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b 7R, A REAARE AR, P A RO AR A A
RER. MK, MBUKFMETTE i, 2.
By B ESRYAER QI ICE) SRR, XA F
THEREAE YN F2 43 0 E W, $2 e K R T U0,
BEFEFAARY, SREREEE T (o Na'fl ) s
PHASEYIZE K . Subbarao 5Ny, HAAE K hEERVE 77
JLE, HARSAMG ), (SR EE s, HEid
T [N A SRR )R K DR R AR R K, d5e 2% 5 SR )
YT Ak, WIS R ) AR S AR, BN [
WRIT R A, TN T RN i ZOa o fE e
PEEERIORL . HRT, [ A28 AN R AR A 7 25 4 A AL
BRSO, BEECEIE R AR T TR, (ER R
IR HE A A AR VTR K I S AR AT R b 25
RATA, B MR A R S K FRMIRE TR T H
i, BRI RURUKHERE 7 OB A KRS RS (1)5%
Ma,  RFER i RO 2 R A B S

W 5 S TR 5 4 ] B8 U - 493 2 0 5 (R 4R AR T
R, s H LIRS g B 8. AARfL
MR, S A e WAL TR B
B FRAR 33%~54%, TfEA S EFHE I ES . dEfFE
VIR B 05 . B R sl S AT, A
IR IRE RN Ik, A LA 3 5 TR

By Al 5. BN RIEALAETR AR, BRSO R R
KR R T O RRAEAR 38« 7 AN S GRS (5%
Wi, 4 H AT R R K REBE T3 2K, DT b XS R
PR BRI TR 1R LB R 1 di -
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1.1 R XEER

TR DX T BT SR 4 B 2K 1A DX BRI a3 8 56
P R ARV RHIE BT ] 2% 5 R 0 0t AT RR B
BRI Y )  (41°35'14” N, 86°1024" E) . iZihiabiE B
AREEHAS, HOIE V2%, 8 M2 BRI A K Bt o T 5K
fik, ML, ERKE 53.3~62.7mm, ZZKMmE,
78K 2273~2 788 mm/a, Hi F/KHE 1m LR, 1
TARE UK I E St 7K, 2012—2013 E 73498~
1BRE 1.99~2.01 g/L, pHMH 6.9~7.2, HME&F-E5) R
ik, KWHEIEAY SO,Cl—Na; JR/KIE LA,
SV RAKER BRI NS RRIE, T 097~
1.01 g/L, pH {H 7.3~7.6, /KA~ H HCO5-SO,—Na.
B K RS R LK 1. 1 2008 IR R
55 LA, ARG H CUE SRR AL 5 a DL L, RIS A,
2 3 R A YR 18 43 2K U0, B 42 32 B DU R
TR N E, BT AEN1.43~1.62 g/em®, 2012
—2013 SEMFAEAE AT L3R 6 PP TV WK 2.

£ 1 2012F02013 FiIRWIGEBRAKFEERRSE
Table 1 Main solute content in irrigation water of experimental station in 2012 and 2013

IR Cu Zn Fe Mn Na® Ca* Mg** HCO;5 NOy” cr SO&
Water types  /(ugL") /ugL")  /ugL")  /ugL') KmgL) AmgLh /mgL") /mgL') /mgL") /mgL") /mgL) /mgLh
Freif:fv(ater 5.8+02b 82.2+3.5b 440.1:21.8b20.3+1.7b 683+4.5B 7.5:08B 54.1£2.9B 26.7+2.1 B 2013+14.6b 16.8+1.6 B 59.6:4.5B 139.1+10.2 B

UK

Brackish water

8.5+0.4 a 129.3+3.3 2 696.1+24.3 a 29.1+1.4 a 389.2+10.1 A 22.5£1.6 A 135.9+4.1 A 102.3£3.2 A 372.1+13.5 2 49.2+2.5 A 452.9+11.3 A 717.6+20.4 A

E: Cus Zn, Fe. Mn [ EANEMARILA, Tl FMETAR/DNEG TRERIRTE 0.05 KF ERG BORER B, HAFKE FRERRTE 0.01 KF L

Jl BOKZESFR A, FEARDN 14,

Note: Concentrations of Cu, Zn, Fe, and Mn are sum of different valences, same as below; Different lower case and capital letters of same solute indicate significant
difference at 0.05 and 0.01 level (sample size is 14), respectively.

