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Effects of Drought Stress on Root Characteristics and Physiological Indexes of
Glycine soja and Glycine max
PU Wei-feng, LI Gui-lan,ZHANG Min, WANG Dang, WANG Lu-ping,JI Zhan-bo,DAI Bo,QIAO Ya-ke

(Hebei Normal University of Science & Technology, Changli 066600, Hebei, China)

Abstract: Four wild soybeans ( Yong5, Yong26, Yong46, Yong52) and 4 cultivated soybeans ( Zhonghuang 13, Jidoul2,
Qinhuang 10, Qinhuang 29) were used as materials in this study to discuss the effects of drought stress on root characteristics
and physiological indexes of wild soybeans and cultivate soybeans. Drought stress conditions was simulated by different con-
centrations of PEG . The results showed that, the root characteristics of different soybean materials were significantly differ-
ent with the increase of drought stress. Besides, drought resistance of soybean was positively correlated with total root length,
total root surface and total root volume of the root, while drought resistance of soybean was negatively correlated with average
roots diameter. The results of membership functions and comprehensive evaluation showed that wild soybean materials had
stronger drought stress resistance than cultivated soybean, and Zhonghuang 13 cultivated soybean had the weakest drought
stress resistance in all cultivated soybeans, besides, relative water contents of wild soybeans and cultivate soybean leaves
were decreased and MDA content was increased than 0% PEG,,, under drought stress. However, the chlorophyll content, the
activities of superoxide dismutase (SOD) and peroxidase (POD) had different performances, which indicated that there were
some differences between the drought resistance physiological indexes of wild and cultivated soybeans.
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Fig. 1 Root characteristics of different types of soybeans
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Table 1 The root characteristic of different soybean materials

s Bk MARREE BRKE PHRER RHE WFE Ak
# *Jr%ﬁ\ Total root Total root surface Total root Average root Root fresh Root dry Root moisture
Varieties length/cm area/cm’ volume/cm? diameter/mm weight/g weight/g content/ %
7K 5 Yong5 436.86 bcAB 53.58 bA 0.50 bA 0.42 bB 0.79 eDE 0.06 beB 0.93 abABC
7K 26 Yong26 719.69 abAB 83.47 abA 0.77 abA 0.34 dD 1.07 ¢BC 0.07 bB 0.94 abAB
7k 46 Yongd6 368.18 beB 40.77 bA 0.42 bA 0.39 beBCD  0.93 dCD 0.06 beB 0.93 abABC
7K 52 Yong52 442.14 becAB 47.84 bA 0.41 bA 0.40 beBC 0.75 eE 0.06 beB 0.93 beBC
H1345 13 Zhonghuangl3 327.69 cB 40.99 bA 0.45 bA 0.48 aA 0.76 eDE 0.06 beB 0.92 cC
L 12 Jidoul2 284.67 ¢B 43.32 bA 0.41 bA 0.49 aA 0.57 fF 0.05 ¢B 0.92 cC
Z& £ 10 QinhuanglO 557.21 abcAB 71.46 abA 0.73 abA 0.37 ¢dCD 1.22 bB 0.07 bB 0.94 aA
7 B 29 Qinhuang29 851.70 aA 105.21aA 1.04 aA 0.39 beBCD 1.42 aA 0.11 aA 0.92 beBC

551 A R LAAS [ /N5 5 B L3 37 0. 01 #1005 /K B 28 5 i 3%

Values within the same column followed by different capital and lowercase letters are significant difference at 0. 01 and 0. 05 probability level, respec-

tively. The same as bellow.
2.1.2 PEGC FFmiasf K EMHAGYm MWREL
KORE R AR R AR AR i T BE T R A
FIA) J00 B T 328 9 14, AR X AR R R (£ 2) o 0%
PEG 0, T 1SR (B 10 A L SRR P AR
H#EYS 10% PEGy, b BEZ B L i % 2 % (P >
0.05) , 1 5 20% PEG ., .30% PEG 0, 2 ] 2% 5 i 3

(P <0.05);20% PEG g, #b P F B K L BAR
FLUBARIATR S 30% PEG, 7] TC W 35 22 R IR R &
KETFEARI AL Z (B o i % 25 7% (P >0.05) . AL
AR 209% PEG 00 1F 2 %5 78 K G M BT 21 1) 38 T
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Table 2 The multiple comparison results of different treatment under different PEG,,, drought stress

e JENIESIS SR 2 T AR SR AR R TR E AR AR fif T M E K =

Total root Total root surface Total root Average root Root fresh Root dry Root moisture
Treatment

length/cm area/ cm” volume/cm’® diameter/mm weight/g weight/g content/ %

0% PEG, 498.52 bC 60.83 cB 0.59 ¢B 0.41 aA 0.94 dD 0.07 dC 0.93 aA

109% PEG 557.78 bBC 71.24 bcAB 0.69 bcAB 0.40 aA 1.13 bB 0.08 bB 0.93 aA

20% PEG, 684.98 aAB 82.13 abAB 0.83 abA 0.38 bB 1.01 cC 0.08 ¢B 0.93 aA

30% PEG, 754.92 aA 92.80 aA 0.89 aA 0.37 cB 1.31 aA 0.09 aA 0.93 aA

2.1.3 AR AMRERJIBMALEESFN K 20% K S FEEL29; 3 G, AL ok 52 B 12 ZE B 105
PEG TXEFREFHNMAS AT RB R LS S %, TREUEE 13,
Br (3 3) , & b1 SR ek B (B 1] A7 AR Y 22 57 RERFR X w o Byt 5% 2 200 5 &
VO R RFAE A9 6 045 br 5 K &4 W W b R 1A FRAEH 52 70R O¢, H 5 B | SO 35 T BURIAR o7
HEVIRR AL — R F 3K 4% i B i) Pt 5 1k W HARR BN B M5 (P <0.01) , 5 SRR &
S5 o AR AR AR A AR A 1 - 38 PR SRR R R BEMK(P <0.05) o HREEHE LR T 55 3R E
IrRBRUE A 2 B AN TR 26 Y B R A R M AR S BRECAE E SUN A G HE AN B35 (P >0.05) , AR
G 1 G PURRL K 26 K 465 2 e BT X 2 SRR
%3 20%PEC,, TEMBTARNATXBREMKRE S MERAEH R
Table 3 The subordinate function value of soybean root traits and

