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Abstract

A field experiment was conducted at the Sher-e-Bangla Agricultural University Farm,
Dhaka, Bangladesh during December 2013 to April 2014 to evaluate the effect of
phosphorus (Po: 0 kg TSP ha™, P1: 100 kg TSP ha, P: 175 kg TSP ha™, Ps: 250 kg
TSP ha™) and potassium (Ko: 0 kg MoP, Ki: 60 kg MoP ha™, Ko: 120 kg MoP ha™,
Ks: 180 kg MoP ha™), and their combinations on growth and yield of soybean
(Glycine max). Number of nodules plant™, number of filled pods plant™, number of
seeds pod™?, 1000-seed weight, seed yield, biological yield and harvest index
increased significantly up to 175 kg ha™ TSP. On the other hand, numbers of
nodules plant™, number of filled pods plant™, length of pod, number of seeds pod™,
1000-seed weight, seed yield, stover yield and biological yield were enhanced
significantly up to 120 kg ha™ MoP. The treatment of combined phosphorus @ 175
kg ha™* and potassium @ 120 kg MoP ha™ depicted the highest number of filled pods
plant™ (63.00), Iength of pod (3.16 cm), number of seeds pod™ (3.11) vis a vis the
highest (3.67 t ha™) seed yield. Thus, the combined application of 175 kg ha™ TSP
and 120 kg ha™ MoP could be the optimum for getting maximum yield of soybean.

Introduction

Soybean (Glycine max L. Merril), the most important oil seed crop in the world, belongs to
the family Fabaceae, under sub family Faboideae provides vegetable protein for millions of
people and ingredients for hundreds of chemical products. It has been classified more as an
oil seed crop than as a pulse (Devi et al., 2012). It is also known as an important grain
legume of the world and a new prospective crop for Bangladesh (Rahman et al., 2011).
Bangladesh has to import 1.8 million tonnes of soybean cooking oil in each year at the cost
of more than 1.5 billion USD and soybean meal with about 25.51 million USD per year
(Quaiyum et al., 2015). Recently the soybean production area is increasing and in the year
2013 it reached to above 61000 ha (Chowdhury et al., 2014). The world average yield of
soybean is about 3 t ha™ while it is only 1.2t ha™in Bangladesh (SAIC, 2007). This is mainly
due to use of low yield potential varieties and poor agronomic management practices.
However, there is a scope for improvement of this yield through judicious application of
chemical fertilizers. It is reported that Bangladesh could meet 40 percent of its soybean oil
demand by producing soybean locally (Anon, 2009).

Plants require phosphorus for growth throughout their life cycle, especially during the early
stages of growth and development. In soybeans, the demand for P is the greatest during pod
and seed development where more than 60% of P ends up in the pods and seeds
(Usherwood, 1998). Its uptake and utilization by soybean is essential for ensuring proper
nodule formation and improving yield and quality of the crop (Anon, 2004). Very high soil
phosphate depressed seed protein and oil content, while yield would be low if available
phosphorus was less than 30 kg P ha™ (DAFF, 2010). The most important phosphorus
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sources in arable soils are chemical fertilizers, though 75 to 90 percent of the phosphorus is
fixed with iron, calcium and aluminums in soil (Turan et al., 2006). Therefore, the use of
phosphate solubilizing bacteria is essential to solve the problem. It has been proven that P
increases weight and number of root nodules and also can enhance the pod yield (Jones et
al., 1977). Different reports revealed that the increase in soybean yield could not be
expected when soil P concentration prevailed above 20 mg kg (Webb et al., 1992; Borges
and Mallarino, 2003).

Potassium (K) has also an important role in regulating the water loss of plants thus help to
prevent plant from necrosis. It serves as an activator of enzymes used in photosynthesis and
respiration, helps to build cellulose and aids in photosynthesis by the formation of a
chlorophyll precursor and finally results in quality fruits (Nziguheba et al., 1998). The
relatively large amounts of K is required for high yielding soybean. Soybean has been found
to respond to various level of K under different agroclimatic-situations (Silva and Bohnen,
1991). The deficiency of K at any time during the growing season of soybean reduced its
pod yields; whereas, application of K fertlllzers increased the number of nodules, and weight
of nodules, and the number of pods plant (Jhones et al., 1977).

