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Effect of Different Seed Rates on Oil and Protein Content
and Fatty Acid Composition of Soybean Seeds
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The effect of seed rates and cultivars on protein, oil and fatty
acid composition of soybean seeds grown in Southeast Anatolia
region was studied. Protein content of soybean varied from 28.95
to 36.03 % and the oil content of soybean varied from 18.23 to
20.26 %. The protein and oil contents were significantly different
among treatments (p < 0.001). Seed rates affected all the treat-
ments significantly (p < 0.001). Myristic acid varied from 0.010
to 0.033 %, palmitic acid varied from 11.1 to 14.63 %, palmitoleic
acid varied from 0.16 to 0.36 %, heptadecanoic acid varied from
0.12 to 0.29 %, heptadecenoic acid varied from 0.16 to 0.33 %,
stearic acid varied from 4.58 to 7.17 %, oleic acid varied from
27.40 to 30.90 %, linoleic acid varied from 41.55 to 50.33 %,
linolenic acid varied from 5.18 to 8.37 %, arachidic acid varied
from 0.24 to 0.52 %, gondoic acid varied from 0.21 to 0.35 %,
behenic acid varied from 0.11 to 0.17 % and lignoceric acid varied
from 0.01 to 0.03 %, respectively. Correlation coefficients between
protein and oil content were -0.2170. Seed rates and seed rates ×
cultivars interaction effects were also found to be significant (p <
0.001) over the oleic and linoleic acid contents.

Key Words: Soybean, Seed rates, Protein content, Oil content,
Fatty acid composition.

INTRODUCTION

Soybean is one of the important leguminous plant. It is also considered
as a good source of vegetable protein and oil since it has the highest level of
protein in comparision with the other leguminous plants1. Its importance
in grain production has been increasing due to its high yield capacity and
lower harvest cost in comparision to other grains. Their high quality as a
source of protein makes the primary food in the fight against hunger and
may be found in many densely populated and underdeveloped areas2.
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Nutritionally, it contains about 21 % oil, 40 % protein, 34 % carbohy-
drates and 5 % ash3, although cultivars with less than 18 % oil or over 50
protein may be found4. It is a rich source of calcium, iron, potassium, ascorbic
acid and vitamin E. The fatty acids linolenic and linoleic acids together
with the phospholipids, lecithin contained in soybean prevent the deposit
of cholesterol on the walls of blood vessels and exercise a beneficial effect
on the control of hypertension5. Soybean oil contains about 11 % palmitic,
4 % stearic, 24 % oleic, 54 % linoleic and 7 % linolenic acids6. The quality
of the oil fraction varies considerably among these sources and it depends
on the fatty acid composition and especially, on the proportion of unsatur-
ated fatty acids, mainly oleic, linoleic and linolenic acids7. The actual oil
composition of soybeans depends on many factors, including genotype,
growing seasons, geographic location and agronomic practices8-11. It is well-
known that climate has a great influence on the ripeness and chemical
composition of vegetable oils12. Climate and cultivar both effect the linolenic
acid content of soybean oil13. The negative correlation between oil and
protein contents has been well documented14-16. In Turkey, soybean is
expected to be an important crop in the region of Southeast Anatolia and
the agronomic factors on the seed protein and oil of soybeans have not
been quantified under growing conditions in this region. Imformation
regarding the effect of seed rates on seed composition may be valuable for
soybean growers. Cultivar and climate effects on seed composition are
also of interest to the soybean industry17. The aim of this study was to
investigate the effect of seed rates on oil and protein contents and fatty acid
composition of soybeans.

