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Evaluation of soybean drought tolerance based on
dynamics of pod thickness

LI Dexiao', LIANG Fugin®, WANG Yong', WANG Zhonghua'" , FAN Chen?
(1. College of Agronomy, Northwest A&F University, Yangling 712100, China;

2. Institute of Yan'an Agricultural Science, Yan’an 716099, China)

Abstract Pot experiment was adopted to explore the possibility of soybean drought tolerance of Fendou 65 and
Zhongzuo 3088 under drought stress conditions and well-watered treatment at seed filling stage. Tolerance to drought
stress with the established method of 7 soybean cultivars was evaluated. The results showed that: Soybean seed filling
rate decreased or even stopped when soybean suffered drought stress for several days at seed filling stage; Pod
thickness appeared a sharp compensation increase after re-watering, but the late seed filling rate of drought-stressed
soybeans was lower than that of under well-watered treatment; Zhongzuo 3088 displayed higher tolerance to drought
stress than Fendou 65; Under the same conditions of drought stress, drought-tolerant soybean was characterized as
delayed canopy wilting,higher seed filling rate in the period of drought stress,and better compensation ability for seed
filling after re-watering. Based on the comparison of average drought resistance coefficient and subordinate function
value at seed filling stage.Lu 96150,Handou 5 and Qindou 11 were ranked as higher tolerance cultivar, Zhonghuang 35
and Qindou 8 as normal tolerance cultivar,and Fendou 65 and Zhonghuang 30 as less tolerance cultivar. In conclusion,
soybean seed filling rate estimated by pod thickness was well responded to drought stress indicating its potential to
evaluate soybean drought tolerance at seed filling stage.

Keywords soybean; drought stress; pod thickness; seed filling rate; seed filling period; pot experiment
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Information of tested soybeans and drought stress processing
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Lu 96150

U 65 TR K E JE5E R B 3 3 455 iy (0. 006 04 (DOMFE2), TRAHEIdBEERLW T E 65 M

0.026 4 mm/d) ., 1fij & /K 5 i 7%, & 5 JE BE 1G4
(0. 478 040. 090 5 mm/d) W& &5 T XF B8 [7] 191 (4 H $4
#(0.442 04+0.081 1 mm/d) . (HER A BF, 2
S W Ay 3 R JEE B B R R — IR T R (T L

2 7r
E 6
~
g
£ st
% —4— X} 18 Control
@ i —— 53 d Drought for 3 d
# | | [ |
20 25 30 35 40
e KEud Days after flowering
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Fig. 1

M2 65(a)FNR1E 3088(b)ERE
Changes of pod thickness of Fendou 65 (a) and Zhongzuo 3088 (b) after drought treatment
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Table 4 Drought-resistance coefficients (DRC) of different indexes related to seed filling
T B2 15 Je 5% kL ] . ) .
U mokmm W skMH . A
L 33 22 GRS O By s - - FHHL -
[ v aIA R S
ko Seed filling Seed Average M X e )
o Maximum Average  Seed filling PRI
Material rate during filling seed Average Rank
pod seed rate after Average
drought rate at filling DRC
thickness weight re-watered SFV
stress late stage rate
YrE 65 0.035 1 0.597 7 0.4362  0.8152  0.796 0 0.975 7 0.4710 7 0.004 3
Fendou 65
i1 & 35 0.179 4 0.734 6 0.852 4 0.906 0 0.729 0 2.728 1 0.668 1 5 0.405 7
Zhonghuang 35
1 & 30 0.124 4 0.591 9 0.615 5 0.871 8 0.815 1 1.113 9 0.550 9 6 0.157 7
Zhonghuang 30
#T 85 0.339 5 0.670 5 0.790 3 1.000 2 1.000 6 2.196 5 0.700 1 4 0.495 1
Qindou 8
£ 96150 0.592 8 0.929 4 0.964 1 0.982 3 1.120 0 1.829 4 0.867 2 1 0.846 8
Lu 96150
Bz 5 45 0.498 0 0.7033 1.0842 1.0840 2.720 3 0.842 4 2 0.774 9
Handou 5
£ 11 %5 0.307 3 0.812 8 1.125 8 1.023 4 2.058 7 0.817 3 3 0.729 3
Qindou 11
HkigEAEME » 0.9102°  0.6846  0.5701  0.7795  1.000 0 0.063 5
PR R R =T AL PR X R A AR R 8 bR A LA PR SRR REE = (X — X))/ (Xnax — X)) WA W& TR ERME K Y H

Note: Drought-resistance coefficient (DRC) = observed value of indicator from drought-stressed plant divided by counterpart from well-

watered plant (control) , subordinate function value (SFV) = (X;; — Xin) / (Xmax — Xmin) sand the average seed weight and seed filling

rate after re-watered is not involved in the calculation of average DRC and SFV.

