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Exploring the Causes and Precautions of Soybean Staygreen Syndrome in
Huang-Huai-Hai Regions

MO Xian-shu', LIANG Jia-ming', LI De-xiao' , LIANG Fu-qin®, ZHANG Min-jun’, LIU Meng-juan' , XIAO Jin-ping’,
ZHANG Pu’

(1. College of Agronomy, Northwest A & F University, Yangling 712100, China; 2. Institute of Yan’ an Agricultural Science, National Soybean Experi-
mental Stationin Yan’ an,Yan’an 716099, China; 3. Hybrid Rape Research Center of Shaanxi Province, Lab of Soybean Breeding, Yangling 712100,
China)

Abstract: The soybean staygreen syndrome, named as ‘ Zhengqing’ in Chinese,is a serious physiological disorder among the
Source-Translocation-Sinkresulting in seed development stag nation and leaf stay-green at the late growth stage. In recent
years, the staygreen syndrome is becoming a serious threat to summer soybean production in Huang-Huai-Hai region. Based
on field investigation and climate records in Yangling, the causes of soybean staygreen syndrome, were discussed. The region-
al incidence of soybean staygreen syndrome may be caused by extreme temperature stress during soybean regeneration stages
(heat wave during R2-R4 periodor/and early cold after RS stage). However, the local incidence of soybean staygreen syn-
drome may be related to the infection of Riptortus pedestris and Melanagromyza sojae and in appropriate cultivation. The pest
control involved in comprehensive countermeasures will be effective to prevent soybean staygreen syndromein where soybean
grown without extreme climate hit at early reproductive stages. However, Soybean cultivars with tolerance (or escaping) to
heat stress and pest-control may be effective countermeasures for the areas prone to suffering heat wave at early reproductive
stage. It is recommended to explore the occurrence mechanism of soybean stay green syndrome and to determine effective
countermeasures. The soybean breeding program for heat tolerance should be proceeded as early as possible.

Keywords: Soybean; Staygreen syndrome; Extreme temperature; Heat tolerance; Riptortus pedestris
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Table 1 Sample survey of soybean staygreen plants in Yangling site in 2018

K REL SIEH L NCEI2 HFRLICE T B
Material Plant number  Total pods number ~ Shrivelled pods number ~ Normal pods number ~ Seed abortion description
W 11 Jinhuang 11 1 114 114 0 RIKE
9277 6023 Andou 6023 2 278 278 0 FUNE
1 15-685 Han 15-685 1 171 171 0 RIKE
527 10 2 Baodou 10 2 184 183 1 WE
5237 12 Baodou 12 2 284 284 0 WHE
B 1 5 Shaandou 1 1 279 279 0 W
B 2 = Shaandou 2 2 329 329 0 HgE
Bt 5 5 Shaandou 5 2 332 332 0 BgE
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gkl
Rk PREL ST B TEH R FPRIWCE 5
Material Plant number ~ Total pods number ~ Shrivelled pods number ~ Normal pods number ~ Seed abortion description
[ 6 2 Shaandou 6 2 256 256 0 RUKE
16Y195 1 172 171 1 BKHE
16Y081 4 749 749 0 RE
17HNO15 2 259 258 1 BE
ik 51 Jinyi 51 2 147 143 4 FUKCHE , AR IEHE
15 13-109 Han 13-109 2 323 311 12 WIWE A SRR
#1701 Ji 1701 3 371 366 5 WIWE AR ER
927109 Andou 109 2 162 159 3 RIS, AR IE
#1220 Qindou 220 2 198 194 4 RIWCE AR IER
B B T 8 2 Shaankendou 8 2 199 189 10 FUKCE A BIFFIE#
17HN009 4 394 380 14 RUWE A BIFIE#
¥ 12 Jinhuang 12 2 320 246 74 FUWE AT FPRE
#7178 % Qindou 8 2 395 300 95 WIGE , DR RLE R
wfe e M | 2 Jindazijinghei 1 4 345 251 94 WIGE , DEOHRLE R
Bt 7 = Shaandou 7 6 958 833 125 RINE , D EOkRLE &
17HN0O1 6 733 683 50 RIE , DROFRLIE R
TRl 3 2 Jinke 3 2 182 125 57 FUKE , IEH R L
{855 5 Handou 5 1 119 99 20 WH M EH BT Z

H 37 BRE 75 # 1701 MEsS
Zhonghuang 37

% 6023 BeE 25 £H 105
Andou 6023 Shandou 2 Baodou 10

1 KE“EST"E%RSERTFH
Fig. 1 The plant, pod and seed of staygreen soybeans
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Table 2 Statistics of air temperature at soybean growth stages in Yangling during 2011-2018

s, ARG sl A S JokE (R e ) , i R 3
AVE(FK2) o T BULHIRY R, X S8 AR AT T
PR TR RN 75 T It , AT LA HE B 5 I A H T
BONERIGOL. PRI, A 32 DX 30 A4 5 s =T P

