
 

~ 3344 ~ 

International Journal of Chemical Studies 2020; 8(4): 3344-3348

 
 
 
 
 
 
 
 
 
 
 
P-ISSN: 2349–8528 
E-ISSN: 2321–4902 

www.chemijournal.com 

IJCS 2020; 8(4): 3344-3348 

© 2020 IJCS 

Received: 10-05-2020 

Accepted: 12-06-2020 

 
Muddana Sri Sai Charan Satya 

School of Natural Resource 

Management, College of Post 

Graduate Studies in Agricultural 

Sciences, Central Agricultural 

University, Umiam (Barapani), 

Meghalaya, India 

 

Sanjay-Swami 

School of Natural Resource 

Management, College of Post 

Graduate Studies in Agricultural 

Sciences, Central Agricultural 

University, Umiam (Barapani), 

Meghalaya, India 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Corresponding Author: 

Muddana Sri Sai Charan Satya 

School of Natural Resource 

Management, College of Post 

Graduate Studies in Agricultural 

Sciences, Central Agricultural 

University, Umiam (Barapani), 

Meghalaya, India 

 

 

 

 

 

 

 

 

 

 

 

 

Response of black gram (Vigna mungo L. Hepper) 

to phosphorus and boron fertilization in acidic 

soil of Meghalaya 

 
Muddana Sri Sai Charan Satya and Sanjay-Swami 
 

DOI: https://doi.org/10.22271/chemi.2020.v8.i4ap.10168 

 
Abstract 

A field experiment was conducted to understand the response of black gram (Vigna mungo L. Hepper) to 

phosphorus and boron fertilization in acidic soil of Meghalaya. For this, four levels of phosphorus (0, 25, 

50, 75 kg P2O5 ha-1) and four levels of boron (0, 0.5, 1.0, 1.5 kg B ha-1) were tested in field with sixteen 

treatment combinations and replicated thrice in split plot design. The native soil had pH 4.99, E.C. 0.42 

dS m-1, organic carbon 1.32 percent, available nitrogen 251.35 kg ha-1, available phosphorus 13.68 kg ha-

1, available potassium 233.24 kg ha-1 and hot water soluble boron 0.054 ppm. The results revealed that 

application of phosphorus and boron had synergistic effect on growth and yield of black gram. The plant 

height of black gram increased with crop development stages i.e. 30 DAS, 60 DAS and at maturity. 

Increasing phosphorus and boron doses also increased plant height over control at all crop development 

stages i.e. 30 DAS, 60 DAS and at maturity. The highest plant height at maturity stage under different 

phosphorus doses was recorded at 75 kg P2O5 ha-1 as 43.43 cm. However, the significant increase in plant 

height was observed up to 50 kg P2O5 ha-1 with 42.89 cm. Similarly, under different boron doses, the 

highest plant height (42.60 cm) was observed at 1.5 kg B ha-1 whereas, the lowest plant height was 

recorded in control plots of P and B as 36.58 and 38.17 cm, respectively at maturity. The seed yield of 

black gram increased with increasing phosphorus and boron doses. The highest seed yield (10.12 q ha-1) 

among different phosphorus doses was observed at 75 kg P2O5 ha-1. However significant increase in seed 

yield was recorded up to 50 kg P2O5 ha-1 with 9.52 q ha-1. Similarly, in case of boron, the significant 

increased seed yield was observed up to 1.0 kg B ha-1 (9.13 q ha-1) yet the highest seed yield was 

recorded as 9.43 q ha-1 with 1.5 kg B ha-1. The interaction effect of phosphorus and boron on seed yield 

was also found significant. The lowest seed yield was observed in control at P0B0 (5.56 q ha-1) and 

significantly high seed yield was observed at P50B1.5 (10.35 q ha-1) at phosphorus within boron, and in 

boron within phosphorus, it was recorded 11.03 q ha-1 at P75B1. 
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Introduction 

Phosphorus (P) is the second essential macronutrient necessary for the normal growth and 

development of plants (Brady and Weil, 2008; Sanjay-Swami and Singh, 2020) [1, 2]. P 

fertilization is the major determinant of the mineral nutrient yield in legume crops. Applied 

phosphorus greatly affects the yield efficiency of pulse crops (Nasreen et al., 2006; Sailo and 

Sanjay-Swami, 2019) [3, 4]. It is a key component of nucleic acids, phospholipids and ATPs and 

plays a role in a number of plant cellular processes such as cell division, energy storage and 

transition, respiration, photosynthesis and enzymatic activity. It involves the development of 

seedling, growth of early roots, early heading formation and accelerates crop maturity 

(Alinajoati and Mirshekari, 2011) [5]. Plants also require phosphorus for growth, sugar and 

starch utilization, photosynthesis, nucleus formation, and cell division (Atif et al., 2014) [6].  

