). Initial soil samples were collected from 0-15 cm depth and analyzed prior to 
application of different fertilizers. Texturally the soil was sandy clay loam, having 6.7 pH 
(1:2.5 soil-water ratio), 1.46% organic matter, 0.08% total N, 11 ppm Olsen-P, 0.11 me% 
NH4OAc extractable (exchangeable) K, 15 ppm CaCl2 extractable S and 3.2 ppm DTPA 
extractable Zn.  The status of hot water-soluble soil B was low, 0.18 ppm.  Chemical analysis 
of soil was done following the method and procedure as outlined by Page et al. (1982).

2.2 Treatments and design

Treatments combinations were T1: Control, T2: recommended dose of fertilizers (RDF), 
T3: 1 kg B ha-1 + RDF, T4: 1.5 kg B ha-1 + RDF and T5: 2 kg B ha-1 + RDF. The experiment was laid 
out in a RCB design, with three replications of each treatment. The unit plot was 2m × 1.5m 
in size. The common fertilizers were applied at the rate of 102-20-42-10-0.5 kg ha-1 of 
N-P-K-S-Zn in the form of urea, triple super phosphate, muriate of potash, gypsum and zinc 
sulphate, respectively. Boron was applied as boric acid (H3BO3) containing 17% B. Basal 
application was made with 5 t ha-1 cowdung. The entire amount of cowdung and all P, K, S, Zn 
and B were applied at the time of sowing as basal dose. N was applied around the plant as 
side dressing in six splits (1st split was applied during transplanting, while 2nd, 3rd, 4th, 5th and 
6th splits were applied with irrigation when necessary). 

2.3 Experiment set up

BARI Karola-4 variety was used in the experiment. Before sowing the seeds were soaked 
in water for 24 hours to enhance germination. Then water was taken off and seed mass was 
covered with a wet cloth until seed is cracked. Then the seeds were placed into polybags 
after the seed cover cracked. When the seedlings were 8-10 cm long, seedlings were planted 
in the pit. Seeds were sown on 26 January 2023 in polybag. Seedlings were transplanted on 
20 February, 2023 with a spacing of 1.5m from row to row and 2m from plant to plant. When 
the seedlings became 15-20 cm long, bamboo sticks were put into the ground. Irrigation was 
done during the growing period to keep the soil moist. Pheromone traps were used after the 
1st week of transplanting in the �ield and it was changed after 50-60 days. Intercultural 
operations were done as and when required.  Fruits were harvested at maturity stage.  
Harvested fruits were selected from each plot for recording necessary yield and yield 
component data.  The data included number of �lower sheds, fruit length (cm), fruit weight 
(g), fruit diameter (cm), and fruit yield (t ha-1) and also vit. C and TSS. 

Fruit N, P, K & B was determined by acid digestion, H2SO4 for N and HNO3-HClO4 (3:1) for 
P, K & B. Vit. C and TSS were also determined by standard methods. Total soluble solid (TSS) 
was measured with a digital hand refractometer and reported as Brix. Vitamin C was 
determined by classical titration method using 2, 6- dichlorophenol indophenols solution 
and expressed as 100 mg g-1 of fresh weight (Ranganna, 1995). 

2.4 Statistical analysis 

Data were analyzed by STATISTIX-10 program and means were compared by multiple 
comparison test using LSD (Statistix for Windows, 1998).

                                                

3. Results and Discussion

3.1 Effects of boron on the �lowering of bitter gourd   

Signi�icant variation was observed among the treatments showing higher number of 
female �lowering and decreased �lower shedding (Table 1). The maximum number of female 
�lowers was recorded in T4 treatment containing 1.5 kg B ha-1 + NPKS fertilizers (70.9 plant-1) 
which was identical with T5 (69.6 plant-1), followed by T3 (64.9 plant-1) and T2 (60.6 plant-1). 
The lowest number of female �lowers was noted in control (45.2. plant-1) treatment.  
Increased number of female �lowers in bitter gourd with added B was also reported by Fozia 
et al. (2018) and Karthick et al. (2018). The number of �lower shedding plant-1 also 
signi�icantly differed with the treatments. The minimum number of �lower shedding (38.9) 
was found in T4 treatment while the maximum number was observed in T1 (79.2 plant-1) 
treatment. The highest decrease in �lower shedding was recorded in T4 (50.9%) treatment 
leading to higher number of �lower set. The percent decrease in �lower shedding due to B 
treatment was the maximum in the study of Sultana et al. (2017).

Table 1. Effects of B on the �lowering of bitter gourd 

Treatments No. of female  No. of �lower  Decrease in �lower
 �lowers plant-1 sheds plant-1  shedding (%)

T1: Control  45.2c 79.2a -

T2: RDF  60.6b 63.9b 19.3

T3: 1.0 kg B ha-1 + RDF  64.9ab 53.9c 32.0

T4: 1.5 kg B ha-1 + RDF 70.9a 38.9d 50.9

T5: 2.0 kg B ha-1 + RDF 69.6a 40.9d 48.4

CV (%) 5.80 5.79 

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS)      

3.2 Effects of boron on the yield components and yield of bitter gourd   

In�luence of boron treatment on the yield components and yield of bitter gourd were 
shown in Table 2.  The number of fruits plant-1 ranged 42.9 - 68.9, the maximum value was 
observed in T4 treatment having 1.5 kg B ha-1 along with usual NPKS dose which however 
was identical with T5 (67.2), followed by T3 (63.2) and T2 (60.9) treatment. The longest fruit 
was documented in T4 (17.5 cm) followed by T5 (16.2 cm), T3 (15.6 cm) and T2 (13.5 cm) 
treatment. Fruit diameter ranged from 4.05 cm to 4.61 cm, the maximum diameter being in 

T4 (4.61 cm) and followed by T5 (4.51 cm), T3 (4.44 cm) and T2 (4.27 cm) treatment. Bharati 
et al. (2018) noticed increased fruit length, girth and weight in their studies. Signi�icant 
variations were also observed in case of individual fruit weight. The maximum value was 
found in T4 (104 g) which was identical with T5 (103 g) and followed by T3 (99 g), T2 (94.2 g) 
treatment. The lowest value was noted in control treatment (89.2 g). Fruit weight (kg plant-1) 
ranged from 2.87 kg to 6.26 kg, the maximum value being observed in T4 which was followed 
by T5 (5.98 kg), T3 (5.35 kg) and T2 (4.81 kg) treatment. Signi�icant variation was also found 
in total yield (t ha-1) of bitter gourd. The highest yield was obtained in T4 (23.4 t ha-1) which 
was followed by T5 (22.5 t ha-1), T3 (20.4 t ha-1) and T2 (18.6 t ha-1) treatment. The lowest 
yield was identi�ied in T1 (12.1 t ha-1). It was clearly noticed that T4 was the best treatment 
that was the combination of 1.5 kg B ha-1 + NPKSZn. Added boron compared to control 
increased yield that was mentioned by several researchers (Fozia et al., 2018; Ashraf et al., 
2020; Bharati et al., 2018).

Table 2. Effects of B on the yield components and yield of bitter gourd 

Treatments No. of  Length Fruit dia. Individual Fruit  Fruit 
 fruits of fruit (cm) fruit Fruit wt./ wt./plant yield
 plant-1   (cm) wt.  (g)  (kg) (t ha-1)

T1: Control  42.9c 11.4c 4.05b 89.2c 2.87d 12.1d

T2: RDF  60.9b 13.5bc 4.27ab 94.2bc 4.81c 18.6c

T3: 1.0 kg B ha-1 + RDF  63.2ab 15.6ab 4.44ab 99.0ab 5.35bc 20.4bc

T4: 1.5 kg B ha-1 + RDF 68.9a 17.5a 4.61a 104.0a 6.26a 23.4a

T5: 2.0 kg B ha-1 + RDF 67.2a 16.2ab 4.51ab 102.5a 5.98ab 22.5ab

CV (%) 5.10 11.8 6.46 4.06 7.11 6.17

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS) 

Fruit dry yield, nutrient content and uptake of N, P, K, Zn and B, were presented in Tables 
3 and 4.  Signi�icant differences were observed in those plant parameters. The highest dry 
yield was recorded in T4 (2228 kg ha-1) which was followed by T5 (2144 kg ha-1), T3 (1953 kg 
ha-1) and T2 (1790 kg ha-1), and the lowest value was noted in T1 i.e. Control (1202 kg ha-1) 
treatment. The B concentration of fruit 44-58 ppm that together with fruit yield  resulted in 
the maximum B uptake (1255 kg ha-1) in T4 treatment which was similar  with T5 (1244 kg 
ha-1). The Zn concentration of fruit increased by the application of B to a certain level then its 
concentration decreased with higher rate of B application. Zn concentration varied from 46 

to 56 ppm that also resulted in the maximum Zn uptake for the T4 treatment (0.125 kg ha-1). 
The lowest Zn uptake was recorded as 0.056 kg ha-1.

The effect of B on the concentration of N, P, and K showed that added B increased the 
concentration of P and K in bitter gourd fruit, but the increment was not signi�icant. The 
minimum N (3.46%) and P concentrations (0.41%) were found in control treatment while 
the maximum N concentration (3.71%) was found in T5 and the maximum P (0.473%) was 
found in T4 treatment. The N uptake by fruit was reached to the peak in T4 (82.3 kg ha-1) 
treatment which was identical with T5 (79.6 kg ha-1). The P conc. (%) was found to lie in 
between 0.410% and 0.473% that also re�lected in P uptake by fruit kg ha-1 limiting between 
4.91 kg ha-1 and 10.55 kg ha-1. The K conc. (%) was the highest in T5 (2.90%) and there was 
no signi�icant difference between the treatments. The K uptake by fruit was the top in T5 
treatment (62.2 kg ha-1) which however was identical with T4 (61.6 kg ha-1), T3 and T2 
treatments. The present �indings indicated that up to a certain level of B application to soil, 
plant N P, K, Zn and B content showed synergistic relationship.

Table 3.  N, P and K content and uptake in bitter gourd fruit 

Treatments N P K N uptake P uptake K uptake
 conc. conc. conc. by fruit by fruit by fruit
 (%) (%) (%) (kg ha-1) (kg ha-1) (kg ha-1)

T1: Control  3.46b 0.410 2.48 41.6d 4.91d 29.8b

T2: RDF  3.58ab 0.433 2.63 64.1c 7.77c 47.2a

T3: 1.0 kg B ha-1 + RDF  3.65ab 0.440 2.78 71.3bc 8.55bc 53.8a

T4: 1.5 kg B ha-1 + RDF 3.69ab 0.473 2.75 82.3a 10.55a 61.6a

T5: 2.0 kg B ha-1 + RDF 3.710a 0.450 2.90 79.56ab 9.64ab 62.21a

CV (%) 4.45 8.66 7.87 7.33 8.37 9.21

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS)      
                                                                                                    

Table 4.  Nutrient content and uptake of Zn and B in bitter gourd fruit

Treatments Fruit dry Zn B B uptake Zn uptake
 yield conc. conc.  by fruit by fruit
 (kg ha-1) (ppm) (ppm) (g ha-1) (g ha-1)

T1: Control  1202d 46c 44c 53.0d 56d

T2: RDF  1790c 50bc 48bc 86.0c 90c

T3: 1.0 kg B ha-1 + RDF  1953bc 52ab 52ab 101.9b 100bc

T4: 1.5 kg B ha-1 + RDF 2228a 56a 56a 125.5a 125a

T5: 2.0 kg B ha-1 + RDF 2144ab 53ab 58a 124.3a 114ab

CV (%) 5.84 4.77 7.44 7.37 7.70

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS)

The minimum Zn content was observed in control while the maximum Zn content was 
found with higher dose of B in the study of Sultana et al. (2017) which also indicated   that 
at certain level of B in soil, Zn and B showed synergism. They also observed that B 
application increased the concentration of N and P in bitter gourd insigni�icantly. They 
again cited that relationship between B and K was synergistic having coinciding role in 
physiological approaches.

3.3 TSS and vitamin C content of bitter gourd

Quality characters such as Vit. C and TSS (0Brix) of bitter gourd have been depicted in 
Table 5. Vit. C ranged from 62.1 mg 100g-1 to 71.3 mg 100g-1, the maximum value recorded in 
T4  which was identical with T5 (70.2 mg 100g-1) which was  followed by T3 (68.3 mg 100g-1), 
T2 (65.7 mg 100g-1) and T1 (62.1 mg 100g-1) treatment but they were statistically similar 
(Table 5). The maximum TSS was recorded in T4 (3.97), followed by T5 (3.70), T3 (3.40) and 
T2 (3.27) treatments. Vit. C and TSS were found to increase with B application in the study of 
Bharati et al. (2018). Ashraf et al. (2020) reported the maximum amount of TSS with B 
treatment. The highest TSS content in fruit was obtained with all micronutrients which 
might be due to higher conc. of N, P, K and micronutrient in leaves and fruits, which might 
have boosted the accumulation of assimilates resulting in better quality for bitter gourd 
(Meenakshi et al., 2007).

Table 5. Quality characters of bitter gourd fruit as in�luenced by different B levels 

Treatments Vit. C TSS
 (mg/100g) (0Brix)

T1: Control  62.05b 3.10c

T2: RDF  65.74ab 3.27bc

T3: 1.0 kg B ha-1 + RDF  68.29ab 3.40bc

T4: 1.5 kg B ha-1 + RDF 71.28a 3.97a

T5: 2.0 kg B ha-1 + RDF 70.19a 3.70ab

CV (%) 5.90 7.11

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS)      

4. Conclusions
Application of B enhanced fruit length (cm), fruit weight (g), fruit diameter (cm), fruit 

yield (t ha-1), vit. C and TSS, and decreased �lower shedding in bitter gourd. The highest yield 
(23.4 t ha-1) was observed in T4 (1.5 kg B ha-1 + RDF) and it was signi�icantly higher than 
control plants. The maximum lowering of �lower shedding (50.9%) was also observed in the 
same treatment. Nutrient concentration and uptake in bitter gourd were also in�luenced by 
B treatment. It was, therefore, concluded that 1.5 kg B ha-1 + NPKSZn (RDF) application could 
be used to obtain higher yield and quality of bitter gourd. 
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4. Discussion
In both Gopalpur and Ishwardi soils, the lowest organic carbon content was observed  

with control (0.99%) and the highest carbon was with the highest rate (9 t ha-1) of rice hull 
or sawdust application . Between the two soils the result was higher for Gopalpur soil than 
for Ishurdi which could be attributed to higher clay content, 27% of the former soil 
compared to the later soil, 13% clay (Fig. 1, Table 1).  The higher clay content might be a 
cause to adsorb more carbonaceous material in Gopalpur soil compared to Ishurdi soil. In 
general, the concentration of soil organic carbon is typically higher in soils with high clay 
content due to the enhanced soil aggregation and organic matter protection provided by 
clay minerals.  

Mon et al. (2024) and Linam et al. (2023) found a positive correlation between the 
addition of compost and soil organic carbon content.  Addition of both rice hull and sawdust 
resulted in increased available N content in both soils. In Gopalpur soil it accounted 28.6% 
and 22.2% increment for rice hull and sawdust, respectively over the unamended (control) 
soil whereas in Ishurdi soil the increments were 41.9% and 37.4%, respectively.  Rice hull 
contained more N (118 mg kg-1) than sawdust did (75 mg kg-1) which value (Table 1) could 
explain the result difference between the two soils. Rice hull and sawdust signi�icantly 
increased soil MBC showing 47.6% and 19.3, respectively in Ishurdi soil. The C:N ratio 
controls the activities of soil microbes. When C:N ratio is high microbial growth becomes 
high and much carbon is immobilized by soil microbes, principally bacteria. It becomes 
stable when C:N ratio comes down to 10:1 – 12:1. In the present study, total status of soil N 
was not measured. Because the research observed the changes in available nitrogen content 
due to the addition of organic amendments in saline soi. That’s why research didn’t conduct 
total N determination.

