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Interaction Effect and Model of Water and Nitrogen under Degradable
Film Mulching in Drip Irrigated Sandy Farmland

LI Xianyue DING Zongjiang YAN Jianwen GUO Yu LENG Xu WANG Meirong
(College of Water Conservancy and Civil Engineering, Inner Mongolia Agricultural University, Huhhot 010018 , China)

Abstract: In order to explore the interaction effect of water and nitrogen, approach optimum management
pattern and improve water and nitrogen use efficiencies under the degradable film mulching in arid desert
drip irrigated farmland, two years’ experiments were conducted under degradable film mulching drip
irrigation fields in Wulanbuhe sand areas, Inner Mongolia. There were three irrigation amount levels,
including low (165 mm in 2016 and 195 mm in 2017 ) , medium (247.5 mm in 2016 and 292.5 mm in
2017) and high (330 mm in 2016 and 390 mm in 2017 ), and three nitrogen levels: low nitrogen
(140 kg/hmz) , medium nitrogen (210 kg/hmz) and high nitrogen (280 kg/hmz) with three irrigation
amount treatments under plastic film mulching as control, and the twelve treatments were randomized
complete combination design. The effects of different water and nitrogen supplies on maize yield and
water and nitrogen use efficiencies under degradable film mulching in arid sandy area were researched,

and the coupling model of water and nitrogen about maize in drip irrigated farmland under degradable film
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mulching was established and optimized. The results showed that the water use efficiency ( WUE) under
degradable film mulching was significantly lower compared with that under plastic film mulching.
However, there was no significant difference in yield, its components and partial productivity of nitrogen
(PFPN) under sufficient water conditions. The irrigation and nitrogen amounts would significantly
influence the maize yield and the components, WUE and PFPN under degradable film mulching. There
were clearly interaction effect among different water and nitrogen treatments, and the lower irrigation
amount would restrict nitrogen utilization. The PFPN and maize yield had an average of 36.87% and
37.18% increase in two years’ experiment when irrigation amount was changed from low to medium,
however, it was just about 5.93% and 6.22% increase when the irrigation amount was changed from
medium to high; the lower nitrogen application also would restrict soil water utilization, the WUE and
maize yield had an average of 7.99% and 18.81% increase in two years’ experiment when nitrogen
application was changed from low to medium, however, it was —-3.66% for WUE, and just 3.35% for
yield when nitrogen application was changed from medium to high; the maximum yield in 2016 and 2017
was 13 875. 16 kg/hm” and 13 805. 02 kg/hm”, respectively, which were all in high irrigation amount and
medium nitrogen application treatment. There were good dualistic and quadric regression relationship
among irrigation amount, nitrogen application and yield under the degradable film mulching in arid desert
drip irrigated farmland, and the determination coefficient R* for 2016 and 2017 was 0. 978 and 0. 988 ,
respectively. The main factor analysis for regression model revealed that the effect of irrigation on yield
was greater than that of nitrogen, and the yield was increased first and then decreased with the increase of
irrigation and nitrogen. The irrigation and nitrogen application under different target yields was obtained
through model optimization. In the experiment, the optimum water and nitrogen ratio was high irrigation
amount and medium nitrogen application treatment, and the yield was in target range of 13 000 ~
14 000 kg/hm® with relatively high WUE and PFPN. Therefore, it can be used as a reasonable technical
and theoretical reference for the water and nitrogen management under the degradable film mulching in
arid desert drip irrigated farmland.

Key words: arid desert farmland; fertigation; degradable film; interaction effect of water and nitrogen;

yield; model
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Tab.1 Design of test factors and levels
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WI1F3 -1 1 165.0 280 195.0 280
W2F1 0 -1 247.5 140 292.5 140
W2F2 0 0 247.5 210 292.5 210
W2F3 0 1 247.5 280 292.5 280
W3F1 1 -1 330.0 140 390.0 140
W3F2 1 0 330.0 210 390.0 210
W3F3 1 1 330.0 280 390.0 280
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Tab.2 Effects of nitrogen and irrigation on maize yield and its components
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Fig.2 Effects of nitrogen and irrigation on water and nitrogen utilization
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o Yt AR AR R F, PFPN 55 98 7K & 520 AH O,
W1 i PFPN 50T W3 5 W2, H AARKE
JK 4B 2 4F PFPN SE #4938 K- 36. 87% , T A /K 3] &5
JKALFE PFPN {7 #4948 | 35.93% o 1 B 5K A8 3
JEXF KA 55 oK JE, B A7 1 W AR S . 2
A e 7 B KT 1Y R K R R (W3F2) 4b B Y PFPN
gy %l 66.07.,65.74 keg/kg, ¥ ALK T @& K AR A
(W3F1) Ab 3R 5 rh K AR A (W2F1) Ab 3
2.3 WEBHMEREEESTAKERBEERSARMRKL
2.3.1 JKREMAG BRI BT

