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Water production function and efficiency of cotton under
mulched drip irrigation
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Abstract: This paper discusses the relationship between the amount of irrigation and the yield of cotton. Statistical
analysis of experimental data on cotton under mulched drip irrigation during 2007—2012 indicates that the relationship
between yield of cotton and irrigation presents a quadratic parabola in Tarim irrigated area. The irrigation norms for the
highest yield, for the highest water use efficiency, and for the highest benefits, and the critical period of water require-
ment in cotton were analyzed by mathematical method. Best fit model of cotton water production function was adopted by
least squares theory on the basis of field experimental data of cotton. Water production function is a quadratic function
and its math expression is ¥ =0.0026 I* + 18.0157 — 24845 (R*=0.9592,n = 6) . Water productivity is divided into
three different development stages according to the changing rule of water use efficiency and the relationship between yield
and irrigation. Irrigation amounts less than 3 091 m®+hm~? are identified as the first stage when yield rises with the in-
crease of irrigation amounts, and productivity rises gradually at this stage. Drigation amounts at the second stage rises
from 3 091 m’+hm™2 to 3 464 m®+hm ™2 and the yield still rises with the increase of irrigation amounts, but the range is
reduced. Trrigation amounts at the third stage exceed 3 464 m®+hm~2 and the yield is reduced with the increase of irriga-
tion amounts. Negative rise occurs and productivity is declined. The analysis of cotton irrigation production function and
the water requirement law indicates that the critical periods of water application for cotton are at the flowering stage and
budding stage. The rational irrigation norm, norm for the highest yield, and norm for the highest water use efficiency for
cotton are 3 091 to 3 464 m®+hm~2, 3 464 m*+hm~2, and 3 091 m*+hm~2, respectively. The best benefits point of ir-
rigation efficiency of cotton is not the highest point of utilization ratio of water or the highest point of yield, but within the
3091 ~ 3 464 m’+hm~? interval. When marginal benefit equals marginal cost, net income of irrigation on cotton is the

biggest. The maximal net income and net income of unit of irrigation amounts are 24 333.1 yuan*hm~2 and 7.23
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yuan*hm ™2, respectively, and irrigation amounts is 3 459 m’+hm ™2 at this time. Compared with the irrigation norm for

the highest yield, it saves 5 m® *hm~2 of water, meanwhile water use efficiency and net income of unit of irrigation

amounts are increased by 0.003 kg*m™>, 0.21 yuan-hm™2, respectively, whereas the yield is almost the same.

Keywords: drip irrigation under mulching; cotton; water production function; water use efficiency; irrigation effi-

ciency
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Table 1  Water consumption of cotton at different growth stages by different water treatments(2008)
Hil/43 d /30 d 1ER /61 d it 2381 /60 d KL
Seedling stage Budding stage Flowering and bolling stage Boll-opening stage The whole stage
DU FEOKuEE - FEIKRE - FEIK R - YN S -
s Rk Water = R FEAK PR FEAk it e FEAK B
Treatments ater Water Water Water
Water . Water . Water . Water . Water
. consumption . consumption . consumption . consumption .
consumption . . consumption . . consumption . . consumption . . consumption
Jom itensity mm ntensity m ntensity m intensity Jm
/(mm-d~") /(mm-d~") /(mm-d~") /(mm-d=")
1 55.4+2.5 1.3+0.06 99.2+0.9a 3.3+x0.03a 336.0+3.9a 5.5+0.06a 134.0+2.7a 2.2+0.04a 624.5+4.3a
It 54.3+1.5 1.3+£0.04 92.3+0.6b 3.1+0.02b 295.7+2.2b 4.9+0.04b 128.7+1.5b 2.1+0.03b 571.0+6.6b
i 54.4+1.4 1.3+0.03 83.5+x1.7c 2.8+0.06c 288.0+4.3c 4.7+0.07c¢ 117.3+3.1c 2.0+0.05¢ 543.2+6.7c
v 55.7+3.5 1.3+0.08 85.4+1.4cd 2.9+0.05cd 266.8+4.5d 4.4+0.07d 118.7+2.5¢cd 2.0+0.04cd 526.5+ .4d
Vv 51.7+3.0 1.2+0.07 80.6+1.0e 2.7+0.03¢e 251.5+4.le 4.1+0.07e 94.7+3.0e 1.6+0.05e 478.5+6.4e
VI 55.0+1.8 1.3+0.04 74.3+0.7¢  2.5+0.02f 227.7+3.5f 3.7x0.06f 84.2+2.5f 1.4x0.04f 441.2+7.8f