SN PR O NIT A T = R U S -

=8
—\/m

#Rgit

7 B July 8 H August 9 H September
- U L bW TR bW bW TR bW R T RN
Year Temperature Ealy ~ Mid  Late  Ealy  Mid  Late  Ealy  Mid  Late Seed setting
month  month  month  month  month  month  month  month  month

2011 £ 75 Highest 3.0 332 311 285 298 266 241 19.2 228 EH
A% Lowest 25.5 205 21.5 19.6 22,2 18.8 185 145 13.4 Normal
S Mean 25.1 267 254 233 256 221 206 161 17.1

2012 B+ 15 Highest 29.4 318 330 315 27.1 289 254 246 23.5 T
BAE Lowest 2009 22,2 22,8 233 2.3 17.8 169  13.6  14.1 Normal
SE) Mean 24.7 266 271 264 236 225 202 181 17.9

2013 £ Highest 32,6 30.6 30.5 324 343 3.0 27.1 29.2 24.1 FET
A% Lowest 24.1 22,8 227 221 23.8 21.4 18.7 18.8  15.3 Staygreen
-4 Mean 27.6 261 262 266 28.4 257 222 235 18.5

2014 5415 Highest 36.7  38.0 39.8 36.0 3.6 - 29.6  26.9 - FET
A Lowest 19.1 195 19.0 158 160 151 13.5  13.1 - Staygreen
-4 Mean 26.5 28.3 29.5 247 233 230 21.2 18.0  18.1

2015 £ Highest 33.8  35.6 - 38.1  34.5 - 3.1 26.8 - FET
AR Lowest 16.6  18.4 - 14.4  18.2 - 16.9  11.3 - Staygreen
S Mean 25.4 263 28.7 25.6 237 239 21.7 19.2  19.1

2016 £ Highest 36.2 353 350 330 37.6 350 352 320 28.0 FETT
AR Lowest 190 163 200 21.0 235 146 133 140  13.0 Staygreen
S-44 Mean 28.0 253 267 262 30.1 245 229 19.6 18.8

2017 B 75 Highest 41.0 380 390 370 350 320 28.0 28.0  29.0 FETF
A% Lowest 18.0 21.0 200 18.0 200 140 140 120 11.0 Staygreen
-4 Mean 26.9  29.5 29.1 27.2 258 203 19.6 20.7  18.7

2018 £ Highest 320 370 350 350 340 320 31.0 28.0 28.0 FETF
AR Lowest 20.0 200 23.0 230 2.0 17.0 1.0  13.0 8.0 Staygreen
-4 Mean 23.3 266 28.8 28.5 27.2 245 21.7 18.0  16.4
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TRAFEE H AR 15 00 (B R 7R ) o 2018 4R
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AR KPR AR A A= 7w 39, R R R S U AR A 52
Wi, 17 AN CREIFEW) 2 8 H i LAy (4536
BORIH) AR I T RELE 12 d A R (> 35 C)
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W, FEE 301 B0 i 2 vy il S B SRR R R I I R
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JESREGIETH " KRR M, BTG EHS% % H KT
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&®3 2016 -2018 EXREAEAEKPIET ST

Table 3 Statistics of air temperature during the reproductive growth period of soybean in 2016-2018

e i ek B R H ) (522 K %80 Date (days) of extreme temperature

4y FPRIWCE T 0L
Year e H il > 30 C e Hil > 35 C R AR <18 °C Seed abortion
Max. daily temperature >30 C Max. daily temperature >35 “Min. night temperature <18 C
7.20-21(2d),7.23-25(3 d),7.27-29(3 d), 7.28-29(2d),8.12-19(8 d), I E
2016 9.7 -30(24 d)
7.31-8.24(25d),8.30-9.2(4 d) 8.24(1d),9.1(1 d) Early abortion
7.15-27(13d),7.30-8.6(8 d),8.8 - 12 7.18-26(9d),8.3-5(3d), 8.25-9.30(38 d, BIKE RIS E SA
2017
(5d),8.14-17(4d),8.23 -24(2 d) 9-11(3d) (a4 d) Early and late abortion
7.13-8.21(30d), 8.26-9.1(7d),9.3 - 7.14 -24(12d),8.1 -12 B E
2018 9.6-30(25d)
4(2d) (12 d) Early abortion
2.1.2 RE“BEF"HERGBAFGRBMESN R SEGENRE

TEDEA A S AR 8 R 277 X, i e 5 8 X
RIVEZIERE AT LAR LN, 2018 4F4E %
R A 7 i o 30 A PR Ao A T A A 7 R AE
RO 2)  FEPR L3R e i Y H 1 9 FEAR O, MR
EE AR 2R A2 W FR A B A IEW AT,
17T F AR SER AN SORE IE K, (H ) T J5 Rk 4
i B AU R FEAR AL TR0 g R A . B
AL AERGITAE (7 A _Lrhy ) FJa) o 8 2k i O
FA M, J 0 R SR LT B RS (S S
LI ey 5% S IR i IR ORI SUNE S5 AR ), T A
A4 A P& T TR B MO A B 4, 8 H R )
(O HE B A RE T IR, BRAL ML X R R ELATF
TR S TR A € I, i R FH R R 77 4% A 11 D

