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Effect of Water Deficit and Rehydration on the Post-flowering
Assimilate Transport and Grain Filling in Wheat
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Abstract: In order to clarify the effects of water deficit and rehydration on the assimilation transport and
grain filling of wheat after anthesis, we applined three treatments, named, well water (WW), rehydration
after moderate drought stress (MD) and rehydration after severe drought stress (SD), after 9 days flower-
ing in pot experiment with wheat cultivar ‘Changhan 58”. The yield, grain filling dynamics, photosynthet-
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ic performance of flag leaves, non-structural carbohydrate (NSC) transport in stem and sheath and the ac-
tivities of key enzymes in grain, were investigated during the process of drought and rehydration. The re-
sults showed that; (1) compared with WW treatment, MD significantly increased the number of grains per
spike and thousand-grain weight of wheat and thus improving the grain yield, water use efficiency and
maximum grouting rate of grains and the average filling rate. For the SD treatment, grain numbers per
spike, the superior and inferior spikelets of maximum grouting rate and the average filling rate were signif-
icantly decreased, but the water use efficiency was significantly increased compared with WW. (2) The
photosynthetic rate of flag leaves during wheat filling had no difference between MD treatment and WW
treatment. Meanwhile, compared with WW, stomatal conductance and transpiration rate at 9—20 d after
wheat flowering were not changed under MD, while they were profoundly decreased under SD. (3) The ac-
tivities of sucrose synthase and adenosine diphosphate glucose pyrophosphorylase in wheat was increased
by MD treatment; Meanwhile, MD had lower fructose content, which suggested that contribution of sub-
stances in stem to the yield were increased. The study found that higher photosynthesis, more assimilates
in the stem after anthesis transfer to the grain and higher sugar metabolism enzyme activity in the inferior
spikelets, and the number of grains per spike and thousand-grain weight, then finally increase the physio-
logical basis of yield.
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WW. Well water; MD. Moderate drought stress; SD. Severe drought stress; the same as below

Fig.1 Changes of soil relative water content during the water treatment period and sampling time points



1912 [T A i /= 40 &

25,30 d B RAY B4 9:30~11:00 I , 34 =5[] B
i) FUAR R B R /N — B0 /0N 22 T 0 o e O 5 R
(P FEBHR(T,) KILFEGH.
1.3.5 FFri#ERhE 70/ 2 Tl B T A8 19 8 R
K/NEEA B 20 BR/NZE dral, IF Hbrid P46 H
M. MWFHFAEF 0.5.10.15.20.25.30 F1 35 d 1£ 44
PRI T FRIC A 5 AN BRI 3 L 59 SRR B A A
TE T 5B BOA &2 K3 By Be 43 0 B 10 A Frad A (R4S
ARER 5 AN 43 A5 L 55 SOk kg H R B S A — 80
CUKFEORAT 0T 5 S0 2 TR W 0 A A 48 O
B I PE . SRHRONRE RS 1.2 RIFEMBIIL. &
AT RE TR — BB, 55 R B BB 2 d JTAE
HIFRAE, B A TE LT OB . 0 S kA
FKNEHFFRLAE 105 CAT 30 min 5,8 T 70 ‘CHEEH
SRR eI IO PR T S 9 IR DRSS A AT ) PONE R £
ISR PR E I35 A Richards 77 885 X kFRLEE
VI AUN SUL R CEaa p R AT B MR (1
W=A/(1+Be—kt)1/N (D
X AR (LSR5 459 BRI K 3 (G
G=AkBe—kt/N(1+Be—k)(N+1/N  (2)
K W omkFRiE A A ERKAFRLE .. AL
JEREFE (D, Bk 1N 7 BSE, MWk R K
B (A (9 5% GDF) 95% (12) 58 Rk BRIAE S
(D), D = 2(N+2)/K ., I BRI kR3S i
5 R DA BRVE S 01k BT SV H (G )
1.36 RRBESESRERMBKEEEYE NLHE
S5 R R R S S N e S R O ik
SERMEK M B (FEH) W& M 0 & 7 ik a0 F - (D R
B 0.5 g {8 —ZXEEAE S A 5 mL 50 mmol « L'y
B i (pH 5.5. % 5 mmol « L "4 {b%E.5
mmol «+ L 'DTT,0.1% BSA,0.3% PVP-90) /K&
WS, B 4 C KA 4L 1 h,10 000 g 5.0 15 min %
B AL B L AR BOCHLER s (2) 7F 0.5 mL WA i h
(FH pH 5.5 Fr B IR 9% wh 0 e il B 1.5 26 2R M
WO LA 0.3 mL MEER . T 30 C/KIE N 60 min
J5 s BT 100 ‘C/KIE 3 min & 1k s () WK H)
Ja.mA 0.2 mL {8 & ) MW # (0.4 mmol « L'
NAD,1 mmol « L' ATP,4 U iR % 25 ¥ S5 A4 il
4 U CHEmE. 2 U #aghi-o-w &R , 7 30 C
KRR 20 min, WK% 1 min 2 F 2 . T 340 nm
AR S W BE A Ay s DA R AR N B 7R A 1
NADH = Ay EgE e, B EES 3 K,
1.3.7 FHEHESE (DUEH & KBS T
B 0.05 ¢ F 5 mL BE.LEH A 3 mL 802 L EEH

