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Abstract

The field experiment was conducted at Agronomy Field of Patuakhali Science and
Technology University, Patuakhali during the period from December 2019 to May 2020
to evaluate the effect of phosphorus (P, =0 kg P ha™, P;= 30 kg P ha™, P,= 60 kg P ha™,
P;=90 kg P ha™) and boron (B,= 0 kg B ha™, B;=4 kg B ha™, B,= 6 kg B ha) and their
combinations on nodulation and yield attributes of soybean. Number of nodules plant™,
number of pods plant™, number of seeds pod, 1000-seed weight, seed yield, stover yield,
biological yield and harvest index increased significantly up to 60 kg P ha™’. On the other
hand, number of nodules plant™, number pods plants™, number of seeds pod™, 1000-seed
weight, seed vyield, stover yield, biological yield and harvest index of soybean were
enhanced significantly up to 4 kg B ha™. The combination of 60 kg P ha™ and 4 kg B ha™
depicted the highest number of nodules (177.8), plant height (75.60 cm), number of pods
plant™ (92.72), number of seeds pod™ (2.92), weight of 1000-seed (155.3 g) seed yield
(1.91 t ha™), stover yield (2.98 t ha™), biological yield (4.89 t ha™) and harvest index
(39.06%). Thus, the combined application of 60 kg P ha™ and 4 kg B ha™ could be the
optimum for getting maximum yield of soybean.

Introduction

Soybean is the world’s leading economic oil seed crop. It has a great value as food, feed and fuel. It has
a tremendous value in agriculture as a good source of high quality plant protein and vegetable oils and
nitrogen fixing ability. Soybean seed contains about 40-45% protein, 20-22% oil, 22-26% carbohydrate
and a high amount of Ca, P and vitamins A, B, C and D. It is used as raw materials in various industries
viz. burnish, paint, soap, medicine and poultry feed (Messina, 1997).

The primary functions of phosphorus in plants are to store and transfer energy that is produced through
the photosynthetic process to be used for growth and reproduction. Phosphorus has a nutritional
requirement of soybean for nodule development. It plays a key role in the energy metabolism of all
plant cells, particularly in nitrogen fixation as an energy-requiring process (Vadez et al., 1999).

Boron is essential for all plant growth. It aids in the transfer of sugars and nutrients from leaves to
reproductive organ and increases pollination and seed development. Soybean requires an equal supplier
of available boron, especially during flowering and seed development. Boron has several role in the
soybean plant aiding cell formation, cell wall and vascular tissue formation, node number and plant
height, flower development, pollen viability and ultimately pod formation and seed set. As boron is
vital to flower formation and seed production, a decrease in boron supply during reproduction stage can
result in decreased yield. Boron deficiency results in interveinal chlorons of the plant foliage with
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brittle leaves in the youngest growth. A dead terminal growing point is one of the symptoms of boron
deficiency in soybean.

The southern part covers about 20% of the country which is equivalent to ~30% of the net cropped
area. A large part of these cultivable lands remain fallow during Rabi season, after harvesting T. aman.
Soybean as moderately salt tolerant crop could be grown economically in the coastal area of Patuakhali
(SAIC, 2007). Many research works were done at home and abroad to specify the levels of phosphorus
and boron application for ensuring maximum productivity of soybean. However, more researches are
needed for prescribing the levels of both the nutrients in the coastal area of Bangladesh. The present
study was therefore undertaken to determine the optimum level of phosphorus and boron as well as
their combinations for the maximum growth and yield performance of soybean at the coastal area.

