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Effects of hardening by pre-anthesis waterlogging on grain yield and quality of

post-anthesis waterlogged wheat ( Triticum aestivum L. cv Yangmai 9)
LI Chengyong, CAI Jian, JIANG Dong ", DAI Tingbo, CAO Weixing

Key Laboratory of Crop Physiology and Ecology in Southern China, MOA; Hi-Tech Key Laboratory of Information Agriculture, Jiangsu Province, Nanjing

Agricultural University, Nanjing 210095, China

Abstract: Waterlogging is becoming one of the major constraints for wheat production and has resulted in severe reductions
in both grain yield and quality over the world. Waterlogging events after anthesis usually cause much greater yield loss than
those before anthesis. To explore approaches to alleviate the adverse effects of post-anthesis waterlogging on grain yield and
quality, a pot experiment with winter wheat ( Triticum aestivum 1. cv Yangmai 9) was conducted. Before anthesis wheat
plants were subjected to two water treatments: (1) the Control, where the soil relative water content was maintained at 70
80% , and, (2) a waterlogging pretreatment ( maintaining a 1 —2 cm water layer above the soil for 2 days). This
pretreatment was repeated three times, i. e. at the seven-leaf, the nine-leaf stage and the heading stage. At 7 days after
anthesis, plants from both treatments were further divided into two sub-groups and separately subjected to two water
treatments lasting for 7 days each. Thus, four treatments were established from 7 DAA onwards; (1) pre-anthesis
waterlogging hardening and post-anthesis waterlogging (WW ) ; (2) pre-anthesis waterlogging only (WC); (3) control.
non-waterlogging stress during both pre-anthesis and post-anthesis (CC) ; (4) post-anthesis waterlogging only (CW). The
effects of the pre-anthesis waterlogging pretreatment (PWP) on grain yield and quality were then studied. The aim of this
study was to test the hypothesis that short-term waterlogging pre-conditioning before anthesis can improve tolerance to post-
anthesis waterlogging. It was foundthat waterlogging at both pre- and post-anthesis reduced grain yield and affected grain
quality. However, PWP significantly increased biomass, harvest index, 1000-kernel weight, and consequently improved

grain yield of wheat under post-anthesis waterlogging, compared with the non-pretreated plants. PWP also enhanced post-
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anthesis nitrogen accumulation and its contribution to grain nitrogen, while decreased the redistribution of nitrogen
accumulated before anthesis as well as the contribution to grain nitrogen. Finally, PWP caused significant increases in
contents of globulin, flour dry gluten, wet gluten and sedimentation volume, and resulted in reductions in the contents of
albumin, gliadin, glutelin and total protein in the grain. In addition, PWP increased contents of amylase and total starch,
and falling number and enhanced peak viscosity, holding trough viscosity, breakdown, final viscosity, setback and peak
time. However, PWP did not significantly affect the pasting temperature. We concluded that waterlogging pre-treatment
before anthesis could essentially improve the tolerance of wheat plants to severe waterlogging after anthesis, as exemplified

by increases in grain yield and the modifications on grain quality traits.

Key Words: wheat; waterlogging pretreatment; yield; quality
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1.1 5t

G T 2008—2009 476 R LA K 2% T 5 i sl W= 647, LM RN 2 9 5 W50 H 8w
W OAAMLR 11, 8g/kg A 1. 1g/kg JHERLA 30. 1mg/kg AL 28. 6 mg/kg LA 95. 6mg/kg, FEATH; L
T S ARHE AT R 7. Skg 26 AR 22em, FAR 25em MR IR SRR , FHAEREK DTS2 R 176 . A e FH 4l
N 1.2g,P,050.36g #l K,0 0. 9g, 4 24 F R H AL N 360 kg P,05 108 kg,K,0 270 kg, Hrf14: N 558 [
H6:4 BT, T 11 A 15 HEEFh, AN 7 K,

FEAE RIS B PSR B, TGk AL BE (A 24 H a] 57K 2 19 709% —80% ) Aot /K FAL BE (F#4F 1—2em 7K
J2) AL BT[]y 2d , 43 AE L O U ORI [R]— 22 d AT AR R A A B, A8 7d B, 46
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{ELH GB/T15685—1995 FRifE i AN o VERPBIMLRAER HIIR R AT Newport B {CAS 23 7 A 7 1Y P3RS B2
7M1 (Rapid Viscosity Analyser, RVA) %€ ,

1.3 Hiorbr

K H Windows Excel 1 SPSS ( Statistical Package for the Social Science 10.0) Gt A4 XA E I 1T H
225 HT R SRR
2 BRESW
2.1 AEHETETK AL BN AE 5 Wi K WE R /INAZ 7 R HAS R PR 2R A 52

