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Effects of Drip Fertigation on Winter Wheat Growth and
Water Use in North China Plain
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Abstract: Aiming at the low efficiency of water and fertilizer in winter wheat which caused non-point
source pollution in North China Plain, the objective of this experiment was to study the effects of drip
fertigation on winter wheat growth, grain yield, water consumption, water use efficiency and nutrient
distribution, and provide scientific basis and technical support for the application and extension of drip
fertigation. Field experiments were conducted in 2013—2014, 2014—2015 and 2015—2016 three
successive winter wheat growing seasons. Under drip fertigation, the fertilizer amount of fertigation was
70% of local fertilizer amount, and the soil matric potential at 0.2 m depth for winter wheat was
controlled higher than - 40 kPa. Results showed that under drip fertigation in winter wheat growing
seasons in North China Plain, the average yield of winter wheat in 2013—2014, 2014—2015 and 2015—
2016 was 7 120. 5 kg/hm’ , which was increased by 18. 7% . The thousand kernel weight of winter wheat
was increased by 4. 3 g averagely. The average water consumption was 387.9 mm. Precipitation was the
highest proportion of total water consumption, accounting for 52% in sowing to jointing stage, irrigation
was the highest proportion (78% ) in jointing to heading stage, while the soil water depletion was the

highest (54% ) in heading to harvest stage. In three winter wheat growing seasons, the percentage of
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different water sources in total water consumption showed that irrigation amount was the largest proportion
(49% ), the soil water consumption and precipitation accounted for 25% and 24% , the groundwater
supplementary amount was the lowest, only 2% . Under drip fertigation, water use efficiency and
irrigation water use efficiency for winter wheat was 1. 8 kg/m’ and 3.9 kg/m’, which were increased by

38% and 95% ,

layers with high nutrient efficiency and low nutrient leaching. In North China Plain, when the fertilizer

respectively compared with surface irrigation. The nutrient mainly distributed in 0 ~40 cm

amount of fertigation was 70% of local fertilizer amount with loss-control fertilizer as basal fertilizer and
drip irrigation, the grain yield was increased by 18.7% with better spike grain number and thousand

kernel weight. Meanwhile, drip irrigation can save water by 36% and save fertilizer by 30% , improve

2018 4

irrigation water use efficiency by 95% and increase water use efficiency by 38% .

Key words; winter wheat; drip fertigation; water use; water use efficiency
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o IXAFSF )RR 12, 3°C, 247 ¥ [ K i 480 mm,
BEFIFRAY, ZE P HEZKE, LHEN KT
ORI NEERFENEKRE D, &/NEETHN
R KA —fAE 1.5 ~3.0m,

A A A A T LR 1, 1 X 4
0~60 cm NP EIE L ,60 ~ 140 cm NP E L, W

BRCPE o A A U b A AN A, A
BILJGE J5 5 L A0 0wt I 5 L R 0 ) i DA b R
VT AR ATG, 0B T o PR o 0 ~ 20 em RIS AC
PRy AP R LR 9. 6 g/kg, ISR ol
10. 3 mg/ kg, W S0 BT & LRy 6. 4 mg/kg, A BT
o 133. 2 mg/kg,

x1 HRATEERBALER

Tab.1 Basic physical and chemical properties of soil profiles

Ea27Y: 94

wiL/ O MSAEABEL, BSEBRELL/
1

P L HUSOE E H
-1

. H LI
4 5 pH {&
cm (g-kg™") (mg-kg™") (mg-kg™") (mg-kg™") (mg-kg™")

