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Effects of supplemental irrigation based on the measurement of moisture content in different
soil layers on the water consumption characteristics and grain yield of winter wheat. YI Li-
pan', YU Zhen-wen', ZHANG Yong-li', WANG Dong', SHI Yu', ZHAO Jun-ye* (' Ministry of
Agriculture Key Laboratory of Crop Ecophysiology and Farming System, Shandong Agricultural Uni-
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versity , Tai’ an 271018, Shandong, China; *Agricultural Information Institute, Chinese Academy of
Agricultural Sciences, Beijing 100081, China). -Chin. J. Appl. Ecol. ,2013,24(5) : 1361-1366.

Abstract; In 2010-2011, a field experiment with high-yielding winter wheat cultivar Jimai 22 was
conducted to study the effects of supplemental irrigation based on the measurement of moisture con-
tent in different soil layers on the water consumption characteristics and grain yield of winter wheat.
Four soil layers (0-20 ecm, W,; 0-40 cm, W,; 0-60 cm, W,; and 0-140 cm, W,) were de-
signed to make the supplemental irrigation at wintering stage ( target soil relative moisture content =
75% ) , jointing stage ( target soil relative moisture content=70% ) , and anthesis stage (target soil
relative moisture content=70% ) , taking no irrigation (W, ) during the whole growth season as the
control. At the wintering, jointing, and anthesis stages, the required irrigation amount followed the
order of W,> W,> W,. Treatment W, required smaller irrigation amount at wintering and jointing
stages, but significantly higher one at anthesis stage than the other treatments. The proportion of the
irrigation amount relative to the total water consumption over the entire growth season followed the
sequence of W,, W,> W,> W,. By contrast, the proportion of soil water consumption relative to
the total water consumption followed the trend of W,> W,> W,> W,. With the increase of the test
soil depths, the soil water utilization ratio decreased. The water consumption in 80-140 c¢m and
160-200 cm soil layers was significantly higher in W, than in W, and W,. The required total irriga-
tion amount was in the order of W,;> W,> W,> W, , the grain yield was in the order of W,, W,,
W,> W,> W, and the water use efficiency followed the order of W,, W,> W , W,> W,. To con-
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sider the irrigation amount, grain yield, and water use efficiency comprehensively, treatment W,

under our experimental condition could be the optimal treatment, i. e. , the required amount of sup-

plemental irrigation based on the measurement of the moisture content in 0-40 cm soil layer should

be feasible for the local winter wheat production.

Key words: winter wheat; supplemental irrigation based on soil moisture measurement; water con-

sumption characteristics; grain yield.
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T BRI 7= o0 o 4 Y 21% F269% 1 TiiZk
PR RS 2EA) 7. 7% , N¥I7K IR E R 500 m?
I AR 1/57 TR, & JR /N T KR 35 AR E
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1 #MREFZE

1.1 XAk St

BT 2010—2011 AE4/NEERKBTEINRA
MM/ F T FH(35°41' N,116°41" E) #47.
BEIRAE AL A 5 7=/ NE R 22 22, 50 4 1 A
FkE I EMET 0 ~ 20 em T2 S A MR
160 g-kg' &R 1.0 g - kg™ K fi# & 100. 41
mg - kg™ A WE 25.46 mg - kg™ AL 126.23
mg « kg™ NEREFATA G K, FHE IO ~
20,20 ~40 .40 ~60 .60 ~ 80,80 ~ 100,100 ~ 120 F
120 ~ 140 em + 2 JFAR 4 W 1 a] 487K & A+
W E. b4 )2 b HE R K R4 Bk
28.3% .25.2% .27.3% .26.9% .26.4% .25.2% F

25.6% , FHEARE Sy 1.44 1.49 1.48 1. 48,
1.49 1.51 F11.52 g » em™>. A X /N A2 A 3 10 )
JKH 90 ~300 mm, & /N7 K& 400 ~ 600 mm. 4%
AR K 146.6 mm, Horp  #F A = g 2.2
mm A ZREW 7.4 mm BHFEZH T 39.5
mm KT EFFAEI 74 mm FFIE 2N 23,5 mm,
J& KKy

WHEH 0 ~20 em(W,) .0 ~40 cm(W,) .0 ~60 cm
(W) F10 ~140 em(W, )4 D42, 5B AME K
i, TR B IR AR I AT 0 A,
AR K o IANEE & 75% (70% F1 70% |, L) 4>
AT AR KA FE (W, ) SR BEL Bk A 0 4470 10
FITFAE 0 4D 70 7K A7 0 2 4 398 5 K 2, K 3 A =X
m=10pbH(B,—B;) VTG B A FE Y HE K 11 Ko,
m KHEIKE (mm) s H %A B2 ERE (em) ;00 4
FENIEAE (g - em™) ;B B & K& ( H ]
Rk i e LA AR 3 K i ) 5 8, R #INEE Iy 358 o 4
PR AR K R T B K 3 5] HE BRI
ANIX IR IEART H 7K P23 K e i il K =

