PEALAL 4R . 2020,40(11) : 1909 —1918
Acta Bot. Boreal. -Occident. Sin.

doi:10. 7606/j. issn. 1000-4025. 2020. 11. 1909 http://xbzwxb. alljournal. net

INERRIK S TR E KX B L EEIE
0 FF L 7E 3% B =2 i

BT AR S R, T, E AR

(1 PEAbAMRBL K2 PRI BT 2 B . BETEAZ B 71210052 PHALARAREIEE K2 A fr Rl 22 B . BePE M B 71210053 W EFRL2EBE 7K
FIFR K AT AR BT ¥ b IR R T S Rl [ R SRR L BT A B 7121000

OE N T WK T Bt N 65 R Ak 8 e Az R R RE S 00 5 i K G A BRL A A AR 56 AR Ak L DL SR 22 AR
AR R 58N R, HAESE 9 d . BB IEE ALK (WW) L T B 5 2 K (MD) fl & T 52 a8 5 8k
(SD)3 /K43 Ab 3, o 38 T S 36 5 52 /K Ak B 6 /0N 22 K L 7= ik L 7= AL B R 38 B K 43 R R A% SR 5 SOk HE K g
5 HEE GG P RE R RS AR S5 kK AL B W) (NSO B4 328 FFRLTE B G BB TG M AR (L AR g e, SRR . (D 5
WW AH L, MD &b 39 8 25 380 /I8 22 TR B8R0 TR0 3, 8 T 482 /8 AT R0 ™ 52 7K 43 R0 FH 200 23 R /N 22 55 AL 1Y die KV 9
T R ) TR 5 R, S i AR DU G S R W T SD A B U] S S AR T AR B L TR B L R 5 AR A e R I ok R
FISE 4 3 0 R E KA R A R B 3 T WW AR BE, (2)MD AbBEAR R A /N E R S TP 445 T 5 WW %
AH [ 1 G A R R B EE /AN B 9~20 d B MD Ab 3R S AL S BE 78 s o R AR AL R B W, i 4 SD AL B R K,
LR ERZEE RN AR TR 5505 WW M L 7R ER M MD A3 T g i % & A kAR B 3%, 1 SD
SIS R A R RIE T RS, (3)MD Ab B = T /N2 55 3R M A B N B 0 R A W AR 1 R L
TP 5 [ R 3 S S A e o ) SR RO K R Wl (FERD 78 M AR ISR SR pl 7 i, W i 7 25 ¥ IRl b 9 i % 38 L 42
o 25 W it R SR A TTRR R . TR ST R L b BE K A B 3 U A K A BN 22 R bR L BRI e e RE B R RS
B 25 355 [l Ak 0 1) KL 2 32 D 8 v 1) 559 Ao P 0 M DT 2 g SR 40 /N 22 55 S50k VI S e, 1t Jin Ak B8 Rk &, 30 i
P R
SRR /N K AT KPR I SR BAORE 5 55 FOkE ; X B W) A2
FE S HES.QI45.78 XHRARERD A
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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, photosyn-
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thetic performance of flag leaves, non-structural carbohydrate (NSC) transport in stem and sheath and the
activities of key enzymes in grain, were investigated during the process of drought and rehydration. The
results 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
activities 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 ode Moy % iR 40 &

25.30 d W5 KA F49:30~11:00 il 5 , 16 Hit 2% [a] HL
Tia) AR BE B R /N — B /N 22 T 0 O £ TR
(P ZEBHART ) AILFEG).,
1.3.5 FPROERZNE 76/ AT 16 10 ok R
RANEEAR—F 20 BR/DZE ARl IF HAnid IR 4E H
W, MIFAE)S 0.5.10.15.20.25.30 H1 35 d 7F 4 4l
PEHCELARIC /Y 5 AN I 7 8 | 55 34 OkE Y 1 & B 2
FE T 5 B BORN A 7K 9T B 43 A 10 S 10 B CREAS
AEFE 5 ) 4 5 L 55 SOk B R I JE A — 80
C UKFE PRAF  FH T 5 W10 5 T8 -0 o 1 15 A2 O
BTG T, SRERCAE LA 1.2 KRIFEMFIAL . &
A T RETIAS — R BRE, 55 S5 ki F s 2 d R AE
AIFAE . 25 A R R AR . T 00 2 b A
HANBWFPRAE 105 ‘CAH 30 min J& . 5T 70 CHLH
SRS E WP TS S ENR DA o AT 6= ) BNt £
5 B R AR 4 97 1 1 Richards 75 82 X6 A 38
KT REIATELA AR R, TR
W=A/(1+Be—ki)1/N (D
X R (D) SRS A5 SRR 2R (G
G=AkBe—kt/N(1+Be—k)(N+D/N  (2)
KW kPR E A KKK E e WAL
JEIEE (D, Bk I N NS H, MAFR R K
KiE (A 5% GDF) 95% (e2) 58 A% BRI Y
(D), D = 2(N-+2)/K . T BRI P9k 38 i i
TR DU BRI SR AR R IR (G ) o
1.3.6 REMBEEERRBEKBHIE NIEHE
IS SRR B S R e T W ik
MK i g (CFEHD 36 P8 090 2 7k an k. (D
BO0.5 g Bl XM A 5 mL 50 mmol « L'
FEBEIR % MR (pH 5.5.7% 5 mmol « L' & fkEE.5
mmol « L 'DTT,0.1% BSA,0.3% PVP-90)/ki&
MR & 4 “CUKFEHREC 1 h,10 000 g B> 15 min %
4L 5 3R BBOML 6 ¥4 5 (2) 7E 0. 5 mL Jz A i v
(FH pH 5.5 i iR 92 vh B I i B 1. 520 2R R
WO . mA 0.3 mL MEW, T 30 C/K¥ I 60
min &, F-F 100 ‘C/KE 3 min £ 1k N5 (3D K
B I 0.2 mL JRA W ¥ (0. 4 mmol « L™
NAD,1 mmol « L™" ATP.4 U iR % %5 B 5 A4 i .
4 U COWERE .2 U % H-6-B I i) . F 30 C
K 20 min, @K 1 min 281k M, F 340 nm
AR RE WO BEAR AL s DLRA B AR /N I PR AR
NADH = A . A ES 3 K,
1.3.7 FFHIEMEE (DUUEH & REUEY T
FE0.05 ¢ F5 mL 08 H . MA 3 mL 80% £ %

