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Effects of Drought Stress on Growth and Screening Methods and
Indexes for Drought-Resistance in Soybean

WANG Xing-rong' ,ZHANG Yan-jun',LI Yue',LIU Tian-peng' ,ZHANG Jin-fu”,QI Xu-sheng'
('Institute of Crop Sciences ,Gansu Academy of Agricultural Sciences ,Lanzhou 730070 ;
2 Gansu Agricultural Broadcasting and Television School ,Lanzhou 730030)

Abstract: Twelve representative soybean varieties were used for the evaluation of drought resistance under two
given treatments ( drought stress and normal irrigation ) in Dunhuang City ( Gansu Province ) with an annual rainfull
below 40 mm in 2014 and 2015. Two evaluation methods, an improved drought index evaluation and a weight sub-
ordinate function evaluation (D value) were applied to evaluate drought-resistance using eight morphological traits
(plant height, number of main stem nodes, branch number, pod number per plant, seed number per plant, yield
per plant, biomass per plant and 100-seed weight ) and plot yield. Three different type of drought-resistant soybean
varieties were detected for six physiological indexes of SOD ( superoxide dismutase) ,POD ( peroxide) ,CAT ( cat-
alase ) activities, MDA ( malondialdehyde ) content, Pro ( proline ) content and SS ( soluble sugar) content to vali-
date the evaluation methods and the suitability of the physiological indexes as indicators of drought resistance. The
results showed that six morphological traits and plot yield, except branch number per plant and 100-seed weight in
2014 ,and all the traits in 2015 reached significant differences in drought stress treatment against the irrigation
treatment ( CK) . The weight subordinate function evaluation highly coincided , with a significant correlation among

varieties and plot yield showed an extremely significant correlation with the index values of the two evaluation
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methods between the two years. Six physiological indexes showed that under two treatments conditions, the three
different drought-resistant type varieties had larger differences in these indexes among varieties, and also week
drought-resistant WDD00172 and moderate drought-resistant Zhonghuang No. 24 had extremely significant differ-
ences between the both treatments of drought stress and normal irrigation in all the physiological indexes, whereas
high drought-resistant Jindou No. 21 did not, which suggested that although the activities or contents of the six
physiological indexes were significantly correlated with the weight subordinate function evaluation of week and
moderate drought-resistant varieties, they were not correlated with the weight subordinate function evaluation of
high drought-resistant varieties. Therefore , the results obtained in this work strongly suggest that the weight subor-
dinate function evaluation can be used as an effective method and plot yield as a reliable index in drought resist-
ance evaluation.

Key words: soybean; drought stress; morphological characteristics; yield; physiological characteristics
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Table 1 Name and origin of the tested varieties

A4 R A A a2 R e U
Name Origin Name Origin
[ 71 #% 601 Longzhonghuang 601 Hifr WDD00172 Jemt
fiF 1% Gaofeng 1 7R FRfEEE 1 %5 Gaozuoxuan 1 14
T 5. 21 5 Jindou 21 117G .57 9 5 Ludou 9 IR
#:5.9 % Xudou 9 DN 1#% 10 Zhonghuang 10 dbxt
"% 24 Zhonghuang 24 dent i 661 Zhongpin 661 dent
"4 00-683 Zhongzuo 00-683 dent "4 50106 Zhongzuo 50106 dent

1.2.2 ABAENIEFRUNE 2015 FH 3 AR
kSR AE B =0ty ERE R/ NS bR R
FIRAA AN E 25 A2 BRAR B, BT AT 8 bn il 5 15 3 1K
HE BCFE, BRI AR (SOD, Superox-
ide dismutase ) i M M 22 >R FH 20 PO e S b 38 iR
EEUO LA NBT G AL IR 5 509% BT B 1A
BTG AL (U/g - FW) 53 A AR (POD , Peroxide )
T P U 5 R FH A A A B 95 LA min OD {E 254k
0.01 24 1 AFHEHERAL(U/min - g+ FW) ;i 4k
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Table 2 Effects of drought stress on eight morphological traits and yield in soybean varieties

