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ABSTRACT 
 

To increase the yield of BARI hybrid tomato 4, cultivated in summer season of Bangladesh, foliar 
application of zinc and boron [T0: control; T1: 25-ppm ZnSO4 (Zinc Sulphate); T2: 25-ppm H3BO3 
(Boric Acid) and T3: 12.5-ppm ZnSO4 + 12.5-ppm H3BO3] was done. Maximum plant height (106.9 
cm), number of leaves (68.9/plant), leaf area (48.2 cm2), number of branches (11.9/plant), number 
of clusters (21.6/plant), number of fruits (1.8/clusters and 33.6/plant), fruit length (5.3 cm), fruit 
diameter (5.1 cm), single fruit weight (60.4 g) and yield (1.9 kg/plant, 25.7 kg/plot and 58.3 t/ha) 
were found from foliar application of 12.5-ppm ZnSO4 + 12.5-ppm H3BO3 while minimum from 
control. Early flowering (49.3 days) and minimum diseased infested plant (9.4%) were also found 
from foliar application of 12.5-ppm ZnSO4 + 12.5-ppm H3BO3.Combined foliar application of zinc 
and boron was more effective than the individual application of zinc or boron on growth and yield 
for summer season tomato (BARI hybrid tomato 4). 
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I. Introduction 
 
Tomato (Lycopersicon esculentum Mill) is an important vegetable crop generally grown winter 
season in Bangladesh. It is very difficult to produce tomato during summer due to high 
temperature and heavy rainfall. The availability of tomato is not adequate in summer season 
due to very lower production. For that reason consumer has to pay more for tomato during this 
season. High temperature during day and night was considered as major barrier to fruit set 
during summer season so that it is essential to find out the suitable genotypes for summer 
season in Bangladesh. Many researchers are trying to develop new variety through traditional 
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breading or varietal trail (Mehraj et al., 2014; Alam et al., 2010). Bangladesh Agricultural 
Research Institute (BARI) has already developed three hybrid tomato varieties for summer 
cultivation and BARI hybrid tomato 4 is one these (BARI, 2011). On the other hand, 
supplementation of micronutrients is essential for higher yield of an established variety. In 
foliar application, nutrients enter through aqueous pores of leaf cuticles, cell wall of the 
epidermal cells and plasma membrane by active transport (Cheristensen, 2005). Micronutrients 
have an important role in the plant activities and foliar application can improve the vegetative 
growth, fruit set and yield of tomato (Adams, 2004) by increasing photosynthesis of green 
plants (Mallick and Muthukrishnan, 1980). Among micronutrients, Zn and B are important for 
plant nutrition. Tomato requires both major and micronutrients for its proper plant growth 
(Sainju et al., 2003).Zn plays important role on growth and development as well as 
carbohydrates, protein metabolism and sexual fertilization of plant (Imtiaz et al., 2003; 
Vasconcelos et al., 2011) while B deficiency reduced yield and quality in tomatoes (Davis et al., 
2003). Balanced fertilization of macro and micro nutrients can increases production (Swan et 
al., 2001; Ali et al., 2008) but foliar application of micronutrients is the not only efficient but also 
secured way (Aghtape et al., 2011).The objective of the study was to evaluate the effect of foliar 
application of zinc and boron on tomato growth and yield of tomato cultivated at summer 
season in Bangladesh. 
 

II. Materials and Methods 
 
Experiment was conducted at Olericulture Research field, Horticulture Research Centre, 
Bangladesh Agricultural Research Institute, Joydebpur, Bangladesh from May to September 
2014 following completely randomized complete block design using three replications. Seeds 
were sown on the seedbed in 15thMay and seedlings were transplanted into the main field on 
16thJune, 2014.BARI hybrid tomato 4 was used in the experiment. Three foliar sprays with 
control viz. T0: control; T1: 25-ppm ZnSO4 (Zinc Sulphate); T2: 25-ppm H3BO3 (Boric Acid) and T3: 
12.5-ppm ZnSO4 + 12.5-ppm H3BO3 were used in the experiment. Each treatment was applied 
two times firstly at 15 days after transplanting (DAT) and secondly at 45 DAT. The unit plot size 
was 2.4 m x 1.6 m. The plant spacing was 40cm in rows of 60cm plant. Each plot contains 16 
plants. Cowdung (10 t/ha), urea (300 kg/ha), TSP (200 kg/ha) and MP (210 kg/ha) were 
applied (BARI, 2011).The entire amount of organic manure, TSP and half of the MP were applied 
during final land preparation. The remaining half of MP and entire urea applied in two equal 
installments, 1st at 15 days after planting and 2nd at flowering. Data were collected on plant 
height, number of leaves, leaf area, number of branches, number of clusters, days to first 
flowering, number of fruits, fruit length, fruit diameter, single fruit weight, yield and percentage 
of disease infected plants. Collected data were statistically analyzed using MSTAT-C program, 
mean was calculated and analysis of variance for each of treatment was represented by F-test. 
Differences between treatments were evaluated by Least Significance Difference (LSD) test at 
5% level of significance (Gomez and Gomez, 1984). 
 

