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Fig-1 Layout figure of different drip irrigation patterns
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Table 1  Zero level and change space of experiment factors

17 447 lpipe 4 lines

2ni 44T 2 pipes 4 lines 277647 2 pipes 6 lines

WH Ttem A & N rate WE K& Water i &= N rate WE K& Water A & N rate WK E Water
X1(kg/hm®) Xz(mm) X1(kg/hm®) X2(mm ) X1(kg/hm®) X2(mm)
EIKF Zero level 55.2 150 55.2 200 55.2 200
KA FE Change space 27.6 60 27.6 60 27.6 60
1.3 WELBRAE WUE=Y/ ET,
TERRAC A B 2SO, XS R i E B R AR A T A T OHETE & AU BE K & (mm) s AW HETE: &

GrNDCRAH M E AR B T

RIE SR AL WUE A5 ZEARAE 46T
AR B RS R o3 A e L3RS K & T4
S K AR BN K B R R Y (A S s
65.2 mm), | /K S5 TS [F i R =AY
FEKE . ET,= I— AW K43 R 0% WUE # =Gt
%::

P 0~90 em + 26K A 254K (mm ) : WUE S /EY)
IR 2 (kg/mm ) s Y H 7= (kg/hm) s ET, Ay
VEY S % 1 (o ) A0 /N X P9 1 - 48 2 K 5
MRE K BEAGH, ASi e R e
VKRN TF 20 mm, BB % B K 43 VR IR B TR
ET, S} Bt & PIfF-H % B (mm) ,



5 3 1 ZEREIGAE . YO IR LRI Hb X T~ TR HEAT 167K 23 M 1 K BB & R0 55
*?2 RERZEMWBEARSHEIEAE
Table 2 Field experimental design scheme and coding project of experiment factors
[EY VeSS HH [] 52t /7 %€ Field experimental design scheme
R Ab T Coding project 175 4 47 pipe 4 lines 27 447 2 pipes 4 lines 245 6 47 2 pipes 6 lines
Code of R Mok i Rt Mok i LE Wk Bt R Mk
treatment N rate Water N rate Water N rate Water N rate Water

X1 Xz Xi1(kg/hm®) X2(mm) X1(kg/hm”) Xz(mm) X1(kg/hm?) Xz (mm)