The result suggests that the organic matter from sawdust was more biodegradable than 
that from the rice hull possibly due to higher C:N ratio in sawdust. Compared to the 100% 
chemical nitrogen (CN) treatment, the use of organic amendments signi�icantly stimulated 
microbial growth and increased the activity of most carbon-degrading enzymes (Luan et al., 
2020). According to Lamptey et al. (2019), soil respiration increased by an average of 12% 
with amendment treatments compared to no amendments.

The decreased bulk density in soils might be due to increase in soil volume for addition 
of organics having low density (could be 0.5 g cc-1). The study of Aytenew and Bore (2020) 
showed application of organic amendments lower soil bulk density values by more than 5% 
versus sole urea fertilized soil and for each 1% increase inorganic matter, soil water holding 
capacity increased by up to 3.7%. Their study also stated that organic amendments play a 
positive role in chemical characteristics of the soil including increase in organic carbon, 
organic nitrogen, microbial biomass and increased enzymatic activity. The increase in soil 

porosity is related to decrease in soil bulk density. Dong et al. (2022) observed that the 
organic amendments increased soil porosity and available water amount and decreased 
bulk density y of soil. 

5. Conclusions 
The result of the present study indicated that rice hull and sawdust varied in their 

effectiveness on the soil characteristics. Rice hull and sawdust signi�icantly improved most 
of the soil parameters (except bulk density) in Gopalpur soil whereas in Ishwardi soil the 
organic carbon content remained unaffected after rice hull and sawdust application. Field 
experiment with crops is necessary to evaluate the effectiveness of organic amendments on 
improvement of saline soil for successful crop production.
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Abstract

Boron (B) is a micronutrient which has remarkable role on �lowering and fruiting of 
crops. This element de�iciency (B) arises in Bangladesh soils and is prominent in dryland 
crops. With this idea the effect of boron (B) application on yield and quality of bitter gourd 
(Momordica charantia) was studied through an experiment at the research �ield of Soil 
Science Division of Bangladesh Agricultural Research Institute (BARI), Gazipur (AEZ-28) 
during kharif-I 2023 season (mid of March to mid of July). The main objective was to 
determine the optimum level of B for maximizing the yield and quality of bitter gourd (cv. 
BARI Karola-4). Five treatments with and without B were imposed: T1: Control, T2: 
Recommended Dose of Fertilizers (RDF), T3: 1 kg B ha-1 + RDF, T4: 1.5 kg B ha-1 + RDF and T5: 
2 kg B ha-1 + RDF. The source of B was boric acid (H3BO3) having 17% B. The common 
fertilizers were applied at a rate of 102-20-42-10-0.5 kg ha-1of N-P-K-S-Zn in the form of 
urea, triple super phosphate, muriate of potash, gypsum and zinc sulphate, respectively. 
Design of the experiment was randomized complete block design (RCBD) with three 
replications of each treatment. The yield and yield contributing characters of bitter gourd 
were signi�icantly and positively in�luenced by B application. All yield parameters showed 
higher results in T4 treatment (1.5 kg B ha-1+ RDF) except �lower shedding which was rather 
positive as this treatment resulted in the lowest �lower shedding. The highest fruit yield 
(23.4 t ha-1) was observed in the same treatment i.e. T4 and it was signi�icantly higher than in 
control plots. The concentration as well as uptake of nutrients in bitter gourd was also 
in�luenced by boron fertilization. Except K uptake, all other nutrient uptake was the 
maximum in the same T4 treatment. Hence, it was concluded that application of boron at 1.5 
kg B ha-1 found effective for reducing �lower shedding and obtaining better yield and quality 
of bitter gourd.

Keywords: Boric acid, Flower shedding, Nutrient uptake, Fruit quality, Fruit yield 
                                                                                                                                  
1. Introduction

Bitter gourd (Momordica charantia) is used as vegetables. This fruit ranks �irst among 
the cucurbits in respect of iron and ascorbic acid (vit. C). It also contains proteins, fats, 

minerals, carotein, thiamine, ribo�lavins and very rich in phytonutrients like anti-oxidants. 
The alkaloid momordicasoides imparts the bitter taste to the fruit. Bitter gourd has a high 
nutrient requirement such as nitrogen, phosphorus, potash, zinc and boron. Bitter gourd 
fruit yield has been set aside by the de�iciency of micronutrients, which leads to certain 
physiological disorders. Bitter gourd is a monoecious crop, where male and female �lowers 
borne on the same plant. The production of staminate �lower is normally much more than 
pistillate �lowers ultimately only pistillate �lowers contribute to the yield (Vala and Savaliya, 
2014). During the plant growth period, micronutrients play various roles in physiological 
and biochemical processes and among those nutrients, B is a vital element which is involved 
in �lowering and fruiting of the plant. So, this element de�iciency causes �loral deformities 
inducing male bareness (Nonnecke, 1989). Boron de�iciency affects the growing points of 
roots and youngest leaves and it functions in the growth of cells in newly emerging shoots 
and roots while in some plants it is crucial for boll formation, �lowering, pollination, seed 
development and sugar transport (Takano et al., 2008; Miwa et al., 2008). Boron de�iciency 
plays a signi�icant role in yield reduction of many vegetables, including bitter gourd due to 
premature �lower, square or boll shedding. 

Bitter gourd is a very popular vegetable in Bangladesh and its yield maximization is a 
major concern of local farmers. Information of the effect of B on major crops is although 
available in Bangladesh, while work on vegetables like bitter gourd is scanty. Bitter gourd 
is an important vegetable, and balanced supply of B for its cultivation is a must. Therefore, 
this study was planned to determine the effect of B on �lower set and yield of bitter gourd, 
and to �ind out the optimum dose of B application for maximizing the yield and quality of 
bitter gourd.

2. Materials and Methods 

2.1 Experimental site and soil characteristics

A �ield experiment was conducted at the experimental �ield of Soil Science Division, 
Bangladesh Agricultural Research Institute (BARI), Joydebpur, Gazipur during 2023 kharif-I 
season. The experimental site falls under the agro-ecological zone Madhupur Tract 
(AEZ-28). Initial soil samples were collected from 0-15 cm depth and analyzed prior to 
application of different fertilizers. Texturally the soil was sandy clay loam, having 6.7 pH 
(1:2.5 soil-water ratio), 1.46% organic matter, 0.08% total N, 11 ppm Olsen-P, 0.11 me% 
NH4OAc extractable (exchangeable) K, 15 ppm CaCl2 extractable S and 3.2 ppm DTPA 
extractable Zn.  The status of hot water-soluble soil B was low, 0.18 ppm.  Chemical analysis 
of soil was done following the method and procedure as outlined by Page et al. (1982).

2.2 Treatments and design

Treatments combinations were T1: Control, T2: recommended dose of fertilizers (RDF), 
T3: 1 kg B ha-1 + RDF, T4: 1.5 kg B ha-1 + RDF and T5: 2 kg B ha-1 + RDF. The experiment was laid 
out in a RCB design, with three replications of each treatment. The unit plot was 2m × 1.5m 
in size. The common fertilizers were applied at the rate of 102-20-42-10-0.5 kg ha-1 of 
N-P-K-S-Zn in the form of urea, triple super phosphate, muriate of potash, gypsum and zinc 
sulphate, respectively. Boron was applied as boric acid (H3BO3) containing 17% B. Basal 
application was made with 5 t ha-1 cowdung. The entire amount of cowdung and all P, K, S, Zn 
and B were applied at the time of sowing as basal dose. N was applied around the plant as 
side dressing in six splits (1st split was applied during transplanting, while 2nd, 3rd, 4th, 5th and 
6th splits were applied with irrigation when necessary). 

2.3 Experiment set up

BARI Karola-4 variety was used in the experiment. Before sowing the seeds were soaked 
in water for 24 hours to enhance germination. Then water was taken off and seed mass was 
covered with a wet cloth until seed is cracked. Then the seeds were placed into polybags 
after the seed cover cracked. When the seedlings were 8-10 cm long, seedlings were planted 
in the pit. Seeds were sown on 26 January 2023 in polybag. Seedlings were transplanted on 
20 February, 2023 with a spacing of 1.5m from row to row and 2m from plant to plant. When 
the seedlings became 15-20 cm long, bamboo sticks were put into the ground. Irrigation was 
done during the growing period to keep the soil moist. Pheromone traps were used after the 
1st week of transplanting in the �ield and it was changed after 50-60 days. Intercultural 
operations were done as and when required.  Fruits were harvested at maturity stage.  
Harvested fruits were selected from each plot for recording necessary yield and yield 
component data.  The data included number of �lower sheds, fruit length (cm), fruit weight 
(g), fruit diameter (cm), and fruit yield (t ha-1) and also vit. C and TSS. 

Fruit N, P, K & B was determined by acid digestion, H2SO4 for N and HNO3-HClO4 (3:1) for 
P, K & B. Vit. C and TSS were also determined by standard methods. Total soluble solid (TSS) 
was measured with a digital hand refractometer and reported as Brix. Vitamin C was 
determined by classical titration method using 2, 6- dichlorophenol indophenols solution 
and expressed as 100 mg g-1 of fresh weight (Ranganna, 1995). 

2.4 Statistical analysis 

Data were analyzed by STATISTIX-10 program and means were compared by multiple 
comparison test using LSD (Statistix for Windows, 1998).

                                                

3. Results and Discussion

3.1 Effects of boron on the �lowering of bitter gourd   

Signi�icant variation was observed among the treatments showing higher number of 
female �lowering and decreased �lower shedding (Table 1). The maximum number of female 
�lowers was recorded in T4 treatment containing 1.5 kg B ha-1 + NPKS fertilizers (70.9 plant-1) 
which was identical with T5 (69.6 plant-1), followed by T3 (64.9 plant-1) and T2 (60.6 plant-1). 
The lowest number of female �lowers was noted in control (45.2. plant-1) treatment.  
Increased number of female �lowers in bitter gourd with added B was also reported by Fozia 
et al. (2018) and Karthick et al. (2018). The number of �lower shedding plant-1 also 
signi�icantly differed with the treatments. The minimum number of �lower shedding (38.9) 
was found in T4 treatment while the maximum number was observed in T1 (79.2 plant-1) 
treatment. The highest decrease in �lower shedding was recorded in T4 (50.9%) treatment 
leading to higher number of �lower set. The percent decrease in �lower shedding due to B 
treatment was the maximum in the study of Sultana et al. (2017).

Table 1. Effects of B on the �lowering of bitter gourd 

Treatments No. of female  No. of �lower  Decrease in �lower
 �lowers plant-1 sheds plant-1  shedding (%)

T1: Control  45.2c 79.2a -

T2: RDF  60.6b 63.9b 19.3

T3: 1.0 kg B ha-1 + RDF  64.9ab 53.9c 32.0

T4: 1.5 kg B ha-1 + RDF 70.9a 38.9d 50.9

T5: 2.0 kg B ha-1 + RDF 69.6a 40.9d 48.4

CV (%) 5.80 5.79 

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS)      

3.2 Effects of boron on the yield components and yield of bitter gourd   

In�luence of boron treatment on the yield components and yield of bitter gourd were 
shown in Table 2.  The number of fruits plant-1 ranged 42.9 - 68.9, the maximum value was 
observed in T4 treatment having 1.5 kg B ha-1 along with usual NPKS dose which however 
was identical with T5 (67.2), followed by T3 (63.2) and T2 (60.9) treatment. The longest fruit 
was documented in T4 (17.5 cm) followed by T5 (16.2 cm), T3 (15.6 cm) and T2 (13.5 cm) 
treatment. Fruit diameter ranged from 4.05 cm to 4.61 cm, the maximum diameter being in 

T4 (4.61 cm) and followed by T5 (4.51 cm), T3 (4.44 cm) and T2 (4.27 cm) treatment. Bharati 
et al. (2018) noticed increased fruit length, girth and weight in their studies. Signi�icant 
variations were also observed in case of individual fruit weight. The maximum value was 
found in T4 (104 g) which was identical with T5 (103 g) and followed by T3 (99 g), T2 (94.2 g) 
treatment. The lowest value was noted in control treatment (89.2 g). Fruit weight (kg plant-1) 
ranged from 2.87 kg to 6.26 kg, the maximum value being observed in T4 which was followed 
by T5 (5.98 kg), T3 (5.35 kg) and T2 (4.81 kg) treatment. Signi�icant variation was also found 
in total yield (t ha-1) of bitter gourd. The highest yield was obtained in T4 (23.4 t ha-1) which 
was followed by T5 (22.5 t ha-1), T3 (20.4 t ha-1) and T2 (18.6 t ha-1) treatment. The lowest 
yield was identi�ied in T1 (12.1 t ha-1). It was clearly noticed that T4 was the best treatment 
that was the combination of 1.5 kg B ha-1 + NPKSZn. Added boron compared to control 
increased yield that was mentioned by several researchers (Fozia et al., 2018; Ashraf et al., 
2020; Bharati et al., 2018).

Table 2. Effects of B on the yield components and yield of bitter gourd 

Treatments No. of  Length Fruit dia. Individual Fruit  Fruit 
 fruits of fruit (cm) fruit Fruit wt./ wt./plant yield
 plant-1   (cm) wt.  (g)  (kg) (t ha-1)

T1: Control  42.9c 11.4c 4.05b 89.2c 2.87d 12.1d

T2: RDF  60.9b 13.5bc 4.27ab 94.2bc 4.81c 18.6c

T3: 1.0 kg B ha-1 + RDF  63.2ab 15.6ab 4.44ab 99.0ab 5.35bc 20.4bc

T4: 1.5 kg B ha-1 + RDF 68.9a 17.5a 4.61a 104.0a 6.26a 23.4a

T5: 2.0 kg B ha-1 + RDF 67.2a 16.2ab 4.51ab 102.5a 5.98ab 22.5ab

CV (%) 5.10 11.8 6.46 4.06 7.11 6.17

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS) 

Fruit dry yield, nutrient content and uptake of N, P, K, Zn and B, were presented in Tables 
3 and 4.  Signi�icant differences were observed in those plant parameters. The highest dry 
yield was recorded in T4 (2228 kg ha-1) which was followed by T5 (2144 kg ha-1), T3 (1953 kg 
ha-1) and T2 (1790 kg ha-1), and the lowest value was noted in T1 i.e. Control (1202 kg ha-1) 
treatment. The B concentration of fruit 44-58 ppm that together with fruit yield  resulted in 
the maximum B uptake (1255 kg ha-1) in T4 treatment which was similar  with T5 (1244 kg 
ha-1). The Zn concentration of fruit increased by the application of B to a certain level then its 
concentration decreased with higher rate of B application. Zn concentration varied from 46 

to 56 ppm that also resulted in the maximum Zn uptake for the T4 treatment (0.125 kg ha-1). 
The lowest Zn uptake was recorded as 0.056 kg ha-1.