III. Results and Discussion 
 
Plant Growth Characters 
 
Plant height: Plant height of BARI hybrid tomato 4 varied significantly among the treatments at 
60 days after transplanting (DAT). T3 produced the tallest plant (106.9 cm) followed by T1 (97.6 
cm) whereas the shortest plant from T0 (85.5 cm) at 60 DAT (Table 01). Plant height of tomato 
increased due to the application of zinc and boron (Hatwar et al., 2003). Tomato plant height 
responses by foliar application of different micronutrients were also determined by Singh and 
Tiwari (2013). Tomato plant height ranged from 122.0 to 137.0 cm among the different 
concentrations and types of nutrients (Davis, 2003). Zinc helps on auxin synthesis and in 
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association with boron helps on cell wall development and cell differentiation of plants 
(Basavarajeswari et al., 2008).  
 
Number of leaves: Number of leaves of BARI hybrid tomato 4 showed significant variation 
among the treatments at 60 DAT. Maximum number of leaves was found from T3 (68.9/plant) 
followed by T1 (65.6/plant) while minimum from T0 (50.5/plant) (Table 01). Number of leaves 
increased due to the foliar application of Zn and B (Singh and Tiwari, 2013). 
 
Leaf area: Significant variation was found in leaf area of BARI hybrid tomato 4 at 60 DAT. 
Maximum leaf area was found from T3 (68.9 cm2) followed by T1 (65.6 cm2) while minimum 
from T0 (42.7 cm2) at 60 DAT (Table 01). 
 
Number of branches and cluster: Branches and cluster were also varied significantly among 
the treatments at 60 DAT. Maximum number of branches and cluster was found from T3 
(11.9/plant and 21.6/plant respectively) which was followed by T1 (9.4/plant and 20.4/plant 
respectively) whereas minimum from T0 (7.4/plant and 19.4/plant respectively) at 60 DAT 
(Table 01).  
 
Number of branches/plant increased by application of boron (Basavarajeswari et al., 2008), 
Zinc (Kiran et al., 2010) and micronutrient mixture with Zn, Fe and B (Hatwar et al., 2003).

 
Table 01. Growth response of BARI hybrid tomato 4 to foliar application of zinc and 
boronX  

 

TreatmentsY 
At 60 days after transplanting 

Plant height 
(cm) 

Number of 
leaves/plant 

Leaf area 
(cm2) 

Number of 
branches/plant 

Number of 
clusters/plant 

T0 85.5 d 50.5 d 42.7 b 7.4 c 19.4 d 
T1 97.6 b 65.6 b 41.1 c 9.4 b 20.4 b 
T2 92.9 c 62.9 c 40.1 c 9.4 b 19.9 c 
T3 106.9 a 68.9 a 48.2 a 11.9 a 21.6 a 
LSD 0.05 2.9   2.7   1.1   1.3   0.2   
CV % 0.5   0.8   1.2   0.9   0.4   
X In a column mean values having similar letter(s) are statistically similar and those having 
dissimilar letter(s) differ significantly as per 0.05 level of significance 
YT0: control; T1: 25-ppm ZnSO4 (Zinc Sulphate); T2: 25-ppm H3BO3 (Boric Acid) and T3: 12.5-
ppm ZnSO4 + 12.5-ppm H3BO3 
 
Days to first flowering: Days to first flowering showed a significant variation among the 
treatments. Early flowering was found from T3 (49.3 days) while T0 showed late flowering (55.5 
days) (Table 02). 
 
Number of fruits: Number of per cluster showed statistically similar but number of fruits/plant 
varied significantly among the treatments. Maximum number of fruits was found from T3 
(1.8/cluster and 33.6/plant) while minimum from T0 (1.6/cluster and 29.4/plant) (Table 02). 
Combined application of zinc and boron increased the number of fruits/plant in tomato (Yadav 
et al, 2001). 
 