EXPERIMENTAL

Field experimentation:  Soybean cultivars NE3399 and UMUT2002
were grown at six different seed rates (30, 35, 40, 45, 50, 55 seed/m2) in
2005 and 2006 years in Diyarbakir province in Turkey and their seed protein
and oil contents as well as the fatty acid composition were evaluated. The
experiment was conducted on the trial area of Southeast Anatolia Agricultural
Research Institute. The experimantal design was a randomized complete
block of split plot with three replications, on the silty-clay soil with pH of
7.65 to 7.80 and a lime content of 8.67 %. It is in the Southeast of Turkey
with an altitude of 650-700 m above the sea level and with an average daily
temperature of 21.7 and 22.3 ºC, respectively. Annual precipitation varies
from 170.1 to 257.0 mm distributed in two rain seasons. Meteorological
data (Table-1) for the experimental period was recorded at a site (Turkey
Meteorological Department Station in Diyarbakir) located 7 km from the
field site. Sowing was performed on irrigated seedbads. Plot size was 2.8 ×
6 m. The seeds were sown by the sowing machine at a spacing of 0.05 and
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0.70 m within and between the rows, respectively. Diammonium phosphate
(DAP) fertilizer was applied at a rate of 100 kg ha-1 during the planting.
Experimental plots were weeded twice and diseases and pest were con-
trolled by spraying. The seeds were harvested at maturity and air-dried in
the laboratory. The length of the growing period varied from 98 to 147 d.

TABLE-1 
METEOROLOGICAL DATA FOR THE FIELD SITE FOR SOYBEAN 

GROWING AREA IN 2005 AND 2006 

Mean  
temperature (ºC) 

Rainfall  
(mm) 

Mean relative 
humidity (%) Months 

2005 2006 2005 2006 2005 2006 
March 8.4 9.2 58.4 26.6 53 62.1 
April 14.1 14.5 36.5 77.9 52 68.9 
May 19.6 19.4 26.5 38.4 44 53.3 
June 25.8 28.5 33.1 0.0 25 23.3 
July 32.4 31.4 0.0 6.1 11 25.0 
August 31.8 32.6 0.0 0.0 20 16.4 
September 25.0 25.0 0.7 3.5 31 35.9 
October 16.2 17.6 14.9 104.5 40 70.9 
Mean 21.7 22.3 – – 34.5 44.5 
Total – – 170.1 257.0 – – 

Mean = Is the monthly mean for the whole growth period from planting to 
maturation; Total = Is the cumulative rainfall during seed development. 

Method of oil and protein extraction:  The oil content of seeds was
determined by a soxhlet extraction method using n-hexane as solvent at 70 ºC
for 6 h18. Protein content (N × 6.25) of soybean samples were determined
according to the Kjeldahl procedure19 by using a Tecator Kjeltec Auto analyzer
model 1030.

Preparation of fatty acid methyl esters and gas chromotography:
Seed samples were taken for a total fatty acid analyses. Three replicates
comprizing healthy looking seeds were analyzed. Total fatty acid content
was analyzed by using a method modified by Wu et al.20. In this method
seed samples were soaked in 2 mL of 2 % sulphuric acid in dry methanol
for 16 h at room temperature, followed by 80 min of heating at 90 ºC to
convert the fatty acids into methyl derivatives (FAMEs). Methyl hepta-
decanoate (17:0-ME) was added as an internal standard. After 2 mL water
and 3 mL hexane, were added the FAMEs were extracted for analyses by gas
liquid chromotography (GLC). The fatty acid methyl ester composition
was analyzed by using a Varian 3400 gas chromotography equipped with a
Supelcovax-10 fused slica capillary column (30 m × 0.25 µm film thickness).
The column's initial temperature was kept at 160 ºC for 15 min so that an
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increase in temperature could occur at the rate of 5 ºC min-1. The temperatures
of the injector and the dedector (FID) were at 240 and 280 ºC, respectively.
The carrier gas was nitrogen with a flow rate of 1-2 mL min-1. Split ratio
was adjusted to 30 mL min-1. The injected volume of the sample was 1 µL.
Fatty acids were identified by retention time relative to that of an authentic
standard. The FAMEs were identified by comparing the retention times
with those of the standards. Fatty acid content was computed as weight
percentage of the total fatty acids by using the GC area counts for various
FAMEs.

Statistical analysis:  Statistical evaluation was carried out by using
JMP package version 5.0.1a. A Business Unit of SAS. (Copyright 1989-
2000. SAS Institute Inc.) with general linear model analyses of variance
(Anova) with cultivars, seed rates and years as the main treatment effects.
Treatment means were separated by using least significant differences (LSD)
at level a probability of 5 %. Correlation analysis was performed to explore
the relationship among the variables.

