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PR R A 300 ~ 400 m ZE Ay TROKLECER , A
AT ~ 11 me SRR TPl TR XU, R
YA TG 30 a BERISETH, AR 7. 7C,
—AE R R R BE 7 A, AN 25.4°C
AR BAE 1 A, HER - 15.5C; LR

171 d;4FREK 0 213 mm, 4F H FRISE0R 2 705 h,
AEZE R EE 1 342 mm (/NBUZE RN ) o Jds 325 R
RIS 1, 0k Z AR B i R Bk R B4R R
4,50 em DUF Ry #E AR EET, + HESL AL ELAE PR I
1,

Fz1 TEEAHER

Table 1 Physical and chemical properties of the soil tested

TR H [k i .
VR Depth %% Bulk density " R pH 5L 53 Soil salt
il Soil textures Saturated water content Field capacity
(em) (gem™?) . s s s (H,0 1:5) (gks™")
(cm‘ cm_‘) (Cm‘ cm ™)
0~10 H133E Middle Loam 1.59 0.44 0.33 8.15 0. 69
10 ~20 H115E Middle Loam 1. 69 0.43 0.31 8. 19 0.79
20 ~40 11 Middle Loam 1.71 0.42 0.31 8.36 0.77
40 ~60 H I Heavy loam 1.76 0.38 0.27 8.47 0.73
60 ~80 H 1 Heavy loam 1.77 0.37 0.27 8.58 0.73
80 ~ 120 H 1 Heavy loam 1.74 0.37 0.27 8.53 0.77

1.2 f58i%it

T 2010 4 4 ~ 10 J 3 $EA T USRI S 56 ,
WKW 4L BE N 3.32 ¢ L™, 5% NaCl, NaSO, F
CaCl,#% 0. 5:0. 25:0. 25 WHR AR EAE] . & E 3
ANHEBE AL T, 2 Q36.Q48 Q60 , Y HE K & 41 il
36 .48 .60 mm, JJiit 6 h 8 h 10 h, %3k &
1.6 L h™", YK ) s st 5] A 10 d, V3450 43 591k
3240 4 140 .5 100 m*® hm 2, & EL—A /MK,
R 5.5 m x 10 m, BAS/NX A 3 450, 105K 3
ANEE, R RE AT, BESE 140 em, 47

55 30 cm +60 cm, #RIE 10 em (& 1),

TERARAE S AP A BB R 7 5, TS A1 SR
TR 7 7 Ao A F 0N R R
2t IE , 5 Wit A itk IR 150 kg hm 7, R
300 kg hm >, A= F I SLAEHE AL 1 200 kg hm ™2,
JR2 2520 kg hm 2 I FSC@MIA HEL T 3 K
KEEIK R (5 2 RVE A ] B¢ K 30. 7 mm (25 3
UCHE BRI (R R 7K 30. 2 mm (575 7 Y TR S0 [ a6 7K
19.2 mm) , R [A] B 0 O, 98 R IR 08 v T IR B
PT(E2),

R2 BULBEKERBELETHNSKRER

Table 2 Rate of irrigation in each treatment and meteorological elements during the cotton growth stage

F 3 Date EEW #E YK Number of 7K & Irigation rate (mm) [%7K Rainfall IKzERD
(mm-dd) Growth stage irrigation Q36 048 Q60 (mm) Water surface evaporation( mm)
05-05 g Emergence
06-10 T Seedling 1 36 36 36 22.9 183.6
06-21 2 36 48 60 0.1 63.0
1 Buds
07-04 3 36 48 60 30.7 65.8
07-17 A 4 36 48 60 30.2 69.4
0727 Flower boll 5 36 48 60 4.1 45.2
08-08 6 36 48 60 1.8 52.7
08-19 £4] Boll bearing 7 36 48 60 0.5 58.3
09-02 8 36 42 54 19.2 61.2
09-23 122 1] Boll opening 0 0 0 9.1 90. 1
&1 Total 288 366 450 118.6 689. 3