drought resistance grading Under 20 % PEG,,, drought stress

-5

SRKE SRERmWR SRR FYRER  BREE T E . PO G
B2 B R RO
Total root Total root Total root  Average root  Root fresh Root dry Grades of drought
Varieties Average membership
length surface area volume diameter weight weight tolerance

function value

K5 Yongs 0.88 0.70 0.47 0.92 0.63 0.66 0.71 2
7K 26 Yong26 0.94 0.90 0.74 0.88 1.00 1.00 0.91 1
7K 46 Yongd6 1.00 0.96 0.87 1.00 0.69 0.77 0.88 1
7K 52 Yong52 0.79 0.53 0.42 0.47 0.71 0.49 0.57 3
1% 13 Zhonghuangl3 0.00 0.00 0.00 0.00 0.59 0.63 0.20 5
%5 12 Jidoul2 0.67 0.80 0.75 0.00 0.51 0.76 0.58 3
# £ 10 Qinhuangl0 0.75 0.72 0.76 0.70 0.00 0.00 0.49 3
% 2 29 Qinhuang29 0.86 1.00 1.00 0.46 0.49 0.41 0.70 2
r -0.93"*  -0.89°*  -0.75"  -0.81"" -0.39 ~0.3600

AR ARG AR E R ™ :0.05 WK "7 0,01 B L F K.

“1” represent the relationship grades of drought tolerance and root traits;“ * "and® * * " represent significant difference at 0.05 and 0.01 probability

level.
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Table 4 Effect of PEG,, treament on the relative water content( % ) of soybean leaves
B Varieties 0% PEG 00 10% PEG 0 20% PEG 0 30% PEGg,
7K 5 Yong5 84.53 +4.85 bB 76.63 £6.47 dC 72.60 +4.22 bB 68.42 £4.59 bB
7K 26 Yong26 83.75 £2.56 bB 83.47 £4.84 aA 70.64 £2.41 ¢B 60.30 £6.61 dD
7K 46 Yong46 87.11 £3.06 aA 82.21 £6.23 abA 81.85 +£5.16 aA 79.68 £5.73 aA
7K 52 Yong52 80.31 £9.58 ¢dCD 76.10 £1.79 dCD 68.34 +£7.29 dC 63.61 £2.24 cC
th# 13 Zhonghuangl3 83.93 +1.28 bB 79.77 £2.99 ¢B 61.51 £5.61 gF 48.58 £4.03 gF
FLE 12 Jidoul2 79.49 £4.55 dD 69.52 +£5.60 fE 65.58 £5.09 eD 49.54 +7.24 fgF
Z& 2 10 QinhuanglQ 81.68 +4.54 ¢D 81.56 £4.03 bAB 63.55 +1.28 {E 50.47 £6.38 fF
Z& 2 29 Qinhuang29 75.45 £0.97 eE 74.48 £1.79 eD 57.88 £8.05 hG 53.79 £3.35 ek
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Table 5 Effect of PEG treament on leaf MDA content of different soybean varieties/pumol + g~

0% PEG 10% PEG 20% PEG 30% PEG
VW? i i st it s frhit s
Content Content Increase/ % Content Increase/ % Content Increase/ %

7k 5 Yong5 7.53 ¢dCD 9.35 cC 24.17 14.09 dD 87.12 21.75 bAB 188.84
7K 26 Yong26 5.10 dD 6.88 cC 34.90 13.36 dD 161.96 15.50 cC 203.92
7K 46 Yongd6 5.79 ¢dD 7.68 cC 32.64 16.97 dCD 193.09 17.89 ¢BC 208.98
7K 52 Yong52 9.51 beBCD 9.66 cC 1.58 16.03 dD 68.56 23.22 abA 144.16
H1# 13 Zhonghuangl3 12.45 abABC 16.93 bB 35.98 14.81 dD 18.96 14.12 ¢C 13.41
3L 12 Jidoul2 14.71 aAB 19.74 bB 34.19 21.83 cC 48.40 15.09 cC 2.58
Z% 5 10 Qinhuangl0 16.06 aA 26.34 aA 64.01 47.43 aA 195.33 16.18 cC 0.75
7% 5 29 Qinhuang29 12.80 abABC 29.38 aA 129.53 34.62 bB 170.47 25.83 aA 101.80

2.2.4 HEAMABEFE AFEKEGHE SOD iF A
1L UL 3, B A2 R S AR I e SOD 1% M 35 i Tk
B R S, U B A R i 2 2B e ) HIR AR T
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W8 T SOD I 1 B FEAR, 35 #) 20% PEG 4,

I LA K B B K, 2 PEG 600, ¥ B2 1 11 2 30%
i, SOD i Phmg i T Xt A (18] 3) o ARIE K E A 8 13
MFLE 12 [ PEG WA H TH 5, SOD i 1 A 1K [
X, %8 2 10 % 2 20 B HE XL THERE,H
JEAE 30% PEG b PR ) SOD i 1 JL T 5 XF I A
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