R2 EMITTREIEIRRESH

Table 2 Mass fraction of solute in soil profile before sowing

mgkg'
Soil diez)ﬁ?t‘h/cm Cu Fe Mn Ca* Na* K"
0~10 1.10+0.04 123.34+4.1 79.9+2.5 11778+504 150.5+6.2 60.2+3.5

>10~20 1.11£0.03 120.1+4.5 78.7£2.7 11717+£653 167.4+5.8 59.5+3.1

>20~30 1.09+0.04 113.0+£3.2 78.8+2.4 11400+418 168.1+6.3 60.7+£3.2
>30~40 0.90+0.06 97.1+4.3 72.7£2.3 10816622 158.8+6.1 59.1+3.7
>40~50 0.82+0.05 111.9£5.8 79.4+3.1 9967+351 138.9+5.9 51.2+3.6
>50~60 0.40+0.02 59.1£3.5 39.2+2.7 15025+656 280.3+7.4 114.3+4.4
>60~70 0.30+0.01 453+4 4 30.8+£2.5 17580+832 328.1+8.1 133.7£5.9
>70~80 0.33+0.01 49.1+4.1 33.3+2.1 17773+£791 331.748.3 135.946.2
>80~90 0.34+0.02 51.2+3.8 349+2.2 18546+786 346.2+7.9 141.1+£6.3
>90~100 0.3340.03 48.5+3.9 33.742.8 17598+855 334.7+7.1 137.5+6.1

T FEAR 27,
Note: Sample size is 27.
1.2 REHESHEMRE
1.2.1 XA E
AR T 2012 4F 4 H—2013 4F 10 HAE N RER R
Rt AT PERAMRAE A BB 21 5, 42 AL g

R, MHAERES, NEM2EH 4 H 26 H—6
H 9 HY RSATHK: HAREYI e H10H
—6 H25H, feikuiiHe H26 H—7 A5 H, {e&iEM
TH6eH—8H24 H, b2/ H25 H—9 H 8 D
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KB N e . L B A A ISR . ¥RIK .
WOKECHE 3 FhAbBE, 235 Sy F AN A FoR. H, Ak
HUETE W B ACR AT IFE R K, 4 AR B AR K HE I
WK BHEET 20%. SAAPEERE 3 ANEENX, IrF
ANXK/NA 10 mx20 mo F/NX IR 1L 2 8 4 471047
B, AT 150 cm. £RFE 10 ecm, TE4T. 4T AR 2R
539024 50+ 20 F1 40 cm #-40 BRPEBE & AL AR ] (&
)+ WEOKIAIRE 5d, T 15 REEK, REE/K R 525 mm;
JEEAEFREAE R P RTINS 1, 45 46%JK 3 105 kg/hm?,
64%EIR % 375 kg/hm®, 45%MRIREN 300 kg/hm?, KK
B 15 m¥/hm®e FEAGE R FUB SN, 4 579 keg/hm?
PR 6 IRBEKI . 2012—2013 4F 56 01 1] (1) 14 /i 15
L 2,
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Fig.1 Scheme of irrigation and fertilization in 2012 and 2013
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B2 201244 A—2013 49 AXEsEAGRE
Fig.2 Monthly precipitation of experimental station from April
2012 to September 2013