1) 522 5350k E-601 BYz5 K& 25 W25 5 Observed data of E-601 evaporation dish from the Wulanwusu Station
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AR BORE 5 I - SR A5 HORE , H DDP-
210 fEHE - AL E R 2 Be e 5t ST )
FE 105 R TR, B bR e BB 1
I3 o BUREFAN IR 7E T T3 WA 1 B 8] L S8 AT RS AT
ZMEICE L), 3% 5 A, BOREER 2y 510,20,
30 .45 .60 .80 ,100 120,140 160 ,180 200 cm, HUEE
BT 3 25 (1) AR AR AR IBORE, T4 AT (4 A
A1) BSOS (10 H Hdy) BURE  BREE 2 b 200 cmy;
(2) A= F BN, 3 B A TEE W (6 A b)) s
B1(7 A ay) I8 Hda)) (221 (9 A )
HORE  BORE TR BE R T 100 em; (3 ) J# 88 J&] 1A P B
BE FEAEES W Ve R ML R B 7R AT 6 h RS 1,
36.72,120 228 h BFHURE , R 2T 100 em, AR
ALHEECT 4

| 30cm | 30cm | 60cm | 30cm | 30cm |
L ¢ o b Tc o
i#%% Dripper

1
b kR e ESRAMI A, BER S e, BEETE])

Fig. 1 Schematic diagram of under-mulch drip and sampling
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(a. inside-dripper; b. under-dripper; c. outside-dripper;

d. in-mulch;e. inter-mulch)
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+398:£8 43 Soil salt (g kg™)

04 1 1 1 1 1
06-11 07-01 07-21 08-10 08-30 09-19 10-09
H #}] Date (mm-dd)

[ 2

T IEAK 53 W < >R H] SO3DR. 9 7K J3 R
(L E CPN A ] ) WL + 58K 4, 8 A o
EHONE T Hig a b e, IUFEIR B 30,45 .60 .80,
100,120 em, )2 5,10 .20 em 37K 43 35% ] - 4
FEFFHETFR I B0 5 , 3 7K 43 (8 L0 B [4] Sy 3 iy
6 h 535 36 h, REFEK G 10 mm B,

AL HHE N AT % Chitp: //www.
shzqx. gov. en/ ) F %, Z Wi BE B AR SZ B0 v 1.5 km,
BHE AL FRAE Microsoft Excel 5E 1, Spss10. 0 #4758 11
G307, R Duncan 5752 4% 2246 S0 847 22 7 & VEAG
5 VR A4K ] OrignPro8. 0,

2 RS

2.1 EEHEAE T EEKEHE

THEARAEAR 200 A 300, R ZL4r A 7E 60 em L
B AR 60 em #5100 em AR K43 K
THEARIX (0 ~60 cm) H5HJE)Z (60 ~ 100 cm) F#K
I1o P2 RS A BRI R 2 A 38R 40 il E R 1) sl A
Ak, SEH R B I A B 0, P2 A e A
WEIH PR E S, Hd Q36,048 b FEAR
X2 Eh A TR, Q60 4b BHAR JiEJ2 I 3h Kk TR
DX )2, U A T 1 Ak B AR P )23 k43 52 VR VR 5 T
N, 5 B S R

THHE S K SMB R BT LAY A B B
T VRE S T AT B R 9 45 R PR A, £
HEER /3 1) AT R 7 SR B K s s R
& 3 S Q60 AbFHER 7 FEMEASURTHERT 6 h( &I 3(A)) |
W5 36 h([813(B) ) F1228 h( [ 3(C) ) 1 118K

sal b AL PEGRS Treatment code

20} —0—Q36 —A—Q48 —e—Q60

0.8 F

0.4 1 1 1 L !
06-11 07-01 07-21 08-10 08-30 09-19 10-09

H #)] Date (mm-dd)