- BNl 24 P F2£ AL bk bk ik bk ERE /MK
Year Treatment Statistical (cm) WEC R FER B KBIE(g) PR (2 (») P (g)
parameters PH NMSN BN PP GP GYP BP SW PY
2014 K A Average 96.48  20.01 3.28 35.11 66. 37 7.98 31.36 11.70 1003. 70
K FrifE2 SD 17.13 2.39 1.27 2.50 11.34 2.33 5.99 2.20 242.02
BREM(%)CY  17.75 11.94  38.72 7.12 17.09  29.20 19. 10 18. 80 24.11
T8 SEHIME Average 68. 34 17.62 3.30 26.53  47.87 6. 04 21.52 12.16 473.30
Drought FrifE22 SD 11.67 2.08 0.88 5.13 13. 68 1.85 6.76 1.51 149.71
BRREM(%)CY  17.08 11.80  26.67 19.34  28.58  30.63 31.41 12. 42 31.63
KT 5 F-#{H DA 28. 14 2.39  -0.02 8.58 18. 50 1.94 9.84  -0.45 530. 40
CK=Drought gy 51y 9.69 2.08  0.79 4.64 1112 1.38 2.99 1.72 142.32
FRifER SE 2.80 0. 60 0.23 1.34 3.21 0. 40 0. 86 0.50 41.08
¢ {8 t-value 10.06*  3.98* -0.08 6.41™ 576" 4.85" 11.40™ -0.91 12.91*
2015 K SEYME Average 85.73  16.63 2.57 30. 57 58.59 7.85 25.35 13. 46 1080. 07
CK FRIE SD 8.50  0.77 0.94 8.63  16.08 2.14 5.39 2.23 337.52
BREB(%)CV  9.91 4.64  36.46 28.24 27.44  27.28 21.28 16. 60 31.25
AT SEIME Average 56.30  14.08 1.34 17.28 28. 80 3.43 12. 16 12.24 318.31
Drought PR SD 13. 00 1.94 0.85 8.10 12.39 1.20 4.67 1.72 101.95
BRREM(%)CY  23.09  13.77  63.44 46.90 43.01 35.00 38.41 14. 03 32.03
HK—T5 F-#{H DA 29.43 2.55 1.23 13.30 29.79 4.42 13.20 1.22 761.76
CK = Drought  grafisyz 51y 7.81 1.57 0.74 3.99 9.01 1.33 2.88 1. 11 261. 01
FRufEiR SE 2.25 0.45 0.21 1. 15 2.60 0.38 0.83 0.32 75.35
(i t-value 13.06™  5.61* 575*  11.55* 11.45* 11.53* 15.85*  3.79* 10. 11 *

PH k5 NMSN : 2 2E95%50; BN A UM RE; PP SRR SEEL; O SMORIE GYP: SABRORLER ; BP: SRR A M4 SW . FURLEE ; PY /N X ™ 3 s DA : 22

SO, * 10,01 B3k, T

PH :Plant heigh, NMSN: Number of main stem nodes, BN ; Branch number, PP ;Pods per plant,GP ;Grains per plant, GYP ;Grain yield per plant, BP:Bio-

mass per plant,SW ;100 seed weight,PY ;Plot yield, DA ; Difference average, ** ;Significant differences at 0. 01 probability levels,the same as below
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Table 3 Grading of drought resistance among twelve soybean varieties

2014 4 In 2014 2015 4E In 2015
fiRl
Varietis OB E B 90 AR SRR R EUE D/ SO RS 90 AR SRIE R EUE D /B
IDRI/ grade WSFV/grade IDRI/ grade WSFV/grade

