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Characteristics of Spatial and Temporal Changes in Soil Salt Content in
Cotton Fields under Mulched Drip Irrigation in Arid Oasis Regions

Yao Baolin'® Li Guangyong' Ye Hanchun® Li Fayong
. College of Water Resources and Civil Engineerin, hina Agricultural University, Beijin ina
(1. College of W R d Civil Engineering, China Agricultural University, Beijing 100083, Chi
2. College of Water Conservancy and Architecture Engineering, Tarim University, Alaer 843300, China)

Abstract; On the basis of Penman — Monteith formula, the double-factor combination experiments were
designed, and the factors included certain gradients of the irrigation quotas and irrigation frequencies.
Through consecutive 3-year investigations concerning field experiments of cotton under conditions of
mulched drip irrigation with no-winter and spring irrigation ( NWSI) from 2012 to 2014, the rules for
changes in soil salt content were determined, and the effects of these changes on cotton yield were
analyzed. The results showed that during the growth period of cotton, soil salt content within soil layer
depths of 0 ~ 30 ¢cm was more conspicuous than that within soil layer depths of 40 ~ 100 cm, smaller
irrigation quotas and less irrigation frequency brought about increased magnitudes of changes within soil
layer depths of 0 ~30 c¢m, and such changes became the most salient at seedling stage as well as blossing
and boll-forming stages. Effects of irrigation quotas on salt content in soil profiles were weaker than such
effects exerted by irrigation frequencies. Enhancement of irrigation quotas was beneficial for reductions of
salt content within soil layer depths of 0 ~30 c¢m at different stages of cottons growth. Salt content in soil

«

profiles exhibited a “ C” -shaped distribution; within soil layer depths of 0 ~ 40 cm, salt content was
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1.74% greater under 12 irrigations than that under 16 irrigations; within soil layer depths of 50 ~ 80 cm,
salt content was 1. 71% higher under 16 irrigations than that under 12 irrigations; whereas within soil
layer depths of 90 ~ 100 c¢m, irrigation frequency exerted insignificant effects on salt content. Under the
same irrigation frequency, the maximum seed cotton yield occurred under the irrigation quota of 460 mm.
Under favorable irrigation quotas, seed cotton yield was greater under 16 irrigations than that under 12
irrigations. Irrigation water use efficiency (IWUE) was enhanced under lowered irrigation quotas and
increased irrigation frequencies, and in South Xinjiang afflicted by water deficit, the maximum IWUE can
be acquired under high irrigation frequencies and low irrigation quotas. Within soil layer depths of 0 ~
30 cm, when initial soil salt content amounted to 2. 03 g/kg (less than 3.0 g/kg), during the growth
period of cotton, an irrigation quota of 460 mm with 16 irrigations did not lead to the situation of soil salt
accumulation. Therefore, it can be regarded as a suitable irrigation scheduling for NWSI in arid regions
in South Xinjiang.

Key words: cotton fields; arid oasis regions; no-winter and spring irrigation; drip irrigation under
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mulch; soil salt content
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Tab.1 Soil physical and chemical properties measured at the experimental field
LREE, RETHEE HEEKR  PIE TSR - ORI B 80/ % I
cm (gem ™) (FiWA%)/% (C17/S0;7)  0~0.002mm  0.002 ~0.02 mm >0.02 mm )
0~10 1.36 19. 25 0. 042 6.48 41.57 51.95 b+
10 ~20 1. 41 19. 34 0.038 6.21 44.26 49.53 i+
20 ~30 1.43 19.51 0. 046 5.89 47.55 46. 56 Wi+
30 ~40 1.36 20. 14 0. 035 9.45 41.67 48.88 fibHE+
40 ~ 60 1.38 21.12 0. 044 8.37 46. 81 44. 82 b4+
60 ~ 80 1.45 24.24 0.051 16. 51 48. 14 35.35 TR, 4
80 ~ 100 1.42 21.28 0. 047 7.56 38.22 54.22 b 1
L2 BEEHRRZERE 0.408A(R, - G) +y7900 U,(e, —¢,)
58 0 R P K Y R K AU R ET, = : F+273 ° °
0 A+y(1+0.34U,)

