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Effects of Saline Water Irrigation on Water Consumption
Characteristics and Water Use Efficiency of Cotton

Zhang Junpeng' Feng Di' Cao Caiyun® Sun Chitao' Li Kejiang’ Sun Jingsheng'
(1. Key Laboratory of Crop Water Use and Regulation, Ministry of Agriculture, Farmland Irrigation Research Institute ,
Chinese Academy of Agricultural Sciences, Xinxiang 453002, China
2. Institute of Dryland Farming, Hebei Academy of Agriculture and Forestry Sciences, Hengshui 053000, China)

Abstract; To make effective use of shallow ground saline water resource for relieving the water crisis in
Hebei Low Plain, a three-year field experiment was conducted to study the effects of irrigation with saline
water of different salinities on soil water and salt contents, soil evaporation, stage water consumption of
cotton, seed cotton yield and water use efficiency. The experiment included four treatments with different
salinity levels of 1 g/L, 3 ¢/L., 5 g/L and 7 g/L of irrigation water, which were denoted as S1, S2, S3
and S4. Results showed that during cotton growing period, soil water and salt contents were increased
with the increment of irrigation water salinity, especially for soil salt content. Significant differences of
soil water and salt contents for each treatment were appeared during experimental years. In wet years,
soil water content of root zone was high and a large proportion of salt was leached out; while in arid
years, soil water content in root zone was low and salt was accumulated. After three-year continuous
irrigation with saline water, soil salt content in cotton root zone was not accumulated year by year. During
the whole growth period, average soil evaporation intensity was higher in S3 and S4 treatments than that

in Sl treatment, but there was little difference between S1 and S2 treatments. Irrigation with saline water
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of salinity lower than 7 g/L had a certain influence on cotton water consumption process, but the
differences in total water consumption were not significant. S2 treatment obtained the highest average seed
cotton yield and water use efficiency, which was followed by S1, S3 and S4 treatments. Compared with
S1 treatment, the average seed cotton yield and water use efficiency of S2 treatment were increased by
2.43% and 1. 15% , and those for S3 and S4 treatments were decreased by 1. 67% and 0.25% , 8. 88%
and 7.31% , respectively. There were no significant differences in seed cotton yield and water use
efficiency among S1, S2 and S3 treatments, however, those for S4 treatment were significantly reduced.
The study can provide important theoretical support for developing the use of shallow ground saline water
resource in cotton irrigation.

Key words; cotion; saline water irrigation; water consumption characteristics; yield; water use
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FE BRI 50 5 A AR 53 0 B0 PR R Ab 24
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F5m, iRE/PNX 0 ~100 em 1+ J2 i 57k % 28%
(HHER SRR, LT AT 1.44 g/cm’, + 1
TR 0.16% ;0 ~20 ecm + 2 & A WL
11.5 g/kg, HAA 76 mg/kg, BALWE 15 mg/kg, H AL
B 112 mg/kg, IR N BA H 2 G0MH;
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WCH R K A0 B R 4 b, R b
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K A5 i Tk T, E K T 3R R T e
HEK i K R, WE KT BR 2845 i AE ) 5K %
) 60% ~65% . &5 W] ,4 A~ 4b ¥ K H A1
VK E B — B0, TR KIS DL R 1,

PR 2B S A Oy SEAR 6167, B Al H 19143 51 Ky
2012 4E5 A2 H 2013 45 F 20 H 2014 45 A 1
Ho RAFERERT4 ~6 d Hh, Bk s it &2 A 08 (A 3R
A R A 5B i B4 R 15% ) 750 kg/hm’ 22 i
BERE R o SR Y M N T B b Tz 1Y) M R A
AR, — BEPAT . B AT IR A 984T 80 em \ AE AT
50 em, ¥R 30 em, N T 85 5 A REFl (55503 ~
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oL BRI B2y FT IO Ak AaE A ) 4 R i 2 LR R
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2013 4£ 10 A 27 H .2014 4 10 A 27 H, 2012—
2014 AE A A6 AR < W 1) 58 B UK Gt 4y i) Dl 4472
526.5.256.8 mm, % H - A G LA 1 s o
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Tab.1 Irrigation amounts during experimental periods

