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Response of Water Consumption and Root Physiological Characteristics of
Two Different Drought-tolerant Wheat Varieties to Anthesis Stage Drought
WANG Rongrong', WANG Haiqi', JIANG Guiying', YIN Haojie' , XIE Bingying', ZHANG Ting'
(College of Agronomy s Shihezi University s Shihezi» Xinjiang 832000)

Abstract: In order to explore the water consumption characteristics, root physiological characteristics and
yield response to anthesis stage drought of different drought-tolerant wheat varieties, taking drought-tolerant
variety “Xinchun 6” (XC 6) and drought-intolerant variety “Xinchun 22”7 (XC 22) as the experimental
materials, conventional irrigation (CK), mild drought (T1) and moderate drought (T2) at anthesis stage
were set up under soil column cultivation and field conditions to investigate the effects of drought stress on
water consumption characteristics, root physiological characteristics of different soil layers and yield of drip
irrigation wheat field. The results showed that after anthesis stage drought, the water consumption and
water consumption intensity of the two wheat varieties in the whole growth period were CK>T1>T2, and
the water consumption model coefficient reached the maximum at the jointing-booting stage. After rehydration
with T1 treatment, the bleeding fluid, root activity, hydraulic conductivity (Lpr), the avtivity of catalase
(CAT), peroxidase (POD) and superoxide dismutase (SOD) and soluble protein (SP) content significantly
increased, which promoted the increase of shoot mass and 1 000 grain weight, and improved yield and water
use efficiency. Compared with XC 22, bleeding fluid, Lpr, root activity, SOD, POD, SP content, shoot
quality and yield of XC 6 all significantly increased. In T1 treatment, the bleeding fluid and L p» of XC 6 were
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5.4% to 25.1%, 2.2% to 15.7% higher than those of XC 22, respectively, and the SOD (6.9% to 20.0%, 2.6 %
to 24.7% and 3.6 % to 31.1%4), POD (4.1% to 19.1%, 3.9% to 25.2%4 and 3.7% to 21.6 %), CAT (7.8% to
15.2% ., 8.3% to 13.3% and 10.8% to 13.3%) activities and SP content(4.5% to 20.4%, 0.8% to 29.4% and
1.3% to 7.9%) in 0—20, 20—40 and 40—60 cm soil layers were significantly higher than those of XC 22,
respectively. Root mass, shoot mass and yield had a quadratic parabola relationship with water consumption, and
there was a significant positive correlation with bleeding fluid, Lpr, MDA and CAT activities. The
interaction between water treatment and varieties had significant effects on Lpr, POD, CAT and SP content.
Therefore, mild anthesis stage drought of drought-tolerant variety could reduce water consumption, improve
root SP content and antioxidant enzyme activity, so as to enhance root activity, improve shoot mass, and
improve yield and water use efficiency.
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82.1% , POD i ¥ 43 5l 34 15.6 %6 ~78.5%,11.3% ~