1 1 1 82.8 210 82.8 260 82.8 260

2 1 —1 82.8 90 82.8 140 82.8 140

3 —1 1 27.6 210 27.6 260 27.6 260

4 —1 —1 27.6 90 27.6 140 27.6 140

5 —1.41421 0 16.2 150 16.2 200 16.2 200

6 1.41421 0 94.2 150 94.2 200 94.2 200

7 0 —1.41421 55.2 65.1 55.2 115.1 55.2 115.1

8 0 1.41421 55.2 234.9 55.2 284.9 55.2 284.9

9 0 0 55.2 150 55.2 200 55.2 200

10 0 0 55.2 150 55.2 200 55.2 200

11 0 0 55.2 150 55.2 200 55.2 200

12 0 0 55.2 150 55.2 200 595.2 200

13 0 0 55.2 150 55.2 200 55.2 200
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Fig-2 Interaction effects of water and nitrogen on cotton yield
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Table 3 Regression equations between experiment factors with cotton yields and WUE
i H A B (Y X~ R Xo— K ) Fd
Ttem Drip irrigation pattern Regression equation F value
177 4 47 1 pipe 4 lines Y =23408. 871+309. 404 X;+380. 393 X, 1 50. 402 X1>—161. 348 X,*+120. 672 X, X, 59.656 "~
=N
c n’ii_ " 2 M5 44T 2pipes 4 lines Y =13578. 4444-225. 109X, +383. 382X, +87. 334X ,2—119. 083X,>+91. 547X X 9.694 "
otton yie
2 %7 6 47 Zpipes 6 lines Y=3774.296—152. 0234 X, +284. 041 X,—384. 213188 X,>—56. 602 X,>—57. 072 X1 X 11.636" *
dopd LHUTT Lpipe dlines  Y=22.726%2 101X 7. 12X, 0. 456 X7 L ALLX," 0. 218X, Xo 272.325" "
FUCE 25447 Zpipes dlines  Y=17.896+1.127 x,—3. 749 x,+0. 457 x,20. 505 X,°—0. 018 X, X, 24.337" "
WUE 245 6 £7 2pipes 6 lines Y —18.872—0.745 X, —4. 488 X,—2. 101X, >+ 1. 244 X,*—0. 105X, X 14.002"
%! BEFROARSETREHH
Table 4  Effect of singlefactor of water and nitrogen on cotton yield
R % LS FH{E Codo
Factor Drip irrigation pattern —1.4142 —1.2071 —1 —0.5 0 0.5 1 1.2071 1.4142
i 17 447 1 pipe 4 lines 3072.11  3108.83  3149.87  3266.77  3408.87  3576.17  3768.68  3855.80  3947.24
Rate N 245 4 £ Zpipes 4 lines 3434.76  3433.97  3440.67 3487.72 3578.44 3712.83  3800.80  3977.43  4071.47
X 245 6 47 Zpipes 6 lines 3220.86  3397.97  3542.11  3754.25 3774.30  3602.23  3238.06  3030.95  2790.88
KR 177 4 47 1 pipe 4 lines 2548.22  2714.60  2867.13  3178.34  3408.87  3558.73  3627.92  3632.95  3624.13
Water 2% 4 47 Zpipes 4 lines 2798.10  2942.15 3075.98  3356.98  3578.44  3740.37  3842.74  3867.71  3882.46
Xz 27 6 17 Zpipes 6 lines 3259.40  3348.95  3433.65  3618.12  3774.3 3902.17  4001.74  4034.69  4062.79
= stz — sl Vs JoHe 1 it S N o L
2.3 IRIEFEFKA FIRMENKERUTE TR R I e AL 40 7 . ML R L=

R0 25 R i 2 S B AR, R S

3 600. 00 kg/hm”Hy F b K433 (WUE) L=
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Fig-3 Interaction effects of water and nitrogen on cotton water use efficiency
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Table 5 Effect of single —factor of water and nitrogen on cotton nitrogen use efficiency
FALISES TR 4{H Code
Factor Drip irrigation pattern —1.4142 —1.2071 —0.5 0 0.5 1 1.2071  1.4142
R 1747 4 47 1 pipe 4 lines 20. 65 20.84 21.07 21.79 22.73 23.90 25.29 25.94 26.62
N rate 2% 4 47 Zpipes 4 lines 17.22 17.20 17.23 17.45 17.90 18.57 19.48 19.92 20.40
X 2 7% 6 17 Zpipes 6 lines 15.72 16.71 17.52 18.72 18.87 17.97 16.03 14.91 13.62
WK 175 4 47 1 pipe 4 lines 35.65 33.40 31.28 26.65 22.73 19.51 17.00 16.16 15.45
Water 27 4 47 Zpipes 4 lines 24.21 23.16 22.15 19.90 17.90 16.15 14.65 14.11 13.60
Xz 27 6 17 Zpipes 6 lines 27.71 26.10 24.60 21.43 18.87 16.94 15.63 15.27 15.01

20 kg/mm 4 F1 A . 43 B SR 790 M3 76 K
A IACH AT, BT B A A 2
% 6. R Z R AL A ST L 7, KT
B KSR FICRAR AL A SRR S I B AL
Hb B2 BA =3 600 kg/ b FI7K A
AEFI=20 kg/mm B AR R B A AR & 1 4
44T 69. 6~72.7 kg/hm’. 2 5 4 17 46. 1~77.0
kg/hm® 2 # 6 4F 32. 1~51. 4 kg/hm, [ AR
B M K R 0 7 R R DS R A 7 7 B
WUE F7a i 4 BT K S

3 i Hitie

K P 4 K A T S K R A S5 R %
SRR AE 7= B DA 200 20 3 6 2 e s P PRI g e
HAAE =8 KA 543 R KRR B 280, B IR i
KRS E , BB B KRB A 80N
HHFFFI, ML R B S ™ E a s HE AT
TCABE R BIK 43 7 58 b3 52 A ] T RS &

2T o i AR AR T R A K A
BROHT TR, 1 4 AT /ERE K & 65. 1~234.9
mm , A6 5 5K B 5 10 2 00 IEAROG, B E K
ERH, R B R, FEI R R
FARAEXIARAEIG A — R B (ELE RS 1 7 1)
A RN BT L 4 AT T K o A
RAEKAE WINREK R G RENS A R (e AR AR L I AN
S MRAE T B KA AR R, 27 4 177ER
KBS 1~284.9 mm @935 B P, 1AL B 5K
BEEREIEMX, £t A &N 16.2~94.2
kg/hun” . Bt i 280 B 94 . 7 BB A SR R NS T
Wefa ETE. ARG T B R RS, Ak
BT ERRIARE A K A R RO T4, 7 HE AR A
FEE R A 2, RN 54 7%
WA P B Sl AR 2 SRS AR R AL E TR AE R
—EMRRTORIGOUT M AL B Bl it %0 1 i
BESRE. 2 6 TN T 2 W 4 TR R,
HRAERRI B B Y ALE U T IR B KRR
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Table 6 Regression analysis of cotton yields and water nitrogen