mm
A K H T K 2 HEK BB

04 —27 50

2012 4 125
F 06— 18 75

2013 4 05-15 75 75
04 —24 75

2014 4 150
0716 75

2501 N2012%
[:120134

A 20145

F&7K &/mm

A
BL e 0 ) ek 5 2 7 4 A 1 1L
Fig. 1 Monthly precipitation amount during

experimental periods
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Rat K AT S
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AL B - B ZE R IR 2508 A0 e B R R R T A, R
BZJETE 0. 15 em AL 45 P f& A1 A0 627 5 3K 43, N 18T L
10 em(N1Z) & 10 em TJE;AME H AR 11 em
(HAR) = BE 10 em Ao DA 1T 3R e FH 28 ) Ao
EIEER , A TR H ] B Z1 a7, TO0AE 55 1 1o 5%
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MO ZEBAP R A0 1 ~2 d B 1Rk, [oK 8
KIGH 1.
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K P T B
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Xrp ET,— W BONEWAE K &, mm
W, W,—— B I b 45 R I 0 ~ 100 em
JZ2 F K & mm

P——Inf Bt N K i, mm
I— I Be N HE K 7, mm
G,— I BE N T AKX E IR & 4 25 B, mm
R——If B A e A2 Ji &, mm
F— BN R X IR Z B &, mm

F 99K (s 7K ) Al 100 em = JZ= AT R0 4 48 55 K
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= [16-17]
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AHIEFE 3 50 DX T KA AR VR TE TS
WOR A e 22006 3t K R 25 5 3 50 /N X 3440 HA
FE I, G b 36 A2 A 40 2k 5 6—8 F i S i 2%, 1T AL AR
11,2012 4EFE 28 IR 2013 4R35 A6 A AR O A
TIWRZEBW,2014 SR PERZEB .

(4) 775 5K o MU &R A /N X ) 47
SRS AR AL ZE AT 7 5 K 4 R RCR TR 50h

WUE = Y/ET, (2)
X WUE——AEH K4y FIURBCR  kg/m’
Y—— B3y 1 BUR A6 77 B kg/hm®
1.4 HIESH

K F Excel 2007 i1 DPS %45 4b B 2 45 0 47 %k
AL BEFN 434 . ZE HEBCOR A LSD i, B KR
P <0.05,
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2.1 BAKEBRMNBERREE LEAKENE G

JR K HE WEAR AR R 2 R HOK i o SR e
M) A A6 FE 7K L7 i K Rl S R R N R
2 0 2012—2014 4 4 PNEKA PR AR A F
MrEc EEERRZE (BN 0 ~40 em, fE45 1
FIE28 0 ~60 cm) N S KR T3, 0] L)
B, A AL FRAR H S K 3R L S SRR AR N AR B ]
M 2E F R Al — K 2,3 A K JE Ak JRA 16
MR JZ W) S KRR S R R ) R B b v IR
JKHEBEAL B, 2012 AFE AR AL A F WA S2.S3 Al S4 b
B OF ¥ oK R ST kb B4 BB 5. 18%
6.06% 1 6.45% ,2013 4EAR K & H 3.75% .6.29%
1 4.09% ,2014 44 B & H 7.63% . 10.98% F
13.46% ;2012 SEMEAE2E B N S2..S3 Fil S4 Ab HE i
- S R L ST AL 4 B iR 6.99% |
36.65% F 61.90% , 2013 4F 1k ¥k & 4 18.82% .
42.18% FI 76.77% , 2014 4F 4% 3 &5 W 21.76% .
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A TR ER B 2, AR AEFE K S A K. 4 A
IK BT LEREWE 3 a  MAEMR R R LI S 5T R B4R
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Tab.2 Soil water content and electric conductivity of main root zone at different cotton growth stages from 2012 to 2014

PN i T BT A KR % HHEH GRS/ (dS m ")

