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Quantitative study of water consumption characteristics of winter wheat under

deficit irrigation

ZHANG Xingjuan'?, XUE Xuzhang', GUO Wenzhong', LI Liang', WANG Zhimin* "

1 The National Research Center for Intelligent Equipments in Agriculture, Beijing 100097, China
2 China Agricultural University , Betjing 100193, China

Abstract: From October of 2011 to June of 2012, water consumption of a winter wheat cultivar Jingdong 22 under four
irrigation treatments was monitored continuously using 24 weighing lysimeters in Beijing, China. The weighing lysimeters
monitored water consumption of winter wheat at an interval of five minutes. Soil water content within all the lysimeters was
adjusted to field capacity before plantation. The four irrigation treatments were WO (no irrigation after plantation), W1
(one irrigation after plantation at the jointing stage), W2 (two irrigations after plantation at the jointing and flowering
stages, respectively) , and W4 (four irrigations after plantation at the erecting, booting, flowering and grain-filling stages,
respectively ). The amount of water applied in each irrigation was 40 mm. Rainfall during the growth season was kept away
from the lysimeters with an automatic rain-proof shelter. The experiment results showed that water consumption during this
winter wheat season could be divided into three stages. The first stage was from the plantation date to the stable freezing date
at early December of 2011. Daily water consumption during this stage fluctuated significantly and was usually less than 3
mm/day. Total water consumption during this stage was between 32 to 35mm. The second stage was during freezing season
spanned from early December of 2011 to early March of 2012. During this stage, daily water consumption was less than 0.4

mm/d and fluctuated little. Total water consumption during this stage was between 21 to 24 mm. The third stage was from
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green-up in early March of 2012 to harvest. During this stage, daily water consumption increased first, reached the highest
value around heading stage, remained at high value until mid-grain-filling and decreased quickly approaching ripening, with
large increase of daily water consumption after each irrigation. Changes of evapotranspiration rates showed patterns of single
or double peak curves for each day, with different peaks appearing around midday for the four treatments. Evapotranspiration
rates were significantly correlated to total radiation, temperature, and relative humidity, with the highest correlation
coefficient with total radiation. Night water consumption and its variation were small for all irrigation treatments. Water
consumption of winter wheat mainly happened after the jointing stage. With increasing irrigation amount, more irrigation
water and less soil water were consumed. In the treatments of W1 and WO, soil water contributed 62% and 76% of total
water consumption, respectively. In the W2 treatment, irrigation water contributed 32% , and soil water contributed 50% of
water consumption. Irrigation water contributed to 50%, and soil water contributed 36% of water consumption of the W4
treatment. Grain yield levels of the four treatments were in the order of W4>W2 >W1> WO, whereas water use efficiencies
of the four treatments were W2>W4>W1>WO0. Among the deficit irrigation treatments, incorporation of irrigations at the

jointing and flowering stages leaded to high grain yield and water use efficiency, while water use efficiencies for the four

treatments were similar (about 15 kg/hm’/mm).

Key Words: winter wheat; deficit irrigation; water consumption characteristics; water use efficiency; lysimeter
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Table 1 Irrigation volume and irrigation stages of different treatments
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Fig.2 Changes of air temperature and daily radiant quantity in winter wheat growth season
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Fig.3 Daily water consumption of winter wheat during total growth period under different water conditions
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Fig.4 Daily dynamic change of wheat water consumption at standing stage under different irrigation treatments
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Fig.5 Daily dynamic change of wheat water consumption at jointing stage under different irrigation treatments
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Fig.8 Daily dynamic change of wheat water consumption at grain-filling stage under different irrigation treatments

2.3 FAKHAZERSTGHE T AR

HIRFER IR 26T &N E BRR SIS
B S AN 25 TR ) T RS 2R K
KN ORI A B I I SE 3d 1 H AR K AE S S

G T (R

Table 2

irrigation treatments

)

oy

LW TR B S BHET MR (R 2), &

2 /N2 PR B N AR K H ARG 5 2 A0 B L
B R F AR P4 S R 2 TR A SR SR AR (R A 19
FAKR R By ), Fas R B B A COC R

S

R2 ARAXSEHTZNERDEENRBRKISESKEFENXE

Relation between dynamic changes of daily water consumption of winter wheat and meteorological factors under different