Fruit length and diameter: Fruit length and diameter were also varied significantly among the 
treatments. Longest fruit (5.3 cm) and maximum fruit diameter (5.1 cm) was found from T3 
while shortest fruit (3.7 cm) and minimum diameter (3.6 cm) was found from T0 (Table 02). 
Length of fruit significantly increased by zinc and boron (Wojcik and Wojcik, 2003) application 
by improving cell size or cell number (Khayyat et al., 2007). 
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Single fruit weight: Fruit weight varied significantly among the treatments. Maximum single 
fruit weight was found from T4 (60.4 g) which was followed by T1 (55.4 g) while minimum from 
T0 (49.8 g) (Table 03). Foliar application of B and Zn increase weight (Sindhu et al., 1999). 
Boron play key role on accumulation of photosynthates that has correlation with fruit weight 
(Shukha, 2011). Zinc and boron in improves fruit growth by synthesizing tryptophan and auxin 
(Wojcik and Wojcik, 2003).  
 
Yield: Yield of BARI hybrid tomato 4 showed a significant variation among treatments. 
Maximum yield was found from T3 (1.9 kg/plant, 25.7 kg/plot and 58.3 t/ha respectively) while 
minimum from T0 (15.0 kg/plant, 20.6 kg/plot and 45.1 t/ha respectively) (Table 03). Foliar 
application of zinc and boron significantly increases the yield of different crops (Singram and 
Prabhu, 2001; Mustafa et al., 2006; Sindhu et al., 1999; Ashoori et al., 2013). 

 
Diseased infected plants: Diseased plant was also varied significantly among the treatments. 
However minimum diseased plant was found from T3 (9.4%) which was followed by T2 (19.2%) 
while minimum from T0 (31.7%) (Table 03). There is a relation between zinc nutrient stress and 
plant disease (Graham, 1983); it has been found that symptoms of viral infections were 
disappeared by zinc application which may be by suppressing virus-induced zinc deficiency.

Table 02. Effect of foliar application of zinc and boron on flower and fruit characters 
BARI hybrid tomato 4X 

 

Treatments Y 
Days to first 

flowering 
Number of 

fruits/clusters 
Number of 
fruit/plant  

Fruit length 
(cm) 

Fruit 
diameter (cm) 

T0 55.5 a 1.6 a 29.4 c 3.7 c 3.6 d 
T1 51.6 c 1.7 a 30.4 b 4.2 b 4.4 b 
T2 52.9 b 1.6 a 30.4 b 4.1 b 4.1 c 
T3 49.3 d 1.8 a 33.6 a 5.3 a 5.1 a 
LSD 0.05 1.2   0.2   0.9   0.3   0.2   
CV % 1.0   5.9   0.3   2.4   2.2   
X In a column mean values having similar letter(s) are statistically similar and those having 
dissimilar letter(s) differ significantly as per 0.05 level of significance 
YT0: control; T1: 25-ppm ZnSO4 (Zinc Sulphate); T2: 25-ppm H3BO3 (Boric Acid) and T3: 12.5-
ppm ZnSO4 + 12.5-ppm H3BO3  

Table 03. Response of yield characters on BARI hybrid tomato 4 to foliar application of 
zinc and boron on X 

 

TreatmentsY 
Single fruit 
weight  (g) 

Yield Diseased infected 
plants (%) (kg)/plant (kg)/plot t/ha 

T0 49.8 d 1.5 b 20.6 d 45.1 d 31.7 a 
T1 55.4 b 1.7 b 22.4 b 49.9 b 17.6 c 
T2 53.8 c 1.5 b 21.0 c 46.5 c 19.2 b 
T3 60.4 a 1.9 a 25.7 a 58.3 a 9.4 d 
LSD 0.05 1.0   0.2   0.2   1.0   0.2   
CV % 0.9   6.0   0.4   1.0   0.5   
X In a column mean values having similar letter(s) are statistically similar and those having 
dissimilar letter(s) differ significantly as per 0.05 level of significance 
YT0: control; T1: 25-ppm ZnSO4 (Zinc Sulphate); T2: 25-ppm H3BO3 (Boric Acid) and T3: 12.5-
ppm ZnSO4 + 12.5-ppm H3BO3  
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IV. Conclusion 
 
It was apparent that combined foliar application of boron and zinc micronutrients enhanced 
plant growth characteristics (plant height, number of leaves, leaf area, number of branches, 
number of clusters), reduce crop duration & percentage of disease infected plants and also gave 
highest result for yield characteristics (number of fruits, fruit length, fruit diameter, single fruit 
weight, yield) in BARI hybrid tomato 4. So external foliar application of zinc with boron may 
increase yield of BARI hybrid tomato 4 cultivated in summer. 
 

Acknowledgements 
 

Authors are highly grateful to the Horticulture Research Centre, Bangladesh Agricultural 
Research Institute, Joydebpur, Gazipur, Dhaka, Bangladesh for conducting the experiments. 
 
