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ABSTRACT

In order to evaluate effects of drought stress ietdyand yield components of soybean (Glycine
max L.), an experiment was conducted in the resefietd of the Islamic Azad University of
Kermanshah, Iran at 2009. Responses of eight soybahivars at two separate experiments
(normal and stress sites) were investigated basedandomized complete block design with
three replications. The results were shown thaepkoiumber of sub branch in stress site and
100-seed weight per plant in normal site othertgaffected by cultivar effect. Cultivars had
significantly differences in number of sub brancid &00-seed weight in main stem in normal
site at 5% levels and other traits in both trials1&o levels. Means comparison was shown that
Williams cultivar had the highest number of nodaAp| number of pod/main stem, pod/sub stem
and pod/plant in normal and stress conditions. brmal site, Clark cultivar had the highest
value of number of sub branch, and superioritytteeo cultivars. The highest and lowest number
of seed/main stem, seed/sub stem and seed/plarabsasved in Williams and Hood cultivars,
respectively. Decrease in seed yield in stresscaitapared normal conditions recorded about
43-44%.
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INTRODUCTION

Soybean production has been increased from abotd 223 million tons due to increases in
harvest area and yield [6]. From 1961 onwards, sagbyield increased an average rate of
22.76kg/halyear, increasing from 1129kg/ha in 1862243 kg/ha in 2009 (Fig 1). Trend of
soybean vyield at last year's is disharmony with ldvguopulation growth. Agronomists for
producing further may focus on plant adaptationpbypnological adjustment or resistance to
biotic and abiotic stress. Therefore, Knowledgeuahmant responses to these stresses is very
important for acquisition cultivars with high yielabtential. Drought stress decreases soybean
yield by decline in yield components. Stage of plgrowth and duration of drought stress are
important for the degree of the impact on growtt &nal yield in soybean. For example, [3, 5]
declared that one of the most sensitive growthestéig soybean to drought stress are pod set and
seed filling period that had large effects on saeybgield. Also, [15] stated that occurrence of
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water deficit and high temperature at early of #owvg to maturity shortening seed filling period
and reduces grain weight. Soybean yield affectegday and seed number per plant and these
traits are the most important yield componentsaytbean [12].In previous research, soybean
yield divided into several components such as nurabeode per plant, pod per node, seed per
pod and seed weight [2,.9]In the more research seed number introduced asnportant
component which soybean yield is dependent to, i8]5There is a differential response in yield
components to changes in environmental conditibhss, the main objective in our experiment
is determined effects of drought stress on yielthgonents and final yield of soybean in climatic
conditions of Kermanshah.

MATERIALSAND METHODS

Two separate experiments (stress site and norrtegl sere performed based on randomized
complete block design with three replications ie thsearch field of the Islamic Azad University
of Kermanshah province, Iran (88 N, 47’8 E; 1351 m elevation). Soybean seeds (Mark,

V.. hobbit, \5: pershing, \: Williams, Vs: Goorgan-3 (registered name: Hood); YPX, V7

M; and . Mg) were sown during 2009 growing season. Seeds wwreulated with
BradyRhizobium japonicurand sown at a high-planting rate the field. Whenunifoliate leaves
were expanded, the plots were hand-thinned to mlatainiform plant population of 33 plants per
m?. In the normal site, irrigation was carried regiylavhen necessary to avoid water deficits, but
in stress site, the plants were exposed to thegtitairess by withholding irrigation atMR; and

Rs growth stages. Phonological stages were definedrding to [7]. At the end of growth
season, ten plants were selected randomly from @atland yield component such as number of
sub branch, number of node; pod and seed per atahseed weight were measured. To calculate
final yield, two middle rows of each plot were cdetgly harvested considering the sides.
Weight 13% deduction of moisture, grain dry weiglats calculated and considered as economic
yield. Data for evaluated traits were statisticatalyzed using a standard analysis of Variance
technique based on randomized complete block dassgmy the MSTATC software. Means
were separated by the Duncan's Multiple Range ateéspercent probability level.

