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ABSTRACT
A field experiment was conducted at the Soil Science Research Field, Hajee Mohammed Danesh Science and Technology University (HSTU), Dinajpur during the period from March 2022 to May 2022 to investigate the effect of B on the growth and yield of soybean. The variety BARI Soyabean-5 was used as the test crop. The experiment comprised of 7 treatments: T1 = Control, T2 = 2 kg B ha-1, T3 = 4 kg B ha-1, T4 = 6 kg B ha-1, T5 = 8 kg B ha-1, T6 = 10 kg B ha-1, T7 = 12 kg B ha-1. The experiment was laid out in Randomized Complete Block Design (RCBD) with three replications. Different levels of B fertilization influenced the plant growth characters. Both the growth and yield increased with increasing the B level at certain level. In case of growth parameters, T5 (8 kg B ha-1) showed the maximum plant height (51.8, 65.7 and 82.0 cm at 30, 60 and 90 DAS, respectively), highest number of branches (4 at 90 DAS), number of leaves (13.11, 24 and 32.44 at 30, 60 and 90 DAS, respectively). Maximum pod number plant-1, maximum grain weight (1.64-t ha-1) and the highest average value for stover fresh and dry weight (8.60 and 6.75 t ha-1, respectively). Furthermost the highest pH value (6.60), total N (0.035%), available P, exchangeable K and available S (50.51 ppm, 16.91 meq 100g-1 soil and 8.22 ppm, respectively). The highest number of branches (2.22) at 60 DAS was found for T6 which was statistically similar with T5 and T7; the highest available B (0.34 ppm) for T7 (12 kg B ha-1) which was statistically similar with T5 and T6 treatment. Conversely, the control treatment (T1), without B supplementation, exhibited the minimum growth and development as well as the minimum pod number plant-1 (46.50) and the lowest grain weight (0.68 t ha-1) and also the least average value for stover fresh and dry weight (3.00 and 2.19 t ha-1, respectively) and lowest post-harvest soil nutrient that means a slight increase than the initial status. Therefore, the present experimental results suggest that the application of 8 kg B ha-1 with RDF would be beneficial to increase the seed yield of soybean variety BARI Soyabean-5 under the climatic and edaphic condition of HSTU, Dinajpur (AEZ-1).





CONTENTS
	CHAPTER
	TITLE
	PAGE NO.

	
	ACKNOWLEDGEMENTS
	i

	
	ABSTRACT
	ii

	
	CONTENTS
	iii-v

	
	LIST OF TABLES
	vi

	
	LIST OF FIGURES
	vii

	
	LIST OF APPENDICES
	viii

	
	ABBREVIATION AND ACRONYMS
	ix

	CHAPTER 1
	INTRODUCTION
	1-3

	CHAPTER 2
	REVIEW OF LITERATURE
	4-9

	CHAPTER 3
	MATERIALS AND METHODS
	10-19

	3.1
	Experimental Site
	10

	3.1.1
	Climate
	10

	3.1.2
	Soil
	10

	3.2
	Planting Materials
	12

	3.3
	Experimental design and Treatments
	12

	3.4
	Application of fertilizer
	13

	3.5
	Layout of the experimental plots
	13

	3.6
	Land Preparation
	15

	3.7
	Seed sowing
	15

	3.8
	Intercultural operations
	15

	3.8.1
	Weeding
	15

	3.8.2
	Irrigation
	15

	3.8.3
	Insect and Pest Management
	15

	3.9
	Harvesting
	16

	3.10
	Collection of plant sample
	16

	3.10.1
	Plant height
	16

	3.10.2
	Number of leaf per plant
	16

	3.10.3
	Number of branches per plant
	16



CONTENTS (Contd.)
	CHAPTER
	TITLE
	PAGE NO.

	3.10.4
	Number of pods per plants
	16

	3.10.5
	Grain weight per plot
	16

	3.10.6
	Weight of thousand grain
	16

	3.10.7
	Stover fresh weight
	17

	3.10.8
	Stover dry weight
	17

	3.11
	Analysis of soil sample
	17

	3.11.1
	Soil pH
	17

	3.11.2
	Organic matter content
	17

	3.11.3
	Total N content
	18

	3.11.4
	Available P
	18

	3.11.5
	Exchangeable K
	18

	3.11.6
	Available S
	18

	3.11.7
	Available B
	18

	3.12
	Collection and preparation of soil sample
	18

	3.12.1
	Initial soil sample
	18

	3.12.2
	Post harvest soil sample
	19

	3.12.3
	Particle size analysis
	19

	3.13
	Statistical analysis
	19

	CHAPTER 4
	RESULTS AND DISCUSSION
	20-36

	4.1
	Plant Height
	20

	4.2
	Number of branches
	21

	4.3
	Number of leaves
	22

	4.4
	Pod number plant-1
	23

	4.5
	Grain weight (kg plot-1)
	24

	4.6
	Stover fresh weight (kg plot-1)
	25

	4.7
	Stover dry weight (kg plot-1)
	25

	4.8
	Grain weight (t ha-1)
	26

	4.9
	Stover fresh weight (t ha-1)
	26





CONTENTS (Contd.)
	CHAPTER
	TITLE
	PAGE NO.

	4.10
	Stover dry weight (t ha-1)
	27

	4.11
	pH
	28

	4.12
	Available B (ppm)
	28

	4.13
	Total N
	28

	4.14
	Available P
	29

	4.15
	Exchangeable K
	29

	4.16
	Available S
	30

	4.17
	Correlation and regression studies
	31

	4.17.1
	Grain yield and plant height
	31

	4.17.2
	Grain yield and number of leaves
	33

	4.17.3
	Grain yield and number of pods plant-1
	35

	CHAPTER 5
	SUMMERY AND CONCLUSIONS
	37-39

	
	REFERENCES
	40-43

	
	APPENDICES
	44-46
















LIST OF FIGURES 
	FIGURE
	TITLE
	PAGE

	3.1
	Layout of the experiment
	14

	4.1 (a)
	Co-relationship between plant height and grain yield (t ha-1) at 30 DAS
	32

	4.1 (b)
	Co-relationship between plant height and grain yield (t ha-1) at 60 DAS
	32

	4.1 (c)
	Co-relationship between plant height and grain yield (t ha-1) at 90 DAS
	33

	4.2 (a)
	Co-relationship between leaf number and grain yield (t ha-1)at 30 DAS
	34

	4.2 (b)
	Co-relationship between leaf number and grain yield (t ha-1) at 60 DAS
	34

	4.2 (c)
	Co-relationship between leaf number and grain yield (t ha-1) at 90 DAS
	35

	4.3
	Co-relationship between grain yield (t ha-1) and number of pods plant-1
	36


















LIST OF TABLES

	TABLE NO.
	TITLE
	PAGE NO.

	3.1
	Morphological, Physical and Chemical characteristics of the soil
	11

	4.1
	Effect of boron on the plant height of soybean at different days after sowing (DAS)
	21

	4.2
	Effect of boron on the number of branches of soybean at different days after sowing (DAS)
	22

	4.3
	Effect of boron on the number of leaves of Soybean at different days after sowing (DAS)
	23

	4.4
	Effect of boron on the pod number plant-1 and grain weight (kg plot-1) of soybean
	24

	4.5
	Effect of boron on the stover fresh and dry weight (kg plot-1) of soybean
	26

	4.6
	Effect of boron on the grain weight (t ha-1), stover fresh weight (t ha-1), stover dry weight (t ha-1) of soybean
	27

	4.7
	Effect of boron on pH, available B (ppm) and total N (%) of post-harvest soybean field soil
	29

	4.8
	Effect of boron on available P, exchangeable K and available S of post-harvest soybean field soil
	30













LIST OF APPENDICES

	APPENDIX NO.
	TITLE
	PAGE NO.

	I
	Location of the experimental site (map of Dinajpur Sadar Upazila showing the research area)
	44

	II
	Weather report of few months experiment 
	45

	III
	Some photographs of experimental site 
	46






ABBREVIATION AND ACRONYMS
	%
@
AEZ
BAU
BBS
BRRI
cm
Conc.
Contd
df
DMRT
e.g.
et al.
Fig.
g
i.e.
IRRI
J.
kg
kg-1
m-2
mg
MOC
SOC
No.
0C
pH
ppm
CBD
RFD
S
t ha-1
T
viz.
	