90.1%,26.4% ~88.7% , CAT 1% ¥ 4> B34 hn 17.3% ~
42.7%,17.7%~42.8%,15.4%~39.0% , CAT {E+¥E
I BAE G 14 R TR IR (8.8% ~25.220)
INTAEJG 28 ~35 RIFENE (23.9% ~33.0%), Tl
EFER L XC 6 AR+ 2 SOD(6.9% ~20.0%,2.6 % ~
24.7% 1 3.6% ~31.1%)  POD(4.1% ~19.1%.
3.9%~25.2%,3.7% ~21.6%) ,CAT (7.8% ~15.2%,
8.3%~13.3% M1 10.8%~13.3%) K & /= T XC 22,
KA AL B CE VRS R AR AE S 14 K SOD i
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PELFAEW] BTG 14.28 K POD §if¥E LA K CAT 3 1 FAETE
=) CK S CK
& T = T2
- E
® g CK g m 3 CK g
% T1 ® | T,
= 2 ® IK & T2
H +H
3 CK 2 ﬁ(
| T1 J
g 1 1 T2 < 1 /I// 1 T2
(=1 [ (=1 (=1 [ (=1 (=1 [==] (=1 [ =]
2§888°888¢8g
PODI% #/(umol » mg” * pro * min™) PODY #/ (pmol = mg” + pro * min”)
) T1 9 a =7 v T1
< T2 < a -I::::::: A a T2
§ g (d) HE35R =
= CK =) b $=14 b CK
" i &
% é T1 1% T b 'I:‘:‘: b T1 3
W K T2 Ik & 2o = T2
H H
2 CK S c c CK
| Tl | b ¥ b Tl
L. ” - T2 ¥ Y = T T2
(= > [ (=1 < =] < < (= [ < (= (=3 (=3 (=1 (=1 < < (= < (=3 (=]
< < < < < < < (= [ [ (= < (=1 (= < (=1 S (=1 f=2 (=]
w <+ o N — — o [an] <t w w ~ o [a\] - — o o < w
POD# 1/ (umol » mg™ « pro * min™) PODiE 1/ (umol » mg™ * pro * min™)
B XCsé [l XC22
B7 FAREKSLEIIRE PODEMEAF N
< A b CK o CK
T T s T1 I T1
< A o T2 © T2
g g
~= = ~=
4% = A b CK B " = CK m
® | S a T o g | T o
W & 4 o T2 & T2
H +H
8 b CK 8 CK
| “ya T1 | T1
< % J//j‘]' ¢ ) T2 < ) T2
10 8 6 4 2 0 2 4 6 8 10 10 8 6 4 2 0 2 4 6 8 10
CATiE 1/ (umol » mg™ » pro * min™) CATY% 1%/ (umol * mg™ » pro * min™)
7\
2 40 CK CK
) A2 Tl 8| T1
=} A4 c T2 IS T2
g g
2 ] S
% 3 a T1 | T1
& 1 b T R ﬁg ™ R
H H
2 A b CK o CK
| % a T1 T T1
< 4
<+ e | |b 1 I T2 $ 1 ) ) T2
10 8 6 4 2 0 2 4 6 8 10 0 8 6 4 2 0 2 4 6 8 10

CAT#5 £/ (umol * mg™ * pro * min™)
F XCé6

B8 AEKSALEIIRERE CAT iEH

2.2.4 SP 4%
R (& 9, 6)5 14 Rix Bk, BT 50 1
.4+ ZEWHE T1 AAFEF &K, XC6 4+ )2 T1

RhFREE CK A1 T2 43 M4E 5 7.0% ~61.2% F1 20.4 % ~

WAL 7 I SP 5 i B e S

CATYE £/ (umol * mg™ * pro * min™)
XC22

SEA!

87.2%,13.6 % ~72.6 % 1 28.3% ~108.4% ,25.1% ~
38.6 %M1 1.3% ~100.0% ; XC 22 7E T1 A B F 4 CK
FT2 43 50 $2 %5 8.0% ~36.5% Al 35.0% ~114.4%,
29.9% ~63.5% M 22.4% ~116.2%,28.5% ~44.7%
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M 14.0%~112.4%, T1 A3 F,XC 6 A+ 2R
Z SP &t XC 22 A3 4.5% ~20.4%,0.8% ~

o b CK
T 4 a w)ﬂ
< Z I T2
8
oo 74 b CK
;\%T ] e le
Ik & I T2
H
= 4 c CK
T A a T1
3 /Alb 1 1 T2
1 0 1 2 3 4

29.4%F11.3% ~7.9%.

