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Construction of Evaluation Standard for Tolerance to
High-Temperature and Screening of Heat-Tolerant
Germplasm Resources in Soybean
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Abstract: The high temperature ( HT ) stress caused by global climate change has seriously affected the
growth and development of soybean.In recent years, HT became one of the important factors leading to the
decline of soybean yield and quality in Huanghuaihai.This study attended to identify the HT resistance germplasm
resources and establish a scientific method for evaluating the HT tolerance.By taking use of 35 soybean varieties
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that were collected from the Huanghuaihai ecological and the Chinese soybean micro-core germplasm resources,
we determined the phenotypic variation at flowering stage via the field artificial warming ( 44.1 + 1.47 °C ) .Based
on the comprehensive physiological and biochemical traits related to the HT stress, we constructed a set of HT
resistance evaluation standards for soybean with pollen vigor ( pollen germination rate ) as the main indicator,
and used this standard to screen for HT soybean germplasm resources.The results found that compared with
the natural environment in the field, the pollen germination rate, the number of pods per plant and the number
of effective branches after HT stress showed a significant decrease, while the relative conductivity increased
significantly.According to the HT resistance coefficient significant responding to HT stress traits, the principal
component and membership function were standardized and analyzed and estimated the comprehensive evaluation
value ( C ) of soybean response to HT stress and clustered analysis based on C value.Finally, the HT resistance of
soybean varieties classified into 5 types (I, sensitive type; II, strong sensitive; I1I, medium; IV, tolerance; V,
strong tolerance ) .The grading standard is basically consistent with the field phenotype identification, indicating
that the method can be used for the screening and identification of soybean HT resistance germplasm resources,
and two HT resistant soybean varieties ( Jidou 21 and Nannong 34 ) are initially screened for further research,
which laid method and material basis on breeding for HT resistant new varieties and HT resistance molecular
mechanism.

Key words: soybean; high-temperature stress; high temperature resistance ; pollen germination rate
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Table 1 Information of soybean accessions ( line ) used in

this study
w2 P A 4T PR ER
No. Sample name Characteristic and ecological
zone
17NC001 Ei17 05-10 FAR,
17NC002 B 17 06-32 B
17NC003 HE 12 S5 WY L
17NC004 HE 21 FR, B
17NC005 #T 23 O
17NC007 A 29 HE
17NC008 A< 30 HE
17NC009 A 34 i
17NCO010 R4k 38 iglid
17NC012 P 5. 066 B
17NC013 T 1201 B
17NCO014 I 1310 i ifE
17NC015 145 B
17NCO016 FE 151 HifE
17NC017 e 157 B
17NCO018 H 65 e
17NCO019 HEL1S piyii
17NC020 fE25 B
17NC021 HE3S B
17NC022 %E 23 FHk, wEifE
17NC023 T 46 i
17NC024 g 57 B
17NC025 T3 606 B
17NC026 T 68 B
17NC027 Hdh 661 i ifE
17NC028 BEfE 01-15 FAR,
17NC029 e 21144 HiifE
17NC030 e 21116 e
17NC031 5 20001 B
17NC032 e 16 e
17NC033 e 28 Fok, B
17NC034 M5 29 HE
17NC035 & 30 HE
17NC036 e 33 FAk, BE
17NC038 5 14 FHk, HEfE
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Fig.1 Temperature statistics of HT stress treatment and field environmental
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Table 2 Effect of high temperature stress on agronomic traits and growth period of soybean at flowering stages

ERTN STRAIME + bpifEs R SR A £ bR A5 (%) ,
Trait Control mean + SD Mean + SD after HT stress Range

MBI R (%) 57.66 + 16.64 31.03 + 16.05 —45.49 45.05"
Pollen germination rate

AHXT 5% (%) REC 26.62 +19.75 40.45 £21.23 51.98 7.96"
4E 25 & i (SPAD) 35.61 £5.33 35.65+2.94 0.11 0.00
Chlorophyll content

SOD Fffit: (U/g-h) 152.70 £ 17.22 150.75 +20.14 -1.28 0.19
SOD activity

¥k (cm) Plant high 57.75 £ 13.34 57.45 £ 13.70 -0.53 0.01
B FkIEEL Pods per plant 74.43 +38.38 54.26 +30.67 -27.10 5.90"
R A 62.74 +35.53 49.71 +30.01 -20.77 2.74
Effective pods per plant

