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Abstract

Soybean is an important protein and oil crop that is cultivated because of its uses as human
food, animal feed and other industrial uses. The effect of phosphorus on seed protein and oil
content had not been well understood. Thus, the objective of this experiment was to study the
influence of phosphorus and lime on seed protein and oil content. In this respect a field
experiment involving two soybean cultivars (SB 133 and SB 19), three phosphorous fertilizer
rates (0, 30, 60 kg P ha™*) and two lime rates (0, 2 tons ha™) was conducted at the university
of Eldoret farm and Busia training centre farm. The treatments were laid out in the field in
factorial arrangement in RCBD on 4 m by 3 m experimental plots. Seed samples were
obtained from the experimental units and ground to uniform fineness for protein and oil
content analysis. The result shows that the effect of phosphorus on seed protein and oil was
significant. Seed protein and oil content for both cultivars increased with increase in P
fertilizer application to high values at 60 kg P ha™ at Busia and Eldoret. Seed protein was
significantly influenced by lime whereas seed oil was not. It was concluded that supplying
sufficient amounts of phosphorous fertilizer and lime in acidic soils with low initial P is
desirable to improving the soybean seed protein and oil yields.
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INTRODUCTION

Soybean (Glycine max (L.) Merrill) is one of the very important protein and oil crops in the
world. It is used as human food, livestock feed and in several industrial purposes (Myaka et
al., 2005). It comprises of 18-20 % edible oil, 24-45 % carbohydrates, 38-45 % crude
protein and vitamins (Morshed et al., 2008; Wilcox and Shibles, 2001). Its products are high
in calcium, phosphorus, fibre and are cholesterol free with low levels of saturated fats
(BIDCO, 2005). It is also a multipurpose legume that plays a significant role in improving
the soil nutrition through the process of nitrogen fixation. In this regard, it has it fixes
between 44 to 103 kg N ha™ annually (Sanginga et al., 2003). This had being attributed to
improved yields of intercrop and the following rotated crop (Giller, 2001; Vanlauwe et al.,
2006).

In soybean production, provision of essential soil nutrition is crucial for improved crop
performance and yield. Phosphorus is an essential element that is involved in several key
plant functions that includes, photosynthesis, transformation of sugars and starches, energy
transfer, translocation and transfer of genetic characteristics (Silva and Uchida, 2000). It is
also involved in improving the process of biological nitrogen fixation by enhancing
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nodulation (Kamara et al., 2007) and bacterial symbiotic relationship (Gangasuresh et al.,
2010).

Soybean has a high demand of phosphorous that is needed for root development, vegetative
growth, flower initiation, seed and fruit development (Gangasuresh et al., 2010). It is
important for crop maturity, improving yield and quality (Sara et al., 2013) as well as
enhancing tolerance to environmental stress (Tsvetkova and Georgiev, 2003). Pod filling and
seed development had been identified as the peak P absorption phase estimated at 60 % of
total P absorbed in the plant due to high demand for production of protein, seed oils,
phospholipids and phytin (Shahid et al., 2009; Silva and Uchida, 2000).

Studies have shown that soybean nutritional composition are positively influenced by both
the genetic and environmental factors (Haq and Mallarino, 2005; Krishnan, 2000) which
includes the crop nutrition, temperature, photoperiod among other factors during seed
development. In other studies, the crop nutrition such as phosphorus, potassium, nitrogen
and sulphur have been reported to affect yield, seed protein and oil concentration
(Mahmoodi et al., 2013; Utsumi et al., 2002). However, other scholars have reported the
effect of phosphorous on seed oil and protein as moderate, infrequent and inconsistent (Haq
and Mallarino, 2005; Seguin and Zheng, 2006).