Materials and Methods

The field experiment was conducted at Agronomy Field Patuakhali Science and Technology
University, Dumki, Patuakhali during the period December 2019 to May 2020. The pre-cropping soil
of experimental field (0-15 cm depth) was determined as silty loam texture having pH — 6.6, organic
matter — 1.10%, total nitrogen — 0.23%, P — 13.9 ppm, exchangeable K — 14.3 meq 100 g soil-1, S - 18
ppm and B — 59 ppm. The experiment was laid out in a factorial randomized complete block design
with 3 replications. The variety BARI soybean 6 was used as test crop. The unit plot size was 4 m x 3
m, spacing 30 cm x 10 cm. The experiment consisted two factors with four different levels of
phosphorus such as Py: 0 kg P ha*, P1: 30 kg P hat, P,: 60 kg P ha™, P5: 90 kg P ha™ and 3 levels of
boron such as By: 0 kg B ha™, B;: 4 kg B ha and B,: 6 kg B ha™’. Half of urea and entire amount
of other fertilizers was applied as basal during final land preparation and remaining half of urea was
applied as top dressed after 21 days and 55 days after sowing. The soil moisture was maintained around
60% field capacity by supplying irrigation water at different dates. Different intercultural operations
and plant protection measures were taken as and when necessary to raise healthy crop. The seeds of
soybean were sown of 20 December 2019. The total number of nodules plant™ was counted on five
plants in different growth stages seedling, pre-flowering and flowering stage (i.e., 30, 60 and 90 days
after sowing) to evaluate the nodulation pattern (Mete, 2015). The counted nodule number™ then
averaged them to have the nodule number plant™. Harvesting was done on 18 April 2020. Data were
collected an individual plant basis and seed yield plant™ (g) was estimated after cleaning and proper
drying. Yield of individual plot excluding the broader plants was recorded and then converted to t ha™.
Plant performance was recorded taking measurements on plant height, number of pods plant™, number
of seeds pod™, weight of 1000-seeds, seed yield, stover yield, biological yield and harvest index. The
collected data on different parameters were analyzed using Analysis of variance technique with the
help of MSTAT-C computer program and the mean difference were compared by least significant test
(LSD) at 5% level of significance.

Results and Discussion

Plant height

Application of different levels of phosphorus and boron increased significantly the height of plant
(Table 1). There were significant variations among phosphorus, boron and their interactions. In case of
phosphorus, the highest plant height (71.13 cm) was observed with 60 kg P ha™ (P,) and the shortest
(65.45 cm) in control (Py). In case of boron, the highest plant height (68.14 cm) was recorded with 4 kg
B ha™ (B,) and the shortest (65.86 cm) in B, (Table 2). In case interaction effect of phosphorus and
boron, the highest plant height (75.60 cm) was found in P,B; (Table 3). Further increase in the levels of
P and B, decreased plant height. Similar findings were also reported by Singh et al. (1989).
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Table 1. Effect of different levels phosphorus on plant height, number of nodules plant™ and yield
attributes of soybean

Phosphorus Plant Number Number Number 1000- Seed Stover Biological Harvest

height of of pods ofseeds  seed yield yield yield index
(cm) nodules plant®  pods®  weight (thal) (thal) (tha®) (%)
plant® ()

Po 65.45b 1004d 69.97c 2.44c 1408c 1.26d 2.38d 3.64c 34.62c
Py 65.98b 125.4c 76.97 b 254ab 1423b 138c 264D 4.02a 34.33¢c
P, 71.13a 1548a 88.42a 257a 1504a 166a 2.78a 444 a 37.39a
Ps 65.52b 1369b 79.056b 2515b 143.0b 1.47b 25lc 3.98b 36.93b

CV (%) 3.87 4.05 6.11 5.57 3.05 4.50 2.82 2.97 2.52

Figure followed by same letter (s) are statistically similar as per LSD at 5%
Po: 0 kg P ha™, P1: 30 kg P ha, P,: 60 kg P ha™, P3: 90 kg P ha™

Number of nodules plant™

The nodule number plant™ of soybean were found to increase significantly with increasing levels of
phosphorus and boron application. The maximum number of nodules (154.8) plant™ was recorded with
60 kg P ha™* (P,) and the minimum (100.4) in control (Py) (Table 1). The number of nodules plant™ of
soybean varied significantly also due to the different levels of boron application. Among the boron
treatments, 6 kg B ha™* gave the maximum number of nodules (138.6) (Table 2).