FIHT 2 A 1 2 5 AT % Al R K IR R A5 B OK ™ it
BHE 43 A AT 00 R BB, 75 ] 2016 4F AN
2017 AEAN [ B T 7K P48 77 5 (y) 5 K & 9 58
(v, ) il 2805 s AL oy ) Y JT U A 2R Sy

y =12 620. 86 + 1 848.37x, +989x, +

111. 15x,0, =1 129.37x7 =513.88x2  (5)

y =12597.94 +2177.03x, + 1 251. 21x, +
355.38x,x, — 1 417.9x7 —937. 1543 (6)

XFE(5) A (6) BEAT 3 PR I, e &R A
Gl R =0.978 (R, =0.988, 32 W] B0 7 4t 5 52 0
A REFMMEGE., &K F, =26.51.P, =
0.010;F, =47.42 P, =0. 005, 3B [] 5 56 & 2 4E#F
KE) TR E K
2.3.2 FERER T

50 BT ST 05 R R TR R e R O T A
Gty , HLA— WS- J7 00, 58 B IUAY ] 05 28 K e AN
FHOG i 1m0 U 28 B bR AL o TR R D o [l ) % 2
2t Xof B 18 K /N AT B R 5 R 3RS 7 ) R T
BE o 43T 2 SRR E LAYy AR (5) L (6) AT 1, FE—
SE LN, P PR R A 18 77 5800, HL R e U S 9 K
8 (o) RTPMEA R (v,) , U BILE D i XA fif
R 5 A5 N HE K AR TR T A o
2.3.3 BRI

SR S’ 7 o ol S vS e NI L (S DU D)
RONE, BEXS BT RE () (6) HEAT FELEAL BE, 4 15 4>
PR Y — D F K, AT K (y, ) 97 2
Tt Cyp ) O BRL LR 2R 500 eR

2016 4E  y, =12 620.86 + 1 848.37x, — 1 129. 37«
(7)
vy, =12 620. 86 +989x, — 513. 8847 (8)
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2017 4F  y, =12597.94 +2177.03x, — 1 417. 9x,
(9)
yp =12597.94 +1251.21x, - 937. 154, (10)
H R ZEX N E 3 Fron, HE 3]
A — AR S K P, 2016 4EF 2017 4E 1Y
T oK 7 B E K R it SRS A0 28 A il 2 10 T 1 )
TR, K G R X 7R A RN 2 Sk I AR
LB 7K R0 PR RS 0 7 B R R 12 4 G i T
38 DB RN, AR 7 I R A, K B P R 2R EE
JRORE 7= ) 1 AR N T i 3. 2016 4R, Y x, =
0. 818 A, XF v ¥E 7K /& 47 314. 99 mm , E K 7= & 35 5|
FeRAE , M 13 377. 14 kg/hm’ , 4 x, /N T 0. 818 [,
Fo oK I HE K B B RGN Y« KT 0. 818
F, oK 7 5 BE WE K R, Y v, T
0. 962 I, Xf i it & & 4 277. 34 kg/hm® | F K 7= &
14000
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(a) 20164F

KE AR, M 13 096. 71 kg/hm” . 24 x, /hF 0. 962
BF, oK 7 o B i &L 0 3G B, 2 x, KT
0. 962 [, T K 7™ f il i 20 12 3 i B I . 2017 4
M x, 55T 0.767 B, X R VEK i Ry 367. 28 mm, £ K
PR B KA, O 13 433,59 kg/hm’ Y &, /N T
0. 767 B}, oK 7™ HE Bl K B 3G w24 «, K
T 0.767 B, T K™ 5 BE HE K &= B AR, 2
25 0. 668 i, X 1 i &t b 256. 76 kg/hm®, F K
PRk B g KA, O 13 015,57 kg/hm® . 24 x, /N T
0. 668 B}, K 7™ it Jif it 20 = A9 3G I mi 3 m, 24 «, K
T 0. 668 B, K 7 5 B it A &= B0 AR,
2016 4F 1 2017 4F (1 7K 0 P IR 3R 28 Ak ittt 2 B0 A 6
Y, 7 — 2 310 1B N K B 5 A = i 3 A A T 4R
i K R 7 R T kK R /D T K it R
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2.3.4 PR FR BRIV 53 HT