0~10 b T3 1 12.3 14.3 0.7 8.7 161.2 8.2
10 ~20 b T+ 7.0 6.2 0.6 4.1 105. 1 8.1
20 ~30 b T+ 5.0 2.8 0.5 2.0 102.0 8.0
30 ~40 (e = 4.8 1.8 0.5 1.6 109.9 8.0
40 ~ 60 W+ 5.1 2.6 0.6 1.5 131.9 8.0
60 ~ 80 Wb+ 6.3 4.2 0.7 1.8 159. 1 8.0
80 ~ 100 b4 £ 6.2 9.0 0.6 1.7 151.5 8.1
100 ~ 120 b HE £ 4.7 20.0 0.4 1.9 110.3 8. 1
120 ~ 140 b+ 4.0 26.9 0.4 1.7 98.0 8.2
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At AN 5], 2 /N2 R — Tl R K R e AU
13.9 mm 5 K — K FEK (321 mm) ZA7E 5 H
Hg, AT & /N B A gk AHE N R 1. 2013—2014
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INFEZIET N, BITRE K AL 68 mm [ K & 43 A Bk
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WIRE K R L, Jy 56 mm, (5 B FRK B 1) 82% o I K
) — R REK L (19.7 mm) BAFER W RT, BAEH
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BiFRE K E 108.6 mm, FEF—REFHEKERZS
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WY 30% o 2016 AEHEK G T4 /N AT 45K T
HEWEI , ILPEK 144 mm , ZEWALE L NEA KT
ZAE PR K (13901 = 24.61) mm' ™' A] 4
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— FitkkE
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£ 30 — gilpkh %0 1
@ 201 360 j;
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10-10 11-10 12-10 01-10 02-10 03-10 04-10 05-10
H
(b)2014—20154%
. A e ek —120:;
£ 30 — Btk E — 190 g
HLIH 20F +60 j;
& 1or 1 430 =
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ERE)
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Bl 1 2013—2016 4F 3 4F B2/ AR 1 00 I R K
Fig.1 Precipitation during winter wheat growing

periods in 2013—2014, 2014—2015 and 2015—2016

2 20132016 E3EENEEBHHEKSE
Tab.2 Irrigation amounts during winter wheat growing

periods in three growing periods

Ay K /mm PR R
2013—2014 272.0 11
2014—2015 161.0 8
2015—2016 144.0 7

2.2 ZINFEKER

K2 ~4 4 Bl T 2013—2014 ,2014—2015
H12015—2016 4F 3 4% 2 i 3 it 2 9 % 2% 7F 5 & /b
a7/ =N B 7/ D= S TR Aty g RV o UV S
22 Wk R 1 728 A 32 R AR AR BT Il B T AR A
FRMIRB R K, Z Gl TR, 2013—2014 454
INFE R AR =N 77 em ZE A7, 11 2014—2015 4F Al
2015—2016 44 /NE I KR s BTE 72 em 245 T
TR i AR 2 T, A& /N FE M R T ) o R B A
IS AR R By BT IR, &N T R
LRGN MR 7 — ORI & /N 22 T ) o & PR 88
o T & % A7 WAL T ETHE#
2013—2014 4 4 /N 22 WO AR i) 5 bk T ) BT & 35 2|
2.7 o/ Bk, BEARAE 4y i 23 943. 8 kg/hm® ,2014—2015 4F



2 I 4 . Aot iV it S R TR X 4 /N 22 A R RE K Y 5 ) 273
80 —a—2013—20144F r
70 L——2014—20154¢ o6k
—a—2015—20164F =
60 NE 5+
g 50 % 4k
IE 40 iﬂ: 3k
B i —=—201320144F
= 2 —o—2014—20154
20 i ——2015—20164F
10 O 1 L 1 1 1
0 ! ! ! ! s 03-20 04-03 04-17 05-01 05-15 05-29
03-20 04-03 04-17 05-01 05-15 05-29 107
R
. . . R 4 2013—2016 4F 3 4F Ji Ji 78 il JIES 98 3% 4% /> 25 - T AR
2 20132016 4 3 4 FE G N HE G 4/ 5k . 3 IR DA
T
AL BB AL E B