Table 2. Effect of different levels of boron on plant height, number of nodules plant™ and yield
attributes of soybean

Boron Plant  Number Number Number of 1000- Seed Stover Biological Harvest

height of nodules of pods seeds seed yield yield yield index
(cm) plant’  plant® podst  weight (tha™) (tha?) (tha') (%)
C)]
Bo 67.07ab 113.1c 79.74 a 242b 1426b 1.29c 237c 3.66 ¢ 35.25Db
B, 68.14a 136.5b 79.8 254a 1453a 159a 2.71a 4.30a 36.97 a
B, 65.86b 138.6a 76.99 b 2.57a 1445a 144b 2.65b 4.09b 35.21D
CV (%) 3.87 5.57 6.11 4.05 3.05 4.50 2.82 297 2.52

Figure followed by same letter (s) are statistically similar as per LSD at 5%
Bo: 0 kg B ha™, Bi: 4 kg B ha?, B,: 6 kg B ha™

In case interaction, the maximum number of (177.8) nodules plant® were found when crop was
fertilized with 60 kg P ha™ and 4 kg B ha™ (Table 3). These results showed that application of both P
and B fertilizer individually increased nodulation with more response to P than B. In previous studies
showed that both P and B have positive effect on nodulation and biological nitrogen fixation
(Hawkesford et al., 2011). When, P and B applied together, this effect augmented further suggesting an
additive or synergistic effects. Mia et al. (2013) reported that micronutrients specifically P and B has
substantial role on nodulation and overall N fixation. Therefore, our results corroborate the previous
studies.

Number of pods plant™

The highest number of pods plant™ (88.42) was recorded with application of 60 kg P ha™ which was
significantly different from other treatments (Table 1). The results are in agreement with the findings of
Khanam et al. (2016) who reported that the number of pods plant™ increased with the increase of
phosphorus rate up to a certain limit and then decreased. Different levels of boron fertilizers also
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significantly influenced the number of pods plant™. The maximum number of pods plant™ of soybean
(79.8) was recorded from 4 kg B ha™ (Table 2). Combined effect of P and B fertilizers application had
significant effect on pods plant™ of soybean. The highest number of pods (92.72) were recorded from
60 kg P ha™ and 4 kg B ha™ (Table 3). Positive influence of P and B application on number of pods
plant™ was also reported by Sentimenla et al. (2012).

Table 3. Interaction effect of phosphorus and boron on plant height, number of nodules plant™ and
yield attributes of soybean

Interaction Plant height Number Number Number 1000- Seed Strover Biological Harvest

(cm) of of pods ofseeds seed yield (t yield yield index

nodules plant’ pods® weight ha') (thal) (tha) (%)

plant® @)
PoBo 67.03d 87.72j 6793f 238e 1425e 1.21gh 2.23f 3.44f 35.17e
PoB1 63.55h 99.43i 73.03e 238e 139.3fg 1.28f 245e 3.73e 3432 f
PoB; 65.78 ef 1140h 6895f 254cd 1405f 1.28f 246e 3.74e 3422 f
P.1Bg 64.18 gh 1153h 76.30d 249d 146.0d 124g 248e 3.71e 3342¢
P.1B; 68.22 ¢ 128.0f 7755d 237e 13839 149d 27l1bc 4.20cd 35.48¢
P1B, 65.55 ef 133.0d 77.07d 274b 1425e 142e 273b  4.15d 34.22f
P,Bo 70.70 b 11889 87.28b 239 1455d 153c 2.63d 4.16d 36.78 ¢
P,B; 75.60 a 1778a 92.72a 292a 1553a 191a 298a 4.89a 39.06 a
P,B, 67.10d 168.0b 8525c 24le 1505b 153c 2.73b 425¢ 36.00 d
PsBo 66.38 de 130.8e 8745D 2.4e 136.3h 1.20h 213g 3.23¢g 37.05.bc
P3sB; 65.18 fg 140.8c¢ 73.03e 248d 1483c 168b 272bc 4.40b 38.18b
PsB, 65.00 fg 139.3c 76.68d 258c 1445d 153c 2.69c 422 ¢ 36.26d

CV (%) 3.87 5.57 6.11 4.05 3.05 4.50 2.82 2.97 2.52

Figure followed by same letter (s) are statistically similar as per LSD at 5% level of significance

Number of seeds pod™

Number of seeds pod™ of soybean showed significant variation due to different levels of phosphorus
(Table 1). The highest number of seeds pod™ (2.57) was obtained when 60 kg P ha™ was applied and
it was minimum (2.44) in untreated plots (Table 1). These results confirmed the findings of Khanam et
al. (2016) who reported that the number of seeds pod™ increased with the increase of phosphorus rate
up to a certain limit and then decreased. Different levels of boron fertilizer also significantly influenced
the number of seeds pod™ (Table 2). The maximum number of seeds pod™ of soybean (2.57) was
recorded from 4 kg B ha™. In case of interaction effect of phosphorus and boron fertilizers, the
maximum number of seeds pod™ (2.92) was found from 60 kg P ha™ and 4 kg B ha™ (Table 3).