i, 3k 6 A abH, AL 3 R, I 18 X,
AN TR A 5. 4 m x 20 m, Sy i T 45 B8 A E G105
AR BRAG 3 S T A2 /N XA SRy — A T 908 9 K BT
MK 1R B4 ) 42 35 7K 3 0 G A0 7 HE A7 B0 42
2% b T 2 1] 58 L B AR R — Y 4
L S 3 A W 05 5, AR ABATHE A 30 em +60 em +
30 cm, BRBE 10 em, >R FH R 38 2K B XH VE A, AR
16 mm 3% 3k (6] B 30 cm , 2903 3k 7 & 4 1.8 L/h,
AL o 24 M R R BT R R 28 5 (18 1) . HE K
YOBCBE 12 YR 16 W 2 A KSE 1 4B T12

(1)

K ET,——ZHEW7E R MR, mm/d
R,—— 4 i , M)/ (m® - d)
C——HHEHGE R M)/ (m® - d)

y— B %, kPa/C

T— H ¥, C
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MK IR  kPa
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Fig. 1 Field scheme of four cotton rows with one dripping pipe under plastic film mulching and soil water content sampling point
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Tab.2 Experimental design and irrigation treatment for film mulching drip irrigation of cotton in 2012—2014

S Hi i pix=s ] 2248 THE IR A B/
HEOKER/mm KRB HEAKEF/mm JERKE HEKEB/mm  HEKRE BEKER/mm ERKREL mm
0.20ET,* 0.50ET, 0.75ET, 0.40ET,
11T12 360. 00 +44. 54
38.67 +2.31" 69. 67 £5.51 189.67 +£9.07 62 +29.31
0.25ET, 0.60ET,, 0.85KT,, 0.55ET,
12T12 2 5 2 459.33 +98. 15
48.67 +2.31 83.00 £6.56 214.33 £9.29 85 +39. 69
0.30ET, 0.75ET, 0.95ET, 0.70ET,
13T12 532.00 +101. 06
58.33 £2.89 103.67 +7.09 239.33 +£9.45 109 £52.37
0.20ET, 0.50ET, 0.75ET, 0.40ET,
11T16 . 360. 00 +44. 54
38.67 £2.31 69. 67 £5.51 189. 67 £9.07 62 +29.31
0.25ET, 0.60ET, 0.85ET, 0.55ET,
12T16 3 7 2 459.33 +98. 15
48.67 +2.31 83.00 £6.56 214.33 £9.29 85 +39. 69
0.30£T, 0.75ET, 0.95KT,, 0.70ET,
13T16 532.00 £101. 06
58.33 £2.89 103.67 +7.09 239.33 +£9.45 109 £52.37
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0.976,n = 115;y & #h &, o/kg, x L 7 %,
pS/em) ,3 AT A H A T 45 B Ak P A . ok 2200
FEAR N TR A, SR 41l I A5 & 4 FH /)N X328 B0 T A
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1017
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I—HE B € A, mm

BiES T

K Microsoft Excel 2003 47 % 35 &b 3 #1 1h

,JFFl SPSS 16. 0 #4775 22 5307 o
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Fig.3  Soil salt content of cotton drip irrigation under plastic film in 2012 — 04 —20—2014 — 10 — 01
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Tab.3 Soil salt content coefficient of variation in 2012—2014

2012 4 2013 4 2014 4
B2
0 ~30 cm 40 ~100 cm 0 ~100 cm 0 ~30 cm 40 ~100 cm 0 ~100 ¢cm 0 ~30 cm 40 ~100 cm 0 ~ 100 cm

