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Effects of Regulated Deficit Irrigation under Furrow Irrigation on Physiological
Characteristics of Flag Leaf after Anthesis and Yield Formation of Winter Wheat

LIU Xiaofei LI Biao MENG Zhaojiang LIU Zugui ZHANG Jiyang
(Key Laboratory of Crop Water Requirement and Regulation, Ministry of Agriculture and Rural Affairs,
Farmland Irrigation Research Institute, Chinese Academy of Agricultural Sciences, Xinxiang 453002, China)

Abstract; A pond-based experiment with winter wheat cultivars ( Triticum aestivum L. ) was conducted
under rainproof shelter during the growing seasons of 2016—2017 to investigate the effects of regulated
deficit irrigation under alternate furrow irrigation on physio-biochemical characteristics and yield of winter
wheat. Five experimental treatments were included, conventional border irrigation (T1, the soil water
content in planned moisture layer was controlled at 65% ~75% field capacity (FC ) throughout growing
season ) , alternate furrow irrigation ( T2, two root-zones were alternatively irrigated during the
consecutive irrigation, the soil water content with values of (55% ~ 65% ) FC and 95% FC were
considered as the lower limit and the upper limit for irrigation, respectively), T3, T4 and TS5 were
defined as alternative furrow-regulated deficit irrigation (the soil water content in planned moisture layer
was controlled at (55% ~65% ) FC at the beginning of returning green-stem elongation, stem elongation-
ear emergence, and ear emergence-maturity period ), respectively. When the soil water content at the
soil layer of a given treatment fell below the lower limit of the target range during the water-deficit
treatment period, it was replenished to 95% FC. Three treatments (T3, T4 and T5) received irrigation
water at the T2 level during the unstressed stages. The photosynthetic characteristics, proline and soluble

sugar content of flag leaf after anthesis and wheat yield components and so on were measured. The results

ek H . 2019 -06—17 & H #Y. 2019 -07 — 17

EETE: H5 A RFE ST A (U1404528) [ IRA /N % Ml A T R #2%5 H (CARS =3 — 1 -30) ,tfr e 90 BHIF I 7 36 A BT
i %5 %% 9 (FIRI2017 - 02) /A 25 47k (A oll ) B 391 (201503 130) 1 e A4 sl b 25 B b ) 0135 99 FI

TEEF A XN C(1976—) , 3, BIHFGE B, Wt , 3 5036 4E 90 BE 5T B 52 , E-mail : 1xffiri@ 163. com

BV : d IR0 (1958—) 0 BFSE B, 11 , 3 B e fF 9 SR 5 45 /K R DF5¢ , E-mail ; zhaojiang_meng@ aliyun. com



$oM

XN S B A TR B X A/ 2 MO A BRI A TR R R

321

indicated that the net photosynthetic rate and transpiration rate of the border irrigation were higher than
those of alternate furrow irrigation and alternate furrow-regulated deficit irrigation treatments, butthe
higher leaf water use efficiency under the alternate furrow irrigation was demonstrated. Alternate furrow
irrigation treatment and alternate furrow-regulated deficit irrigation treatments had a lower yield than that
of the border irrigation, but it didn’t reach a significant level (P >0.05) for Tl and T2. The yields of
T2 and T3 were decreased by an average of 1.98% (P >0.05) and 5.68% (P <0.05) respectively,
but their water consumptions were decreased by an average of 10.01% (P <0.01) and 16.91% (P <
0.01) respectively, and their WUE were increased by 9.04% (P <0.05) and 15.82% (P <0.01)
respectively. The present results suggested that alternate furrow-regulated deficit irrigation applying
suitable water deficit (55% ~65% )FC during returning green stage under alternate furrow irrigation was
the better irrigation model to save water and achieve high grain yield in winter wheat.