Hi) 7 pixe3 ] 22 4] Hi G| gLy ] it 22 44

S1 20. 03" 21.71° 22. 85" 23.92° 0.53" 0. 46" 0.38° 0.36"

2012 4 S2 20. 63" 23,56 24.19° 25.13" 0.55" 0.51" 0.41° 0.39"
S3 20. 58" 23.71° 24.56" 25.37" 0. 62" 0.73* 0.58" 0.47*

S4 21.04° 23.73" 24.51° 25.31° 0.81° 0.75* 0.71° 0.53*

S1 21.04° 22.26" 21.23° 19. 56" 0.46° 0.29" 0.24" 0.23"

2013 4 S2 22. 33" 22. 82" 21.71° 20. 16* 0.49°¢ 0.39" 0.30" 0.28"
S3 22.62° 24.19° 22.29° 19.90* 0.62" 0.52" 0.33* 0.32*

S4 22.41° 23. 44" 21.70* 19. 96" 0. 80" 0.59* 0.41° 0.37*

Sl 22.30° 16.01" 17.61" 17.17° 0.33" 0.34° 0. 341 0.291

2014 4§ S2 23.12¢ 17.57° 19.23 18. 65" 0.36" 0.39" 0.48° 0.41°
S3 23.42° 18. 10® 19.81° 19. 49° 0.52° 0.52" 0.61" 0.61"

S4 23.54° 18. 53" 21. 04* 19. 47* 0.61° 0.70" 0.81° 0.76"

T - [ B0 B G A TR /NG 52 B 3R0R 22 53k i 35 (P < 0. 05) AR, R IR

AR R 5 T R DAL I 3D T S, B 4 K AR B A
SR ZE S vk BEAE AR AEAS A AR i 0 2 B O W) 25 &
73 09 2012—2014 AEWL0 H A Py 4% Ak BIAR 26 #R R
AT LR R AT LUK B, 3 AR AR AR K FE
SR 2R 0], 4 A K AR B TE] R 2R R R 2R
/I JEUTRL S v U A AR PR X 3t i ) B 3 AR D
2RI FEAR AR W 2 5 T HL R K T B A B AR
AREIH R RS, it 3 E0X 2 A A AR
PR R 8 L — B IR, e
J SR A T A B K A A BE B i i R Y
(BR 2014 4R35 150 ), RS2 S3 (84 4k B Y - 3 26 K
SRIEIYRT S ALH, R X 2 AN 3.5.7 ¢/L
JHE 7K Ak PR AE A e T BR AR 52 B4 ] b T s
fi/ive BEON, T 248 H e B ] ST AR B R + 378 K
50 B 3l R T S2.S3 K S4 4R B, RV it 1A R B i, R
TR AR TH Y 38 25 5 00k B2 A PR IR o i
PR SRl K T TR A B R 1 T RE S ey BRI
Ak, B R FUR AL, Bl %R LA Ll B
B X P AR X T K S A B RIS AR
AH SR, MR W R BEAE K 3 2, KR
TR I B R, K R I Xk g A B Y
SR RN A T U 55 o

MARAEREA & By BOR F, S3 R S4 4k B Y-
Yy 7R R BE R T ST AR B, 4 2014 AESF- 2y 3
TR HE R T 4.21% F113.99% , 1M S2 4b B
(12 2 SR R 5 ST AR B A Y 22 S Al R D
AR AE KR 5 K RIEAR —F GO0,
AR SR SR S AR TGO R T AR B gY
WS g/L AT g/ L K e B AL PR AR AE &2 2 59 £ 2 B
MR BOR AR B A /N T 1 g/ K AL B T
3 g/ L oK HE TR Ak BILAR AE 32 51 04 Bk 38 15 D, A

