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RIMAE A/ NZZ TR KB (T PRI % 0~
80 cm I (R EFCE (A1 RE K 1 75% M FEE /K
ReFE s efis o R IR AN IR AT AR
0~40 cm 2 I &5 /K RARREAE HH E) K R 1)
60% 9 /NERACIITIK . EredE. R AR
b R AT e ) A [F] AR B T R T B R A g
B LR R bR H A RS KR (AWC)
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ANHRIVEIR ZIREE, AEAEPD AL X B 3K 73 2 AF
T BEFRHIS KN IEL REARERA R K
Iy R FHRCRSE IR, SR KAS ™ R e b
G, RO R BT FEURAL AR A e (L2
A

1 R5EE

1.1 I XER

RET 2018 4E 10 H—2019 £ 6 ALEHE R
Rl2EBEAR LR 70T G BRI R i3k 4T . 6 X
TR RN EA T2 2 B LEEE (R4
113°54', Jb4hi 35°18', gk 84 m), JE T HAIIBRIR
TR T R R, P KR 582 mm, A
6—10 HFF/KE HEFEFEKER 70%~80%; ¥
RiR 14 °C, EHEEKE 2399 h, A 210d, Fi#
FEZEHIUCE 2 000 mm. HIERAU I+, oD

+, WG X 4% pH {4 8.8, i F/KHEEAT 5 m,
FEAE GV R R s XA B AR 1t . 2R E K
MEN 925 mm. R 1R S IR SE, Hp
+ I8k 2R H BT-9300HT HU Ik B 43 A il 5,
FH T) 65 7K S5 SR Y Y2000 5 5 1 28 AR R P e 50
VR, IR AR R AN R AN S K FRIE R T )k
M5E
1.2 IR 5S4 TE
TAIG W BT RIWE T 2 R B AT 18 K R AR R

B 2 AMEZER, HAprRREEERERE®E 60 cm
(T60). 80 cm (T80) #1100 cm (T100) 3 7K,
TIEEKRBH TRE R B E N TIEERLE KR
(AWC) ] 40% (L). 50% (M). 60% (H), ¥
WA FRENLX HE T, AiF 9 AMbH, AN ER
3 (£ 2.

(1 KB L EWELH

Tablel Soil physical parameters of the test site

IR Iom  BRK%  WR%  EbRN% R (emPem®  HNEKZE (emPem®  WRIEAZF (emPem®  HBURE/ (g-om®)
0~20 675 6972 2353 0.16 0.34 0.45 1.56
20~40 641 6691  26.60 0.16 0.32 0.40 1.58
40~60 1019  69.96  19.85 0.18 0.32 0.42 1.54
60~80 1016 7344 1641 0.18 0.30 0.36 1.42
80~100 822 7574  16.05 0.17 0.31 0.38 145
% 2 REikit fEN 1 he
Table2 Experimental design 1.3.2 fdh#e ket H
e St} KN R K B is FKE PR
TR L (40%) M (50%) H (60%) ET=AW+I+G+P-D-R, (L
760 (60 o) — E— To0H b ETy MEW S AN EBFEKE (mm); AW
T80 (80 cm) T80L T80M T80H Bepy E3Eft K BAAL (mmDs | YR B I K &
T100 (100 cm) T100L T100M T100H (mm); G AR BWHL TR /KENG B (mm); P AR B

WS RNREE N A K IA B e 1 RS KR TR, '
TR I 2 A8 K SR AN B R K

AN REFN X AR Y 10 m>30 m=300 m?, kb3
) 15 B 297 2 mo SR FH ity =QIEE, i RINE
T 2R B T3 RIS KR N E e i RS K
Ry RE, BOJFaR s, BRI EREE
)Rk R 1, KR KR

WEAXT GO, SRR JEZE 22, 2018 4F 10
H 15 AR, E4E 6 H 7 Hikgk. $ERhES N 225
kg/hm?, FIEATEE )y 20 em. AR BT A Ak 20 25 22
ZE4% IR 2 300 kg/hm?®, & &0 750 kg/hm?, At i
AR, ELNEEEFTYF, SRR
UG PRANRI A, oA P T R 3 A B e 1 A —
1.3 MEMBS5%
131 £EAHKRE

TIEE KR R K TR AL A
B (R BRI A A R AT M5E. £ 10 cm
Bk, WIREZR IERZET 100 cm , B & [E

WA & & (mm); D N BNIRESTFE(mm);
R AMERATE (mm). 5% X R R /K %5 & ]
BWEATE, WMAED) A B JA P B I FRE K BEA T R B
AW, B IR E AR D=M+H-M, 45225, My,
Hiv M 2> 51129 90~100 cm 278 7K 55 F4 /R BT 4]
UEARAR S K& (mm) | EZK BB I 5 /K 2 38 & (mm)
K H AR KE (mm). #a (1) \fEiR:

ETi=AW+I+P-D. (2)
133 k=%

INFE R, BEAS/N X BENLIEEL 2 m*(1 m>2 m)
REEAR, FREART AR E. FOEES 3 IR,
S5 R A TR =
134 Ak X FiAE

MAEF G EE 170 KIFLG, &0 10 d WIMFK S
MR EESAEK KGR, BEVLIATRR A
HEII) 10 BREEA, FIRFSEEE N 1 mm ZI B BRI
EAACEERR T (Hb SR G B T ), A/NE
AR AR ECK F 76 2 2 B A &
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AW ERRR 10 d KAE 1 IR, BN B
R WTEREE. NERAE, AN X LG
B2 m® (Lms@m) NP REA, FPRLE R KT JEFR
s, AR ER 3 Kk, HE R E
1.35 K4#) A% (Water Use Efficient, WUE)

KR REFI A T

WUE=Y/ET, (3)
A WUE AR FIHAE (kgl (hm? mm)); Y A
¥R R (kg/hm?); ET JFEKE (mm).
1.4 HHEALIE

% FH Microsoft Excel 2010 #3347 £ 4 kb 3
FIH OringinPro 2017 #x it 47T B R IZ:HH]; KA
SPSS 25 11 RS A St T HEFEE ;s FIH Duncan’s #r
B (SSR) 4T Z Rt (0=0.05).

2 BERE 5

2.1 NEILIBEKIFR

ANE AR PR FIHE K B A EAK KA HEZK I 1) 2
KEEWME 1 PR, BB /KREH IR, #K
SE RS TR EIREE IR, T100 AbFEEE/K & A
Et T80 AbFERE K T 25.0%, T100 4bFE L T60 AbFHIE K
T 66.7%; [F—iTRIEIEERE, EKEHS RS
KRR TR S EL, H ARBEEL M AR FE 1 HE 7K 2 A
b7 21.1%, H AFREE L AbERE> T 37.5%. #EKE
kN, BEKURBOEZZ , T60H Al T8OH Ab B AHEK I
B2 N 4 IRo RHEKESZREK B HRRE K B[]
F2I), 9 MALFHE] T8OH A1 T100L AbFH S K S i K,
N 240 mm; T60L AR K B/, N 144 mm.

250 b3
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s 5 45 L ———1—
0 \l \‘ |1 1 1 1 1 1 1 1 1 ]
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& FEFLIIFIIIITILIPYEYES
H
(a) T60
250 rgh .
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Fig.1 Irrigation water quota, irrigation times and total

amount of irrigation water of each treatments
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2.2 AEIZKS IR IFK DB

AL IS KRB B IE LW 2 fros. A2
FRWA 3 KT 15 mm KK, &40 T REK
SE UK T 2 5, AREFD 130 d 2 Ji5 g K
EREHEER (P<0.05). #&Fh137d 5, T60H 4t
L2 S B IR O R 1 38 K R il N PR, R A EE
BT B IE K A (45 mm) {12 60 cm [+
5 KR BIA W A K % . T60L ALFEAT T100M AbFE
TR BN IR X B 3 KR I R BB O 2 R S
5171 Ko SACFRAREKINAERRM S 200 RE
220 R BIUREL 7 S K IR B Le gl =ik 52.0%. 51
1 FEK S BUAXT N, [7]— 335 /K 4% 1) R PR (40% ~
60%), THEIVEIEZRE MR (60~100 cm), AbH
AR R XS B (1) - 43 K e gz R, B R R EE K
UG | FEZK 8 BB 5 [R]— 1T RIVE I 2 VR B (60~
100 cm), H IS KEEGTREEBRS (40%~
60%), HEKIREGHZ , FEKEHRDN, Lok, 75X
ANFFSCER I, AN TR RIVEIE IR B H AR B 3K
B, HACFRE: M AL FE 380 K BT 118K 7.7%,
5L ARBEK 15.0%.