>80 CK 30 min, $EAJ AP AT, /& 800 4 %
B PSR R A R EIR)E 3500 ¢ T &
L 10 min, FWEWEE A 10 mL 5505 4 ; B0 U 38
FimA 3 mL 807 £ I, #ie ik A B H A W 4 2 1K,
¥ LWEWAIFT 10 mL BoEh fewE220 5.
12 $ TBO A 10 5 RT3 T R A DR L T UE T U
FEVEM frit . (2 VER & B E « ) B3R TTE A
2 mL ZE 1K FEW KW AL 15 min, B A5 In A
2 mL 9.2 mol/L HCIO, .+ 5] . fF 4 000 g T &
L 10 min, FWEWEE A 10 mL B0, B ULHEH
JMA 2 mL 4.6 mol/L HCIO, , it $£ 45 B 15 min,
A5 mL ZEEK R4 R B0 10 min, B9 FIE W
FHZER K VEVTYE 2 W, AR 3 mL, & L3 WOt H
ZEMRKE 2 B 20 B . B b 3R U By 2 O A 4 R R
(10~50 f5) J5 M 2 mL F 10 mL g0 o fmA
3.5 mL A4 R & I 3 R B O AE 100 "C oK i
AERA I H 10 min, BUH S F A SR K S H 2 =5 5 0
FE 620 nm P K R IROEEE

1.3.8 FFRIEEEREREME (DB H & FRELO.
1 g TSR HI A /N ZERFRL , 22 T B0 B9 R B v
A 0.5 mL $2HZE i [0.1 mol/ L BRR 2% mil (pH 7.
5,5 mmol/L MgCl,,1 mmol/L EDTA ,0.1% % 3 Z,
BE,0.1% TritonX-100 J7E 7K FHFEE, 2 °C .10 000 g
B0 15 min, W FIE W E T 5 mL 208 T, DLTE
FH 0.2 mL 2 HOR AL R EIF ISR ER 2 S
mL, Z 3 HORH T R0 G BB IS My . (2) BT
PRI AE - B 50 L il B2 BOW, A 50 b 2 1 W L4
mmol/L. UDP-%j %5 #%,0.06 mol/L H¥#,15 mmol/L
MgCl, ,0.1 mol/L BfRZE M (pH 8.0) ], 7£ 34 'CF
FR 1 h JFHIA0.2 mL 30% KOH %k . 5 AWk /K
10 min £ kRN R H BRI RAEMA 3.5 mL
T 12 AU V5 9 (0.15 g BB ¥5 T 100 mL ¥R R ) 7
4 °CF &I 20 min J5¥& 1, M2 620 nm WL 5 X)
WEF 50 pL BV 7E Wk K V8 25 B 10 min J5 , HARHRAE
A o RO B 22 (ER TS S 5 i, R M &
I R

1.3.9 ¥4 AGDP E£EREER L BERIER M (1) B HI
PRI 0.1 g FAGRURL A5 FH I /N2 R L, 2 T 1008
MIWEER A 2 mL F¥e A g 32 B [0.06 mol/L
MOPS pH7.0 Z& pf ¥ N & 2.0 mmol/L DTT,3.0
mmol/L EDTA #1 10 mmol/L BSA], fE K& L #F
JEI AT . AT 4 °C 10 000 g B0 5 min, 5%
B LV T FH T O T . (2D Tl T ) e R
L5 mL 204 3 2L Sl A 40 pL $2 80 EE W