11T12 16. 44 12.99 14.03 25.85 29. 86 28. 66 16.95 16.52 16. 65
12T12 13.38 12.78 12.96 24.17 29.97 28.23 14. 54 14.29 14.37
13T12 12.93 13.56 13.37 19. 68 24.13 22.79 15.57 13.69 14.25
11 T16 18. 62 12. 81 14.55 23. 84 30. 57 28.56 25.85 16. 35 19. 20
12T16 20.71 12.51 14.97 19. 16 30. 47 27.08 20. 37 16.91 17.95
13T16 11.54 11.08 11.22 17.50 31.26 27.42 15. 89 19. 80 18. 63
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Fig.4  Soil salt content change in cotton growth

stage under different irrigation frequencies

F 16 WK L 84k oy A Ak i FR AR A, (H 16 YR K
WEM LSRN T 12 ]#EK, 0 ~100 cm
T ZIEHEF 16 YK REAE 25 ) 1 338 30 43 14 /)N
T 12 K L ek oy {

WAL BB 0 ~30 em 4 3 & £h 1 Bl K
FER R I REAG, YR BO 13 <12 <11, 1 13
FI2 10 4 B /N 3.76% Fl 36. 00% 5 75 1 I /N
9.58% 1 53. 44% ; {E& W/ 3. 15% Fl 11. 14% |
i 2/ 12, 37% F 15.92% . 40 ~ 100 cm - 4
TR EIEAAR IR B R, RIS 11 >12 >13,11 L
1213 435l 5 4. 64% F1 6. 70% . 34 N K & %A F
TR/NMEEA LT B LS Eha, UL 0 ~30 cm
TN A O . A A T T TR E AR AR
TRVAE A8 300 86 o 34 K AR RTE K B R F 4 )2
AR 41 B R R R AR
2.2 AEREHETENESRESK

R K 5 R K YR O ~ 100 em 1767 3 o
Pk AR RN 6 PR o kBRI 4 5



WEE AR S SRR DT i A S ER ) i s AR AT B 5T 157

51
207 20
—=11 ——12 —a—I3 —a—I1

L’é" 1.8‘-‘\3\9\‘; E’ 18}
) 2
1} 1
H H
16T 4 1.6 4
& ® g
H H

——12 —=a—I3

207

—=11 ——12 —a—I3

i 1.65./2/—8\&
{_‘%
_H

HE/(gke™

14 ‘ : ' 14
LIS G i S S HIRA

L BB B
(a)0~30 cm

. . ; 14
B R nhEH R

IR BBB
(b)40~100 cm

TR R

L BB B
(¢)0~100 cm

F5 TR K E B 28R & ) etk 7 Ae ik

Fig.5 Soil salt content change in cotton growth stage under different irrigation quotas
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Fig. 6  Average soil salt content under different irrigation

regimes in cotton growth period during three years
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A OR R AU P 7E O Bl R 28 KA T L3R
TR AT RS R R EOR . — BT A
FEA#5 A 77 B Bt i A 3 AW 2 M I ) a4
B BT 8 0 fe o UK HE G G AR T T T I A R
W S IO 2 g/kg LAT B AR AEFEACBE IE

HE B s S SR 2 ~3 o/kg I, AT 60% ~T8%
R -1 L P ,45% ~55% H D T REES I ; & Sk
W 4 g/kg B RN 40% A, B RN 2
30% V. F AT IA I AR AR O R
B A A 4.2 ¢/kg™ o BTLAXE 3 a 4% 4b L iy
T HAT (R, RE EHE3 a0 ~
30 cm 1 0 ~100 em #E /Y 1 BE & h & 4 2013 4 >
2012 4F >2014 4F 12 YR 16 YR K R BUE T 0 ~
30 em + 2+ 4 £ & 2014 4F H 2012 4EF1 2013 4F
Sy T 8. 72% F17.72% , 5 £h B s MK F
IR R R 13 (17.57%) . 11 (10.76% ) . 12
(10.62% ) ,0 ~100 cm 3 & £k 12 ORI 16 YR
KA I T 8.01% F1 10. 65% , A~ [) 3 /K & 4 +
o N KB MR 13 (15.77% ) (12
(9.78% ) 11(2.51% ), 2012—2014 4E 4 4b 3 0 ~
100 em 4 3¢ & b & 9 0 K B /MK IR R 13T16
(20.34% ) . I3T12 ( 11.24% ) . 12T12 ( 10.06% ) .
12T16 (9.50% ) .\ 11T12 (2.78% ) (11 T16 (2.23% ),
F T A& 2R PR BTAT TR B8 AT bt , O 2% 7 R 1 A
FEL A PR 38 S K R AR, IR E —H T T8
AR BUE TR A BERESNET RI R Al R 2R
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3 a FFAR 7 R R KR TR 3R 5 R o
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11,12 YRBE/K P 12T12 F445 77 5 4 6 661. 05 kg/hm” |
b I3T12 I1T12 43 B34 57= 0. 78% F1 3. 99% ,16 VK i
K I2T16 FEA6 7554 6 745. 66 kg/hm”, [ 13T16 .
11T16 43504 7= 2. 04% F1 2. 56% . [5] — /K & &
FLITI6 12T16 B 11T12 1212 F K6 7= 5 43 5 16 i
2.77% 1 1.27% {0 13T16 Lt 13T12 Ff 45 7 & ik 2>
0.02% . HHFIFHERKWRECT | 3E it K E BiA A T 32
FE AT A AR IS K E BT, 16 IRMEKTE A