RESULTS AND DISCUSSION

Analysis of method and variance:  The statistical evaluation of protein
and oil as well as the fatty acid composition of soybean seeds are given in
Table-2. Seed rates and cultivar × seed rates interaction effects were very
significant (p < 0.001) for the most of the tested characteristics. The effect
of the cultivars on the palmitoleic and heptadecanoic acids were significant
(p < 0.05) and the effect of the cultivars on the protein and oil and palmitic,
arachidic and gondoic acids were very significant (p < 0.001) and stearic,
oleic, linoleic and linolenic acid content was very significant (p < 0.001)
and myristic, heptadecenoic, behenic and lignoceric acids were not significant.
The effect of the years on the protein, oleic, linoleic, linolenic and gondoic
acids were also very significant (p < 0.001) and oil, stearic, arachidic and
behenic acids were significant (p < 0.001) and heptadecenoic acid not significant
(p < 0.05) and myristic, palmitic, palmitoleic and heptadecanoic acids were
not significant. Year × cultivars × seed rates interaction effects were very
significant for the protein and oil content and significant for the linolenic
acid and not significant for the other traits. Variations between years likely
reflect differences in the environmental factors that influence seed compo-
sition. Although, year × seed rates interaction effects were very significant
for the protein and oil and oleic acid content (p < 0.001) and significant for
the linoleic, linolenic and arachidic acids (p < 0.05) and not significant for
the myristic, palmitic, palmitoleic, heptadecanoic, heptadecenoic, stearic,
gondoic, behenic and lignoseric acids.
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Protein and oil contents and fatty acid composition:  The effect of
protein, oil and fatty acid composition averaged over 2005 and 2006 is
presented in Table-3. Although, NE3399 cultivar given maximum oleic
acid content (29.48 %), linoleic acid content (44.59 %) and arachidic acid
content (0.37 %). The UMUT2002 cultivar given maximum protein and
oil content (32.5 and 19.36 %), palmitic acid content (13.47 %), palmitoleic
acid content (0.25%), heptadecanoic acid content (0.22 %), stearic acid
content (5.93 %), linolenic acid content (6.69 %) and gondoic acid content
(0.25 %). The lowest protein and oil content (31.33 and 18.90 %) were
obtained from NE3399, respectively. The effect of seed rates on protein
and oil contents and fatty acid composition averaged over 2005 and 2006
are shown in Table-4. Palmitic, stearic, oleic, linoleic and linolenic acids
are the principal fatty acids which constitute whole soybean seed fatty acid
composition's of 98 % as reported6. The fatty acid composition of vagetable
oils varies depending on seed genealogy, planting date and meteorological
factors during the growing season. Protein and oil content varied from 29.73
to 33.41 % and 18.59 to 19.69 %, respectively. The 30 and 35 seed/m2

given highest protein content (33.41 and 33.29 %) and the 45 seed/m2 given
the lowest protein content (29.73 %).

The highest oil content was obtained from 40, 45 and 50 seed/m2. Although
the highest myristic acid content (0.031%) was obtained from the 55 seed/m2,
the lowest myristic acid content (0.014 %) was obtained from the 30 seed/m2.
The highest palmitic acid (14.15 %) was obtained from the 40 seed/m2, the
highest palmitoleic acid (0.29 %) was obtained from the 35 seed/m2, the
highest heptadecanoic acid (0.26 %) was obtained from the 50 seed/m2,
the highest heptadecenoic acid (0.28 %) was obtained from the 45 and 50
seed/m2, the highest stearic acid (6.43 %) was obtained from the 50 seed/m2,
the highest oleic acid (30.72 %) was obtained from the 40 seed/m2, the
highest linoleic acid (47.35 %) was obtained from the 30 seed/m2, the highest
linolenic acid (7.70 %) was obtained from the 55 seed/m2, the highest
arachidic acid (0.43 %) was obtained from the 35 seed/m2, the highest
gondoic acid (0.29 %) was obtained from the 45 seed/m2, the highest
behenic acid (0.16 %) was obtained from the 45 seed/m2 and the highest
lignoceric acid (0.030 %) was obtained from the 35 seed/m2.