Key words: winter wheat; regulated deficit irrigation ; controlled alternate furrow irrigation; physiological

characteristics ; yield
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KW TR o 5 7 T 5 W 7 R R A B S
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R ERA W+, T AR EL, &k
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TP A R 1,38 g/em’, H A K 3R 24% (R
HEKAR) , T pH {H 8. 8 HAili 37 o % i (Y BT
W) A HLET 18,85 g/kg AR 1,10 g/kg 2
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L2 AR

L2 /NG ( Triticum aestivum L. ) A58 #1085
T “ B 22 267, i/ 48 7 £ T Al B2 Be /N 22 oF
FERTEEHE . R W A& A, B A N X
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TR EA 20 em R A 082, 50U K&
JIG IS 3 2ok VR R - B B A5 A 5 R i RS, T K
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AR A : 2815 20 em, 2B 5E 50 em, VA JIE5E 20 em , I E
1:1(E 1a), F 2016 4 10 H 1 H & Hi4&Fp, 2017
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Fig.1 Schematics of ridge culture and convention planting

for winter wheat
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Tab.1 Design of experiment

sk £ A KR R

ik

T H AL T, 2 T GRS TR O REHE
T2 1/2 BRI 2R A

(65% ~75% )FC
(55% ~65% ) FC

M+ HK A FREE (65% ~75% ) FC X AP, R 22 95% FC
KA FREZE (55% ~65% )FC X [] P, BIE %5 95% FC,1/2 K&

T3 TG SRR B (55% ~65% )FC RFE-HT K AETITE(55% ~65% ) FC; HAK BLIR] T2
T4 VRS- G BRI (55% ~65% )FC BOW—HMAEIIK AR RITE (55% ~65% ) FC; HA K BLIR] T2
TS5 JAG-REEE AN SO B (5% ~65% )FC FhEE-HERI K M ERIAE (55% ~65% ) FC 3 HAR W B[] T2
*2 BEBHEKXE
Tab.2 Irrigation amount in different growth stages mm
e &7 K Wk 7RI _—
02-17 02 -24 03 -11 03 -26 04 - 04 04 - 08 04 —-18 04 -29
Tl 18.8 28.8 35.0 46.3 33.8 25.0 61.3 46.3 295.3
T2 0 33.8 30.0 41.3 42.5 0 56.3 47.5 251. 4
T3 0 0 22.5 42.5 38.8 0 55.0 43.8 202. 6
T4 0 21.3 27.5 0 26.3 15.0 62.5 32.5 185. 1
TS 0 28.8 20.0 48.8 45.0 0 0 36.3 178.9

1.3 MUmB5AE
L3.1  :3ESKEFHKE

TEA/NE2EET WER2 d AEE IMKO 27
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BEAAEFU 3 A5 R EA T M. BRE
W 2Z B A B A R B AR IR D e
KFEGREFMERWI(2 H 16 H—4 H 29 H) a5
B 5 d B E 1 7%,0 ~ 100 em + 245 [ 20 em HX
— A [RlEFX TRIME [ 2 25 SR A7 bR, 24 + %
EK FIR FIHE KT B, I Ak i, K R
Mok EARXHE rEAR N

M =10Hp(6, - 6,)

L M— K, mm

(1)

H——Z% I B b 3 R0 2 19 %, em
p——HRIENZ N LA, g/cm’
0,—— H b % /K 2 ([ 3% 7K 2% 3 A H b7 4
X &K R
0,—HE WL AT I KR
1.3.2 g HURE K d 077 ik oK 40 ) 2803 0 5
A INFEKEIK B R K B P Oy AR A B
ET.=P+M+K-F-S+AW (2)
A ET —%/NEFKE , mm
P—A 3K i, mm
K——H /Kb 45 5, mm
F— 132723 , mm
S— % Z B E , mm
AW——2E B WA BE L3 &Kk A B mm
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KA Excel 2013 #E4T $5 4b P/, SAS 9.2 % i}
AF AT T7 2200 M, R ] LSD 3L AT Z H L # .
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2.1 AEEFHASBAENENERFTEMN XS
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M3 LR IR AEAR ISR G |, 45 Ak B
HOL A AR (P, ) 58 LA A AME2 RO, I 1E4E
Ja 14 d RENE(E, 2 )5 25 A BT PR R . 48
Ja 0 ~28 d, BEFE T1 AR T H At A BEE A 0 19 4
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Tab.3 Variation of net photosynthesis rate