B 35 |. - I I
30 {10 g
% £
e 25} 120 m
E‘ﬁ 20t ——T60L 301z
= | ——T60M I Y
by T . e 40
10k L n L n n L n L n 50
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Fig.2 The mean value of soil water changed
dynamically between different treatments
2.3 TELENS . MHERIEH
HE 3 AN, BACEEH HFTEE (LAD Z{GiE
H—H, BN AERE RS, 180 d EREA
PoE A, #&Fh220d 5, HERAERKEAREL, W
R ZEE, LAA PR K. A FREK AL HXT &N LA
Mtk A — g, (EREFE 220d o4 LAL IS 3
BOK, BARERBLAN T60 4bHE=T80 AbFE>T100 ALFE, H
AbFE=M AbFE>L AP, b T60 ALFEAT T8O 4bHE LAI
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B %¢ T100 AbFEIG K T 8.3%~13.4%, H A&LFHAI M 4k
HHLAIE% L AHER KT 7.2%~8.3%. & 9 Mk
HErH T8OM 1 LAl AHXT 5K, B KEIR R T 5.34. %
AbER A bR SR A A — 3, TERRFP 210 d 2 JE 3G KGE
PARLE

6 AbF: g0, A7

5| —— T60L 70
4} —— T60M g 60l —— T60M
< 3| ——T6O0H iE go| — T6OH
- ®
2 40
1 30
2
0170 180 190 200 210 220 230 0170 160 190 200 210 220 230
bl i 1) /d Rl I 1) /d
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6 AbE: 80  AbHH:
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L
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f EE
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Fig.3 The changes of plant height and leaf area
index between different treatments
2.4 FEEBTFYIRERENR
2 3 AT, AN [R] AR 3 () TR v J2 % B A - 358
B EEE R PR A2 BAE 20 & /N AR T AR 5 1
TY i s FAR R = W 5 (P<0.05), {HitXl
T V) J2 VAR ) AR 33 K AR g o) PR ) 22 S AN R
(P>0.05). 9 /MCIRTERTTF4))i RN ERIN T8OH
LEFEAT T8OM AbFEiR K, T6OL 4b¥iiR/N, AMES
B/MEZ BT Fi5 %] 29.5%, 145 T-Ym 2B XD
N T8OM AbHEE K, JA%] T 85 272.67 kg/hm?, Hik
SN T8OH 4b#, T6OL AL HE &% /I, {4 52 020.33 kg/hm?,
s KA /IMELZ [R]) 22 I8 31 39.0%. (AUt Filvl%)
B EEE (60~100 cm) Fl-HIES /K 2456 T IR
(40%~60%) FIHE K, A/ NEAEHT AL )G T4
EY Ay N AN ) SRR
2.5 FEIEFEMAL. FEKERKSFIARE
T 4 AR AN PR FEKE M
KRR 3R 4 AL, VHRIVEIE 2R 0 12
K EPE G PR S H A AR T & NN
M AN (P>0.05), TAFTHRE. TREE. 5™~
& FEZKE SR o R BRI 235 5200 (P<0.05).
ANFI AR BE RIFEREL RN H AAFESM AbFSL 4k
FH, T80 AbFE>T100 AbFHE>TE0 AbFH, L AbFEFI M 4k
PR AR A H AL EE 2 512> 5.9%. 1.3%, T80 AbEE
1 T100 AbF ()RR B0 T60 A4 5112 1.8%.0.6%.

T8OH AbFEFN T100H AbEE i fEki £ i 2, T100L AbFE
A T6OL AbFHAFERL B D>, HZERAE 6.9%~7.8%
Z 0o AP, RS KEREEG] N 60%, kL
B2, T RIVRIE 2 R B b g K R A |
T B X AR B 52 /N o

%3 TRIART LA THRERFR

Table 3 Dry matter accumulation of winter wheat

under different treatments kg/hm?
AbF e TR R R 1eJa TR R E
T60L 10 288.00+213.67i 52 020.33418.11i
T60M 13 441.004334.02d 58 159.004565.72¢
T60H 11 968.67+463.42f 83 163.004302.35b
T80L 11 864.00479.39fg 59 608.67+4500.40d
T80M 14 184.674329.49ab 85 272.674636.08a
T80H 14 591.004381.40a 57 479.674482.29f
T100L 13 825.67459.51bc 60 674.334639.50c
T100M 11 271.334320.33h 56 550.00603.189
T100H 12 718.00269.26e 54 274.674346.97h
T60 11 899.22+ 288.14 64 447.44413 469.10
T80 13 546.56+ 201.26 67 453.67+2 629.88
T100 12 605.00-+1 045.86 57 166.33+2 648.75
L 11 992.56: 447.10 57 434.44+3 852.98
M 12 965.67+ 235.94 66 660.56+13 177.13
H 13 092,56 102.84 64 972.44412 929.04
A 0.79 0.37
F 0.42 0.32
AB 44.87%* 123578 **

