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 To find out the suitable combination of phosphorus (P) and boron (B) for higher yield and nutrient uptake of black gram.  

 A field experiment was conducted during 
kharif 2018 in acid Inceptisol with four levels of 

-1phosphorus (0, 25, 50 and 75 kg P ha  soil) and four levels 
-1of boron (0, 0.5, 1.0, 1.5 kg B ha ) in 16 treatment 

combinations laid out in split plot design. P was kept in 
main plot whereas B in sub plot and replicated thrice. 
Black gram (var. PU-31) was raised as test crop.

 The experimental results showed increase in 
seed yield, stover yield, phosphorus and boron 
concentration and uptake with increasing doses of P and 

-1B. The combined application of 50 kg P O  ha  and 1.5 kg 2 5
-1B ha  has resulted in significantly higher seed yield, 

whereas, significant higher stover yield was produced with 
-1the combined application of 50 kg P O  ha  and 1.0 kg B 2 5

-1ha . Significant higher phosphorus concentration and 
uptake in seed and Stover was observed with the 

-1 -1application of 75 kg P O  ha  and 1.5 kg B ha , whereas, 2 5
-1the combined application of 50 kg P O  ha  and 1.5 kg B 2 5

-1ha  significantly increased boron uptake by seed and 
-1 -1Stover as 50 kg P O  ha  and 1.0 kg B ha . 2 5

-1 The application of 50 kg P O  kg ha  and 2 5
-1 1.5 kg B ha is the appropriate combination for getting 

higher yield of black gram in acid Inceptisol of Meghalaya.

 Acid soil, Black gram, Boron,  Nutrient 
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Introduction

Pulses are a significant commodity category of crops that 
provide the country’s primarily extensive vegetarian population 
with high-quality proteins complementing cereal protein. Black 
gram (Vigna mungo L. Hepper) is one of the most important pulse 
crops grown in India. It contains about 25-26 percent protein, 60 
percent carbohydrates, 1.3 percent fat, and is the richest in 
phosphoric acid among the all pulses (Tamang and Sanjay-
Swami, 2017). Black gram comprises roughly 13 percent of the 
share of total area under pulses and 10 percent to its production in 
our country. It contributes 12 percent of overall pulses and 
cultivated throughout the country. Black gram can be used for 
crop rotation because it enhances soil fertility by adding more 
organic matter. It is grown as either mixed or inter crop and being 
a legume crop requires less amount of nitrogen.

Pulse productivity depends mainly on appropriate 
nutrient management practices (Kumpawat, 2010). The entire 
area under pulses in India during 2013-14 was 25.23 M ha with 
the production of 19.27 million tonnes and an average 

-1productivity of about 764 kg ha  (Tiwari and Shivhare, 2016). 
However, the overall area under pulses in Meghalaya is only 7988 
ha with the production of 10981 tonnes (GOM, 2016). Inadequate 
use of plant nutrients, both macro and micro, are among the major 
factors responsible for low yields. Being a legume crop, black 
gram not only builds soil fertility but also often plays a significant 
role for the successor crop in the nitrogen economy. It is essential 
to supply phosphorus, as it has beneficial effects on nodulation, 
nitrogen fixation, root production, growth and yield. 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). 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). 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). Plants also 
require phosphorus for growth, sugar and starch utilization, 
photosynthesis, nucleus formation, and cell division (Atif et al., 
2014).

Black gram also responds well to the fertilization of boron 
(B) in B deficient soils. 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). 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). According to 
RioTinto (2012) 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 pathways, increases carbohydrate 
transport and increases enzyme activity. The role of 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). Boron is also essential in cell elongation, cell 
division (Camacho-Cristobal et al., 2015); 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).

Synergism between boron and phosphorus was 
observed when several parameters typical of phosphorus 
deficiency in the combined deficiency of boron and phosphorus 
were prominent. Phosphorus deficiency may prevent the efficient 
use of boron (Nelyubova and Sychev, 1969). 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) 
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). 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). 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).

