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Evapotranspiration in a drip-irrigated winter wheat field in Northern Xinjiang

LI Jie', CHEN Rui', WU Yang-huan', YANG ping', CUI Jin', JIA Biao*, ZHENG Zhong', MA Fu-yu'
(1. College of Agronomy , Shihezi University , Key Laboratory of Oasis Ecological Agriculture of Xinjiang Bingtuan ,
Shiheizi , Xinjiang 832003, China; 2. College of Agriculture, Ningxia University , Yinchuan, Ningxia 750021, China)

Abstract: Micro-lysimeters and a large weighing lysimeter were used to measure evapotranspiration ( ET') of a drip-
irrigated winter wheat field at the Irrigation Experimental Station of Shihezi University. The treatments of irrigation amount
(W1 =375 mm, W2=600 mm, and W3 =750 mm) were conducted in order to develop an efficient drip irrigation sys-
tem in Xinjiang. The results showed that winter wheat yield increased significantly as the irrigation amount increased;
however the difference in yield between W2 treatment (8 450 kg*hm~2) and W3 treatment (8 670 kg*hm™2) was not
significant. W2 treatment had the highest water use efficiency (1.4 kg*m~™?) in this study, being significantly higher
than that in W3 treatment and W1 treatment. Total ET increased as the irrigation amount increased. Total ET varied be-
tween 412.3 mm and 707.6 mm. Depending on the treatment and the year, soil evaporation accounted for 27.9% to
29.1% of the total ET. The water content of the surface soil and the leaf area index of the wheat crop both had signifi-
cant effects on evaporation. Furthermore, both variables were exponentially related to the proportion of irrigation water
that evaporated from the soil. The amounts of water consumption to obtain high winter wheat yields were as follows: seed-
ing to overwintering, 1.0 mm*d~!; overwintering to regreening, 0.3 mm+d~'; regreening to jointing, 2.6 mm-d~';
jointing to heading, 6.3 mm*d~'; heading to milk, 6.6 mm+d~"'; and milk to maturity, 6.2 mm-d~".

Keywords: Northern Xinjiang; drip-irrigated; winter wheat; evapotranspiration; evaporation
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Table 1  Treatments of irrigation in the plot experiments

b H ¥ Date(M - d) Bt

Treaments g9 _pg  j1-11  03-28  04-06 04-16 04-26  05-06 05-16  05-26  06-05 Total
w1 60 35 35 35 35 35 35 35 35 35 375
w2 60 92 56 56 56 56 56 56 56 56 600
W3 60 138 69 69 69 69 69 69 69 69 750
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The volumetric soil water contents of different treatments from recovering stage to maturity stage
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Table 2 Effects of drip irrigations on grain yield and water use efficiency in winter wheat

Fig.1

. . Frag e YA — KA R AR VI 7K ] P 3 2%
b F Spikelet Seed setting 1000-grain Yield Water use Irrigation use
Treatments S fl f-el-i percentage weight /(K '};m’z) efficiency efficiency
per panicle /% /g & /(kgm™3) /(kg'm=3)
W1 41.2+2.5b 0.85+0.03b 46.7+1.5b 5197 + 66b 1.3+0.02a 1.4+0.02a
w2 52.4+1.9a 0.88+0.02a 52.4+0.82a 8453 £ 67a 1.3+0.0la 1.4+0.0la
w3 54.8+1.6a 0.85+0.03a 54.0+2.15a 8673 + 85a 1.1+0.01b 1.2+0.01b

T« [ ARG AN )/ NG T RRTE 5% KT 10 35 22 54

Note: Data in the same column followed by different lower-case letters are significantly different at P < 5% .
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BRI A SR 80% . 1R T ~ I, R A
o7 B B ZE HOH o HL B B RRAIG, 3 AN Ak BE 4 i