INXTEFL 4 mx4 m=16 m?,/NX[EEE 1 m ff
BIX, BEALIX 4 HES, 3 kA K Rl AT R it
N 105 kg - hm™, P,0, 150 kg - hm™, K,O
150 kg - hm™ &5 iEHE N 135 kg - hm™. ALK
PRZE (& N 46% ) , WE A WEiR — 4% (& P,0546% ,N
18% ) , BAE A& ALAR (£ K,0 60% ). 2010 410 H
8 HAEAN 4 mHHAE T, SEAH Jy 180 £ - m™, Hifth
P it [7) — M e ™ HL.
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13 H)ME 0 ~200 cm 42 HHEF K E. 45 H
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HFEK G =25 B W B e K /4 B B B
KEL

FEKBE R B = 44 B W Br 22 B /K /2 1
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1. 2. 3 KR HRCR FFERR AL 25 10T K FH
R (kg « hm™ « mm™ ) HHEAX K WUE=Y/ET;
HEWE KRR (kg + hm™ « mm™) THE AN
IWUE =Y/1; JEE5% %5 (kg - hm™ « mm™") 3524
N AB=AY/L X Y R R (kg + hm ™) AY
REB SN 77 i (kg - hm?) s ET, H/NEAE
R EFEKE (mm) ;7 FAMNE R (mm).
1. 2. 4 PR =il T/NEE AR Ok, R [
R R PR (B KT 12.5% ) B A b - 4t
1.3 b

X A Microsoft Excel 2003 %44 #E47 5045 &b 34 Fn
2x1& R DPS 7. 05 Geit o B bk a s 25 5 i &1k
K% (LSD ¥ ,a=0.05).

2 HRE5HMH

2.1 A[EIALPE R E A

H18 1 A ARIEAS R = 2 R 1 35K &
FE R S 7K TR AN R K EEARTR. W, W, F1 W,
Qb B A SRR Y T R e R 4B I AN
B R b R Y e =R A e (OB ) | WTTR: ) T BT S e
JZH 0 ~140 em /) W, AL BEANE AL T 0 ~ 60 cm AY
W A3 45 b B A 1A R o i 2 R B A 1
0, VERHAE 0 ~60 em W+ 20BN, 128,
INFEBRA IR BT BRI AR RN K R 22 s (E 475
HNELJZ N 0 ~ 140 om B, /NEE A BT RNE 4
b FEAE AN £ 5 2.

x1 FARLEAREENPEKEREEFTHLEKE

Table 1 Irrigation amount of different treatments during

the whole growth and different growth stages (mm)

b3 Aok BATK TFAEK SAEK

Treat- Water at Water at Water at ~ Total irrigation

ment wintering  jointing stage anthesis amount
stage stage

W, 0 0 0 0

W, 20. 28¢ 34.88d 0 55.16d

W, 28.40b 43.99¢ 8.58¢ 80. 96¢

W, 32.67a 77.22a 25.34b 135.23a

W, 8.12d 72.12b 37.26a 117.49b

ANIR/ING S F i 7] 51 A [R) 4L B8 1] 2% 57 8. 3% (P <0. 05 ) Different
small letters in the same column meant significant difference among treat-
ments at 0. 05 level. T [A] The same below.

2.2 ANFEEFERE 0 ~200 em % 12 KN FE R
OpA|

1 I, &40 FE 0 ~ 160 em + )2 + 35
IKIEFERELZ, 160 ~ 200 em 1 )2 1 HEK W FE B
b VBN FEEWAE 0 ~ 160 em + )2 HIEK. W,
AEHE 0 ~60 em 12 K IHAEE B EILT W, W,
F W, ALEE 80 ~ 140 cm F1160 ~200 cm + )2 +HE/k
THAER B E T W, M W, B, W, ZbBH 80 ~200 ¢m
TR FHOK AR B E S T WA W, AL SRR
0 S W35 R A R TN TR ) K A
H.
2.3 R[FAEBEXS 4 /NFERE K i B L SRR K A L
TP 52 T

H13 2 W LUE Y, &AM b A N 2 R F
SFEK R T AT K AL T, 45 A A FH 8] L , #0iE
Tl RROKER L E W, W >W,>W,, 3K
FeiE b SRR KR LB W, >W,>W, >W,. ULBIFE
— B HAR S K& AT MR R A
T2 /N F2 06k A 3K (R IR .

