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Research on drip irrigation schedule for spring wheat based on
soil moisture — controlled irrigation

WANG Guo—dong] 2 ZENG Sheng—he1 2 ZHOU Jian-wei'’2,
CHEN Yun'?, LIANG Fei', ZHANG Lei'
(1. Institute of Farmland Water Conservancy and Soil-fertilizer , Xinjiang Academy of Agricultural Reclamation Science ;
2. Experimental Station for Crop Water Use of Ministry of Agriculture, Shihezi, Xinjiang , 832000, China)

Abstract: In order to optimize the drip irrigation schedule of spring wheat ( Triticum aestivum 1..) in oasis region of
northern Xinjiang, by using the soil moisture-controlled irrigation method, has researched the influences of different irri-
gation volums to the photosynthetic characteristics, dry matter distribution and water use efficiency. The results showed
that: In the jointing and anthesis stage, the plant height, dry matter accumulation amount and leaf area index of wheat
were significantly rised with increasing irrigation water volume ( P < 0.05). During the wheat flag leaf stage, the net
photosynthetic rate ( Pn), stomatal conductance ( Gs), and the transpiration rate ( 7r) were significantly rised with in-
creasing irrigation water volume (P < 0.05). However, variation trend of intercellular CO, concentration ( Ci) was con-
trary to Pn, Tr and Gs. Excessive irrigation (T5) led to Gs decline in each growth stage. In mature stage, the Pn and
Tr were significantly decreased (P < 0.05). Deficit irrigation (T1), the peak value of Pn was advanced to booting
stage, the water use efficiency( WUE) total was the lowest in each growing stage, while the stomatic limitation(LS) was
the highest. Dry matter allocation to grain, pre-anthesis assimilation translocation rate and the contribution to grain was
siginificantly decreased with the increasing soil moisture and irrigation water volume( P <0.05). Two curve fitting shown
that when the irrigation volume was 371 mm, the high grain yield 7 450 kg*hm ™ can be obtained. It was the best irriga-
tion interval about 7 days for spring wheat in this region.

Keywords: spring wheat; drip irrigation; photosynthetic characteristics; dry matter distribution; grain yield; water

use efficiency.
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Table 1 The soil bulk density, field capacity and nutrient content in experimental field

)= R FH i) e 7K bk AR A Y AL
Soil layer Bulk density Field capacity Organic matter Alkaline hydrolytic - N Olsen — P Olsen — K

/em /(grem™3) /% /(g-kg™h) /(mg-kg™1) /(mg-kg™1) /(mg-kg™")
0~20 1.15 21.03 24.26 105.07 13.11 55.81
20 ~ 40 1.08 21.58 27.12 116.21 14.38 36.16
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P B K B 7 o (36 2) o Sk i Ao s 22 5,
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*hm™?,K,0 75 kg-hm™?) o ZUIE B 4= 000 it 5 ol
TR — 4 0 30% , TG 70% . 2013 4F 03 f 23 A
1,07 A 14 HSOGHR , H e 48 B it 7] R B — 3,
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Table 2 Design of lower soil moisture limitation for

different treatments( % of field capacity)/ % 0;

Wi - KT 27l - LA A - YRR
Qb P . . .
Seedling — Booting — Maturity —
Treatment . . X
Jointing Milking Harvest
T1 60 65 50
T2 65 70 55
T3 70 75 60
T4 75 80 65
TS5 80 85 70
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o, MO K (mm) 5y A HIERE (g em™) s H
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Table 3 Plant height, dry matter mass and leaf area index of spring wheat under different treatments

PR i5/em F# % (10° kg-hm~2) L NIpAEiEg e
Plant height Dry Matter Leaf area index
b - - -

Teamens B R FEM WA R R . R
Jointing Booting Flowering Jointing Booting Flowering Jointing Booting Flowering

04 -29 05-18 06 - 02 04-29 05-18 06 -02 04-29 05-18 06 -02

Tl 41.4c 59.5b 69.2c 4.52¢ 7.68d 20.21d 3.80d 4.90d 4.21c
T2 45.3b 62.1b 78.5b 5.12d 9.20c 22.88¢ 4.87¢c 5.9%cd 5.03bc
T3 48.9a 75.1a 88.8a 7.05¢ 9.29¢ 25.13b 6.32b 6.54be 5.72b
T4 49.7a 71.4a 91.5a 7.85b 10.34b 26.11b 7.27a 7.34ab 6.02b
T5 47 .6ab 74 .2a 90.3a 10.6a 11.02a 30.49a 7.37a 8.04a 7.48a

H:F—A P RRFRRRZR B E(P<0.05),

Note: Values within the same column with different letters are significantly different( P <0.05) .
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Fig.1 Effects of different treatments on net photosynthetic rate( Pn), stomatal conductance( Gs), transpiration rate( 7r) , intercellular

CO, concentration( Ci) , leaf water use efficiency( WUE; ) and stomatic limitations( Lg) in different growth stages.
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0.05), [AlE} Ci FFTIC M EREAR. XKW, Pn HIREAR
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AR E ) 43 B et 22 B - 398K A3 3G o 22 S 24
(P <0.05) &% [Al0f 2 Be bl 2 0 e i 34 T
JEAERERL R A 43 T AL R T1 E] T4 338, T4 34 5
B, TS AR, /N R o b b Y L
NFRAWCRIEELCHI) AR T2 fie &, 2 ) bl 435
KRGy BRI HI B FEAR(P <0.05), X3k
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Table 4  Effects of different treatments on dry matter distribution in mature stage of spring wheat