AR EAEFHIA 243X (a0 0 ~60 em,b. 60 ~100 em) +HEh /BB sh 4210

Fig. 2 Dynamics of soil salinity with irrigation in soil layers (a. 0 ~60 cm,b. 60 ~100 cm) at different growth stages
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FhOMA AT LR A E— SRR S KR ) HAA
IERSRIE S L A - (1) FEJ5 36 h ik I —1
KoK zCAYRR I 1A (P 3 (B-a) ), i & KB AL R 3
HRUREHR, R BRI Y 100 em; 7R E K 7

—WRIRALIX (B 3(B-c) ). (2) #5228 h F-3fEK

I3 SRR (& 3(C-a) ) , A IS S RERTZKT-, (H

J5 228 h +4EER SRR — R K EIE AR X
HIERE T T 100 em YREE(EI3(C-c) ), 5#E)5 36 h #ﬁ

KRB, SRS Tal BT RS , T AR X 551X, i Sk 340 A e, R IXER A3, MRS ER LA T $h a3k o
A t=-6h B t=36h C t=228h
[ %3k PE 25 Distance to the dripper (cm) (a) 13Ky (cm?)
45 30 <15 0 15 30 45 -45 30 -15 0 15 30 45 45 30 -15 0 15 30 45  Soil water
T I 0.36
20 20 20 0.34
z 0.32
= N 0.30
S 40 -40 -40
2 0.28
z 0.26
m-60 -60 -60 024
% 0.22
-+ -80 -80 -80 0.20
0.18
-100 -100 4-100 0.16
v -1
B {i%3L B B Distance to the dripper (cm) (&) iﬁ?&fﬁ (g]f )
45 230 <15 0 15 30 45 45 230 -15 0 15 30 45 -45 -30 -15 0 15 30 45 Soilsolution
b 5 22
20 20 20 L
_ 18
5 16
g -40 -40 -40
3 14
260 -60 -60 12
% 10
ﬁ-go -80 -80 8
10 6
-100 6= 100 _100 NN i
BE %L BE B Distance to the dripper (cm) (o) £3ERSY (2 ke
45 30 -15 0 15 30 45 -45 -30 -15 0 15 30 45 45 -30 -15 0 15 30 45  Soil salt
3.0
20 20 20 2.8
26
a . 24
240 -40 -40 22
.é. 2.0
2 1.8
3 -60 60 0 e
i 14
S 12
80 -80 -80 1.0
E _h\ 08
N = 0.6
4100 — 1100 BT —— 0.4

K]
(2010-08-19 ~2010-09-02)

Fig. 3
irrigation, C. 228 h after irrigation) (2010-08-19 ~2010-09-02)

Q60 KhFRES 7 YCHEBE IS L3I (a) LI () A H 37 (o) S5 (AL BERT 6 h,B. )5 36 h,C. ##)5 228 h)

Dynamics of soil water (a) ,soil solution (b) and soil salt (¢) after the 7" irrigation in Treatment Q60 (A. 6 h before irrigation,B. 36 h after
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Distance to the dripper
B Sk BB (cm)
15 30 45

-45 =30 -15 O

=30 -15

-45

+ 3G BE Soil depth (cm)

=160 1

—-200

Distance to the dripper
B Sk B B (em)

0

| . 2
120 J{>\/

2.2 BEEIE LRSS S RISE

P 4 SRR 45 Ak - 95 1 R o0 A, 45 SR
7s,Q36 AbFE( B4 (a)) Q48 AFH (& 4(h) ) 7ETH
LR 40 em AME AL T BLER Oy, Q60 AbFE (& 4
(e)) A I W BLER ot HAE 120 em DL E 4K
MR AE 120 em DLR H3Ed, = A0 Ay
IR A BT S Q60 > Q48 > Q36, Q60 b
PRAFAE R R IR 2T