The effect of B on the concentration of N, P, and K showed that added B increased the 
concentration of P and K in bitter gourd fruit, but the increment was not signi�icant. The 
minimum N (3.46%) and P concentrations (0.41%) were found in control treatment while 
the maximum N concentration (3.71%) was found in T5 and the maximum P (0.473%) was 
found in T4 treatment. The N uptake by fruit was reached to the peak in T4 (82.3 kg ha-1) 
treatment which was identical with T5 (79.6 kg ha-1). The P conc. (%) was found to lie in 
between 0.410% and 0.473% that also re�lected in P uptake by fruit kg ha-1 limiting between 
4.91 kg ha-1 and 10.55 kg ha-1. The K conc. (%) was the highest in T5 (2.90%) and there was 
no signi�icant difference between the treatments. The K uptake by fruit was the top in T5 
treatment (62.2 kg ha-1) which however was identical with T4 (61.6 kg ha-1), T3 and T2 
treatments. The present �indings indicated that up to a certain level of B application to soil, 
plant N P, K, Zn and B content showed synergistic relationship.

Table 3.  N, P and K content and uptake in bitter gourd fruit 

Treatments N P K N uptake P uptake K uptake
 conc. conc. conc. by fruit by fruit by fruit
 (%) (%) (%) (kg ha-1) (kg ha-1) (kg ha-1)

T1: Control  3.46b 0.410 2.48 41.6d 4.91d 29.8b

T2: RDF  3.58ab 0.433 2.63 64.1c 7.77c 47.2a

T3: 1.0 kg B ha-1 + RDF  3.65ab 0.440 2.78 71.3bc 8.55bc 53.8a

T4: 1.5 kg B ha-1 + RDF 3.69ab 0.473 2.75 82.3a 10.55a 61.6a

T5: 2.0 kg B ha-1 + RDF 3.710a 0.450 2.90 79.56ab 9.64ab 62.21a

CV (%) 4.45 8.66 7.87 7.33 8.37 9.21

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS)      
                                                                                                    

Table 4.  Nutrient content and uptake of Zn and B in bitter gourd fruit

Treatments Fruit dry Zn B B uptake Zn uptake
 yield conc. conc.  by fruit by fruit
 (kg ha-1) (ppm) (ppm) (g ha-1) (g ha-1)

T1: Control  1202d 46c 44c 53.0d 56d

T2: RDF  1790c 50bc 48bc 86.0c 90c

T3: 1.0 kg B ha-1 + RDF  1953bc 52ab 52ab 101.9b 100bc

T4: 1.5 kg B ha-1 + RDF 2228a 56a 56a 125.5a 125a

T5: 2.0 kg B ha-1 + RDF 2144ab 53ab 58a 124.3a 114ab

CV (%) 5.84 4.77 7.44 7.37 7.70

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS)

The minimum Zn content was observed in control while the maximum Zn content was 
found with higher dose of B in the study of Sultana et al. (2017) which also indicated   that 
at certain level of B in soil, Zn and B showed synergism. They also observed that B 
application increased the concentration of N and P in bitter gourd insigni�icantly. They 
again cited that relationship between B and K was synergistic having coinciding role in 
physiological approaches.

3.3 TSS and vitamin C content of bitter gourd

Quality characters such as Vit. C and TSS (0Brix) of bitter gourd have been depicted in 
Table 5. Vit. C ranged from 62.1 mg 100g-1 to 71.3 mg 100g-1, the maximum value recorded in 
T4  which was identical with T5 (70.2 mg 100g-1) which was  followed by T3 (68.3 mg 100g-1), 
T2 (65.7 mg 100g-1) and T1 (62.1 mg 100g-1) treatment but they were statistically similar 
(Table 5). The maximum TSS was recorded in T4 (3.97), followed by T5 (3.70), T3 (3.40) and 
T2 (3.27) treatments. Vit. C and TSS were found to increase with B application in the study of 
Bharati et al. (2018). Ashraf et al. (2020) reported the maximum amount of TSS with B 
treatment. The highest TSS content in fruit was obtained with all micronutrients which 
might be due to higher conc. of N, P, K and micronutrient in leaves and fruits, which might 
have boosted the accumulation of assimilates resulting in better quality for bitter gourd 
(Meenakshi et al., 2007).

Table 5. Quality characters of bitter gourd fruit as in�luenced by different B levels 

Treatments Vit. C TSS
 (mg/100g) (0Brix)

T1: Control  62.05b 3.10c

T2: RDF  65.74ab 3.27bc

T3: 1.0 kg B ha-1 + RDF  68.29ab 3.40bc

T4: 1.5 kg B ha-1 + RDF 71.28a 3.97a

T5: 2.0 kg B ha-1 + RDF 70.19a 3.70ab

CV (%) 5.90 7.11

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS)      

4. Conclusions
Application of B enhanced fruit length (cm), fruit weight (g), fruit diameter (cm), fruit 

yield (t ha-1), vit. C and TSS, and decreased �lower shedding in bitter gourd. The highest yield 
(23.4 t ha-1) was observed in T4 (1.5 kg B ha-1 + RDF) and it was signi�icantly higher than 
control plants. The maximum lowering of �lower shedding (50.9%) was also observed in the 
same treatment. Nutrient concentration and uptake in bitter gourd were also in�luenced by 
B treatment. It was, therefore, concluded that 1.5 kg B ha-1 + NPKSZn (RDF) application could 
be used to obtain higher yield and quality of bitter gourd. 
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4. Discussion
In both Gopalpur and Ishwardi soils, the lowest organic carbon content was observed  

with control (0.99%) and the highest carbon was with the highest rate (9 t ha-1) of rice hull 
or sawdust application . Between the two soils the result was higher for Gopalpur soil than 
for Ishurdi which could be attributed to higher clay content, 27% of the former soil 
compared to the later soil, 13% clay (Fig. 1, Table 1).  The higher clay content might be a 
cause to adsorb more carbonaceous material in Gopalpur soil compared to Ishurdi soil. In 
general, the concentration of soil organic carbon is typically higher in soils with high clay 
content due to the enhanced soil aggregation and organic matter protection provided by 
clay minerals.  

Mon et al. (2024) and Linam et al. (2023) found a positive correlation between the 
addition of compost and soil organic carbon content.  Addition of both rice hull and sawdust 
resulted in increased available N content in both soils. In Gopalpur soil it accounted 28.6% 
and 22.2% increment for rice hull and sawdust, respectively over the unamended (control) 
soil whereas in Ishurdi soil the increments were 41.9% and 37.4%, respectively.  Rice hull 
contained more N (118 mg kg-1) than sawdust did (75 mg kg-1) which value (Table 1) could 
explain the result difference between the two soils. Rice hull and sawdust signi�icantly 
increased soil MBC showing 47.6% and 19.3, respectively in Ishurdi soil. The C:N ratio 
controls the activities of soil microbes. When C:N ratio is high microbial growth becomes 
high and much carbon is immobilized by soil microbes, principally bacteria. It becomes 
stable when C:N ratio comes down to 10:1 – 12:1. In the present study, total status of soil N 
was not measured. Because the research observed the changes in available nitrogen content 
due to the addition of organic amendments in saline soi. That’s why research didn’t conduct 
total N determination.

The result suggests that the organic matter from sawdust was more biodegradable than 
that from the rice hull possibly due to higher C:N ratio in sawdust. Compared to the 100% 
chemical nitrogen (CN) treatment, the use of organic amendments signi�icantly stimulated 
microbial growth and increased the activity of most carbon-degrading enzymes (Luan et al., 
2020). According to Lamptey et al. (2019), soil respiration increased by an average of 12% 
with amendment treatments compared to no amendments.

The decreased bulk density in soils might be due to increase in soil volume for addition 
of organics having low density (could be 0.5 g cc-1). The study of Aytenew and Bore (2020) 
showed application of organic amendments lower soil bulk density values by more than 5% 
versus sole urea fertilized soil and for each 1% increase inorganic matter, soil water holding 
capacity increased by up to 3.7%. Their study also stated that organic amendments play a 
positive role in chemical characteristics of the soil including increase in organic carbon, 
organic nitrogen, microbial biomass and increased enzymatic activity. The increase in soil 

porosity is related to decrease in soil bulk density. Dong et al. (2022) observed that the 
organic amendments increased soil porosity and available water amount and decreased 
bulk density y of soil. 

5. Conclusions 
The result of the present study indicated that rice hull and sawdust varied in their 

effectiveness on the soil characteristics. Rice hull and sawdust signi�icantly improved most 
of the soil parameters (except bulk density) in Gopalpur soil whereas in Ishwardi soil the 
organic carbon content remained unaffected after rice hull and sawdust application. Field 
experiment with crops is necessary to evaluate the effectiveness of organic amendments on 
improvement of saline soil for successful crop production.
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Abstract

Boron (B) is a micronutrient which has remarkable role on �lowering and fruiting of 
crops. This element de�iciency (B) arises in Bangladesh soils and is prominent in dryland 
crops. With this idea the effect of boron (B) application on yield and quality of bitter gourd 
(Momordica charantia) was studied through an experiment at the research �ield of Soil 
Science Division of Bangladesh Agricultural Research Institute (BARI), Gazipur (AEZ-28) 
during kharif-I 2023 season (mid of March to mid of July). The main objective was to 
determine the optimum level of B for maximizing the yield and quality of bitter gourd (cv. 
BARI Karola-4). Five treatments with and without B were imposed: T1: Control, T2: 
Recommended Dose of Fertilizers (RDF), T3: 1 kg B ha-1 + RDF, T4: 1.5 kg B ha-1 + RDF and T5: 
2 kg B ha-1 + RDF. The source of B was boric acid (H3BO3) having 17% B. The common 
fertilizers were applied at a rate of 102-20-42-10-0.5 kg ha-1of N-P-K-S-Zn in the form of 
urea, triple super phosphate, muriate of potash, gypsum and zinc sulphate, respectively. 
Design of the experiment was randomized complete block design (RCBD) with three 
replications of each treatment. The yield and yield contributing characters of bitter gourd 
were signi�icantly and positively in�luenced by B application. All yield parameters showed 
higher results in T4 treatment (1.5 kg B ha-1+ RDF) except �lower shedding which was rather 
positive as this treatment resulted in the lowest �lower shedding. The highest fruit yield 
(23.4 t ha-1) was observed in the same treatment i.e. T4 and it was signi�icantly higher than in 
control plots. The concentration as well as uptake of nutrients in bitter gourd was also 
in�luenced by boron fertilization. Except K uptake, all other nutrient uptake was the 
maximum in the same T4 treatment. Hence, it was concluded that application of boron at 1.5 
kg B ha-1 found effective for reducing �lower shedding and obtaining better yield and quality 
of bitter gourd.

Keywords: Boric acid, Flower shedding, Nutrient uptake, Fruit quality, Fruit yield 
                                                                                                                                  
1. Introduction

Bitter gourd (Momordica charantia) is used as vegetables. This fruit ranks �irst among 
the cucurbits in respect of iron and ascorbic acid (vit. C). It also contains proteins, fats, 

minerals, carotein, thiamine, ribo�lavins and very rich in phytonutrients like anti-oxidants. 
The alkaloid momordicasoides imparts the bitter taste to the fruit. Bitter gourd has a high 
nutrient requirement such as nitrogen, phosphorus, potash, zinc and boron. Bitter gourd 
fruit yield has been set aside by the de�iciency of micronutrients, which leads to certain 
physiological disorders. Bitter gourd is a monoecious crop, where male and female �lowers 
borne on the same plant. The production of staminate �lower is normally much more than 
pistillate �lowers ultimately only pistillate �lowers contribute to the yield (Vala and Savaliya, 
2014). During the plant growth period, micronutrients play various roles in physiological 
and biochemical processes and among those nutrients, B is a vital element which is involved 
in �lowering and fruiting of the plant. So, this element de�iciency causes �loral deformities 
inducing male bareness (Nonnecke, 1989). Boron de�iciency affects the growing points of 
roots and youngest leaves and it functions in the growth of cells in newly emerging shoots 
and roots while in some plants it is crucial for boll formation, �lowering, pollination, seed 
development and sugar transport (Takano et al., 2008; Miwa et al., 2008). Boron de�iciency 
plays a signi�icant role in yield reduction of many vegetables, including bitter gourd due to 
premature �lower, square or boll shedding. 

Bitter gourd is a very popular vegetable in Bangladesh and its yield maximization is a 
major concern of local farmers. Information of the effect of B on major crops is although 
available in Bangladesh, while work on vegetables like bitter gourd is scanty. Bitter gourd 
is an important vegetable, and balanced supply of B for its cultivation is a must. Therefore, 
this study was planned to determine the effect of B on �lower set and yield of bitter gourd, 
and to �ind out the optimum dose of B application for maximizing the yield and quality of 
bitter gourd.

2. Materials and Methods 

2.1 Experimental site and soil characteristics

A �ield experiment was conducted at the experimental �ield of Soil Science Division, 
Bangladesh Agricultural Research Institute (BARI), Joydebpur, Gazipur during 2023 kharif-I 
season. The experimental site falls under the agro-ecological zone Madhupur Tract 
(AEZ-28). Initial soil samples were collected from 0-15 cm depth and analyzed prior to 
application of different fertilizers. Texturally the soil was sandy clay loam, having 6.7 pH 
(1:2.5 soil-water ratio), 1.46% organic matter, 0.08% total N, 11 ppm Olsen-P, 0.11 me% 
NH4OAc extractable (exchangeable) K, 15 ppm CaCl2 extractable S and 3.2 ppm DTPA 
extractable Zn.  The status of hot water-soluble soil B was low, 0.18 ppm.  Chemical analysis 
of soil was done following the method and procedure as outlined by Page et al. (1982).

2.2 Treatments and design

Treatments combinations were T1: Control, T2: recommended dose of fertilizers (RDF), 
T3: 1 kg B ha-1 + RDF, T4: 1.5 kg B ha-1 + RDF and T5: 2 kg B ha-1 + RDF. The experiment was laid 
out in a RCB design, with three replications of each treatment. The unit plot was 2m × 1.5m 
in size. The common fertilizers were applied at the rate of 102-20-42-10-0.5 kg ha-1 of 
N-P-K-S-Zn in the form of urea, triple super phosphate, muriate of potash, gypsum and zinc 
sulphate, respectively. Boron was applied as boric acid (H3BO3) containing 17% B. Basal 
application was made with 5 t ha-1 cowdung. The entire amount of cowdung and all P, K, S, Zn 
and B were applied at the time of sowing as basal dose. N was applied around the plant as 
side dressing in six splits (1st split was applied during transplanting, while 2nd, 3rd, 4th, 5th and 
6th splits were applied with irrigation when necessary). 

2.3 Experiment set up

BARI Karola-4 variety was used in the experiment. Before sowing the seeds were soaked 
in water for 24 hours to enhance germination. Then water was taken off and seed mass was 
covered with a wet cloth until seed is cracked. Then the seeds were placed into polybags 
after the seed cover cracked. When the seedlings were 8-10 cm long, seedlings were planted 
in the pit. Seeds were sown on 26 January 2023 in polybag. Seedlings were transplanted on 
20 February, 2023 with a spacing of 1.5m from row to row and 2m from plant to plant. When 
the seedlings became 15-20 cm long, bamboo sticks were put into the ground. Irrigation was 
done during the growing period to keep the soil moist. Pheromone traps were used after the 
1st week of transplanting in the �ield and it was changed after 50-60 days. Intercultural 
operations were done as and when required.  Fruits were harvested at maturity stage.  
Harvested fruits were selected from each plot for recording necessary yield and yield 
component data.  The data included number of �lower sheds, fruit length (cm), fruit weight 
(g), fruit diameter (cm), and fruit yield (t ha-1) and also vit. C and TSS. 