There is synergistic relationship to the rise in P uptake by 
plants under application of B (Huang et al., 2012). P and B have a 
significant synergetic effect in improving the production, yield and 
quality of plant species (Kaya et al., 2009; Yu Fan et al., 2012). 
The soils of Meghalaya are highly acidic, and phosphorus and 
boron are poor in supply. Low availability of phosphorus in these 
soils is due to fixation of P by Fe and Al oxides whereas boron 
deficiency is due to coarse textured soil and leaching losses 
(Takkar, 1996). 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. Considering this, the present investigation was 
carried out to study the performance of black gram (Vigna mungo 
L. Hepper) under phosphorus and boron fertilization in acid 

M.S.S. Charan Satya and Sanjay-Swami: Phosphorus and boron effect on black gram in acid soil 
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Inceptisol of Meghalaya.

Materials and Methods

Features of study site: The field experiment was conducted at 
the Research Farm of School of Natural Resource Management, 
College of Post Graduate Studies in Agricultural Sciences 
(CPGS-AS), Umiam, Ri-bhoi district, Meghalaya which is located 
at 91º18’ to 92º18’ E longitude and 25º40’ to 26º20’ N latitude with 
an altitude of 950 m above the mean sea level. The experimental 
area falls under subtropical humid climate with high rainfall and 
cold winter.

Details about the experiment: Black gram (Vigna mungo L. 
Hepper) was used as a test crop. The experiment comprises of 

-1four levels of phosphorus (0, 25, 50 and 75 kg P ha  soil) and four 
-1levels of boron (0, 0.5, 1.0, 1.5 kg B ha ) with 16 treatment 

combinations laid in split plot design with three replications. 
Phosphorus was used as main plot and boron as sub-plot. These 
are randomly allocated in plot size of 2.1 m x 2 m. Phosphorus and 
boron were applied in the form of Single Super Phosphate (SSP) 
and Borax, respectively. Uniform irrigation and weeding was 
carried out in field as and when required.

Sampling and analysis: The composite soil sample from 0 to 15 
cm depth was collected from the experimental site. The 
experimental soil was sandy clay loam in texture having pH 
(4.99), electrical conductivity (0.42), organic carbon (1.32%), 

-1available nitrogen (251.35 kg ha ), available phosphorus (13.68 
-1 -1kg ha ), available potassium (233.24 kg ha ) and available boron 

(0.054 ppm). The plant samples were collected at harvesting and 
brought to laboratory for analysis. Digestion of plant samples was 
carried out with di-acid mixture containing HNO  and HClO  in the 3 4

ratio of 3:1 and further used for determination of phosphorus. 
Boron in plant samples was determined by azomethine-H method 
as described by Gaines and Mitchell (1979).

Nutrient uptake : The uptake of P and B in plant samples of black 
gram was calculated by multiplying percent nutrient content with 
their yield.

-1 -1P uptake (kg ha ) = P concentration (%) x dry matter (t ha ) x 10

-1 -1B uptake (g ha ) = B concentration (ppm) x dry matter (t ha ) 

Statistical Analysis : The field experiment was replicated three 
times adopting Split Plot Design (SPD). The data obtained from 
the experiment were analysed and tested for their statistical 
significance with appropriate critical difference (CD) at 5% level of 
probability (Gomez and Gomez, 1984). 

Results and Discussion

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

-1seed yield (10.13 q ha ) among different phosphorus doses was 

-1observed at 75 kg P O  ha . However significant increase in seed 2 5
-1 -1yield was recorded up to 50 kg P O  ha  with 9.52 q ha . The 2 5

-1lowest seed yield was recorded in control plots as 6.41 q ha . With 
successive boron doses, the lowest seed yield was obtained in 

-1control (7.19 q ha ), although significant increased seed yield was 
-1 -1observed up to 1.0 kg B ha  as 9.13 q ha  yet the highest seed 

-1 -1yield was recorded as 9.43 q ha  at 1.5 kg B ha . The per cent 
increase in seed yield with successive doses of P over control was 
recorded as 23.85, 48.65, 58.11 per cent, however with 
successive increase of B doses over control, it was recorded as 
14.59, 26.93, 31.06 per cent, respectively.