R G 4.54 +2.82 3.40 +1.93 -25.11 3917
Effective branch number

FENH 17.06 +3.51 15.69 +2.96 -8.03 3.12
Main stem node number

FRRR L Seeds per plant 104.09 = 63.11 82.60 + 54.22 -20.65 2.33
HRRRLE (g) 22.41+13.02 18.52+12.77 -17.37 1.59
Seed weight per plant

TIRLE (g) 100-Seed weight 21.83 +7.00 22.76 £6.32 4.28 0.34
A E W (d) Growth period 116.37 £5.38 121.54 + 6.08 4.44 14.20”

"10.05 BEKE; T 0.01 BEAE, FIE

"1 significant different at 0.05 probability level, * : significant different at 0.01 probability level. The same as below
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Table 3 The coefficient of high temperature resistance
of each individual index of different soybean
varieties ( lines )

PER e/ IME WK HE + bl BRFRE
Traits Min. Max. Mean = SD (%)CV
X1 0.03 1.57 0.61 £0.37 61.15
X2 0.14 2.31 0.70 £ 0.43 62.02
X3 0.76 1.29 1.01 £0.13 13.09
X4 0.76 1.14 0.98 £0.10 9.60
X5 0.70 1.35 1.01 £0.17 16.99
X6 0.23 1.96 0.84 +0.43 49.82
X7 0.30 2.21 0.90 + 0.46 51.18
X8 0.00 7.00 1.01 £ 1.21 119.01
X9 0.70 1.18 0.93 £0.12 12.83
X10 0.23 2.51 0.95 +£0.59 61.99
XI11 0.25 4.63 1.00 = 0.82 81.75
X12 0.80 1.39 1.06 £0.13 12.09

X1: A HI 45 X2 0 AR HL 55 X3 4K & 4k X4: SOD i
TPk s X5: bR s X6: HMRIERT: XT: AR IE4 X8 A RUMEL
X9: FZETHL; X10: BAPRRIE X11: SMoRIE ; X12: HkiE ., FIF
X1: Pollen germination rate, X2: REC, X3 : Chlorophyll content, X4:
SOD activity, X5: Plant high, X6: Pods per plant, X7: Effective pods
per plant, X8: Effective branch number, X9: Main stem node number,
X10: Seeds per plant, X11: Seed weight per plant, X12: 100-Seed

weight. The same as below

SR T SRR Y DR S AR S R R i A b
B TR FASAARTR v5 38 2R B A T T AR Sk o B
(K 4), 4iRRY, HHRZ A —E B,
AR SR (X6 ) St ag s & (X3, R = 0.520 ),

R4 TRAXESHEETIERHTE SRR HENEXREIN

Table 4 Correlation analysis of the coefficient of high temperature resistance of each individual index of different soybean

0.632 ). F2E1 %5 (X9, R = 0.460 ) Btk % ( X10,
R =0.717 ) FIEARRRIE (X11, R = 0.629 ) B¢ i 4
K (P<0.01); LM &% (X1) 5 FZEWE(X9)
TEALEN BB oME (R = 0.485, P<0.01 ) ; AHXTHL &
F(X2) SHEBOEE(XS) BEMFE (R =0.360,
P<0.05 ) ; MR &8 (X3) S5HMEEIFE(XT) Z
(A B2 (R = 0.360, P<0.05 ). 18] FiREA
PR T 15 i 3R BN BB A RO R R i o R
PE AA7E(R B L E S, AR AR A e R
REATRAG IR Z 088 B o0 BT TR A REHER
R WL DA A SIER S
24 AEFEREZHRMESERBNERS ST
BT LR B AR SO A BT g S, %
o T B 3 A B 3 R A 8 2 V25 SR AR AR (R AR A
KR AN TR BRI SO R B 4 A
RAGARIEAT R T, G5 BN % AR R
F 1B PRI oy, A5 8 T 2 A R
HEH5THR N 69.915% , BA BRI E BACEE
(F£5). 70, B HRI RS HE R BT as A o, A
XTHL G (10.553 ) BAREIE4R (0.818 ) AT R4 K5
(0.903) 555 1 T oA, BARHER 1 2857
FEAR RT3 3 AMERRI(E B ALk &% (0.986)
5555 2 BB R R G, U AR 2 R
AW TiZARPRIE R (36 5), $REGX 2 A~ Fpsr
A PLZEA O X 4 A 8 35 TR AR AR bR 1 A
B TR 4 ARG 2 B g At
Fa bRt — AR R TR