	
	Percentage
At the rate
Agro Ecological Zone
Bangladesh Agricultural University
Bangladesh Bureau of Statistics
Bangladesh Rice Research Institute
Centimeter
Concentration
Continued
Degrees of freedom
Duncan's Multiple Range Test
Example
And others
Figure
Gram
That is
International Rice Research Institute
Journal
Kilogram
Per kilogram
Per meter square
Milligram
Mustard oil cake
Sesame oil cake
Number
Degree Celsius
Potential of H+ concentration
Parts per million
Complete Block Design
Recommended Fertilizer Dose
Standard error
Ton(s) per hectare
Treatment
Such as





46
CHAPTER I
INTRODUCTION
One of the most important crops in the world for producing oil and protein is the soybean (Glycine max L.), which is a member of the Leguminosae family. In 2019, 333.67 million tones of soybeans were produced worldwide on an area of 120.30 million ha (FAO, 2021). The top five soybean producers worldwide are Brazil, the United States, Argentina, China, and India. Oil seed crops occupy approximately 0.44 million hectares of the overall planted area of 15.60 million hectare in Bangladesh, with a total yield of 0.95 million tones. Soybean occupied 0.051 million hectare of total oil cultivated area and produced 0.091 million tones (BBS, 2019).
The domestication of soybeans appears to have begun in China 6000–9000 years ago (Fehr, 1989). In Bangladesh, soybeans were introduced around 1942, although no particular attempts were made to popularize the crop or to conduct research on it until 1960–61. In 1961, the pulses and oilseeds division of the Bangladesh Agricultural Research Institute selected two varieties of soybean (Pelican and Barnali) for the purposes of increasing fallow land cultivation in the kharif-2 season. However, by the following year, these were found to be susceptible to the yellow mosaic virus and production ceased. Soybeans were reintroduced into Bangladesh by the Mennonite Central Committee (MCC) in 1972–73. In 1975, the Bangladesh Agricultural Research Council (BARC), in collaboration with BARI, Bangladesh Agricultural University (BAU), Bangladesh Institute of Nuclear Agriculture (BINA) and Bangladesh Council of Science and Industrial Research (BCSIR) and MCC, 1982, initiated the "Bangladesh Coordinated Soybean Research Project’ to investigate soybean’s potential as a food crop. In 1981, this culminated in the release of the Bragg and Davis varieties of soybean MCC. However, these were also afflicted by the yellow mosaic virus and are no longer recommended for cultivation.
It is known as the "Golden Bean" and has become a wonder crop of the twentieth century due to its high protein and oil content. Soybean is presently marketed as the "protein wish of the future" for its nutritional value in Bangladesh. It has recently gained popularity as a fish meal (Phumee et al., 2011; Kader et al., 2012) and poultry feed (Serrano et al., 2013). Soybean seed contains 40-45% protein, 20-22% oil, 20-26% carbohydrate, and an abundance of Ca, P, and vitamins (Rahman et al., 2011; Vorobyev et al., 2019).Soybean is a good source of isoflavones, which aid in the prevention of heart disease and cancer (Kumar, 2007). Given our country's ever-increasing demand for edible oil, it is critical to increase total oil crop production by adapting existing cropping patterns by replacing high yielding varieties (HYV) with low yielding varieties, improving management practices, and expanding cultivation area wherever possible. Soybean can be used to make a variety of soya meals such as soy milk, soya cookies, and soya chapatti. These crops have the potential to fill a significant portion of the country's oil shortfall. It is also useful in diabetic, medicinal, industrial, and agricultural applications (Hossain et al., 1992).
To maximize production, fertilizer treatments must be matched with the required nutrients. Without the specific nutrients needed to produce enough biomass, soybean would not yield well (Singh et al., 2006). Micronutrient requirements are much lower for soybean production than macronutrient requirements, and if any element is missing from the soil or is not balanced properly, growth may be suppressed or even completely inhibited (Mengel et al., 2001). Due to their extreme sensitivity to B deficiency, legumes and pulses have low production in the NEH region. The signs of B deficiency first occur on the terminal buds or young leaves. Under acute B deficient conditions, the terminal buds discolor and perish. Internodes get shorter, creating the appearance of a bushy or rosette, and the diameter of the stem and petioles increases, causing the usual breaking of stem and fruit. The B requirement of crops differs not just between crops but also between species. Generally speaking, leguminous plants respond well when the B is provided through leaf at the start of the reproductive phase. Crop productivity and quality may be enhanced by correcting B deficiency through fertilization and soil acidity through liming (Singh and Singh 2014). A crucial element for the growth of plants is boron (B). Some plants are more vulnerable than others to toxicity and B shortage. B absorption is influenced by a wide range of variables, including soil, clay mineralogy, organic matter, temperature, moisture content, and others. The pH and B concentration of the soil have an impact on how much B is absorbed by plants. B availability reduces when soil pH rises. Calcareous soils and soils with a lot of clay will have this characteristic. Due to B mobility and boric acid polymerization, the absorption of B will decrease in dry conditions. One of the most crucial elements affecting the availability of B in soils is soil pH. Thus, excessive lime might make plants show signs of B shortage. B deficiency symptoms are typically noticed when there is a high quantity of calcium present (Arzani et al., 2010). In accordance with Rio Tinto (2012), B is one of the microelements that are essential for plants because it plays a part in the metabolism of carbohydrates, a role in the production of grain, a role in strengthening the structure of cell walls, and a role in stimulating certain metabolic pathways, which increases the transport of carbohydrates and increases enzyme activity. Agustina (2011) said levels of B in plants averaged 20.0 ppm while the availability of B content is generally only about 5% of the total content in the soil ranging between 7-80 ppm. In Bangladesh, Soybean farming on sandy river shoals has succeeded in eradicating poverty in Noakhali and Lakhmipur districts. Department of Agricultural Extension (DAE) sources in Noakhali said this year 11,823 acres of land had been brought under soybean cultivation in the district and the DEA had set a production target of 120,263 metric tones. Bangladesh holds the second position in the world for soybean export. According to DAE sources in Lakhimpur, a total of 46,360 hectares have been brought under soybean cultivation. In Ramgatiupazila, soybean has been cultivated on 18,700 hectares, while it is 15,500 hectares in Kamalnagor. The rest is being cultivated in Raipur, Sadar and Ramganj upazilas. (The Independent News, 25march , 2019). Soybean has been planted in 13,207 hectares of land in Subarnachar, Noakhali Sadar, Companigonj, Hatia and Kabirhatupazilas of Noakhali this year. The agriculture department hopes that this time the soybean yield is better than the last few years and the production will exceed the target. This crop was selected for the purpose of the productivity of soyabean in the northern part of Bangladesh comparing with coastal areas.
This study was selected with the following objectives:
Objectives 
· To know the effects of B on growth, development and yield contributing character of soyabean;
· To know the optimum doses of B for growing BARI Soyabean-5.