However, the supply of phosphorous to plants is limited by soil pH levels, such that in acidic
soils, it is fixed by highly reactive Aluminium (AI*) and Iron (Fe®*) ions whereas in basic
soils, it is precipitated by Calcium (Ca®") into immobile pools (Gyaneshwar et al., 2002;
Hao et al., 2002). Mandal and Khan (1972) observed that fixation of P in the soil complexes
as di- and tri-calcium phosphate happens immediately after application rendering about two-
thirds of phosphatic fertilizer unavailable. Soil amendment as a measure to release P and
improve the soil condition for plant growth in such soils is therefore desirable. In acid soils
for instance, lime is applied to neutralize the effect of acidic ions (H*, Fe?*, AI**, Mn*" and
Cu*") from soil adsorption site and supply significant amounts of Ca®* and Mg?* (Onwonga
et al., 2010). It is based on the limited study on the influence of phosphorous on soybean
seed oil and protein content when grown in acid soils that this experiment was carried out to
provide information on the influence of phosphorous on soybean seed oil and protein.

MATERIALS AND METHODS

The experiment was carried out in Western Kenya at University of Eldoret farm in Uasin
Gishu County and in Agricultural Training Centre (ATC) farm in Busia County. Uasin Gishu
County lies between longitudes 34°50 and 35°37 East and latitudes 0°30 South and 0°55
North at an elevation of 2120 m above sea level. It falls under the agroecological zone LH 3
(wheat/barley zone).The average rainfall is between 800 - 1000 mm, with an annual mean
temperature of about 22 °C (Republic of Kenya, 1997). The soils are classified as Rhodic
Ferralsols because it is underlain by murram, well drained, moderately deep, dark red friable
clay of petroplinthite (Jaetzold & Schmidt, 1983). Soil analysis showed that it contains 9.11
ppm available phosphorous (Alkamoi, 2017) a value that is lower which is below the critical
value of 10 mg P/ kg suggesting P application,(Okalebo et al., 2002) and a pH of 4.96. On
the other hand, the ATC farm in Busia is located at 0°27'26.91"N and 34° 7'0.94"E, at an
elevation of 1130 m above sea level. It receives an annual rainfall range of between 1270
mm to 1790 mm and a mean temperature range of 22° C. The soils are well drained,
moderately deep to very deep, reddish brown to yellowish brown, friable clay, over
petroplinthite (orthic ferralsols; partly petro-ferric phase; with orthic (acrisols) and about
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30% murram (Jaetzold and Schmidt, 1983). The experimental soils were found to be acidic
of pH 5.41 with 5.00 ppm of phosphorous (Alkamoi, 2017).

Two soybean cultivars were used in the study; SB 133 that contains high oil content of
24.37% and relatively lower protein content of 37.59% and SB 19 which has a high protein
content of 42.29% and relatively lower oil content of 19.71%. Phosphorous fertilizer in the
form of triple supper phosphate (TSP) fertilizer (0.46.0) was applied at the rate of 0, 30 and
60 P Kg ha™. Physiolith® lime (CaCos) was supplied at two levels at 0 and 2 ton ha™
(Okalebo et al., 2002). The experiment was laid out in 2x3x2 factorial arrangement in a
randomized complete block design and replicated thrice. The treatment were applied on 4 m
by 3 m plots where the soybean cultivars were planted on an inter row spacing of 50 cm and
intra row spacing of 5 cm. The field management to ensure the establishment of a
competitive crop stand was done until the crop was ready for harvesting.

Seed harvesting

Soybean seeds were harvested when the crop had attained a uniform harvest maturity in a
net area of 3 m by 2 m from each treatment plot. The pods were manually separated from the
stover, sun-dried, gently hand threshed, cleaned and further dried to a safe storage moisture
content of 13 % before processing further for protein and oil analysis.

Determination of seed protein and oil content

The seed samples from each treatment were each ground separately to a fineness that
provided maximum floor homogeneity. Nitrogen content in seed was determined by
Kjeldahl method where, the nitrogen content in the seed was multiplied by dry matter-based
factor of 6.25 to determine total protein content (Williams et al., 1998). The seed oil content
was determined by adopting the Soxhlet Ether Extraction procedure, described by AOAC,
(2005).