RESULTSAND DISCUSSION

The results of analysis of variance show that tlaeeesignificant differences among cultivars in
yield and yield components (Tablel). Except nunddesub branch in stress site and 100-seed
weight per plant in normal site other traits aféecby cultivar effect. Cultivars had significantly
differences in number of sub branch and 100-seedhivén main stem in normal site at 5%
levels £<0.05 and other traits in both trials at 1% levd?0.01). Means comparison (Table 2)
was shown that Williams cultivar with 26.3 and 1Agde per plant had the highest number of
node per plant in normal and stress conditionpe@svely. In addition, the highest number of
pod per main stem, sub stem and plant belongecdito dultivar (Table 2). Under stress
conditions, number of node per plant had high datien with number of pod per plant
(r=0.91") and number of seed per plant (r=0.92Table 3). In normal site Clark cultivar had the
highest value of number of sub branch, and supsritr other cultivars. The highest and lowest
number of seed per main stem, sub stem and plabhbserved in Williams and Hood cultivars,
respectively. The results of pearson correlatiostrass site was shown that there were positive
and significantly correlation between number ofdsper plant with number of pod per sub stem
(r=0.93") and number of seed per plant (r=0.93Table 3). After Williams, DPX cultivar was
appeared better than the other cultivars and haditjhest 100-seed weight per main stem in
stress site and 100-seed weight in sub stem indmottitions. [13] Stated that seed weight is the
resulted of the rate and duration of effective d@kag period, that drought decreases both there.
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Seed weight decreases in stress conditions andetbut was agrees to previous studies [10, 11,
17]. [14] Emphasized that drought stress at reptide growth stages disrupted photosynthesis
and remobilization in plants, which can caused c&dao in the number and weight of grains. The
highest seed vyield in normal and stress site beldrig Williams. Generally, the results was
shown that drought stress reduced yield and yieldponents in all of cultivars. Decrease in
seed yield in stress site compared normal conditemnanged 43-44% (data not shown). [1, 4,
16] Reported that soybean yield decreases averdeg0 Jercent due to water deficit in
flowering, pod set and seed forming stages. Theee pmsitive and significant differences
between number of node per plant with number of perdmain stem (r=0.849, number of pod
per sub stem (r=0.89, number of pod per plant (r=0.8), number of seed per main stem
(r=0.85") and number of seed per plant (r=0.39Table 4).
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Figure 1. Harvest area, production and grain yield of soybean in world from 1961 to 2009 (Fao Statistic Deviation, 2011)

Table 1. Analysis of variance of grain yield and yield components of soybean in normal and stress sites

MS
Source of Number of node per Number of sub Number of pod per Number of pod per Number of pod per Number of seed per
variation df plant branch main stem sub stem plant main stem
N S N S N S N S N S N S
Block 2 1.39 1.16 0.01 0.16 0.02 0.14 0.65 0.31 3.57 0.38 2.96 0.07
Cultivar 7 47.30° 26.37" 0.64 0.18* 20.95 14.46 6.96" 5.03" 72.92° 39.76 4579 65.19"
Error 14 2.54 1.64 0.19 0.14 0.47 0.33 0.25 0.22 1.13 0.56 1.94 0.40
Coefficient of 8.69 9.37 1556  13.91 5.32 7.10 6.35 10.45 5.47 7.86 6.97 9.01

variation (%)

-ns, * and **: Non significant, significant at 5 dri% levels of probability, respectively.
-N: normal condition S: stress condition

Continue of table 1. Analysis of variance of grain yield and yield components of soybean in normal and stress sites