CHAPTER II
REVIEW OF LITERATURE
Soybean (Glycine max L.) is one of the most important oil seed crops in the world. It is quite wide spread in different regions of the world and seems to grow well in tropical and sub-tropical or warm temperate regions. It is not a widely cultivated crop in Bangladesh. But soybean oil is highly popular and demanded our home consumption and different types of restaurants. Now a day it draws the attention of researchers. Various works on soybean have been done in different regions of the world including Bangladesh. Therefore, some important research findings relevant to the present study have been reviewed and presented in this chapter.
Da Silva Gomes and Bennet (2017) conducted an experiment   to evaluate the effect of boron fertilization applied to two varieties of soybeans at different doses and different phenological stages on yield components, productivity and physiological quality of seed and showed that boron fertilization at different phenological stages had no effect on most agronomic traits, but it did increase productivity in both varieties, independent of the phenological stage of application. The boron dose indicated for maximum production for both varieties is 3.51 kg B ha-1.
Yamagish and Yamamoto (1994) conducted an experiment to know the effect of boron on nodule development and symbiotic nitrogen fixation in soybean plants. Soybean plants were grown in B-free medium for 35,40, or 72 d, B deficiency symptoms appeared. Nodules of B-deficient soybeans were damaged and showed low acetylene reduction activities. Soybean seed production was seriously depressed. Production of whole plant, nodules and pods was maximum at concentrations of 15–180 μg B L-1 (1.4–16 μM). At concentrations of 29–88 μg B L-1 nitrogen fixation on a plant and nodule weight basis was markedly enhanced. Element absorption into soybean plants grown without boron and at 22, 44, 440, and 1,300 p.g B L-1 was examined. At 22–44 μg B L-1, the total amount of K, Ca, and Mg absorbed into soybean plants was relatively high, although the concentrations of these elements on a dry weight basis were almost the same. Boron concentration in the whole soybean plant increased when the amount of B in the culture media increased. The B exogenously supplied accumulated in the leaves of soybean plants. At a B concentration of 1,300 μg L1, soybean plants were damaged, followed by a decrease in nitrogen fixation.
Minarik and shive (1939) stated an experiment to know the effect of boron in the Substrate on Calcium Accumulation by Soybean Plants. The production of fresh tissue by soybean plants as well as the percentage of calcium in the leaves of soybean plants is conditioned by the concentration of boron in the nutrient solution. Deficiency as well as toxicity quantities of boron in the substrate result in low yields and subnormal calcium in the tissues. The optimum range of boron concentrations in the substrate lies approximately between 0.025 ppm. and 1.0 ppm. Within the range of concentrations here employed the percentage moisture in soybean plants decreases with increasing concentrations of boron in the nutrient solution. This supports the hypothesis that boron may be a regulator of water absorption by the plasma colloids. The ash content of soybean leaves does not vary significantly with variations in the concentration of boron in the nutrient solution, but the calcium content of the ash is influenced by the boron content of the substrate, both excess and deficiency concentrations of boron in the substrate corresponding with low percentage values for calcium in the ash.
Li et al. (1997) revealed that boron application increased the rate of fruiting of the grain crops and reduced physiological disorders of sugarbeet. The capacity of the soils to adsorb boron was not very strong, especially when the concentration of boron added was more than 0.5 mg B kg-1.
Larissa et al. (2023) stated that the effects of B sources and rates on the yield, yield components, nutritional status, and changes in the chemical attributes of soil cultivated with soybean. The grain yield (GY), yield components, nutritional status, and soil chemical attributes were evaluated. B sources–rates interactions (S × R) were significant for most variables evaluated. The B (H3BO3) application resulted in higher B levels in the leaves and the soil cultivated with soybean than those obtained with ulexite. GY was highest with a B application of 4 mg kg−1, exhibiting a toxic effect in H3BO3 at 8 and 16 mg kg−1. The application of B increased N, S, Fe, and B concentrations while decreasing P and K in the leaves. The shoot dry weight yield, number of pods, grains per pot, and 100-grains weight were also influenced by the B rates. The highest GY ranged from 0.3- to 0.8 mg kg−1 in the soil and 50- to 100 mg kg−1 in the soybean diagnostic leaf.
Gomes et al. (2017) conducted an experiment to evaluate the effect of boron fertilization applied to two varieties of soybeans at different doses and different phonological stages on yield components, productivity and physiological quality of seeds. The following parameters were analyzed: leaf boron concentration, chlorophyll concentration, yield components and productivity. Boron fertilization at different phenological stages had no effect on most agronomic traits, but it did increase productivity in both varieties, independent of the phenological stage of application. The boron dose indicated for maximum production for both varieties is 3.51 kg B ha-1.
Bellaloui et al. (2010) revealed that the physiological effects of foliar boron application (FB) on nitrogen metabolism and seed composition have not been well established in soybean [(Glycine max(L.)Merr.)]. Therefore, the effect of FB on nitrogen metabolism and seed composition was investigated. Nitrate assimilation was evaluated by measuring nitrate reductase activity (NRA) and nitrogen fixation was evaluated by measuring nitrogenase activity and natural abundance of 15N/14N. NRA were significantly (P ≤ 0.05) higher in plants that received FB than the control plants. Higher rate of FB (One application of four times of commercial rate) inhibited nitrogen fixation as measured by natural abundance of 15N/14N ratio, but increased NRA. The higher activities of NR and nitrogenase by FB were accompanied with a higher B concentration in leaves. The significant (P < 0.0001) enrichment of 15N/14N, accompanied with a higher rate of FB, suggested a possible mechanism where nitrate assimilation may compensate for the decrease in nitrogen fixation. FB increased seed protein by 13.7% and oleic acid by 30.9% compared to the control plants. This alteration was accompanied by a higher B concentration in leaves and seed. The results suggest that FB affects N metabolism and alters seed compositions, especially protein and unsaturated fatty acids.
Ross et al. (2010) conducted an experiment in field condition on four alkaline silt-loam soils in northeast Arkansas to determine the influence of B application time and rate on soybean growth, tissue B concentration, and seed yield. Boron fertilization had no significant effect on soybean yield at one site but increased seed yields from 4 to 130% at three sites. At the most responsive site, B application at V2 increased yields by 13% compared with applications at R2. In contrast, at a site where leaf B concentrations were sufficient for soybean receiving no B, B applied at the R2 stage significantly increased seed yields by 5% compared with V2 B applications. Trifoliate leaf B concentrations at the R2 stage increased as B rate increased. Seed B concentrations also increased as B rate increased. Boron applied at the R2 stage resulted in equal or greater seed B concentrations than B applied at the V2 stage. Application of 0.28 to 1.12 kg B ha-1 during early vegetative or reproductive growth was sufficient to produce near maximal yields. The expected severity of B deficiency plus fertilizer and application costs associated with B fertilization should be considered when selecting the most appropriate B fertilization strategy.
Galeriani et al. (2022) reported that the presence and the absence of Ca + B fertilization in two growing seasons. Crop nutritional status, gas exchange parameters, photosynthetic enzyme activity (Rubisco), total soluble sugar content, total leaf protein concentration, agronomic parameters, and grain yield were evaluated. Foliar Ca + B fertilization increased water use efficiency and carboxylation efficiency, and the improvement in photosynthesis led to higher leaf sugar and protein concentrations. The improvement in metabolic activity promoted a greater number of pods and grains plant-1, culminating in higher yields. These results indicate that foliar fertilization with Ca + B can efficiently improve carbon metabolism, resulting in better yields in soybean.
Schon et al. (1990) demonstrated that foliar applications of B resulted in a significant increase in the number of pods/branch. When split foliar treatments were applied twice during flowering, the total application of 0.56 kilograms of B per hectare was the optimal treatment for increasing pods/branch. In a second field experiment in 1987, soybeans were treated weekly from flowering through podfill with six split foliar applications of aqueous H3BO3 solutions so that total applications were either 0, 1.1, or 2.24 kilograms of B ha-1. Foliar applications increased the number of branches/plant at the end of the season and significantly stimulated the formation of pods on branches, with 1.12 kilograms of B ha-1 being the optimal treatment for these variables. This rate also tended to increase the number of seeds/plant and seed yield/plant. A duplicate experiment with minor modifications was conducted during the summer of 1988, and again the 1.12 kilograms of B per hectare application rate resulted in significant increases in number of branches at harvest as well as number of pods on branches. The 2.24 kilograms of B per hectare application rate also significantly increased these parameters. Foliar B applications induced increases in leaf B concentration far above the 60 micrograms per gram level that was previously accepted as the upper level of tolerance for soybeans. Since optimal branching and per plant yield parameters were achieved by plants with B leaf concentrations greater than 160 micrograms per gram, the accepted range of soybean tolerance for B must be reconsidered when B is foliarly applied.
Schon et al. (1987) revealed that boron treatments caused a significant 84.8% increase in the number of lateral pods/plant and a 17.6% increase in total seed weight/plant. This corresponded to a seed yield of 4170 kilograms per hectare in the B-treated plants compared to 3540 kilograms per hectare in the injected control plants, indicating that B deficiency may have been a factor in limiting yield of control plants. Ca treatments tended to accentuate the negative yield effects of apparent B deficiency.
Bellaloui et al. ( 2015) showed that seed protein, sucrose, fructose, and glucose were higher in W + B treatment than in W - B, WS + B, and WS - B. The increase in protein in W + B resulted in lower seed oil, and the increase of oleic in WS - B or WS + B resulted in lower linolenic acid. Foliar B resulted in higher nitrogen fixation and water stress resulted in seed δ (15)N and δ (13)C alteration. Increased stachyose indicated possible physiological and metabolic changes in carbon and nitrogen pathways and their sources under water stress. This research is beneficial to growers for fertilizer management and seed quality and to breeders to use (15)N/(14)N and (13)C/(12)C ratios and stachyose to select for drought tolerance soybean.
Bellaloui et al. (2009) showed that Gly, Gly-B, or B applications increased protein, oleic acid, and total amino acid concentrations in seed. However, oil and linolenic acid concentrations decreased under those treatments compared with the nontreated control. Gly-B combined or B treatments increased B concentration in leaves and seed, nitrate reductase activity (NRA), and nitrogenase activity and resulted in a significant positive correlation between B concentration in leaves and NRA (r = 0.54; P < 0.0001) and B concentration in leaves and nitrogenase activity (r = 0.35; P = 0.005). The results suggest that Gly-B tank mixing may not antagonize B uptake and translocation to leaves and seeds, and the inhibitory effect of Gly on nutrient uptake and translocation may depend on the ion species and form of the nutrient mixed with Gly. These results demonstrate that Gly-B application alters seed composition, nitrogen metabolism, and B status in leaves and seed.
Ram et al. (2023) conducted an experiment to evaluate the effect of soil application of zinc and foliar application of boron and growth and yield of maize. The Treatments consisted of 3 levels of Zinc (5,10 and 15 kg/hectare) and Boron (0.5, 1 and 1.5%) as foliar spray and a control. The experiment was laid out in a Randomized Block Design (RBD) with ten treatments each replicated thrice. Application of 15 kg Zinc with Boron 1.5% as foliar spray recorded highest Plant height (209.16 cm), No. of Leaves/plant (12.83), Plant dry weight (183.65 g/plant), No. of Cobs/plant (2.33), No. of Grains/Cob (523.93), No. of row/cob (14.74), No. of Grains/row (41.53), Test weight (27.5g), Grain yield (6.33 t/ha), Stover yield (14.30 t/ha) Harvest Index (30.7%).
Zada et al. (1997) reported that boron application increased all the yield components and grain yield of wheat as compared to control without the micronutrient application. Iron application increased tillers per m2, grain weight and grain yield but had no effect on spikelets per spike and grains per spike. However, the combined application of Fe and B did not show additive effects on yield or yield components. Application of B increased grain yield more than the increase in grain yield due to Fe.
S K Patel et al. (2019) stated an experiment to evaluate the effect of foliar boron at different stages of crop growth on nutient utilization and yield of rice and  showed that highest grain (42.0 q [hectare.sup.-1]) and straw (94.87 q [hectare.sup.-1]), yield was recorded with two foliar sprays @ 1.5% boron at tillering and grain filling stage as compared to control or other treatments. The same treatment also registered maximum nutrient (N, P, K and B) uptake by plant and grain.
Chetterjee et al. (2017) revealed that combined use of seed treatment with molybdenum (0.5 g/kg seed) and biofertilizers along with foliar spray of boron at 4 weeks of planting significantly enhanced the growth and yield attributes of cowpea and registered 42% and 54% improvement in number of pod and pod yield/plant respectively over control, whereas seed treatment with molybdenum (0.5 g/kg seed) and biofertilizers alone recorded 76% and foliar spray of boron at 4 weeks of planting alone produced 39% higher pod yield/plant over control.
Bruns et al. (2017) conducted an experiment to know the effect of f boron foliar fertilization on irrigated soybean (Glycine max L. Merr.) in the Mississippi River Valley Delta of the midsouth and showed that boron fertilization effects on irrigated soybean grown using the Early Soybean Production System (ESPS) in the Midsouth have yet to be determined. Three commercial cultivars available for use in the ESPS were selected and foliar fertilized with a B solution at GS’s R3 and/or R5 at concentrations of 280 g B ha-1, 560 g B ha-1, or a split application at both R3 and R5 of 280 g B ha-1. Established stands were greater in 2016 than 2015 (262,378 vs. 180,804 plants ha-1) resulting in respective mean yields of 4239.7 vs. 3794.7 kg ha-1, but no significant interactions with years were noted. Yields of AG4632 were unaffected by B fertilization. Boron fertilization of P47T36 at R5 generally improved yields (>4000.0 kg ha-1) over the control (3668.6 kg ha-1) and applications at R3.
CHAPTER III
METHODS AND MATERIALS