03 77 o AT B B 5 PR 3R 1) B 3 A i LA K
B St AR A 7 e 4 e 2D 3 R R 45
FAE AN [A] AKOF B 14 321 B 7™ o 0] S8 2k X [l ) o 4 R
(7) ~ (10) 3K — B fi 3K 759 20t 2 it K B

2016 4E  dy,/dx, =1 848.37 -2 258. T4x, (11)
dy,/dx, =989 — 1 027. 762, (12)

2017 4 dy,/dx, =2177.03 =2 835.8%,  (13)
dy,/dx, =1251.21 - 1 874. 3x, (14)
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(& 4) . ATLLAE bl 2 8 K 5 Rt 8 2 9 38 L 34
B T oK 7™ Sk 255 I 147 5t 0 3o g L LB B K
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TR Wl £ R A K, 2016 45, x, /N F
0.818 Bf, K 2 £ KRA K, X », KF 0.818
BF BE K M EORAE K . 2 x, /N 0,962 B it
S E AR A K, Y 6, KT 0.962 B it &L 2 i &
KK, 2017 4F, 2 x, /NT 0.767 B, JEIK 2 {2 i
FAAK Y &, KT 0.767 B, K £330 E ok A4
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Fig. 4

Analysis of marginal effect of yield
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2.3.5 WHRRLHAER T

TR B SR A2 K P R ZE SR [ VR R
EAZ RS M EAR s B e R, B 5
S T K St e 2R R 6 T OK T o Y B AR RN — 4 G
Fo W LUE MK R — R, TR ™ R A
SRR SE FTHE T R R A TR Y it S —
FE I, K 7 e B K R A BN 5E B TS R

(a) 20164E

#ag, 2016 477 BB KM 13 944. 8 kg/hm® X}
N x, 24 0. 857, BIE /K 2 318. 2 mm,x, Jy 0. 984 H
Jiti 80 f2 Ry 278. 88 kg/hm” ;2017 4F 7 o A 0L 05 K fi ]
53 14 067. 28 kg/hm” , %f i «, 2 0. 857, BRI /K &
376. 1 mm,x, Jy 0. 857, Bl jifi 4 4 269. 99 kg/hm’, H
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Fig.5 Effects of nitrogen and irrigation on maize yield

2.3.6 AHIHEMmMKE

AR 2 AF 7 AT R AR L SR AT EOR AN [
H s ™ &t 0 m oK &4 & 7 &, ok F 80k X
K(5) . (6) H—LoHr 76 -1 ~1 Z[AEEEE S 4~k
F(-1,-0.500.5.1), J@IHIR, EPTTE25 &
A TTEP, TR RAE 11000 ~12 000 kg/hm’ [ J5 5
HTE, A 12000 ~ 13 000 kg/hm* (1) 7 L4 7
£ P E7E 13 000 ~ 14 000 kg/hm’ [ 2= AH 7 £,
HARACH G TR 3, T8 72 44 A o 25 F0
95% EAG XA AKX . B3R 3 /A 76T
50 DX AT fife b RS AT 5 T SR F R AR B 2 AR [ B
WG AR B EAKEAETE: O4E

K= e 11 000 ~ 12 000 kg/hm” [X [A] B}, 2016 4F
K & 201.19 ~ 293.80 mm, jifi & & 134.94 ~
245.06 kg/hm® ;2017 4F 3 /K & 233.77 ~278.10 mm,
i A 186. 41 ~268.59 kg/hm’, @4 £ K= & 1F
12 000 ~ 13 000 kg/hm” [X [f] i}, 2016 4F #E /K &
242,52 ~314.35 mm, Jifi & H& 170.78 ~231.72 kg/hm’;
2017 4F ¥ /K & 280.80 ~ 362.70 mm, i % &
174. 14 ~259. 86 kg/hm’ , 34 % K= 8 7F 13 000 ~
14 000 kg/hm’ [X [a] I}, 2016 4F JE /K & 247.23 ~
338.07 mm, jifi % & 208. 10 ~ 287.90 kg/hm’ ;2017
AFE K 290. 03 ~ 397.31 mm, Jifi & & 207.85 ~
282. 15 kg/hm’