Distance to the dripper +- 3 ER 4y
B Sk B B (em) Soil salt
-30 -15 0 15 30 45 (gkgh)

15 30 45 -45
S 2.8

2.6
24
22
2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4

-120 5

=160

-200

-200

K4 BKIBURATIALTE (o Q36,b. Q48,c. Q60)0 ~200 em i -+ HE 5343 i
Fig. 4 Soil salt distribution in Treatment Q36 (a),Q48 (b) and Q60 (c) in the soil layer (0 ~200 cm)

after harvest

Bl 5 ARk 55 4% R 04 - 9 T R o FL
g R SEBERR R AR M . (1) 7
K (B S5 (b)), Q36,Q48 4b FEER 4335 A
(9 3 B X AE 100 em L) |,120 em DL R %A B3
A4k (p >0.05) , 7 120 em LA | Q60 Ab ¥ BF G 44
T, 7E 120 em DUF A B (p <0.05) , G
RiE0.84 g kg " BEINZE 1. 14 g kg ™' (2) 3%
(ElI5(a)) S5KAMUCE 5 (e)) fE T, Q36 b3
1E 60cm L) L= FHEFRT,60 em LR 8B KT
TR (p <0.05) , i F RS e Ab + 38K 435
TSR A, P T DA i R Sk R K 43I T 4
X Fr R F IG5 Q48 AFRAETH L I 120 em DUTF ik
AMI 80 em DL A B N (p >0.05) ,Q60 &b
FE 120 em ZhFRA B ERIN(p <0.05) . (3) FEME

(B 5 (d) ) £ Ah PURFAE 5537 Sk P o) T AT, 5 ] ()
5Ce) ) w5 A B E R A 22 S 8/, Q36 Ak BRI AR
THEFHET, Q48 L FERIAT L 2 5+ (p >0.05),
Q60 Ab A M (p <0.05) .

Hanson 25" 5 & W , T HE 4% 1 7% 3k ) 10
ARAFAER R ORI T 8 7K A, BRI ) 0L 45
WUR V- 73 BT AR ME 2 B, AR A AR L 3 A 45 28, 24
Bt 60%~ 115% HITEAEZE LN, TR)Z T B K
7.7%~30. 9% , %F £ 53 1T ¥ 52 i A BiE 20 W 1 Fift
JRITH o 1 6 A [m] A B T 9B ) iR Sk ) T 4 4
Koo A, = A B HEJE 36 h 4 oK 1 T T
JE5r 5K F] 80,90 120 em, J& Wi H TR R T
Y 60 em Y Hl, FEE BMIA 2R T R4k
ZrnRIZT B IE
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Fig. 5

Soil salt (g kg™)

Soil salt (g kg™)

Soil salt (gkg™)
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0 3 L 0 0 1
bt }l A
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8 V4 P
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g /A 1 1
4 -120 / -120 -120 1
H 160 T/ -160 4 -160 4
/' () (b)
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0 1 2 3 0 3
0 -\_\ . 0
RS R
~ —40 r'd o -40 Before sowing
§ & o O
=
§ -80 A/ ’ -80
= s
Q After harvest
-120 - -120 4
z d D a
H -160 - |' Tl -160 4 —Jl— Q60
\ /' (d) (e)
-200 -200

K5 Bkion S m i LR LA (e WSk L b KT e iSkAh, 4 R e )

Soil salt contents in profile before sowing and after harvest (a. inside-dripper,b. under-dripper,c. outside-dripper,d. in-mulch,

Soil water content

e. inter-mulch)

Soil water content

Soil water content

+ 3K 4 (cm? cm™) +HEK A (em® em™) +3iK 4 (em® em™)
0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4 0.1 0.2 0.3 04
0 1 1 0 1 1 1 L 0 1 1