H 15 Jb B R RIS
Date Treatment Air temperature Total radiation Air humidity
2011-11-06—8 1 0.58 ** -0.615""
2012-04-03—5 w0 0.464** -0.313*"
W4 0.635** -0.473*"
2012-04-16—18 wo 0.296 ** _0.572 %
w2 0.426 " -0.534*"
w4 0.426 " -0.542"*"
2012-04-24—26 wo 0.370** -0.687 "
Wi 0.535"" -0.665**
W4 0.541 " -0.686 "
2012-05-08—10 w0 0.503 ** -0.501 **
Wi 0.653 -0.655""
W2 0.708 ** -0.714*"
w4 0.773** -0.771**
2012-05-18—20 F WO 0.572** -0.562 "
Wi 0.624 " -0.619*"
W2 0.544 " -0.581*"
w4 0.719** -0.711*"

s+ FRMDEPEA 5K (0.01 KF)

2.4 AEEF B BEKEHE
2.4.1 [ BOREZK 18 K )

INE AR R B BeAe K B DL SR 3. i TEK

A R EE S R BRI , 240 81/ A 420 7 0] R
KPR (AL BREATIAT 3 22 5 FEOK AR/ INGR
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JEREMLT 0 CHAE) /NZZ ¥ 8 /N, ) FE /K 2K
32—35 mm, &2 ( HERALT 0°C WiH]) FE/K & 5
fiX, 0 21—24 mm, FHZFSE T NEWE E
FSFFEZK I I, A 7]V 0 Ak 34 1) A 7K 2l o B0 B i
225, MWAFJG H Y RREIRH] 0 C EHT I, W4 FE
K T A AN KT BT AL W4 FEK

BFEET HAAL TR, W2 F1 W1 Ja) #E K &G i E 2%
5t AR E T WO AL Z A, AN [R) Ab B B e
KR IA B2 5 B WASW2>WI>W0, AR
SRS R D | PR R K B 5 R RE K R Y L)
G HEE AL 22, BT J5 FE /K i (N B FE K B A L )
Ko W 1 B RBIIFEK b7 BFEK HL BT 60% .

%3 FRKSEUHTENERREEREFRKRR LI

Table 3 Water consumption and percentage in different growth periods of winter wheat under different irrigation treatments

& Fh-H ¥ o°C

Period from sowing

H ¥IRAKF 0°C

Period with a daily

H ¥ 0°C &7
Period from daily

PAT-ITAE

Period from

FHAE- I SFEK

A 3R ) L Period from flowering Total water
Tre: to a daily mean mean temperature mean temperature Jomting to to mature . "
reatment temperature of 0°C below 0°C of 0°C to jointing flowering ’ (,()ns/ump o
mm
FI7KH/mm % FI7KH/mm % FI7K i/ mm % FI7KE/mm % FI7K i/ mm %
w4 34.3a 10.7 20.7a 6.4 70.4a 21.9 94.3a 29.4 101.6a 31.6 321.3a
w2 33.3a 13.2 23.4a 9.3 46.5b 18.5 76.9b 30.5 71.7b 28.5 252.0b
W1 34.6a 15.4 23.9a 10.7 45.2b 20.1 78.0b 34.8 42.7¢ 19.0 224.4¢
WO 31.5a 16.71 21.4a 11.4 48.3b 25.6 49.5¢ 26.2 37.8¢ 20.1 188.5d

FANRRNG TR 59K T2 5 % 1

2,42 R[EIBY BB R IE A 1

JINFE R IR R AL 5 E R 7K | B 7K RN % iy I
Ko FEARIG S5 T, AN [A) b BEAEAS W] Bi Bt A FE 7K
UGS A R LI RN (e 4) . NaEFH M
B, BEVEWE 5 E K AR 2, R EETKIE FE
il W4 b P ESFEK TP K A 50% , 14T