At A5 7K oAb BE AR XS SP

o 9 | K
3 G
= T2
: CK
PN
%] 5
K & T2
.H
2 CK
| T1
g , T2

5 4 3 2 1 0 1 2 3 4 5
SP% &/ (mg * ml™)
B XCe6

s AIRTE N
= ®b) | CK
T Tl
= §vl
g
oo CK g
™ <
& | L
M Q T2
._H
2 CK
| Ti
g , T2
4 3 2 1 0 1 2 3 4
B/
g @ | K
T Tl
° ')
g
oo CK gy
3
1% é T1 &
K & T2
.H
2 CK
| T1
g L T2

5 4 3 2 1 0 1 2 3 4 5
SP% &/ (mg * ml™)
XC22

9 AREKFLAEIIRE SP 2ENF M

2.2.5 MDA 4% K& 10 o], pfid & oE R e,
MDA % & 2 Wi 3 . JF 46 8 T 52 82 B3 in, MDA
TaE LTIHER, T2 4B E ST CK M T1 A
(p<<0.05),XC 6 A2 T2 % CK F1 T1 4 FE /3542
1 25.5% ~54.1% A1 1.6 % ~40.9%,16.9% ~68.0 % Fl
3.2%~25.4%,13.3% ~87.9% Ml 11.4 % ~31.4%; XC 22
16 T2 AFEF & CK F1 T1 AbFRA: HI3R 5 51.5% ~72.3%
9.1% ~29.7%,10.0% ~94.6 % Al 18.4% ~43.1%,
9.4%~56.2% F1 19.9% ~34.7% . AW EIG 14 K
MDA £ 97 458 i (31.1% ~78.0%) K T HEJ5 28~
35 RAYHEIE (19.1%~45.1%), T2 4bBEF,XC 6 A+
JEHRFR MDA & 88 XC 22 43 W A8 3.8%~19.3%,
14.2%~32.1%.,4.2% ~21.2%, & Fl 57Kk 2 kb 33 17 A
SFFAE W A S 14,28 K MDA & B0 2.
23 WREKNEZESE (Lpr)

RER Lpr 2G5 5 ZR G 7 A0 22 Ak i
— B BB A SRR 1D, TR T R
FERGTR  Lpr RN ER, 2 A5 FD CK % T1.T2 43143
Jli 4.870 1 13.620,30.0% 1 34870, i £ )7 14.28,35
K T1AbHE & 2545 CKLUT2 & 17.1%~31.9% 1 16.8 %~
A7.6%,45.1%~129.6 % 1 48.2% ~146.3% , FFAEHH ~
5 14 K Lpr BIFEIR (15.2%~60.6 %) /N TAE T 14~
28 RAYFEIR (57.6%0~92.4%0) . &hFf[E],XC 6 R R Lpr
T XC 22,3 Fab ¥ T, XC 6 # XC 22 7 942 &

6.7%~14.5%,2.2% ~15.7% F1 10.6 % ~25.2% .
Pl KA AEFXT L opr 5200 0 35, SRR AT K 43 Ak 3 H AR
S AE I RIAE G 28 K Lpr %00 35,
2.4 FEMKSFHEABE

