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ABSTRACT

One of the most important tolerance mechanisms to drought stress in plants is drought escape. Therefore, in order to assess responses
of soybean cultivars differential maturity periods of soybean to drought stress, a experiment was conducted in field at Research Station
of Islamic Azad University, Kermanshah province, Iran. At the end of growth season, ten plants were selected randomly from each plot
then their yield and yield components were measured. Results showed that soybean yield at water stress are dependent largely to
maturity group. Also, all of the evaluated traits were reduced remarkably by drought stress. Regular irrigation had significantly
increased soybean production in both early and late maturity groups. In this study, late maturity group is the most sensitive to water
stress compared to early maturity group.
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INTRODUCTION

Drought resistance in agricultural sense refers to the ability of a crop plant to give its economic produce with
limited available water. Growth, development and yield of soybean is reduced with the occurrence of water stress
during growing season and knowledge of the responses and resistance mechanisms of soybean to water stress may
help to yield improvement. One of the wide spread drought tolerance mechanisms in plants is drought escape (short
duration and/or complete life cycle before drought). In this way, plants with shortening the growth cycle or the
development of phonological plasticity, which enables to mature before soil water, becomes limiting or by extending
the period of flowering and reproductive phases to escape water deficits (Levitt, 1980; Turner, 1986). Drought
escape is usually imparted through the combination of genotype maturity and planting date. Decrease in during of
vegetative and reproductive growth stages in plant occurring when that Plants subjected by drought stress. The
response of soybean to water stress is dependent on the determinate and indeterminate cultivar (Kadhem et al.,
1985), maturity group (early or late maturity) (Abayomi, 2008) and the timing and the intensity of the water stress
(Ashley and Etheridge, 1978; Korte et al., 1983; Kobraee and Shamsi, 2011; Kobraee et al., 2011). In Western parts
of Iran, soybean producers had sown during or Mid-May. Our previous studies were shown that soybean cultivars
maturity groups 11 and 1V are suitable for planting in western parts of Iran such as Kermanshah climatic conditions.
This often results in avoidance of high temperature in Mid-summer and late season water deficits. Late maturity of
soybean cultivars and/or delay in sowing, which results in coincidence of pod set and seed maturation of soybean,
Increased flower and pod abortion, has been shown to be associated with decreases soybean yield. Such conditions
commonly occur late of July and during August when late-maturity groups of soybean cultivars is flowering and pod
set stages. Therefore, soybean yield and quality affected by water deficit or irrigation holding, severely. Thus,
objects of this study are assessment responses early-maturity of soybean cultivars such as three and four maturity
groups of soybean to drought stress and evaluate how high-yielding Kermanshah soybeans respond to withholding
irrigation.

MATERIALS AND METHODS

The experiment was conducted in field conditions at research station of Islamic Azad University, Kermanshah
province, Iran ((34%23 N, 47°8 E; 1351 m elevation). Eight soybean cultivars with following characteristics (Table
1) were sown on 20 May 2009.

Two separate experiments (stress site and normal site for each maturity group) were performed based on
randomized complete block design with three replications. Inoculation of seeds with appropriate strain of
Bradyrhizobium japonicum was carried out. In the normal site, irrigation was carried regularly when necessary to
avoid water deficits, but in stress site, the plants were exposed to the drought stress by withholding irrigation at V4,
R; and R; growth stages. Phonological stages were defined according to Fehr and Caviness, (1977). At the end of
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growth season, ten plants were selected randomly from each plot then yield and yield components (number of
node/plant, number of sub branch, number of pod/plant, number of seed/plant and 100-seed weight) were measured.
For measure of pod, seed and total dry weight samples was dried at 70° and 48 hours. To calculate final yield, two
middle rows of each plot were completely harvested considering the sides. Weight 13% deduction of moisture, grain
dry weight was calculated and considered as economic yield. To determine biological yield, total plant dry weight
was employed as biological yield, Harvest index was obtained by dividing economic yield by biological yield
multiplied by 100. Data for evaluated traits were statistically analyzed using a standard analysis of Variance
technique based on randomized complete block design using the MSTATC software. Means were separated by the
Duncan's Multiple Range Test at 5 percent probability level.

Table 1. Soybean cultivars characteristics.

Cultivars name Maturity group ~ Hilum color Color of hairs of Flower Plant growth type
main stem color

V1 Clark v Black Tawny violet Indeterminate

V2  Hobbit " Black Tawny violet Indeterminate
V3  Pershing v Dark Brown Grey White Determinate
V4 Williams " Black Tawny White Indeterminate
V5 Hood v Light Brown Grey violet Determinate
V6 DPX v Black Tawny violet Semi-determinate
Vi M7 Il Black Tawny violet Indeterminate
V8 M9~ 1 Black Tawny violet Indeterminate

“™_ Mutants of Clark
Soil samples were collected from experimental area at 0-30 cm depth. The results of soil analysis were shown in Table 2.

Table 2. The results of soil analysis.