Boron is also an important micronutrient that plays a crucial role in multiple physiological and 

biochemical processes in plant bodies such as cell division and enlargement, cell wall 

formation, sugar translocation, metabolism of carbohydrates, metabolism of nitrogen and 

water relations (Oyinlola, 2007; Marschner, 2012) [7, 8]. At plant level, the key role of B 

includes the development of floral organs, flower male fertility and pollen tube growth (Gupta 

and Solanki, 2013) [9]. According to Rio Tinto (2012) [10] boron is one of the crucial 

micronutrients for plants because it plays a role in the metabolism of carbohydrates, in the 

production of grain, strengthens the cell wall structure and stimulates specific metabolic  
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pathways, increases carbohydrate transport and increases 

enzyme activity. The role of boron (B) within the plant 

includes cell wall synthesis, sugar transportation, cell 

division, differentiation, membrane functioning, root 

elongation, plant hormone regulation, and plant generative 

growth (Marschner 1995) [11]. Boron is also essential in cell 

elongation, cell division (Camacho-Cristobal et al., 2015) [12]; 

it boosts plant growth and ultimately increases plant height. It 

is essential for the translocation of sugars, starches, 

phosphorus, etc., and helps in nitrogen absorption and nodular 

formation (Singh et al. 2006) [13]. 

The response to a particular nutrient not only depends on its 

own level but also on the levels of other nutrients present in 

soil. Interaction occur when the level of one production factor 

influence the response to other factor. These interactions may 

be synergetic (positive) leading to the increased availability of 

other plant nutrient or antagonistic (negative) in which 

availability of other plant nutrient adversely affected. 

Phosphorus deficiency may prevent the efficient use of boron 

(Nelyubova and Sychev, 1969) [14]. Decreased concentration 

of DNA and RNA in phosphorus deficiency became more 

pronounced as both boron and phosphorus were deficient 

together. This may be due to the fact that phosphorus is an 

integral part of nucleotides (Bould 1983; Hundt et al., 1970) 
[15, 16] which form nucleic acids and boron, since it is 

necessary for the synthesis of certain nucleic acid components 

and its deficiency is involved in nucleic acid degradation 

(Kevresan et al., 1977; Dugger, 1983) [17, 18]. The increased 

decline in nucleic acids in combined boron and phosphorus 

deficiency likely causes a chain reaction. Depression in RNA 

can cause protein depression resulting in impaired growth and 

dry weight depression. The increase in acid phosphatase 

activity could be due to the effect of either boron or 

phosphorus deficiency in the accumulation of inorganic 

phosphate (Hewitt and Tatham 1960) [19]. More pronounced 

increase in the activity of polyphenol oxidase and peroxidase 

in the combined deficiency of boron and phosphorus may be 

due to the potential accumulation of o-diphenol like 

substances in deficiency of B (Hewitt 1983) [20]. 

Black gram (Vigna mungo L. Hepper) is one of the most 

important pulse crops grown in Meghalaya. It contains about 

25-26% protein, 60% carbohydrates, 1.3% fat, and is the 

richest in phosphoric acid among the all pulses (Tamang and 

Sanjay-Swami, 2017) [21]. Responses of black gram to 

nutrients such as nitrogen, phosphorus, sulphur and boron 

have been found to vary with different soil, crop and climatic 

conditions (Tamang and Sanjay-Swami, 2019) [22]. Meghalaya 

soils are highly acidic, and phosphorus and boron are poor in 

supply. Inadequate use of P and B are among the major 

factors responsible for low yields. A search of literature 

revealed that no systematic study has been conducted so far to 

investigate the combined effect of phosphorus and boron on 

black gram in this region. Therefore, the present study was 

undertaken to investigate the response of black gram to 

phosphorus and boron fertilization in acidic soil of 

Meghalaya. 