pwmol/ (m*+s)
e A )5 i /d
: 0 7 14 21 28

Tl 18.61*  21.15"  24.23**  20.10™ 12.73*
T2 17.89"*%  20.12"F 23 28"*% 18 61"  11.02"F
T3 17.31%F 19,52 22.32°BC  16.50°¢  11.50"%
T4 17.10<%  18.12°“®  22.05°¢® 14,51 8. 62<¢
T5 14.24%  17.10"  19.16"  13.53 4.75%

VRN TR RS B0 [ B 4 % T LB
TE 0. 05 /KFA10.01 K By 2253 2 &, R,

i 4 AL, 4 Ak B A /N AZ THE I ZE I R (T,)
AR ERE P,— 3, ¥R SRS N S 9,
)G 14 d W PE{E ,TL F0 T2 Byt 778 0 ~28 d
BT H AN AL, AE 14 d F128 d 3k B IKOE (P <
0.05), TS (dtry T/ F H AL IR, IFAE 7 ~28 d
KB E K- (P <0.05) , KBBR8 5 3BT 4/
22 RV SR A K 43 T 38 X AR TS 1 T 2 P R
A BRFM

x4 EBEERTH
Tab.4 Variation of transpiration rate

mmol/ (m’+s)

A6 )5 I e/ d

YiS:]
0 7 14 21 28
Tl 6. 12" 6. 61" 8. 43" 7.02% 5.20
T2 5,510 6. 02" 7.98 6.20"% 4. 81°B
T3 5.38"% 549" 6.92"C  5.01°C 404"
T4 484" 5,04 6. 01MC 581MC 4,240
T5 4.50" 5.03%" 6. 04 3.53% 3,15
2.1.2 AN EOG G R G R KK oy A

FA %% B Ak

g1/ 2a 2b A[ LI, T3 T4 1 TS BjiEnt P, H
75 Al 2% 1 A 11 S B XU T, 26 B R 1
Sebr PR LG s T AL, T3 R T4 BB Y
“ZUETAEAL, TS S HIET T . 45 Ab BE T 46 390 et
H 35064 M3 (P,) 5 T HES ), (545 4b 20 2 fi £7
TR (F5), FFEW,TL R T2 [0 P2 1A IF
JeBEXEF(P>0.05) A1 8% T HABA B (P <
0.05) , 8 B I 740 5 8 W0E 4% 2 7 390 10 7K 4 s
S REEI FF A3 0 6 45 FE FI A — s R RS .
9,72 T3 T4 [ (T P, JE 35 2 R (P >0.05),
TS (et P, 52 /N T HAB AL B (P <0.05) . /N3
HEM B T H AL S P, il 2k R A — B0 (B 2¢,
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2d) W5 AT AR (2, T3 T4 [ REERT 7, A 25 4k il 2
TEVESE I I " T, p3 S AT, 45 A T
0 B R T L 3 2 0 R (T,) ¥ T T AR, 3 7T i
SHES ISR T, e WS AR SR A . TE AR
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T (9 Uk /0N, 06 B0 R 90 98 5 0 TR T 4% 4 T M 1k
3 T30 1 B AE — 5 FREE 1 R AR A /N 2 ME I i1 2
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WA B, T 36 3 45 40 T e (5 /M, 356 T 15 P
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0. 01) , 3 I 34 98 = 98 T 3R 75 — 4 19 00 i 9% i
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Fig.2  Diurnal variations of net photosynthesis rate, transpiration rate and flag leaf water use efficiency under
different treatments at flowering stage (2017 —04 —27) and filling stage (2017 —05—12)
x5 AELBXNZNEREEHBESEXGER(P,) AHEBER(T)MBHMRKSFIARE(LWUE) B0
Tab.5 Effects of different treatments on daily average net photosynthesis rate (E") , daily average transpiration
rate (i) and daily average flag leaf water use efficiency (LWUE) after anthesis of winter wheat
T A6 T
A = B N 2 [N —— > 2 1y 2 Y Twrr
P,/(pmol:m™*+s™") T ./(mmol-m~*+s™") LWUE/(pmol-mmol ') P,/(pmol-m~*-s™") T /(mmol-m™*+s™") LWUE/(pmol-mmol ")
T1 18.20 4.07* 4.35 17.13* 6. 66" 2.57"
T2 17.38°4% 3. 648 4.70"® 15. 80" 6. 04"4F 2. 64"
T3 16. 1548 3.19¢8¢ 5.07* 15.22"5¢ 5.39%¢ 2.91*
T4 15. 44" 3.10°¢ 4.98* 14. 815¢ 5.65"F 2.65"
TS 14, 42°® 2.88< 4.94* 12.92¢¢ 4.68¢ 2.86