158 P S| 1R = R4 2016 4
x4 FAEKIE2012—2014 FF/BATHIFEHTH
Tab.4 Change of soil salt content of pre-sowing for different treatments during 2012 to 2014 ¢/ kg
+ 2B/ em i ] 11TI2 12T12 I3T12 11T16 12T16 I3T16
2012-04-20  2.05+0.01" 2.01 0. 04" 2.02 £0. 12 2.04 +0.20" 2.04 +0. 10" 2.02 +0.07°
0~30 2013 -04-22 2,63 +0.03" 2.48 0. 10° 2.09 0. 10" 2.49 +0.15° 2.42 £0.12° 2.09 0. 10"
2014-04—-19  1.93 +0.02° 1.82 £0.09° 1.80 £0. 10" 1.72 £0. 08¢ 1.80 £0. 18" 1.53 £0. 15"
2012 - 04 —20 1.69 =0. 10" 1.69 £0.05" 1.68 £0.09* 1.67 =0. 10" 1.68 0. 11" 1.67 0. 11"
40 ~ 100 2013 -04-22  2.22 +0.09° 2.20 +0.07° 1.87 +0.11° 2.44 +0.11° 2.47 £0.11° 1.99 +0. 12°
2014 —04—19 1.81 +0.06" 1.67 0. 11" 1.65 0. 10" 1.75 +0. 13" 1.67 0. 10" 1.45 £0.08°
2012 — 04 —20 1.80 £0. 05" 1.79 £0. 10" 1.78 £0. 11° 1.79 0. 09" 1.79 0. 10" 1.77 £0. 13*
0 ~100 2013 -04-22 2,05 +0.04* 2.08 0. 13" 1.78 £0. 08" 2.41 +0.24" 2.49 £0. 16" 1.95 0. 18"
2014-04-19  1.75+0.12" 1.61 +0. 14" 1.58 £0.07" 1.75 £0. 11" 1.62 +0. 11" 1.41 £0. 06"

T A — 12 A — S B J5 A TR NG 7 BER R P <0. 05 kP22 5 3%, Rl

RS AEEBHE2012—2014 FRETESER AR ALE
Tab.5 Cotton yield and IWUE under different irrigation schedules during 2012 to 2014

2012 4F 2013 4E 2014 4E
Ab ¥
i/ (kgohm %) IWUE/(kg-m*) 4 /(kg-hm?) IWUE/(kg:m?)  “H/(kg-hm %) IWUE/(kg-m™*)

1TI2 6 495. 65 +8. 36 1.69 6290. 81 +79. 80" 1.76 6399. 59 +60. 96" 2.13
12T12 6621.98 +22.17° 1.46 6 560. 70 +108. 82" 1.57 6800.47 +101.91* 1.97
13T12 6 553.58 +26.20" 1.22 6535.05 +72. 55" 1.33 6739.38 +73.36" 1.70
11T16 6510.18 +8.97° 1.69 6418.98 +120.01" 1. 80 6788. 65 +231. 58" 2.26
12T16 6642.64 +11.08" 1. 46 6783.71 +281. 13" 1. 62 6810.63 +91.81° 1.97
13T16 6563.55 +16. 12" 1.23 6 508. 69 +35.27* 1.32 6751.70 +52.96" 1.70