Despite voluminous works done at home and abroad, more research is needed to specify
the amount of phosphorus and potassium for exploiting the maximum productivity of
soybean, which is rather a new but promising crop in Bangladesh. The purpose of the
present study was to determine the optimum level of phosphorus and potash fertilizer as well
as their combination for the maximum growth and yield performance of soybean.

Materials and Methods

The field experiment was conducted at research field of Agronomy Department, Sher-e-
Bangla Agricultural University, Dhaka (Tejgaon series under AEZ No. 28) during the period
December 2013 to April 2014. The experimental site was located at 23 77' N latitude and
90°3' E longitudes with an elevation of 4.0 meter from the sea level. Temperature during the
cropping period ranged between 17.0°C to 26.9°C, the humidity 58.66% to 80.25% with
10.5-11.0 hours day length and a very little rainfall was recorded. The soil (% sand 26, % silt
45, % clay 29, textural class: S|Ity-clay, pH 5.6, % organic carbon 0.45, % N 0.03, P 20.00
ppm, K 0.10 me 100 g soil*, and S 45 ppm) of experimental plots was slightly acidic in
reaction with low (0.78%) organic matter content. The variety of soybean BARI Soybean-6
was used in this trial. The experiment conS|sted two factors with four dlfferent levels of
each such as phosphorus (Po: O kg TSP ha =0kgP ha®, Py: 100 kg TSP ha' = 43 kg P
ha®, P, 175 kg TSP ha' = 75 25 kg P ha P3: 250 kg TSP ha® = 107.5 kg P ha’ ) and
potassmm (Ko: O kg MoP ha =0kgK ha™, Kl 60 kg MoP ha' = 49 8 kg K ha®, Ky 120 kg
MoP ha™ = 99.6 kg K ha™, Ks: 180 kg MoP ha® = 149.4 kg K ha’ ) which was Iald out in a
split plot design with three replications. The fertilizer nutrients were applied in the form of
urea, TSP, MoP and gypsum. The size of unit plot was 2 m x 2 m and total numbers of plots
were 48. The main plot received the phosphate fertilizer treatments and potassmm fertilization
treatments were placed in the sub plots. The applied doses of urea (60 kg ha’ ) and gypsum
(115 kg ha ) as per recommended dose (FRG, 2012) were applied all plots of the
experimental field. Triple superphosphate and muriate of potash were applied as per
treatment. One-third of urea and all other fertilizers were applied at the time of final land
preparation and the rest of urea was applied in two splits on 20 days after sowing (DAS) and
40 DAS. The seeds of soybean were sown on 28 December 2013 maintaining 30 cm line-
line distance. The thinning operation was done for ensuring the exact plant populations. All
other recommended agronomic practices were followed (BARI 2013). Regular observations
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were made to see the growth stages of the crop. Total nodules number was counted at 30,
60 and 90 DAS. Three plants were collected randomly from the inner rows of each plot and
counted nodule number then averaged them to have number of nodules plant Maturity of
the crop was determined when 95% of the pods become brown in color. Harvesting was
done on 29 April, 2014. Three sample plants were collected from each plot before harvesting
for taking yield attributes data. The plants of central 1 m? area were harvested by placing
guadrates for recording yield data. The data collected on different parameters were
statistically analyzed to obtain the level of significance by using MSTAT-C computer
package program. The significant differences among the treatment means were compared
by Duncan’s Multiple Range Test (DMRT) at 5% level of probability (Gomez and Gomez,
1984).