T AR NE TR ORI B R 22 5 08 B K (P <0.05) . R,

Note: Different small letters meant significant difference among different water treatments at 0.05 level. The same below.
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) BEARE K 2 B 3G AR AL 7 e B TG I, AR
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FHASCR BETE K SBT3 0, 24 4E/K &34 %] 506 mm
it KRS CR R, R 12,310 kgehm ™2 - mm ™'
MHRE/K BT 506 mm J5, K50 F FRCRIE 5 FEK B
BT/ o S AR, DB 35 7K 0 1 2503 11 )
2 8 AR BFE K LA F) 506 mm R EL,



5 34 45

= 2o

22 T H X ALY
66001 o y.ET B 40
- i* 35 2
6000 n WUE-ET ; :
—~ A M-ET i 30
‘= 5400 i 25 E
= i =
* 4800 i 20 3,
2 i 152
< 4200 i 3
B~ 1 10 =
i L
3600 ! 5 i
3000 ' 0=

300 400 500 600 700

ET/mm

E1 BETHEEEETE(Y)JHERZEE(M) K FIB
BME(WUE)SREKE(ET)NXER

Fig.1 Relationships between water consumption( ET) and yield ( Y)

with drip irrigation under mulching, marginal

yield( M), and water use efficiency ( WUE) of cotton
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Fig.2 Relationships between irrigation amounts( /) and
yield( Y), average yield(A), marginal yield( M) of cotton

with drip irrigation under mulching
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Vel %, WM KN P PR ES Py,
M (8) AT AL, XY R = 0 W], B [ R 1 8 I8 ) i)
R B, B
dy/dI = P,/Py (18)
H 3 (16) 3 (18) WA S B A 4R VE IR e AR
I = (P;/Py - 18.015)/(-0.0052)  (19)
ANTGDRFARAN S R KA T B S Ak 2 T IR
FERILFR 2,

EBLEH/ (m'+hm?)
Table 2 The irrigation norms for the best benefits

under the different prices of cotton and water

KA Py KRR HE Py Seed cotton prices/(yuan-kg™!)
Water price
/(yuan-m™3) 5 6 7 8 9 10
0.01 3464 3464 3464 3464 3464 3464
0.02 3464 3464 3464 3464 3464 3464
0.03 3463 3463 3464 3464 3464 3464
0.04 3463 3463 3463 3463 3464 3464
0.05 3463 3463 3463 3463 3463 3463
0.06 3462 3463 3463 3463 3463 3463
0.07 3462 3462 3463 3463 3463 3463
0.08 3461 3462 3462 3463 3463 3463
0.09 3461 3462 3462 3462 3463 3463
0.10 3461 3461 3462 3462 3462 3463
0.15 3459 3460 3460 3461 3461 3462
0.20 3457 3458 3459 3460 3460 3461
0.25 3455 3456 3458 3458 3459 3460
0.30 3453 3455 3456 3457 3458 3459

X (19) 3 2 FTLUE Y, SRl e 0 A A
A RRAEAK G5 HE 7 PR 56, T LS5 K F R A 4 AR
i KBRS O, S 5T KM — 2 i, e HE B
BRFHAT R AR (35 0 1 a3, U R AE 5K
YA I o SRR AN s — i B, o A 208 4 T R
S B BT 7K R 15 A v e A (H AR A i R
AR . R AR M S A E 2, AN
KRR 20 K 3G IR AR (3 I e A 55
B AR AR , 300 PR AR AN 23 B 25 FH 7K 2 79 68 0 17 25
A%, MK 0.20 JC-m 73 KRN N 7 JC kg,
He PR ARAS  H  19 500 TG - hm ™2, H1 BRUR g
85T I PR IAS B (R 7K d BRIV AR AR R0 2 W TR S R
3459 m®+hm ™2, JUHF =54 6 360.7 kg hm =2, 5
P T R A 3 464 mP o hm 2, 7K 5 md o hm 2,
VLR R TR B K, O 24 3331 J6-hm ™2, BT
KRR 7.23 J6-hm % S E e w A
L, B T HEK PR T 1,836 kg hm =234 E] 1.839
kg hm ™, 7K 73 R IR A 5 0.003 kgem ™2, &7 T
FEK GRS BN 0.21 JC - hm =2, HiE = R EA
— 0, AT LB R 25 A T A IR RS AN KR I RCR
AR ) R T (R Bl e i ) e T K
5w’ hm %, H7 i AR — 20, dlicss R m 0.3
JC-hm ™2, 22N Ko aX O R U A
T HEBEACH] I8 TRl s H T K R A ARk
i %o o P AR 5 T TR R R AL N
2.3.3 FHARAAAKEBRLTH MAEEIUTKIERE
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5 34 45