AT 42 A ™ i, 3 a IR 45 2R R, 12T16 Ff A
FEA e YR 6 745. 66 kg/hm® . 2013 4 SF- 34 Ff
A7 /NI U™, AT BE R BT 2013 AR AR+
BeE R AR 3.0 g/kg B I I Bl %o A AR AR B A%
B AR A AN FI R ) 3 B o

A TR VE A U BT, E I K A= 7 sk g e K
BIGINN . 3 a 1 IWUE 12 3K TITI2 [
I2T12 F1 I3T12 4 % 3% & 11.6% 1 31.29% ,
16 i K. 1ITI6 [ 12TI6 5 I3T16 4 9 32 &
13.86% 1 35.29% . #H [7] #E 7K & % T #E K 16 K
IWUE & F 12 Y /K 4b B8, H Bl K & & 34
IWUE Z 8/
3 g
3.1 EREMEKREMLERSSHHNZN

K B 5K RBGY e N R AR AR AR B
s A, IR 1R S R HOK s R
U AH O, VA A 5 K R K B R T LK
R R 43 T = KO R R B ) e I A 1 2%
B, Ehr mRZ e — MU, K RO
KorBImSZ WS Rk skt 2, M7 4R
X F R 43 b VR B (A S
2 W8 0 s /N E o A 23 R EAR R )Z L HER
&b, K EFEMRIZ0~60 cm )2
i B /NF R E WO E FE kR MR

FWRE L R IE R, TR e g
AR E /DN, T B0y i 2 s e RE K L R] 51 /B Y
S 7K L AR T LA I 23 1 9k A (R
W R BORA LA, 3 N R B (1R
TEVIIR R TE 82 B Eh o /Nl 2 0 el T K
BN RBERSCR 0 A R, R R AR, R R

2 [13,15]
=] o

A IR 7K E AR AE T e A B b SR R Bk AR
R HC AR ATUHE T80 1) S 2, s AR TR AT Sk st ) T
FHER AR U AL AT 9L A% 9 R 5 A
EWE ARSI W R TR R AR A ke . e
N 7 A5 R K U A AR 26 7 0 A A £% ) - LR O
YERFAE BRI KT 98N ER 70 1)l B8 3, A 7K A
W5 K AL AT oK o i R i B, HE K OB
T 22 0 R K S O el T AR KA Ik e, R
IXAE T IR R 3 R KA B fi) oz Bl SLEAT T
TUKHEAK A5 L R 23 BEHE K T A% S MRS, AT
REAS B by o i ] 3 R o0 th TS A 5 AR F2 . 42
/D TR A RO IO £ R 7K T o s [ 58 K, 7 R UK [
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W10 A R ISR DN R TR R A R R IR
TN R WL E A R KRS S
A S 1) F 35 55 A 8 % A T A v A 0 T T 3
R T=N S

3a I, BEK 16 Kb & E M E B 12
(460 mm) ¥FHE = B, B3 h 6 745. 66 kg/hm2 ,
L I KR R K RE R X AR X 0 ~
30 em R HEER S HEAT T A RO B, 2 RE TR Rk
FAIXT 7K 43 B % A 0 W fie, AT 32 v 1 A AR 1 28 5%
FERE MR E K BT, B K E B IWUE
A, Al —ME K g A K 16 I IWUE & F 12 K
WKL TR
3.2 BTHERS TEIN

TR G PN AR H 2 AR — Ao A2 R i i
i B 5 K R K R A S A, R M 0
b HEWE KT T KK S AR AR R K
V7 it FIRR 1) 25 R 2 DR oo HL ™ AR i . R