HH R 3 AL FRAEI K o3 il i A B 35, 2 A A AR
R BHIFEL. LB CK>T1>T2,CK H T1,T2 4b
PRI 4R 6.8 %01 10.3%,24.5% 1 85.4% ,{H XC 6 F
XC 22 Hi1 b 3B A T1 AL BT & HoAth 40 2 53 551 42 55
11.3% 1 15.1%,39.6 % fil 64.7% ., XC 6 H7& HAfE T2 4b
PR CKLT1 439487 0.7%,19.6 % . 1M XC 22 HE L
7E CK AR T 34 3 fe K, B H At b 31 53 5l 4 v 27.2 0%,
29.9%0, 7K434b PH X RE R BB £k, TR 52 e B
XC 6 F1 XC 22 BEECIAE T1 b3R5 K, A H Ath b 3853 31)
PR 1.9%6.2.7 %1 0.7%,2.6 % s BE/K 43 k36 58 4, XC 6
FEREE TR H S S 0 5 R Y fa B, HL A& A 3R] 25 5
00 XC 22 BB B TR 478 CK A B A 3l i Kk
CK & Hoft b 843 5] 4 785 8.5%6,20.1% 1 1.8%.20.6 %,
mn P 5 7K A3 A B AR X TR S A . XC 6 7 i Al
KAy 0% 1 S 1 5 e 1k 3, T AL 3 I 2 e LAl
AR BRI 1.8 %0 A1 16.2%6,13.9% F1 6.5%,XC 22 7=
AR CK b P K 31 5 A, A b b 2 43 51 2 185 2.6 4
15.3% B A FIFHRCRAE T1 b33k 3 5 K, 48 HoAth ik
B 54 R 10.8%0,6.5 %6 o A R K 43 Ak B B A X AR
Jo Ee: b 5 T AR IEE L A R
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CK CK
(=2 a (=2
(T ( ) T1 (\ll (b) T1
@ T2 @ T2
g g
. CK gy ®e CK gy
" 3 F
% | Tl ® | T,
o & T2 K & T2
+H +H
2 i CK 2 CK
| A T1 | T1
< [~
< i T LV < L L T2
6 5 4 3 2 1 0 1 2 3 4 5 6 6 5 4 3 2 1 0 1 2 3 4 5 6
)
(= (=
1 1
(=] (=]
g g
2 2
by <°|r " <°|r
& 15
I & I &
+H +H
= =2
1 1
g g i
6 5 4 3 2 1 0 1 2 3 4 5 6 6 5 4 3 2 1 0 1 2 3 4 5 6
MDA E(nmol * mg™) MDA® &/ (nmol * mg™)
F XCe6 XC22
10 FAEKASLEIIREZE MDA @287
10 10
N a N XC22
n‘f 8 b 'g 8 CK
= =2 . = 777 T1
b6 LS w6 ¢ a =Kv
g — g b 7
| = < 7.
S = 4 -] a
N == N ==
S s b P
~ L] ~J -] —
W 2= W& 2 e =
® [ b3 [ [
0 = 1 — J 0 — 1 — 1 — J
FHEY  EFEI14R FEF2R EFES[KR FHEYH  EF14R EF28R HEFE3SK
EENH EENH
B 11 FREKSLEIMNRER Lpr 9300
K3 AHRBAFBKSLEN/NEFHUREFENZE
EY ) WL/ _ A . , i/ KRS/
i i , , R o B ThE/g . ., B
(kg* hm™?) (kg* hm™?) 10* hm ™~ * (kg hm—?) (kg*hm % emm ")
CK 3657.0+257.2a 22728.24380.5b 0.220.02a 129.1+9.5b 36.9%1.9a 16,3+0.2b 7354.3£31.1b 13.420.1c
XC6 Tl 3425.3£79.9a 25296.9£1012.0a 0.1£0.01b 437.3£9.6a 37.2£2.5a 47.8%1.0a 7487.6£10.2a 15.60.2a
T2 2936.3+152.0b 18122.2£773.8¢ 0.2£0.01a 425.7£9.4b 30.3£4.1b 40.4£0.9¢ 6457.546.5¢ 14.6+0.1b
CK 4561.74+300.3a 20967.6+492.6b 0.220.02a 421.9£4.9ab 35.9£0.9a 45.7£0.3a 7236.6£12.7a 13.720.2¢
XC22 Tl 4134.3+252.1a 24140.44773.6a 0.220.01h 124.9%4.1a 33.1£3.0ab 44.9£0.3b 7054,1£9.7b 15.170.1a
T2 2460,0+370.0b 14654,0£123.4¢ 0.2£0.02b 413.7£3.2b 29.9%1.6b 37.940.5¢ 6274.533.9¢ 14.2£0.3b
b 1017 466" " 2177 21 557 4147 3476 " 9.0
Fi b 3 50977 577 93" " 16,6 7 2507 237.2 21706~ 139,777
MR T 13.0"" 49" 1.6 1.0ns 2.2ns 7.5 53.87 " 3.5ns
2.5 WREBEMEXSH i E A G,

A6 4 A1, AR R S M L T R S
KR FEK B BF.Lpr MDA fil CAT % % 8 #
EA R (p<C0.05), 5 POD ik B FH ML, 5
SOD 3 P Jo AR &V 5 #h I #B B f ™= /2 5 RV Fl SP