2.1.3 Xe“mH L5 e RHBAFTHRIKLES
Mt 2018 A B I IR R B BT O T i A
B7IH UL AT BEVEE , 16 1% PH B i A
IR GAARACHIE® (B 2 20 B S Rk hL
WCH 8w T gy i ol (181 3) o — 17 & 5l ad
PR HURE K B, TE AR IR RE U7 R ) B s T
A AT R IR A 2T T B OO, T 52 5 ARk 19 32
AFPRAESORL AT (RS ) e 2 bk J T, UL HIRD
Ay AT R O T, ORI R W AR IR R K, JF
BEA HBUIR 2 ik 5 x5 B Ol 9516 A5 1
TENSA, AEFEWI A B HOR KA w048 AT
¥ FH R ORFRE MR A R R Y D P 3 2 445 92 40
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2 2018 EFRBZBEAETENTERAE/ ZEEHAEEKMER
Fig. 2 The plants and pods infected by Riptortus pedestris at Yan’ an site in 2018

KREHREIL LK EHN
Photoed by experts of soybean breeding program.
3 2018 FiFHRBAET"HE
Fig. 3 Investigation of green-symptomed soybean

at Luoyang site in 2018
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4 HiEm 2018 FRE 109" EF" Rk E HE
Fig. 4 Anatomic image of staygreen soybean
Andou 109 at Yangling site in 2018
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Fig. 5 Local staygreen syndrome in single soybean plant
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Table 4 Seventy-one accessions of heat-tolerance soybean germplasm originated from China

Sk B R IR RS BH U Hh o TR IR RS H
Origin Germplasm resource number No. Origin Germplasm resource number No.
PUJI|  PI587969(ZDD13246), PI587979A(ZDD13283), 21 L PIS567699 (ZDDA93S ), PI 567701 (ZDD4937), 7
Sichuan PT 587982A( ZDD13287) , PI 587989A( ZDD13336) , Anhui - PI 567706B(ZDD004942) , PI 567731 (ZDD4973) ,
PI 588008 A ( ZDD13463 ), PI 588016 ( ZDD13494 ) , PL 567733 (ZDD4975) , PL 567761 (ZDD3738),
PI 588026 A ( ZDD13534) , P 588028 ( ZDD13550) , P1594415A(ZDD20130)
PI 588030 ( ZDDI13554 ), PI 594438 ( ZDD12847) , ‘
T PI567768(ZDD3908) , P1587576(ZDD04571), 4
PI 594439A( ZDDI12856 ) , PI 594440 ( ZDD12865 ) ,
Jiangsu Pl 603674 (ZDD03785) , PI 603690 ( ZDD04054 )

PI 594442B ( ZDD12887 ), PI 594445 ( ZDD12902) ,
Pl 594464 ( ZDD13131), PI 594466 ( ZDD13172),
PI 603719A( ZDD12569 ), PI 603723 ( ZDD13014 ),
PI 603728 ( ZDD13173 ), PI 603746 ( ZDD20831 ),
PI 603749 (ZDD20936 )

M PL 594604 ( ZDD06569 ), PI 594625 ( ZDDO6731), 10
PI 594626 ( ZDD15701 ), PI 594633 ( ZDD15862 ),

PI 594635A( ZDD15873 ), PI 59468A ( ZDD15891) ,

PI 594650B ( ZDD15970 ), PI 594651 ( ZDD15972) ,

PI 594689 ( ZDD16277) , PI 594692 ( ZDD16314)

Guizhou

WiE  PI 567240, PI 594581 ( ZDD14613 ), PI 594584 8
(ZDD14625) , PI 594593 ( ZDD14666) , PI 603655
(ZDD06524) , PI 603661 A (ZDD14528) , P1 603662 A
(ZDD14533) , P1 603670 ( ZDD22120)

Hunan

Wit PI 592934, PI 603752 ( ZDD05950 ), PI 603756 7
Zhejiang  (ZDD05996) , PI 603751A (ZDD05947 ), PI 603757A/B
(ZDD05997) , PI 603764B(ZDD013843)

ial PI 603602 ( ZDD05496) , PI 603613 (ZDD11560), 3
Hubei  PI 592953(ZDDI11579)

= PI1 594779 (ZDD17310) , P1 594780(ZDD17317) , 3

Yunnan  PI 594801 A(ZDD17367)

Py PI 430596, PI 567267B 2
Fujian

bANi] PI 567260, PI 594550 2
Jiangxi (ZDD14277)

biEata) PI 603781 (ZDD16835) , P1 603784 (ZDD16840 ) 2

Hainan

R PI 603780(ZDD16834) 1
Guangdong

R PI 466749 1
Shanghai
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Pata were collected from Germplasm Resources Information Network in Agriculture Research Service of USDA (https://www. ars-grin. gov/) ; PI as-

signed for accession in soybean collection in ARS-GRIN;ZDD Number assigned for Chinese soybean collection in the Chinese Crop Germplasm Resources

Information System (http://www. cgris. net/ ).
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