1.2.2 H&ERELHHE

FHET RS —IRREKIG S 4 K, (ES/NXARIE K
BISTME KA 6 MREAE (AMT. ATS 3 4k, BURERTR S
BEFE, L6 BRIFIGMEACR A 455, FANbEIE 3 4
EE$B%¥% E ﬁ%ﬁw%%ﬁ,ﬁﬁmm@%
O, ZE. . BEIREORIT,
ﬁ&umcfﬁwmmw?mcﬁ$EEEM%FM
FAETYIRE . ARGl (5 RAERIRFE
s IR, AT Gl b4 Jm 28 FLOFRE s 44D 3R
0~100 cm T-4F, A HFEMEFE 10 cm ([F—/MX % 6 4>
IR ST, BL6 AN FERR X DX S, AR
I 3ANERNXATHER, TREREE, BETENE
Hr KA BARRT . AR SRR e X TS 1
FE, FEANBRAEYITRAR A7 AR N AR A1 2 mm
Je JeALTR JE Al .

FEAR AL 2R WA V20 AR AR AR R AT HORE (]
3) , BAsEAT L GG A, T TR EENY T AT E 70
cmx20 cmx50 cm [WHFEAE ], P EAERERI 9 7 B
ANIEEFTA 10 emx20 cm,  TE [ IAEEIBE A 10 cm, BJ
RS 35 LRI o I BRARAR IR LB B, R RAR I
HE R o BT OKAE VDR 6, DEAR T o SRR
WEFEHAMDMOERLG, N TR HEERAUS, K
)\1Innlféjﬁ?tﬁ%qHJ?fﬁZKﬂ?éE FECEE R R AE FH 8 4R
TR G HARRT, ZeNHE BT HE K
R RE 1 6 e 22 6F BRI TIF AR S, R )5 R
DT-SCAN (DT-SCAN 2.04, Delta-T Devices Ltd, England )
EHE AT KA E R S IR R, PR R R
[ DAAFAE ST AR HFEAARL (10 emx10 cmx20 cm) , &4
FIRK R, mm/em®s I 23 1) 48 AR K R 1 5%
i, RSN AT BRI R, #AHEE 3 NER
ANESIUR S OETE N
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Fig.3 Spatial layout of root sampling
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o
1.3 HmUERHZE

SR M3 2P i P S . B
BB SO R RSN T IR TR AR
5 g TR0 5 19 HFET 100 mL BRRZISHA, A 50
mL Mehlich 3 BEH2#” (NH,F-EDTA. VKBS HNO,
fe— WHIIRAHD » KB IRGHAE (25+2) CHg
% 5 min (FRIG5REFN 180 t/min) , AR5 AT EIEAITJE
B, RIS 50 mL SRR . TR xR
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BRI 1 mL HNOs. 1 mL H,O, #1 0.5 mL HF, #%
ARG BT 180 CA&MF MMM Sh, Lk, FEERsE
B4, WERE T 2 mL HCIO,, 22124
B AHLLKRZ 20 Fo WG, A 2 mL HNO;, 2%
AL R, BE, BB 2 50 mL AE
W, LB TRMERE R AR . RIS e
MR, IR ARV MR B S,

ICP-OES (ICAP6300, Thermo Scientific, England) Il & %
WP, B AR B B BINEE, BMEREER 3

/€=
1.4 ¥EALE
VTR T v R R R PR AE, B 0~10 cm B]

0~20 cm ¥ T2y 0~100 om 358 5 s 2 5 1 LA,
ERBEREH>0.1 & 02, WG REA RN, H
AR BN /(I

m

>'N,-D

>'N,-D
i=1

K. CH0~10 cm 5L 0~20 cm FFEFR S 0~

100 cm HHEEE SR (REBRED s N, W5 i

=TS DO i 2 RS, em; X T 0~10 cm
%

JBLE, m=1, %T 0~20 cm JERE, m=2; d WWFEZIX 10,

A Excel #4744 A0 ¥, F Sufer 8.0( Sufer 8.0, Golden
Software Inc., USA) % il A AL AR K555 8 7E 39835 ThI 1) 45H
£ &, JT SPSS 19.0 (SPSS 19.0, SPSS Inc., USA) X} flr3k
BAEHEATE 0T