This chapter describes the materials and methods that were used in this study.  For convenience, the chapter has been divided into some sections: site and soil, climate, crop, treatment, land preparation, experimental design, fertilizer application, seed sowing, intercultural operations, harvesting, data collection and soil analysis.
3.1 Experimental Site 
The experiment was conducted in the farm of Hajee Mohammed Danesh Science and Technology University (HSTU), Dinajpur during the period from 6 March 2022 to May 2022. The experimental field is located at 20.16 °N latitude and 88 .23° E longitude at a height of 37.5 m above the mean sea level. It belongs AEZ 1, “Old Himalayan Piedmont Plain”. The topography of the field was medium high.
3.1.1 Climate
The experimental field is situated under Sub- tropical climate; usually the rainfall is heavy during kharif season (April to September) and scanty in Rabi season (October to March). The temperature was moderate during kharif Weather information regarding rainfall (mm), air temperature (°C), humidity (%) at the experiment site during the study period.
3.1.2 Soil 
The land where the experiment was conducted medium high land belongings to the non – calcareous dark grey floodplain soil under the Old Himalayan Piedmont Plain. The soil is Sandy loam a member of hyperthermic Aeric Haplaquept under the order Inceptisol having only few horizons. General characteristics of the soil are represented in table 3.1.





Table 3.1: Morphological, Physical and Chemical characteristics of the soil
A. Morphological Characteristics
	AEZ
	Old Himalayan Piedmont Plain ( AEZ-1)

	General Soil type
	Non – calcareous Brown Floodplain Soil

	Parent Material
	Piedmont alluvium	

	Drainage
	Moderately well drained

	Topography
	High land

	Flood level
	Above flood level



B. Physical Characteristics
	Sand
	42.8%

	Silt
	48.4%

	Clay
	8.8%

	Textural class
	Loam



C. Chemical characteristics
	pH
	5.58

	Organic matter (%)
	0.86%

	Total N (%)
	0.014%

	Available P (ppm)
	24.94

	Available S (ppm)
	4.52

	Exchangeble K (ppm)
	12.5

	Available B (ppm)
	0.20






3.2 Planting Materials 
BARI Soyabean-5 was used for the study purpose. Seeds were used in Kharif season1. It was collected from Bangladesh Agricultural Research Institute, Gazipur. It was developed by Bangladesh Agricultural Research Institute, Gazipur.
3.3 Experimental design and Treatments
The experiment was laid out in randomized complete block design (RCBD) with 7 treatments and 3 replications. The whole area was divided into 3 blocks and each block was divided into 7 units. As each treatment was replicated 3 times, therefore the total number of plots was 21(7×3). There was some combination of the treatments.
The factor is
· B
Treatment combinations will be as follows:
	T1 : B (Control)
T2 :B (0.2g)
T3 : B (0.4g)
T4 : B (0.6g)
	T5 : B (0.8g)
T6:   B(1g)
T7:   B(1.2g)


Fertilizer doses used in the experiment are given below: 
	Fertilizer
	Doses (kg ha-1)

	Urea
	55

	TSP
	150

	MoP
	100

	Gypsum
	100

	Boron
	8





3.4 Application of fertilizer
Here, N, P, K and S fertilizers were used as urea, TSP, MoP and Gypsum. The NPKS fertilizers were applied as per recommended doses which were urea 55 kg ha-1, TSP 150 kg ha-1, MoP 100 kg ha-1 and Gypsum 100 kg ha-1. The PKS fertilizers were applied at final land preparation. N was applied in two split applications. Moreover, PS fertilizers were applied according to the treatments to the plots. Immediately after inorganic fertilizer application, rotary cultivation and spade were mixed amendments properly with the soil.
3.5 Layout of the experimental plots 
Total number of plots		: 21
Plot size				: 1m ×1m= 1m2
Space between block to block		: 50 cm
Space between plot to plot		: 25 cm
Treatment				: 7
Replication				: 3
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Fig. 1: Layout of the experiment





3.6 Land Preparation
Land preparation was started 10 days before seed sowing. The land was first opened by a tractor and the land was prepared throughly by ploughing and cross ploughing with a power tiller. Every ploughing was followed by laddering to obtain a good tilth. Weeds and stubbles were collected and removed from the field. Field lay out was done according to the design adopted. Finally individual plots were prepared with spade on.      
3.7 Seed sowing 
Seeds (98% germination) @ 20 kg/ha were sun dried for 3-4 hours before showing and sown on a well-prepared land. Seeds were sown on the 7 March, 2022.
3.8 Intercultural operations 
Intensive care was taken from the growing period to ensure adequate growth and development of the crop which are given below:
3.8.1 Weeding 
Weed population was closely monitored to avoid possible competition of nutrients. Three hand weeding was done at 15, 30, 45 DAS.
3.8.2 Irrigation
Due to adverse climatic condition during the conduct of the experiment, irrigation was done once a month to sustain the water need of the crop. Moisture stress during these periods and especially at flowering, may lead to a reduction in yield of up to 70 percent. On the other hand, the early growth period of the crop cannot withstand excess moisture condition. Irrigation ceased when the experimental plants were about to be harvested at 75 DAS.
3.8.3 Insect and Pest Management
During the period of blooming flowers, an intense thrips infestation was observed. Rapid and robust counter action was taken immediately in a short time and volume Flexi @ 0.5ml/L, Imitaf 20 SL @ 1ml/ L were sprayed at one week interval alternatively. Throughout the flowering period to ensure to proper fruit set and eventually a good yield.

3.9 Harvesting
Soyabean plants were harvested at May 2022 when full maturity came the crops were harvested plot wise and brought to a clean threshing floor of farmhouse the yield of the crane and straw per plot recorded after threshing and drying. 
3.10 Collection of plant sample 
Five plants were randomly selected from each plot at maturity to record the yield contributing characters. Grain and straw samples were kept for chemical analysis.
3.10.1 Plant height
Plant height was measured from the ground level of a plant to the top of the plant. Five plants were meaned and averaged from each plot.
3.10.2 Number of leaf per plant 
Five plants were taken at random from each plot and the total numbers of leaves are plant were Calculated 
3.10.3 Number of branches per plant
The number of branches per plant was counted after sowing from plants. The average of three plants was computed and expressed in the average number of branches per plant.
3.10.4 Number of pods per plants
Five plants from each plot were selected randomly from each replication. At maturity, pods were harvested in different pickings. The harvesting of soybean pods was started at 75 DAS and ended at 90 DAS. Pods of five selected plants were calculated and means were recorded.
3.10.5 Grain weight per plot
Grains obtained from each plot were sun dried and weight carefully. The dry weights of grains of all plants of unit plot were added to record the trail grain yield per plot The Grain yield was finally converted to t/ha.
3.10.6 Weight of 1000 grain
Thousand grains were randomly selected from sample of each plot and dried in an oven and adjusting at 14% moisture content and weighted by an electric balance.

