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N N 2015—2016 2016—2017
o 227 mm 329 mm
o 507 mm 654 mm 1 o
DI 2015—2016 2016—
N 2017 o
1.2
N “ 58”7
) — 4
(Wo); 30 mm
N N (W1); 30 mm( W2) ; 30 mm
+ 30 mm( W3) 3
4 mx10 m
° ( 30 mm 1.2 m’
)
1
1 . N 90 kg * hm > P,0, 120
2015 9 2017 6 kg*hm™ 45000 kg * hm*
N 60 kg * hm >, ( N46.4%)
(107°44.70°E 35°12.79°N) ( P0,16.0%) . 150
1220 m. kg * hm ™ 20 cm 9 26
584 mm 7—9 6 30 -
. 2226.5 h 9.1 1.3
171 d 50 ~80 m .31
. (05 -20) 1 m
2 80 C
. 1. °
1.3.2
1 (09 - 25) .
Tab.1 Physicochemical properties of soil used (04 -13) . (05 -20) . (06 - 30)
in the experiment 0 ~300 cm (0~
pH - - 100 cm 10 cm 100 c¢m 20 cm
/(geem™) /(mg+kg™')
8.4  1.30 9920 449 1.22 9.54 127.02 ) 4
Q=dxhxC (1)
0 mn; d g
cm ™ h mm; ¢ % -
1.3.3
(20)
ET=P - AW (2)
1 2015—2017 CET mm; P
Fig. 1 Rainfall during the growing period of winter wheat mm; AW
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mm o 2
1.3.4 (05 -
21) 20 cm 2.1
6 cm 6 1 3
3 1 \ . +
regent instrument inc 3% 3%  11% 11%
epson twain pro( 32 bit) 13% 16% -
WINRhizo N N +
Q1) 5% 1% 4%
5% 4% 6% -
RD, =Lr/Vs (3) RN ¢
‘RD, cm * cm > Lr +
cm; Vs cem’ o
) 4% 3% 3%
1.3.5 LAI - .
2200 3
6 - 2 . .
1.3.6 + 99, .
S5m?2 4% 9% +
4% 6%
1.4 . .
Microsoft Excel 2007 Sig- + 3% 2%
maPlot 12.5 SPSS 20.0 2%
LSD 3% +
0.05. 12% 10% -
2
Tab.2 Effect of irrigation period on water use efficiency of winter wheat
/mm
/mm /mm /mm /(kg*hm~2) /(kg*hm™2+mm")
WO 684a 441b 0 392a 6 918b 17.7a
2015—2016 Wi 686a 452h 30 413a 7 589a 18. 4a
( ) w2 680a 452h 149 30 406a 7 171ab 17.7a
w3 693a 488a 60 414a 7 395ab 17.9a
WO 729a 533b 0 435a 4 .922a 11.4a
2016—2017 Wi 732a 590a 30 412a 5193a 12.8a
( ) w2 737a 600a 240 30 407 a 4 957a 12.3a
W3 736a 619a 60 417a 5123a 12.4a
1 29.77" 72.09 % ** 2.72 93.36%* 83.34%**
3 0.48 9.93*** 0.88 2.47" 1.49
x 3 0.37 1.957 7.39 0.40 0.30
] ;W1 (30 mm) ; W2 (30 mm) ; W3 (30 mm) + (30 mm)
(P<0.05) ¥ ok ok Kk ok ok X
5% 1% 0.1%
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3
Tab.3 Effect of irrigation period on yield components of winter wheat
/( kg * hm~?) /(10* « hm %) / /g
2015—2016 WO 14 621b 502.2b 38.9b 43.6a 0.47a
( ) Wi 15912a 562.2a 43.8a 43.2a 0.47a
w2 15 229ab 518.5ab 43.3a 44.7a 0.47a
w3 15 974a 554.8a 45.2a 43.2a 0.46a
2016—2017 WO 13 755a 537.7a 31.4b 34.8a 0.36a
( ) Wi 14 373a 555.0a 35.0a 35.4a 0.36a
w2 13 516a 546.6a 33.6a 35.2a 0.37a
w3 14 520a 549.1a 35.2a 35.4a 0.35a
1 41.82%% 4.13" 79.5*% 91.87** 92.35%%
3 18.51° 17.1 15.06** 0.48 0.53
X 3 2.18 6.14 1.02 0.69 0.21
+ 12% 9%
. 3(h)
2016—2017
2015—2016
- W0 W1 (30 mm) ; W2
(30 mm) ; W3 (30 mm) + (30
mm) . 2015—2016
(P<0.05) 2016—2017
(P<0.05) .
2