[ ## 601 Longzhonghuang 601 1.58/H 0.87/M 1.90/H 0.46/M
WDD00172 0.15/8 0.12/8 0.27/8 0.21/8
#4195 Gaofeng 1 1.17/M 0.95/M 0.61/M 0.29/M
RfERE 1 5 Gaozuoxuan 1 0.51/8 0.62/M 0. 66/M 0.23/M
W21 5 Jindou 21 0.76/M 1.60/H 1.86/H 0.74/H
9% Ludou 9 0.57/8 0.25/8 0.62/M 0.19/8
#1595 Xudou 9 1.64/H 1.07/M 1.77/H 0.74/H
1#% 10 Zhonghuang 10 0.93/M 1. 12/M 1.46/M 0.40/M
}1#% 24 Zhonghuang 24 1.00/M 0.74/M 0. 86/M 0.24/M
1% 661 Zhongpin 661 1.46/M 0.75/M 0.63/M 0.51/M
1 /E 00-683 Zhongzuo 00-683 1. 60/H 1.03/M 1.74/H 0.38/M
F4f 50106 Zhongzuo 50106 1.12/M 1.39/H 0.51/M 0.69/H
&l PR (H) =1.52 =1.30 =1.69 =0. 63
Grade SR (M) =0.60 <1.52 =0.45 <1.30 =0.46 <1.69 =0.22 <0.63

BHLR(S) <0. 60 <0.45 <0.46 <0.22

IDRI: T R 16 40 WSFV AU SRR e, T

IDRI:; Improved drought resistance index, WSFV : Weight subordinate function value. The same as below

R4 FERZUHERRFESKERMAPEHXR

Table 4  Correlation between drought resistance ( evaluation index values) and eight morphological traits and yield

in soybeans

2015 4 In 2015 2014 4 In 2014
R St BULRGECRUR e w wee wbe o mEe i MK
Correlative coefficient (S SC USRI N PR R MR R R ORE AW OB i
8 KB 1BEC REE PH SW

NMSN BN pp GP GYP BP PY
IDRI WSFV IDRI  WSFV

2014 4F HEPLSESCIDRT 0.56  0.58  1.00  0.48 -0.04 0.07 0.65* 0.0 0.33 0.39 0.38 0.04 0.89*
AESEREEL WSFV  0.47  0.78* 0.48  1.00 0.35 0.73* 0.32 0.5 065" 0.82" 05 007 09"
2014 4 BT RHREL DRI LO0O 05 05 057 0.23 0.46 0.11 0.32 058 046 0.79"-0.33 0.52
SRR REE WSFV - 050 1.00  0.48  0.78" 0.09 0.36 025 0.64* 077" 0.80" 046 -0.12 0.74™

ki PH 0.59* 0.67* 0.12 0.73* 0.64* 075" 0.03 046 052 0.58° 0.64* -0.31 068"
FZETH NMSN 0.44 077" 0.19 0.8* 040 0.67* 0.09 063° 071" 0.79" 0.52 -0.24 0.78*
FR U NB 0.4 071" 061" 053 -0.41 003 023 0.49 0.78" 0.82™ 016 0.04 0.48
ke pp 0.60" 0.89* 0.44 071" 005 029 0.03 0.76™ 0.81™ 0.74™ 0.61" -0.22 0.66"
HARRRIEL GP 0.5 0.9%* 046 06° 00 02 018 0.58* 0.72* 0.60* 044 -0.26 0.59*
BRI GYP 0.32 0.8 044 051 -0.14 007 029 04 05 063" 019 -0.04 0.51
HRREEY) i BP 0.6 092" 052 o0&* 021 028 027 0.50 0.62° 064" 0.5 -0.18 0.58"
LT SW ~0.74™ -0.67" -0.30 -0.59* -0.42-0.50 0.11 -0.58*-0.68*-0.49 -0.73* 0.58* -0.51
/NX = PY 0.79* 0.82* 015 060" 041 041 035 030 023 039 015 00 063"

*:0.05 BFEKF
" Significant differences at 0. 05 probability levels
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Fig.1 Changes of physiological indexes among soybean varieties of different drought resistance
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Table 5 Correlation of physiological indexes and soybean varieties of different drought resistance

HUH R R EUE D SOD itk POD itk CAT itk i 2 5 NS A
Weight subordinate function value ~ SOD activity =~ POD activity ~ CAT activity ~ Content of proline  Content of MDA Content of soluble sugar
WDD00172 0.93 0.94 0.97" 1.00 ™" -0.97" 1.00 ™

"% 24 Zhonghuang 24 -1.00™ 1.00 ™ -0.95" 0.95 -1.00™ -1.00 ™

5 21 %5 Jindou 21 -0.55 0.23 -0.50 0.02 -0.39 0.24
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