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Effects of rainfall fluctuation on water consumption and water use
efficiency of winter wheat in the loess tableland
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Abstract: A real-time rainfall control technique consisting of artificial rainfall-shields and gravitational trickle
irrigation system was used to investigate the effects of normal rainfall ( CK) rainfall reduction 1/3 (R_,,;) and
rainfall increasel /3 (R, ,;;) ) on 0 ~4 m soil water storage winter wheat water consumption and WUE in the loess
tableland. The results indicated that: ( 1) Rainfall fluctuation modified water utilization of winter wheat and soil wa—
ter supply. With the reducing of rainfall winter wheat used more soil water resulting in the decrease of deep soil
water content during growth and fallow periods which was hardly restored by rainfall during fallow period. With the
increase of rainfall deep soil water content decreased during growth period but could be restored even higher than

initial soil water content after harvest due to the supply of rainfall in fallow period. (2) Winter wheat used soil wa—
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ter that transformed from current rainfall event firstly and then used early soil water. For evapotranspiration( ET) of
the period from overwintering to mature period winter wheat of R _,,; used more soil water from 0 to 2 m. Precipita—
tion( P) and AW, _, . each accounted for about 40% of the ET. The ratio which P accounted for in ET of R , ,,; was
about 1 times more than AW, , . However in the treatment of CK The proportion which P accounted for in ET
was about 15% more than AW, _, . Under the condition of rainfall decrease the proportion of soil water trans—
formed from current rainfall event to winter wheat water consumption decreased and the proportion of 0 ~2 m early
soil water increased. Opposite result was obtained with rainfall decreasing. (3) Campared with CK the winter
wheat WUE,; ( on biomass level) decreased by 1.3% in the treatment of R _,,; and its WUE, ( on grain level)

increased because the decline on grain level(7.1%) was less than the degree of water drops( 14.2%) . The win—
ter wheat biomass decreased by 5.3% and grain yield increased by 4. 5% in the treatment of R, ,; when it was har-
vested but its WUE,, and WUE

rainfall fluctuation had effects on soil water use soil water supply winter wheat water consumption composition and

decreased because of 11.4% increase in soil water consumption. Generally

grain

the balance between biomass and grain of winter wheat which affected the winter wheat WUE finally.

Keywords: soil water; rainfall fluctuation; water use efficiency; winter wheat; water consumption
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Table 1  Monthly precipitations from 2014 to 2015
Year 1 2 3 4 5 6 7 8 9 10 11 12 Total
2014 0.0 20.5 29.9 95.2 31.7 54.6 24.6 146.2 188.9 13.8 10.5 1.0 616.9
2015 6.6 7.3 17.7 69.4 50.6 99.5 33.3 138.5 62.8 48.0 33.4 11.1 578.2
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Fig. 1

Precipitation decrease 1/3

Precipitation increase 1/3

Note: the direction of the arrow is the direction of water supply.
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Real-time collection of precipitation and distribution system and experimental plots layout
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Fig.3  Average water content of soil profile in the winter wheat fields
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Table 2 Precipitations and water consumption in the winter wheat fields
Precipitation - . . . . Jointing ~ Overwintering ~
Ttems L. Jointing Booting ~ heading ~ Flowering Milk Mature
condition mature mature
R, 90. 80 16.80 1.87 65.60 25.60 109. 87 227.73
/rim R_s 45.40 8.40 0.93 32.80 12.80 54.93 113.87
CK 68.10 12.60 1.40 49.20 19.20 82.40 170. 80
R, 96.81 +5.97¢  44.96 £2.07b  30.70 £1.25a 76.52 +16.19a 49.25 +8.58b 201.43 £26.21b 340.79 +28.32¢
ET,
/0~4m R_is 69.07 £2.52a  36.57 £2.6la 30.64 £2.70a 59.60 +4.42a 35.61 £6.90a 162.41 +5.45a 270.62 +1.92a
mm
CK 76.80 £2.60b 45.53 £3.27b 34.76 £4.15a 56.68 +4.86a 56.70 £5.24b 193.66 +7.81b 310.24 £2.39b
(P<0.05) .
Note: different letters in the same column mean significant difference at 0.05 level the same below.
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Table 3  Biomass yield and water use efficiency of winter wheat under different precipitation conditions
W WUE,,, % WUE,.,
Precipitation condition /(g*m?) /(gem™2+mm™") /( kg * hm2) /(kg*hm™2 *mm™")
R, 702.63 +41.41ab 1.91 £0.27a 4680.00 +224.76a 12.69 £1.37a
R_is 628.40 +43.47a 2.20 £0.15a 4163.75 £233.97a 14.58 £0.82a
CK 742.27 +88.80b 2.23 £0.25a 4479.67 £493.06a 13.46 +1.46a
:DW (g*m™%) WUE,, (gem?+emm™') Y (kg *
hm ~?) WUE i, (kg*hm 2 smm™"),
Note: DW-—above-ground biomass after harvest not including grain( g * m ~2) ; WUE,;,—water use efficiency on biomass level( g * m 2 * mm ') ;
Y—grain yield after harvest( kg « hm ~2) ; WUE ,;,~—water use efficiency on grain level( kg * hm™2 « mm~!).
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