Fig.2 Effect of irrigation period on LAl of winter wheat

13% 10% -
2.2 (LAI) .
2 +
13%
11% 5% 6% 3( a)
Y +
13% 11% 13% 11% .

o 2015—2016

3
Fig.3  Effect of irrigation period on population culms and

aboveground biomass of winter wheat

2.3
4( a) 2015—2016
0~60 cm
R N + 29% .
15% 29%; 100 ~200 ¢m
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(P<0.05) .
4

Fig.4 Effect of irrigation period on root length and density of winter wheat

100 ~200 cm 40%
. . + 2.4
12% 7% ~16% - 4( b) 2016—2017 5
0 ~60 cm 100 cm
12% 4% 100 cm
12% 100 ~200 cm ;
N N + 31% 16%
5

Fig.5 Effect of irrigation period on soil moisture content at different growth stages of winter wheat
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(P<0.05) .
6

Fig.6  Effect of irrigation period on water consumption at different growth stages of winter wheat
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6
4 — o
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(26)
24%  34%. .
—_ N +
6% 3% 5% —
14% 13%  15%:
3
100 ~200 cm
+ . + 100 ~200 cm
. . 12% 7% 16%
8% 31%.16% 39%

o 0 ~60 cm
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Effects of Supplementary Irrigation on Root System and Water

Consumption of Winter Wheat in Semiarid Region

YANG Wen+jia' > WANG Shi-wen'>* LI Yudin®®  SUN Haimi'®>  YIN Xiu-shuai’’
YIN Li-na' >?  KE Qing-bo’®  DENG Xi-ping”’
(1. College of Resources and Environment Northwest A&F University Yangling 712100 Shaanxi China;
2. Insitute of Soil and Water Conservation Northwest A&F University Yangling 712100 Shaanxi China;
3. State Key Laboratory of Soil Erosion and Dryland Farming on Loess Plateau Institute of Soil and Water Conservation

Chinese Academy of Sciences/Ministry of Water Resources Yangling 712100 Shaanxi China)

Abstract:  Supplementary irrigation is an important approach for increasing crop yield in dryland agriculture. How—
ever its effects on the crop yield crop water use efficiency and soil water consumption are different in previous re—
searches. In this study the effects of supplementary irrigation on the yield population water use efficiency and root
distribution of winter wheat and the soil moisture content were investigated. The field experiments were conducted in
continues two years at Changwu Research Station in the Loess Plateau China. The experiments included four differ—
ent irrigation treatments: no irrigation ( W0) 30 mm irrigation at jointing stage ( W1) 30 mm irrigation at booting
stage ( W2) and 30 mm irrigation at jointing stage + 30 mm irrigation at booting stage ( W3) . The results showed
that the hsupplementary irrigation could be used to increase wheat yield but not water use efficiency. The wheat
yield could be increased more under the irrigation treatments of W1 and W3 than that under the WO and W2. The
proportions of water consumption during the jointing and flowering stages were 42% and 29% of the total water con-
sumption during the whole growth period of winter wheat in the continue two years and the supplemental irrigation
increased the proportion of water consumption during the jointing+flowering stage in normal flow year reduced the
tillering polarization and increased the population of winter wheat during its flowering stage. Supplementary irriga—
tion affected significantly the root distribution by increasing shallow roots and decreasing deep roots. Compared with
WO the root densities at 1 —2 m depth under the irrigation treatments of W1 W2 and W3 were decreased by 12%
7% and 16% in normal flow year and by 31% 16% and 39% in high flow years. As a results the supplementary
irrigation failed to make the full use of deep soil water storage. In addition the effect of supplementary irrigation on
yield and water use efficiency of winter wheat was also significantly affected by rainfall during the growth period. To
make the full use of deep soil water storage by deep roots is key approach in increasing crop yield and water use ef—
ficiency in dryland agriculture. The results of this study showed that the supplemental irrigation did not regulate the
deep roots and deep water consumption which brought about a yield increased without increasing water use efficien—
cy. The result suggested that supplementary irrigation should be applied in the areas with less rainfall for increasing
the crop water use efficiency and how to regulate the deep root distribution with supplementary irrigation should be
considered in the future research.

Key words: supplemental irrigation; winter wheat; root; water use efficiency; yield; water consumption; semi—

arid area