Fruit N, P, K & B was determined by acid digestion, H2SO4 for N and HNO3-HClO4 (3:1) for 
P, K & B. Vit. C and TSS were also determined by standard methods. Total soluble solid (TSS) 
was measured with a digital hand refractometer and reported as Brix. Vitamin C was 
determined by classical titration method using 2, 6- dichlorophenol indophenols solution 
and expressed as 100 mg g-1 of fresh weight (Ranganna, 1995). 

2.4 Statistical analysis 

Data were analyzed by STATISTIX-10 program and means were compared by multiple 
comparison test using LSD (Statistix for Windows, 1998).

                                                

3. Results and Discussion

3.1 Effects of boron on the �lowering of bitter gourd   

Signi�icant variation was observed among the treatments showing higher number of 
female �lowering and decreased �lower shedding (Table 1). The maximum number of female 
�lowers was recorded in T4 treatment containing 1.5 kg B ha-1 + NPKS fertilizers (70.9 plant-1) 
which was identical with T5 (69.6 plant-1), followed by T3 (64.9 plant-1) and T2 (60.6 plant-1). 
The lowest number of female �lowers was noted in control (45.2. plant-1) treatment.  
Increased number of female �lowers in bitter gourd with added B was also reported by Fozia 
et al. (2018) and Karthick et al. (2018). The number of �lower shedding plant-1 also 
signi�icantly differed with the treatments. The minimum number of �lower shedding (38.9) 
was found in T4 treatment while the maximum number was observed in T1 (79.2 plant-1) 
treatment. The highest decrease in �lower shedding was recorded in T4 (50.9%) treatment 
leading to higher number of �lower set. The percent decrease in �lower shedding due to B 
treatment was the maximum in the study of Sultana et al. (2017).

Table 1. Effects of B on the �lowering of bitter gourd 

Treatments No. of female  No. of �lower  Decrease in �lower
 �lowers plant-1 sheds plant-1  shedding (%)

T1: Control  45.2c 79.2a -

T2: RDF  60.6b 63.9b 19.3

T3: 1.0 kg B ha-1 + RDF  64.9ab 53.9c 32.0

T4: 1.5 kg B ha-1 + RDF 70.9a 38.9d 50.9

T5: 2.0 kg B ha-1 + RDF 69.6a 40.9d 48.4

CV (%) 5.80 5.79 

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS)      

3.2 Effects of boron on the yield components and yield of bitter gourd   

In�luence of boron treatment on the yield components and yield of bitter gourd were 
shown in Table 2.  The number of fruits plant-1 ranged 42.9 - 68.9, the maximum value was 
observed in T4 treatment having 1.5 kg B ha-1 along with usual NPKS dose which however 
was identical with T5 (67.2), followed by T3 (63.2) and T2 (60.9) treatment. The longest fruit 
was documented in T4 (17.5 cm) followed by T5 (16.2 cm), T3 (15.6 cm) and T2 (13.5 cm) 
treatment. Fruit diameter ranged from 4.05 cm to 4.61 cm, the maximum diameter being in 

T4 (4.61 cm) and followed by T5 (4.51 cm), T3 (4.44 cm) and T2 (4.27 cm) treatment. Bharati 
et al. (2018) noticed increased fruit length, girth and weight in their studies. Signi�icant 
variations were also observed in case of individual fruit weight. The maximum value was 
found in T4 (104 g) which was identical with T5 (103 g) and followed by T3 (99 g), T2 (94.2 g) 
treatment. The lowest value was noted in control treatment (89.2 g). Fruit weight (kg plant-1) 
ranged from 2.87 kg to 6.26 kg, the maximum value being observed in T4 which was followed 
by T5 (5.98 kg), T3 (5.35 kg) and T2 (4.81 kg) treatment. Signi�icant variation was also found 
in total yield (t ha-1) of bitter gourd. The highest yield was obtained in T4 (23.4 t ha-1) which 
was followed by T5 (22.5 t ha-1), T3 (20.4 t ha-1) and T2 (18.6 t ha-1) treatment. The lowest 
yield was identi�ied in T1 (12.1 t ha-1). It was clearly noticed that T4 was the best treatment 
that was the combination of 1.5 kg B ha-1 + NPKSZn. Added boron compared to control 
increased yield that was mentioned by several researchers (Fozia et al., 2018; Ashraf et al., 
2020; Bharati et al., 2018).

Table 2. Effects of B on the yield components and yield of bitter gourd 

Treatments No. of  Length Fruit dia. Individual Fruit  Fruit 
 fruits of fruit (cm) fruit Fruit wt./ wt./plant yield
 plant-1   (cm) wt.  (g)  (kg) (t ha-1)

T1: Control  42.9c 11.4c 4.05b 89.2c 2.87d 12.1d

T2: RDF  60.9b 13.5bc 4.27ab 94.2bc 4.81c 18.6c

T3: 1.0 kg B ha-1 + RDF  63.2ab 15.6ab 4.44ab 99.0ab 5.35bc 20.4bc

T4: 1.5 kg B ha-1 + RDF 68.9a 17.5a 4.61a 104.0a 6.26a 23.4a

T5: 2.0 kg B ha-1 + RDF 67.2a 16.2ab 4.51ab 102.5a 5.98ab 22.5ab

CV (%) 5.10 11.8 6.46 4.06 7.11 6.17

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS) 

Fruit dry yield, nutrient content and uptake of N, P, K, Zn and B, were presented in Tables 
3 and 4.  Signi�icant differences were observed in those plant parameters. The highest dry 
yield was recorded in T4 (2228 kg ha-1) which was followed by T5 (2144 kg ha-1), T3 (1953 kg 
ha-1) and T2 (1790 kg ha-1), and the lowest value was noted in T1 i.e. Control (1202 kg ha-1) 
treatment. The B concentration of fruit 44-58 ppm that together with fruit yield  resulted in 
the maximum B uptake (1255 kg ha-1) in T4 treatment which was similar  with T5 (1244 kg 
ha-1). The Zn concentration of fruit increased by the application of B to a certain level then its 
concentration decreased with higher rate of B application. Zn concentration varied from 46 

to 56 ppm that also resulted in the maximum Zn uptake for the T4 treatment (0.125 kg ha-1). 
The lowest Zn uptake was recorded as 0.056 kg ha-1.

The effect of B on the concentration of N, P, and K showed that added B increased the 
concentration of P and K in bitter gourd fruit, but the increment was not signi�icant. The 
minimum N (3.46%) and P concentrations (0.41%) were found in control treatment while 
the maximum N concentration (3.71%) was found in T5 and the maximum P (0.473%) was 
found in T4 treatment. The N uptake by fruit was reached to the peak in T4 (82.3 kg ha-1) 
treatment which was identical with T5 (79.6 kg ha-1). The P conc. (%) was found to lie in 
between 0.410% and 0.473% that also re�lected in P uptake by fruit kg ha-1 limiting between 
4.91 kg ha-1 and 10.55 kg ha-1. The K conc. (%) was the highest in T5 (2.90%) and there was 
no signi�icant difference between the treatments. The K uptake by fruit was the top in T5 
treatment (62.2 kg ha-1) which however was identical with T4 (61.6 kg ha-1), T3 and T2 
treatments. The present �indings indicated that up to a certain level of B application to soil, 
plant N P, K, Zn and B content showed synergistic relationship.

Table 3.  N, P and K content and uptake in bitter gourd fruit 

Treatments N P K N uptake P uptake K uptake
 conc. conc. conc. by fruit by fruit by fruit
 (%) (%) (%) (kg ha-1) (kg ha-1) (kg ha-1)

T1: Control  3.46b 0.410 2.48 41.6d 4.91d 29.8b

T2: RDF  3.58ab 0.433 2.63 64.1c 7.77c 47.2a

T3: 1.0 kg B ha-1 + RDF  3.65ab 0.440 2.78 71.3bc 8.55bc 53.8a

T4: 1.5 kg B ha-1 + RDF 3.69ab 0.473 2.75 82.3a 10.55a 61.6a

T5: 2.0 kg B ha-1 + RDF 3.710a 0.450 2.90 79.56ab 9.64ab 62.21a

CV (%) 4.45 8.66 7.87 7.33 8.37 9.21

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS)      
                                                                                                    

Table 4.  Nutrient content and uptake of Zn and B in bitter gourd fruit

Treatments Fruit dry Zn B B uptake Zn uptake
 yield conc. conc.  by fruit by fruit
 (kg ha-1) (ppm) (ppm) (g ha-1) (g ha-1)

T1: Control  1202d 46c 44c 53.0d 56d

T2: RDF  1790c 50bc 48bc 86.0c 90c

T3: 1.0 kg B ha-1 + RDF  1953bc 52ab 52ab 101.9b 100bc

T4: 1.5 kg B ha-1 + RDF 2228a 56a 56a 125.5a 125a

T5: 2.0 kg B ha-1 + RDF 2144ab 53ab 58a 124.3a 114ab

CV (%) 5.84 4.77 7.44 7.37 7.70

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS)

The minimum Zn content was observed in control while the maximum Zn content was 
found with higher dose of B in the study of Sultana et al. (2017) which also indicated   that 
at certain level of B in soil, Zn and B showed synergism. They also observed that B 
application increased the concentration of N and P in bitter gourd insigni�icantly. They 
again cited that relationship between B and K was synergistic having coinciding role in 
physiological approaches.

3.3 TSS and vitamin C content of bitter gourd

Quality characters such as Vit. C and TSS (0Brix) of bitter gourd have been depicted in 
Table 5. Vit. C ranged from 62.1 mg 100g-1 to 71.3 mg 100g-1, the maximum value recorded in 
T4  which was identical with T5 (70.2 mg 100g-1) which was  followed by T3 (68.3 mg 100g-1), 
T2 (65.7 mg 100g-1) and T1 (62.1 mg 100g-1) treatment but they were statistically similar 
(Table 5). The maximum TSS was recorded in T4 (3.97), followed by T5 (3.70), T3 (3.40) and 
T2 (3.27) treatments. Vit. C and TSS were found to increase with B application in the study of 
Bharati et al. (2018). Ashraf et al. (2020) reported the maximum amount of TSS with B 
treatment. The highest TSS content in fruit was obtained with all micronutrients which 
might be due to higher conc. of N, P, K and micronutrient in leaves and fruits, which might 
have boosted the accumulation of assimilates resulting in better quality for bitter gourd 
(Meenakshi et al., 2007).

Table 5. Quality characters of bitter gourd fruit as in�luenced by different B levels 

Treatments Vit. C TSS
 (mg/100g) (0Brix)

T1: Control  62.05b 3.10c

T2: RDF  65.74ab 3.27bc

T3: 1.0 kg B ha-1 + RDF  68.29ab 3.40bc

T4: 1.5 kg B ha-1 + RDF 71.28a 3.97a

T5: 2.0 kg B ha-1 + RDF 70.19a 3.70ab

CV (%) 5.90 7.11

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS)      

4. Conclusions
Application of B enhanced fruit length (cm), fruit weight (g), fruit diameter (cm), fruit 

yield (t ha-1), vit. C and TSS, and decreased �lower shedding in bitter gourd. The highest yield 
(23.4 t ha-1) was observed in T4 (1.5 kg B ha-1 + RDF) and it was signi�icantly higher than 
control plants. The maximum lowering of �lower shedding (50.9%) was also observed in the 
same treatment. Nutrient concentration and uptake in bitter gourd were also in�luenced by 
B treatment. It was, therefore, concluded that 1.5 kg B ha-1 + NPKSZn (RDF) application could 
be used to obtain higher yield and quality of bitter gourd. 
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4. Discussion
In both Gopalpur and Ishwardi soils, the lowest organic carbon content was observed  

with control (0.99%) and the highest carbon was with the highest rate (9 t ha-1) of rice hull 
or sawdust application . Between the two soils the result was higher for Gopalpur soil than 
for Ishurdi which could be attributed to higher clay content, 27% of the former soil 
compared to the later soil, 13% clay (Fig. 1, Table 1).  The higher clay content might be a 
cause to adsorb more carbonaceous material in Gopalpur soil compared to Ishurdi soil. In 
general, the concentration of soil organic carbon is typically higher in soils with high clay 
content due to the enhanced soil aggregation and organic matter protection provided by 
clay minerals.  

Mon et al. (2024) and Linam et al. (2023) found a positive correlation between the 
addition of compost and soil organic carbon content.  Addition of both rice hull and sawdust 
resulted in increased available N content in both soils. In Gopalpur soil it accounted 28.6% 
and 22.2% increment for rice hull and sawdust, respectively over the unamended (control) 
soil whereas in Ishurdi soil the increments were 41.9% and 37.4%, respectively.  Rice hull 
contained more N (118 mg kg-1) than sawdust did (75 mg kg-1) which value (Table 1) could 
explain the result difference between the two soils. Rice hull and sawdust signi�icantly 
increased soil MBC showing 47.6% and 19.3, respectively in Ishurdi soil. The C:N ratio 
controls the activities of soil microbes. When C:N ratio is high microbial growth becomes 
high and much carbon is immobilized by soil microbes, principally bacteria. It becomes 
stable when C:N ratio comes down to 10:1 – 12:1. In the present study, total status of soil N 
was not measured. Because the research observed the changes in available nitrogen content 
due to the addition of organic amendments in saline soi. That’s why research didn’t conduct 
total N determination.

The result suggests that the organic matter from sawdust was more biodegradable than 
that from the rice hull possibly due to higher C:N ratio in sawdust. Compared to the 100% 
chemical nitrogen (CN) treatment, the use of organic amendments signi�icantly stimulated 
microbial growth and increased the activity of most carbon-degrading enzymes (Luan et al., 
2020). According to Lamptey et al. (2019), soil respiration increased by an average of 12% 
with amendment treatments compared to no amendments.

The decreased bulk density in soils might be due to increase in soil volume for addition 
of organics having low density (could be 0.5 g cc-1). The study of Aytenew and Bore (2020) 
showed application of organic amendments lower soil bulk density values by more than 5% 
versus sole urea fertilized soil and for each 1% increase inorganic matter, soil water holding 
capacity increased by up to 3.7%. Their study also stated that organic amendments play a 
positive role in chemical characteristics of the soil including increase in organic carbon, 
organic nitrogen, microbial biomass and increased enzymatic activity. The increase in soil 

porosity is related to decrease in soil bulk density. Dong et al. (2022) observed that the 
organic amendments increased soil porosity and available water amount and decreased 
bulk density y of soil. 