E =30 - =30 4 =30
=
g
T —60 -60 ~60 -
w2
E:id
IS
B -90 - -90
H 90

1 (@) 1 (b) 1 (¢

-120 -120 -120
Bl 6 WEBEALIE Q36(a),Q48(b) F1 Q60 () i Fi i i % ki i 3K 7 L

Fig. 6  Soil water contents before and afterirrigation at soil profile under dripper in the treatement Q36(a),Q48(b) and Q60(c)

2.3 ERKFNTEHSDITSREEE

K7 AR EBEAL BAE N 0 ~ 100 em H{REE 7>
A A5 A % B A TR T U KR % 2 i - s R

between before and after irrigation

GriBA N,
A SN2k 5 Q48 AbBREFEEIG I, BB NS 15

Q60 AR RIIHE IR, 2 77 AR

Q48 > Q60 > Q36, 3 HLUTE 90 cm,
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Treatment code

—A— Q36
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—8— Q60

F35EER 43 Soil salt (g kg™)
=

05F

OO 1 1 1 1 1 1 1
N (o] ™ - = o (e} (e} [o)} D N
S G B R SR, L (R B RS G|
< vy e} O [ g =~ 0 0 [} S (=)
o S (e} (=] [« (=] o (=) (e} — —_—

H ] Date (mm-dd)

K7 RIFEIBEBEALIE O ~ 100 em +HEEh SME N Bk
Fig. 7 Annual dynamics of soil salt in the 0 ~ 100 cm soil layer

in the treatments

K100 em AR —ANEHE LRI, A RN —A
LARBITHY SRR R SRR A BJR O ~

100 em {4 Py, Q48 Ffih Ay 1E A, Q36 /NX H LAY
SRV, A BUE RN AR R TR R 20 H 2
W (p>0.05) , R A 38 38 Jin b & 5 08 0 iy A &b 2 A1
M, Q60 AhHH I T B & Y 61 Pl (p <0.05)
H -276.4 ¢ ik, 5 HMES T )2 100 ~200 cm 3
HEAS . Q36 FJ2 100 ~ 200 cm 4bF A B 5 [&
1% FFAEER A K 43 1) BB R 2 3y BRI

FIRTE A S pF T4 R om0 s s
X4 BRI ALY O 345 ~ 380 mm (74 3 450 ~
3800 m* hm ™) | HEBRIE K EHUHR 26 ~35 mm, ¥
WESE AR 7 ~8 d R VRBEENVE” B 05 ol A AL AR
Z K2R E 60 em - ETEREE LA, AT LK
DHE K BB LW )E BN, e K 5 A H
AR MR A SO FE 45, 45 R X — M, L
PATEAEER IR IZ RS, TS BOR X 4 558 5y
FIHE N o

*3 AEEBRLERTIEHEFE

Table 3  Salt balance in the soil columns different in treatment

T e MM AEY R RIEAE R BUE DaERAER R IREARE R AL R PNEA ]
R
- Salt input with Soil salt amount Soil salt amount Changin soil Percentage of
Soil depth(cm) Treatment
irrigation ( g) before sowing( g) after harvest(g) salt amount( g) the input( % )
0 ~100 Q36 737.8 701.5 +53.7 1404.7 +57.8 714.0 96. 8
048 1 340.9 701.5 +53.7 2119.5+98.3 1 465.5 109.3
Q60 1645.5 701.5 +53.7 2 070.6 +66. 3 1310.8 79.7
100 ~200 Q36 756.5 +18.3 649.6 +16.7 -107.3
48 756.5 +18.3 787.1+11.3 30.3
Q60 756.5 +18.3 1042.2+£25.1 285.4

ARAEFRA TR A, 2 ] 370 Il 5T 5 4 0 ko
X —HRifE, K5 000 ~5 600 m® hm ™, i I & 159
N0 d Fefy . B RN, — 2 IR
TESEBR AP IF AR BLSE , 5 XA R FH AR T Y
Jeor e e 77 3, 5 BRI I E A Y
JEAFAE R HE T P[] ORAIE 3 | - 8 2 ) 48 S 1 45
AN E PR PR R, T R X S
B, DT A2 A 0 18 5 7K B 17 DL DR AIE 7 i, X A
FOU L AR TR IZ IR, sl S AR X+ e R
oy AR B 3k e 2 X4 TR S O 0 R BLER A
T REIEUA