The interaction effect of phosphorus and boron on seed 
yield was also found significant. The lowest seed yield were 

-1observed in control at P B  as 5.56 q ha  and significant highest 0 0
-1seed yield was observed at P B  as 10.35 q ha  at phosphorus 50 1.5

-1within boron, and in boron within phosphorus as 11.03 q ha  at 
P B . The per cent increase of P B , P B over P B  was 86.26, 75 1 50 1.5 75 1 0 0

98.44 percent, respectively. The increase in seed yield with the 
increasing phosphorus application might be due to improvement 
in plant growth and vigor as phosphorus plays important role in 
plant metabolism finally leading to enhanced seed yield. Further, 
phosphorus is the key constituent of ATP and plays significant role 
in energy transformation in plant and roles in seed formation. 
Similarly, the beneficial effect of boron on seed yield might be due 
to flower development, pollen grain formation, pollen tube growth, 
pollen viability for proper pollination and seed development. This 
might be due to quick availability of boron to crop during the entire 
growing period. 

Similar results were reported by Kaisher et al. (2010) in 
green gram where the foliar applied boron increased grain yield 
over the control. Dixit and Elamathi (2007) and Kaisher et al. 

-1(2010) observed that soil applied boron at the rate of 5 kg B ha  
had significant effect on yield and yield attributing characters of 
green gram. Kamboj and Malik (2018) reported that increase in 
phosphorus and boron doses increases the seed yield of black 
gram with highest yield recorded on combined application of 100 

-1 -1mg P kg  along with 1.0 mg B kg  in green gram. Ijaz et al. (2018) 
-1also reported that the application of 60 kg P O  ha  and 2 5

-1combination of 1.5 kg B ha  improved the growth, seed yield and 
seed protein content of canola. 

-1Stover yield (q ha ) : The Stover yield of black gram also 
increased with increasing phosphorus and boron doses (Fig. 2). 

-1The highest Stover yield (20.90 q ha ) was recorded at 75 kg P O  2 5
-1ha . However significant increase in Stover yield was observed 

-1 -1 -1up to 50 kg P O  ha  as 19.27 q ha  and lowest (15.04 q ha ) was 2 5

obtained in control. Similarly, with successive increase in boron 
doses, there is a significant increase in Stover yield was obtained 

-1 -1 up to 1.5 kg B ha  as 19.44 q ha and lowest was observed at 
-1control as 16.45 q ha  The per cent increase of Stover yield with 

successive increase of P levels over control was 13.79, 28.18, 
39.02, however the per cent increase with successive increase in 
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B levels over control was recorded as 7.41, 14.14, 18.18, 
respectively. The interaction effect of phosphorus and boron on 
Stover yield was found to be significant. Significant lowest Stover 

-1yield was observed in control at P B  as 14.16 q ha  and 0 0

significant highest Stover yield were observed at P B  as 20.29 q 50 1
-1ha  at phosphorus within boron and boron within phosphorus as 

-121.96 q ha  at P B . The per cent increase of P B , P B  over P B  75 1 50 1 75 1 0 0

was 43.30 and 55.10 percent.

The increase in Stover yield under higher P fertilization 
might be attributed to efficient physiological and metabolic 
processes resulting in luxurious vegetative growth. Similarly, 
application of B enhanced more uptakes of major nutrients 
resulting greater photosynthetic activities and leads to greater 
vegetative growth of plants and due to proper metabolic activities, 
higher Stover yield was recorded in black gram. Saxena and 
Nainwal (2010) also reported increased Stover yield by 

-1Fig. 1 : Effect of phosphorus and boron on seed yield (q ha ) of black gram.