W FVARNG A RFRREREE (P<0.05) FF. ARRAFETT
W), B RN LA KR 6 T R,

ANFE A AT RRER I L 4AFE>M 4bHEi=H
AbFE, T60 AbFE>TS0 ALFE>T100 AbHE, L ALFEAT M
AbERAES H AL TR &2 Ik T 1.5%. 0.1%,
T80 ALFHAN T100 AbFH%: T60 AbFH T ot 43 s/
T 2.3%. 2.6%. T60L AZ-FF1 T60M AbEE 1L i &
BRI KR TR, TR R IR
%, 60 cm MR THRIVEEZ PR FE L 80 cm A1 100
em 5 R E R

ARG AEERE] = RN H ALEESL Ab3E>M
AbFR, T80 AbFE>T60 AFE=T100 4bHE, L ALFEAT M
ALF AL H ALEE A > T 12.7%. 4.6%, T60 4b
FEAN T8O AbF = E 4L T100 AL HIHE KT 1.3%.
6.0%. T80H AbFH/™ & K, T100L AbEE™ & &/,
I NAE A B/ IME 2 A A 22 16.1%. 35 /KR H| R
PR T, P I A T RINVE T E R BN 80 cm
I = A e o AN R 7K 43 A B [A)FE K B3R BN H
AbFESM AbFESL ZbBE, T80 ALFE>T100 AbFE>T60 kb
B, Hr T1I00H AEEFEKE K, HFEKE /MY

11
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T60L Kb FEFE/K EIHE N 13.9%.

k4 RRKGRET LN EZEMR. HAKEZKSA R HE
Table 4 Yield composition, water consumption and water use efficiency of winter wheat under different treatments

hIEKER S TR

PRI 2R TIME
L kb3 M AbFE H 4b 3
T60 16.6020.1a 16.5740.1a 16.7340.2a 16.630.1a
T80 16.7340.4a 16.7340.1a 16.7340.2a 16.6740.0a
FEHU/(10* hm™2)

T100 16.8020.1a 16.7340.2a 16.6740.2a 16.730.1a
SEEIME 16.7120.1a 16.6820.1a 16.7140.2a

T60 42.5740.2e 44.4740.3c 44.7040.3¢ 43.9140.9¢c

T80 43.3340.3d 45.2740.3b 45.5040.3ab 44.7040.9a

TR E

T100 42.4040.1e 44.4749.3c 45.7049.1a 44.19+.4b
SEEHE 42.7740.4c 44.7440.4b 45.3020.4a

T60 47.7740.2a 47.4340.2a 46.3740.3bc 47.1940.6a

T80 46.4340.1b 45.7340.2d 46.1740.2bc 46.1140.3b

ThiFiElg

T100 46.3740.4bc 45.5740.2d 46.000.1cd 45.9840.3b
SEEME 46.8540.6a 46.2440.8b 46.1820.2b

T60 7184.96:464¢ 7781.58491c 7931.08458bc 7632.544322b

T80 7452.88483d 8123.68494b 8369.71+162a 7982.094387a

Fe Rl (kg hm™?)

T100 7025.47473f 7450.94+167d 8119.85+142b 7532.09:4450bc
SEEE 7221.17+176¢ 7785.464275b 8140.21+179%

T60 383.56-H..6e 397.63:.3d 397.3740.7d 392.8546.6¢

T80 424.3442.1¢ 457.23+.9a 450.9943.2ab 444.19+14.3a

FE/K B/mm

T100 445.4342.5h 420.4340.6¢ 456.61+.2a 440.8245.1b
I 417.78425.6¢ 425.10424.6b 434.99426.7a

T60 18.750.6d 19.5740.5b 19.964.1a 19.4340.5a

T80 17.560.3ef 17.7740.9 19.1540.3c 18.1640.7b

WUE/ (kg hm?mm™)

T100 15.77+.2h 16.7440.4g 17.3140.7f 16.610.6¢

FEME 17.36+.2b 18.03+.2a 18.81+.1a -

w2, KOFIHMFERIN N H =M LFE>L
ALEE, T60 ALFE>T80 ALFE>T100 AbHE, T60H AL
KA M RIS, 9 19.96 kg/ (hm? mm). i
BE DL, THRIVEE Z R FE R (60~100 cm), 1%
KRy REE (40%~60%), £&/NEK A
R 2GS &S .
37 it