2 RIS

2.1 FEBGEKIET L I1E S| HA RS T4FE

TR ECEM . BRI A AR RREARLT, DA
W CE 4a) , 2012 S8 S s EA T >20~
30cm, >30~70 cm 2RI FRAK CHDG $5 i B k2>
50%~78%) , >70~100cm Hi. . FLEIEAARHEE
JEARE . 2013 4F (P 4¢) , . Bk HASEReE LR
A 0~10 cm, >10~30 cm 75 F I B CHEXT 5 B IR
/B 53%~61%) , >30~100 cm . 2. o EEARN
BEARFEAEA . T3k, 2012 AFRUK AL FEAL PR Mg o %
PN, 40 cm LA B8R Bk PSR
TURKMEFE 19%. 12%. 10%, 40 cm Pl FIEICESE
JRMAEIR KA EESFEHE . UKL EE (P<0.05) 5 SZAEWIL
W PR e R IE S D R R, 2012—2013 4,
TAEHIN . B BT PR EURACL) 40%, 2013 4F
AN AR BEIA], 30 Th et oG 38 2 FEAH I

. Aot ! 5 1k 4 4 R k4 3
Copper n:}ais Era[]c::on.%ngg-k%‘ni 5 Calcium mass fraction/(mg-kg™) Sodium mass fraction/(mg-kg")
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B4 201242 2013 S L3R 3 @R 02 R &
Fig.4 Temporal and spatial variation curves of solutes in soil profile in 2012 and 2013

2012 4F, IR GRS B N0 R AR
TEARAE, DAES M (I 4b): & B (E AL T >20~30
F1>50~60 cm, HE{EA T >50~60 cm, >60~70 cm
TR CHEX s i b 15%~21%), >70~100 cm
BB B AR . 2013 4, 5. B BE

Wi E B, 85, B R AR IE 3 (LU A
Bl 4d), 545, BREE ) Ao 22 e B IS (& 4e):
KRR REAL RS . B = (B A T >40~50 cm, >
50~60 cm 75 &A% X s E k> 20%), >60~
100 cm 5. A AR A IRAKAEE 45,
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Bl i B 2 >20~30 cm, >30~100 cm 7 fBEFE
IR RAT; K FERERNIR K AL BE N Bt (e 20 A
T 0~10. >30~40 F1>40~50 cm, Hme(EL &
FEARABERE AL FIoh, SR T NS T R 25
M5, 2012—2013 4F, 45, 8. 8hF38 s 508 in
33%~45%, ANRIAbERIA) % o0 3 I 22 SR TR

30T 2012 F1 2013 4F - IEFIH 6 Fpigs i T R AIE
R (F3) 2 2012 4F, TEICEM. 2. B 0~10 cm
25 ZH0h 0.14~0.17, 0~20 cm 4 0.29~0.33, Jii /&

REEA, B 4a 751, WRFEEERET 20~30 cm
WRIEWN; ZEoc 5. B, BN7E 0~10 em [IREB RN
0.07~0.09, 7£ 0~20cm J 0.13~0.17, FHREEFKE.
2013 4, M. Bk, HAE 0~10 cm ERBREuHEE T
0.20, R ICRHLAMMRAFRIME; 85, 817 0~10
em [REBRZECH 0.10, ££0~20cm 4 0.2, WL REL
PRAEARAR I A0S/ AREE T 0~10 cm R REL
020, FRERVER, (ALERBERNR AL EL T R R
BME TR AHE, LRENS.