-1Fig. 2 : Effect of phosphorus and boron on stover yield (q ha ) of black gram.
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phosphorus which might be due to availability of higher 
photosynthetic area and better conversion of solar radiation to 
photosynthates by increased number of leaves. Hamza et al. 
(2016) reported that application of phosphorus increased Stover 
yield of mungbean significantly with highest Stover yield (2.86 t 

-1 -1ha ) recorded in case of 40 kg P ha  which was statistically similar 
-1with 60 kg P ha  and lowest in control. Boron affected Stover 

-1production of mungbean significantly with highest (2.86 t ha ) 
-1Stover yield recorded from 1.5 kg B ha , which was statistically 

higher than the other treatments and the lowest obtained in 
control treatment. They further reported that improvement of 

-1vegetative growth in terms of number of leaves plant , plant 
-1 -1height, number of branches plant  and number of pods plant  due 

to the application of boron resulted in the improvement of Stover 
yield. Interaction effect of phosphorus and boron was highly 
significant in respect of Stover yield production of mungbean. The 

-1highest Stover yield (3.60 t ha ) was obtained when the crop was 
-1 -1treated with 40 kg P ha  and 1.5 kg B ha  and the minimum was 

produced by the crop under control treatment. Mouri et al. (2018) 
-1reported that the significantly highest Stover yield (6.73 t ha ) of 

-1 groundnut was obtained by application of 60 kg P O  ha followed 2 5
-1by 40, 20, 0 kg P O  ha . Irfan et al. (2019) reported that Stover 2 5
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Fig. 4 : Effect of phosphorus and boron on phosphorus concentration (%) in stover of black gram.

Fig. 3 : Effect of phosphorus and boron on phosphorus concentration (%) in seed of black gram.
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yield illustrated increasing trend in relation to B addition at each P 
-1level. Boron application at the rate of 2.0 kg ha  showed 

maximum response for Stover yield at all P levels. The treatment 
-1P  – B produced maximum Stover yield of 16.79 g plant  while 135 2.0 

-1minimum grain yield of 6.3 g plant  was noticed in P  – B  45 0.0

treatment.

Concentration and uptake of phosphorus : Phosphorus 
concentration and uptake in seed and Stover of black gram 
increased with increase in phosphorus and boron doses. The 
phosphorus concentration in seed and Stover was lowest in 
control i.e. 0.35 and 0.43 percent at P and B (Fig. 3, 4). 
Significantly highest concentration in seed was observed as 0.54 

-1 -1 and 0.47 percent at 75 kg P O  ha  and 1.5 kg B ha (Fig. 3). The 2 5

per cent increase in seed concentration over control to 
successive P levels was 19.13, 37.83, 52.01 percent and over 
control to successive B levels was 4.08, 8.20, 10.35 respectively. 
The lowest phosphorus concentration in Stover was recorded at 

-1 control i.e. 0.17 and 0.20 percent and 75 kg P O kg ha and 1.0 kg 2 5 
-1 B ha has recorded significantly highest concentration as 0.24 

and 0.21 percent, respectively (Fig. 4). The per cent increase in 
-1Stover concentration from control to 25, 50 and 75 kg P O ha  2 5 

was 13.15, 28.46, 39.54, however per cent increase from control 
-1to 0.5, 1.0 , 1.5 kg B ha  was 3.56, 5.43, 6.38, respectively. 

The phosphorus uptake was lowest in control in seed as 
-1 -1 2.28 and 3.15 kg ha and Stover as 2.61 and 3.35 kg ha and 

significantly highest uptake by seed and Stover was observed at 
-1 -1 -175 kg P O  ha  and 1.5 kg B ha as 5.48 and 4.55 kg ha  and 5.07 2 5

-1and 4.22 kg ha  respectively (Table 1). The per cent increase of 
significantly highest phosphorus uptake by seed and Stover over 
control was 155.84, 94.10 at P and 44.7, 26.23 per cent at B 
respectively. The per cent increase of seed uptake over control to 

-125, 50, 75 kg P O kg ha  was 47.91, 104.98, 140.63 and 19.41, 2 5 
-137.55, 44.60 from control to 0.5, 1.0, 1.5 kg B ha , respectively. 

The per cent increase of Stover uptake over control to 25, 50, 75 

-1kg P O kg ha  was 28.94, 65.23, 94.17 and 11.96, 21.12, 26.23 2 5 
-1from control to 0.5, 1.0, 1.5 kg B ha .