®3 AEBKEBRLERERBTIEALEE
Tab.3 Soil evaporation intensity at row without film
mulching in cotton field of different saline water

irrigation treatments mm/d

R 3 2EE

o xE o Wl

sl 0.97° 1.95" 0.78" 1.01° 1.07°

a b b a a

w012 4 2 0.90 2.02 0.89 0.97 1.07
S3 0.91*  2.38"  0.96* 0.91° 1.11°

S4 0.91*  2.50* 1.18* 0.97* 1.18°

S1 1.77*  2.64"  0.76" 0.62" 1.16°

a a b a a

w013 4 2 1.68 2.96 0.77 0.65 1.17
S3 1.64° 3.06° 0.97° 0.61° 1.25°

S4 1.59*  2.97°  0.96° 0.63" 1.22°

S1 1.85*  1.07* 1.23"  0.79* 1.23°

b a ab a a

014 i 2 1. 64 1.01 1.35 0.85 1.22
S3 175" 0.96" 1.43** 0.88" 1.28°

S4 1.88* 1.10* 1.60*  0.95*  1.40°

ERHE 1 g/L AR FIR Y,
2.3 RIKEBRMNBEREKENEIN

4 2 2012—2014 4 45 Lb FEAR ALK 0] A= B
MFEKE . MR 4 AT 0L A — M fE A K 22,4 K
WML AT N KERH —-EMER. U
2012 4E Ay, FE ) ST Ab PR A AE K 8 KT S2.S3 I
S4 Ab PR JRPH R ST A 4 ME 78 vk K, HRL R K
BT B 4T 5 75 30 ST Ab BE A9 FE K = o s KT A
3 AR K HE R AL B B DR AT R S ST A BEARAE AR KR
Bt et 00 I SER (IR of =V S N X
2 S1 AL PR AE K FE W /N T S2.S3 .84 AbFE JiE
AT 2 JRI K R G - 98 8 40 15 21 96k U, JR /K A TR Ak B AR
R T RAERIH, 28 B FE K e - ST 4k
PR T EL ST Kb HAE BR B TE R A e, AR R w AT
BE/IN o N TRVAFE 53 TR K TR R %o A A6 AR A I R A 5 i) I
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Tab.4 Water consumption of cotton at different growth
stages of different saline water irrigation treatments
mm

e W I RN M RN 2RFE
sl 59.2"  106.9" 220.1" 105.6" 491.7"

2012 4 S2 50.1"  102.3" 230.9* 119.0* 502.3"
S3 51.5"  90.2"  234.9* 112.8" 489.4"
S4 49.6" 101.6™ 234.5" 114.2*" 499 .9°
Sl 61.1"  93.8" 270.2°" 39.1° 464.2°
2013 4 2 57.6"  98.7* 260.5" 35.1" 451.9°
S3 49.7"  99.7* 266.3" 36.1' 451.8"
S4 50.0"  94.7% 279.5" 42.4"  466.5"
S1 83.5%  69.8" 204.8" 72.2%  430.4°
014 i 2 93.1°  64.8% 210.4" 74.5%° 442.9°
S3 89.4*  65.2° 203.1* 68.0° 425.7°
S4 86.3"  46.5" 211.1" 66.1* 410.0"

EFEK R, W — A K 2,4 AN HE K AL B TR]
(122 5 JF A K (B 2014 4 S4 b ¥ & 35 BRI A1) o
AEPRIA], 2012 4 & Ab 38 FE K i KL IR IR 2 — 2
MRAEAE B N PR )Z B3 S K R 805, LT R 2 3
K AE T, AR AR AR B K ;2014 4R 5% A
PR AE K 5 f /)y, Dt R e T 5, ek 3 i i 2
JE R, BN A% A B G A AR A SRR A 2
2.4 RKEBXIBEEEMKSFARENZN