The interaction effect of cultivars and seed rates average values in 2005
and 2006 are presented in Tables 5 and 6. Protein content varied from 28.95
to 36.03 %. The highest protein content was obtained from UMUT2002 at
the 35 seed/m2 and the lowest protein content was obtained from UMUT2002
at the 45 seed/m2 and the cultivar UMUT2002 has given highest protein
content than NE3399 cultivar. The oil content varied 18.22 to 20.26 % and
the highest oil content was obtained from UMUT2002 at the 40, 45 and 50
seed/m2 and the lowest oil content was obtained from UMUT2002 at the
30 seed/m2. The oleic acid content varied from 27.40 to 30.90 %. The highest
oleic acid content was obtained from UMUT2002 at the 40 seed/m2 and
the lowest oleic acid content was obtained from UMUT2002 at the 30
seed/m2 too.
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The linoleic acid content varied from 45.51 to 50.33 %. The highest
linoleic acid content was obtained from NE3399 at the 35 seed/m2 and the
lowest was obtained from UMUT2002 at the 55 seed/m2, the linolenic acid
content varied from 5.18 to 8.37 % and the highest linolenic acid content
was obtained from UMUT2002 at the 55 seed/m2 and the lowest was from
NE3399 at the 30 seed/m2 and the palmitic acid content varied from 11.16
to 14.63 % and the highest palmitic acid content was obtained from
UMUT2002 at the 35 seed/m2 and the lowest was obtained from NE3399
at the 50 seed/m2, the stearic acid content varied from 4.58 to 7.17 % and
the highest stearic acid content was obtained from UMUT2002 at the 50
seed/m2 and the lowest was obtained from NE3399 at the 30 seed/m2. In
addition; myristic, palmitoleic, heptadecanoic, heptadecenoic, arachidic,
gondoic, behenic and lignoceric acid contents varied from 0.010 to 0.033,
0.16 to 0.36, 0.12 to 0.29, 0.16 to 0.33, 0.24 to 0.52, 0.21 to 0.35, 0.11 to
0.17 and 0.10 to 0.030 %, respectively.

Although, the highest average protein, oil, palmitic, palmitoleic,
heptadecanoic, heptadecenoic, stearic, linolenic and gondoic acid contents
were obtained from UMUT2002 cultivar, the highest avarage oleic, linoleic
and arachidic acid contents were obtained from NE3399 cultivar and the
average myristic and behenic acid contents were obtained at both of the
cultivars.

Correlation analysis of protein and oil content and fatty acid com-
position:  Correlation analysis was performed to explore the trend of asso-
ciations between protein and oil contents and individual fatty acids and
also between the fatty acids in soybean seeds in Table-7. The data presented
that protein content had a significantly negative correlation with all the
traits without palmitic and palmitoleic acids. These findings agrement with
the14-16 negative correlation between oil and protein content has been
reported before. Analysis was done by using combined data from both
years revealed that the oil content had also significantly positive correlation
with myristic, heptadecanoic, heptadecenoic, stearic, oleic, arachidic, gondoic,
behenic and lignoceric acids but, had an inverse relationship with protein
content, palmitic, palmitoleic, linoleic and linolenic acids. The results are
compatible with those reported earlier6. In the other hand, palmitic acid
had a positive correlation with protein, myristic, heptadecenoic and linolenic
acids but showed negative correlation with oil, palmitoleic, heptadecanoic,
stearic, oleic, linoleic, arachidic, gondoic, behenic and lignoceric acids.
Oleic acid showed positive correlation with oil content, palmitoleic,
arachidic and lignoceric acids but showed negative correlatin with all of
the other traits. Linoleic acid showed negative correlation with oil, protein,
myristic, palmitic, heptadecenoic, oleic and linolenic acids, but showed
positive correlation with palmitoleic, heptadecanoic, stearic, arachidic,
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gondoic, behenic and lignoceric acids. Linolenic acid had negatively cor-
related with oil, protein, palmitoleic, heptadecenoic, oleic, linoleic, arachidic
and lignoceric acids.

Conclusion

The present findings will be beneficial for the future study towards
improving the oil and protein yield and quality of soybean seeds. On the
other hand, cultivars and seed rates appeared to have an effect on the seed
composition of soybeans grown in the Southeast Anatolia region of Turkey.
In addition, these results indicate that is important to conduct further
investigations to find out the effects of the different environmental and
agronomical factors on soybean seed chemical composition in different
locations.
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