g 35 FESCRLI T SR B0 T FORL E AL ROk H
IR AR
BRI 51 30 25 1R T 7 B R A A 2Rk
F14 728 A T i DR A A0 T 57 P S e AR T X 4 A AR
I s A M R (L X L2 48 75 DR S A S0 T 72 A AR I
AT M) 2R T8 A A AT 0 K R A2 T
36 0314 A2 K I F SO AR Ak AR I Y A
JEE 483 7 R 2 3 T S0 S R R B AR AL L A
LSRN AP B AL TR BB . SR R
LR SIS R AT L RN AL A A R AR
FOGA A IR 2208 SR W W) ot % 128 38 3 GOk
ESNL IR BTG (AGES 9 8 N ) A S S PN
REPE HAAR SO 5 T R0 59 ¢ &R R

ST M PP A R L A

B2 ARBESE T i 0N AR PVC B
A VLE T R IF IR AR R A TR
iy 3E L 46 B 5 A6 A L SRR I & T R A
X R T TR T R R W O 0 X 22 A R R R R Y
SORLII LA PEBEAT T PEHY . O R SOk 5T 5 1R
SESRAL TR - 0 Y B0 O B A AR el
PR ARG TR M TR A RS R
TLBORL I R B BN A AT IR AT X R
LR S AL P B A

S %3k References

(1] 2 SC TR IM] //ARBUB v g, AR EEAE 1 8 . op [k



16

hoE R R

2 4k 2017 4F 45 22 %

2]

(3]

[4]

(5]

(6]

(7]

(8]

9]

S TS AL s B Ol A . 2009 :1-50
Liu X Y. Drought{ M]. In: Lin H M, Chang R Z.Shao G H.Liu
Z T. eds. Research on Tolerance to Stress in Chinese Soybean.
Beijing: Chinese Agricultural Press,2009:1-50 (in Chinese)
[EES CREES & 7N PO = - VA R S v A N 2
3 5B 8 R AR R R R s s L) ] KR,
2013,32(1):59-62,67
Yan C J,Wang W B, Tu X J,Wang C L,Zhang L J,Du Q, Song
S H. Effect of drought stress at different growth stage on yield
and root characteristics of soybean[]]. Soybean Science ,2013,
32(1):59-62,67 (in Chinese)
SRBCE LA B EE L AR, T 2R B A T R X R
ORI ROLA BRI FIAR R AR A [T N A A
2015,26(5) :1419-1425
Guo SJ,Yang K M, Huo J,Zhou Y H,Wang Y P,Li G Q.
Influence of drought on leaf photosynthetic capacity and root
growth of soybeans at grain filling stage[J]. Chinese Journal
of Applied Ecology,2015,26(5):1419-1425 (in Chinese)
TRALSE  m Ak ] AR AT R AR SO R AR AR B BORL
T B K AR AL 2 A S [T, R TR, 1996, 15
(1):84-90
Zhang ] R,Gao J G,Li C R.Zheng H Q.Li W F.Zhu X C. The
effect of dry condition from flowering to seeding stages on
chemical composition in soybean[]J]. Soybean Science ,1996,15
(1) :84-90 (in Chinese)
A A E 528, ERER AR KRR T sk W] R,
RIS X A EL . BORI T 56 BB e VA8 A R AR AR E R B
PR R 52 (1], E 2 3. 2014(6) :39-43
Zheng W,Yang G Z,Guo T,Wang Z X,Li C D, Zhang Z Y,
Zhang M M,Wang Q S,Guo M L, Liu Z T. Influence of seed-
filling period drought on the roots of Heilongjiang Province
soybean varieties bred in different areas[J]. Crops,2014(6):
39-43 (in Chinese)
Ohashi Y, Nakayama N, Sancoka H,Mohapatra P K, Fujita K.
Difference in the responses of stem diameter and pod thickness
to drought stress during the grain filling stage in soybean
plants[J]. Acta Physiologiae Plantarum ,2009,31(2) .271-277
Carrow R. Drought avoidance characteristics of diverse tall
fescue cultivars[J]. Crop Science ,1996,36(2) ;371-377
X2 SCOR YR R b kL, 1986 (4) 2 23-
26
Liu X Y. Evaluation methods of soybean droughtresistance[ ] ].
Chinese Journal of Oil Crop Science, 1986 (4). 23-26 (in
Chinese)
ARG T X B A AR, R A VR RE VB, BRI AR R
BRI BT S SN DT RS LT ] AR 4R, 2012, 38(4)
665-674
Qi X S,Liu Z X,Guan R X,Wang X R.Gou Z W.Chang R Z.
Qiu L J. Comparison of evaluation methods for drought-
resistance at soybean adult stage[ J]. Acta Agronomica Sinica ,

2012,38(4) :665-674 (in Chinese)