*3 BLEARLTEIRIEERMERERY

Table 3 Accumulation coefficients of six solutes in soil profile of different depths for each treatment

4y Kb 0~10 cm 0~20 cm
Years Treatments Cu Fe Mn Ca* K Na* Cu Fe Mn Ca™ K Na®
TEIK S 0.18b 0.16 ¢ 0.16 ¢ 0.09 b 0.07 ¢ 0.08 ¢ 0.35a 0.32a 0.31a 0.18 be 0.13¢  0.17bc
2012 WA 0.17 be 0.16 ¢ 0.15¢ 0.09 b 0.07 ¢ 0.08 ¢ 0.34a 031a 03a 0.17 ¢ 0.13¢  0.17bc
WIKF 0.15¢ 0.14d 0.12d 0.09 b 0.07 ¢ 0.06 d 0.29b 0.27b 0.25¢ 0.17 ¢ 0.13¢ 0.16 ¢
UK S 0.23a 0.22a 021a 0.1a 0.1a 02a 0.34a 0.32a 0.31a 021 a 0.21a 029 a
2013 BHEA 023 a 0.21 ab 0.2 ab 0.la 0.1a 0.09b 0.34a 031a 0.3 ab 0.2 ab 0.2 ab 0.18b
WIKF 0.22a 02b 0.18b 0.09 b 0.09b 0.06 d 0.33a 03a 0.28 b 0.19b O';() 0.15¢

T FEAREON 18,

Note: Sample size is 18.

Jobbagy ISR, AHMHE BEAME N, WIS
R BB LA S BRI, XK 5 R IR 2R
ARG SAT T, MR TGRSR R % b
KIEBBERZR W, nEREEE 8N e, LHEE
TRk, R R I AR JC ERAE 20124 2013 AR
W R, HERREZEERM. ok, & TwEN,
SZREBEERIN . YA A R LR R, SR RERTR
IKAEEF e 245 B BIE(E AR 1R, (HAR4AE
20 cm LR, [RGIX 2 FRACEE NES . B BN R IR
RIRNE: JBUKAFER, A EFE S 0~10 cm, TR
AL PR PRI B v AR 58 (PN 2 T e N 3R, T
BEARIT A, A ZRMRCR - 398 25 25 R 25 L ) 4 T
T, 85, PP ETFE 40~50 em, [RIZACHE RV R

AR N BERER, M. BRI,

ST RNBIR K AL B PR 2Ss B IR dl il (R 9
Rz 2012 4, BUKRESHEAIE R, 6 Bt & mANL,
HBUKAREE R o8& 8 B 3w TIRK AL 2013 4F, 3
FhAbHA R LR M. Bk LA RERALE, UKL
R ERITES WL EERENN (P<0.05 . %
TR T AR R, MBI G ER A n] AR AR A
ML R TR, B RS BB ERLD,
HRAKKCEL], KRZ N IG5 & B0 22 R Hh 8 35 A8 o AN
B, b EITEES. . PR, BUKAEEF,
B TR IR, MRS R R E .
MREUR I AL R E A T, LR &R &
T A S I R WA OO0 AN T JRI % 7K T Ak B 32
T A RTG53 ] BERTAR AL AR KR 3
—EH

R4 AENEBBERITEHAMN

Table 4 Element composition in cotton bolls of different treatments

mg‘kg'1

i fjs Treﬁims Cu Fe Mn Ca* K Na*
UK S 2.63+0.07 a 109.1+2.4 a 7.5£0.6 a 154516 b 6763+23 b 264.2+42 b
2012 AHEA 2.38+0.06 ab 98.1£1.7b 7.140.3 ab 1405+23 b 6424+47 be 241.6+3.7b
WK F 2.21+0.06 b 59.8+0.5 ¢ 6.8£02 b 1254429 ¢ 6111+76 ¢ 163.1+4.1 ¢
UK S 2.31£0.05b 61.8+3.1 ¢ 6.9+0.4 ab 1715420 a 7642452 a 323.845.1a
2013 HEA 2.22+0.08 b 59.3+2.2 ¢ 6.7£02 b 1457418 b 6474+38 be 2482443 b
HRIKF 2.18£0.10 b 56.7+1.5¢ 6.5£0.3 b 1290421 ¢ 6143+41 ¢ 171.4£38 ¢

H BB 9.

Note: sample size is 9.