TEUKEER

Soil water consumption amount (mm)

0~200

20~40 -
40~60
60~80

0il layer (cm)

80~100 |
‘I” 100~120 }

B

H120~140}
140~160
160~180

180~200 -

B1 AFLLFE0 ~200 em 4+ )2 +HOKIHFER
Fig.1 Soil water consumption amount in 0 ~200 cm soil layer

under different treatments.
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x2 ARABEZNEFKERE G ZFEKERLLE]

Table 2 Water consumption and their percentage to total water consumption under different treatments

AbEE SRR HEWE/K Trrigation [#7K Precipitation FHEIK Soil water

Treatment Water consumption Ko ] Kok e s A
amount Amount Percentage Amount Percentage Amount Percentage
(mm) (mm) (%) (mm) (%) (mm) (%)

Wo 367.23d 0 0 146. 6 39.9a 220. 63b 60. la

W, 457.43b 55.15d 12. 1c 146. 6 32. 1c 255. 68a 55.9b

W, 445. 58bc 80. 96¢ 18.2b 146. 6 32.9¢ 218.02b 48.9¢

W 500. 06a 135.23a 27.0a 146. 6 29.3d 218.23b 43.6d

W, 427.74c 117.50b 27.5a 146. 6 34.3b 163. 64c 38.3e

F3 TEALEHMHEFRKE(CA) FEKERY(CP)FIHFEKEZ(CD)
Table 3 Water consumption amount (CA), water consumption percentage ( CP) and diurnal water consumption amount
(CD) at different growth stages under different treatments

st - ) AR W) B FATHITAEH TEAEH- A
Treatment Sowing to wintering Wintering to returning Returning green to Jointing to Anthesis to
stage green stage jointing stage anthesis stage maturity stage
CA CcDh cp CA CD Ccp CA CDh cp CA CDh Ccp CA CDh CP
(mm) (mm) (%) (mm)  (mm) (%) (mm) (mm) (%) (mm) (mm) (%) (mm) (mm) (%)
Wo 32.7 0.58 8.9 17.49d  0.21 4.8 113.26c  2.36 30.8 110. 54¢  3.95 30.1 93.23¢  3.11 25.4
W, 32.7 0.58 7.2 40.33a  0.47 8.8 126.95b  2.64 27.8 122.99b  4.39 26.9 134.45b  4.48 29.4
W, 32.7 0.58 7.3 32.89b  0.39 7.4 142.62a  2.97 32.0 135.05a 4.82 30.3 102.32d  3.41 23.0
W, 32.7 0.58 6.5 24.54c  0.29 4.9 142.49a  2.97 28.5 139.67a 4.99 27.9 160.67a  5.36 32.1
W, 32.7 0.58 1.7 32.56b  0.38 7.6 123.78b  2.58 28.9 123.69b  4.42 28.9 115¢ 3.83 26.9
2.4 ARRAEFESTENE BB K MK RS R4 AELELSNEFHNFE kS F AR ZERKF

ELphE AR ERMER R
HFEKAL IR Table 4 Grain yield, water use efficiency, irrigation water

&3 mTLUAEH, W A& A B B B FEK & use efficiency and irrigation benefit of winter wheat under
i’/]ﬂfE:F W, W, W, F WJLI‘IE , %%%I‘@iﬂﬂ T AN different treatments

o ‘ R [§: Sy PE B / sl TSk 3%
EAEE B AR AN o SRR VR TR e
E‘}ﬁﬂ(ﬁ: N H *%ﬂ( ﬁ ﬂEu *% Zk *ﬁ /2% ;K&j;/}j ﬁ\j W] > W2 > ment (kg + hm™2) Wei'l(-:-r use Irrigati()'n-water benefif
. . . - . efficiency  use efficiency (kg - hm™ -
W, , W, 5 W, AbBE[A] JC i 35 22 5 5 Rk 7 B4k AR (kg -hm?  (kg-hm?  mm')
- mm™! - mm™!
WETAEMRB R R R W, W, <W, W I o) >
- s N 0 c B

L2 A I BEFE K A W, <W, <W, <W,. LK W, 94311 20. 62b 171. 00a 31.3%
B0 ~40 om -+ MM AEAR E TR B AR e 100750 22.6la 124.44h 29.33
B A T A 0 ~ 60 - R i3 W, 9872a 19. 74c 73.01d 16. 06d