MS
Source of Number of seed Number of seed per lOO-SeBF‘ weight 100-seed weight 100-seed weight Seed yield
variation df per sub stem plant per main stem per sub stem per plant
N S N S N S N S N S N S
Block 2 0.16 0.32 2.86 0.50 0.09 0.50 0.38 0.06 0.09 0.03 13797.2 6717.5
Cultivar 7 20.40° 5.50 17337 206.70° 1.04  3.39 272 167 1.03* 107 822892.7  954979.7
Error 14 0.74 0.26 8.45 2.32 0.37 0.53 0.28 0.20 0.58 0.26 59803.9 29873.1
Coefficient
of variation - 6.52 9.94 7.95 3.86 5.48 9.69 6.35 7.38 5.19 8.01 8.13 10.16

(%)

-ns, * and **: Non significant, significant at 5 dri% levels of probability, respectively.
-N: normal condition S: stress condition

Table 2. Means comparison of grain yield and yield components of soybean in nor mal and stress sites

Means
Number of node per Number of sub Number of pod per main Number of pod per Number of pod per Number of seed per
Cuttivar plant branch stem sub stem plant main stem
N S N S N S N S N S N S
Clark 212 b 141 b 35 a 24 a 141 b Bc7 87b 53 a 204 ¢ 11.3 bc 296 b 1d.3c
Hobbit 175 ¢ 119 b 2.5 bc 17 a 136bc 3 d@e 77 ¢ 41 b 19.1cd 10.0 ¢ 27.9 bed 718.
Pershing 175 ¢ 139 b 23 c 19 a 12.7cd 8 6. 71 c 43 b 159 e 102 ¢ 29.1 bc 1819
Williams 26.3 a 174 a 3.1 abc 22 a 176 a 1l1.7a 9.9 a 6.0 a 279 a 18.3 a 324 a 1 24.
Hood 149 ¢ 84 ¢ 2.7 abc 21 a 82 e a1 49d 22¢c 123 f 51 d 202 e el
DPX 215 b 176 a 33 ab 23 a 13.2 bc 8.4 9.0 b 6.1 a 246 b 123 b 321 a 217 b
M7 16.8 ¢ 127 b 24 c 2.0 a 11.7 d 8.7 bc 7.1 c 41 b 17.8 de 10.2 ¢ 258 d 149 ¢
M9 145 ¢ 134 b 24 c 2.1 a 11.8 d 8.3 cd 73 ¢ 3.7 b 17.3 de 10.2 ¢ 26.9 cd 13.6 d

-Similar letters in each column shows non-signiftadifference according to Duncan's Multiple Rarigsst at 5% level
-N: normal condition S: stress condition

Continue of table 2. M eans comparison of grain yield and yield components of soybean in normal and stress sites

Means
Number of seed per Number of seed 100-seed weight per 100-seed weight per sub 100-seed weight Seed yield (kg/ha)
Cultivar sub stem per plant main stem (gr) stem (gr) per plant (gr)
N S N S N S N S N S N S
Clark 14.5 bc 62 b 46.4 b 272 ¢ 14.62ab .82Bc 14.69b 12.65d 14.71 ab 13.16 2750 b 1435 cd
ab
Hobbit 13.2 cd 51c 40.8 ¢ 16.1 e 13.75b 184 13.35¢ 12.17d 13.82b 12.07 2712 b 1265 de
c
Pershing 13.5bcd 51c 376 ¢ 19.2 d l4ty2  13.07 abc 13.86 bc 12.47d 14.75 ab 12.73 3287 1514cd
507
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Williams 16.7 a 72 a 543 a 352 a 15.60a 14.11 ab 16.01a 13.71 ab 15.70 a - 13.85 3611 a 2737 a
Hood 78 e 25d 296 d 10.1 f 13.92b 71kd 14.04 bc 12.82 cd 13.98b ? 12.03 2135 ¢ 1046 e
DPX 149 b 5.4 bc 479 b 31.0 b 1489ab 234 1593 a 14.36 a 14.86 ab ¢ 12.75 3573 a 2356 b
M7 129 cd 50c 379 ¢ 20.7 d 14.84 ab 12.7 14.31 bc 13.5bc 14.81 ab > 12.78 3132 b 1723 ¢
M9 12.0 d 45 ¢ 39.1c¢ 18.2 de 1431b 1285 14.27 bc 13.61abc 14.35 ab EC 12.91a 3086 b 1542 cd
C