Results and Discussions

Number of nodules per plant

The nodule numbers plant of soybean varied significantly due to the dlfferent levels of P
application at various DAS (Fig. 1A). The treatment with TSP 175 kg ha™ under P levels
gave the maximum number of nodules (4.72, 9.99 and 4.11) at the sampling dates of 30, 60
and 90 DAS, respectively than the other P levels. Islam et al. (2004) reported that the
number of nodules plant'l increased from 45 to 80 DAS and thereafter it decreased. The
positive effect of P application on nodule number was confirmed by Tsvetkova and Georgiew
(2003). The findings revealed that nodule number decreased by almost 50% in P deficient
plants. Rotaru (2010) reported that the nodulation process responded significantly with
application of supplementary P nutrition. Number of nodules plant of soybean varied
significantly also due to the dlfferent levels of K application at different DAS (Fig. 1B). Among
K treatments 120 kg MoP ha™ gave the maximum number of nodules (11.44 and 5.42) at the
sampling dates of 60 and 90 DAS, respectively. At 30 DAS, the maximum number of
nodules plant (4.81) was obtained from 180 kg ha™ of MoP. Combined effect of different
levels of P and K on number of nodules plant was also significant at different DAS (Table
1.
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Fig. 1A-B. Effect of P and K levels on number of nodules plant'l of soybean at different
DAS.

At 30 DAS, maX|mum number of nodules (6.44) was recorded from the combination of 175
kg TSP ha™® and 180 kg MoP ha™. At 60 DAS, maximum number of nodules (13.22) was
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obtained from the combination of 100 kg ha™ of TSP and 120 kg ha™ of MoP. At 90 DAS,
maximum number of nodules (7.11) was recorded from the combination of 100 kg TSP ha™
and 120 kg MP ha™’. These results showed that application of both P and K fertilizer
individually increased nodulation with more response to K than P. Maximum response was
obtained when both elements were added together. Jones et al., (1977) also reported that
either P or K applied alone increased the number of nodules per plant and per unit volume of
soil. Applied K increased the number of nodules, total and individual weight of nodules per
plant more than P, but more response was found when both P and K were applied in
combination.

Table 1. Combined effect of P and K on number of nodules plant'l of soybean at different
DAS

Treatment Number of nodules plant™ at different DAS
combinations 30 60 90
PoKo 211g 3.67e 144f
PoKy 2.78 fg 6.22 c-e 2.78 d-f
PoK> 3.33eg 11.11 a-d 4.22 b-d
PoK3 3.78 d-f 7.89 a-e 2.78 d-f
P1Ko 2.78 fg 6.44 b-e 1.33f
P1K; 3.56 d-f 10.00 a-d 3.56 c-e
P1K> 4.89 b-d 13.22 a 711a
P1K3 3.45e-g 12.11 ab 1.78f
P2Kg 3.11e-g 5.67 de 2.89 d-f
P2K, 4.11 cf 12.00 a-c 4.11 bd
P2K, 5.22 a-c 11.67 a-c 5.33b
P2K3 6.44 a 10.67a-d 4.11 bd
P3Ko 3.44 eg 5.33 de 2.11 ef
P3Ky 4.33 b-e 7.89 a-e 2.99 d-f
P3K, 5.22 a-c 9.78 a-d 5.00 bc
P3Ks 5.56 ab 6.67 b-e 2.56 d-f
SE 0.42 1.72 0.50
CV% 18.16 33.02 25.79

In a column means having similar letter (s) are statistically similar and those having dissimilar letter (s)
differ significantly by DMRT at 0.05 level of probability

Number of filled pods per plant

The number of filled pods plant® was the highest with 175 kg ha'of TSP, which was
significantly highest to that of other treatments (Table 2). The maximum number of pods
plant'l of soybean (51.14) was recorded from 175 kg ha' TSP. The results are in agreement
with the findings of Singh and Bajpai (1990) who reported that the number of pods plant'l
increased with increase of phosphorus rate up to a certain limit and then decreased.
Different levels of K-fertilizers also significantly influenced the number of filled pods plant'l
(Table 2). The maximum number of pods plant'l of soybean (53.92) was recorded from 120
kg ha™of MoP. Ali et al. (1996) also reported that number of pods plant'l was influenced
significantly by potassium application. Combined effect of P and K fertilizers application had
significant effect on filled pods plant'l of soybean. The hiqhest number of pods (63.00) was
recorded from 175 kg ha™ of TSP along with 120 kg ha™ of MoP. The present results are
agreed with the findings of Xiang et al. (2012) who observed that combination of P& K
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|nd|cated that increasing amount of K application from O to 112 5 kg ha™ increase pods plant’
!, Similar trend was also observed at the rate 0 to 17 kg ha™ of P application.