JINFE R A B [E) 22 5 R, IO BRI R, WO AR FRIR ., CW AR BRI AIG, WW Ab BRATRL ™ 54 CW 1=
7.3% (6 1) s FENTHOK MR T 3o BURREL  TAE AR SRR WC A1 WW ) Tl BN ACHER FUAR 3 ( CC AT
CW ) ] By THI FRBE OIS T 0 35 25 5 5 R ORI AR LA WW AR BRI, CC Ab BRI Z , CW il WC b3 H] 22 AN 3
A BUKAL B E AR T TR, b WC A WW AR BT ST, B0 B2 AR 4. 9% F 6. 1% 1l CW Ak
PR BRIEAR T 29.5% LA, WW AR JRAY A= i FOSOR S H038 835 3 T CW AR 3L, R 5 AN HEAT 0T K 13
AR, 6 AT BB SR AL R K /N R

F1 FEEINEFH =B RE R E R0
Table 1 Effects of different treatments on grain yield and yield components in wheat

TR EX7/5 s FPAL

g e st b
Trﬁ\liﬂenl Spiki%ir pot Kemjl%;*fj& spike lOOq—kernel Biom/a . Kemnel /yield ijvge;j Eilf(ﬂllex
weight/g / (/) % 3
Ww 18.0 be 38.3 b 38.5b 30.31 ab 26.5 ¢ 0.34 ¢
wcC 17.5 ¢ 43.0 a 39.0b 29.12 b 29.4 b 0.40 a
cC 19.5 ab 39.8 ab 41.0 a 31.43 a 31.8 a 0.36 b
CwW 20.0 a 42.9 a 28.9 ¢ 27.44 ¢ 24.7d 0.32d

[F—F AR R B BRRIAE P<0. 05 K V22 5 8.3 WW, JEFT i K BiAb B + 76 J5 BK 38 pre-treatment before anthesis with post-anthesis
waterlogging; WC , £ RT3 /K TAL B+ TG AE S5 5t K 838 pre-treatment before anthesis without post-anthesis waterlogging; CC , JoAE Fil {5t /K TAL # + TCAE J&
1t /KWME non pre-treatment before anthesis without post-anthesis waterlogging; CW , JG R[5t /K T4 # + € J5 15t K 8 non pre-treatment before anthesis

with post-anthesis waterlogging

2.2 AEETBUK AL BEXTAE G UK MRE T /N PRI 1 5T S A3 s R

55 CC AbFAH L, 25 5Tk A B 558 35 AT /IN 22 7 b B 10 0 5 o B ™ ik, L WW RRAER I 2 45 K, 4300l
32.4% M 43.2% (£ 2) ., SHERTARBUKALEE(CC A CW) M He, LRI K AL FE (WW AT WC) i35 FRAK T FRL
BV AR AR A MLRVER (0 B i ™ i (AR Tt K AL B (WW T WC) [a] FTAE T A 35t /K Ab 2 (CC AN
CW) AT AR A MARASTEER AL E . 5 CW B, WW AL AT T FFRLA R (& S i
WEROSE, S TEREA S &, WA E AN EAZER D E AR/ I TR E XS,
2.3 AERTEK AL 4G5 5K A T /NZ AT B AR i R AR R

55 CC ALFAH L, AR5 /K A 38 B AT /I 22 A6 1 B 3R 2R 3838 i d R I 280 3% B 3Rt L F P 1) o ik
R I RA R E AR AR 2 (2 3) , i WW AP, FRIRIA 26.5% . 5 CC ALBRARLL, CW I 4R
i TAERTA RAE XL R R DTk (A0 5 A R T B SR A R vtk & B 5 IR AT R A R
IR AR, R G BUK B E 5 TG AR Rz, 5 CW AFA L, WW 4B 248 & T e S
REF R SR R W ok, (HE 0 MRS T AT R R A R B i AR A R W sk %, &
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Table 2 Effects of different treatments on grain protein, protein components and protein yield in wheat

Jba HE RS B HHEA HREH B A wHEA R
. S . . - y . A/BEH
Treatment Protein Protein yield Albumin Globulin Gliadin Glutenin Clu/Gli
content/% (/) /% /% /% /% S
WwW 9.40 ¢ 2.5d 1.82 ¢ 1.14 a 2.28 b 1.60 b 0.90a
WC 10.37 ¢ 3.0b 2.05 be 0.80 b 2.39b 2.17 b 0.87a
cC 13.91 a 4.4a 2.28 ab 0.91 ab 3.42 a 3.08 a 0.90a
CwW 12.81 b 3.2¢ 2.39 a 0.80 b 3.19 a 2.96 a 0.93a

R3 TRALEXNNNERNRREREHMEEEEZRRNZME

Table 3 Effects of different treatments on remobilization of pre-anthesis stored nitrogen and post-anthesis accumulation of nitrogen in wheat