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

King C A, Purcell L C,Brye K R. Differential wilting among
soybean genotypes in response to water deficit [J]. Crop
Science ,2009,49(1) :290-298
Abdel-Haleem H,Carter ] T E,Purcell . C,King C A,Ries L
L, Chen P, Schapaugh J W, Sinclair T R,Boerma H R. Mapping
of quantitative trait loci for canopy-wilting trait in soybean
(Glycine max L Merr)[J]. Theoretical and Applied Genetics .
2012,125(5) . 837-846
Hwang S,King C A,Ray J] D,Cregan P B,Chen P,Carter ] T
E,Li Z, Abdel-Haleem H, Matson K W, Schapaugh ] W,
Purcell L. C. Confirmation of delayed canopy wilting QTLs
from multiple soybean mapping populations [ J]. Theoretical
and Applied Genetics ,2015,128(10) :2047-2065
FA 2 sk e, B e B2 55 B e 25 L R SR A T
FLE e Kt SR AE AR k)], KRS RN ,2015,34(5) :808-818
Wang W, Jiang W, Zhang J 1, Miao L.Zhao T J,Gai ] Y.Li Y.
Selection of drought-tolerant soybean and evaluation of the
drought tolerance indices[ J]. Soybean Science,2015,34(5);
808-818 (in Chinese)
Egli D B, Legget ] E,Wood ] M. Influence of soybean seed size
and position on the rate and duration of filling[ J]. Agronomy
Journal ,1978,70(1) :127-130
TRE IR R B HR M S, E L. AR5 T R
ST AL E SR B Y LA S [T ], R ERE.1997.16(3)
237-244
Su L, Zhang R S, Song S H, Dong Z, Xie F T, Wang X G.
Comparative studies on flowering pod setting and seed filling of
soybeans with different podding habits[ J]. Soybean Science,
1997,16(3):237-244 (in Chinese)
Jiang Z F,Ding J J.,Han Y P, Teng W L,Zhang Z C,Li W B.
Identification of QTL underlying mass filling rate at different
developmental stages of soybean seed[J]. Euphytica,2013,189
(2):249-260
FWEO L BT 26 [RS8 3 S Pk K T 3R] Y L BCRIE S
(V] i ARl B2, 1998, (1) :20-23
Wang X G,Dong Z, Xie F T. Comparative studies on pod and

seed establishment of soybeans with different podding habits

[J]. Liaoning Agricultural Sciences, 1998, (1): 20-23 (in
Chinese)
A R XM AR B9 X SC. ) P 3R IR R AR 0L R S Sk

PR BT, o Elif?ik)\“%‘%ﬂ%ﬂﬂ%wﬂ ):29-36

Li D X,Wang J,Liu X J,Hu C,Liu Y. Seed-bulging simulation
with pod thickness in soybean(Glycine max (1) Merri) [J].
Journal of China Agricultural University,2014,19(1):29-36
(in Chinese)

ARG XA R BRI A= J8 R S L RO Az % 32 R
JEPE R[] ] KRR .2014.33(6) - 841-847

Li D X,Liu X J,Hu C.Chen J S,Zhou H W. Effect of node and
seed position on pod thickness related indexes in soybean[]].
Soybean Science ,2014,33(6) :841-847 (in Chinese)

EEE NI 7O SR NEE IR SR i R 37PN



% 8 1

FRFE. MY

R 3 A A TP R 2 AL 300 Y T 7 17

[21]

[22]

SRR BORLRFPELT . B AR R BB R, 2015,38(1) :8-14
Li D X, Chen ] S, Liu X ]. Evaluation of seed-bulging
characteristics of summer soybean lines in Huang-Huai Area
based on pod thickness simulation[J]. Journal of Nanjing
Agricultural University,2015,38(1) :8-14 (in Chinese)
EHLGH W ARETEE S S A R AFRIZRRIRE
AESEW BT ALTE B4 5 M 285 0P [T ). R4k, 2010, 24
(1):154-159

Wang M, Yang W M, Hou Y P, Yue A Q,Li G Q.Du W J.

Morphological indexes of drought resistance of soybean
accessions and its comprehensive evaluation on flowering and
podding stage[]J]. Journal of Nuclear Agricultural Sciences
2010,24(1) :154-159 (in Chinese)

257 RN A RIR E RS, Wb AR BT e B R T R O
LI bl B2, 2011,15(3) :101-102, 105

LiZ J,Li M,Jin SJ, Wang Y L. Screening of drought

[23]

[24]

resistance and high yield summer soybean varieties in Hebei
Province[ J]. Journal of Hebei Agricultural Sciences,2011,15
(3):101-102,105 (in Chinese)

R BRE AR RE AT T X B . K S A R IR
AU T 5 X AR BFFE . 2015.33(5) 1 17-23,40
Wang X R, Zhang Y J, Gou Z W, Qi X S, Liu Z X.
Comprehensive evaluation on drought-resistance traits of
soybean germplasm resources[ J |. Agricultural Research in the
Arid Areas,2015,33(5):17-23,40 (in Chinese)

R R B T XA R 4L, B L0 TR X
TR R LG T A S LT ] AR B 8, 2015(2) 1 9-
10,12

Dong Y K,Zhao Y, Yang A X,Liu D H,Han Y H, Tang H L.
Effect of drought stress on yield components of super-high-
yield and
Technology »2015(2) :9-10,12 (in Chinese)

WAE G A B AR

soybean [ ] ]. Morden Agricultural Science