HRAEF= & Cotton yield Y=3 600. 00 kg/hmz

i H Ttems 1745 4 47 pipe 4 lines

25 447 2 pipes 4 lines 235 6 47 2 pipes 6 lines

X1 Xz X1 X2 X1 Xz
X; “F¥)1H X; mean 0.905 0.905 0.255 0.644 —0.383 0.966
Sx FrifEiR Standard error 0.195 0.195 0.298 0.229 0.274 0.164
0, 2 b
o 95/?3{':'1‘2?(‘ 0.522~1.288 0.522~1.288  —0.329~0.840  0.645~1.092 —0.921~—0.101 0.645~1.286
95% confidence interval
KA & 69.6~90.7 181.3~227.3 46.1~78.4 188.74~215.5 29.8~52.4 188.7~227.2
Applied water and nitrogen kq/ hm” mm kq/ hm” mm kq/ hm® mm

K43 FI 3 WUE Y=>20. 00 kg/mm

I H Items 1# 447 1pipe 4 lines

2HAqT 2 pipes 4 lines 2HF 647 2 pipes 6 lines

X1 X2 X1 X2 X1 X2
X; “FH{E X, mean 0.186 —0.929 0.201 —1.006 —0.157 —1.23
Sx FRifETR Standard error 0.293 0.15 0.317 0.141 0.347 0.069

0 r e b
0 95/?%1;1?( —0.389~0.635 —1.046~—0.635 —0.421~0.791 —1.282~—0.861 —0.838~0.524 —1.365~—1.096
95% confidence interval
KEHE 44.5~72.7 87.2~111.9 43.6~77.0 73.1~98.3 32.1~69.7 68.1~84.2
Applied water and nitrogen kg/ hm® mm kg/ hm® mm kg/ hm® mm
®7 RERFRHRECASIEI T
Table 7 Frequency analysis of optional combination of experiment factors
05117 Ipipe 1 s 29841 2 pipen e 2 013 2 pipen e
i/ s X1 X2 Xi X2 X1 X2
fems - Verable g g o BE KB B WHC MR KB B REC ik
Time Frequency  Time Frequency  Time Frequency  Time Frequency  Time Frequency  Time Frequency

—1.41421 0 0.000 0 0.000 3 0.200 1 0.067 2 0.200 0 0.000
o —1.00000 0 0.000 0 0.000 2 0.133 1 0.067 3 0.300 0 0.000
Cotton 0.00000 2 0.250 2 0.250 2 0.133 3 0. 200 3 0.300 2 0.200
vield 1.00000 3 0.375 3 375 3 0.200 5 0.333 2 0.200 4 0.400
1.41421 3 0.375 3 0.375 5 0.333 5 0.333 0 0.000 4 0. 400
—1.41421 2 0.153 5 0.385 2 0.167 5 0.417 2 0.222 5 0.556
KA —1.00000 2 0.154 5 0.385 2 0.167 5 0.417 2 0.222 4 0.444
HzgZ 0.00000 3 0.231 3 0.231 2 0.167 2 0.167 2 0.222 0 0.000
WUE 1.00000 3 0.231 0 0.000 3 0.250 0 0.000 2 0.222 0 0.000
1.41421 3 0.231 0 0.000 3 0.250 0 0.000 1 0.111 0 0.000

EWAT, BEE AR AN, (IR AR A K
B (L 22k 2 6 M AR 9 K Y B A
Ko M AR AT 2RO D SRR AR R B R
1% SR AR Rk 7 i

AR AR WUE 7K SR R0 R B K B
Xt WUE S0 KT I B R [ A X WUE B
E WA R IYINT B 42T K R T B
TR, AR K B X WUE 7K ZURE A 280 5%
W, 7E L 4 ARt S KB 210 mm B A
4 16.2 kg/hm” F182. 2 kg/hm” H 7K 43l 2 ALUAR
2 9.4, TAE 82.2 kg/hm” MEAR T, WK 90
mm A1 210 mm ZEAEAF] 41. 6%, KR W E ALY