Pod length (cm)

The effect of phosphorus on length of pods was non-significant (Table 2). Sardana and
Verma (1987) were also found the same results. Whereas, the effect of potassium on length
of soybean pod showed significant variation. The highest pod length (3.09 cm) was recorded
from 120 kg MoP ha™. Length of pod was also non-significant in combined application of P
and K. Shehu et al. (2010) found that combination of P and K showed non-significant effect
on sesame pod length.

Number of seeds per pod

Number of seeds pod of soybean showed significant variation due to d|fferent levels of
phosphorus fertilization rate (Table 2). The highest numbers of seeds pod (2.98) was
recorded with 175 kg ha® of TSP Hernandez and Cuevas (2003) also reported significant
high numbers of seeds pod when 100 kg P,Os ha™® was applied and it was minimum in
phosphorus untreated plot. These results confirmed the findings of Tomar et al. (2004) who
observed that significant differences in number of seeds pod when different levels of
phosphorus were applied. Numbers of seeds pod also significantly affected by various
levels K fert|l|zer The maximum numbers of seeds pod of soybean (2.50) was recorded
from 120 kg ha of MoP. The application of K not only enhanced the availability of other
nutrient but also increased the transportation of photosynthates; which might be the main
reason for increase in number of seeds Different levels of P and K fertilizers |n combination
affected significantly the seeds pod of soybean. The maximum seeds pod of soybean
(3. 11) was recorded with combined application of TSP and MoP at 175 kg ha' and 120 kg
ha™, respectively.

Weight of 1000-seed

Different levels of P had significant effect on 1000-seed weight of soybean (Table 2). The
heaviest 1000-seed weight (106.2 g) was obtained with 175 kg ha’ 'of TSP. Similar trend of
results was reported by Devi et al. (2012), who observed a significant variation in 1000-seed
weight at different phosphorus levels. Significant variations in 1000- seed weight were also
noted due to potassium levels. The application of 120 kg MoP ha™ resulted in maximum
1000-seed weight. These results are in agreement with Dixit et al. (2011) who reported that
the weight of 1000-seed significantly increased with the application of K fertilizer. The
combination of P and K had also significant effect on 1000-seed weight of soybean. The
maximum 1000-seed weight (109 1 g) was harvested with the combined application of TSP
and MoP@175 and 120 kg ha™, respectively.

Seed yield (t ha’ )

The hlghest soybean seed yield (3.01 t ha’ ) was produced when the crop was fertilized with
175 kg ha’ of TSP (Table 2). The result is in agreement with those of Pauline et al. (2010),
and Aise et al. (2011) who reported a similar findings on seed yield of soybean under
the condition of the proper P application. The decrease in seed yield at the lowest
and highest P application was most likely due to the fact that the growth and
development of soybean was influenced by nutrient deficiency or nutrition surplus (Xiang et
al., 2012. Seed yield of soybean varied significantly with d|fferent levels of K fertilizer
application (Table 2). The maX|mum yield of soybean (3.16 t ha’ ) was recorded from the K
treatment of 120 kg MoP ha™® Deshmukh et al. (1994) obtained the highest soybean yield
with an application of 60 kg K,O ha® at Amravati and 90 kg KyO ha’at Akola in
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Maharashtra State, India. More conclusive results on yield responses of soybean were
obtalned in experimentation Magen (1997) where the yield was increased up to 100 kg
K,O ha™. The lowest seed yield of soybean was recorded from experimental plot where 0 kg
of TSP and MoP fertilizers was applied, that might due to the lowest performance of yield
attributes under same treatment.