W .80 C/K 30 min, ¥EAJRIAT, HA & 0% &
B b PR BB AR L IR R IR S M B RS 3 500 ¢ F
B0 10 min, B A 10 mL B.04 s B U0
FEFIMA 3 mL 80% LW, #% iR L IREH IR R 2
W PIERA I T 10 mL BOE R HEREZ
JE L 2 HR B 10 2 T M A SRR L DT TE T
D TR 3 . (2D T & B I - 1] B3R VT IE p
A 2 mL ZRI8K AW KT HRIAE 15 min, ¥ 215N
A 2 mL 9.2 mol/L. HCIO, , I F£¥ 51, 7 4 000 g
TR0 10 min, BWEWAEA 10 mL B0 . BRI
FEP A 2 mL 4. 6 mol/L HCIO, , #if #£ 42 B 15
min, A 5 mL Zi8/K IR )G &0 10 min, 5I3F &
W, FHZE R K DEVTVE 2 IR 3 mL, B 9F G|
I ZERACE 25 BN 20 B . BT 3R VE M 48 OB S 7
BE(10~50 %) JF B 2 mL F 10 mL B.04% b, #m
A 3.5 mL B AR BB K58 L 8 =ik 7E 100 C K%
FAERR A 10 min, BUB R A SROKR A R =G
M5E 620 nm YK T WoE R,

1.3.8 FFREMESREEME (D RS & PR
0.1 g FlSe Rk A FH /N2 KA, 2 T Hve i ek v
JA 0.5 mL 2 HUZZ v i [0. 1 mol/L & 22 vl ik
(pH 7.5,5 mmol/L MgCl,,1 mmol/L EDTA,0.1%
FEZ B, 0. 1% TritonX-100 178 7K i R #F . 2 °C
10 000 g #4.0 15 min, WHL W E T 5 mL B0
WL UTYE 0.2 mL $EBOR I 1 K, A OF LI WOE
% 5 mL, % B WO T RS G B T M e
(2) B P 5E < B 50 L B EEHUR , A 50 pL [0
W[4 mmol/L. UDP-#j %j #%, 0. 06 mol/L £ #¥%. 15
mmol/L MgCl, ,0.1 mol/L #§# 2% sh & (pH 8. 0) ],
1634 C R 1 hJEMA 0.2 mL 30% KOH %,
B N WK 10 min 28 1k RN, 8 2= 20 TR A1
A 3.5 mL (B ER B (0. 15 g B T 100 mL
WR IR PO TE 4 “CF KW 20 min J5 421, 015 620 nm
(W BE 5 X BT 50 pL il 7 9 K ¥ R 1 10 min
o AR AR B FH 0 25 (8 R T SRR RE G
B, BN REWE A U E

1.3.9 #FH AGDP BB EEEME (1 W H
B FREL 0.1 g TSGR A T 1 /N2 HFRL, 2 T Tl
PIBRER A 2 mL ¥ R B [0. 06 mol/L
MOPS pH7. 0 Z s N & 2. 0 mmol/L DTT,3.0
mmol/L EDTA F1 10 mmol/L BSAT, 7E vk | #F
BEWAIH . ST 4 °C .10 000 g B0 5 min, §%
R L IE W N T RIS PRI . (2) B S PRI E < B
1.5 mL 204 3 HL A3 A 40 pL 488 B3 W,