3 45 i

RS A Xk A [ 9 K T R e - 4

IKERATARHEAE A3 HT , PT AR LA RN S5 4538

1) FEHEBEE PN, 32 00 5 A ER 0 5 Bt K 231
JZIERHHEVE R MR IX 1 3h B A A A e IR T A
TE RS B3, P50 A7 B BEREAIR 5 32 BEVE R 7K 5347 1
B SR RW KRN, MR IX 3R 5 A 3R
SRAERRIE TS B B A3 5, 76 P53 A B B R R 1R
fEo MRS HHEER 7 A2 AR R K R ERVE RS2,
A KT IERY L, LR A B R I 7R
TR AT BB BEHG N, 76 P50 B BB AR RRAE

2) =AAbF Y, Q48 Ab 3 AR IX A 4 £ 43
e, TE KT 40 em ZMJE LR R L . Q60 Ab
FRAR X 4 528 /01, TC B @ o, (HAE MR 60 ~
200 em +HEER U] = T Q36 ,Q48 bR, Horp 3
B R Q60 Ak 3HAE % Sk #5114 A7 AR AR B 1 IR )=
B, WAE T2 5 /DR R WK AR, 2580
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SALT DISTRIBUTION AND ACCUMULATION IN SOILS DIFFERENT IN RATE OF
UNDER-MULCH DRIP IRRIGATION WITH BRACKISH WATER

Sun Lin® Luo Yi'"  Yang Chuanjie’ Zhang Yan’ Jilili Abudouwaili'
(1 State Key Laboratory of Desert and Qasis Ecology, Xinjiang Institute of Ecology and Geography ,
Chinese Academy of Sciences, Urumqi 830011, China)
(2 Key Laboratory of Ecosystem Network Observation and Modelling , Institute of Geographic Sciences and
Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China)
(3 Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract Under-mulch drip irrigation is an important irrigation method in irrigation agriculture of Xinjiang. Howev-
er, soil salt accumulation induced by its slow deep leaching and brackish irrigation water is an urgent problem in develop-
ment of sustainable agriculture.

To explore characteristics of the salt distribution and accumulation in soils as affected by rate of under-mulch drip irri-
gation with brackish water, a field experiment was carried out in the Water-saving Irrigation Experiment Station of the Shi-
hezi University. The experiment was designed to have three irrigation rate treatments, Treatment Q36: 3 150 m’ hm
Q48: 4 200 m’ hm > and Q60; 5250 m’ hm >, and used water 3.32 g L. ™" in salinity. Analysis of soil samples taken be-
fore and after the irrigation indicated that the soil salinity in the root area demonstrated a basical declining trend at the
forming stage of a wetted soil volume, and accumulation at the redistribution phase of soil water, while that in the soil un-
der the root displayed an opposite way, rising in the former phase and falling in the latter. Analysis of salt distribution and
balance in the soil profiles after harvest show that in Treatments Q36 and Q48, the input of salt with the irrigation stayed
mainly in the 0 ~ 120 cm soil layer column, while in Treatment Q60, soil salinity increased significantly in the soil below
120 em. Irrigation contributed about 21 percent of the increase. It was found that after 36 hours of irrigation, the wet front
got into 80, 90 and 120 cm deep in Treatments Q36, Q48 and Q60, respectively. The water from the dripper infiltrated
deep into the soil, bringing down salt into deep layers of the soil profile, which contributes positively to mitigating the
problem of salt accumulation in the surface soil.

Key words Under-mulch drip irrigation ; Irrigation rate ; Deep percolation ; Salt accumulation