Table 2. Effect of phosphorus and potassium and their combinations on vyield and yield
attributes of soybean.

Treat Filled Length No. of 1000- Seed Stover | Biological Harvest
ments pods of pod seeds seed yleld yleld yleld index (%)
plant™ (cm) pod® |weight(g) | (tha™) (tha™) (tha™)

Levels of phosphorus fertilizer
Po 39.34b 2.99 1.71c 101.5¢c 2.06¢c 2.94a 5.00 b 40.94 ¢
P 49.83 a 3.03 241b 105.3 ab 2.59ab 2.97 a 5.55ab 46.85ab
P, 51.14 a 3.05 2.98a 106.2 a 3.01 a 3.21la 6.22 a 48.54 a
P3 43.17 ab 3.01 2.38b 103.6 b 2.49bc 3.13a 5.62ab 43.38 bc
SE 3.33 NS 0.07 0.58 0.15 0.17 0.27 1.57
Levels of potassium fertilizer
Ko 35.79¢c 2.96b 2.26b 101.2 ¢ 211c 2.58¢c 468 ¢ 4457 a
K1 50.90ab 3.02ab 2.37ab 104.9ab 2.62b 3.13b 576 b 45.38 a
K2 53.92a 3.09a 250a 106.4 a 3.16a 3.72a 6.88 a 4587 a
Ks 42.87bc 3.01ab 2.35ab 104.1b 2.25bc 2.82bc 5.077 bc 43.89 a
SE 3.33 0.04 0.07 0.58 0.15 0.17 0.27 1.57
Phosphorus x potassium
PoKo 32.15¢ 2.92 1.62 f 96.56 f 1.78 e 2.64 bc 441 e 40.42 ab
PoK:  40.59ac 3.02 1.71 f 103.8b-e 2.14c-e 2.92a-c 5.06 de 42.19 ab
PoK>  46.48ac 3.03 1.85ef 104.2b-e 2.45b-e 3.28a-c 5.73b-e 43.05 ab
PoKs  38.15bc 3.02 1.67f 101.6 e 1.88e 2.93ac 4.81de 38.09b
P:Ko  35.56bc 2.98 2.33d 102.4 de 2.18c-e 2.28¢c 4.46 e 48.87 ab
P1K1 54.8a-c 3.04 2.39cd 105.8 a-d 2.74a-e 3.16a-c 5.90b-e 46.57 ab
P1K> 56.78ab 3.05 255b-d 107.5 ab 3.09 a-d 4,02 a 7.12 ab 43.45 ab
P1Ks 52.1a-c 3.03 2.38cd 105.3 b-e 2.33c-e 241c 4.74 de 48.50 ab
P:Ko  37.11bc 2.99 2.84a-c 103.6 b-e 2.49b-e 2.62bc 5.11 de 48.67 ab
P.K; 61.11 a 3.02 293ab 106.8a-c 3.13ac 3.39ac 6.52ad 47.90 ab
P,K, 63.00 a 3.16 3.11 a 109.1a 3.67a 4.01a 7.69 a 48.20 ab
P2K3 43.3a-c 2.99 3.04 a 105.3b-e 272a-e 2.82 bc 5.54b-e 49.38 a
P3Ko  38.33bc 2.92 2.23 de 102.4 de 197e 2.78 bc 4.75 de 40.31 ab
P3Ky 47.0a-c 3.01 2.47b-d 103.3ce 2.48b-e 3.07a-c 5.55b-e 44.84 ab
P3K2 49.4a-c 3.11 250b-d 1049b-e 3.42ab 356 ab 6.98a-c 48.79 ab
P3Ks  37.89bc 2.98 2.32d 104.0b-e 2.08de 3.13 a-c 5.21c-e 39.58 ab