3.10.7 Stover fresh weight
Stover fresh weight obtained from each unit plot were weighed to record the final stover fresh weight plot-1and converted to t ha-1.
3.10.8 Stover dry weight
Stover dry weight obtained from each unit plot were dried in sun and weighed to record the final stover dry weight plot-1and converted to t ha-1.
3.11 Analysis of soil sample
The soil sample were collected from the each plot after harvesting the crop. From each plot three samples were taken at 15 cm depth randomly. Then the soil was air dried, crushed and sieved with 60 mesh sieves separately. The samples were then stored in plastic container with tag for subsequent analysis. The following analysis of soil sample were done –
· Soil pH
· Organic matter content
· Total N content 
· Available P
· Exchangeable K
· Available S
· Available B
3.11.1 Soil pH
Soil pH was determined by using a glass electrode pH meter using 1:2.5 soil: water ratio. The suspension was allowed to stand for one hour after occasional shaking before determination (Jackson, 1967).
3.11.2 Organic matter content
Soil organic carbon content was determined volumetrically by wet oxidation method using K2Cr2O7 and H2SO4 mixture and FeSO4 solution was used for titration as outlined by (Jackson, 1967). The organic matter content was calculated by multiplying the percent organic carbon with the lean Bemmelen factor of 1.724 (Piper, 1950).

3.11.3 Total N content
Soil N was determined by Micro-Kjeldhal method. The soil sample (0.1g) was digested with 3 ml concentrated H2SO4 and 1:1 catalyst mixture (K2SO4: CuSO4. 5H2O: Se powder in the ratio of 100:10:1). N was estimated by distillation 40% NaOH followed by titration of the distillate trapped in H3BO3 indicator solution with 0.01 N H2PO4 (Page et al., 198).
3.11.4 Available P
Available P was extracted from the soil with 0.5 M sodium bicarbonate solution, pH 8.5 (Olsen et al., 1954). P in the extract was then determined by developing blue color with SnCl2 reduction of phosphomolyb date complex and the color intensity was measured colorimetrically at 660 nm wave lengths (Page et al., 1989).
3.11.5 Exchangeable K
Exchangeable K was determined from the ammonium acetate extraction method using flame photometer as described by Page et al. (1989).
3.11.6 Available S
Available S was determined by extracting the soil sample with 0.01 M Ca (H2PO4)2. The S content in the extract was estimated turbid metrically and the intensity of turbid was measured by spectrophotometer at 420 nm wavelength.
3.11.7 Available B
Available B was determined by extracting the soil sample with 1.0 M NH4OAc (pH 4.8) suggested by Gupta and Stewart (1975).
3.12 Collection and preparation of soil sample 
3.12.1 Initial soil sample
The initial soil sample was collected from the plow depth layer (0-15 cm). Ten samples were taken by an auger from 10 locations covering the whole experimental plot and mixed thoroughly to make a composite sample. The composite sample was air-dried, grounded, sieved, and stored in a plastic bag for physical and chemical analyses.

3.12.2 Post harvest soil sample
After harvesting the crop 5 soil samples were collected from each plot at 0 - 15 cm depth. The soil samples were air-dried, grounded, and sieved. Prepared soil samples were stored in plastic.
3.12.3 Particle size analysis
Particle size analysis was done by the hydrometer method (Boyoucus, 1926) and the textural class was determined by plotting the results for % sand, % silt, and % clay in the Marshall's triangular coordinating following the USDA system.
3.13 Statistical analysis
The data were analyzed statistically (Gomez and Gomez, 1984) by F-test to examine whether the treatment effects were significant. The mean comparisons of the treatment were evaluated by DMRT (Duncan’s Multiple Range Test). The analysis of variance (ANOVA) for different treatment parameters was done by a computer package program Statistix 10.




CHAPTER IV
RESULTS AND DISCUSSION
This chapter comprises the tabulation and discussion of the results from the experiment conducted to determine the effects of Boron on growth and yield of soybean. The data have been presented in tables and figures. Adequate discussion and possible interpretations whenever suitable have been provided in this chapter.
4.1 Plant height 
Plant height is an essential morphological trait that holds significant importance in various aspects of plant biology, agriculture, and ecological studies. The measurement of plant height provides valuable information about a plant's growth and development, and it serves as an indicator of its overall health and vigor. The observed differences in plant height at different DAS can be scientifically attributed to the varying levels of boron (B) applied to the different treatments (Table 4.1). At 30 DAS, the highest plant height (51.82 cm) was observed in treatment T5 (8 kg B ha-1), indicating a positive effect of B application on early growth, which was statistically similar with T6 (48.00 cm) and T4 (48.53 cm) but T1 (Control) exhibited the lowest plant height (41.03 cm), suggesting that without B supplementation, the plant height was comparatively lower. At 60 DAS, treatment T5 demonstrated the highest plant height (65.74 cm) whereas T1 (Control) treatment provided the lowest plant height (55.00 cm). At 90 DAS, the highest plant height (82.00 cm) in T5 treatment, which received 8 kg of B ha-1, which was statistically similar with T4 (77.33 cm), T6 (80.06 cm) and T7 (79.43 cm). On the other hand, The T1 (Control) treatment maintained the lowest plant height (66.05 cm), indicating that the absence of B resulted in the least favorable growth. It appears that treatment T5, which received 8 kg of B ha-1, consistently resulted in the highest plant height at all three observation points (30, 60 and 90 DAS). Conversely, the control treatment (T1) consistently showed the lowest plant height throughout the observation period. This observation was in close conformity with the observations of Ram et al. (2023) and Akter et al. (2013).



Table 4.1: Effect of boron on the plant height of soybean at different days after sowing (DAS)
	Treatments
	Plant height (cm)

	
	At 30 DAS
	At 60 DAS
	At 90 DAS

	T1 (Control)
	41.03 c
	55.00 c
	66.05 c

	T2 (2 kg B ha-1)
	44.50 bc
	59.60 b
	68.82 c

	T3 (4 kg B ha-1)
	46.88 b
	62.40 b
	72.55 bc

	T4 (6 kg B ha-1)
	48.53 ab
	62.41 b
	77.33 ab

	T5 (8 kg B ha-1)
	51.82 a
	65.74 a
	82.00 a

	T6 (10 kg B ha-1)
	48.00 ab
	62.47 b
	80.06 ab

	T7 (12 kg B ha-1)
	47.09 b
	62.77 b
	79.43 ab

	LSD0.05
	3.86
	2.92
	6.99

	CV (%)
	4.64
	2.67
	5.23


In the column figures having a similar letter (s) do not differ significantly at 5% level of significance 
LSD = Least significant difference, CV = Co-efficient of variance.
Boron is an essential micronutrient required by plants for various physiological processes, including cell wall formation, carbohydrate metabolism, and hormone synthesis. Adequate B availability supports healthy growth and development, while its deficiency can lead to stunted growth and other abnormalities.
4.2 Number of branches plant-1
At different DAS, the number of branches in the different treatments varied significantly (Table 4.2). At 60 DAS, T6 (10 kg B ha-1) displayed the highest number of branches with an average of 2.22 branches plant-1, indicating vigorous branching development. It was closely followed by T5 (8 kg B ha-1) and T7 (12 kg B ha-1) with averages of 1.99 and 2.00 branches per plant, respectively. On the other hand, T1 (Control) had the lowest number of branches with an average of 1.36 branches plant-1, suggesting limited branching growth in the absence of boron application. At 90 DAS, the highest number of branches with an average of 4.00 branches plant-1 was found for T5 (8 kg B ha-1) treatment which was statistically similar with T4, T6 and T7 with the values of 3.77, 3.89 and 3.88 branches per plant, respectively. Conversely, T1 (Control) had the lowest number of branches with an average of 2.92 branches plant-1. Application of B significantly influence the vegetative characters of soybean were reported by Chaturvedi et al. (2012) and Bellaloui et al. (2013).
Table 4.2: Effect of boron on the number of branches of soybean at different days after sowing (DAS)
	Treatments
	Number of branches plant-1