Data analysis

The data on seed protein and oil content was subjected to analysis of variance using R®
statistical software version 3.4.3 (Kite-Eating Tree). The statistical significance of the
treatments was tested at 5 per cent level of probability using Tukey’s HSD.

RESULTS AND DISCUSSION

The influence of soybean cultivar on seed oil content was significant (p< 0.001) when
produced in Busia and Eldoret (Figure 1). High seed oil of 20.78 % in Busia and 19.93 % in
Eldoret was recorded in SB 133, which differed significantly with the values recorded in SB
19 of 19.31 % in Busia and 18.55 % in Eldoret. The differences might be attributed to be
caused by cultivar differences where, SB 133 was categorized as oily and SB 19 as
proteinous (TSBF-CIAT, unpublished). The seed composition differences could have been
as a result of genotype and environmental interaction thus contributing to the cultivar
differences (Haqg and Mallarino, 2005).

73
African Journal of Education, Science and Technology, June, 2018, Vol 4, No.3



Seed oil content

SB 133 SB 19

22-

20 - w
< &
N @,
< 18- 2
S Phosphorous
£ o kam
o g/ha
© 30 kg/ha
S 22-
- . 60 kg/ha
3 m
% 53

ol

20~
18-
16~

0 tons/ha 2 tons/ha 0 tons/ha 2 tons/ha
Lime rate
Figure 1: Seed oil content (%) of soybean cultivars SB 19 and SB 133 produced in
Busia and Eldoret under different rates of phosphorous fertilizer and lime.

The effect of phosphorous fertilizer on seed oil was significant (p< 0.05) at both production
sites (Figure 1). Application of phosphorous fertilizer resulted to an increase in seed oil by
0.74 % and 8.70 % in SB 133 when P was applied at 30 kg P ha™ and 60 kg P ha™.
Similarly, there was an increase in SB 19 by 0.67 % and 4.27 % when 30 kg P ha™ and 60
kg P ha was applied. The positive response to P application could be accredited to an
increase in the availability of P for plant uptake. However, the increase between application
at 0 kg P ha™ and 30 kg P ha™ was not significant at both sites, indicated the importance of
residual P in the soil. High seed oil content was recorded at 60 kg P ha™ where, SB 133
yielded 21.92 % in Busia and 20.98 % in Eldoret, whereas SB 19 recorded 19.72 % in Busia
and 18.13 % in Eldoret. The positive influence of phosphorous fertilizer on seed oil content
implies that P fertilization in acidic soils is crucial and effective. Similar results have been
reported before by (Devi et al., 2012; Shah et al., 2001; Tanwar and Shaktawat, 2003),
where, application of P fertilizer increased seed oil content, thereby suggesting the pertinent
role it plays in the synthesis of phospholipids.

However, other scholars such as Shahid et al., (2009) did not report significant influence of
P fertilization on seed oil, beside observations indicating an increase of seed oil with P
application to a maximum at 100 kg P,Os ha™. In other studies, Win et al., (2010) in
Bangkok observed an increase of seed protein with P application to a maximum where
further application resulted to a decline. Similarly, Krueger, Susana Goggi, Mallarino, &
Mullen, (2013) observed a high seed oil content at 0 kg P ha™ that declined with application
of phosphorous fertilizer thus suggesting deleterious effect of P on seed oil when applied at
high levels.

Application of lime at both production sites did not produce significant effect on seed oil of
the soybean cultivars. However, application of lime resulted to an increase in seed oil for the
soybean cultivars at Busia and Eldoret site. The lack of significant response indicated that
lime did not dissociate adequately and wanted more time in the soil after application so as to
neutralise the acidic cations and release the fixed P for plant uptake. Low soil pH allows for
a higher saturation of aluminium ions thereby declining the saturation of basic cations such
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as calcium, magnesium and potassium, thus limiting the availability of essential crop
nutrients.

In spite of the study showing a positive trend of increase of seed oil when P fertilizer was
applied in acidic orthic ferralsols soils, the contrary scenarios observed from literature shows
that further work needs to be done on different soil types and P levels so as to clearly
determine the effect of phosphorous on seed oil.