2.2 AEEFHKSBEEXNZNEFEBEEMNE
AR N kA
B 18 A Y I A 3 VL K 23 o 38 ) B2 AR HEAL
], 38 R A = R AR A Dy RAEA YR N B
BRI bR . i3 6 nLUA L BR TS 4
Qb B T I A R R S AR K AT (O B A o
7R )IBBNEAE, S OK Z 05, I R O R R R

T TS A i A R o AR AT RLR, B
TE)G 14 d 3k 00 fH o 7K 43 a6 Ak 25 i 7 0 i 4 R
B T A K AL BT\ T2) , T3, T4 [ T5 fY
I R B A 4 0 b T2 130 14% (27,44 % |
61.92% , 7w i B i 8 5 VE B 7 XN & A F WK
Ay it R F N Tl AR B R .

AR T o S AR e R



XU/NTE A B TR I T X A /N T AR BRI 5 TR Y R 325

R6 FARLETEMNEEMFBERSE(REL) TR

Tab.6 Variation of proline contents in flag leaf of winter wheat under different treatments ne/g

I AEJe k1) /d

4k ¥

M

0 7 21 28
Tl 49.77% 125. 874 94, 714¢ 135. 0148 63. 08¢ 93. 68
T2 76. 71" 150. 00°¢ 114. 70 128. 24bAP 111. 14%® 116. 16
T3 101. 59" 190. 23" 125.35<¢ 114.17<® 126. 07" 131.42
T4 112. 09 201. 79" 164. 54" 147. 314 115.26" 148. 04
T5 120. 154 234, 08 260. 16** 146. 78** 179. 68** 188. 09
TERY R A P B AR AR T AT AR S B R T b A B (P <0.05)

VA th, TFAEASIRE /K T 45 Ak B T o ] 5 P 55
w2 PR R A B BE S B AT N, AT AE )
21 d IR FIUEAH, Z )5 2RI/ o TS FETFAE ) 14 d 1Y

TEIFAE S 21 d MR B e R AE, I 19 oAt Ak 2R A 22
SR S E K (P < 0.01) 36 B R - ml 38 4 i 5
5 R KR A 5 R AFAEAN T E

RT TRAKLETZNEEHTRUEESE(RER)ZEH

Tab.7 Variation of soluble sugar contents in flag leaf of winter wheat under different treatments we/g

JFAEJe s ) /d

i 0 7 21 28 M
Tl 17. 12" 20. 03" 20. 124 25.98°¢ 9.68* 18. 45
T2 17.08"® 21. 7448 21,574 27.96" 6.98"" 19. 07
T3 21.30* 21. 3048 19. 13%48 26.10°%¢ 6.09°" 18.84
T4 22. 98 21.97°A® 21.07* 28. 02" 8. 39:bA8 20. 49
T5 18. 73" 22.74°A 16. 83" 31. 664 8. 4248 19. 68