SE+ 6.66 NS 0.14 1.159 0.31 0.33 0.54 3.13
Cv 25.14 4.46 10.52 1.93 20.83 18.76 16.73 12.09
(%)

In a column means having similar letter (s) are statistically similar and those having dissimilar letter (s)
differ significantly by DMRT at 0.05 level of probability

Po: 0 kg TSP ha™, P1: 100 kg TSP ha™, Py: 175 kg TSP ha™, P3: 250 kg TSP ha; Ko: 0 kg MoP, Ki: 60
kg MoP ha™, Ky 120 kg MoP ha*, Ka: 180 kg MoP ha™*

Similar fmdmgs were dlscussed by Mengel and Kirkby (1980) who clearly indicated that K is
known as one of the nutrients which are closely involved in metabolic processes and
|mproved yield. The highest y|eId (3.67 t ha’ ) was recorded with the combination of 175 kg
TSP ha™ and 120 kg MOP ha™. These increased in seed yield was associated with more
number of pods plant seeds pod and/or 1000-seed weight.



105

Performance of Soybean Under Different Levels of Phosphorus and Potassium

Stover yield (t ha™)

There was a non-significant difference of stover yield of soybean with various P fertilizer
levels. The present results corroborated with Ali et al. (2013) who reported that P had non-
significant effect on stover yield of soybean. However, stover yield varied significantly with
application of different levels of K fertilizer. The maximum (3.72 t ha'l) stover yield was
recorded from 120 MoP ha™. Similar findings were observed by Jahan et al. (2009). Though,
combined effect of P and K application had also significant effect on stover yield of soybean
but the highest yield (4.02 t ha'l) was recorded from the combination of 100 and 120 kg ha™
of TSP and MoP, respectively.

Biological yield (t ha'l) of soybean

Biological yield of soybean varied significantly with different level of P and K application
(Table 22.The maximum biological yield of soybean (6.22 t ha'l) was recorded from 175 kg
TSP ha™ treatment; while, the maximum biological yield (6.88t ha'l) was recorded in 120 kg
MoP ha'l). Finally, the highest biological yield (7.69 t ha'l) was recorded from the
combination of 175 kg TSP ha™ and 120 kg MOP ha™ Generally biological yield increased
with the increasing doses of P and K fertilizer application along with other recommended
applied fertilizer. These results are similar to findings of Munir and McNeilly (1987) who
reported that increasing rates of P and K increased the biological yield.

Harvest index (%)

Harvest index of soybean varied significantly with different level of P application but non-
significant with different level of K application (Table 2). The maximum HI of soybean
(48.54%) was recorded from 175 kg ha™ of TSP. The present result is consistent with the
findings of Malik et al. (2006) who found that HI varied significantly due to different levels of
phosphorus. Combined effect of P and K application had also significant effect on harvest
index of soybean. The highest HI (49.38%) was recorded from the combination of 175 and
120 kg haof TSP and MoP, respectively.

Conclusion

From the results of this experiment it may be concluded that the application of P and K
fertilizers influenced nodule formation, yield attributes and seed yield of soybean. Although P
and K played an important role on the yield of soybean, the application of their excess
amount however acted negatively. The application of 175 kg ha™ TSP and 120 kg ha™ MoP
was found to be the most appropriate levels of P and K for maximum productivity of
soybean.

References

Aise, D., S. Erdal, A. Hasan and M. Ahment. 2011. Effects of different water, phosphorus and
magnesium doses on the quality and yield factors of soybean (Glycine max L.) in
Harran plain conditions. Int. J. Phys. Sci. 6(6): 1484-1495.

Ali, A., M. A. Malik, R. Ahmad and T. S. Atif. 1996. Response of mungbean to potassium fertilizer.
Pak. J. Agric. Sci. 33(1-4): 44-45.

Ali, R., M. A. Kader, A. K. Hasan, F. T. Zohra and S. Uddin. 2013. Yield performance of soybean
as influenced by phosphorus. J. Agrofor. Environ. 7(1): 45-48.



106

Khanam et al.