B, TTLAE BN K 43 F 2 B i
V6 BT 06 R BE S e T KR R (R K Bk
TKG )P ORI S s T BB (4 SR T DA K 4
R TR AL BV E T, ARkt WUE
IKEREE TR, 145 4 FTRIE 2 B LI A K i
Sy AT, 2 E R KA T 5 T AR AE
FOFEK B 3 AN NI R R RE T AR AERY P R
TR T HFERY WUE, 2% 4 7 H3B & KA1
FHXT 57, B ATHRAE AR 22 (9 7K 43 i1 B S 86
e ZE G R B _ETF MRAE R RE KR B K,
HAIE WUE IR T L #5447, 2 4 6 /7 LIRS KB
7] 2 45 4 FTARNE, {EL 2 45 6 AT R AL I s T 2 i 4
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TR AR AL 28 B AE A B0 56 AR 7 JOMRRL T, )
AP GELEARALIE SR SIS, B A8 AR 1R 4 [31 T4 R %, 45 A I P TR o R e

& S BRI WUE R, PR AR PR TS 1] S 26 S MRS 2 4. 2003, 9
A [e) R EE AR A 7 i L K ) F R K A (3) 271 —275.

AT AR L #E 4 SRR E AR o] [V BRI EEI BB R R 5 AR 7E LK

TR T 2 # 4 AT 2 5 6 AT AEK A E R AR AR, 207,400 51

e pr N T T \ [5] f&H M. BEM, FIkE, 5 MR T HER R KT RN
= BT = , ;
U2 [R5 S 2 4 4 4T AU (R Ak T 7K L 02 1) 221t

OrAAE 25 O ATIUIRM ORI REHE . MRAEF BT oy e e, sk m RN T RS

TR A 250 B 43 A 45 L AR AE P Bk 1) = 3 600 WK B [0]- Al TR 24, 2002, 18(1) 49— 53,
kg/hm”FIK 5> F R B =20 kg/mm B, ARG (7] WEE. Bt S0 1R AL RORRE k5 Rk s
7/%1‘%5%}%%5@}3857 1 % 4 3?69 6~72.7 kg/hmzy 2 RIS R [T] M6, 2002, 14 (4) ,200—203.
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Coupling effect of water and nitrogen on cotton yield and water use
efficiency in different patterns of drip irrigation under film mulching

LI Pei-ling, ZHANG Fu-cang, JIA Yun-gang
( Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas
Minstry of Education, Northwest A&F University » Yangling 712100, Shannxi, China)

Abstract ; The coupling effect of water and nitrogen on cotton yield and water use efficiency (WUE ) was studied un-
der different drip irrigation patterns- The field experiments were conducted in three drip irrigation patterns including 1
pipe 4 lines, 2 pipes 4 lines and 2 pipes 6 lines. in which universal design of the second rotation was used- The result
showed that the coupling effect of water and nitrogen on cotton yield was more significant than nitrogen under three drip
irrigation- In applying water of 65.1~284.9 mm, three drip irrigation patterns were positive correlation between cotton
yield and water- In the applying nitrogen of 27.6~94.2 kg/ hm®, 1 pipe —4 lines were positive correlation between ni-
trogen and cotton yield. 2 pipes 4 lines negative correlation in applying nitrogen of 27.6~~69.0 kg/ hm” and positive
correlation in the applying nitrogen of 69~94.2 kg/ hm’, 2 pipes — 6 lines positive correlation in applying nitrogen of
27.6~55.2 kg/ hm” and negative correlation in applying nitrogen of 05.2~~94.2 kg/ hm” - For the coupling effect of wa~
ter and nitrogen on water use efficiency (WUE) , water was more significant than nitrogen under three drip irrigation pat-
terns- 1 pipe —4 lines was positive correlation between nitrogen and WUE- 2 pipes —4 lines was negative correlation in
applying nitrogen of 27.2~44.4 kg/ hm” and positive correlation in applying nitrogen of 44.2~94.2 kg/ hm®, 2 pipes
6 lines was positive correlation in applying nitrogen of 27.67~55.2 kg/ hm” and negative correlation in applying nitrogen
of 55.2~94.2 kg/ hm’. In applying water of 65.1~284.9 mm, three drip irrigation patterns were negative correlation
between water and WUE - According to water and nitrogen coupling effect in different patterns of drip irrigation: a man-
agement strategy was set forward with increasing cotton yield and WUE as the objectives -

Keywords . cotton; drip irrigation pattern; irrigation fertilizer; coupling effect of water and nitrogen; yield; water

use cefficiency 5 -desert: oasis