Soil properties value
Soil texture Silty clay
Organic matter (%) 2.2
pH 7.1
Electrical conductivity (dsm™) 0.96
N (%) 0.15
P (ppm) 7.3
K (ppm) 515
Silt (%) 50.0
Sand (%) 8.6
Clay (%) 414

RESULTS AND DISCUSSION

The results of analysis of variance for evaluated traits at soybean cultivars belonged to MGIII in normal and
stress sites were shown in Table 3. Based on results, there are not differences between cultivars concerning number
of sub branch, pod dry weight per plant in normal and stress sites and biological yield, harvest index, seed dry
weight per plant and total dry weight in normal site. While, number of pod per plant, number of seed per plant in
normal and stress sites and number of node per plant in normal site and 100-seed weight per plant, seed yield,
harvest index and total dry weight in stress site were affected by cultivar effects, and there were significant
differences between cultivars (P<0.01). Statistical analysis for soybean cultivars (MG V) showed that except
number of sub branch, 100-seed weight per plant that unaffected by cultivar effect, there were significant differences

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOGY 8 (4): 559-566, 2011.




561

RESPONSE OF SOYBEAN TO DROUGHT STRESS

UONIPUOD SSAS 1§ UOIIPUOD [RULIOY 5y -
"\ snadsal Supqeqoad jo spaag o | pue ¢ 18 JuRdIUEIS JURIIUES GOy 2, PUE , 'SU-

{9;) uonELIE S

16 L8 96'6 698 686 U8 we &9 056 6601 . Jomnggao )
80 LB'Y 1o 8L'0 w0 0To Fen £l 89 STty 0607 g RLEER |
{11
dnoad Spamew)
LOSTFT oS80 Ll all§ e Wb €'l RS ab1'9 O06OFLIE L FOLDOSES £ SAEARIND uRIYAOY
£0°0 0£°0 110 kLl 10 60" -4 1392 6L 6168 SLTT996€ P — HI0ig]
S N S AN S N\ S N S N
- ued Jueyd - . ip

wEam Lip mog

Jad yyBas Aap paag

Jad jydiam ap pog

M Enso|org

UODBLEES JO DMN0G

e T e — — %_f- -t - — —_—
T o T (o, ) UONEIIEA
e il LOE 886 S0 £8°L 878 96 s8r1 I0°Tl 111 0901 " JONI0.)
[F690L1 99°LFsRY L0 s 'l PE1T 910 s9'| ere 600 LT 96°¢ ) 404
(111 dnoad
Apanyew)
SABANMY
CRO068LITE IHFTOSTY L B I LLOETT Sl LS00y 9L af 1’0 870 LU EF08 £ ueag oy
sS'PFI81 _ TR6LS6 ao e L rrr 681 1 Lo K00 £o orT K 1w
S N S \ N \ S N 5 \ S N
o eyl - - U
dad yydan rueyd jurpd rad oundq weyd.ed i HOLELIEA
PIIL paay R3S | aod paas Jo Jaguany pod jo 4aquiny (qns Jodaquiny Jadnoy

SIN

APOU J0 DYUINY

SAULS SKDADS PUE [EULLOW At ()] droaB LINBI] UEGRUS G) SR PIIENRAD 0 DAURLIEA JO SISCRTY T

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOGY 8 (4): 559-566, 2011.




SOHEIL KOBRAEE AND KEYVAN SHAMSI

562

UORIPUOD 5SS 1§ UOIIPUOD [RULIOU IN-

*A1241302d$a *ANjIqeqoad Jo S[aAd] 941 PUE § 18 JUBIHIUSIS JUBIIUSIS UON {4 x PUB 4 ‘SU-

(%) uoyeLIEA

OF'6 Lb'6 086 £8°01 $96 658  LVL 806 196 LY'Ol 3 JO Jualyan’y
69°1 89°L 90'0 F1°0 00 Lo 180 68T 69°5961% ETSKI0E 9 4047
(Al
dnoad Arnyew)
OFEL  S9PT L6E°E .09l s80 SAL'T L0066 o F90l SJLUOOLTO8 | 6TFLOTFST £ saesuno ugaglog
08°0 05°¢ £0°0 £l +T0 910 i1 1l 189198 TL'TSY06 [4 2018
S N S N - S— . & N S N
ydem jued jugyd aad ip HONRRLIRA
Kp eio], Aad Jydm Aap pasg Jydras Lap pog Xapul JSIAIBH plats (180101 JO N0y
_— -~ w_l ||||
T {4y uoneres
8L01 0r'6 8€'9  86'L £8'L 109 92001 L68 RO 98°01 ¥6'8 LS'6 - jojusadyyan’y
0L'8LT6T 66°LF80L 9r'0  9L'0 £T'T 109 91°0 £8'0 61’0 BT0 88°0 60°1 9 J017
{A] dnoad
Ayanyew)
SARANND
6858906 00°8T8EFOT w990 .80 LEFTLST | €L91T LELDE | 9B'SR WS 1670 JFEEE | S6%6T £ ugagiog
00r18y LTSI sI'0 I¥0 £€5°C 050 (i} 1 £9°'1 600 110 06°T £0°f [d 2014
S N S N S N 8 N § N S N o
wed ===
10d )ydram 1ugjd aad 1ued aad yauelq qns juejd aad apou I UOIJRLIEA
prIs paag Paas-nol Paas jo.Rpquny pod jo .qaguny 30 1quny JO aaquiny Joayinog
PS— 1 2 sex . = R e ARSI

SIS 552008 puB ewLion i \ ] dnoad Ajanjew) ueaqRos Ui SHEL} PIIER[EAD JO ADUELIEA JO SISN|BUY F 2|qE ]

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOGY 8 (4): 559-566, 2011.