Anonymous. 2009. Bright prospect for soybean farming in Bangladesh. Available at:
http://www.thedailystar.net/news-detail-114970.

Anonymus. 2004. Manitoba Soil Fertility Guidelines. Potassium Manitoba Agriculture, Food and
Rural Initiatives.

BARI (Bangladesh Agricultural Research Institute). 2013. Krishi Projokti Hatboi (In Bangla) 6th
ed. Gazipur, Bangladesh. pp. 269-271. Available at: http://www.bari.gov.bd/

Borges, R., and A. P. Mallarino. 2003. Broadcast and deep-band placement of phosphorus and
potassium for soybean managed with ridge tillage. Soil Sci. Soc. Am. J. 67:1920-1927.

Chowdhury, M. M. U., I. S. M. Farhad, S. K. Bhowel, S.K. Bowmik and A.K. Choudhury. 2014.
Fertilizer management for maximizing soybean (Glycine max L.) production in Char
Lands of Bangladesh. The Agriculturists. 12(2): 98-102.

DAFF. 2010. Soybeans production guideline. Department of Agriculture, Forestry and Fisheries,
RSA, DPP. Available at: daff.gov.za.

Deshmukh, V. N., R. P. Rangacharya, S. S. Rewatkar and B. U. Solanke. 1994. Response of
soybean to phosphorus and potassium application in Vertisol. J. Potash Res. 10(4): 332-
337.

Devi, K. N., L. N. K. Singh, T. S. Devi, H. N. Devi, T. B. Singh, K. K. Singh and W. M. Singh.
2012. Response of soybean [Glycine max (L.) Merrill] to sources and levels of
phosphorus. J. Agril. Sci. 4 (6): 1916-9752.

Dixit, A. K., D. S. Tomar, A. Saxena and S. K. Kaushik. 2011. Assessment of potassium nutrition
in soybean for higher sustainable yield in medium black soils of central India. Int. Potash
Inst. 26: 1-11.

FRG. 2012. Fertilizer Recommendation Guide. Bangladesh Agricultural Research Council
(BARC), Farmgate, Dhaka-1215, Bangladesh. p. 274.

Gomez, K. A. and A. A. Gomez. 1984. Statistical Procedure for Agricultural Research (2™ ed.).
International Rice Research Institute. Jhon Wiley and sons, Inc. Singapore. pp. 139-240.

Hernandez, M. and F. Cuevas. 2003. The effect of inoculating with Arbuscular mycorrhiza and
Brady rhizobium strains on soybean (Glycine max (L.) Merrill) crop development.
Cultivos Tropicales. 24(2): 19-21.

Islam, M. K., M. A. A. Mondal, M. A. Mannaf, M. A. H. Talukder and M. M. Karim. 2004. Effects of
variety, inoculums and phosphorus on the performance of soybean breeder seed
production center, Agric. Res. Stat., Debigonj, Panchagar, Bangladesh. Pakistan J. Biol.
Sci. 7(12): 2072-2077.

Jahan, S. A, M. A. Alim, M. M. Hasan, U. K. Kabiraj and M. B. Hossain. 2009. Effect of
potassium levels on the growth, yield and yield attributes of lentil. Intl. J. Sustain. Crop
Prod. 4(6): 1-6.

Jones, G. D., J. A. Lutz and T. J. Smith. 1977. Effects on phosphorus and potassium on soybean
nodules and seed yield. Agron. J. 69: 1003-1006.

Magen, H. 1997. IPI Activity in India — Summary report for 1993-1997: Results from field
experimentation and description of promotional activity, October 1997. International
Potash Institute, pp 33.

Malik, M. A., M. A. Cheema, H. Z. Khan and M. A. Wahid. 2006. Growth and yield response of
soybean (Glycine max L.) to seed inoculation and varying phosphorus levels. J. Agric.
Res. 44(1): 47-53.



107

Performance of Soybean Under Different Levels of Phosphorus and Potassium

Mengel, K. and E. A. Kirkby. 1980. Potassium in Crop Production. Advances in Agronomy.
33:59-110.

