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Seed Composition of Soybeans Grown in the Harran Region of
Turkey As Affected by Row Spacing and Irrigation
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This study was conducted to determine the effects of row spacing (RS) and irrigation (IR) on protein
content, oil content, and fatty acid composition of soybeans grown in the Harran region of Turkey.
Oil content of the seed varied from 20.9 to 22.3%. Oil and protein contents were both affected by
year. RS and IR affected protein and oil contents significantly (P < 0.01) in both years. RS of 70 cm
had the highest protein content, followed by RS of 60, 40, and 50 cm, respectively. IR every 3rd day
resulted in the highest level of protein, followed by 6th, 9th, and 12th day irrigation, respectively. The
correlation coefficient (r) between protein and oil content was —0.791 in 1998 and —0.721 in 1999.
RS (P < 0.01) and IR (P < 0.01) influenced oleic and linoleic acid contents significantly. Interactions
of RS and IR were also found to be significant (P < 0.05) for the oleic and linoleic acid contents of
soybeans.
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INTRODUCTION on the seed protein and oil of soybeans have not been quantified
under the growing conditions of the Harran region. Information

Soybeans are an economical and valuable agricultural com- . A -
regarding the effect of irrigation on seed composition may be

modity because of their unique chemical composition. Among

cereal and other legume species, soybean seeds contain thgaluable for soyp_ean growers. EﬁeCtS of cultivar and (_:Iimate
highest amount of protein (3545%) and a relatively high level on seed composition are also of interest to the soybean industry.
of oil (20—25%) (1) This study was conducted to determine the effect of row spacing

The actual composition of soybeans depends on manyfau:tors,"j‘mI irrigation on oil and protein contents and fatty acid

including genotype, growing season, geographic location, and composition of soybeans.
agronomic practice2(-5). The effect of row spacing (RS) on
the protein and oil contents of soybedh {), sesame§| 11), MATERIALS AND METHODS

lupin (9), corn (10), alfalfa (12), wheat (13), and oat (14) has  Soybeans [Glycine maft..) Merr. cv. Asgrow 3935] were grown
been reported. Irrigation (IR) has also been known to affect oil as a second crop behind coZe@ may4..) in 1998 and 1999 in Harran,
and protein contents in soybealb] and sesame (167). It is Tl_Jrkey. The experimental _design was a randomized block of sp_lit block
well-known that climate has a great influence on the ripeness W|t_h t_hree replications. Flel_d tests were conducted on the silty-clay
and chemical composition of vegetable oil$). Climate and soil with a pH of 7.5 and a lime content of 9.9%. All treatments were

. . . . .. fertilized with 5 kg of nitrogen and 6 kg of phosphorus per da. Sowing
cultivar both affect the linalenic acid content of soybean oil was performed on nonirrigated seedbeds. Sprinkle-type irrigation was

(19). The negative correlation between oil and protein contents applied every 3rd, 6th, 9th, and 12th day after emergence. The spaces
has been well documented (20—22). between rows were 40, 50, 60, and 70 cm. Each row was 4 m long
In Turkey, soybean adaptation trials started in 1980, and with a 3 cm distance between seeds. Irrigation was terminate@@5
soybeans have been grown since 1982 in various regionsdays before harvest. The length of the growing period varied from 115
including Harran 23). When the Southeastern Anatolia Project to 125 days, with every 3rd day irrigation being the longest growth
(GAP), which is the largest irrigation project in terms of acreage Period and irrigation every 12th day the shortest growth period.
in the world, is complete, the irrigated land will amount to Meteorological data were recorded from planting to harvest of each

141000 ha. Soybeans are expected to be a second crop in termgeatment (Table 1).