WEFE R, o K /DN xR A i Mk vk B
([T o e A P B 0 i I 0= B e |
WERMET , R HEBE 2 34y BRL, B R Ak )
RS (ELA 2 RS B AR 2 R
SN RS B U AR R AR T R s
ARWE X WA HERKSE B HKER 5% ~
65% , P& Y 35% ~40% 25 20% ~25% ,
JHEE A2 B0 450 ~ 840 mm, FAE SN Iy B K B R
VAR MR T R FE RE B KK I E (A
B R KL T K B AR 8k R A ER L,
T K 26 M R B ER T L AR K B, X v
Bt YA HE T 50 ~30 em FER /N T 3 g/kg
(WA 75 b6t 2. 03 g/kg) , 1 FH A ZE R IR 01 R A A AT
FA Rt , 38 Ao 8 0 BT 3 R R 22 K A
VEK KRB, &k 2 3 a & & HE T T
2014 AFERRAE A H AR A AL BE O ~ 100 em + 2 + 355
2012 AEFEHT AL F L EDIR A (R 6) 6

F6 2014 £52012 FHALBLEETHELERDE

Tab.6 Desalination rates of different treatments in 2014 compared with 2012 %
+EZRE/em 11T12 12T12 13T12 I1T16 12T16 13T16
0~30 16.45 £1.79" 24.90 +3.05° 26.93 +4. 33" 10. 11 +4.31° 15.33 4. 16" 29.87 £2.28"
40 ~ 100 8.66 +2.74" 10. 86 +5. 54" 19.42 +4.47° 10. 10 2. 67" 13.14 +3. 89 16.13 £5.57*

FIEMBLER 2R 0 ~ 30 em & F 40 ~ 100 em, H 7] 3
KBTS 5 25 I 98 308 52 00034 A 17 42725 ,0 ~ 30 em £
JEMiE R AE 10. 11% ~29.87% 2 [a] ,40 ~ 100 cm fii
L RAE 8.66% ~ 19.42% 2 |d] , % — WF 58 45 5 5 [
PR W7 25 SR — BT fH o A BT 5 2 T 00
HEARAEAR X 23t B R 20 g SRS 020 AT g
i TR SR LB R A R T T
I 2RSS E K, T A S 0 RIS TR R A HH A v 210
RAEATHRE W AEE B WA R A KB S B T
T VAR AR AR X - 38 R 43 16 4F B )R AL AR — XY T A
TS 7 TR TR S A — B AE 345 ~ 390 mm % g 4
A 7 HE T 3 T O A A i 42 400 E UK A
A ZR A BA FF A i, T R I 8L AR AR T R B2 AR )
) S, AR AL AR B I KA AR PR 22 8] 4 598 36 45 4
FELE AR A KT, 2 05 ] A AS 25 o B 4 3 3k 5 L 1)
AR AR AR B 460 mm DL A HE B G2 AR 16 YR AY
PEAR VB AR X+ 3 B oA SR i & 3, B0t i%
803 MK R B R, Al AR O A
VR ST T R AR AR — R DU AT A R X
MM S E, HETRBAP A3 a, KY L.
7 - HEER 23 I 23 A8 LA 1 5 B — R ST o

9 R R SR AR B 3 T K K A7 K
Ak S MR, T A B R e 4 8 A R B AR Y

— AN DRE PSR N KR AR, B R RO,
SRR ER BT R R MR A TR Y DX A R
Ko BUA DI BOR R W, 2 s T KPR 1.5 ~
2.5 m W AR T AR (E D FS i 3 R R Y
FER T KRB HIAE 2.0 m 2247
T AR H 3 e DR KAL) T A AR A
40 P A WL 2 3R K AL BT LAAS R 5 5 Ao
i B 25 S8 T KK A2 A Ak B X L 38R 0 1 52
M o AT R AN ) 3T K SRR AN AL BE AR A
A R 5T 1 R AT PN R A B 18] - 38 ) 7 R 23748 Al R
AE2E T 0 25 R R A 7 B — 2P ST

4 it

(1) %23 a A R UE T I 4 15 Wi R0 A6 2
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