114 A T T 5 45 < /NS AR AR 435 B SR AKX [5) £ 1) e i FIORF L E K 1) 5% i 1913

Bl 0 mL B & W4 B [100 mmol/L. HEPES — FJHifl (MD) 4b /N 2 8 Bk ok kL = B W 2 88
pH8.5 W% 2.5 mmol/L MgCl,, 2. 5 mmol/L 11,7 % , 1 8 B 52 Whaf (SD) &b Bl /N 32 B kR A =
Na,P,0;.3.0 mmol/L NAD.2. 0 mmol/L ADPG, R ERAMLT 10, 7%, [FIEF 76/ 22 K RL P2 5 A4 ik
2.0 UBERRA A WE LG AN 5.0 U M A5 bE-6-85 18 ZER P AL T WW,/NEHEE MD #l SD Ab#F
Jit & ], 25 CHR A 10 min, RSN 2~3 K. P10 AL /N B RERLEAE MD Ab 3R B
BIMA 5% TCA 60 pl, & kN, 753 Kl 340 AL M AE SD AL BER &8 2E BEAR 17, 1063 /NI T hL

nm Rl NADH Wy e | AL MD AT RO 7. 8%, MifE SD AL ¥R
1.4 HiEAIE L 10.3% . 4. 5 WW A L, /N2 K 45 )

RIS BHE R FH Excel 2013 #5440 ¥, F SPSS BCRAE MD Fl SD Ab B R #B & 8 i, H MD Ab 3¢
19. 0 #AT RS20 H7 F Duncan B B MK (o= o, UL LR LLE B, /N kR )

0.05) .3z [ Sigmaplot 12. 0 HilfE &% 5 S KOO e BB /N A 5 e LA BOK o R AR
HABWAE
Zh B 5/
2 HRS I 2.2 FTEMEKLSETNEMFHERSESN
2.1 FEMEKLETNEFHTERMEEER I Richards A= 4 J7 F2 480 5 5 55 S50k 8 3% 3 A&
5kaMARE ([ 2 FI2 2), S5 R R 72 AN [R] A 7K o3 b B v,

® 1 2R SEFMKWWREARLE, hEET DU/ 58 FOR0 i TR0 E | i QT R R

1 TEMEALETMNEFERMBERS KD FARE

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
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—-O0—-WW-S —4— MD-S -+SD-S -—-WW-I —&MD-I - SD-I

~30r 601

7 B :

T H b

= 2.5 ) 50 C

£ £
5 °h 2.0 %0 40} d
vl e L e
N e LH >
JE 15} ZZ 30t £
33 g
M =y

on 10 r (=) 20 [

£ =

=05 T 10t

£

s

O 0 L L L . . . . g 0 . . L . . . '

0 5 100 15 20 25 30 35 0 5 100 15 20 25 30 35
Faor K +5 82K LGN Pk +5 =K ETN
WwW Drought Rehydration Harvest WW Drought Rehydration Harvest
1t J& X ¥ Days of post-anthesis/d 1€ J5 K% Days of post-anthesis/d

S. BRI L 35 Bk ; A F/NG R KRR A AL BRAE 0. 05 K P AHATEREWZEF TH
P2 T 5 KA K AL BEXS /N2 5 | 58 ki I T (A B TR (B) #Y 5 1
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

qb P i T E T RV o - 49 3 A R
Treatment (‘rainl iition 1000-grain weight The maximum grain-filling rate The mean grain-filling rate
‘ Tram pos /mg /(mg -+ grain ' +d D /(mg =+ grain ' +d D
S 51.56a 2.51a 1. 28a
\VAY
1 35.87d 1.51d 0. 9d
S 52.67a 2.62a 1. 32a
MD
1 40. 98¢ 1.72¢ 1.037¢
S 40. 98b 2.22b 1.16b
SD
1 29. 68e 1.05e 0.76e
—-—WW —— MD —{1+SD
30r 0407
0351
Pl 8
= 2030
@E{ 207 M3 . 025f
= b S
f\g%:’ilS- 2850.20'
g — a
#2E8 0l a UE3 o015t b
) A b ES om0 g ¢
L C w2
G 0.05}
0 0
RN 9 15 20 22 25 30 RN 9 15 20 22 25 30
6.0 28t
55 26 b
27 50} g 24r
M';N. 4.5 i 5~ nt
_‘w.g‘ : &1 2 o
@ s £ a0 20 20t
e — ®'S g a
i Z 235 = 2< 187 a
=E30¢} £ 16¢
25t C iup P b
2.0 12
9 15 20 22 25 30 9 15 20 22 25 30
F & Drought % JK Rehydration T % Drought %7K Rehydration

1€ J5 K% Days of post-anthesis/d
&l 3

1€ J5 R ¥ Days of post-anthesis/d

TR K Ak BT /N2 T O S 2 BORLB I S R B R

Fig. 3 Effect of drought and rehydration on photosynthetic parameters and total chlorophyll content in wheat flag leaves
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Fig. 4 Effect of drought and rehydration on the scabbard fructan content and fructan hydrolase activity of wheat stems
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