The interaction effect of phosphorus and boron on seed 
and Stover concentration and uptake was found to be significant. 
The lowest phosphorus concentration in seed and Stover was 
observed at P B i.e. 0.34 percent in seed and 0.17 percent in 0 0 

Stover, whereas significantly highest concentration was recorded 
at P B in seed and Stover as 0.55 and 0.25 percent in 75 1.5 

phosphorus within boron, 0.55 percent at P B in seed, 0.24 75 1 

percent at P B in Stover in boron within phosphorus. The lowest 75 0.5 

phosphorus uptake by seed and Stover were recorded at control 
-1(P B ) as 1.86 and 2.41 kg ha , respectively. Significantly highest 0 0

uptake was observed at P B  in phosphorus within boron as 6.37 75 1.5
-1 -1kg ha  and at boron within phosphorus at P B  as 6.05 kg ha , in 75 1

-1Stover as 5.55 kg ha  at P B in phosphorus within boron, in 75 1.5 
-1boron within phosphorus as 5.40 kg ha  at P B  respectively. The 75 1

per cent increase over control (P B ) to P B in seed and Stover 0 0 75 1.5 

was 255.29 and 130.27 percent, to P B in seed and Stover was 75 1 

244.54 and 123.45 percent, respectively.

Kamboj and Malik (2018) reported that the phosphorus 
content in seed as well as Stover of green gram increases with 
application of graded level of phosphorus. Application of 
increasing level of boron also increases the phosphorus 
concentration in seed of green gram significantly. A significant 
interaction effect of P and B application on seed and Stover P 
content was observed with the combined application of 
phosphorus and boron. The maximum phosphorus concentration 
in seed and Stover of green gram was observed when P and B 

-1 -1applied in combination of 100 mg P kg  and 1 mg B kg  of soil. 
Effect of P and B application on P uptake in seed and Stover of 
green gram revealed that with increase in phosphorus application 
along with increasing level of B, the uptake of phosphorus 

-1 -1increases from control to 100 mg P kg  and 1 mg B kg  in seed. 
Similarly, in Stover increased level of both P and B application 

-1Table 1 : Effect of phosphorus and boron levels on phosphorus uptake (kg ha ) of black gram

-1Phosphorus uptake (kg ha )

Seed Stover

Treatments B B B B Mean B B B B Mean0 0.5 1.0 1.5 0 0.5 1.0 1.5

P 1.861 2.130 2.435 2.681 2.277 2.412 2.513 2.653 2.868 2.6110

P 2.599 3.252 3.748 3.870 3.367 2.946 3.262 3.526 3.734 3.36725

P 3.767 4.520 5.091 5.287 4.666 3.778 4.117 4.629 4.735 4.31550

P 4.364 5.133 6.046 6.369 5.478 4.244 5.088 5.397 5.553 5.07175

Mean 3.148 3.759 4.330 4.552 3.947 3.345 3.745 4.051 4.222 3.841

SE(m)+ C.D ( p<0.05 ) SE(m)+ C.D ( p<0.05 )

P 0.199 0.688 0.126 0.436
B 0.055 0.161 0.039 0.113
P within B 0.221 0.741 0.143 0.477
B within P 0.110 0.322 0.077 0.226
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-1increase the P uptake from control to 100 mg P kg  application with 
-1boron application at 1 mg B kg . Similarly, Irfan et al. (2019) 

reported that the phosphorus concentration in grains of wheat was 
increased significantly in response to combined application of 
increasing P and B levels. The maximum grain P uptake was 
estimated in treatment P B  while minimum was determined in 135 2

treatment P B . Significant main effects of P and B levels were 45 0

observed for Stover P of wheat plants. The Stover P enhanced 
linearly in relation to increasing P and B levels with maximum value 
in P B  treatment. Phosphorus uptake by grain, Stover and total 135 2

(grain + Stover) was increased significantly with the additional 

inputs of P and B fertilizers. Overall, the response of higher P level 
was most pronounced in terms P uptake by grains and Stover as 
compared to lower levels. Maximum grain P uptake was recorded 
in P B  treatment. Likewise, highest Stover P uptake was noticed 135 2

in treatment P B  while minimum was observed in treatment P – 135 2 45

B .The maximum total P uptake by wheat plants was recorded in 0 

pots with treatment P  – B  showing statistically similarity to 135 1.5

treatments P B , P B  and P B . 135 2 135 0.5 135 1

Concentration and uptake of boron : Boron concentration and 
uptake by seed and Stover of black gram increased with increase 

Fig. 5 : Effect of phosphorus and boron on boron concentration (ppm) in seed of black gram.