Munir, M. and T. McNeilly. 1987. Dry matter accumulation, height and seed yield in spring and
summer rape as affected by fertilizers and spacing. Pakistan. J. Agric. Res. 8: 143-149.

Nziguheba, G., C. A. Palm, R. J. Buresh and P.C. Smithson. 1998. Soil Phosphorus Fractions
and Adsorption as Affected by Organic and Inorganic Sources. Plant and Soil. 198: 159-
168.

Pauline, M. M., B. O. O. John, J. O. O. Jude, W. Anthony and H. John. 2010. Effect of
phosphorus fertilizer rates on growth and yield of three soybean (Glycine max)
cultivars in Limpopo Province. Afr. J. Agric. Res. 5(19): 2653-2660.

Quaiyum, A., S. G. Nahar, M.R. Ubaidullah, M. M. Hasan and M. A. Latif. 2015. Analysis of
assistance to edible oil manufacturing industry and examining export possibilities.
Bangladesh J. Tariff Trade. 1(2): 06-28.

Rahman, M. M., M. M. Hossain, M. P. Anwar and A. S. Juraimi. 2011. Plant density influence on
yield and nutritional quality of soybean seed. Asian J. Plant Sci. 10(2): 125-132.

Rotaru, V. 2010. The effect of phosphorus application on soybean plants under suboptimal
moisture condition. Inst. Genetics Plant Physio. Moldovan Academy of sciences.
Republic of Moldova.

SAIC. 2007. SAARC Agricultural statistics of 2006-07. SAARC Agricultural Information Center,
Farmgate, Dhaka-1215, Bangladesh. p. 23.

Sardana, H. R. and S. Verma. 1987. Combined effect of insecticide and fertilizers on the growth
and yield of mungbean (Vigna radiata L Wilczek). Indian J. Entom. 49(1): 64-68.

Shehu, H. E., J. D. Kwari and M. K. Sandabe. 2010. Nitrogen, phosphorus and potassium
nutrition of sesame (Sesamum indicum) in Mubi, Nigeria. New York Sci. J. 3(12): 21-27.

Silva, J. and J. S. Bohnen. 1991. Application of N, K and S and their relation with yield and level
of N, NO; and K in seed of peas in the green house. Soil Fert. Abst. 54: 3409.

Singh, V. J. and R. P. Bajpai. 1990. Effect of phosphorus and potash on the growth and yield of
rainfed soybean. Indian J. Agron. 35(3): 310-311.

Tomar, S. S., R. Singh and H. P. Singh. 2004. Response of phosphorus, sulphur and Rhizobium
inoculation on growth, yield and quality of soybean (Glycine max. L.). Progr. Agric. 4(1):
72-73.

Tsvetkova, G. E. and G. |. Georgiew. 2003. Effect of phosphorus nutrition on the nodulation,
nitrogen fixation and nutrient use efficiency of Bradyrhizobium japonicum soybean
(Glycine max L.) symbiosis. Bulg. J. plant physio. Special issue: 331-335.

Turan, M., N. Ataoglu and F. Sahin. 2006. Evaluation of the capacity of phosphate solubilizing
bacteria and fungi on different forms of phosphorus in liquid culture. J. Sustain. Agri.
28:99-108.

Usherwood, N. R. 1998. Nutrient management for top-profit soybeans. www.ppi-ppic.org. (verified
2/15/14).

Webb, J. R., A. P. Mallarino and A. M. Blackmer. 1992. Effects of residual and annually applied
phosphorus on soil test values and yields of corn and soybean. J. Prod. Agric. 5:148-
152.



108
Khanam et al.
Xiang, D. B., T. W. Yong, W. Y. Yang, Y. Wan, W. Z. Gong, L. Cui and T. Lei. 2012. Effect of

phosphorus and potassium nutrition on growth and yield of soybean in relay strip
intercropping system. Sci. Res. Essays. 7(3): 342-351.