varieties
PEIR Trait X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12
X1
X2 -0.003
X3 0.116 0.209
X4 -0286  -0.044  -0.101
X5 0.030 0.070 0.292 0.086
X6 0.040 0.138 0.520"  -0.045 0.397"
X7 -0.059 0.107 0.360°  -0.009 0.299 0.925"
X8 0.000 0.360°  0.150 0.050 0.234 0.632"  0.650"
X9 0.485"  0.111 0.127 -0.216 0.512" 04607 0356 0.343
X10 -0.052 0.117 0.158  -0.058 0.218 07177 0.799"  0.609”  0.368
X11 0.117 0.178 0264  -0.113 0.228 0.6297  0.683"  0.289 0.325 0.696"
X12 0.304 0.224 0.286 0.313 0.054 0.000  -0.052 -0.016 0.009  -0.249 0.002
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Table S The results of principal component of traits of significantly changed after HT stress

FabR AR FFF{H Eigenvalue MRS Component matrix
Items name 1 2 1 2
A3 A %>R Pollen germination 0.029 0.984 0.039 0.986
X 7 4¢ REC 0.413 -0.152 0.553 -0.152
PARRIZEL  Pod number per plant 0.611 0.087 0.818 0.087
15553k KL Effective branch number per plant 0.674 -0.028 0.903 -0.028
FFEMH  Eigenvectors 1.793 1.004

THkK (% ) Contribution ratio 44.817 25.098

B35k (% ) Cumulative contribution ratio 44.817 69.915

25 KREMSEREETM A ENEL

T ERFEALE B 2 DN EEA TR FE AR, X
HAEAThRAEAC S b 28, FIH A AT R A 255
FE bR SR pRE I, TR AR N A . TR
FRALEE , AR 4 28 2580 L T 46 301 K 0 P i s i
W 38 Z5 & PF # {8 ( Comprehensive evaluation value
response to high temperature stress, fij # C {H ), Jf
HRAE C BB K/ INE A [) R ol Aok v L 268 14
HRPLRE ST, C BB SR W HT &y iR R ) i, [ 2
ME, W3 6 iR, fif K 14 (9 C {54 0.049, X} i
B R S 14 519 C R 0.733, Him L BE )
Bk o A B M C AR R e N R RV A6 fiE
HEAT I HE 0 G VTS, A8 1) FH IR T 25 24 ] °F-
*k 6 KERMALHTSRESITENE

8] PP O 7 N [ NI O VA =i81 8 ) SIER= =W B s
TRAESH SRR, M T A s
YR PG HE B A 5.0 BT LB SR B AR M 422
W 2), I, MEREREEAE 5.0 408, 7] LUK 35
SR TR 5 7 KK CE 2), T 485G
C R X5 R 5 A5G0 (3R 6), BIV: T 24 im0 il Ak
A9 A4~ (C<0.2), T 9% 5 I B B AL 15 4~ (0.2 <
C<0.3), I Z&fif i ) 5 4~ (0.3 < €<0.4), 1V
AT E R 3 (0.4 < C<0.5) F1 V it e iR
3A(C>0.5), WRARLEG ISR, Lk 2
ANV IR AU R (fr 514 FE 528 ) A2 i
TR Rl (320G 21 FIRGAR 34 ),

Table 6 The comprehensive value response to high temperature stress of soybean cultivar at flowering stage

e FEARZ TR Cfl G FEA LR CfH
No. Sample name C value No. Sample name C value
17NC001 LT 05-10 0.214 17NC021 TAE3S 0.172
17NC002 LT 06-32 0.254 17NC022 W23 0.273
17NC003 T 12 0.256 17NC023 i 46 0.435
17NC004 3D 21 0.446 17NC024 g 57 0.105
17NC005 31723 0.234 17NC025 T 606 0.381
17NC007 Ff< 29 0.555 17NC026 i 68 0.281
17NC008 4% 30 0.296 17NC027 Hih 661 0.258
17NC009 M1 34 0.509 17NC028 et 01-15 0.253
17NC010 R 38 0.353 17NC029 s 21144 0.138
17NC012 R 5 066 0.336 17NC030 e 21116 0.218
17NC013 R 1201 0.261 17NC031 5. 20001 0.236
17NCO014 W 1310 0.096 17NC032 5 16 0.107
17NC015 W 145 0.733 17NC033 e 5. 28 0.102
17NC016 RiE 151 0.291 17NC034 i 29 0.205
17NC017 157 0.334 17NC035 fHE = 30 0.166
17NCO018 W 6% 0.316 17NC036 ihE s 33 0.097
17NC019 HE1Y 0.299 17NC038 fifd 14 0.049
17NC020 HE2% 0.413
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