H AR B HE 7K T A 7 1 R RF AR B i o, B
WK R R R . B (17) "7
dY/dI = 0.0026 — (24845/17) (20)
2 dY/dI =0 B BERE K R RCR R, RA
SRR R SO K HE I 2 AR 3 091 m’ - hm ™2, £
LR E 7K 43 R AR R 1.941 kgrhm™2-m™?,
BEHHEAE = 50 5 998 kg hm ™2,

3 s itie

AT 1 R TR DX RS i TR A AR TR K S, 153
P45

1) BEHUORVE X BE NI ML R R A E
W RE KR B B K B B B, BRI R B AR K
SR 50% 2 2, HUOZRTE M, i A 200 N
FRAE A0 7K S0 2 46 48 W A8 1, A B ) K B R
L1 Fe o FLTE X P A BB

2) 3 HRVE DX T i A A6 7 i S RE K i 2
TR FR G IR 3 DR . KA
WA M 12,310 kg hm ™2 - mm ™", I RO FE K 5
M 506 mm, FEHEEH 6229 kg hm ™2, KRAEFE RN
6 415 kg hm A, #EZK R 537 mm, 7K 43 ] FH IR
M 11.946 kg+hm ™2 -mm ™", HREAK S FI ORI AE
LA™ B SREK R C R WK BT IR AR 7 T4
Iy R=AH B FEKE/NT 506 mm A ES—B B, 7
et AR KR (1 1 TS0, J& K AR X, AR K
ZeME VR, R AT RE IS I A, LA B AT fe K™
B, FEKEM 506 mm F) 537 mm A T H B, PR
AT BRERE 7K 2 14 36 I 38, ELS8 I g it B s/ N, 2 7=
NGAGH Ko R FRCE B AR, J8 Tk ez
P X . FEAK R 537 mm LU AEE =B, Fo
BEAE /K L 38 T 2R s ), = R O B
FEAEK X, TEIZ BRI K o8 A Vol =l 2
TR 7 K SR AN AR B B

3) Y& BURE XN i E AR AL i T R
RPN OGFR 7 A I o e a5 TR K R R kR
114 5 1 A AR —80, A R T8 TR 7K ) A0 38 o e o
V14T T e AR P A e e TR B . TR TR
BORFHE T ARG AN, BE T T VR A £ 2L T
SERN 3091 ~3 464 m*-hm~2, & N 6 360.8
kg*hm =2, H:HEEE 5 3 464 m®~hm 2, BE 7K 53 F)
FIR%E Ry 1.836 kg hm ™2 - m ™5 5 %0 /K 3 W o 40
93 091 n’ - hm ™2, PEEFARAE 7 52 5 998 kg hm ™2,
TEWE K R AR R, 1,941 kghm ™2 m ™3,

4) FE UG VAR A Y R AR AR RO AR K 43 R
BRI B e R P B g L, TR AR AE T 3 091 ~

3 464 w’ - hm ™2 [A] PN, 76 77 i 2 AT, BUIRSR
P bR g5 45 T 1 PR AR B, i 25 TR B a R
(24333.1 JG - hm™?), B 37 J7 K I 4% 7. 23
JG-hm ™2, AR W E R 3 459 m® - hm 2, Hip=
T 6 360.7 kg hm ™2, H i 7w R T 4 K
5 m’~hm ™2, 7 HE KSR RN 0.21 JG-hm ™2,
IR R FHRCRIR TS 0.003 kg m ™3, 11 P BEAAH A
REMG SRR RS E S TAHKS
e~ hm ™2, FEIK IR AT K R AR A K, B
PR AR — B Z IR AR F U, TR
TN R T IR R AR A H AR
T5 KA B, AR K A X S5 AR 30 i 4 R 651 55 W ¢
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