B
or

on
 c

on
ce

nt
ra

tio
n 

(p
pm

) 
in

 s
ee

d 

16.000

15.500

15.000

14.500

14.000

13.500

13.000
B0 B0-5 B1-0 B1-5

P0 P25 P50 P75

Fig. 6 : Effect of phosphorus and boron on boron concentration (ppm) in stover of black gram.

23.000

22.000

21.000

19.000

18.000

17.000

16.000

B
or

on
 c

on
ce

nt
ra

tio
n 

(p
pm

) 
in

 s
to

ve
r 

B0 B0-5 B1-0 B1-5

P0 P25 P50 P75

21.97721.90021.747
21.407

20.97720.95020.883
20.573

49.91719.86019.78019.623

18.93318.81318.723
18.510



O
n
l
i
n
e
 
C
o
p
y

¨ Journal of  Environmental Biology, March 2021¨

541 M.S.S. Charan Satya and Sanjay-Swami: Phosphorus and boron effect on black gram in acid soil 

in phosphorus and boron doses. The boron concentration in seed 
and Stover was lowest in control i.e. 14.69 and 20.03 ppm at P 
and at B as 14.11 and 18.75 ppm (Fig. 5, 6). The highest 
concentration was observed as 14.99 and 20.45 ppm at 75 kg 

-1 -1P O  ha  and 15.63 and 21.76 ppm at 1.5 kg B ha  which was 2 5

significant. The per cent increase of seed concentration over 
-1control to 25, 50, 75 kg P O kg ha  was 0.75, 1.70, 2.03 and 3.19, 2 5 

-16.96, 10.73 from control to 0.5, 1.0, 1.5 kg B ha , respectively (Fig. 
5). The per cent increase in Stover concentration from control to 

-125, 50, 75 kg P O ha  was 1.27, 1.76, 2.11 and from control to 0.5, 2 5 
-11.0, 1.5 kg B ha  was 5.6, 11.21, 16.07 respectively (Fig. 6). The 

boron uptake by seed and Stover was lowest in control in seed as 
-1 -1 9.43 and 10.16 g ha and Stover as 30.21 and 30.86 g ha and the 

highest uptake by seed and Stover was observed at 75 kg P O  2 5
-1 -1 ha and 1.5 kg B ha (Table 2). The significantly highest uptake by 

-1seed and Stover was recorded only up to 50 kg P O ha  and 1.5 2 5 
-1 -1 -1kg B ha  as 14.28 and 39.41 g ha  and 14.77 and 42.35 g ha , 

respectively. The per cent increase of seed uptake over control to 
-125, 50, 75 kg P O kg ha  was 25, 51.35, 61.70 and 18.29, 35.85, 2 5 

-145.43 from control to 0.5, 1.0, 1.5 kg B ha , respectively. The per 
cent increase in Stover uptake over control to 25, 50, 75 kg P O2 5 

-1kg ha  was 15.30, 30.44, 42.08 and 13.39, 26.94, 37.22 from 
-1control to 0.5, 1.0, 1.5 kg B ha , respectively.

The interaction effect of phosphorus and boron on seed 
and Stover concentration and uptake of boron was found to be 
significant. The lowest boron concentration in seed and Stover 
was observed at P B i.e. 14.05 ppm in seed and 18.51 ppm in 0 0 

Stover, whereas significantly highest concentration was recorded 
as 15.83 ppm at P B in seed in and in Stover as 21.75 ppm at 50 1.5 

P B in phosphorus within boron, at P B in seed and Stover as 25 1.5 75 1.5 

15.86 and 21.98 ppm in boron within phosphorus. The lowest 
boron uptake by seed and Stover were recorded at control (P B ) 0 0