-Similar letters in each column shows non-signifiodifference according to Duncan's Multiple Rargst at 5% level
-N: normal condition S: stress condition

Table 3. pear son correlation between grain yield and yield componentsin normal site

NN NSS NPMS NPSS NPP NSMS _ NSSS NSP SWMS  SWSS  SWPY S
NN 1.00
NSS 072 1.00
NPMS 0.87  0.28° 1.00
NPSS 0.87 049 0.86" 1.00
NPP 09T 057 0.84" 0.97" 1.00
NSMS 07§ 0.40¢ 0.82" 0.89 0.83 1.00
NSSS 0.83  0.30° 0.90" 0.90 0.84 0.86 1.00
NSP 092 058 0.83 0.93 0.93 0.87° 0.87" 1.00
SWMS 078  0.34° 0.52" 0.51" 0.51" 0.42 0.56" 0.50 1.00
SWSS 080  0.54 0.48 0.56" 0.70" 0.49 0.54" 067 077 1.00
SwWP 080  0.13¢ 0.49 0.53" 0.51" 0.34° 055 052" 042 0.49 1.00
SY 07i o027 0.67" 0.76 0.79" 0.77 0.74 075  0.60° 0.66° 045  1.00

-ns, * and **: Non significant, significant at 5 dri% levels of probability, respectively.
-NN: number of node per plant, NSS: number of sahdh, NPMS: number of pod per
main stem, NPSS: number of pod per sub stem, NirRber of pod per plant, NSMS:
number of seed per main stem, NSSS: number opsesdb stem, NSP: number of seed
per plant, SWMS: 100-seed weight per main stem SSW\®-seed weight per sub stem,

SWP: 100-seed weight per plant and SY: seed yield.

Table 4. Pear son correlation between grain yield and yield componentsin stress site

NN NSS NPMS NPSS NPP NSMS NSSS NSP SWMS SWSS SWPY S
NN 1.00
NSS 0.11¢ 1.00

NPMS 0.84 0.12¢ 1.00
NPSS 0.88 0.24 087 1.00
NPP 0.8T 0.17™ 0.91" 0.79" 1.00

NSMS 0.85 0.25™ 0.84" 0.82" 0.88" 1.00

NSSS 0.71 0.19™  0.80° 0.81 0.89 0.71" 1.00

NSP 0.89 0.32 089 0.97" 0.87" 0.90" 0.81" 1.00

SWMS 071 0.35™ 0.59" 0.62" 0.65" -0.72 0.57 0.73 1.00

SWSS 0.586 0.20™ 0.49 0.43 0.39™ 0.61" 0.18™ 0.5 0.55" 1.00

SWP 0.65 0.10®  0.76 0.58 0.68 0.55 0.58" -0.72° 0.50 0.34™  1.00

SY 0.79" 0.20" 084 0.76" 0.87° 0.94 0.64 0.88 0.68" 062 069  1.00

-ns, * and **: Non significant, significant at 5 dri% levels of probability, respectively.
-NN: number of node per plant, NSS: number of sahdh, NPMS: number of pod per
main stem, NPSS: number of pod per sub stem, NirRber of pod per plant, NSMS:
number of seed per main stem, NSSS: number opsesdb stem, NSP: number of seed
per plant, SWMS: 100-seed weight per main stem SSW\®-seed weight per sub stem,

SWP: 100-seed weight per plant and SY: seed yield.

CONCLUSION

Based on results, soybean yield and yield compsndetreased when that drought stress
occurred. Withholding irrigation reduced grain gielbout 43-44% in stress site compared with
normal irrigated plants. Among cultivars William#sida DPX are better than the other for
cultivation in Kermanshah climatic conditions. Ihist study, these varieties are high vyield
potential in drought stress conditions and Hoodivaid is appeared weakness.
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