VW 77 8 FK 53 R AR 2 VA HE B 7 58 & B2
H5EMEEIRE, B3RS W3 ML K, S2
1S3 Ab PR AFAR - B 5 ST Ab HE] 22 S ER A W
B S4 L0 3 B R AR P 5 B E AT ST A B, 2012 4F
F1 2013 AFHF A 77 4t e 2K A DT 35 0 82,81,
S3.S4, 5 S1 AbPEAH EL, S2 4b BE 43 i 34 7 3. 93% Fil
3.57% ,S3 Qb FRAY S0k 77 2. 87% Fi 4.21% ,S4 4k P
Ay B 7. 35% 111, 10% ;2014 4F S1.,S2 S3 kb Hf
(Y RF AR ™ i B A — B, T S4 Kb B EL ST 4k B9
8.58% . AFPrla]£% 4k B FF AR - 5 25 AR OK, 2014
AEERK, 2012 AR Z, 2013 A fg /b, 5 2013 4F A0
b ,2012 4 S1.S2,S3.S4 &b 3 4y 5 34 7= 12. 75% .
13.14% 14.32% .17.50% ,2014 4F 4% b BH 4k vk 14
7 67.04% 62.47% 75.55% 11.77% .

H& S e E W AT ML KT, S2 fil S3 4t
FUARAE K 4y I TIRCR S ST b 3R] 4 22 S B 850N
THRIR A WA KOE . S4 b B K 43 I R
HWALF SI abHE, 5 S1 kb #AH H,2012,2013 2014

AF S4 4k BB K 23 M R 23 i FEAIR T 8. 86% |
11.55% 1 4. 05% , Hrh 2012 4 /1 2013 4F S4 15 S1
VUBEUEY) AWRI DITEY € =2 TN A8/ N I 7
1,3 o/L A1 S /L Bl sl 7 8 B0 05 AR A6 7™ 1t FE K A
AR 53 F R 5 W AR /N HL T g/ L sk T 8 W]
SRR TR AR R AR R AR
RS 20122014 ERFEEKERLERETE
SkaFAME
Tab.5 Yield and water use efficiency of cotton of different

saline water irrigation treatments from 2012 to 2014

Y REFE RSN/ (kgohm 7?) SO R AR/ (kgom )

S1 3276.32% 0.67*
2012 4 2 3 405. 18" 0. 68"
S3 3182. 28" 0. 65"
S4 3 035. 60° 0.61"
S1 2905. 89° 0. 63"
2013 4 2 3 009. 59° 0.67°
S3 2783.57% 0. 62"
S4 2583.48" 0.55"
S1 4854.15° 1.13*
2014 4 s2 4.889. 63° 1.10°
S3 4886.51" 1.15*
S4 4437. 69" 1.08°

AEBRIE] 2014 4 4 A~ 7K L 38 B 7K 23 R 0%
B i K T 2012 4FfI 2013 4F, 5 2012 4E 40 [ ,2014
A S1,82,83 .84 4b 3 K 43 R 2035 43 5 3 K
69.29% .62.86% .76.54% .78.22% ; 5 2013 4f tH
L, R YK 3 K 80. 17% .65.77% .86.30% .95. 44% |
X 158 B R KV TR 1 O 52 AR AR AR B BT RE K VRO
JEH BREEARE R B R K

3 £t

(1) MR AEAE 7 30 5 Rk R A 3 R AR B
TR TR /KA P J3E 396 Jon i 9 R iy A RS R I e
WA 54 A 7K Ak AR TH 55 7K 3R R 1Y 22 57 7R
AT 4 A BT — 4R 03 A () A 1 007 AR R 22505
BRI 3.5.7 o/ L gk SEHEWE 3 a, R T B AEAR
Rz B B A H B

(2) Jal 7K T T A AE R AR O B2 7= 2R T — E 5
Wi ,2012—2014 452 4 57 I A BETE /K 07 1k
JEE S T T 4 O A e, (5 4 AW K AL BEE AR AE B AR
KA 2E I

(3)3 g/L il 5 /L JE 7K Ak BRAR AE B9 KA 7= 22 A1
KRR T 1 g/L A BRIE] A 22 53 B B0/, Bt
) AR A o 7 /L B K Ak B 7 ALK o A
BB AL T 1 g/L A3 ,2012—2014 4E 7 ¢/L
IR AL PRSP 249 7 g MK 3 B RIRCR L 1 g/ LAk By
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3 PR 1 52 W AR AR /), R B TR L (E
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16
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