Fig.2  Dynamics of plant height of winter wheat in three

growing periods
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Fig.3 Dynamics of biomass accumulation in three winter

wheat growing periods

LONZ T W BT IA ) 2.4 o/ B BEIR A2 W) 13k 3
16 189. 4 kg/hm®,2015—2016 4E 4% /N7 B bk T ) it
AR F] 2.9 g/ Bk, BEMA A 9 B 3K $1) 20 505. 1 kg/hm’

2013—2014 ,2014—2015 F12015—2016 4 3 4
JE 1) et TG AR B34 2 B DGR B B4R JE 0, i
TH] AR T8 BOZ TG R, I Bl IS TR T IR B A
%, IO BEZ AL T, T ARAE BB W . 2013—

Fig.4 Dynamics of leaf area index in three winter wheat

growing periods

2014 45 PR W B3T3, 4 /N 22 T AR AR BN
TFAH 1.2 m*/m* K F) 6.5 m*/m’, Bt i 3k B
K, B Ja T RS BOE Wi/ L 1) 2014 425 H 31 H
{2 2.7 m*/m*, 2014—2015 I 2015—2016 4£ 4 /]
2 T B B R AE 4 5N 6.9 6.3 m*/m’
2.3 BNEZEFERFEMEESR

2013—2014 ,2014—2015 F12015—2016 4 3 4§
JRE 5 R it S VB TR 2R A TR A /N 7 R R L R
PRI 3, 3 AR A/NE T i 71205 kg/hm® , &
PR 2013—2014 4F 77 B 4% 55, 2014—2015 4 77 &
WZ,2015—2016 4F = it 5 fiK o AH Lb 24 b b 18 38 Tk
KNG R (6 000 kg/hm®) | 78 15 VE Jiti JIE V8 8% 4% 1
T it A R A 24 i I Y 70% 15,3 AESE M A N
FREAN Y A NE R T 18. 7% o THHE
NEWEWBE ST &/ N F W B Rk B 33.3 4, T
WL 57 35 40,5 g, B EL M TV E A% 1R T BB £
(30.7 A>) FIT-RL e & (36. 2 g) A 8 AF IR B, ThE
T T 4.3 g

®3 2013—2016 F3 FEFHERLERZNETERTEMHESR

Tab.3 Grain yields and yield components of winter wheat in three growing periods

Ay i/ em 45 5/ AN TR EL TR/ g 77/ (kg-hm ™)
2013—2014 5.8+0.7" 12.7 £0.7" 1.5£0.6" 33.1 +4. 8" 40.7 £0.2° 7619.0 £171.5°
2014—2015 6.8+0.5° 16.0 £1.1° 1.8+0.7° 33.9 +4.4° 40.6 +1.1° 6908.7 £190.9"
2015—2016 6.3 +0.6" 13.0+1.7" 2.1+0.6° 33.0 +4. 6" 40.3 +0.7° 6833.9 £190.7"

Ty 6.31.1 13.9 2.1 1.8+0.8 33.3%5.5 40.5+1.4 7120.5 £221.3

T SR /NG PR RRTE p <0. 05 KCFI 22 5 .3, T Il

2.4 ZINEFEKE

2013—2014 2014—2015 F12015—2016 4 3 4F
T HE T NEVE R A T AN E K AR F WA OKE 24
B IFE K B S A L T L 4 ~ 6, 2013 —
2014 .2014—2015 F1 2015—2016 4 4% 4 F W #E K
YRR -SRI K R E, P
181. 6 mm , [ BLFE/K & 1 Lo A9t die K, P38 45%
T —Ah A FE K B R Z 2R 109. 0 mm, 7 B

FEK IR 28% 5 R 01— 1y WFE K -1 102. 2 mm,
d B FEK B 27 % o A BT 4 AR B I RE K &K
Gy KT A, e B i AR TR K R T o
Lo 91 Je K (52% ), 4k 1 30—l B 0 98 K 3t T o5 L 491
I R (78% ), i Al A M — S0 A5 300 4 9 it 7K o ) T A
AN ] B K (54% ). 9L W 2013—2014
2014—2015 F1 2015—2016 4F 4% 4= & B 19 FE K &
AR B R R S N A R K R
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FEK B 27% 4595 SR B0 Oy /N 22 1 A KO
FEK I 7 S FE K Y 73%