26 HAKESTFUR.FENXER
1P 12 AL, 2 A A AR FE AN TR K 3 AR BER L )

5t
E

JEE SR E R TR LR S FE K SR 3] —
REER B MBEMK, 24 XC 6 #/KE K 646.8,
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502.5,508.4 mm M, HR BT & M b ER BT L A il
A3k 3 539.5.24 126.8,6 996.6 kg/hm® ;24 XC 22 #E/K i
4 509.9,498.0,510.1 mm B, X W AR 57 8 b b 35 o i
PR3 767.0,25 707.9,6 772.3 kg/hm? ,

4 ZHRAKERREEHESTURRTEMNHEXRY

i H A BT & M F A BT s
FEK &= 0.57" 0.47" 0.77""
BF 0.54" 0.97*" 0.88" "
Lpr 0.65"" 0.96 "~ 0.96"
RV 0.43 0.86"" 0.71""
SP 0.42 0.94"" 0.75""
MDA —0.67"" —0.61"" —0.84""
SOD —0.39 0.20 —0.14
POD —0.87"" —0.59"" —0.75""
CAT 0.50" 0.97" " 0.89" "

W BF UG RY AR RIE TSP AT HEE A Lpr HAR R
K 1% S s MDA 9 R B ; SOD 4 4 1k 9 15 AL B ; POD
o it ALY s CAT it G Ak A

5000 ,
y=-0.41x"+418.08x-102812.78 o

~ 4500 | Rz=0.§)91 2%

g

<= 4000 - o

o0

= 3500 [

~

@ 3000 y=-0.02x2+25.87x-4826.20

oo R’=0.8240"

o L o XCé6
2500 ° o XC22
2000 Q 1 1 1 1 1 ]

440 460 480 500 520 540 560
FKE/mm
30000
< 28000 [ y=-1.88x*+1889.58x-450675.43

8 56000 L R'=0.9528 -

en 24000 |

i)

= 22000
& 20000 -
| y=-3.05x2+3037.50x-730554.93
- 18000 R=0.869 4"
11 16000 o XCé
H 14000 [ o XC22
12000 1 1 1 1 1 1 J
440 460 480 500 520 540 560
FEKE/mm
7800
| 3=-0.21x™+213.52x-47278.19
7600 R=0.9937"

~ 7400

‘g 7200 |

=

;n 7000

4 6800 [ y=-0.18x"+183.63x-40061.01

IIIITIE] 6600 + R’=0.9525"