: . . : Composition Analyses.Soybeans were ground with a laboratory
of planting date in the region. The effects of agronomic factors mill (Braun, type 4-041), and the oil content of seeds was determined

by a Soxhlet extraction method usinghexane as solvent at 7C for

* Author to whom correspondence should be addressed (telephone g h (24). Protein content (N« 6.25) of soybean samples was determined

+gpéiggﬁﬁ?gnlto&f%ﬁ%oggss 1gg?gne0r:‘1§1/i‘larr;glpaslan@inonu.edu.tr). acccording to the Kjeldahl procedur25j using a Tecator Kjeltec Auto
+ Department of Food Enginéerinmmu Universiiy. Analyzer, model 1030. The fatty acid composition of seed was

§ Department of Farm Structures and Irrigation, Harran University. determined with a Hewlett-Packard 6890 series Il gas chromatograph
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Table 1. Meteorological Data for Soybean Growing Area in 1998 and Table 3. Effect of Irrigation on Oil, Protein, and Fatty Acid Contents
1999 Averaged over 1998 and 19992
av temp (°C) relative humidity (%) rainfall (mm) parameter 3rd day 6th day 9th day 12th day (control)

month 1998 1999 1998 1999 1998 1999 protein (%) 38.60a 38.58a 38.45a 37.60b

June 29.4 28.8 223 136 056 16 oil (%) o 21.45a 20.91b 22.10a 22.28a

July 330 25 438 397 NRE NR I(')Ie||c acid '(d/O)O 26.80b 26.51b 26.65b 27.633

Aug 334 312 414 a7 NR 26.0 inoleic acid (%) 50.51a 50.58a 50.35a 49.20!

Sept 27.0 26.2 53.3 46.8 NR NR

Oct 215 21.0 495 51.2 0.1 8.4 a Different letters following mean values in a row indicate significant differences

Nov 16.7 135 66.4 50.9 22.7 0.8 at P < 0.05. Values are the average of three replications.

2NR, no rainfall. Table 4. Analysis of Variance (Mean Square Values) for Soybean

Seed Composition and Agronomic Factors

Table 2. Effect of Row Spacing on Qil, Protein, and Fatty Acid

Contents Averaged over 1998 and 19992 fatty acids
] source DF2 il (%) protein (%)  oleic (%) linoleic (%)
fow Spacing RS’ 3 LT 43¢ 341% 684
parameter 40 cm 50 cm 60 cm 70 cm year 1 1.73* 51.77*
d

protein (%) 38.05hc 37.65¢ 38.48b 39.05a Ir? 3 4-6;** 57}1: 3.01 5.01+
oil (%) 21.80ab 22058 2135b 21.55ab S xyear 8032 b " "
oleic acid (%) 27.16a 26100 27.23a 27.10a r;sxxygir S oann kL e 385
linoleic acid (% . 12 49.7 49. ’ :
inoleic acid (%) 50.05b 51.25a 9.78bc 9.56c RS x IR x year 9 935+ 10,14+

- - - — — - error 64 0.38 0.32
2 Different letters following mean values in a row indicate significant differences error 32 0.31 0.16

at P < 0.05. Values are the average of three replications.

aDF, degree of freedom. P RS, row spacing. ©*, significant at P < 0.05; *,
equipped with a 15% OV-275 on Chromosorb PAW11/120 stainless significant at P < 0.01. ¢IR, irrigation.
steel column (6.1 mx 2 mm i.d.). Fatty acid methyl esters were
prepared according to an AOAQY) method. The column temperature  Taple 5. Effect of Row Spacing and Irrigation on Fatty Acid
was 215°C; injector and detector temperatures were Z50The carrier Composition (1998)
gas was nitrogen, with a flow rate of 9.5 mL min Fatty acids were
identified by retention time relative to that of an authentic standard. RS® RS
Heptadecanoic acid was used as internal standard. m (day) 160 161 180 181 182 183 200 201 220