 

Materials and Methods   

A field experiment was conducted at School of Natural 

Resource Management, College of Post Graduate Studies in 

Agricultural Sciences, Central Agricultural University, 

Umiam during kharif 2019 with four levels of phosphorus i.e. 

0, 25, 50 and 75 kg P2O5 ha-1 applied though Single Super 

Phosphate (SSP) and four levels of boron 0, 0.5, 1.0, 1.5 kg B 

ha-1 applied through borax in sixteen treatment combinations. 

The experiment was laid out in Split Plot Design and 

replicated three times. Black gram (var. PU-31) was raised as 

test crop following standard package of practices and 

harvested at maturity. Before initiating the trial, a surface soil 

sample (0-15 cm depth) from the experimental farm was 

collected, processed and analysed for various physio- 

chemical characteristics which are presented in Table 1. 

 
Table 1: Initial physico-chemical properties of the experimental soil 

 

Parameters Value 

Soil texture Sandy clay loam 

pH (1: 2.5) 4.99 

EC (1:2.5 dSm-1) 0.42 

Organic carbon (%) 1.32 

Available N (kg ha-1) 251.35 

Available P (kg ha-1) 13.68 

Available K (kg ha-1) 233.24 

Available B (ppm) 0.054 

 

The recorded week-wise standard meteorological parameters 

during crop period are depicted in Fig. 1.  

 

 
 

Fig 1: Standard week-wise meteorological data during the crop season 
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Results and Discussion 

Plant height (cm) 

Plant height is an observable parameter that can differentiate 

the treatments response. The height of black gram plant 

observed under different phosphorus and boron combinations 

is presented in Fig. 2. It increased with crop development 

stages i.e. 30 DAS, 60 DAS and at maturity. Increasing 

phosphorus and boron doses also increased plant height over 

control at all crop development stages i.e. 30 DAS, 60 DAS 

and at maturity. At 30 DAS, under different phosphorus 

doses, the highest plant height (20.48 cm) was recorded at 75 

kg P2O5 ha-1, however, the significant increase was observed 

up to 50 kg P2O5 ha-1 with 20.01 cm. Similarly, under 

different boron doses, the highest plant height (20.13 cm) was 

observed at 1.5 kg B ha-1. The lowest plant height was 

recorded in control plots of P and B with 15.64 and 16.24 cm, 

respectively. 

The similar trend in plant height of black gram was observed 

at 60 DAS and at maturity stage. The highest plant height at 

60 DAS among different phosphorus doses was recorded at 

75 kg P2O5 ha-1 with 38.44 cm, however, the significant 

increase was observed up to 50 kg P2O5 ha-1 with 37.58 cm 

height. Similarly, under different boron doses, the highest 

plant height (37.22 cm) was observed at 1.5 kg B ha-1. 

Contrary to this, the lowest plant height was recorded in 

control plots of P and B with 30.45 and 32.50 cm, 

respectively. Following the similar pattern, the highest plant 

height at maturity under different phosphorus doses was 

recorded at 75 kg P2O5 ha-1 as 43.43 cm. Here also, the 

significant increase was observed up to 50 kg P2O5 ha-1 with 

42.89 cm height. Similarly, under different boron doses, the 

highest plant height (42.60 cm) was observed at 1.5 kg B ha-1 

whereas, the lowest plant height was recorded in control plots 

of P and B as 36.58 and 38.17 cm, respectively at maturity. 

The increase in plant height with the application of P might be 

attributed to the poor available P status of the experimental 

soil as well the highly responsive nature of the black gram to 

P application. Further, it might also be due to enhanced 

photosynthetic rate thereby encouraging the vegetative growth 

(El-Habbasha et al., 2007) [23]. Similarly, increased plant 

height of black gram with the application of boron might be 

due to more cell division and cell elongation resulting in 

enhanced plant growth and plant height (Camacho-Cristóbal 

et al., 2015) [24]. 