Seed protein content
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Figure 2: Seed protein content (%) of soybean cultivars SB 19 and SB 133 produced in
Busia and Eldoret under different rates phosphorous fertilizer and lime.

Cultivar significantly influenced (p< 0.05) seed protein content for the soybean produced in
Eldoret, whereas no significant differences were observed for the soybean grown in Busia
(Figure 2). High seed protein content of 39.09 % in Busia and 39.52 % in Eldoret were
recorded in SB 19 compared to SB 133 that produced 38.40 % in Busia and 38.63 % in
Eldoret. These differences could be attributed to cultivar and environmental influences.

The influence of phosphorous fertilizer on seed protein was significant (p< 0.05) when the
soybean cultivars were produced in Eldoret whereas no significant differences was observed
in Busia (Figure 2). Generally, application of P fertilizer was observed to increase seed
protein content in SB 19 by 2.71 % and 4.00 % when P was applied at 30 kg ha™ and 60 kg
ha* respectively. Similarly, an increase of seed protein by 1.13 % and 2.99 % was observed
in SB 133 when 30 kg ha™ and 60 kg ha™ respectively. The positive influence of P fertilizer
in these findings are in agreement with previous work by Devi et al., (2012) in an
experiment in India where it was determined that protein content increased with P
application up to the highest value (35.20 %) at 80 kg P,Os ha™. In the same country, (Sara
et al., 2013) working on acidic alfisols in North-eastern India observed an increase in
protein with P application to maximum of 40.03 % at 90 kg P,Os ha™. In another study,
Shahid et al. (2009) reported an increase of seed protein with increased application of
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phosphorus fertilizer, where maximum of 41.33% seed protein was recorded at 100 kg P,Os
ha*. Analogous results have also been described before by (Deliboran et al., 2011; Kaviani
and Kharabian, 2008; Sharma et al., 2007) indicating that application of phosphorous
increases the amount of seed protein.

An increase in protein content following P fertilization confirms the pertinent role it plays in
seed protein synthesis and crop physiological functions (Silva and Uchida, 2000).
Phosphorous had been associated to improving N utilization in plants. It had been reported
to improve the activities of Bradyrhizobium japonicum, which increases N fixation that is
later used by the plants to synthesis proteins (Haru & Ethiopia, 2012; Tsvetkova & Georgiev,
2003). Thus, increasing the amounts of P in the soil improves the relationship between the
root bacteria and the leguminous plants which promotes soybean plant’s tolerance to
environmental stress conditions.

The influence of lime on seed protein was significant (p< 0.05) when the soybean cultivars
were grown in Busia and Eldoret (Figure 2). It was observed that liming resulted to an
increase in seed protein content in SB 133 by 2.26 % and 1.67 % in Busia and Eldoret
respectively. Similarly, the protein content in SB 19 increase with lime application by 3.86
% and 3.84 % when the soybean was produced in Busia and Eldoret respectively.
Comparable results had been observed by Tanaka, Mascarenhas, & Miranda, (1991) that
reported increased seed protein concentration when lime was incorporated in the study.
These results indicate the multiple purposes of liming where it improves the soil condition
by reducing soil acidity and enhancing releasing of fixed P. The released P is an essential
energy source for nitrogen fixing bacteria and nutrition that supports the plants physiological
processes, including seed protein synthesis. However, other studies did not report a
significant effect of lime on seed protein when P was applied, such as the work of (Caires et
al., 2006) that studied in oxisol (clay-kaolinite-rhodic soils) with a pH of 4.6 in Brazil.

CONCLUSION

The results from this study showed that application of phosphorous fertilizer and lime
increased the levels of seed oil and protein content of soybean. The application of P fertilizer
at 60 kg P ha™ and liming at 2 tons ha™* was observed to produce a higher percentage of seed
protein and oil content. It can therefore be deduced and recommended that improving the
supply of phosphorous in the soil through application and soil amendment should be done to
improve the quality of soybean seed.
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