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Effects of deep irrigation on water consumption and water use
efficiency of winter wheat

HUANG Jie!, SUN Xi-huan'?, MA Juan-juan', GUO Xiang-hong', DI Nan'
. College of Water Resource Science a ngineering , Taiyuan University of Technology, Taiyuan, Shanxi , China;
(1. College of Water R Sci nd Engineering , Taiyuan University of Technology, Taiyuan, Shanxi 030024, Chi;
2. Shanxi Conservancy Technical College, Yuncheng, Shanxi 044004, China)

Abstract: A field experiment was conducted on, Liangxing 99, a mid-late maturing winter wheat with high yield in
Shanxi Conservancy Technical College training base in Yanhu District, Yuncheng City of Shanxi, to explore the effects of
deep irrigation on water consumption and water use efficiency of winter wheat. The results showed the soil water dynamic
changes within 20 ~ 160 cm depth of root zone was more than that under the surface irrigation treatment in the whole
growth period. The total water consumption under T1 (surface irrigation treatment) was significantly higher than that un-
der T2 (depth of wetting layer is 60% ), T3 (depth of wetting layer is 75% ) and T4 (depth of wetting layer is 90% ) .
Deep irrigation increased the consumption of rainfall and irrigation, and reduced the consumption of soil water storage.
There was no significant difference between T2 and T3 . The water consumption and water consumption coefficient of T3 in
the stage from heading to filling and the stage from grain filling to maturity were larger. Under different irrigation condi-
tions, the efficiency of water use and yield under T1 treatment was the lowest. With the increase of wetting layer depth,
efficiency of water use under other treatments increased and then decreased. The production, efficiency of water use and
efficiency of irrigation water use under T2 and T3 were the best at 150 mm and 188 mm depth of wetting layer. As far as
high yield and water-saving were concerned. T3 was the optimal under the condition of this experiment.

Keywords: deep irrigation; winter wheat; water consumption characteristics ; water use efficiency
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Table 1  Basic physical and chemical properties of soil

+Jz Srdhi AHA AR AR R N K AL Fax:i) FH ] 7K o
Soil lajer ~ pH  Total salt  Available N Available P Available K Total N Total P Total K Organic matter Y Field moisture
/em /% /(mgkg™") /(mgkg™') /(mg-kg ") /(g-kg™") /(g-kg™") /(g-kg™") /(gkg™)  /(grem™®)  capacity/ %
0~20 8.8  0.7568 62.90 45.79 206.5 1.150 0.769 19.43 20.20 1.4862 37.49
20~50  8.95  0.1232 25.16 4.94 168.0 0.359 0.182 17.92 10.00 1.6121 35.18
50~90  8.36  0.1408 28.76 8.36 192.5 0.413 0.449 17.92 5.69 1.6242 37.01
90~160 8.31  0.1690 16.18 8.36 206.5 0.665 0.365 19.43 6.47 1.6300 38.61
160~210 8.34  0.1443 10.78 6.27 199.5 0.503 0.373 19.43 3.53 1.5372 43.18
210~300 8.60  0.1021 7.19 7.41 248.5 1.042 0.072 17.92 2.94 1.5145 40.34

T = A F AR o AR RS kR

Note: The soil moisture content in the table is the volumetric water content of the soil.
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Fig.1  Soil column arrangement
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Table 2 Irigation Time, Irrigation Hole Setting, Schemed Irrigation Depth and Irrigation quota of winter wheat during the growth period

wm TR e I £ I i
Growth period I"f::l‘:’“ Treatment hole depth root”s depth Imgj‘:‘g‘l/“heme of growth siage
’ /cm /cm p/em /(m**hm~2)
Win%f:?; . 12-23  TI.T2.T3.T4 0 70 — 750
T1 0 120 —
SESEWIN 0307 T2 0.30.60 120 72 s
Revival water T3 0.30.50.80 120 90
T4 0.30.50.70.90 120 108
T1 0 178 —
LTI o T 0.30.60.90 192 115 s
Heading water T3 0.30.50.80.120 197 147
T4 0.30.50,70.90,120.150 200 180
T1 0 219 —
WK - T2 0.30.60.90.120 250 150 s
Filling water T3 0.30.50.80.120.150 250 188
T4  0.,30.50.70.90.120,150.180 258 21
BHEBEE#/(m® - hm™?) 2775

Tall irrigation quota
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Table 3 Water consumption amount, water consumption percentage and water consumption per day in different growth period

R~ ot ~ MHA i ~ VA W - 1R
Ab3 Sowing ~ jointing Jointing ~ heading Heading ~ filling Filling ~ maturing
Treatment
WCA/mm  WCP/% WCD/mm WCA/mm WCP/% WCD/mm WCA/mm WCP/% WCD/mm WCA/mm WCP/% WCD/mm
T1 296.21a  53.26a 1.60a 155.30b  27.93c 10.35b  82.96b 14.92b 5.53b 21.67¢ 3.90c¢ 1.44¢
T2 247.68c  47.48c 1.34¢ 146.51¢  28.08b 9.77c 87.42a 16.76a 5.83a 40.08a 7.68a 2.67a
T3 258.10c  47.49¢ 1.40¢ 152.42b  28.04b  10.16b  90.89a 16.72a 6.06a 42.11a 7.75a 2.81a
T4 275.16b  51.73b 1.49b 165.44a  31.1la  11.03a 59.12¢ 11.12¢ 3.9%c 32.15b 6.04b 2.14b