The interaction effect of phosphorus and boron on plant 

height was also found to be significant at all crop 

development stages. Within the same level of boron, 

increasing phosphorus doses increased the plant height, but 

significantly higher plant height at 30 DAS (20.04 cm) and 60 

DAS (39.31 cm) was found with the application of P50B1.5 

whereas at maturity, the plant height was recorded maximum 

(43.01 cm) at P50B0.5. Similarly, within the same level of 

phosphorus, the increasing boron doses increased the plant 

height of black gram but the significant increase in plant 

height was observed at P75B1 as 21.86 cm, P50B1 as 38.87 cm 

and P75B0.5 as 43.58 cm at 30, 60 DAS and at maturity stage. 

The lowest plant height was observed in control i.e. P0B0 as 

13.21 cm, 27.14 cm, 34.24 cm at 30, 60 DAS and at maturity 

stage. The similar results were observed by Sentimenla et al. 

(2012) [25] who reported that different levels of phosphorus 

and boron increased plant height of soybean significantly. 

Kabir et al., (2013) [26] also reported that the combined 

application of P and B increased the plant height of groundnut 

over control plots. Similar findings were reported by Singh et 

al., (1989) [27] in French bean. 

 

 
 

Fig 2: Effect of phosphorus and boron on plant height of black gram at 30, 60 DAS and at maturity stage in acidic soil of Meghalaya 

 

Seed yield (q ha-1) 

The data pertaining to seed yield of black gram is presented in 

Table 2. The seed yield increased with increasing phosphorus 

and boron doses. The highest seed yield (10.12 q ha-1) among 

different phosphorus doses was observed at 75 kg P2O5 ha-1. 

However, significant increase in seed yield was recorded up 

to 50 kg P2O5 ha-1 with 9.52 q ha-1. The lowest seed yield was 

recorded in control plots as 6.41 q ha-1. With successive boron 

doses, the lowest seed yield i.e. 7.19 q ha-1 was obtained at 

control, although significant increased seed yield was 

observed up to 1.0 kg B ha-1 as 9.13 q ha-1 yet the highest seed 

yield was recorded as 9.43 q ha-1 at 1.5 kg B ha-1. The 

interaction effect of phosphorus and boron on seed yield was 

also found significant. The lowest seed yield was observed in 
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control at P0B0 as 5.56 q ha-1 and significantly highest seed 

yield was observed at P50B1.5 as 10.35 q ha-1 at phosphorus 

within boron and in boron within phosphorus as 11.03 q ha-1 

at P75B1. 

The increase in seed yield with the increasing phosphorus 

application might be due to improvement in plant growth and 

vigour as phosphorus plays important role in plant 

metabolism finally leading to enhanced seed yield. The 

improvement in seed yield can also be attributed to the role of 

boron in stabilizing certain constituents of cell wall and 

plasma membrane, enhancement of cell division, tissue 

differentiation and metabolism of nucleic acids, 

carbohydrates, proteins, auxins and phenols (Marschner 1986) 
[28]. Kamboj and Malik (2018) [29] reported that increase in 

phosphorus and boron doses increases the seed yield of black 

gram with highest yield recorded on combined application of 

100 mg P kg-1 along with 1.0 mg B kg-1. Chowdhury et al., 

(2015) [30] also reported that interaction effect of P and B 

significantly influenced the quality attributes of lettuce seeds 

and also found that application of 120 kg P2O5 kg ha-1 and 2 

kg B ha-1 was better combination for better growth, yield and 

quality of lettuce. 

 
Table 2: Effect of phosphorus and boron on seed yield (q ha-1) of 

black gram in acidic soil of Meghalaya 
 

 
Seed yield (q ha-1) 

Treatments B0 B0.5 B1.0 B1.5 Mean 

P0 5.56 6.20 6.70 7.17 6.406 

P25 6.57 7.80 8.65 8.72 7.933 

P50 8.28 9.32 10.14 10.35 9.523 

P75 8.37 9.65 11.03 11.47 10.128 

Mean 7.193 8.242 9.129 9.427 8.498 

 
SE(m)± C.D (p<0.05 ) 

P 0.419 1.451 

B 0.105 0.306 

P within B 0.457 1.542 

B within P 0.210 0.612 

 

Conclusion 

The results of the investigation suggested that the combined 

application of P and B had significant effect on seed yield of 

black gram with increasing levels of P and B up to 50 kg P2O5 

ha-1 and 1.5 kg B ha-1, respectively clearly indicating their 

synergistic effect in acidic soil of Meghalaya.  
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