5. Conclusions 
The result of the present study indicated that rice hull and sawdust varied in their 

effectiveness on the soil characteristics. Rice hull and sawdust signi�icantly improved most 
of the soil parameters (except bulk density) in Gopalpur soil whereas in Ishwardi soil the 
organic carbon content remained unaffected after rice hull and sawdust application. Field 
experiment with crops is necessary to evaluate the effectiveness of organic amendments on 
improvement of saline soil for successful crop production.
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Abstract

Boron (B) is a micronutrient which has remarkable role on �lowering and fruiting of 
crops. This element de�iciency (B) arises in Bangladesh soils and is prominent in dryland 
crops. With this idea the effect of boron (B) application on yield and quality of bitter gourd 
(Momordica charantia) was studied through an experiment at the research �ield of Soil 
Science Division of Bangladesh Agricultural Research Institute (BARI), Gazipur (AEZ-28) 
during kharif-I 2023 season (mid of March to mid of July). The main objective was to 
determine the optimum level of B for maximizing the yield and quality of bitter gourd (cv. 
BARI Karola-4). Five treatments with and without B were imposed: T1: Control, T2: 
Recommended Dose of Fertilizers (RDF), T3: 1 kg B ha-1 + RDF, T4: 1.5 kg B ha-1 + RDF and T5: 
2 kg B ha-1 + RDF. The source of B was boric acid (H3BO3) having 17% B. The common 
fertilizers were applied at a rate of 102-20-42-10-0.5 kg ha-1of N-P-K-S-Zn in the form of 
urea, triple super phosphate, muriate of potash, gypsum and zinc sulphate, respectively. 
Design of the experiment was randomized complete block design (RCBD) with three 
replications of each treatment. The yield and yield contributing characters of bitter gourd 
were signi�icantly and positively in�luenced by B application. All yield parameters showed 
higher results in T4 treatment (1.5 kg B ha-1+ RDF) except �lower shedding which was rather 
positive as this treatment resulted in the lowest �lower shedding. The highest fruit yield 
(23.4 t ha-1) was observed in the same treatment i.e. T4 and it was signi�icantly higher than in 
control plots. The concentration as well as uptake of nutrients in bitter gourd was also 
in�luenced by boron fertilization. Except K uptake, all other nutrient uptake was the 
maximum in the same T4 treatment. Hence, it was concluded that application of boron at 1.5 
kg B ha-1 found effective for reducing �lower shedding and obtaining better yield and quality 
of bitter gourd.

Keywords: Boric acid, Flower shedding, Nutrient uptake, Fruit quality, Fruit yield 
                                                                                                                                  
1. Introduction

Bitter gourd (Momordica charantia) is used as vegetables. This fruit ranks �irst among 
the cucurbits in respect of iron and ascorbic acid (vit. C). It also contains proteins, fats, 

minerals, carotein, thiamine, ribo�lavins and very rich in phytonutrients like anti-oxidants. 
The alkaloid momordicasoides imparts the bitter taste to the fruit. Bitter gourd has a high 
nutrient requirement such as nitrogen, phosphorus, potash, zinc and boron. Bitter gourd 
fruit yield has been set aside by the de�iciency of micronutrients, which leads to certain 
physiological disorders. Bitter gourd is a monoecious crop, where male and female �lowers 
borne on the same plant. The production of staminate �lower is normally much more than 
pistillate �lowers ultimately only pistillate �lowers contribute to the yield (Vala and Savaliya, 
2014). During the plant growth period, micronutrients play various roles in physiological 
and biochemical processes and among those nutrients, B is a vital element which is involved 
in �lowering and fruiting of the plant. So, this element de�iciency causes �loral deformities 
inducing male bareness (Nonnecke, 1989). Boron de�iciency affects the growing points of 
roots and youngest leaves and it functions in the growth of cells in newly emerging shoots 
and roots while in some plants it is crucial for boll formation, �lowering, pollination, seed 
development and sugar transport (Takano et al., 2008; Miwa et al., 2008). Boron de�iciency 
plays a signi�icant role in yield reduction of many vegetables, including bitter gourd due to 
premature �lower, square or boll shedding. 

Bitter gourd is a very popular vegetable in Bangladesh and its yield maximization is a 
major concern of local farmers. Information of the effect of B on major crops is although 
available in Bangladesh, while work on vegetables like bitter gourd is scanty. Bitter gourd 
is an important vegetable, and balanced supply of B for its cultivation is a must. Therefore, 
this study was planned to determine the effect of B on �lower set and yield of bitter gourd, 
and to �ind out the optimum dose of B application for maximizing the yield and quality of 
bitter gourd.

2. Materials and Methods 

2.1 Experimental site and soil characteristics

A �ield experiment was conducted at the experimental �ield of Soil Science Division, 
Bangladesh Agricultural Research Institute (BARI), Joydebpur, Gazipur during 2023 kharif-I 
season. The experimental site falls under the agro-ecological zone Madhupur Tract 
(AEZ-28). Initial soil samples were collected from 0-15 cm depth and analyzed prior to 
application of different fertilizers. Texturally the soil was sandy clay loam, having 6.7 pH 
(1:2.5 soil-water ratio), 1.46% organic matter, 0.08% total N, 11 ppm Olsen-P, 0.11 me% 
NH4OAc extractable (exchangeable) K, 15 ppm CaCl2 extractable S and 3.2 ppm DTPA 
extractable Zn.  The status of hot water-soluble soil B was low, 0.18 ppm.  Chemical analysis 
of soil was done following the method and procedure as outlined by Page et al. (1982).

2.2 Treatments and design

Treatments combinations were T1: Control, T2: recommended dose of fertilizers (RDF), 
T3: 1 kg B ha-1 + RDF, T4: 1.5 kg B ha-1 + RDF and T5: 2 kg B ha-1 + RDF. The experiment was laid 
out in a RCB design, with three replications of each treatment. The unit plot was 2m × 1.5m 
in size. The common fertilizers were applied at the rate of 102-20-42-10-0.5 kg ha-1 of 
N-P-K-S-Zn in the form of urea, triple super phosphate, muriate of potash, gypsum and zinc 
sulphate, respectively. Boron was applied as boric acid (H3BO3) containing 17% B. Basal 
application was made with 5 t ha-1 cowdung. The entire amount of cowdung and all P, K, S, Zn 
and B were applied at the time of sowing as basal dose. N was applied around the plant as 
side dressing in six splits (1st split was applied during transplanting, while 2nd, 3rd, 4th, 5th and 
6th splits were applied with irrigation when necessary). 

2.3 Experiment set up

BARI Karola-4 variety was used in the experiment. Before sowing the seeds were soaked 
in water for 24 hours to enhance germination. Then water was taken off and seed mass was 
covered with a wet cloth until seed is cracked. Then the seeds were placed into polybags 
after the seed cover cracked. When the seedlings were 8-10 cm long, seedlings were planted 
in the pit. Seeds were sown on 26 January 2023 in polybag. Seedlings were transplanted on 
20 February, 2023 with a spacing of 1.5m from row to row and 2m from plant to plant. When 
the seedlings became 15-20 cm long, bamboo sticks were put into the ground. Irrigation was 
done during the growing period to keep the soil moist. Pheromone traps were used after the 
1st week of transplanting in the �ield and it was changed after 50-60 days. Intercultural 
operations were done as and when required.  Fruits were harvested at maturity stage.  
Harvested fruits were selected from each plot for recording necessary yield and yield 
component data.  The data included number of �lower sheds, fruit length (cm), fruit weight 
(g), fruit diameter (cm), and fruit yield (t ha-1) and also vit. C and TSS. 

Fruit N, P, K & B was determined by acid digestion, H2SO4 for N and HNO3-HClO4 (3:1) for 
P, K & B. Vit. C and TSS were also determined by standard methods. Total soluble solid (TSS) 
was measured with a digital hand refractometer and reported as Brix. Vitamin C was 
determined by classical titration method using 2, 6- dichlorophenol indophenols solution 
and expressed as 100 mg g-1 of fresh weight (Ranganna, 1995). 

2.4 Statistical analysis 

Data were analyzed by STATISTIX-10 program and means were compared by multiple 
comparison test using LSD (Statistix for Windows, 1998).

                                                

3. Results and Discussion

3.1 Effects of boron on the �lowering of bitter gourd   

Signi�icant variation was observed among the treatments showing higher number of 
female �lowering and decreased �lower shedding (Table 1). The maximum number of female 
�lowers was recorded in T4 treatment containing 1.5 kg B ha-1 + NPKS fertilizers (70.9 plant-1) 
which was identical with T5 (69.6 plant-1), followed by T3 (64.9 plant-1) and T2 (60.6 plant-1). 
The lowest number of female �lowers was noted in control (45.2. plant-1) treatment.  
Increased number of female �lowers in bitter gourd with added B was also reported by Fozia 
et al. (2018) and Karthick et al. (2018). The number of �lower shedding plant-1 also 
signi�icantly differed with the treatments. The minimum number of �lower shedding (38.9) 
was found in T4 treatment while the maximum number was observed in T1 (79.2 plant-1) 
treatment. The highest decrease in �lower shedding was recorded in T4 (50.9%) treatment 
leading to higher number of �lower set. The percent decrease in �lower shedding due to B 
treatment was the maximum in the study of Sultana et al. (2017).

Table 1. Effects of B on the �lowering of bitter gourd 

Treatments No. of female  No. of �lower  Decrease in �lower
 �lowers plant-1 sheds plant-1  shedding (%)

T1: Control  45.2c 79.2a -

T2: RDF  60.6b 63.9b 19.3

T3: 1.0 kg B ha-1 + RDF  64.9ab 53.9c 32.0

T4: 1.5 kg B ha-1 + RDF 70.9a 38.9d 50.9

T5: 2.0 kg B ha-1 + RDF 69.6a 40.9d 48.4

CV (%) 5.80 5.79 

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS)      

3.2 Effects of boron on the yield components and yield of bitter gourd   

In�luence of boron treatment on the yield components and yield of bitter gourd were 
shown in Table 2.  The number of fruits plant-1 ranged 42.9 - 68.9, the maximum value was 
observed in T4 treatment having 1.5 kg B ha-1 along with usual NPKS dose which however 
was identical with T5 (67.2), followed by T3 (63.2) and T2 (60.9) treatment. The longest fruit 
was documented in T4 (17.5 cm) followed by T5 (16.2 cm), T3 (15.6 cm) and T2 (13.5 cm) 
treatment. Fruit diameter ranged from 4.05 cm to 4.61 cm, the maximum diameter being in 

T4 (4.61 cm) and followed by T5 (4.51 cm), T3 (4.44 cm) and T2 (4.27 cm) treatment. Bharati 
et al. (2018) noticed increased fruit length, girth and weight in their studies. Signi�icant 
variations were also observed in case of individual fruit weight. The maximum value was 
found in T4 (104 g) which was identical with T5 (103 g) and followed by T3 (99 g), T2 (94.2 g) 
treatment. The lowest value was noted in control treatment (89.2 g). Fruit weight (kg plant-1) 
ranged from 2.87 kg to 6.26 kg, the maximum value being observed in T4 which was followed 
by T5 (5.98 kg), T3 (5.35 kg) and T2 (4.81 kg) treatment. Signi�icant variation was also found 
in total yield (t ha-1) of bitter gourd. The highest yield was obtained in T4 (23.4 t ha-1) which 
was followed by T5 (22.5 t ha-1), T3 (20.4 t ha-1) and T2 (18.6 t ha-1) treatment. The lowest 
yield was identi�ied in T1 (12.1 t ha-1). It was clearly noticed that T4 was the best treatment 
that was the combination of 1.5 kg B ha-1 + NPKSZn. Added boron compared to control 
increased yield that was mentioned by several researchers (Fozia et al., 2018; Ashraf et al., 
2020; Bharati et al., 2018).

Table 2. Effects of B on the yield components and yield of bitter gourd 

Treatments No. of  Length Fruit dia. Individual Fruit  Fruit 
 fruits of fruit (cm) fruit Fruit wt./ wt./plant yield
 plant-1   (cm) wt.  (g)  (kg) (t ha-1)

T1: Control  42.9c 11.4c 4.05b 89.2c 2.87d 12.1d

T2: RDF  60.9b 13.5bc 4.27ab 94.2bc 4.81c 18.6c

T3: 1.0 kg B ha-1 + RDF  63.2ab 15.6ab 4.44ab 99.0ab 5.35bc 20.4bc

T4: 1.5 kg B ha-1 + RDF 68.9a 17.5a 4.61a 104.0a 6.26a 23.4a

T5: 2.0 kg B ha-1 + RDF 67.2a 16.2ab 4.51ab 102.5a 5.98ab 22.5ab

CV (%) 5.10 11.8 6.46 4.06 7.11 6.17

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS) 

Fruit dry yield, nutrient content and uptake of N, P, K, Zn and B, were presented in Tables 
3 and 4.  Signi�icant differences were observed in those plant parameters. The highest dry 
yield was recorded in T4 (2228 kg ha-1) which was followed by T5 (2144 kg ha-1), T3 (1953 kg 
ha-1) and T2 (1790 kg ha-1), and the lowest value was noted in T1 i.e. Control (1202 kg ha-1) 
treatment. The B concentration of fruit 44-58 ppm that together with fruit yield  resulted in 
the maximum B uptake (1255 kg ha-1) in T4 treatment which was similar  with T5 (1244 kg 
ha-1). The Zn concentration of fruit increased by the application of B to a certain level then its 
concentration decreased with higher rate of B application. Zn concentration varied from 46 

to 56 ppm that also resulted in the maximum Zn uptake for the T4 treatment (0.125 kg ha-1). 
The lowest Zn uptake was recorded as 0.056 kg ha-1.

The effect of B on the concentration of N, P, and K showed that added B increased the 
concentration of P and K in bitter gourd fruit, but the increment was not signi�icant. The 
minimum N (3.46%) and P concentrations (0.41%) were found in control treatment while 
the maximum N concentration (3.71%) was found in T5 and the maximum P (0.473%) was 
found in T4 treatment. The N uptake by fruit was reached to the peak in T4 (82.3 kg ha-1) 
treatment which was identical with T5 (79.6 kg ha-1). The P conc. (%) was found to lie in 
between 0.410% and 0.473% that also re�lected in P uptake by fruit kg ha-1 limiting between 
4.91 kg ha-1 and 10.55 kg ha-1. The K conc. (%) was the highest in T5 (2.90%) and there was 
no signi�icant difference between the treatments. The K uptake by fruit was the top in T5 
treatment (62.2 kg ha-1) which however was identical with T4 (61.6 kg ha-1), T3 and T2 
treatments. The present �indings indicated that up to a certain level of B application to soil, 
plant N P, K, Zn and B content showed synergistic relationship.

Table 3.  N, P and K content and uptake in bitter gourd fruit 

Treatments N P K N uptake P uptake K uptake
 conc. conc. conc. by fruit by fruit by fruit
 (%) (%) (%) (kg ha-1) (kg ha-1) (kg ha-1)

T1: Control  3.46b 0.410 2.48 41.6d 4.91d 29.8b

T2: RDF  3.58ab 0.433 2.63 64.1c 7.77c 47.2a

T3: 1.0 kg B ha-1 + RDF  3.65ab 0.440 2.78 71.3bc 8.55bc 53.8a

T4: 1.5 kg B ha-1 + RDF 3.69ab 0.473 2.75 82.3a 10.55a 61.6a

T5: 2.0 kg B ha-1 + RDF 3.710a 0.450 2.90 79.56ab 9.64ab 62.21a

CV (%) 4.45 8.66 7.87 7.33 8.37 9.21

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS)      
                                                                                                    

Table 4.  Nutrient content and uptake of Zn and B in bitter gourd fruit

Treatments Fruit dry Zn B B uptake Zn uptake
 yield conc. conc.  by fruit by fruit
 (kg ha-1) (ppm) (ppm) (g ha-1) (g ha-1)

T1: Control  1202d 46c 44c 53.0d 56d

T2: RDF  1790c 50bc 48bc 86.0c 90c

T3: 1.0 kg B ha-1 + RDF  1953bc 52ab 52ab 101.9b 100bc

T4: 1.5 kg B ha-1 + RDF 2228a 56a 56a 125.5a 125a

T5: 2.0 kg B ha-1 + RDF 2144ab 53ab 58a 124.3a 114ab

CV (%) 5.84 4.77 7.44 7.37 7.70

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS)

The minimum Zn content was observed in control while the maximum Zn content was 
found with higher dose of B in the study of Sultana et al. (2017) which also indicated   that 
at certain level of B in soil, Zn and B showed synergism. They also observed that B 
application increased the concentration of N and P in bitter gourd insigni�icantly. They 
again cited that relationship between B and K was synergistic having coinciding role in 
physiological approaches.