. ZEMHHY Stem + leaf + sheath #5¢ Grain husk AFHRL Grain
Trf;;rints it/ (gestalk 1) L/ % i/ (g stalk ™) L/ % Bt/ (g-stalk 1) L/ %
Amount Ratio Amount Ratio Amount Ratio
Tl 0.98 +0.08c 31.35a 0.57+0.05d 18.36b 1.57+0.12d 50.29bc
T2 1.07+£0.07¢ 27.62b 0.70 £0.05¢ 18.10b 2.11+£0.12¢ 54.29a
T3 1.38+0.09b 30.99ab 0.80+0.07b 17.93¢ 2.27+0.12bc 51.07b
T4 1.54+0.11a 31.44a 0.95+0.09a 19.37a 2.41+0.08a 49.19¢
T5 1.58+0.11a 32.05a 0.99+0.06a 20.00a 2.37+0.17b 47.95d

H:F—A P RRIFRRR2ZER B E(P<0.05),

Note: Values within the same column with different letters are significantly different( P < 0.05).
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Table 5  Effects of different treatments on dry matter accumulation amount and dry matter redistribution amount after anthesis

JFAERT IR L JFAERT R fE FERTHGIZ X A Cik a7 AE)G [ AL x)

Ak kst Witz % KRR TTRRAR AR FPRLAY TR

Treatments DMTAA DMTRA CDMTAATG DMAAA CDMAAATG
/(g stalk 1) /% /% /(g stalk™") /%

Tl 0.60+0.15ab 37.85+7.76a 38.13+7.46a 0.97 +0.08e 61.87+7.46¢

T2 0.77 0.06a 41.64+2.07a 36.40+3.49a 1.34x0.13d 63.60 = 3.49¢

T3 0.50+0.21h 26.01+9.17b 21.88+8.92b 1.77£0.22¢ 78.12+8.92b

T4 0.29 +0.06c 16.10 +3.54¢ 11.84+2.38¢ 2.13+0.07b 88.16+2.38a

TS 0.24+0.08¢ 13.52 +4.00c 8.93+3.24c 2.50 £ 0.20a 91.07 +3.24a

T [ — S AN ] 5B RR 22 53 B3 (P < 0.05)

Note: Values within the same column with different letters are significantly different( P < 0.05) .

DMTAA: Dry matter translocation amount after anthesis; DMTRA: Dry matter translocation ratio after anthesis; CDMTAATG: Contribution of dry matter

translocation amount after anthesis to grains; DMAAA: Dry matter accumulation amount after anthesis; CDMAAATG: Contribution of dry matter assimilation

amount after anthesis to grains.

2.4 ARA#EKENENEFEHREZE . K FH
eSS A
HH 3R 6 AT, S kPR ol T4 B, [\ T1 A
F it 7693 % ; E TR A9 58 Bl 48 7K 37 B 1 4 ey S
TR s T A B /N2 FE K B A 0 3 v B
FHE WSS WUE 9 T3 Fl T4 B3 (P <

0.05)m FHE A, T1 fefil. X R, 3% T R
o ST VT R R T K A e B T {H VTR
SUEE N WUE F£ S Bl 7K 52 14 38 i $2 5, /N 22 48
JKAE D) 5 B2 K A S, X R A A Y
WFFEAH I o



24 TR AT %328
Fo6 ARLEXMENETE ERMEMASF ARERZIT
Table 6  Effect of different treatments on grain yield, irrigation benefit and water use efficiency of spring wheat
e P AR SR MRS FEoK i SN ES
Treatment Yield Frequency TIA 1B ET, WUE
reatments /(kg'hm'Z) /d /mm /(kg'hm'z'mm'l) /mm /(kg-h]n—z.mm-l)
Tl 4425.8d 13 266.7 16.59d 333.27 13.28¢
T2 5220.1c 9 291.7 17.90c¢ 365.05 14.30bc
T3 7720.7ab 7 350.0 22.06a 415.85 18.57a
T4 7830.5a 5 375.0 20.88b 437.95 17.88a
T5 7224.2b 4 433.3 16.67d 476.01 15.18b
B [F =S PR E TR RN E R B (P <0.05).
Note: Values within the same column with different letters are significantly different( P <0.05) .
IA: Irrigation amount; IB:Irrigation benefit; ET,: Evapotranspiration; WUE: Water use efficiency.
9.0 N 24.0 9.0 120.0
s ~ -
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s 75¢ 4 : ~ 12058 _ ‘= 75¢t PR s SN 175« &
B a A T S SE S / > £ 5
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a - 17055 5560l ° e /| , 1502%
: & 71745021.18 22 S27 Ry, v g2
b ‘ p = ;o Eé{s A/ 30760117.73 Tééé
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Fig.2 Relationships among yield, irrigation benefit, WUE and irrigation amount, ET of spring wheat in different treatments

P EWER RS K S R R S5 ) 5
KEFA—TC IR H R y = ax® + bo + ¢ MILYIER
KA 2), 0T

Yoy = —3.06le + 1.997e 'x — 2.591¢ %2

(R =0.8258 > 0.549,n = 20,P < 0.01)

Yip = - 6.85le +5.103¢ 'x — 7.236¢ % x>

(R =0.8336 > 0.549,n = 20,P < 0.01)
Yoy = — 4.864¢* +2.530e*x — 2.843¢7'4?

(R =0.8236 > 0.549,n = 20,P < 0.01)
Yyur = - 1.067¢% + 5.941e 'x — 7.085¢*x>

(R = 0.6865 > 0.549,n = 20,P < 0.01)
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