FER M 36%; W2 Ab PR, K 5 32%, L HEIVIK &
50% ; W1 1 WO AbH 1 e 7K FE i EFEK H 4351
ik 62%F1 76% , TERTHIE BE—EM BN T, KT E
IV K e RN K B B T 2 8 3 IR D & N
UL BT - 48K B THFE

R4 FRKSEHTENEEFTHAKERKERELILG

Table 4 Water use constituents of winter wheat under different irrigation treatments

-3 PT-ITAE TFAE- I 2EFY
e Sowing-Jointing Jointing-Anthesis Anthesis-Maturity Sowing-Maturity
o o REER o o RE - N X SO - Sae: 184
Treatment  EKE  FokE 00 HEKEE BEKE o BEKE Rekar DT KGR Mok S
I/mm P/mm KHFERE I/mm P/mm KIHFERE 1I/mm P/mm KTHFERE I/mm P/mm KTHFERE
ASW/mm ASW/mm ASW/mm ASW/mm
160 45.7 115.6
w4 40 45.7 39.7 40 0 54.3 80 0 21.6
(50%) (14%) (36%)
80 45.7 126.3
W2 0 45.7 57.5 40 0 36. 40 0 31.7
? (32%) (18%) (50% )
40 45.7 138.7
Wi 0 45.7 58.0 40 0 38.0 0 0 42.7
(18%)  (20%) (62%)
0 45.7 142.8
WO 0 45.7 55.5 0 0 49.5 0 0 37.8
(0%) (24%) (76%)

I; Trrigation ; P Precipitation ; ASW ; Soil storage water consumption ; 55 PUEUIE A [ FEACK IR 5 BAFEAK L6

2.5 AFEKGFA T LN PSRRI RCR
FEARIR A0 T B Z AT R, DR
YN B P, BH FRK R, T B BEFE
KA e, AT A= i K o A RR AR, 3k
TR AR AR K Y 0 O, 1 A T A K R 4 A PR

HHEKN, PR AR K o AR RSCR B , A P ]
FLAEE DL W2 Ab B A i K o R AR e mi (R 5)
KR P B RN Wa> W2 > Wi> WO, 1M 77 7K 50 )
FHRARF B W2>Wa> Wis WO, A WL, 4% 55 FT
TEIIHE K A R K 3R B s
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Table 5 Water use efficiency of winter wheat under different irrigation treatments
PR Sowing-Jointing 15 -FFAE Jointing-Anthesis FFE- 12, Anthesis-Maturity kA
= 7
K B 5t CRt7/E v Gix K B0 J5t GR7/E v Gix W Ex 4t L7k v iy S FR
b3 AR F I MEREE GGV ES MREE FIHIRCE S
. . . Grain Yield/ WUEy/
Treat Biomass WUEb / Biomass WUEbD / Biomass WUEDb / ) o
. 5 . 5 . > (kg/hm?) (kg hm
accumulation/ (kg hm accumulation/ (kg hm accumulation/ (kg hm -
(kg/hm?) mm™") (kg/hm?) mm™") (kg/hm?) mm™) o
w4 2040a 16.3 5985a 63.4 3960a 39.0 4920a 15.3
w2 1770b 17.2 5760b 74.9 3210ab 44.8 4244h 16.8
W1 1695b 16.3 4410b 56.5 2610ab 61.1 3375¢ 15.0
W0 1650b 16.3 3675¢ 74.2 2070b 54.7 2790c 14.8