11 )

A 0 T 5 55 < /N2 A 7K 93 75 i 2 KON [) A ) 5 1 Ok R HE S B4 52 )

1913

i 1.0 mL i 52 B A & [ 100 mmol/L HEPES pHS.5
N4 2.5 mmol/L MgCl,.2.5 mmol/L Na, P,0O;.3.
0 mmol/L NAD.2.0 mmol/L ADPG,2.0 U g 45
A MEAZALIGEAN 5.0 U A 49 WH-6-Wl TR L &l . 25 °C
HE 10 min, PRI S) 2~3 K, BEMA 5%
TCA 60 pL, 20k KB 7E P K N 340 nm I &
NADH Wt gt
1.4 HiEE

I B R ] Excel 2013 B4 40 21, ] SPSS
19.0 #4784 58 7140 H7 Al Duncan & 3 PR 5 (o=
0.05) .35 Sigmaplot 12.0 HI/EK 2%,

2 AR5

W ia (MD) gb B /N 22 BRR KF R 77 5 2 N
L1.7 % o 1 o B 1 52 3 (SD) A B /N 22 PRk A 7=
AR T 10.7% . [RIE L 78 /N 22 K7 R 1 4 AL
BRI T WWL O NEZRETE MD A SD 43T
Y70 A0 /N W R EAE MID Ab 3R G B
AR T #E SD AR R B RRAR 17.1 %0 s /NZE 19 T ki
HAE MD ACH T BN 7.8 %0, hifE SD AbFE R i
HIEAK 10.3% . J34kh. 5 WW A H . /N 22 7K 43 R
BORAE MD F1 SD Ab 3N #6833, 5 MD &b B
Him . UL RS R LLE . /N2 kR HE I v
T 55 B KON i AR /N2 7 DL R OK 43 R R
B BAER

22 FEMEKLET/MNEFAERSESWT

21 FEMEALEBTNEFHNTERMEESE I Richards Az 4 J7 B2 48 4 5 55 3ok 3 o
5xkaFARER ([ 2 R 2) 25 3R W FEAS TR A 7K 4 b 38 v,
F 1 BRHEFMKWW AR, EET AWESRI /N SRR G TR0 F e 3 SR R
F1 TEMNEALEBETNEZEFERMBEZES KT ARE
Table 1 Wheat yield, yield components and shoot biomass under drought stresses and rehydration
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Note: WW. Well water; MD. Moderate drought stress; SD. Severe drought stress; the same as below. Different normal letters in the same

column meant significant difference among treatments at 0.05 level
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S. Superior spikelets; 1. Inferior spikelets; Different normal letters indicate significant difference among
treatments at 0.05 level; the same as below
Fig.2 Effect of drought and rehydration on the 1000-grain weight. grain filling rate of

wheat superior and inferior spikelets
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Table 2 Effect drought and rehydration on the grain filling parameters of wheat superior and inferior spikelets
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Fig.3 Effect of drought and rehydration on photosynthetic

parameters and total chlorophyll content in wheat flag leaves



11 4 W W B » 55 < /N2 ARG 7K 5375 B A2 K KT () A 900 % 3 RRE AL T8 3% 0 5% i) 1915
—— WW —— MD —{+SD
210 357
190 .
T 301 B
g 170 =7, a
. o I
I 2 150 B 25 b
as B2
=2 130} a T 3520f
22 23 ¢
® S 110 b =2
=] 8> 15T
< VAgpy
g o0y A . X8
= T 10'
~ 70 m
=5
50 : ' ' : - 5 . . : . : :
9 15 20 22 25 30 9 15 20 22 25 30
T £ Drought 32 /K Rehydration F & Drought %2 /K Rehydration

1t )5 K% Days of post-anthesis/d

&5 R #( Days of post-anthesis/d

PRl 4 b T F /)N 2 2 4 5 SR R RO I A T M O

Fig.4 Effect of drought and rehydration on the scabbard fructan content and fructan hydrolase activity of wheat stems
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