Weight of 1000- seeds

Different levels of P had significant effect on 1000-seed weight of soybean (Table 1). The heaviest
1000-seed (150.4 g) was recorded from 60 kg P ha™. The result was in agreement with those of Devi et
al. (2012) who observed a significant variation in 1000-seed weight due to boron levels. The
application of 4 kg B ha™ resulted in maximum 1000-seed weight (145.3 g) (Table 2). Although, the
seed weight has been a quite static yield parameter, the combination of P and B had significant effect
on 1000-seed weight of soybean (Begum et al. 2015, Sentimenla et al. (2012)). This results that the soil
in the experimental sites is largely deficient of P and B.

Seed yield
The highest soybean yield (1.66 t ha™) was produced when the crop was fertilized with 60 kg P ha™ and
the lowest (1.26 t ha™) in control treatment (Table 1). The result was supported by the findings of
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Khanam et al. (2016). Seed yield of soybean varied significantly with different levels of B fertilizer
application (Table 2). The maximum yield of soybean (1.59 t ha™') was recorded from 4 kg B ha™ and
the lowest (1.29 t ha™) from control treatment (Table 2). The results were in agreement with those of
Sentimenla et al. (2012) who observed that application of 1.5 kg B ha™ increased soybean seed yield.
They also reported that B is vital to flower formation and seed production. The highest seed yield (1.91
t ha) was recorded with the combination of 60 kg P ha™ and 4 kg B ha™* (Table 3). The increased yield
in this treatment was occurred possibly due to higher number of pods plant™ and seeds pod™ with a
heavier individual seed weight.

Stover yield

Stover yield of soybean varied significantly with different levels of P and B application. The highest
stover yield (2.78 t ha™*) was obtained when the crop was fertilized with 60 kg P ha™ and the lowest
(2.38 t ha®) in control plot (Table 1). The maximum stover yield (2.71 t ha™) was recorded from 4 kg B
ha® (Table 2). Different levels of P and B fertilizers in combination affected significantly the stover
yield of soybean. The highest stover yield (2.98 t ha™) was harvested with the combined application of
P and B @ 60 kg and 4 kg ha™ respectively ~ (Table 3).

Biological yield

Biological yield of soybean showed significant variation due to different levels of phosphorus (Table
1). The maximum biological yield (4.44 t ha®) was recorded from 60 kg P ha™ while, the maximum
biological yield (4.30 t ha™) was recorded in 4 kg B ha™ (Table 2). The highest biological yield (4.89 t
ha) was recorded from the combination of 60 kg P ha™ and 4 kg B ha™* (Table 3). Generally biological
yield increased with the increasing doses of P and B fertilizer application along with other
recommended applied fertilizer. Since P and B has significant positive impact on biological nitrogen
fixation, the plant might have had harvested more N through biological nitrogen fixation. In addition,
nutrients maintain stoichiometry in building cells and organs and therefore, application of a deficient
nutrient (as P and B in our case) could have improved uptake and assimilation of other nutrients
resulting a significant improvement of yield (Hawkesford et al., 2011; Khanam et al., 2016; Sentimenla
et al., 2012).

Harvest index

Harvest index of soybean varied significantly with different levels of phosphorus and boron
application. The maximum H1 (37.39%) was recorded from 60 kg P ha™ (Table 1). The result was
consistent with the findings of Malik et al. (2006) who found that H1 varied significantly due to
different levels of phosphorus. The maximum H1 of soybean (36.97%) was recorded from 4 kg B ha™
(Table 2). Combined effect of phosphorus and boron had also significant effect on harvest index of
soybean. The highest (39.06%) was recorded from the combination of 60 kg P ha™ and 4 kg B ha™
(Table 3).

Conclusion
The present study revealed that the application of P and B fertilizers influenced nodule formation, yield

attributes and seed yield of soybean. The application of 60 kg P ha™ and 4 kg B ha™ could be the most
suitable levels for maximum productivity of soybean under non-saline agro-ecosystem of Patuakhali.
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