	
	At 60 DAS
	At 90 DAS

	T1 (Control)
	1.36 d
	2.92 c

	T2 (2 kg B ha-1)
	1.55 c
	3.22 bc

	T3 (4 kg B ha-1)
	1.55 c
	3.60 b

	T4 (6 kg B ha-1)
	1.89 b
	3.77 ab

	T5 (8 kg B ha-1)
	1.99 ab
	4.00 a

	T6 (10 kg B ha-1)
	2.22 a
	3.89 a

	T7 (12 kg B ha-1)
	2.00 ab
	3.88 a

	LSD0.05
	0.92
	1.22

	CV (%)
	2.90
	1.73


In the column figures having a similar letter (s) do not differ significantly at 5% level of significance 
LSD = Least significant difference, CV = Co-efficient of variance.
Overall, the data indicates that B application positively influenced branching development, with higher B rates leading to increased branch numbers, while the control treatment displayed the lowest branching at 60 and 90 DAS.
4.3 Number of leaves 
The number of leaves in the experiment varied across treatments at different DAS (Table 4.3). At 30 DAS, treatment T5, which received 8 kg B per ha-1, had the highest number of leaves with 13.11, while the control treatment (T1) exhibited the lowest leaf count with 8.55 leaves. At 60 days after sowing (DAS), the highest number of leaves with 24.00 was observed in T5 treatment, whereas the control treatment (T1) showed the lowest leaf number with 11.88 leaves. At 90 days after sowing (DAS), the number of leaves in the experiment continued to show distinct variations among the treatments. Among the treatments, treatment T5, which received 8 kg B ha-1, displayed the highest number of leaves with 32.44, while the control treatment (T1) maintained the lowest number of leaves with 17.67 leaves. Similar results were reported Kappes et al., (2008).
Table 4.3 Effect of boron on the number of leaves of Soybean at different days after sowing (DAS)
	Treatments
	Number of leaves plant-1

	
	At 30 DAS
	At 60 DAS
	At 90 DAS

	T1 (Control)
	8.55 c
	11.88c
	17.67 d

	T2 (2 kg B ha-1)
	10.00 b
	14.22 bc
	23.55 c

	T3 (4 kg B ha-1)
	10.77 ab
	17.11 abc
	24.22 c

	T4 (6 kg B ha-1)
	11.00 ab
	20.11 ab
	26.11 b

	T5 (8 kg B ha-1)
	13.11 a
	24.00 a
	32.44 a

	T6 (10 kg B ha-1)
	11.11 ab
	21.33 ab
	26.33 b

	T7 (12 kg B ha-1)
	11.00
	21.33 ab
	25.94 b

	LSD0.05
	2.85
	7.52
	14.28

	CV (%)
	7.85
	2.77
	3.89


In the column figures having a similar letter (s) do not differ significantly at 5% level of significance 
LSD = Least significant difference, CV = Co-efficient of variance.
4.4 Pod number plant-1
The table 4.4 represents the pod number plant-1 with different treatments receiving varying application rates of a certain treatment. Among the treatments, treatment T5, which received 8 kg B ha-1, exhibited the highest pod number with 65.55 pods. This indicates that the application rate of 8 kg B ha-1 resulted the most significant pod production among all treatments, suggesting an optimal level for pod development. Conversely, the control treatment (T1) had the lowest pod number with 46.50 pods, indicating that the absence of B resulted in fewer pods. Chatterjee et al. (2017) also reported that foliar spray of B significantly enhanced the number of pod.





4.5 Grain weight (kg plot-1)
Grain weight is a critical metric for assessing the yield of the subject under study, and B is known to influence various aspects of plant growth and development, potentially affecting grain production.
Table 4.4 revealed that as the application rate of B increased from T2 to T7, there was a clear trend of increasing grain weight. This suggests that B application positively influenced grain development, leading to higher grain yield. Among the treatments, achieved the highest grain weight with 0.16 kg plot-1 was recorded from T5 Treatment (8 kg B ha-1) while the lowest grain weight with 0.06 kg plot-1 was found. The findings of the present study were in close agreement with the observations of previous studies (Crak et al., 2006; Ross et al., 2006; Kappes et al., 2008; Chaturvedi et al., 2012).
Table 4.4: Effect of boron on the pod number plant-1 and grain weight (kg plot-1) of soybean
	Treatments
	Pod number plant-1
	Grain weight 
(kg plot-1)

	T1 (Control)
	46.50 d
	0.06 d

	T2 (2 kg B ha-1)
	51.22 c
	0.10 c

	T3 (4 kg B ha-1)
	57.78 bc
	0.12 b

	T4 (6 kg B ha-1)
	58.22 b
	0.13 b

	T5 (8 kg B ha-1)
	65.55 a
	0.16 a

	T6 (10 kg B ha-1)
	59.66 b
	0.13 b

	T7 (12 kg B ha-1)
	58.33 b
	0.13 b

	LSD0.05
	21.56
	0.02

	CV (%)
	2.36
	6.75


In the column figures having a similar letter (s) do not differ significantly at 5% level of significance 
LSD = Least significant difference, CV = Co-efficient of variance in T1 (control) treatments, indicating that the absence of B had a negative impact on grain yield.



4.6 Stover fresh weight (kg plot-1)
The table 4.5 presents the results of an experiment assessing the yield of stover fresh weight (in kilograms per plot) for different treatments with varying application rates of boron (B) per hectare. The control treatment (T1) exhibited the lowest stover fresh weight with 0.50 t ha-1 kg plot-1, indicating that the absence of B supplementation resulted in a lower stover production. As the application rate of B increased, the stove fresh weight also showed an upward trend. Treatment T5, which received 8 kg of B ha-1, achieved the highest fresh weight of stover with 1.83 kg plot-1 which was statistically similar with T6 (1.3 kg plot-1) and T7 (1.2 kg plot-1), indicating that this application rate had the most significant positive impact on stover production among all treatments. Larissa et al. (2023) stated that shoot weight is also influenced by the B rates.
Overall, the experiment's results highlight the significance of B as a critical micronutrient for maximizing stover fresh weight. Adequate B supply in the form of treatment T5 led to improved growth and biomass accumulation, underscoring the importance of carefully managing B application rates to optimize stover production in agricultural situations.
4.7 Stover dry weight (kg plot-1)
Stover dry weight is a crucial metric for assessing the amount of plant biomass produced, and B is known to play a significant role in various growth processes that influence biomass accumulation. Table 4.5 showed that among the treatments, T5 treatments, which received 8 kg B ha-1, achieved the highest stover dry weight with 1.26 kg plot-1 which was statistically similar with T6 (1.03 kg plot-1) and T7 (1.00 kg plot-1) while T1 exhibited the lowest stover dry weight with 0.36 kg plot-1, indicating that the absence of B had a negative impact on biomass production. B has a significant influence of B on dry weight of soybean were also stated by Ram et al. (2023).





Table 4.5: Effect of boron on the stover fresh and dry weight (kg plot-1) of soybean
	Treatments
	Stover fresh weight 
(kg plot-1)
	Stover dry weight 
(kg plot-1)

	T1 (Control)
	0.50 c
	0.36 c

	T2 (2 kg B ha-1)
	0.97 bc
	0.70 bc

	T3 (4 kg B ha-1)
	1.01 bc
	0.76 bc

	T4 (6 kg B ha-1)
	1.23 b
	0.86 ab

	T5 (8 kg B ha-1)
	1.83 a
	1.26 a

	T6 (10 kg B ha-1)
	1.30 ab
	1.03 ab

	T7 (12 kg B ha-1)
	1.20 b
	1.00 ab

	LSD0.05
	0.54
	0.44

	CV (%)
	3.28
	2.95


In the column figures having a similar letter (s) do not differ significantly at 5% level of significance 
LSD = Least significant difference, CV = Co-efficient of variance.


4.8 Grain weight (t ha-1)
The grain weight was varied significantly for different B treatments (Table 4.6). Among the treatments, T5 (8 kg B ha-1) treatment, which received, achieved the highest grain weight with 1.64 t ha-1. On the other hand, T1 treatment (Control) had the lowest grain weight, indicating that the absence of B supplementation resulted in the least favorable grain yield. The other treatments (T2 to T4 and T6 to T7) showed intermediate grain weights, with treatment T5 consistently outperforming the others. Similar results were also found by Chaturvedi et al., (2012).
4.9 Stover fresh weight (t ha-1)
Stover fresh weight refers to the weight of the above-ground plant parts (leaves, stems, and other non-grain components) and is an essential indicator of biomass production. The data highlight the importance of appropriate B management in agricultural practices to enhance biomass production and maximize stover yield. A significant variation was observed on the stover fresh weight due to application of different levels of B fertilizer (Table 4.6). The results showed that the Control treatment (T1), without B supplementation, exhibited the lowest stover fresh weight with 3.00 t ha-1, indicating that the absence of B had a negative impact on biomass production. As the application rate of B increased from T2 to T7, there was a clear trend of increasing stover fresh weight. This suggests that B application positively influenced plant growth, leading to greater biomass accumulation. Again, T5 (8 kg B ha-1) treatment attained the highest stover fresh weight with 8.60 t ha-1 which was statistically similar with T6 (7.80 t ha-1). This indicates that the 8 kg ha-1 application rate was optimal for promoting maximum biomass production. However, it is essential to note that beyond this optimal rate, the stover fresh weight did not increase significantly (as seen in T6 and T7). This suggests that further increasing the B application did not result in substantial additional benefits for stover fresh weight. Larissa et al. (2023) also found similar trend.
4.10 Stover dry weight (t ha-1)
A significant variation was observed on the stover dry weight for applying different levels of B fertilizer (Table 4.6). From the table, the highest stover dry weight with 6.75 t ha-1 was recorded from T5 (8 kg ha-1) which was statistically similar with T6 and T7 (6.18 and 6.00 t ha-1 respectively). This indicates that the 8 kg ha-1 application rate was optimal for promoting maximum biomass production while the control (T1) treatment exhibited the lowest stover dry weight (2.19 t ha-1). Significant influences of B on vegetative characters of soybean were also reported Ram et al. (2023).
Table 4.6: Effect of boron on the grain weight, stover fresh weight, stover dry weight of soybean
	Treatments
	Grain weight 
(t ha-1)
	Stover fresh weight (t ha-1)
	Stover dry weight
(t ha-1)