AR T ~ R, R RE K AR AR 2RI Ol 3
RRI] 5825 & o5 B B g H0R 1Y 43 L2 s Ny
17.4% 19.4% .20.3% ; i ~ FLA , BRI 25 &
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ik, mFLBE S /N R R AT AR H
b 5B R D R R ZE R A, PR IR R
A BZEHOK S L A BT BT, TN 3 A
SEFE W1, W2 W3 &/NA2 R R) 78 1 28 R A
IR 27.9% 28.4% .29.1% , H 7B N 1.5,
2.3.2.6 mm-d~", HZEHGR M ~ FLAWE &, 2

AR 4.8.6.6.7.5 mm-d™ ", FEBNEFM, AABAL
~ IR T B Br H 75 & 75 W 8 3k B S AR A5 43 0 ok
0.2.0.3.0.3 mm-d~", BXJ& R G AEERA A N KA
JEAR, &/ INAE B A R R 450, n B A A 7
A HEAT A SR R RS DT i ZE il B 1K

®3 ZNEBRBFERBEFTHREER SFEKENLG

Table 3 Ratios of soil evaporation to evapotranspiration at growing stage of winter wheat

R~ M A ~IRFE O RF R W~ R~ FL FLE - LEFY
e 5iH Seed'ingf Overw)interting ~ Recjoyeljing ~ Join[tin.g ~ Hc?ading ~ Milk)j ripe Th(? 'whole
Treatments Homs overwintering recovering Jjointing heading milky ripe ~ mature stage
09 - 26— 11 - 14— 03 - 18— 04 - 15— 05-11— 06 - 08— 09 - 26—
11-13 03-17 04-14 05-10 06 - 07 06 — 27 06 — 27
Py + 1/mm 102.2 16.35 75.35 112.6 76.1 35 417.6
ET/mm 51.9 26.6 50.4 83.2 128.7 71.5 412.3
ET,/(mm-d~") 1.0 0.2 1.9 3.2 4.8 3.6 1.5
Wi E/mm 41.7 19.3 18.6 15.5 10.8 13.5 120.3
E;/(mm-d~") 0.8 0.2 0.6 0.6 0.4 0.6 0.4
E/ET/ % 80.3 72.5 32.9 17.4 8.4 17.4 27.9
Py + I/mm 159.2 16.35 117.35 175.6 131.1 56 642.6
ET/mm 52.2 32.6 69.9 162.5 178.6 124.6 620.5
ET;/(mm-d™") 1.0 0.3 2.6 6.3 6.6 6.2 2.3
w2 E/mm 42.0 25.8 27.5 31.5 19.6 29.8 176.3
E;/(mm-d~") 0.8 0.2 1.0 1.1 0.9 1.2 0.7
E/ET/% 80.5 79.2 39.3 19.4 11.0 23.9 28.4
Py + I/mm 205.2 16.35 143.35 214.6 144.1 69 792.6
ET/mm 52.6 38.5 93.8 180.8 201.3 140.5 707.6
ET,/(mm-d~") 1.0 0.3 3.5 7.0 7.5 7.0 2.6
w3 E/mm 42.6 30.2 38.7 36.7 24.0 33.9 206.1
Ey/(mm-d~") 0.8 0.3 1.4 1.4 1.0 1.7 0.8
E/ET/% 81.0 78.4 41.2 20.3 11.9 24.1 29.1

s Po+ T AR FNE LI | BT R SFE/K i E Fon e &% .

Note: Po+ I, ET and E represent effective rainfall and irrigation, evapotranspiration, evaporation, respectively.
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FEEEN 1.5 mmed AT HEE 4 d 25 A A BEAR H]
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mm-d~JEEN S, H W1 28 & & 2K T W2 f1
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TR EKERNZRERRI, A, Bz &
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Fig.2  Changes of daily soil evaporation of

different treatments after irrigating
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Fig.3 Relationship between the proportion of soil evaporation

to evapotranspiration and leaf area index
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Fig.4 Relationship between the proportion of soil evaporation to evapotranspiration and soil water content
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