7 ’ ~ 60 em LA AT he 2t W, 9874a 23.08a 84. 0dc 18. 50¢

TR T A A AR BR X K 2 T FE, KRR 0 ~

140 Cmi%]ﬂ”%%l‘?@ﬁ%”?iﬁEF’EEH*E*}FXd‘ﬂ(% i&T‘/J\ix\—J‘ 80 ~ 140 cm ;Fﬂ 160 ~200 cm i%ij‘%j

R KR B T 4 K e e B L 0]
2.5 Z:lﬁjﬂ\}ixrfgd\i*%*jftﬁﬂeﬂ7,kﬁ$”ﬁﬁ§i$ {E%I\{gﬁ-ﬂfﬁﬂ:@{jﬁ: 0 ~60 cm *u 0 ~140 cm i)%{ﬂ']
A

AN AL H AR KR TR,

30 i

W, W, Hl W, A f kR = e B 22 5, 8 8
FET W, AW A W, K R SRS W, AL

PG 2 5 RS T W, W W bR W AT g
FiEm T W AR (R 4). BEWIIR AN R JER 0 ~
40 emf) W, A0 B AT i 2552 i /N A2 AR B FIK 3
P i HLRE K M SR R I A s A v, 2
AR AT SR AL P H: 32 I PR i A B A

ABFFARIE 0 ~40 em + ZIITENE  7E/N 5 4
A BEWIEK 146, 6 mm £0F T, SANE & 80. 96 mm,
KPR ik 10075 kg - hm ™2, KR 0 ~ 140 em +
JE IR AME D HEIK 36. 53 mm KPR TG B E 2
S EE KR I RCR A WAL 25 0 B . A A TE /D
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FAEFWIRIREK 130 mm S50, 357 WA A6
HHEK 60 mm , FRAZHFFRL = 7416. 4 kg + hm ™),
Chen %50V #E /N A= AT R 7K 214. 1 mm K
It 150 mm Z5MF T RAFFFRL 5 7996. 5 kg + hm ™.
AW FE LARE D (0 R S AR A A0 g O R R i, R
S DR R A O 7 118 - 98 395 175 A it o AMEE K i, SR 4%
AT 5 KRIBE K S8 T /N 57K R . HAR
PEE )2 (0 ~40 em) KRR )2 (0 ~
140 cm) M #MEE 7R A 77 TR 2 S L, /N2 1K
AR R TR R AR AT S A AW AR 45 R A
FEZE S SRR X AR S A5 1 K i S LA N AN
Al A B B BB o A A k.

AW ARYE 0 ~40 em 1 JZ MRGTHME AR YR
0 ~ 140 cm 3 #ME Wl /D T SR o, AR HE T X
80 ~ 140 cm A1 160 ~200 em + JZ + 3K B #E, 14
T EHOK IR R &R KRR LB BT 2
HEME S T X R KT AR T 45 R 3R A 4515 1
—RMEAEIK 75 mm IR T AR T4 E7K37. 5 mm
PRI TIRE N, B2 A A T2 L5k
PHATHIHEK 750 m® + hm % 100 em PLF + )2 35
IR AT AR 2 R ke B K 2R K | R OK A5
750 m® + hm ™ AL FE RV K BRI, 4 3K T
Fem  HHOKF R R E 5K R R B E T
I N 1D/ £l A N W € 1 B N P S
PETFHEATORSE, WA 1 AHIE 1 1 J2 003 4 b o m] i
XPURIZ KRR 15 29K S se R +
oK ST K R T AR

AT G S T O 3 N EE )2 A IR S
TFE 5 AR, LMK TE 0 ~ 60 om 1 JZ M5 RRE 1t 4ob 31
51, A 135. 23 mm; {HFPRL P 5 FI7K 5301 0%
KA O ~40 em = JZ M AMNE 9 A0 BRI 5, 25 FPRL
77 ek Bl R SR NG 0 2 AR A K A R SCR TG
FHEN. Huang 257 BEGEHE 1, BEWE K B3I, /N2
FERL B FK 3 F R 34 2 5 K R i %
R Ab BRARAS R P2 FUK 20 B FHSCR e L
WS R FE— Y E FPRL ™ i BEVE K = i3S m
T3, 38 B — e B 5 K &, e e T
B2 AR 6 A 5 AN TR) A J2 R 00 335 9 9 A
HLKPE 0 ~ 40 em 2 I3 #PE 4R #E T X 80 ~
140 cmFi1 160 ~200 em # R £ )2 LKW FIH , %b
HETE N 80. 96 mm RIVIRAS 5 =y F s ™= 2t FK 3 1
SRR P A N R TR K A A fE
FIBEAR, B AN B 34 0, AERF AR = 2 5 K s 0 ~ 40
em 1 JZ M FMNE TG 10 2 22 5. AR GERE b i BEVE

K AL ST ARG 45 AP 22 5%, X5 AR
B AL R L RO K R R S R A L. 5
JEANE R RFRL R R K S R BCR , W, Ak B AR
RIS T R EAEALEE, 2L O ~ 40 em )2 035 %h
WA INE TR E AR SRS
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