2.2 ARERBGEKGEITHBRRREKGEN

W s B, KPR b, MAeRK S A AT B
(25~45cm) K, TEATE: (0~25cm) K, JEIAEH
/N (45~65 cm) 5 3 Bear il AR R ) 24% 64%. 12%,

X EZE R AT BUR ML EAR A AVa [, BB ke
BT, AR R ALK 1) K R BRORR K B B AE KT T ) ) 2
P EE DT b, AER R AT 0~40 cm
N, HRAREN 91%~98%, 40 cm LA N ALK % F %
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W T KRS FEA T 20~30 em, 33X 540 Y VT 452 A
IG5, AFEAEFEE] 0~50 cm 75 H A ARAE ) BARK:
BRI (K 5) 0 2012 4F, FUKAFE R RHEK %
JE (346 mm/ecm®) & TH ¥ (303 mm/em’) FIIEIK
(239 mm/cm®) 4bFE; 2013 4F, SR EE S KB/ KN

PEARIRER K T RE RS

Distance from start line/em

AR A2 AT B

Distance from start line/cm

WK (223 mm/em®) « #HE (199 mm/em®) FjRE

K (152 mm/em?®) AbFE. 4N, 32RO B PRI
HIS2I, 2012—2013 4F, >40~50 cm 30 FH A RTER K
B 20 mm/em’ KSR 4 mm/em®, FHREXMEREKS
Js AR e FUAR IR B AR AR v

SR eLEra ) N e RS

Distance from start line/cm
5 10 15 20 25 30 35 40 45 50 55 60 65

5 10 15 20 25 30 35 40 45 50 55 6065 10 1520 2/5 i&‘?)?‘“\) 45 030 d¢
LA =S
10 210 /E,E}/M | 10
L] ~ =
E = = 5]
22 P N £20
- = - L]
5 = | 5) W/ = L
= 30| 230 B30
W E e 5
® = o H F
+H 40 40 400
s0f 504 50
a.2012 4FER Ak 2R b.2012 AF4EHEAL BE 2012 F R KA B
a.Brackish water treatment in 2012 b.Alternative irrigation in 2012 c.Freash water in 2012
e B b e STEUE ISR AT R B 3 s b gl ST B
S RO HE e - SEALEA LK T B
Distance II';"cm start ltn“ea’cm Distance from start line/cm Distance from start line/cm
510 15 20 25 I3{u|;_5 40 P 10152025 3?;2{? 43 f? ?5 60 65 5 10 15 20 25 30 35 40 45 50 55 60 65
1 o * | f
10 | # =IU' d i Jr\1 10 %
220 o 220
17 = [=9
= % =
2 30 2301 2 301
o +H [ B
40 40+ H gof
50 5[;\ 50

d.2013 4E3RKALHE
d.Freash water in 2013
TE: B R T AR AR K S, mmeem”.

Note: Contour lines indicate cotton root length density, mm-cm™.

€.2013 FHEREALHE

e.Alternative irrigation in 2013

£.2013 F /K AL 2T

f.Brackish water treatment in 2013

B 5 KRR EAGARKEE
Fig. 5 Root length densities of cotton in different treatments

%5 TEIAIE 0~50 om T EMBEBRKTE . H EHTURS=2

Table 5 Total root length density in 0-50 cm soil layer, aboveground dry matter and yield of cotton in different treatments

o AR FUBRHE AT R B TR L AR
A s .
Years Treatments Total root length Aboveground Dry matter of Number of Seed cotton yield/

density/ (mm-cm™) dry matter per plant/g one boll/ g bolls per m” (kg'hm™)

ORI K 345.5+13.5a 87.4+3.9a 6.014+0.534 a 120.5£14.7 a 7177+884 a

2012 e 3032104 b 80.2+5.3 a 5.974+0.541 a 109.2+12.2 a 6460+806 a

Bk 239.349.7 ¢ 59.8+7.0 b 5.833+0.428 a 96.5+12.9 b 5570+754 b

ORI K 151.8489 ¢ 39.1+3.5d 5.902+0.522 a 80.6+12.5 ¢ 4690+747 ¢

2013 e 198.7+9.5 d 51.3+42¢ 5.877+0.478 a 92.3+133b 5363+752 b

Bk 22334102 ¢ 56.7£6.5 b 5.815+0.451 a 95.7+13.7 b 5503+788 b

TE: RS BEREAKCA 3, HARIEFREEASCH 10,

Note: Sample size for total root length density is 3, whereas 10 for other indicators.