	T1 (Control)
	0.68 d
	3.00 c
	2.19 c

	T2 (2 kg B ha-1)
	1.00 c
	5.79 bc
	4.20 bc

	T3 (4 kg B ha-1)
	1.23 b
	6.09 bc
	4.59 bc

	T4 (6 kg B ha-1)
	1.33 b
	7.39 b
	5.19 ab

	T5 (8 kg B ha-1)
	1.64 a
	8.60 a
	6.75 a

	T6 (10 kg B ha-1)
	1.33 b
	7.80 ab
	6.18 ab

	T7 (12 kg B ha-1)
	1.34 b
	7.20 b
	6.00 ab

	LSD0.05
	0.15
	5.36
	4.41

	CV (%)
	6.75
	2.28
	4.95


In the column figures having a similar letter (s) do not differ significantly at 5% level of significance 
LSD = Least significant difference, CV = Co-efficient of variance.
His suggests that further increasing the B application did not result in substantial additional benefits for stover fresh weight.
4.11 pH
Soil pH is a critical parameter that influences soil fertility and nutrient availability, which in turn affects plant growth and productivity. Different levels of B application influenced the post-harvest soil pH (Table 4.7). The initial soil pH before any treatments were applied was recorded as 5.58. After the experiment, different treatments were implemented, T5 treatment, which received 8 kg B per ha-1, with an average pH of 6.60 which was statistically similar with T6 and  T4 (6.50 and 6.40 respectively). This indicates that the 8 kg B ha-1 application rate had the most significant positive impact on increasing soil pH among all treatments. On the contrary, the lowest post-harvest soil pH of 6.03 was recorded for T1 (Control) treatment, indicating a slight increase compared to the initial soil pH. Overall, the experiment's results suggest that as the B application rate increased, the post-harvest soil pH also tended to increase, demonstrating a positive correlation between B application and soil pH. However, it's important to note that excessive B application may not necessarily result in further increases in soil pH, as seen in Treatment T6 and T7. The soil pH also varies for B fertilizer (Singh and Singh 2014).
4.12 Available B 
Applications of different levels of B fertilizer caused a significant variation in available B of soybean post-harvest field soil (Table 4.7). The initial soil had an available B content of 0.20 ppm, providing a baseline value for comparison. After the experiment, the highest available B content was observed in Treatment T7, which received 12 kg of B ha-1, with an available B content of 0.34 ppm which was statistically similar with T5 (0.32 ppm) and T6 (0.32 ppm). On the other side, T1 (Control) treatment without any B supplementation resulted in an available B content of 0.22 ppm, showing a slight increase compared to the initial soil. Mengel et al., (2001), Singh and Singh (2014) reported that B availability in post-harvest soil increase with increasing certain level of B applications.
4.13 Total N
The initial soil had 0.014% total nitrogen. As B application rates increased from T2 to T7, total N levels in the soil showed a progressive rise. T5 (8 kg B ha-1) treatment, displayed the highest total N content of 0.035%, closely followed by T3 (4 kg B ha-1), T4 (6 kg B ha-1) and T6 (10 kg B ha-1) with total N contents of 0.028%, 0.033% and 0.028%, respectively. On the other side, the control treatment (T1), without B supplementation, resulted in a slight increase in total N content to 0.016%.
Table 4.7: Effect of boron on pH, available B (ppm) and total N (%) of post-harvest soybean field soil 
	Treatments
	Post harvest soil

	
	pH
	Available B 
(ppm)
	Total N (%)

	Initial soil
	5.58
	0.20
	0.014

	T1 (Control)
	6.03 d
	0.22 c
	0.016 c

	T2 (2 kg B ha-1)
	6.20cd
	0.25 b
	0.022 b

	T3 (4 kg B ha-1)
	6.30 bc
	0.25 b
	0.028 a

	T4 (6 kg B ha-1)
	6.40 abc
	0.26 b
	0.033 a

	T5 (8 kg B ha-1)
	6.60 a
	0.32 ab
	0.035 a

	T6 (10 kg B ha-1)
	6.50 ab
	0.32 ab
	0.028 a

	T7 (12 kg B ha-1)
	6.26 c
	0.34 a
	0.024 b

	LSD0.05
	0.20
	0.02
	0.02

	CV (%)
	1.79
	1.19
	3.59


In the column figures having a similar letter (s) do not differ significantly at 5% level of significance 
LSD = Least significant difference, CV = Co-efficient of variance.
4.14 Available P
In the available P content of the soil, significant variations were observed among the different treatments. The initial soil had an available P content of 24.94 ppm. Among the treatments, T5 (8 kg B ha-1) treatment stood out with the highest available P content of 50.51 ppm, making it the most effective treatment for increasing phosphorus availability in the soil. T6 also demonstrated relatively high available P contents of 48.59 ppm which was statistically similar with T5. Treatments T2 to T4and T7 showed intermediate available P values ranging from 36.19 ppm to 45.32 ppm. Conversely, the Control treatment (T1) had the lowest available P content of 26.24 ppm, indicating minimal impact on P availability.
4.15 Exchangeable K
The results highlight the significance of proper B management in agricultural practices to optimize K availability, which is crucial for maximizing crop productivity and ensuring healthy plant development. The initial soil had an exchangeable K content of 12.5 mill equivalents per 100 grams of soil (meq 100g-1 soil). Among the treatments, the highest value was observed in Treatment T5, where 8 kg of B ha-1 was applied, resulting in an exchangeable K content of 16.91 meq 100g-1 soil. Treatment T5 exhibited the most substantial increase in K availability compared to the other treatments. On the other hand, the control treatment (T1) had the lowest exchangeable K content with 12.86 meq 100g-1 soil.
4.16 Available S
The available S content in the soil exhibited significant variations among the treatments, with the initial soil having an available S content of 4.52 ppm. Among the treatments, treatment T5 had the highest available S content with 8.22 ppm, making it the most effective treatment for increasing S availability in the soil. On the other hand, the Control treatment (T1) had the lowest available S content with 5.00 ppm, indicating minimal impact on S availability without B supplementation. Treatments T2 to T4 and T6 to T7 also showed relatively low available S values ranging from 5.36 ppm to 7.27 ppm. The results demonstrate the positive influence of B application, as seen in Treatment T5, on enhancing S availability in the soil, which is essential for supporting plant growth and optimizing agricultural productivity.

Table 4.8: Effect of boron on available P, exchangeable K and available S of post-harvest soybean field soil
	Treatments
	Post harvest soil

	
	Available P 
(ppm)
	Exchangeable K (meq 100g-1 soil)
	Available S 
(ppm)

	Initial soil
	24.94
	12.5
	4.52

	T1 (Control)
	26.24 d
	12.96 c
	5.00 e

	T2 (2 kg B ha-1)
	36.19 c
	13.46 b
	5.36 de

	T3 (4 kg B ha-1)
	39.43 c
	13.73 b
	6.24 c

	T4 (6 kg B ha-1)
	40.00 c
	13.73 b
	7.27 b

	T5 (8 kg B ha-1)
	50.51 a
	16.91 a
	8.22 a

	T6 (10 kg B ha-1)
	48.59 ab
	13.96 b
	5.81 d

	T7 (12 kg B ha-1)
	45.32 b
	13.86 b
	6.35 c

	LSD0.05
	4.02
	2.45
	0.33

	CV (%)
	5.6
	1.36
	4.96


In the column figures having a similar letter (s) do not differ significantly at 5% level of significance 
LSD = Least significant difference, CV = Co-efficient of variance.

4.17 Correlation and regression studies 
The complex character of soybean grain yield is the result of interactions between various characteristics. Plant height, leaf number and number of pods per plant all exhibited a positive correlation with grain yield. The table below displays the correlation matrix and regression lines for these parameters:
4.17.1 Grain yield and plant height
The positive and significant correlation co-efficient is presented in figure 4.1 (a), 4.1 (b), and 4.1 (c). Here, at 30 DAS, the relationship between plant height and grain yield has been found 
out. The correlation co-efficient value of the plant height and grain yield was (R2=0.7064) found significant at 5% level of probability. The line of regression X (plant height) on Y (Grain yield) having Y= 0.0686x - 1.9858 was shown in the figure 4.1(a).
At 60 DAS, the relationship between plant height and grain yield showed positive and significant correlation co-efficient that presented in figure 4.1(b). The correlation coefficient value of the plant height and grain yield was (R2=0.7141) found significant at 5% level of probability. The line of regression X (plant height) on Y (Grain yield) having Y= 0.0691x - 3.0225was shown in the figure 4.1(b).
The relationship between plant height and grain yield at 90 DAS showed positive and significant correlation figure 4.1(c). The correlation co-efficient value was R2 = 0.5908. The line of regression X (Plant height) on Y (Grain yield) having Y= 0.0342x - 1.3441revealed that the grain yield depends on the character of plant height, because the positive slope indicates that the grain yield and plant height was directly correlated as well as increasing in the plant height increased the grain yield of soybean.