2.3 AEEFHASAENENEFTEREMM

EeEA

A [R5 3R &N E R e A T A TR
e 8 RPN, T1 1% OB kL oo ™ o 2 e T
FUAt AR B FG b REORE R b A B SR 22 5 (P <
0.05) . T2 {4 BB T H At Ak R 158 19 B 78 28
BREBERESY & /N A R TR R
A SR R TR B R R TR E T LR
PRk, T2 A0 TL = I o % 2 5% (P >0.05) .
T3 T4 TS WA AR R RN AT T2 B4 A TH
PRI/, Jorp T4 TS 5 T2 Z [a] B A 2 3% 72 5+
(P <0.01). TS AT R /D T HAd AR B, H k)
WEACF (P <0.01) R WIFE I8 98 5 HE BT -
SR o 3E 23 7R R /N TR B

I 21 77 i R A AR PR R B O TL

(P <0.05) ; N /K F K 43 R RUR T 45 Ak 3
KENME WK f T3 . T2 T4 T1 TS, Hh, T3 5 T1,
T4 [ T5 1) 22 5 36 W 8 3 K F- (P < 0.01) , i B & 74
JH 5 WE R R R T KT IS B K oy T 3 6 R
WUE £ F], T2 F1 T3 {977 5 50l 8 T1 FEAIG 1. 98%
(P >0.05) fil 5.68% (P < 0.05), {84 5] 4 /K
10.01% (P <0.01) 1 16.91% (P <0.01),WUE 4}
P47 9.04% (P <0.05) 1 15.82% (P <0.01) , i}
AR Y 1 W AR T — KT B AT XY K 4y T
REF R AR L1 K I 1 A /INZE 1R K 43 R 0%

3 itig

3.1 AEALEBHASBAENZNERE
LET 3R
H RATR A= F WK 43 Filp 36 %oF /N 22 e e A bk

B3 &

T2 T3 T4 T5, H i T1 T2 = B % m FHAMLE T A RSO, sk YO 31 ik

x8 FARLKLETEMNEFEREMBESR

Tab.8 Yield and its components of winter wheat under different treatments

e Ry Y R %/ TR fE/ FE ALt/ KoK/ Ko R SR/
) (B -hm~?) Obr-F") g (kg-hm %) mm (kgem ™)

Tl 5.86 x 10008 34. 60 44,05 8107.36™ 458.75" 1.77°P

T 5.96 x 10%* 33. 12048 43,78 7 947,234 412. 82" 1.9308

T3 5.75 x 10°0B¢ 32. 52b8¢ 43,20 7 646. 56" 381. 19b<¢ 2.05"

T4 5.62 x10°" 31.06°P 43,12 7 043. 38" 373.95 1. 88"

T5 5.70 x 10°°5¢ 30. 78" 38. 86" 6276. 654 371. 83 1.69°
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A R R i B 28 B O 9 SR 0 A9 K o T 3 5 7 3
BRI R T S R R N A R A
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oA, 56 T Bl 7 5 TR B R Bl 30 3 5 TR X A&
A2 TN ' A R R A R WL ARGE o A BTSSR R
U IVAS i 917/ BIER AUTEE] i 3 b = (VS I |EN=R Ry i)
A AR RINE A L% 75 0 3 A A /N 425 T LWUE
T3 M T4 (it P,A1 T, H 22 Ak il 2 A2 T 76 301 Fn e
I B R e g AR AL, XA
3O IR ARG A 0 TR AR
TE/NAE O E I R AR ol 7 N 22 1 ROR B BRIk, TS
R P, A T, A8 R 20 i 1) b {2/ T Ho A Ak
U5 Y PR 9 R TR ik R I % K o3 3l
HHIS TANERE AR, e R AT REZ BN,
BRIV L F AR 0 S 7Kt M DR B | B 28 T R BT o
ARSI bR B T A AR HEL(P <0.05)
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EE T RE
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