TEARWFTC A, /NIRRT 2R A s i
A KR H N IRGe 5 T HEK ARG, Job 1 K e 4,
DRIV ERE RN, EEKEESATERE,
O TR EE I FTE#E, RULRZE KR )ZE 3K REE
I SRR, e, A KR A R
Pt im P2, fEix 2 MR RIFERIER R, 2K
AL . AT LR, G E K Ak 3 i
BESR R /KA IR IR [R], 38 OK L4878 R Ak (H 4T
RN T — e UE R, B3R b 2] B2 4
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Ko Rk, SFTF4/NZ2 R AKHEME R 8 I K AR i
AR K b e B, R, BANEE
S 575 I JS AN TR A 3R 2 (R () K 22 St 2 SRR AE
#&Fh 150 d 2 )5 o

TR P A5 A0 HE ) E K B R 52 3 S K R g
Hl N BR 5 R E R R . . T8OH Al
T100L AbFE s e 7K & 5 K35 240 mm, {H7ERLG
TANERRIRE KRS A BT £ R, T8OH ALFR IR HE
FKIF B 3% Fh J5 25 156 d, 11 T100L AL fK49] VR E K
IS} [A] A93% P S 190 d, T100L AbFE () THRINE I 20 B
K, RIES KR T REAR, 1 U
WEFE IR BR AT 7 B TR, v LU % 2 AN
3 i PR SR AT RE K I ) o HLA/NEAE IR T 5 W)
YRR KT ] () L B 2 0 R AR i B 10 A KR s e
K22, e ge 20 g E KON AR AT 10~
15d #EK, BEREME R A HIRE K, WERTHE
PR RIK AR, XE REPIR IR — K%
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PR, &M HERER KA R TN EE R, H
th 4 5 HEKRCRIRT . 7EAHT 5T %N T8OH 4k
PRAIHI IR AN BERS 0], T B & T8OH Ak ¥ [y /= & Lk
T100L 4bFE K 16.1%, iX 5 i AT 7045 502225

Eu s i, BEE KRR N, bkt
B KRG RGN, K FI R R s
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The Effects of Criteria Used in Irrigation Control on Growth and
Water Consumption of Winter Wheat

LEI Yuan'?, LIU Zhandong®", ZHANG Weigiang®, HUANG Chao'? DUAN Aiwang"", LOU He*, LIU Zugui®
(1. Farmland Irrigation Research Institute, Chinese Academy of Agricultural Science/Ministry of Agriculture Key Laboratory of Crop
Water Requirement and Regulation, Xinxiang 453002, China; 2. Graduate School of Chinese Academy of Agricultural Sciences,
Beijing 100081, China; 3. Henan Institute of Science and Technology for Development, Zhengzhou 450003, Ching;

4. Henan Weisheng Electric Appliance Co. LTD, Xinxiang 450001, China)

Abstract: [Background] Improving crop yield while in the meantime saving water use in irrigation is the double
whammy to alleviate the conflict between dwindling water resources and sustaining agricultural production in
northern China. How to improve irrigation water use efficiency by optimizing irrigation control criteria has been
intensively studied, but most of them took the low limit of soil water content in a fixed wetting zone as the irrigation
criterion, overlooking that root zone elongates as plant grows. [Objective]l The purpose of this paper is to address
this equation. We investigated how wetting depth and soil moisture in it can be used as a combined criterion to
manage winter wheat irrigation, aimed to provide an improved method for agriculture water management and
automatic irrigation of winter wheat in northern China. [ Method] The experiment was conducted at a winter wheat
field by controlling soil water content at 40% (L), 50% (M) and 60% (H) of the field capacity, within the soil layer in
the depth of 60 cm, 80 cm and 100 cm respectively. Therefore, there were nine treatments which were randomly
arranged in the field. During the experiment, we measured water consumption of the winter wheat and change in its
biomass in each treatment. [Result] Different combinations of wetting depth and critical water content led to a
change in both irrigation amount and irrigation frequency. Increasing the wetting depth or reducing the critical soil
moisture hindered crop growth and development. When the wetting depth was set between 60 cm and 100 cm and
the critical water content was in 40%~60% of the field capacity, dry matter accumulation before and after the
flowering stage increased first followed by a decline, as time elapsed. Increasing the critical soil water content led to
an increase in yield and water consumption. Water consumption was the highest when the wetting depth was 80 cm,
and the least when the wetting depth was 60 cm. The maximum water use efficiency was 19.96 kg/(hm? mm),
achieved when critical soil moisture in soil depth of 60 cm was 60% of the field capacity, which was 21.0% up
compared to the least when the critical water content in the 0~100 cm of soil was 40% of the field capacity.
[ Conclusion] Keeping the soil moisture in 0~60 c¢cm of soil not dropping below 60% of the field capacity is most
efficient and optimal for improving irrigation water use efficiency of winter wheat in northern China.
Key words: winter wheat; dry matter; planned wetting depth; lower limit of soil water content control; yield
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