3.3 TSS and vitamin C content of bitter gourd

Quality characters such as Vit. C and TSS (0Brix) of bitter gourd have been depicted in 
Table 5. Vit. C ranged from 62.1 mg 100g-1 to 71.3 mg 100g-1, the maximum value recorded in 
T4  which was identical with T5 (70.2 mg 100g-1) which was  followed by T3 (68.3 mg 100g-1), 
T2 (65.7 mg 100g-1) and T1 (62.1 mg 100g-1) treatment but they were statistically similar 
(Table 5). The maximum TSS was recorded in T4 (3.97), followed by T5 (3.70), T3 (3.40) and 
T2 (3.27) treatments. Vit. C and TSS were found to increase with B application in the study of 
Bharati et al. (2018). Ashraf et al. (2020) reported the maximum amount of TSS with B 
treatment. The highest TSS content in fruit was obtained with all micronutrients which 
might be due to higher conc. of N, P, K and micronutrient in leaves and fruits, which might 
have boosted the accumulation of assimilates resulting in better quality for bitter gourd 
(Meenakshi et al., 2007).

Table 5. Quality characters of bitter gourd fruit as in�luenced by different B levels 

Treatments Vit. C TSS
 (mg/100g) (0Brix)

T1: Control  62.05b 3.10c

T2: RDF  65.74ab 3.27bc

T3: 1.0 kg B ha-1 + RDF  68.29ab 3.40bc

T4: 1.5 kg B ha-1 + RDF 71.28a 3.97a

T5: 2.0 kg B ha-1 + RDF 70.19a 3.70ab

CV (%) 5.90 7.11

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS)      

4. Conclusions
Application of B enhanced fruit length (cm), fruit weight (g), fruit diameter (cm), fruit 

yield (t ha-1), vit. C and TSS, and decreased �lower shedding in bitter gourd. The highest yield 
(23.4 t ha-1) was observed in T4 (1.5 kg B ha-1 + RDF) and it was signi�icantly higher than 
control plants. The maximum lowering of �lower shedding (50.9%) was also observed in the 
same treatment. Nutrient concentration and uptake in bitter gourd were also in�luenced by 
B treatment. It was, therefore, concluded that 1.5 kg B ha-1 + NPKSZn (RDF) application could 
be used to obtain higher yield and quality of bitter gourd. 
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4. Discussion
In both Gopalpur and Ishwardi soils, the lowest organic carbon content was observed  

with control (0.99%) and the highest carbon was with the highest rate (9 t ha-1) of rice hull 
or sawdust application . Between the two soils the result was higher for Gopalpur soil than 
for Ishurdi which could be attributed to higher clay content, 27% of the former soil 
compared to the later soil, 13% clay (Fig. 1, Table 1).  The higher clay content might be a 
cause to adsorb more carbonaceous material in Gopalpur soil compared to Ishurdi soil. In 
general, the concentration of soil organic carbon is typically higher in soils with high clay 
content due to the enhanced soil aggregation and organic matter protection provided by 
clay minerals.  

Mon et al. (2024) and Linam et al. (2023) found a positive correlation between the 
addition of compost and soil organic carbon content.  Addition of both rice hull and sawdust 
resulted in increased available N content in both soils. In Gopalpur soil it accounted 28.6% 
and 22.2% increment for rice hull and sawdust, respectively over the unamended (control) 
soil whereas in Ishurdi soil the increments were 41.9% and 37.4%, respectively.  Rice hull 
contained more N (118 mg kg-1) than sawdust did (75 mg kg-1) which value (Table 1) could 
explain the result difference between the two soils. Rice hull and sawdust signi�icantly 
increased soil MBC showing 47.6% and 19.3, respectively in Ishurdi soil. The C:N ratio 
controls the activities of soil microbes. When C:N ratio is high microbial growth becomes 
high and much carbon is immobilized by soil microbes, principally bacteria. It becomes 
stable when C:N ratio comes down to 10:1 – 12:1. In the present study, total status of soil N 
was not measured. Because the research observed the changes in available nitrogen content 
due to the addition of organic amendments in saline soi. That’s why research didn’t conduct 
total N determination.

The result suggests that the organic matter from sawdust was more biodegradable than 
that from the rice hull possibly due to higher C:N ratio in sawdust. Compared to the 100% 
chemical nitrogen (CN) treatment, the use of organic amendments signi�icantly stimulated 
microbial growth and increased the activity of most carbon-degrading enzymes (Luan et al., 
2020). According to Lamptey et al. (2019), soil respiration increased by an average of 12% 
with amendment treatments compared to no amendments.

The decreased bulk density in soils might be due to increase in soil volume for addition 
of organics having low density (could be 0.5 g cc-1). The study of Aytenew and Bore (2020) 
showed application of organic amendments lower soil bulk density values by more than 5% 
versus sole urea fertilized soil and for each 1% increase inorganic matter, soil water holding 
capacity increased by up to 3.7%. Their study also stated that organic amendments play a 
positive role in chemical characteristics of the soil including increase in organic carbon, 
organic nitrogen, microbial biomass and increased enzymatic activity. The increase in soil 

porosity is related to decrease in soil bulk density. Dong et al. (2022) observed that the 
organic amendments increased soil porosity and available water amount and decreased 
bulk density y of soil. 

5. Conclusions 
The result of the present study indicated that rice hull and sawdust varied in their 

effectiveness on the soil characteristics. Rice hull and sawdust signi�icantly improved most 
of the soil parameters (except bulk density) in Gopalpur soil whereas in Ishwardi soil the 
organic carbon content remained unaffected after rice hull and sawdust application. Field 
experiment with crops is necessary to evaluate the effectiveness of organic amendments on 
improvement of saline soil for successful crop production.
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Abstract

Boron (B) is a micronutrient which has remarkable role on �lowering and fruiting of 
crops. This element de�iciency (B) arises in Bangladesh soils and is prominent in dryland 
crops. With this idea the effect of boron (B) application on yield and quality of bitter gourd 
(Momordica charantia) was studied through an experiment at the research �ield of Soil 
Science Division of Bangladesh Agricultural Research Institute (BARI), Gazipur (AEZ-28) 
during kharif-I 2023 season (mid of March to mid of July). The main objective was to 
determine the optimum level of B for maximizing the yield and quality of bitter gourd (cv. 
BARI Karola-4). Five treatments with and without B were imposed: T1: Control, T2: 
Recommended Dose of Fertilizers (RDF), T3: 1 kg B ha-1 + RDF, T4: 1.5 kg B ha-1 + RDF and T5: 
2 kg B ha-1 + RDF. The source of B was boric acid (H3BO3) having 17% B. The common 
fertilizers were applied at a rate of 102-20-42-10-0.5 kg ha-1of N-P-K-S-Zn in the form of 
urea, triple super phosphate, muriate of potash, gypsum and zinc sulphate, respectively. 
Design of the experiment was randomized complete block design (RCBD) with three 
replications of each treatment. The yield and yield contributing characters of bitter gourd 
were signi�icantly and positively in�luenced by B application. All yield parameters showed 
higher results in T4 treatment (1.5 kg B ha-1+ RDF) except �lower shedding which was rather 
positive as this treatment resulted in the lowest �lower shedding. The highest fruit yield 
(23.4 t ha-1) was observed in the same treatment i.e. T4 and it was signi�icantly higher than in 
control plots. The concentration as well as uptake of nutrients in bitter gourd was also 
in�luenced by boron fertilization. Except K uptake, all other nutrient uptake was the 
maximum in the same T4 treatment. Hence, it was concluded that application of boron at 1.5 
kg B ha-1 found effective for reducing �lower shedding and obtaining better yield and quality 
of bitter gourd.

Keywords: Boric acid, Flower shedding, Nutrient uptake, Fruit quality, Fruit yield 
                                                                                                                                  
1. Introduction

Bitter gourd (Momordica charantia) is used as vegetables. This fruit ranks �irst among 
the cucurbits in respect of iron and ascorbic acid (vit. C). It also contains proteins, fats, 

minerals, carotein, thiamine, ribo�lavins and very rich in phytonutrients like anti-oxidants. 
The alkaloid momordicasoides imparts the bitter taste to the fruit. Bitter gourd has a high 
nutrient requirement such as nitrogen, phosphorus, potash, zinc and boron. Bitter gourd 
fruit yield has been set aside by the de�iciency of micronutrients, which leads to certain 
physiological disorders. Bitter gourd is a monoecious crop, where male and female �lowers 
borne on the same plant. The production of staminate �lower is normally much more than 
pistillate �lowers ultimately only pistillate �lowers contribute to the yield (Vala and Savaliya, 
2014). During the plant growth period, micronutrients play various roles in physiological 
and biochemical processes and among those nutrients, B is a vital element which is involved 
in �lowering and fruiting of the plant. So, this element de�iciency causes �loral deformities 
inducing male bareness (Nonnecke, 1989). Boron de�iciency affects the growing points of 
roots and youngest leaves and it functions in the growth of cells in newly emerging shoots 
and roots while in some plants it is crucial for boll formation, �lowering, pollination, seed 
development and sugar transport (Takano et al., 2008; Miwa et al., 2008). Boron de�iciency 
plays a signi�icant role in yield reduction of many vegetables, including bitter gourd due to 
premature �lower, square or boll shedding. 

Bitter gourd is a very popular vegetable in Bangladesh and its yield maximization is a 
major concern of local farmers. Information of the effect of B on major crops is although 
available in Bangladesh, while work on vegetables like bitter gourd is scanty. Bitter gourd 
is an important vegetable, and balanced supply of B for its cultivation is a must. Therefore, 
this study was planned to determine the effect of B on �lower set and yield of bitter gourd, 
and to �ind out the optimum dose of B application for maximizing the yield and quality of 
bitter gourd.

2. Materials and Methods 

2.1 Experimental site and soil characteristics

A �ield experiment was conducted at the experimental �ield of Soil Science Division, 
Bangladesh Agricultural Research Institute (BARI), Joydebpur, Gazipur during 2023 kharif-I 
season. The experimental site falls under the agro-ecological zone Madhupur Tract 
(AEZ-28). Initial soil samples were collected from 0-15 cm depth and analyzed prior to 
application of different fertilizers. Texturally the soil was sandy clay loam, having 6.7 pH 
(1:2.5 soil-water ratio), 1.46% organic matter, 0.08% total N, 11 ppm Olsen-P, 0.11 me% 
NH4OAc extractable (exchangeable) K, 15 ppm CaCl2 extractable S and 3.2 ppm DTPA 
extractable Zn.  The status of hot water-soluble soil B was low, 0.18 ppm.  Chemical analysis 
of soil was done following the method and procedure as outlined by Page et al. (1982).

2.2 Treatments and design

Treatments combinations were T1: Control, T2: recommended dose of fertilizers (RDF), 
T3: 1 kg B ha-1 + RDF, T4: 1.5 kg B ha-1 + RDF and T5: 2 kg B ha-1 + RDF. The experiment was laid 
out in a RCB design, with three replications of each treatment. The unit plot was 2m × 1.5m 
in size. The common fertilizers were applied at the rate of 102-20-42-10-0.5 kg ha-1 of 
N-P-K-S-Zn in the form of urea, triple super phosphate, muriate of potash, gypsum and zinc 
sulphate, respectively. Boron was applied as boric acid (H3BO3) containing 17% B. Basal 
application was made with 5 t ha-1 cowdung. The entire amount of cowdung and all P, K, S, Zn 
and B were applied at the time of sowing as basal dose. N was applied around the plant as 
side dressing in six splits (1st split was applied during transplanting, while 2nd, 3rd, 4th, 5th and 
6th splits were applied with irrigation when necessary). 

2.3 Experiment set up

BARI Karola-4 variety was used in the experiment. Before sowing the seeds were soaked 
in water for 24 hours to enhance germination. Then water was taken off and seed mass was 
covered with a wet cloth until seed is cracked. Then the seeds were placed into polybags 
after the seed cover cracked. When the seedlings were 8-10 cm long, seedlings were planted 
in the pit. Seeds were sown on 26 January 2023 in polybag. Seedlings were transplanted on 
20 February, 2023 with a spacing of 1.5m from row to row and 2m from plant to plant. When 
the seedlings became 15-20 cm long, bamboo sticks were put into the ground. Irrigation was 
done during the growing period to keep the soil moist. Pheromone traps were used after the 
1st week of transplanting in the �ield and it was changed after 50-60 days. Intercultural 
operations were done as and when required.  Fruits were harvested at maturity stage.  
Harvested fruits were selected from each plot for recording necessary yield and yield 
component data.  The data included number of �lower sheds, fruit length (cm), fruit weight 
(g), fruit diameter (cm), and fruit yield (t ha-1) and also vit. C and TSS. 

Fruit N, P, K & B was determined by acid digestion, H2SO4 for N and HNO3-HClO4 (3:1) for 
P, K & B. Vit. C and TSS were also determined by standard methods. Total soluble solid (TSS) 
was measured with a digital hand refractometer and reported as Brix. Vitamin C was 
determined by classical titration method using 2, 6- dichlorophenol indophenols solution 
and expressed as 100 mg g-1 of fresh weight (Ranganna, 1995). 

2.4 Statistical analysis 

Data were analyzed by STATISTIX-10 program and means were compared by multiple 
comparison test using LSD (Statistix for Windows, 1998).

                                                

3. Results and Discussion

3.1 Effects of boron on the �lowering of bitter gourd   

Signi�icant variation was observed among the treatments showing higher number of 
female �lowering and decreased �lower shedding (Table 1). The maximum number of female 
�lowers was recorded in T4 treatment containing 1.5 kg B ha-1 + NPKS fertilizers (70.9 plant-1) 
which was identical with T5 (69.6 plant-1), followed by T3 (64.9 plant-1) and T2 (60.6 plant-1). 
The lowest number of female �lowers was noted in control (45.2. plant-1) treatment.  
Increased number of female �lowers in bitter gourd with added B was also reported by Fozia 
et al. (2018) and Karthick et al. (2018). The number of �lower shedding plant-1 also 
signi�icantly differed with the treatments. The minimum number of �lower shedding (38.9) 
was found in T4 treatment while the maximum number was observed in T1 (79.2 plant-1) 
treatment. The highest decrease in �lower shedding was recorded in T4 (50.9%) treatment 
leading to higher number of �lower set. The percent decrease in �lower shedding due to B 
treatment was the maximum in the study of Sultana et al. (2017).