AT RAE . RAR
Jis:] A i : PR B Sk
Treatment P e XEFPRLR TR oNA BER KPR TR
NRA NRR/% CNR/ % NPA CPA/ %
WwW 31.1b 85.7 a 79.5 b 39.1¢ 8.0 ¢ 20.5 ¢
wC 30.9b 85.1a 75.3 be 41.1 ¢ 10.1b 24.7b
cC 37.5 a 86.9 a 70.5 ¢ 53.2 a 15.7 a 29.5 a
CW 36.3 a 84.1 a 83.4 a 43.6 b 7.2d 16.6 d
NRR, 7T B A& F 187 % (% ) Rdistribution rate of pre-anthesis accumulated N (% ) ; CNR, TEHT R A & SRR A ﬁﬁkﬁ( % ) contribution

NRA to grain nitrogen (% ) ; GNA , ¥-Ki 4> & & ( mg/#A28) Grain nitrogen accumulation; NPA , 16 )5 2 Z F1 B4 (mg/ B 28) post-anthesis accumulated
nitrogen ( mg/stem) ; NCP, f£ /5 2 R T B XF#7ki & K 51#k % ( % ) Contribution of NPA to grain nitrogen ( % )

2.4 JERTHUK UL B ARG K 5T T /N FPRLTE A B LA oy B 5 VE A i S

LIERTARTUKAEEE(CC I CW) HH E  AERTEUK AR B (WW F WC) B 2 82 5 T FFRL LA 80 AR VE B %
i, A DL WO ANBEYEH & R R, WW IR E SCREJE RS & B R R R, IR S B B IR (R 4) .
BAERT AR KALHL(CC A1 CW) 8] FIAE BT K AL B (WW F1 WC) [ B IEM A S 55/ HIL E R A B,
5 CW ARFEAR EL , WW b B S5 4R 5 T B TR LRSS B TR 7 o, T Ak L i) S A B R G
PS5t AR T S/ E e, AL RTBUK AL B B UE T RS KB ROk B TR LR

R4 TRLEINEFHIEHRSESERT=ENHIN

Table 4 Effects of different treatments on starch contents and yield in wheat grain

pis] SVER TEH P TLHEVERY SCEEVENY SO/ HBEL
Treatment  Total starch content /% Starch yield/ (/%) Amylose Content /% Amylopectin content /% AP/AM
wWw 67.67 a 17.9 b 14.92 a 52.75 a 3.54 b
wC 68.10 a 20.0 a 15.05 a 53.05 a 3.53b
CcC 64.34 b 20.5 a 11.90 b 52.44 a 4.42 a
CW 64.14 b 15.8 ¢ 12.14 b 52.01 a 4.29 a

2.5 LR K AL A6 5 15K 858 T /INAE R DR i BT DR SO A AR 1) 52 il

55 CC AbFEAH . , A 95t K b BRI S 35 ALK /N2 Ty /3 10 A A UC R A, - S 5 4 v TR (% 5) . 1k
HIBUK AL EE(WW Fl WC) [RIBRDTREE 25 7 &40, Kb dsin 2 R AR E . 5 CW A L, WwW A3 1/18
T 2 1o FRTT R (R Sl 2 I (HL I 2 i T RV (B

5 CC Ab3HAR L, AERTHUK AL (WW A1 WC) S 355 1 /N TN B WEAEDRS B IR 0 BE | 0 firt (B e
ORGEE 0 AT /INZ2 TR0 K93 109 [0l V2 R0 0, X 9 A ek R i AN 285 5 SR, A6 S5 K AR B (CW) B
FRAR T ARG B E I E A (2 6) , 5 CW AL, WW AbHLIE 3558 5 7 /N2 TRy e (EDRG JE AIRAA
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Table 5 Effects of different treatments on flour quality traits in wheat
fb B T T R Kk (e
Treatment Wet gluten /% Dry gluten /% Sedimentation volume /mL Falling number /s

WwW 23.9 ¢ 9.35¢

wWC 25.3 ¢ 10.0 ¢

cC 40.0 a 14.5 a

cwW 34.6 b 12.5b

B 4b 28 X /1N 22 T YA AL B 3 )
Table 6 Effects of different treatments on pasting properties of wheat flour
fb W {EDAS AT K HARRE TRZHRGRE [ ¥ {H W LI ] A T
Treatment Peak viscosity Hold trough Breakdown Final viscosity Setback Peak time Pasting Temp
/cp /cp /cp /cp /cp /min /C
Ww 3335 a 1751 a 1583 a 3392 a 1640 b 5.98 ¢ 78 b
WC 3262 b 1721 a 1523 b 3333 b 1630 b 6.02 b 84 ab
cc 2540 ¢ 1440 b 1072 d 3138 ¢ 1703 a 6.09 a 87 a
CcwW 2595 ¢ 1453 b 1142 ¢ 2893 d 1441 ¢ 5.91d 84 ab
3 itig