Statistical Evaluation. Statistical evaluation was carried out using
SPSS package version 7.50 with general linear model (GLM) analysis 40 3 ﬂg gi 22 %471 22(5) 22 83 81 82
of variance (ANOVA). Duncan’s multiple-range test was used to 11'0 0'2 4'8 26.7 50‘4 5'8 0'4 0‘2 0'4
determine significant differences between means. 109 02 53 289 483 51 04 02 05

109 03 49 258 513 60 04 nd® 03
110 03 47 254 519 58 04 nd 0.4
109 03 49 259 518 53 04 nd 03
111 02 46 273 500 59 04 nd 0.3
106 03 48 254 520 6.0 04 nd 0.4
108 02 49 287 486 55 04 02 04
112 02 55 277 490 54 04 02 03
111 02 53 271 495 54 04 02 05
110 02 50 286 486 54 04 02 04
112 02 48 263 503 60 04 02 04
108 02 54 263 502 59 04 02 02
112 02 56 272 490 56 04 02 04

fatty acid composition? (%)

D

(2]
o
[

RESULTS AND DISCUSSION

Oil content varied from 21.35 to 22.05%4dble 2). A row
spacing of 50 cm produced maximum oil value. Row spacing
had a significant effectR < 0.05) on soybean oil content
averaged over 1998 and 1999. Protein content was significantly
affected by row spacingr@ble 2). The row spacing of 70 cm 70
produced the highest protein value (39.05%), whereas a row
spacing of 50 cm yielded the lowest value (37.65%). These
results slightly differ from those of Dwivedi et al2§), who
reported protein content was moisture sensitive. These differ-""a 160 pamitc acid, 16:1, pamitoleic acid, 18:0, stearic acid, 18:1, oleic acid,
ences can be explained by the fact that climatic conditions were1g: jinoleic acid, 18:3, linolenic acid, 20:0, arachidic acid, 20:1, eicosaenoic acid
not identical in the 1998 and 1999 growing seasons. The and 22:0, behenic acid. ® RS, row spacing. © IR, irrigation. ¢ nd, not detected.
literature indicates that the protein concentration should increase

at higher temperature2¢) similar to climatic condition of  contents except for the interaction between row spacing and

= -

o
[,
NODWNODIWNOOWN O

Harran. year for oil content.
The effects of irrigation on oil, protein, and fatty acid contents ~ The fatty acid compositions in 1998 are showriTable 5.
averaged over 1998 and 1999 are showTable 3. The oil Linoleic, oleic, palmitic, linolenic, and stearic acids are the

content of soybean irrigated on the 6th day was significantly principal fatty acids. The proportion of linoleic acid varied
(P < 0.05) different from that of other treatments. In contrast, between 48.3 and 52.0%, whereas oleic acid ranged from 25.4
12th day irrigation produced a significantly different protein to 28.9% and linolenic acid ranged from 5.1 to 6.1%. As
value compared to other treatments. A similar trend was indicated in previous publications27, 28), the fatty acid
observed for oleic and linoleic acid contents, respectively. composition of vegetable oils varies depending on seed geneal-
Analysis of variance for chemical composition and agronomic ogy, planting date, and meteorological factors during the
properties of soybean is presentedTiable 4. Interactions of growing season. Irrigation, on the other hand, has been reported
row spacingx year (P < 0.01), row spacingx irrigation, to have no significant effect on free fatty acid level in canola
irrigation x year, and row spacing irrigation x year were (28). Oleic and linoleic acid contents were significant® €
significant at eithelP < 0.05 orP < 0.01 for protein and oil 0.01) affected by row spacing and irrigation. Interaction between
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row spacing and irrigation was also found to be significant at
P < 0.01 for the oleic and linoleic acid contents.

The correlation coefficientsr) between protein and oil
content were—0.791 and -0.721 for soybeans grown in 1998
and 1999, respectively. Negative correlation between oil and
protein has been reported (221).

In general, row spacing and irrigation appeared to have an
influence on seed composition of soybeans grown in the
southeastern region (Harran) of Turkey.
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