-1as 7.80 and 26.22 g ha , significantly highest uptake by seed was 
-1 observed at P B  as 18.19 g ha in phosphorus within boron and 75 1.5

-1boron within phosphorus, in Stover as 42.50 g ha  at P B in 50 1 

phosphorus within boron, in boron within phosphorus as 49.42 g 
-1ha  at P B  respectively. The per cent increase over control 75 1.5

(P B ) to P B in seed and Stover was 141.96 and 88.49 per cent 0 0 75 1.5 

to P B in Stover was 62.08 respectively.50 1 

Similar results were reported by Ali et al. (2015) in 
tobacco who reported the positive effect of B addition on the P 
concentration in tobacco leaves. Muhlbachova et al. (2017) 
reported that the increase of B contents in barley tissues 
accompanied by an increase of B uptake under increasing P rates 
could suggest that improvement of metabolic functioning of plants 
can play an important role. Irfan et al. (2019) reported that 
phosphorus and boron levels had significant effect on B in both 
grains and Stover of wheat. The minimum grain B was determined 
in P B  treatment while maximum was recorded in P B  which 45 0 135 2

was at par with P B . Overall, the magnitude of B in Stover was 135 1.5

comparatively higher than grain B. The highest Stover B 
concentration was observed in treatment P B  followed by 135 2

P B . They further observed significant interactive effect of P 135 1.5

and B levels for grain B uptake, Stover B uptake and total (grain + 
Stover) B uptake. The average Stover B uptake of wheat plants 
was about three fold higher than grain B uptake under each P 
level. The maximum and minimum grain B uptake was recorded in 
treatments P B  and P B  respectively. The highest value of 135 1.5 45 0,

Stover B uptake was recorded in treatment P B  which was 135 2

statistically identical to P B and P  B . Increasing B rates at 135 1.5 135 1

each P level resulted in enhanced total B uptake by wheat plants 
and exhibited maximum value in treatment P B  followed by 135 2

P B  and P  B , while minimum was recorded in P B  135 1.5 135 1 45 0

treatment. Phosphorus and boron accumulation in grains and 
Stover of wheat plants enhanced considerably at each P level in 
relation to increasing B levels. Kumar et al. (2020) also reported 
that boron uptake significantly increased with increasing boron 

-1doses up to 1.5 kg B ha  This increase may be the result of 
increased grain production with the addition B which enhances 
their availability in soil therefore; uptake was significantly higher 

-1Table 2 : Effect of phosphorus and boron levels on boron uptake (g ha ) of black gram

-1Boron uptake (g ha )

Seed Stover

Treatments B B B B Mean B B B B Mean0 0.5 1.0 1.5 0 0.5 1.0 1.5

P 7.803 8.959 10.011 10.955 9.432 26.221 28.401 31.272 34.950 30.2110

P 9.253 11.316 13.021 13.556 11.786 28.981 33.256 36.874 40.225 34.83425

P 11.701 13.627 15.386 16.387 14.275 33.667 36.676 42.499 44.792 39.40850

P 11.875 14.160 16.780 18.191 15.252 34.574 41.644 46.049 49.424 42.92375

Mean 10.158 12.015 13.799 14.772 12.686 30.861 34.994 39.173 42.348 36.844

SE(m)+ C.D ( p<0.05 ) SE(m)+ C.D ( p<0.05 )

P 0.637 2.203 1.250 4.324
B 0.156 0.457 0.350 1.023
P within B 0.692 2.336 1.389 4.664
B within P 0.313 0.913 0.701 2.045
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by the application of different levels of boron. The interactive 
effect of boron and phosphorus, application on nutrient uptake 
showed a significant effect. Boron uptake by Stover significantly 

-1increased with increasing boron doses up to 1.5 kg B ha .This 
might be due to the either direct or cumulative effect of supplied 
macro-and micronutrients on metabolic processes of black gram.

Based on the findings of the above investigation, the 
farmers of Meghalaya may be advised to adopt the combined 

-1 -1 application of 50 kg P O  kg ha  and 1.50 kg B ha for getting 2 5

higher productivity of black gram in acid Inceptisol.
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