Table 1. Effects of B on the �lowering of bitter gourd 

Treatments No. of female  No. of �lower  Decrease in �lower
 �lowers plant-1 sheds plant-1  shedding (%)

T1: Control  45.2c 79.2a -

T2: RDF  60.6b 63.9b 19.3

T3: 1.0 kg B ha-1 + RDF  64.9ab 53.9c 32.0

T4: 1.5 kg B ha-1 + RDF 70.9a 38.9d 50.9

T5: 2.0 kg B ha-1 + RDF 69.6a 40.9d 48.4

CV (%) 5.80 5.79 

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS)      

3.2 Effects of boron on the yield components and yield of bitter gourd   

In�luence of boron treatment on the yield components and yield of bitter gourd were 
shown in Table 2.  The number of fruits plant-1 ranged 42.9 - 68.9, the maximum value was 
observed in T4 treatment having 1.5 kg B ha-1 along with usual NPKS dose which however 
was identical with T5 (67.2), followed by T3 (63.2) and T2 (60.9) treatment. The longest fruit 
was documented in T4 (17.5 cm) followed by T5 (16.2 cm), T3 (15.6 cm) and T2 (13.5 cm) 
treatment. Fruit diameter ranged from 4.05 cm to 4.61 cm, the maximum diameter being in 

T4 (4.61 cm) and followed by T5 (4.51 cm), T3 (4.44 cm) and T2 (4.27 cm) treatment. Bharati 
et al. (2018) noticed increased fruit length, girth and weight in their studies. Signi�icant 
variations were also observed in case of individual fruit weight. The maximum value was 
found in T4 (104 g) which was identical with T5 (103 g) and followed by T3 (99 g), T2 (94.2 g) 
treatment. The lowest value was noted in control treatment (89.2 g). Fruit weight (kg plant-1) 
ranged from 2.87 kg to 6.26 kg, the maximum value being observed in T4 which was followed 
by T5 (5.98 kg), T3 (5.35 kg) and T2 (4.81 kg) treatment. Signi�icant variation was also found 
in total yield (t ha-1) of bitter gourd. The highest yield was obtained in T4 (23.4 t ha-1) which 
was followed by T5 (22.5 t ha-1), T3 (20.4 t ha-1) and T2 (18.6 t ha-1) treatment. The lowest 
yield was identi�ied in T1 (12.1 t ha-1). It was clearly noticed that T4 was the best treatment 
that was the combination of 1.5 kg B ha-1 + NPKSZn. Added boron compared to control 
increased yield that was mentioned by several researchers (Fozia et al., 2018; Ashraf et al., 
2020; Bharati et al., 2018).

Table 2. Effects of B on the yield components and yield of bitter gourd 

Treatments No. of  Length Fruit dia. Individual Fruit  Fruit 
 fruits of fruit (cm) fruit Fruit wt./ wt./plant yield
 plant-1   (cm) wt.  (g)  (kg) (t ha-1)

T1: Control  42.9c 11.4c 4.05b 89.2c 2.87d 12.1d

T2: RDF  60.9b 13.5bc 4.27ab 94.2bc 4.81c 18.6c

T3: 1.0 kg B ha-1 + RDF  63.2ab 15.6ab 4.44ab 99.0ab 5.35bc 20.4bc

T4: 1.5 kg B ha-1 + RDF 68.9a 17.5a 4.61a 104.0a 6.26a 23.4a

T5: 2.0 kg B ha-1 + RDF 67.2a 16.2ab 4.51ab 102.5a 5.98ab 22.5ab

CV (%) 5.10 11.8 6.46 4.06 7.11 6.17

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS) 

Fruit dry yield, nutrient content and uptake of N, P, K, Zn and B, were presented in Tables 
3 and 4.  Signi�icant differences were observed in those plant parameters. The highest dry 
yield was recorded in T4 (2228 kg ha-1) which was followed by T5 (2144 kg ha-1), T3 (1953 kg 
ha-1) and T2 (1790 kg ha-1), and the lowest value was noted in T1 i.e. Control (1202 kg ha-1) 
treatment. The B concentration of fruit 44-58 ppm that together with fruit yield  resulted in 
the maximum B uptake (1255 kg ha-1) in T4 treatment which was similar  with T5 (1244 kg 
ha-1). The Zn concentration of fruit increased by the application of B to a certain level then its 
concentration decreased with higher rate of B application. Zn concentration varied from 46 

to 56 ppm that also resulted in the maximum Zn uptake for the T4 treatment (0.125 kg ha-1). 
The lowest Zn uptake was recorded as 0.056 kg ha-1.

The effect of B on the concentration of N, P, and K showed that added B increased the 
concentration of P and K in bitter gourd fruit, but the increment was not signi�icant. The 
minimum N (3.46%) and P concentrations (0.41%) were found in control treatment while 
the maximum N concentration (3.71%) was found in T5 and the maximum P (0.473%) was 
found in T4 treatment. The N uptake by fruit was reached to the peak in T4 (82.3 kg ha-1) 
treatment which was identical with T5 (79.6 kg ha-1). The P conc. (%) was found to lie in 
between 0.410% and 0.473% that also re�lected in P uptake by fruit kg ha-1 limiting between 
4.91 kg ha-1 and 10.55 kg ha-1. The K conc. (%) was the highest in T5 (2.90%) and there was 
no signi�icant difference between the treatments. The K uptake by fruit was the top in T5 
treatment (62.2 kg ha-1) which however was identical with T4 (61.6 kg ha-1), T3 and T2 
treatments. The present �indings indicated that up to a certain level of B application to soil, 
plant N P, K, Zn and B content showed synergistic relationship.

Table 3.  N, P and K content and uptake in bitter gourd fruit 

Treatments N P K N uptake P uptake K uptake
 conc. conc. conc. by fruit by fruit by fruit
 (%) (%) (%) (kg ha-1) (kg ha-1) (kg ha-1)

T1: Control  3.46b 0.410 2.48 41.6d 4.91d 29.8b

T2: RDF  3.58ab 0.433 2.63 64.1c 7.77c 47.2a

T3: 1.0 kg B ha-1 + RDF  3.65ab 0.440 2.78 71.3bc 8.55bc 53.8a

T4: 1.5 kg B ha-1 + RDF 3.69ab 0.473 2.75 82.3a 10.55a 61.6a

T5: 2.0 kg B ha-1 + RDF 3.710a 0.450 2.90 79.56ab 9.64ab 62.21a

CV (%) 4.45 8.66 7.87 7.33 8.37 9.21

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS)      
                                                                                                    

Table 4.  Nutrient content and uptake of Zn and B in bitter gourd fruit

Treatments Fruit dry Zn B B uptake Zn uptake
 yield conc. conc.  by fruit by fruit
 (kg ha-1) (ppm) (ppm) (g ha-1) (g ha-1)

T1: Control  1202d 46c 44c 53.0d 56d

T2: RDF  1790c 50bc 48bc 86.0c 90c

T3: 1.0 kg B ha-1 + RDF  1953bc 52ab 52ab 101.9b 100bc

T4: 1.5 kg B ha-1 + RDF 2228a 56a 56a 125.5a 125a

T5: 2.0 kg B ha-1 + RDF 2144ab 53ab 58a 124.3a 114ab

CV (%) 5.84 4.77 7.44 7.37 7.70

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS)

The minimum Zn content was observed in control while the maximum Zn content was 
found with higher dose of B in the study of Sultana et al. (2017) which also indicated   that 
at certain level of B in soil, Zn and B showed synergism. They also observed that B 
application increased the concentration of N and P in bitter gourd insigni�icantly. They 
again cited that relationship between B and K was synergistic having coinciding role in 
physiological approaches.

3.3 TSS and vitamin C content of bitter gourd

Quality characters such as Vit. C and TSS (0Brix) of bitter gourd have been depicted in 
Table 5. Vit. C ranged from 62.1 mg 100g-1 to 71.3 mg 100g-1, the maximum value recorded in 
T4  which was identical with T5 (70.2 mg 100g-1) which was  followed by T3 (68.3 mg 100g-1), 
T2 (65.7 mg 100g-1) and T1 (62.1 mg 100g-1) treatment but they were statistically similar 
(Table 5). The maximum TSS was recorded in T4 (3.97), followed by T5 (3.70), T3 (3.40) and 
T2 (3.27) treatments. Vit. C and TSS were found to increase with B application in the study of 
Bharati et al. (2018). Ashraf et al. (2020) reported the maximum amount of TSS with B 
treatment. The highest TSS content in fruit was obtained with all micronutrients which 
might be due to higher conc. of N, P, K and micronutrient in leaves and fruits, which might 
have boosted the accumulation of assimilates resulting in better quality for bitter gourd 
(Meenakshi et al., 2007).

Table 5. Quality characters of bitter gourd fruit as in�luenced by different B levels 

Treatments Vit. C TSS
 (mg/100g) (0Brix)

T1: Control  62.05b 3.10c

T2: RDF  65.74ab 3.27bc

T3: 1.0 kg B ha-1 + RDF  68.29ab 3.40bc

T4: 1.5 kg B ha-1 + RDF 71.28a 3.97a

T5: 2.0 kg B ha-1 + RDF 70.19a 3.70ab

CV (%) 5.90 7.11

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS)      

4. Conclusions
Application of B enhanced fruit length (cm), fruit weight (g), fruit diameter (cm), fruit 

yield (t ha-1), vit. C and TSS, and decreased �lower shedding in bitter gourd. The highest yield 
(23.4 t ha-1) was observed in T4 (1.5 kg B ha-1 + RDF) and it was signi�icantly higher than 
control plants. The maximum lowering of �lower shedding (50.9%) was also observed in the 
same treatment. Nutrient concentration and uptake in bitter gourd were also in�luenced by 
B treatment. It was, therefore, concluded that 1.5 kg B ha-1 + NPKSZn (RDF) application could 
be used to obtain higher yield and quality of bitter gourd. 
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4. Discussion
In both Gopalpur and Ishwardi soils, the lowest organic carbon content was observed  

with control (0.99%) and the highest carbon was with the highest rate (9 t ha-1) of rice hull 
or sawdust application . Between the two soils the result was higher for Gopalpur soil than 
for Ishurdi which could be attributed to higher clay content, 27% of the former soil 
compared to the later soil, 13% clay (Fig. 1, Table 1).  The higher clay content might be a 
cause to adsorb more carbonaceous material in Gopalpur soil compared to Ishurdi soil. In 
general, the concentration of soil organic carbon is typically higher in soils with high clay 
content due to the enhanced soil aggregation and organic matter protection provided by 
clay minerals.  

Mon et al. (2024) and Linam et al. (2023) found a positive correlation between the 
addition of compost and soil organic carbon content.  Addition of both rice hull and sawdust 
resulted in increased available N content in both soils. In Gopalpur soil it accounted 28.6% 
and 22.2% increment for rice hull and sawdust, respectively over the unamended (control) 
soil whereas in Ishurdi soil the increments were 41.9% and 37.4%, respectively.  Rice hull 
contained more N (118 mg kg-1) than sawdust did (75 mg kg-1) which value (Table 1) could 
explain the result difference between the two soils. Rice hull and sawdust signi�icantly 
increased soil MBC showing 47.6% and 19.3, respectively in Ishurdi soil. The C:N ratio 
controls the activities of soil microbes. When C:N ratio is high microbial growth becomes 
high and much carbon is immobilized by soil microbes, principally bacteria. It becomes 
stable when C:N ratio comes down to 10:1 – 12:1. In the present study, total status of soil N 
was not measured. Because the research observed the changes in available nitrogen content 
due to the addition of organic amendments in saline soi. That’s why research didn’t conduct 
total N determination.

The result suggests that the organic matter from sawdust was more biodegradable than 
that from the rice hull possibly due to higher C:N ratio in sawdust. Compared to the 100% 
chemical nitrogen (CN) treatment, the use of organic amendments signi�icantly stimulated 
microbial growth and increased the activity of most carbon-degrading enzymes (Luan et al., 
2020). According to Lamptey et al. (2019), soil respiration increased by an average of 12% 
with amendment treatments compared to no amendments.

The decreased bulk density in soils might be due to increase in soil volume for addition 
of organics having low density (could be 0.5 g cc-1). The study of Aytenew and Bore (2020) 
showed application of organic amendments lower soil bulk density values by more than 5% 
versus sole urea fertilized soil and for each 1% increase inorganic matter, soil water holding 
capacity increased by up to 3.7%. Their study also stated that organic amendments play a 
positive role in chemical characteristics of the soil including increase in organic carbon, 
organic nitrogen, microbial biomass and increased enzymatic activity. The increase in soil 

porosity is related to decrease in soil bulk density. Dong et al. (2022) observed that the 
organic amendments increased soil porosity and available water amount and decreased 
bulk density y of soil. 

5. Conclusions 
The result of the present study indicated that rice hull and sawdust varied in their 

effectiveness on the soil characteristics. Rice hull and sawdust signi�icantly improved most 
of the soil parameters (except bulk density) in Gopalpur soil whereas in Ishwardi soil the 
organic carbon content remained unaffected after rice hull and sawdust application. Field 
experiment with crops is necessary to evaluate the effectiveness of organic amendments on 
improvement of saline soil for successful crop production.
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Abstract

Boron (B) is a micronutrient which has remarkable role on �lowering and fruiting of 
crops. This element de�iciency (B) arises in Bangladesh soils and is prominent in dryland 
crops. With this idea the effect of boron (B) application on yield and quality of bitter gourd 
(Momordica charantia) was studied through an experiment at the research �ield of Soil 
Science Division of Bangladesh Agricultural Research Institute (BARI), Gazipur (AEZ-28) 
during kharif-I 2023 season (mid of March to mid of July). The main objective was to 
determine the optimum level of B for maximizing the yield and quality of bitter gourd (cv. 
BARI Karola-4). Five treatments with and without B were imposed: T1: Control, T2: 
Recommended Dose of Fertilizers (RDF), T3: 1 kg B ha-1 + RDF, T4: 1.5 kg B ha-1 + RDF and T5: 
2 kg B ha-1 + RDF. The source of B was boric acid (H3BO3) having 17% B. The common 
fertilizers were applied at a rate of 102-20-42-10-0.5 kg ha-1of N-P-K-S-Zn in the form of 
urea, triple super phosphate, muriate of potash, gypsum and zinc sulphate, respectively. 
Design of the experiment was randomized complete block design (RCBD) with three 
replications of each treatment. The yield and yield contributing characters of bitter gourd 
were signi�icantly and positively in�luenced by B application. All yield parameters showed 
higher results in T4 treatment (1.5 kg B ha-1+ RDF) except �lower shedding which was rather 
positive as this treatment resulted in the lowest �lower shedding. The highest fruit yield 
(23.4 t ha-1) was observed in the same treatment i.e. T4 and it was signi�icantly higher than in 
control plots. The concentration as well as uptake of nutrients in bitter gourd was also 
in�luenced by boron fertilization. Except K uptake, all other nutrient uptake was the 
maximum in the same T4 treatment. Hence, it was concluded that application of boron at 1.5 
kg B ha-1 found effective for reducing �lower shedding and obtaining better yield and quality 
of bitter gourd.

Keywords: Boric acid, Flower shedding, Nutrient uptake, Fruit quality, Fruit yield 
                                                                                                                                  
1. Introduction

Bitter gourd (Momordica charantia) is used as vegetables. This fruit ranks �irst among 
the cucurbits in respect of iron and ascorbic acid (vit. C). It also contains proteins, fats, 

minerals, carotein, thiamine, ribo�lavins and very rich in phytonutrients like anti-oxidants. 
The alkaloid momordicasoides imparts the bitter taste to the fruit. Bitter gourd has a high 
nutrient requirement such as nitrogen, phosphorus, potash, zinc and boron. Bitter gourd 
fruit yield has been set aside by the de�iciency of micronutrients, which leads to certain 
physiological disorders. Bitter gourd is a monoecious crop, where male and female �lowers 
borne on the same plant. The production of staminate �lower is normally much more than 
pistillate �lowers ultimately only pistillate �lowers contribute to the yield (Vala and Savaliya, 
2014). During the plant growth period, micronutrients play various roles in physiological 
and biochemical processes and among those nutrients, B is a vital element which is involved 
in �lowering and fruiting of the plant. So, this element de�iciency causes �loral deformities 
inducing male bareness (Nonnecke, 1989). Boron de�iciency affects the growing points of 
roots and youngest leaves and it functions in the growth of cells in newly emerging shoots 
and roots while in some plants it is crucial for boll formation, �lowering, pollination, seed 
development and sugar transport (Takano et al., 2008; Miwa et al., 2008). Boron de�iciency 
plays a signi�icant role in yield reduction of many vegetables, including bitter gourd due to 
premature �lower, square or boll shedding. 