WUED ; WUE for biomass; WUEy : WUE for grain yield

3 e

ARG 38 1 ZE B A /N7 4 I RE K B
AT TS e BE , RO T /INE2 K 43 ) 1 3
ARASLRFAE . BEST S5 SRR, /NEE HFEK B AEAS TR
BB AR ALK, KRBT X 50 R 3 BB (1) #EFh =
AT, XA B B H FE/K 2 B A B B g, (0 — R fIG
F 3 mm/d, X FEREL/NEST W EY B AL
K ARRAEZ T N, 288N ; (2) 12 AT A)
23 H LA, H¥EMKT 0 C, HFEKEMT 0.4
mm/d, SN, BB R EZEL(3)3 H FAIE
WAk, 3 AW B H R K B BAR L — A e TR R
TR 2 0 Sh A AR A B, B89 A M FE K BT+,
Wi T AN TG A | 2% R Nk, 2% s A 3% 7
B PR B R OK R, LIVEY e N
FUO H A K B WA AL FETT A 8 mm/d, HES
Je 2 A 2R B , S FE K TG TR A2 K
(A5 M R 2 FE K B S AR K, Rk E K B & 51— A
H A AP T e 0, R 59 A AE A E K ]
B R INAC /N B K S E RS R FE K i, TR K
FIE SR K AT 38 IFEIK T R DI SEBRFEK &2

T — H HOA ] B AR D e IR S A gE A R 5
BIATE], NZEFE R ShAS LR B H AR o, FEZE
B HRIE  /INAZREIK H AR b 5L B R il 2R R AE 0
e e K S T (S 3 S S CRA S I 50
2t 78 56 A A AR S B AR Ak R A TR
FH KO TR A T WA 1A AR b il R AR AL,
H S LA A7 R A B 2R H T T AR
PR FR X AR/ N I R A H AR b 2
U RV FRAIE , T 26 1 2 3 H AR fb s 52 B B Y
T A H R R Y B e A R R

(B H BB T, I R A 205 S 5 i 2% [ 3 o e
FEREPY | X eI 32 I A 2% B B AR
b, RALHE 28 R 1A A, A R 78 8 A 2R
G /N ZE WU B AR, R ISR T &/
FTE 6:00—18.00 Z [\l Y25 Al S B HEAE— 8
T 5 BEAR A AR (e P A 2 B e A ZE 100k 3
£ 12:00—15:00 Z 8] H 30— AN 56 N BE R T D
T, DT 2 2 30 R AR AL R AE | HLR g /K b B¢
PURE A &, DK AL BRAE H REK M P W, HOR
[Fi) Ak B ) 25 HC o I ARG . R/ N AE RN, R
SHF 0 H AL 4 /N HFE K B8 A
RIGE , Fa i AR W 0 H AR L R e g & /N H
FEKEhAM R BRI, H 4R 00 52 A X 5K
—2 Sl R R R e 2K R R e i T 2
i R XTI R ZE I B AR A R K A, HAE R
FRRCHER AT, &/ NEZZE s A I T W Bh
PETFBE X AT B A AL S B P TR R OB I
(O I 1 A B IS R 22 /N H Z8 i 2 H
&R H ZE B B W8 2 M0, Kok T Bt — o
7R ZE I WA D5 T H AR R4 AE K KX H B 7K o8
EEORER R Al R

A B B BB K A BT, 351 AR &
INFZFEK I EE B, AE AR S0 v, W b 3 I B B
A 2T IFEK T 60% 3% 5 K H R 30 M 55 25
JARRL FEdb ot X AR AR S T, T T A /D
FEN K BT FEAR A, LE R A s A T T R B
WD T A /NAE 45 R T FE K T v v /K
SEORHE KBNS /D T K FE, B HIB N T &
MR B s BR BT VE R 45 1R, R S 0 48030 S i ok ]
R TEAC /N IR A K TR 3 0 2R E UK
BRI Y B R R KRB £ | A W) b
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K AE AP 19 7K o R RS03R4 346 o i
RN, EAE h, BARFE KL= RN Wa>
W2 >WO0>W1, {H =i 7K 53 F AR A L W2 &,
AT UL 3515 7K R A6 7K P 285 089 44 2 R X i v 3
KA, DATERFIE 38, 3090 B A6 R A/
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