3.1 AERTBUK BALBEXT AL S5 K MG R /N 7 R A5 )

AN B TG IBUK S BRI R R R R T SR e R W TR R e A
RN W) TR BRI ia AR S 2 /N ZE R R =g B 1O AR ST 45 R R, TGS SR A T I JE AR 5 K
B AR T /NS R R i H DL CW A BEUE0™ R B fie R, WW IR 2, CW R WW A 3] = i 2 5 I 3 R B
BOK T B AT 3402 R A6 5 BUK BT T /N2 Rk =, IR IR 7.3%

M= R 2R, WW A B R SRR BB AR IE T CW A B R Th E  E m T CW b RIS
ARIATHUK UL (CW ) A EE , FERTIT K BUL BE(WW ) X A8 5 Wi K T /N2 RPRL ™ i 1 i ey, 32 8 2 0l 4 1
INEE TR SEEL A, WW Ah B A A 4 ISR A4S £ T CW AR X e WW b B R T
(AN 3 NS DG < B ] BN S = 1B B B3 0P G O L O =W NI UK 1 g e ST K (S sb o 8 WA N i )
BUKWEEOE g te, (B HAE B AU o A 15 Tk — 2 5E
3.2 JERTEHUK U B AR FS K 3 5T T /NS R R AR B SRR 1 5

TUK R /N AR R A R B INBOK AL BE R /N AR B 1 & i S A 3 /B 2 1 el
FEE S BRI TR AR, AFRBUKAAHE(WW CW F1 WC) B[R EE R AR T /N2 kR BEvs
R A o, P00 BN FPRL R i i, P DL WW A B B e K, AR 9% ) B3 3
5 CW AFEAHEL, WW AbFRER AR B 4 TERE A (BB RN T E A FAEAMAE A &, &
FEAR T 4%/ B L

INFERPRI A B EORIE T AE AT AR R AR A P8 A Jo AR B p /U R ™) I a7kt B ] 2 k%
/N B SRR B AL AT R S 35 FHE G B MRS R DL AL B 2 R B8 G 1 FLE s e | 1 i AT
BRI A, 5 CC AN L, JCIE AL AT J& 465 TR AL B PR AR/ TR B KB
HAMEE A E R R IR E AR ZU R ok WW R IR 5K, WC IR 22, 2 B AL AT K X FF A 2L
R B G BUKE K, W, 5 CW ARFEAR ., WW AR BRI 3 32 5 T 485 A AR R K B9 BTk
R AT I 2 b AR T AR AR R A B DR U 1 DR | e RFPAR B 1 5T i AR R BRI, BRI AE
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HI 2R BK A BRI N PR R R AR A T, I LUK AT, R AR 2 2 (0 ARG = 22 A R AL R
REZE B TSI, X5 Mackown %57 Heitholt ™ BFFT &5 EANST . PRI, 07 SR B kol B AY AT BT K Ak
FEJ7 1k (AN TR B[R] R RE S i) [B] 45 ), DAY 22 357 7K Ak B ] B8 X /0N 22 7 it s R R RS e,
A, BOK BB TAPRLT TR A S AU, X S A AR A R A B, Hoh, 5 oW Abs
FA G, WW Kb 3T/ 18 18 A3 5 5 RN DTRA A i 25 R, 3 5 T A 2 1 RIDRPRL A 3 1 A 28 DA R S i Y
A A B,
3.3 AERTTETKIRALFXS A8 5 15t K 38 /N2 RFRLTE K B B TR A R AR 1 52 e

TEM 20 15 /INZZHFARLER 1Y) 65% LA b, Wb /INZE 7= it TN T 5 S0 AT 8 252 ), T /N 22 KPR L L SRS TE M % 1
A PR R T A AN T 0 2, S e B A A e e s T o i S ) B A, %o 1 4R S 1 £ R TR
FERI P AR DA K L SRR e R B A S T O B, BT o B, DT AN [ R R
WA R/ SR TE R LT BT SE A TR v O I 5 g . AT &85 1 0 /R, A6 Wit /K A B HE G A8 i K
PR T H R LAV E i, REC/ R E TS CW AR L, WW AR RN SCHEVE R & B 5 AN
KR EE S T B e & i, I S 35 RN T S0/ B vE M OB . ELBEVER & A1 S/ B A 284k, S 38501
A VEM AL R B A T AR Ak, IAS B 5T AE T K SAL B (WW) KT ELAE VE B T A S R TR AL B
(CW) ,iX 8 WW bR A U(ER, B ARG BE A A (| S ZORG B2 | R0 (i RO Bk ] B2 28 CW A3, PRI
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