®3 BRTEIMAAR

Tab.3 Schemes for optimizing maize target yields

H i =t/ 2016 4 2017 4
(kg-hm~?) K 4/ mm i A A/ (kg hm ~%) K At/ mm Jiti St/ (kg hm =)
11 000 ~ 12 000 201.19 ~293. 80 134.94 ~245.06 233.77 ~278. 10 186. 41 ~268. 59
12 000 ~ 13 000 242.52 ~314.35 170.78 ~231.72 280. 80 ~362. 70 174. 14 ~259. 86
13 000 ~ 14 000 247.23 ~338.07 208. 10 ~287. 90 290. 03 ~397. 31 207. 85 ~282. 15
3 & Ky oV Y REAK 8. 47 % i Hh K i K F E AR AR

(1) 53 30 9 ) Mo Ji A2 55 A 1L, A8 T 5200 X A]
I i b B BEE S T IR K (W) Rk (W2) Rl K
(W3)2 4 WUE 34y I F A% 21. 87% ,10. 51% F
10.41% o WiAEK 7 0 R ZAE T (RiK) TR
7 A A PR 2R R RUAE A 24 7 3 (PFPN) G 8 35 22 57
AR AR BT 3 i i B8 . R O R b R o

1.28% #10.84% , e #H %R,

(2) 5 70 X ] o fif 68 B 5 B HE K2 L R
T oK GRS 5 850N 24 % K i R A R R
WUE Il PEPN A5 {25 220, 52 00 7 JBE dhy 31 /N
K AR KBRS . AN R K RAL B ) A7 AR B
A SE HL AN, B S OK 22 BR A 7 B AT PEPN,
HABARH R & 2 R 2= M WUE, B
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KB P A PRPN 24 52 1 ip s 4, AR K 3
K AL 2016 A F 2017 AR Ok R CF B8 K
32.02% F 42.91% , {5 A rh 7K 2] 55 7K Ak 204X Sy
5.86% Fi1 6.59% ; WUE £ e 1 K g R AIK Y fa 34, v
KALBE WUE #4 5 FAR K R = K kb B, DG 20 21 v
A AL B 2016 4FE FI 2017 4F £ K 7 a4 0 B K
14.50% #1 23.12% , 1B I\ & 3 = A 4L 38 AN
4.00% F1 2. 70% ; WUE i fiti 2 it 38 i 222 41 9 42
Py 2 AR IR R R AR S K R R (W3F2) b3
43514 13 875. 16 .13 805. 02 kg/hm’ .

(3)Lhr=m h Hbr i ar 7 /K & =6 Wk [l A AL
Ry FE A5 K E X% FORAE B M=/ 1B
1 R E /N K o it U, HLK AU B B
ZHAER o T 52U IXO0] [ A 4t 7 55 T E AR AR R
153 2 AR R I AN R 00 R B H AR = 1 B K

RAATTE Y E K= HAE 13 000 ~ 14 000 kg/hm’
X [8) B ,2016 4F 7K 2 247. 23 ~338. 07 mm , Jifi & it
208. 10 ~287.90 kg/hm2;2017 AF E K & 290. 03 ~
397.31 mm, jiti A & 207. 85 ~282.15 kg/hm2o &
i 2 ARSI R B IIE , 25 AW A, FE MR B
TR B AR, TSR T R 00 X oK AR P AT B

(D) GEAEZRT UK E AR, BT
S it I 2 TR D e RS T A R A R X K A
7 KRR A RIS R A 7 0 0 S R T
V8¢ i I S SR 9 I, K ZRUIE L R WIBF2 Ab B (
K& 2016 4% 330 mm, 2017 4F 390 mm; Jifi & &
210 kg/hm® ) 43 5 %F 87 76 A [7] 8 7 7K SF- 4F ) 8% 5 H
b P, HLE A %R B WUE 5 PFPN, A] £
Sy T 500 DKy A B KA B X A R 4 BR 0
Fy i) B, S5 B A JEL 5 280 T L R ARAE oK
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