Fig. 4.1 (a) Co-relationship between plant height and grain yield (t ha-1) at 30 DAS


Fig. 4.1 (b) Co-relationship between plant height and grain yield (t ha-1) at 60 DAS


Fig. 4.1 (c) Co-relationship between plant height and grain yield (t ha-1) at 90 DAS

4.17.2 Grain yield and number of leaves
The positive and significant correlation co-efficient is presented in figure 4.2 (a), 4.2 (b), and 4.2 (c) for grain yield and number of leaves. Here, at 30 DAS, the relationship between number of leaves and grain yield has been found out. The correlation co-efficient value of the number of leaves and grain yield was (R2=0.4582) found significant at 5% level of probability. The line of regression X (Number of leaves) on Y (Grain yield) having Y= 0.1122x + 0.0159was shown in the figure 4.2 (a).
At 60 DAS, the relationship between number of leaves and grain yield showed positive and significant correlation co-efficient that presented in figure 4.2 (b). The correlation coefficient value of the number of leaves and grain yield was (R2=0.4454) found significant at 5% level of probability. The line of regression X (Number of leaves) on Y (Grain yield) having Y= 0.0363x + 0.5526 was shown in the figure 4.2 (b).
The relationship between number of leaves and grain yield at 90 DAS showed positive and significant correlation figure 4.3 (c). The correlation co-efficient value was R2 = 0.129. The line of regression X (Number of leaves) on Y (Grain yield) having Y= 0.0125x + 0.9118revealed that the grain yield depends on the character of number of leaves, because the positive slope indicates that the grain yield and number of leaves was directly correlated as well as increasing in the number of leaves increased the grain yield of soybean.

Fig. 4.2 (a) Co-relationship between leaf number and grain yield (t ha-1)at 30 DAS

Fig. 4.2 (b) Co-relationship between leaf number and grain yield (t ha-1) at 60 DAS


Fig. 4.2 (c) Co-relationship between leaf number and grain yield (t ha-1) at 90 DAS


4.17.3 Grain yield and number of pods plant-1
There was a relationship between the grain yield and number of pods plant-1of soybean. Figure 4.3 presented the positive and significant correlation between grain yield and number of pods plant-1. The correlation co-efficient value of the grain yield and number of pods plant-1 was (R2 = 0.2709) found significant at 5% level of probability. The line of regression X (Number of pods plant-1) on Y (Grain yield) having Y=0.0138x + 0.4422 was shown in the fig. 4.3. The positive slope indicates that the grain yield and number of pods plant-1 is correlated with each other thus, due to the increase of the number of pods plant-1 grain yield also increased.


Fig. 4.3 Co-relationship between grain yield (t ha-1) and number of pods plant-1



CHAPTER V
SUMMERY AND CONCLUSIONS
[bookmark: _Hlk121651406]The field experiment was conducted in the farm of Hajee Mohammed Danesh Science and Technology University (HSTU), Dinajpur under the AEZ-1 during the period from 6 March 2022 to May 2022 to investigate the effect of B on the growth and development of soybean. The variety BARI Soyabean-5 was used as the test crop. The experiment comprised of 7 treatments: T1, T2, T3, T4, T5, T6, T7. The one factors experiment was laid out in Randomized Complete Block Design (RCBD) with three replications, therefore the total number of plots was 21. The unit plot size was 1.0 m2 (1.0 m × 1.0 m). Seeds were shown in the plot 7 March, 2022. Intercultural operations (weeding and irrigation etc.) were done as when necessary. From each unit plot five plants were randomly selected to record data on growth and yield attributes. Data on different growth parameters, yield and post-harvest soil was recorded and statistically significant variation was observed due to different level of B. Data were analyzed using the computer package Statistix 10 and the difference between means was compared by Tukey HSD test. The effects of Boron (B) on growth, yield and nutrient stratus of post-harvest soil of soybean were studied.
Data on plant growth characters (plant height, number of branches, number of leaves) were recorded at different stages. Different levels of B fertilization influenced plant growth characters. Both the growth and yield increased with increasing the B level at certain level.
In case of growth parameters, T5, treated with 8 kg B ha-1, showed the maximum plant height 51.82, 65.74 and 82.0 cm at 30, 60 and 90 DAS respectively which was statistically similar with T6 at 30 DAS and with T6 and T7 at 90 DAS. The highest number of branches (2.22) at 60 DAS was found for T6 which was statistically similar with T5 (8 kg B ha-1) and T7 (12 kg B ha-1) with averages of 1.99 and 2.00. T5 displayed the highest number of branches (4.00) at 90 DAS which was statistically similar with T6 (3.89) and T7 (3.88). Again, the highest number of leaves (13.11, 24 and 32.44 at 30, 60 and 90 DAS respectively) was recorded for T5 treatment. On the other hand, T1 treatment showed the lowest value for plant height (41.03, 55, 66.05 cm at 30, 60 and 90 DAS respectively), the lower number of branches (1.36 and 2.92 at 60 and 90 DAS respectively), the lowest value for number of leaves (8.55, 11.88 and 17.67 at 30, 60 and 90 DAS respectively).
For yield and yield contributing character, the maximum pod number plant-1 and grain weight (65.55 and 0.16 kg plot-1 respectively), the highest stover fresh and dry weight (1.82 and 1.26 kg plot-1 respectively) which was statistically similar with T6 (1.3 kg plot-1) for stover fresh weight and with T6 (1.03 kg plot-1) and T7 (1.00 kg plot-1) for stover dry weight, the maximum grain weight (1.64 t ha-1) and also the highest average value for stover fresh and dry weight (8.60 and 6.75 t ha-1 respectively) was found for T5 (8 kg B ha-1) treatment. Conversely, Control treatment (T1), without B supplementation, exhibited the minimum pod number per plant and lowest grain weight (46.50 and 0.06 kg plot-1 respectively), the lowest stover fresh and dry weight (0.50 and 0.36 kg plot-1respectively), the lowest grain weight (0.68 t ha-1) and also the least average value for stover fresh and dry weight (3.00 and 2.19 t ha-1 respectively).
Regarding post-harvest soil nutrient status, the highest pH value (6.60) for T5 treatment which was statistically similar with T4 (6.40) and T6 (6.50), highest available B for T7 (12 kg B ha-1) with the average value of 0.34 which was statistically similar with T5 and T6 treatment. Among the treatments, T5 (8 kg B ha-1) treatment stood out with the highest total N recorded with the value of 0.035% which was statistically similar with T3 (0.028), T4 (0.033), T6 (0.028) treatments, the highest average mean for available P, exchangeable K and available S (50.51 ppm, 16.91 meq 100g-1 soil and 8.22 ppm respectively). On the other side, the control treatment (T1), without B supplementation, resulted the lowest value for pH, available B and total N (6.03, 0.22 ppm and 0.016% respectively) and the minimum available P, exchangeable K and available S (26.24 ppm, 12.96 meq 100g-1 soil and 5.00 ppm respectively), a slight increase in post-harvest soil nutrient content.
Considering the above results, it may be summarized that growth and seed yield contributing parameters of soybean are positively correlated with B application. Therefore, the present experimental results suggest that the application of 8 kg B ha-1 with recommended doses of other fertilizer would be beneficial to increase the seed yield of soybean variety BARI Soyabean-5 under the climatic and edaphic condition of HSTU, Dinajpur (AEZ-1).



Considering the situation of the present experiment, further studies in the following areas may be suggested:
1. Such study is needed in different agro-ecological zones (AEZ) of Bangladesh for regional adaptability and other performance.
1. It needs to conduct more experiments with B whether can regulate the morphological characters, yield and soil nutrient status of soybean var. BARI Soyabean-5.
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APPENDICES
Appendix I. Location of the experimental site (map of Dinajpur Sadar Upazila showing the research plot) 
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Appendix II. Monthly recorded air temperature, relative humidity, and rainfall during the research period (From March to July 2022)
	Year
	Month
	**Temperature (0C)
	**Relative Humidity (%)
	**Rainfall
(mm)

	
	
	Minimum
	Maximum
	
	

	2022
	March
	16.9
	31.1
	63
	11.3

	
	April
	20.8
	33.3
	68
	67.1

	
	May
	23.0
	32.6
	76
	232.5

	
	June
	25.5
	32.7
	82
	335.3

	
	July
	25.5
	32.8
	84
	433.6



**Monthly average 
Source: Bangladesh Meteorological Department.













Appendix III. Some photographs during research period
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