2013—2014 2014—2015 F1 2015—2016 4E &
INEE A FH W AR OK & OF 1 O 392.8 mm, Mo
2013—2014 4F 2 #E K & ] £, H 443.0 mm,
2013—2014 4F i FHE K £ ,130 cm + 2 H HL
EHMEZER, BZBKER 9.3 mm, 2014—
2015 4F M FE K B e/, 4 365.6 mm, 130 em + )2
HOPLH R KNS #2428, 8 mm, 2015—2016
AEMFE KB 369.8 mm, 130 em + 2 W H B T HL TR
IKANG AN R 6.7 mm, 5 Y 2 A AN RE
KA (450 mm) A [, 3 4R & /N2 OF B HE K D
T57.2mm, YUK 3 FELNEETN SR

=4 2013—2016 £ 3 F£

K ,2014—2015 FFL/NEERFFEKEL D, &
/INZE FE K R ML T K R 4 K, B B R A K
W ORE B B k. 2013—2014 4F f1 2015—
2016 FFA/NEERKFN DRERKEMEANK, BT
2013—2014 4EHE KB Z AR IZ BN, & 8K 53
T 5 M 2015—2016 45 4 1A i 7K 5t 19 15 FE 5 %
K R WE K B AL B 4y Bk 30% L 29% AN
39% 4 KNG ALY 2%

3 AR PR AN A A B IR K A5 K A R UE T
LA 2R B0 R < K A P o b B K, o 49% , LR &
TR R TE AR, R FE K B 25% , R K
HEFE K 1Y) 24% MR K R A B ORFE K B EE
Bl f5e /N AL 2%

HEREERLNERETHRKE

Tab.4 Water consumption of winter wheat at different growth stages in three growing periods

Ay A H AS/mm P/mm I/mm D/mm ET/mm FeKIE R/ %
& Fh 00— T 4 58.1 45.7 96.0 0 83.6 19
2013—2014 R W - A 18.1 11.8 96.0 1.2 88.5 20
Eilik 8 U3 ] -153.5 45.5 80.0 8.1 270.9 61
11— 5 -23.5 35.0 57.0 0 115.5 32
2014—2015 4 Hi—Ji Bl 3 ~10.6 31.2 56.0 ~15.1 112.9 31
S A - 3R 4 -73.7 1.8 48.0 -13.7 137.2 38
FRAN IR -31.8 75.6 0 0 107. 4 29
2015—2016 4K H—i il iy ~8.3 18.0 96. 0 ~3.2 125.6 34
Eilip 8GR @ ] -70.3 15.0 48.0 -3.5 136. 8 37
520132016 £ 3 5 EE R SRR B % /0 & IKF RN S B 7 o i 9 it IE 9 B 2R A R, 3

EEBFHREKE
Tab.5 Total water consumption of winter wheat

during whole growth periods in three growing seasons

Ay AS/mm  P/mm I/mm D/mm  ET/mm
2013—2014 -77.3  103.0  272.0 9.3 443.0
2014—2015 -107.8  68.0 161.0  -28.8  365.6
2015—2016 -110.5 108.6  144.0 -6.7  369.8

S -98.5  93.2 192.3 -8.7  392.8
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Tab.6 Percentage of different water sources in total

water consumption of winter wheat during whole

growth periods in three growing seasons %
A4y AS/ET P/ET I/ET D/ET
2013—2014 18 23 61 -2
2014—2015 29 19 44 8
2015—2016 30 29 39 2
Sy 25 24 49 2
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Fig.5 Water use efficiency and irrigation water use efficiency
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forwinter wheat with drip fertigation in three growing periods
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Fig. 6 Distribution of soil nitrate nitrogen for winter wheat

with drip fertigation in three growing periods
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