RESPONSE OF SOYBEAN TO DROUGHT STRESS

563

20
'
=
=
-
L] -
:1..; 15
=
L5
=
=
= 10
oy
=)
z
=
5 5
z,
0
15
=
&
= 20
z
=
s 1=
=
T
o
-
z 10
=
=
Z 3
0
~ 15
&l
-
= 14
=
<
=
-
= 13
T
=
=
Ly
= 12
py
11

B Normal

Stress

%

/

A %

MGIII MGIV
B Normal Stress

MG III

B Normal

MGIV

Stress

MG III

MGIV

Number of sub branch

Number of seed per plant

Seed yield (kg/ha)

B Normal EStress
4
3
2 .
%
% 2
il I = =
1 o o1
) % ’
MGIII MGIV
B Normal EStress
50
40
30
20
10
0
MGIII MGIV
B Normal BStress
4000
3000
2000
1000

MGIII

MGIV

Fig. 1. Comparison of evaluated traits between two maturity groups of soybean (Il and 1V) affected by drought stress.
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between cultivars concerning the other evaluated traits (Table 4). Effects of drought stress on evaluated traits in
soybean cultivars (MG 11l and MG V) were shown in Figure 1. Generally, all of evaluated traits were reduced
remarkable by drought stress. Regular irrigation has been shown to significantly increase production of soybean
(Sionit and Kramer, 1977; Ashley and Ethridge, 1978; Mustapha, 2005), chickpea (Zhang et al., 2000; Anwar et al.,
2003), barley (Campbell et al., 1980), cowpea (Abayomi, 1992; Aderolu, 2000), wheat (Blum et al., 1989) and
safflower (Ibrahim et al., 1991; Ozturk et al., 2008). The average number of node per plant in soybean cultivars MG
11 and MGIV at normal site are 18.8 that in stress conditions reduced. Number of pod per plant declined in stress
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conditions compared regular irrigated plant. Soybean cultivars MG |11 had high pod number per plant and less
decreased withholding irrigation. The similar results were observed for number of seed per plant. Stress conditions
had the large effects on reducing 100-seed weight per plant. A decrease in this trait was observed in both maturity
groups of soybean, equally. Seed yield affected by water deficit and reduced, sharply. Therefore, seed yield of
soybean cultivars MG 11 in regular irrigated plants declined from 3185 kg/ha to 1814 kg/ha in stressed plants.
While, seed yield in soybean cultivars MG 1V in normal and stress sites were recorded 2833 and 1587 kg/ha,
respectively. Superiority of soybean cultivars belonged to MG I1l was observed in other measured traits such as
biological yield, harvest index, pod, seed and total dry weight (Fig. 1). Finally, in this experiment soybean cultivars
MG I11 appeared better than the soybean cultivars MG 1V. Boyer and Johnson, (1980) stated that only drought stress
occurring at flowering stage decreased seed yield in early maturity group, and stress conditions at vegetative and
reproductive stages reduced seed yield in the late maturity group. Therefore, late maturity group is most sensitive to
water stress compared to early maturity group. In addition, pod set stage in late maturity group and flowering stage
in early maturity group had the most sensitive to drought stress (Abayomi, 2008). The mean pod, seed and total dry
matter production at harvest time increased significantly with full irrigation. Fully irrigated plants produced 43%
more total dry weight than stressed plants. This value for pod dry weight for ranged between 45-49 percents. In
addition, seed dry weight production in stressed plants reduced average 48-49 percent less than the regular irrigated
plants. Decrease in dry matter production in stressed plant emphasized by Meckel et al., (1984). Nevertheless, Full
irrigation in normal site significantly increased total dry weight production to 26.06 g/plant (Fig. 1). Harvest index
reduced by drought stress and there are significant differences between cultivars in both soybean maturity groups in
stress site. Marked decline in soybean biological yield in different maturity groups were observed between 42-45
percent. Regular irrigation increased seed yield by 43-44 % in MG Ill and MG 1V, respectively. Seed yield in
normal site in MG 1l and MG 1V were recorded 3185 and 2833 kg/ha, respectively. In evaluated traits, harvest
index had the most stable among cultivars and maturity groups. Results of this study showed that soybean yield at
water stress conditions are dependent largely to maturity group.
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