L. 6400 o XCé
6200 | ° XC22
6000 1 1 1 1 1 1 J

440 460 480 500 520 540 560
FE/K B/ mm
E12 £EHEARAESTFURENHEXE
» \A
3 W

3.1 FRAEHEAOK & iR = Xt 4 F H 1) FE K R AE BY #2 i
TFAE 3 I /N 22 75 7K o B £ P ST 0Hg I I £ v

TR FEK R B K, T B2 70 AR 0 K o) 4 RN 22 HE R
LA /K £ Bifi 7K 43 I 36 R B 14 38 5 T AR . A5
NN IE B K 2 hb B CCKO R il B —JF A8 0 FE K 2 oy
MFEK M 1/4 A4, HFEKEIEH 7.0 mm/d &
A, FEAEIA K J3 W 36 T i 5, FE K o B B K B B
EREAL, FLHEK— BN FE K 2 FE KA R i 3
P50 X GXMEE AR e R —2 ., i RN R &R
XK 3 i B W AT — 25 Y, AT g R
B, i 7™ K A3 R R 803 R RE K et 3 v T IRRE K R
anf ., R BE A EE K A3 haE R L XC 6 F1 XC 22 7E T1.
T2 4b#F b CK 40 345 7K 7.2%.10.0% il 18.2%,
16.7 %6, 470 5 1 5 b P A BT M 59 B RLRE K i R
0.1%~5.2% . MR H 1350 5 A s SR KR 2
BEEA G . 7K A 4 BRORN Bl A X A A ) R
KA L G BE R B T AR SRR KRS R B et
Xof i A — TF AR ) S — RO e A I ] R K i
S 2 U B TS SR R R /N 2 OB T R A T
B B K A U AT DL B0 K BRI
3.2 FHEASEEMNIREEEFTEMNZME
TREMET , 1E Y a1 aR AR R A BE L 4R T
A2 T TR AR R R 0 R AR DA T S AR T 37
&N BT RR Lpr MR RAEK 7375
SRR FE AR R G ) 0 5 0 SR AR RS,
TP R E T RIEE K. Lpr MAGHKEERT
CK, 22 9 H A B3R 22 50 07 53X 5 401 2 08 5500 1F 5% 45
2, MR N T R GE 01 AR Ab o 5 5
TE B B AR AR I, R BR AR N A A B O P AR
BF, 2 5 I R IR 3 S . ASHIE5E & B, JF A6 4
KA W38 B, MDA 56 4T 8% 4R 3 9 9 T °F- i . 51 &
SP & it FIPT 4 Ak B 6 1 39 5, 5 B K 4 T aE 5 2K
AL A G M= T CKL i MDA & /3K T CK. X
A BE & B UK A3 W38 5 B K MR 2R 7 A A B R RN
ERAE Y BB AE X — . T R R Bt
AALBEIEYER SP S B EHM T CK, F 2 & H TH
TSR o A A RS I R T b A A
35 5% 343 R SP R I Y g ) 2k R OF Al i RSP
B S AL G RS RE )2 R, SOD.
POD FIl CAT {1 P4 32 W A BERA V2 S b 2R R TR
INEARRKEE R REFEAE . R)Z R R K
ER . XC 6 u% fb B 0% v SP & &L T XC 22,
MDA 5 5 M X80 UL XC 6 78 13 55 4148 T 35 B
F H BRI Ag o S A KR @ B AR
it Sk, A M £ B, BE.Lpr . MDA F1 CAT §i
PR R T B M 1 0 e RN R AL I AR DG, UL
PR BR h R TE N2 S B AT R T R T 4
SRAR R A AE BT RE A TR S AR R 1 L B A a8
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3.3 FAHEASFAEMFEEMAKSF ARENZ D
RO Y A AR AR BTE M R T bR R R R

TP 3 BT 5 AT Ak /N 22 R R A B

LT | B VA SRS LS el N ) T LD A R

JEIK 43 Tl 38 Je A 7K, AR | DR B R R A2 2 R HROK

- R I B A RMEEARONE L T R TR G R R A R

REE TR H AN BT 36 5. 43 A CKOREAIR 0.8 %6 il

1.9%,17.9% 1 16.7 % ,12.7 % A1 17.1 % . Ut B #M23KL

o7 55 130 R B A OC , P8 B[R] R, R RN FEAIR

BB A EGNT . XC 6 5B kLB RURECS Xt

WRTC I 25 22 5, AR AR Tk o 0 ™ 1 Bk 35 e T R,

RN B FERRE TR K, AR T

VSN R A ) o 1) b R S5 ds . XC 22 5% 5 Fn b B Ab

PR BSORN R B0 BT 1 25 25 S, U0 W R ATORN Rk

B K AME O e B B T ALERE e )1 59 . /N

A= I T Y T (R 5 K T S 2 R i T E ROK 4

AR, Panda 555 BF 58 B, & /N 22 T 46

PR4F 6500 H Al 4F K &, 7 fE k5 5] 9 000 kg/hm” . /K43

FIRSCRSE® 11.5% . AW, = SFKE 2

WL £, Y AE K B 501.6~529.6 mm, 7 & A 3k

7 236.6~7 487.6 kg/hm*., SXfHEAMH L, XC 6 7£ T1

bR E R 1.8 00, RIS B AMERL Y , K 43
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TORL R B A RS L 10 B P R R A o R TR R
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