VI. References 

[1]. Adams, P. (2004). Effect of nutrition on tomato quality, tomatoes in peat. How feed 
variations affect yield. Grower, 89(20), 1142-1145. 

[2]. Aghtape, A. A., Ghanbari, A., Sirousmehr, A., Siahsar, B., Asgharipour, M. & Tavssoli, A. 
(2011). Effect of irrigation with wastewater and foliar fertilize application on some forage 
characteristics of foxtail millet (Setaria italica). Int. J. Plant Physiol. Biochem., 3(3), 34-42. 

[3]. Alam, M. S., Sultana, N., Ahmed, S., Hossain, M. M. & Islam, A. K. M. A. (2010). Performance 
of heat tolerant tomato hybrid lines under hot, humid conditions. Bangladesh J. Agril. Res., 
35(3), 367-373. http://dx.doi.org/10.3329/bjar.v35i3.6442 

[4]. Ali, S., Khan, A. Z., Mairaj, G., Arif, M., Fida, M. & Bibi, S. (2008). Assessment of different crop 
nutrient management practices for yield improvement. Austr. J. Crop Sci., 2(3), 150-157. 

[5]. Ashoori, M., Lolaei, A., Zamani, S. & Mobasheri, S. (2013). Effect of N and Zn on quantity 
and quality characters of grapevine (Vitisvinifera).Int. J. Agri. Crop Sci., 5(3), 207-211.  

[6]. BARI (2011). KRISHI PROJUKTI HATBOI (Handbook of Agro-technology), 5th edition. 
Bangladesh Agricultural Research Institute, Gazipur-1701, Bangladesh, pp. 371-396. 

[7]. Basavarajeswari, C. P., Hosamni, R. M., Ajjappalavara, P. S., Naik, B. H., Smitha, R. P. & 
Ukkund. (2008). Effect of foliar application of micronutrients on growth, yield components 
of Tomato (Lycopersicon esculentum Mill). Karnataka J. Agri. Sci., 21(3), 428-430. 

[8]. Cheristensen, P. (2005). Foliar fertilization in vine mineral nutrient management 
prorammes. Vitic Enol., 23, 1-3. 

[9]. Davis, J. M., Sanders, D. C., Nelson, P. V., Lengnick, L. & Sperry, W. J. (2003). Boron improves 
growth, yield, quality and nutrients contents of tomato. J. Am. Soc. Hort. Sci., 128(3), 441–
446. 

[10]. Gomez, K. A. & Gomez, A. A. (1984). Statistical Procedures for Agricultural Research. 
2ndedn. John Wiley and Sons. New York: 680. 

[11]. Graham, R. D. (1983). Effects of nutrient stress on susceptibility of plants to disease with 
particular reference to the trace elements. In: Woolhouse, H. (ed.). Advances in Botanical 
Research, 10, 221-276, Academic Press, London. http://dx.doi.org/10.1016/s0065-
2296(08)60261-x 

[12]. Gunesh, A., Alpaslan, M., Chikil, Y. & Ozcan, H. (2000). The effect of zinc on alleviation of 
boron toxicity in tomato plants (Lycopersicon esculentum L.). Turkish J.of Agric. and 
Forestry, 24, 505- 509. 

[13]. Hatwar, G. P., Gondane, S. M., Urkade, S. M. & Gahukar, O. V. (2003). Effect of 
micronutrients on growth and yield of chilli. Soils and Crops, 13(1), 123-125. 

[14]. Imtiaz, M., Alloway, B. J., Shah, K. H., Siddiqui, S. H., Memon, M. Y., Aslam, M. & Khan, P. 
(2003). Zinc nutrition of wheat: Growth and zinc uptake. Asian J. Plant Sci., 2(2), 152-155. 
http://dx.doi.org/10.3923/ajps.2003.152.155 

[15]. Khayyat, M., Tafazoli, E., Eshghi, S. & Rajaee, S. (2007). Effect of Nitrogen, Boron, Potassium 
and Zinc Sprays on Yield and Fruit Quality of Date Palm.American-Eurasian Journal 
Agriculture & Environ. Sciences, 2(3), 289-296. 

http://dx.doi.org/10.3329/bjar.v35i3.6442
http://dx.doi.org/10.1016/s0065-2296(08)60261-x
http://dx.doi.org/10.1016/s0065-2296(08)60261-x
http://dx.doi.org/10.3923/ajps.2003.152.155


 Ali et al. (2015) / J. Biosci. Agric. Res. 06(01): 512-517                                                                              doi: 10.18801/jbar.060115.61 

 

517 
Corresponding author email: jama4@gmail.com (Jamal Uddin, A. F. M.)  
eISSN: 2312-7945, ©Ali et al. (2015), Research paper 

 

[16]. Kiran, J., Vyakaranchal, B. S., Raikar, S. D., Ravikumar, G. H. & Deshpande, V. K. (2010). Seed 
yield and quality of brinjal as influenced by crop nutrition. Indian J. Agric. Res., 44(1), 1-7. 