Bitter gourd is a very popular vegetable in Bangladesh and its yield maximization is a 
major concern of local farmers. Information of the effect of B on major crops is although 
available in Bangladesh, while work on vegetables like bitter gourd is scanty. Bitter gourd 
is an important vegetable, and balanced supply of B for its cultivation is a must. Therefore, 
this study was planned to determine the effect of B on �lower set and yield of bitter gourd, 
and to �ind out the optimum dose of B application for maximizing the yield and quality of 
bitter gourd.

2. Materials and Methods 

2.1 Experimental site and soil characteristics

A �ield experiment was conducted at the experimental �ield of Soil Science Division, 
Bangladesh Agricultural Research Institute (BARI), Joydebpur, Gazipur during 2023 kharif-I 
season. The experimental site falls under the agro-ecological zone Madhupur Tract 
(AEZ-28). Initial soil samples were collected from 0-15 cm depth and analyzed prior to 
application of different fertilizers. Texturally the soil was sandy clay loam, having 6.7 pH 
(1:2.5 soil-water ratio), 1.46% organic matter, 0.08% total N, 11 ppm Olsen-P, 0.11 me% 
NH4OAc extractable (exchangeable) K, 15 ppm CaCl2 extractable S and 3.2 ppm DTPA 
extractable Zn.  The status of hot water-soluble soil B was low, 0.18 ppm.  Chemical analysis 
of soil was done following the method and procedure as outlined by Page et al. (1982).

2.2 Treatments and design

Treatments combinations were T1: Control, T2: recommended dose of fertilizers (RDF), 
T3: 1 kg B ha-1 + RDF, T4: 1.5 kg B ha-1 + RDF and T5: 2 kg B ha-1 + RDF. The experiment was laid 
out in a RCB design, with three replications of each treatment. The unit plot was 2m × 1.5m 
in size. The common fertilizers were applied at the rate of 102-20-42-10-0.5 kg ha-1 of 
N-P-K-S-Zn in the form of urea, triple super phosphate, muriate of potash, gypsum and zinc 
sulphate, respectively. Boron was applied as boric acid (H3BO3) containing 17% B. Basal 
application was made with 5 t ha-1 cowdung. The entire amount of cowdung and all P, K, S, Zn 
and B were applied at the time of sowing as basal dose. N was applied around the plant as 
side dressing in six splits (1st split was applied during transplanting, while 2nd, 3rd, 4th, 5th and 
6th splits were applied with irrigation when necessary). 

2.3 Experiment set up

BARI Karola-4 variety was used in the experiment. Before sowing the seeds were soaked 
in water for 24 hours to enhance germination. Then water was taken off and seed mass was 
covered with a wet cloth until seed is cracked. Then the seeds were placed into polybags 
after the seed cover cracked. When the seedlings were 8-10 cm long, seedlings were planted 
in the pit. Seeds were sown on 26 January 2023 in polybag. Seedlings were transplanted on 
20 February, 2023 with a spacing of 1.5m from row to row and 2m from plant to plant. When 
the seedlings became 15-20 cm long, bamboo sticks were put into the ground. Irrigation was 
done during the growing period to keep the soil moist. Pheromone traps were used after the 
1st week of transplanting in the �ield and it was changed after 50-60 days. Intercultural 
operations were done as and when required.  Fruits were harvested at maturity stage.  
Harvested fruits were selected from each plot for recording necessary yield and yield 
component data.  The data included number of �lower sheds, fruit length (cm), fruit weight 
(g), fruit diameter (cm), and fruit yield (t ha-1) and also vit. C and TSS. 

Fruit N, P, K & B was determined by acid digestion, H2SO4 for N and HNO3-HClO4 (3:1) for 
P, K & B. Vit. C and TSS were also determined by standard methods. Total soluble solid (TSS) 
was measured with a digital hand refractometer and reported as Brix. Vitamin C was 
determined by classical titration method using 2, 6- dichlorophenol indophenols solution 
and expressed as 100 mg g-1 of fresh weight (Ranganna, 1995). 

2.4 Statistical analysis 

Data were analyzed by STATISTIX-10 program and means were compared by multiple 
comparison test using LSD (Statistix for Windows, 1998).

                                                

3. Results and Discussion

3.1 Effects of boron on the �lowering of bitter gourd   

Signi�icant variation was observed among the treatments showing higher number of 
female �lowering and decreased �lower shedding (Table 1). The maximum number of female 
�lowers was recorded in T4 treatment containing 1.5 kg B ha-1 + NPKS fertilizers (70.9 plant-1) 
which was identical with T5 (69.6 plant-1), followed by T3 (64.9 plant-1) and T2 (60.6 plant-1). 
The lowest number of female �lowers was noted in control (45.2. plant-1) treatment.  
Increased number of female �lowers in bitter gourd with added B was also reported by Fozia 
et al. (2018) and Karthick et al. (2018). The number of �lower shedding plant-1 also 
signi�icantly differed with the treatments. The minimum number of �lower shedding (38.9) 
was found in T4 treatment while the maximum number was observed in T1 (79.2 plant-1) 
treatment. The highest decrease in �lower shedding was recorded in T4 (50.9%) treatment 
leading to higher number of �lower set. The percent decrease in �lower shedding due to B 
treatment was the maximum in the study of Sultana et al. (2017).

Table 1. Effects of B on the �lowering of bitter gourd 

Treatments No. of female  No. of �lower  Decrease in �lower
 �lowers plant-1 sheds plant-1  shedding (%)

T1: Control  45.2c 79.2a -

T2: RDF  60.6b 63.9b 19.3

T3: 1.0 kg B ha-1 + RDF  64.9ab 53.9c 32.0

T4: 1.5 kg B ha-1 + RDF 70.9a 38.9d 50.9

T5: 2.0 kg B ha-1 + RDF 69.6a 40.9d 48.4

CV (%) 5.80 5.79 

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS)      

3.2 Effects of boron on the yield components and yield of bitter gourd   

In�luence of boron treatment on the yield components and yield of bitter gourd were 
shown in Table 2.  The number of fruits plant-1 ranged 42.9 - 68.9, the maximum value was 
observed in T4 treatment having 1.5 kg B ha-1 along with usual NPKS dose which however 
was identical with T5 (67.2), followed by T3 (63.2) and T2 (60.9) treatment. The longest fruit 
was documented in T4 (17.5 cm) followed by T5 (16.2 cm), T3 (15.6 cm) and T2 (13.5 cm) 
treatment. Fruit diameter ranged from 4.05 cm to 4.61 cm, the maximum diameter being in 

T4 (4.61 cm) and followed by T5 (4.51 cm), T3 (4.44 cm) and T2 (4.27 cm) treatment. Bharati 
et al. (2018) noticed increased fruit length, girth and weight in their studies. Signi�icant 
variations were also observed in case of individual fruit weight. The maximum value was 
found in T4 (104 g) which was identical with T5 (103 g) and followed by T3 (99 g), T2 (94.2 g) 
treatment. The lowest value was noted in control treatment (89.2 g). Fruit weight (kg plant-1) 
ranged from 2.87 kg to 6.26 kg, the maximum value being observed in T4 which was followed 
by T5 (5.98 kg), T3 (5.35 kg) and T2 (4.81 kg) treatment. Signi�icant variation was also found 
in total yield (t ha-1) of bitter gourd. The highest yield was obtained in T4 (23.4 t ha-1) which 
was followed by T5 (22.5 t ha-1), T3 (20.4 t ha-1) and T2 (18.6 t ha-1) treatment. The lowest 
yield was identi�ied in T1 (12.1 t ha-1). It was clearly noticed that T4 was the best treatment 
that was the combination of 1.5 kg B ha-1 + NPKSZn. Added boron compared to control 
increased yield that was mentioned by several researchers (Fozia et al., 2018; Ashraf et al., 
2020; Bharati et al., 2018).

Table 2. Effects of B on the yield components and yield of bitter gourd 

Treatments No. of  Length Fruit dia. Individual Fruit  Fruit 
 fruits of fruit (cm) fruit Fruit wt./ wt./plant yield
 plant-1   (cm) wt.  (g)  (kg) (t ha-1)

T1: Control  42.9c 11.4c 4.05b 89.2c 2.87d 12.1d

T2: RDF  60.9b 13.5bc 4.27ab 94.2bc 4.81c 18.6c

T3: 1.0 kg B ha-1 + RDF  63.2ab 15.6ab 4.44ab 99.0ab 5.35bc 20.4bc

T4: 1.5 kg B ha-1 + RDF 68.9a 17.5a 4.61a 104.0a 6.26a 23.4a

T5: 2.0 kg B ha-1 + RDF 67.2a 16.2ab 4.51ab 102.5a 5.98ab 22.5ab

CV (%) 5.10 11.8 6.46 4.06 7.11 6.17

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS) 

Fruit dry yield, nutrient content and uptake of N, P, K, Zn and B, were presented in Tables 
3 and 4.  Signi�icant differences were observed in those plant parameters. The highest dry 
yield was recorded in T4 (2228 kg ha-1) which was followed by T5 (2144 kg ha-1), T3 (1953 kg 
ha-1) and T2 (1790 kg ha-1), and the lowest value was noted in T1 i.e. Control (1202 kg ha-1) 
treatment. The B concentration of fruit 44-58 ppm that together with fruit yield  resulted in 
the maximum B uptake (1255 kg ha-1) in T4 treatment which was similar  with T5 (1244 kg 
ha-1). The Zn concentration of fruit increased by the application of B to a certain level then its 
concentration decreased with higher rate of B application. Zn concentration varied from 46 

to 56 ppm that also resulted in the maximum Zn uptake for the T4 treatment (0.125 kg ha-1). 
The lowest Zn uptake was recorded as 0.056 kg ha-1.

The effect of B on the concentration of N, P, and K showed that added B increased the 
concentration of P and K in bitter gourd fruit, but the increment was not signi�icant. The 
minimum N (3.46%) and P concentrations (0.41%) were found in control treatment while 
the maximum N concentration (3.71%) was found in T5 and the maximum P (0.473%) was 
found in T4 treatment. The N uptake by fruit was reached to the peak in T4 (82.3 kg ha-1) 
treatment which was identical with T5 (79.6 kg ha-1). The P conc. (%) was found to lie in 
between 0.410% and 0.473% that also re�lected in P uptake by fruit kg ha-1 limiting between 
4.91 kg ha-1 and 10.55 kg ha-1. The K conc. (%) was the highest in T5 (2.90%) and there was 
no signi�icant difference between the treatments. The K uptake by fruit was the top in T5 
treatment (62.2 kg ha-1) which however was identical with T4 (61.6 kg ha-1), T3 and T2 
treatments. The present �indings indicated that up to a certain level of B application to soil, 
plant N P, K, Zn and B content showed synergistic relationship.

Table 3.  N, P and K content and uptake in bitter gourd fruit 

Treatments N P K N uptake P uptake K uptake
 conc. conc. conc. by fruit by fruit by fruit
 (%) (%) (%) (kg ha-1) (kg ha-1) (kg ha-1)

T1: Control  3.46b 0.410 2.48 41.6d 4.91d 29.8b

T2: RDF  3.58ab 0.433 2.63 64.1c 7.77c 47.2a

T3: 1.0 kg B ha-1 + RDF  3.65ab 0.440 2.78 71.3bc 8.55bc 53.8a

T4: 1.5 kg B ha-1 + RDF 3.69ab 0.473 2.75 82.3a 10.55a 61.6a

T5: 2.0 kg B ha-1 + RDF 3.710a 0.450 2.90 79.56ab 9.64ab 62.21a

CV (%) 4.45 8.66 7.87 7.33 8.37 9.21

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS)      
                                                                                                    

Table 4.  Nutrient content and uptake of Zn and B in bitter gourd fruit

Treatments Fruit dry Zn B B uptake Zn uptake
 yield conc. conc.  by fruit by fruit
 (kg ha-1) (ppm) (ppm) (g ha-1) (g ha-1)

T1: Control  1202d 46c 44c 53.0d 56d

T2: RDF  1790c 50bc 48bc 86.0c 90c

T3: 1.0 kg B ha-1 + RDF  1953bc 52ab 52ab 101.9b 100bc

T4: 1.5 kg B ha-1 + RDF 2228a 56a 56a 125.5a 125a

T5: 2.0 kg B ha-1 + RDF 2144ab 53ab 58a 124.3a 114ab

CV (%) 5.84 4.77 7.44 7.37 7.70

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS)

The minimum Zn content was observed in control while the maximum Zn content was 
found with higher dose of B in the study of Sultana et al. (2017) which also indicated   that 
at certain level of B in soil, Zn and B showed synergism. They also observed that B 
application increased the concentration of N and P in bitter gourd insigni�icantly. They 
again cited that relationship between B and K was synergistic having coinciding role in 
physiological approaches.

3.3 TSS and vitamin C content of bitter gourd

Quality characters such as Vit. C and TSS (0Brix) of bitter gourd have been depicted in 
Table 5. Vit. C ranged from 62.1 mg 100g-1 to 71.3 mg 100g-1, the maximum value recorded in 
T4  which was identical with T5 (70.2 mg 100g-1) which was  followed by T3 (68.3 mg 100g-1), 
T2 (65.7 mg 100g-1) and T1 (62.1 mg 100g-1) treatment but they were statistically similar 
(Table 5). The maximum TSS was recorded in T4 (3.97), followed by T5 (3.70), T3 (3.40) and 
T2 (3.27) treatments. Vit. C and TSS were found to increase with B application in the study of 
Bharati et al. (2018). Ashraf et al. (2020) reported the maximum amount of TSS with B 
treatment. The highest TSS content in fruit was obtained with all micronutrients which 
might be due to higher conc. of N, P, K and micronutrient in leaves and fruits, which might 
have boosted the accumulation of assimilates resulting in better quality for bitter gourd 
(Meenakshi et al., 2007).

Table 5. Quality characters of bitter gourd fruit as in�luenced by different B levels 

Treatments Vit. C TSS
 (mg/100g) (0Brix)

T1: Control  62.05b 3.10c

T2: RDF  65.74ab 3.27bc

T3: 1.0 kg B ha-1 + RDF  68.29ab 3.40bc

T4: 1.5 kg B ha-1 + RDF 71.28a 3.97a

T5: 2.0 kg B ha-1 + RDF 70.19a 3.70ab

CV (%) 5.90 7.11

Values of a column followed by the same letters are not signi�icantly different at 5% level of 
signi�icance. RDF = Recommended dose of fertilizers (NPKS)      

4. Conclusions
Application of B enhanced fruit length (cm), fruit weight (g), fruit diameter (cm), fruit 

yield (t ha-1), vit. C and TSS, and decreased �lower shedding in bitter gourd. The highest yield 
(23.4 t ha-1) was observed in T4 (1.5 kg B ha-1 + RDF) and it was signi�icantly higher than 
control plants. The maximum lowering of �lower shedding (50.9%) was also observed in the 
same treatment. Nutrient concentration and uptake in bitter gourd were also in�luenced by 
B treatment. It was, therefore, concluded that 1.5 kg B ha-1 + NPKSZn (RDF) application could 
be used to obtain higher yield and quality of bitter gourd. 
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