TE - WCA S BEFE/K B s WCP S FE/KBE R 40 WCD o HAEK B [RIFIANIR] B 2 AR [R) 1T A [R) A 24 ) 22 5 25 (P < 0.05) , T[] o

Note: WCA: Water consumption amount; WCP: Water consumption percentage; WCD: Water consumption per day. Different letters in same column mean

significant difference of the same item between different treatments at 0.05 levels. The same below.
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A= H B A5 R T 2 R T K B, B R
JRH I e, 35 30755 293K 1 B 1
2.4 KAFIAME

RS LA H, M 3RUE T1 b PFE K 2K,
{EE K A3 1] FH A5 R ORI, DA AR & /N
HhF PR R MK o S5 R B B, i 2 K
Gy RN 4345 5 1 UAE P MR AR B T A K 31 5 Bt o i
IR TRIE O, At &b 38K 4 ) PSR 80 S
TG RAR R ¥ 2B IREK R EE/NT 188 em
I, AKX R AR T < T2 < T35 HE KB B 11 188 em
B 221 em B, K53 R BORFEAR . S RHEK TR
4 150 cm 1 188 cm Y T1 Fl T3 Zb3 i 5, /K
SR RRCR M e K, AL BE R JC 3 2 5% T2.T3.
T4 Kb BRI 7K 53 F T RCR 53 30l e 6 T #8081
36.67% .37.86% M 26.37%, ;F= & W& T
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28.22% 34.74%F1 20.87% ; &AL S K B — &,
B34 277 .4 mm, HEBE KA HRCR LR T3 > T2 > T4
>T1,BR T T3 A T2, Hofthab B[R] 25 57 @ . RH T3
SEARTRIG AR T 8 7= K A S AR T K R Ak,

FERLF 7K 43 1 28038 R K R FH R 43 ) R
14 295.93.26.30.51.54 kg*hm~2-mm~', A W2
HEAK AT DASE R 7K o3 R R (H A 2 11
JE R BE R BT

x4 TEAEKRRENZNEBTEFTHLRKEREAREZRHZMN

Table 4  Evapotranspiration (ET) and its components at different irrigation depth in the whole growth period of winter wheat

AR P MK 1 UK EAS
w ik e e
L BIEKEL e sl B KR KR L KO
Treatment ET/mm Amount Ratio Amount Ratio Soil effective Soil effective / Ratio
/mm /% /mm /% water content water content mm /%
before sowing after harvest
Tl 556.14a 161.91a 29.1a 277.4 49.9 847.97 731. 14¢ 116.83a 21.0a
T2 521.70d 157.60a 30.2a 277.4 53.2 847.97 761.27a 86.70c 16.6¢
T3 543.51b 155.33a 28.6a 277.4 51.0 847.97 737.19¢ 110.78a 20.4a
T4 531.87c 154.61a 29.1a 277.4 52.2 847.97 748.11b 99.86b 18.8b
CV/ % 2.76 2.09 2.35 — 2.75 — 1.78 12.79 10.20
R eV R R Note: In the table, CV is the coefficient of variation.
x5 AEEKREMNZNEKIFAREAT N
Table 5  Effects of different irrigation depth on water use efficiency of winter wheat
T KWK IR BE ——— SRR g e L KGRI HRCR THEWE AR IR
. SHEK A KRR -
Ab ¥ Maximum of .. Total water L Water use Irrigation water
L Total irrigation R Grain yield . .
Treatment irrigation o consumption (kg bm2) efficiency use efficiency
depth/cm /mm J /(kg*hm=2-mm™") /(kg*hm~=2+mm~1)
T1 ik 277.4 556.14a 10610. 14c 19.08c 38.25¢
T2 150 277.4 521.70d 13604 .31a 26.08a 49.04a
T3 188 277.4 543.51b 14295.93a 26.30a 51.54a
T4 221 277.4 531.87c 12823.99b 24.11b 46.23b

3 17 ®

AN ARE Ry S 4% 12 R Bk & A R
SR 25, &/NEWIZHKA IR X 20 ~
160 em 2+ 458K 73 3 A5 48 Ak bb R b 3 &8
JuHIE 90 ~ 130 em 1 130 ~ 160 em +2, CHMRZE
W R AR AR R4 K AR AR, v R b 5 45
HIBIF 5T 26 BB TR 2 (150 ~ 250 em) Jiti JE % HE 22 A —
SERYIE A s BEA el 2 B BT 45 0 ~ 40 em
TR A AT {2 /N TR 2R R A 7
FoK Ay FI AR BE R, lbah e S A ST &, R
JEARSCHBITTEIRIE N 3 mi B 37 BE 007 (0] 5 b
RIFI 0 ~ 40 om 4 2 D03 M E AT 5 3 4 o 3
KRR, SASCEE A K —30, A ST R
AW SFE KR 0 T IR)Z K, HIRJZ K
BTN A F R K T AR R, AR T K
FEI, W12 AT D R 2 o S Y v 2 1 e A
SRR BE AN TR T 3 8 AN R J2 R B 2k
T, MR K A3 )RR R S AR, FEK IR B

150 mm 1 188 mm A9 T2 Fl T3 j= 1 . K5 FI AR
T K R R0 R S AR A it 1 0 2 TR 1
IR F R S e 5 B ka3, R J2 R
SRR 75% R AIRES Z5 1 T R 1K ) e R AR B

A /NG R IZHE AR 2 — Bl P R 2 1) ST AR HE E /K o
PEFE 5 3 W JE IR A R L B SR R
TR A S VB K R B PR R B SR VE . Fh
FARIGALII W T — A5 B WA TR 2 R B %o
/N T AR RN K 43 R BRI s ), 6 F o AE
ANTRIST 25 AF T 0 B B R A 4 A AR AR ) el
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