[17]. Mallick, M. F. R. & Muthukrishnan, C. R. (1980). Effect of micro nutrients on tomato 
(Lycopersicon esculentum Mill.), II. Effect on flowering, fruit-set and yield. South Indian 
Hort., 28(1), 14-20. 

[18]. Mehraj, H., Mutahera, S., Roni, M. Z. K., Nahiyan, A. S. M. & Jamal Uddin, A. F. M. (2014). 
Performance assessment of twenty tomato cultivar for summer cultivation in Bangladesh. 
Journal of Science, Technology & Environment Informatics, 1(1), 45–53. 

[19]. Mustafa, E. A. M., El-shamma, M. S. & Hagass, L. F. (2006). Correction of boron deficiency in 
grape vines of Bez El-Anze cultivar. American-Euransian J. Agric. &Enviro. Sci., 1(3), 301-
305. 

[20]. Sainju, U. M., Dris, R. & Singh, B. (2003).Mineral nutrition of tomato.Food, Agriculture and 
Environment, 2, 176-183. 

[21]. Shukha, A. K. (2011). Effect of foliar application of calcium and boron on growth, 
productivity and quality of Indian gooseberry (Emblica officinalis). Indian J. Agric. Sci., 
81(7), 628-632.  

[22]. Sindhu, P. C., Ahlawat, V. P. & Nain, A. S. (1999). Effect on yield and fruit quality of grapes 
(Vitis vinifera L.) cv. Perlette. Haryana J. Hort. Sci., 28(2), 19-21. 

[23]. Singh, H. M. & Tiwari, J. K. (2013). Impact of micronutrient spray on growth, yield and 
quality of tomato (Lycopersicon esculentum Mill). Hort Flora Research Spectrum, 2(1), 87–
89. 

[24]. Singram, P. & Prabhu, P. C. (2001). Effect of zinc and boron on growth and quality of 
grapes cv. Muscat. Madras Agriculture Journal, 88(4-6), 233-236. 

[25]. Swan, Z. M., Hafez, S. A. & Basyony, A. E. (2001). Effect of phosphorus fertilization and 
foliar application of chelated zinc and calcium on seed, protein and oil yield and oil 
properties of cotton. J. Agric. Sci., 136, 191-198. 

[26]. Thongbai, P., Hannam, R. J., Graham, R. D. & Webb, M. J. (2001). Interaction between zinc 
nutritional status of cereals and Rhizoctonia root rot severity. Plant and Soil, 153, 207-214. 

[27]. Vasconcelos, A. C. F., Nascimento, C. W. A. & Filho, F. C. (2011). Distribution of zinc in maize 
plants as a function of soil and foliar Zn supply. Inter. Res. J. Agric. Sci. Soil Sci., 1(1), 1-5. 

[28]. Wojcik, P. & Wojcik, M. (2003). Effects of boron fertilization on conference pear tree vigor, 
nutrition, and fruit yield and storability. Plant and soil, 256, 413-421.  

[29]. Yadav, P. V. S., Tikkoo, A., Sharma, N. K. & Tikkoo, A. (2001). Effect of Zn and B on growth, 
flowering and fruiting of tomato (Lycopersicon esculentum Mill.) Haryana J. Hort. Sci., 30(1-
2), 105-107. 

 
CITATIONS 

APA (American Psychological Association) 

Ali, M. R., Mehraj, H. & Jamal Uddin, A. F. M. (2015). Effects of foliar application of zinc and boron 
on growth and yield of summer tomato. Journal of Bioscience and Agriculture Research, 06(01), 
512-517. 
 
MLA (Modern Language Association)  

Ali, M. R., Mehraj, H. & Jamal Uddin, A. F. M. “Effects of foliar application of zinc and boron on 
growth and yield of summer tomato.” Journal of Bioscience and Agriculture Research, 06.01 
(2015): 512-517. 
 
Chicago/Turabian 

Ali, M. R., Mehraj, H. & Jamal Uddin, A. F. M. “Effects of foliar application of zinc and boron on 
growth and yield of summer tomato.” Journal of Bioscience and Agriculture Research, 06, no. 01 
(2015): 512-517. 