MAER AR B Z WA LK S . FFoMEEE 75
BN ZR A M. AR IR, S AP HE
KEL AR 2 Pk, AR K HERE AT g
AR RAEK R ZE R IR 2 —. R 3. Kl 5 0]
Bl UROKFEBE S N, b3 B TR R AE R IR I, 40 cm
PLE R E TR AR E S (P<0.05) , 2012 4F
FRAE AR 2 | Fo AR 2% B b KB R JBoK (]
5a) « FHE (B 5b) . K (B 5e) abHL i TaRE
I, EEEIHCE G RAE 3 MUCHE R R, EK

RS WEAL PR NN RAEAZ T 40 em BLE, WKACF Y i
KABAE T 40~50 cm H. 20~30 cm 5. 45 EH 5, 2013
TERBAR SR R L e KR 2% el R BI/MIK R 17K
(FE 5d) « ¥ (K Se) « Bk (B 56 4bHE, 1E ki
ERTERCRIAEY), b —E A R IR (e AR A
AN KRB, (HET 5 X ES 44 B WU RE
T BB IS R B T K OF AR Z AR, IR T
R ARFEK. RO RERY, ERREKEENET
W CEWZRACRRTID SR A REIE A 3 ol 1 398 350 T )
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BFIRE, ML 2013 FEEUKACEE, ASHEANTE T EARK
BRI T 24%, XAEEREEE SRR T E SRR
AR .

2.3 ARIRGEKLIEI R E K2 B0

5 nT%0, ANFACELE AL RR TR R AL E .
2012 4, JHUKFECHEALEETS, SRR L b
B THI AR BRIV Al = B TR 45 AT, X SEdR AR 3
TURKMEFE, 23915 32%. 20%A1 22%; 2013 4F, JfiK
AREER, BREMR AR IR B AR BORRE A
PRI 2012 FE BFE AT (P<<0.05) , TMIHREHERIVR K AL FR
N, B TR ARV A P s AR, 38 TR
KAL) 17%.

Mt B A K = E RS2 B . T AR I 5
Mgk, HS5IRAMNKERW B, ALK T, H
PRMA e B340 SR A SR A P S AR R AR
KA EATEAAMH], I 51 N RORFoT e J— 3720,
FAN, Py, AR BT s £k 44y
UK, R EE AT, S EE K. EH 0
G S AR 58 1 A /A SR T K A A 1 2 B 2B K LA
— B MR PO, AR IR I R B, MR e
REWRAEE L e RS, T RIS =Y R R DT
AT AT IS, ARAE B AT AR RS B A KR &R
T U0 T ek 5 A R, AN ()R vk 7K HE R 5 =X Rl ek
FRAEAE R, PR R — s s, Rk, AR AR AL AR K
RS, FEARFA G WE R A G MR AR . K85 1R
W (R 5) @ 2012—2013 4F, KA EEAR AL SR K%
FESRI, FEOXAL LN BARAS Rt B A T
RURBORFE M 7= & 0 PRI (P<0.05) 5 feMEMHEL T,
FHEER R R R A RE, 2013 EARAE BAR K E
TIRK A HIE 24%, MBS S TR EOR
KRR P TR K AL B v 13% ~24% o IR K B EAE —
SRS DARIEAR AL IE 0 A K IF BARE TR &, 25
BT R0 BB

3 #5iht

P65 XA BRI FHGUSK AT ARV ERE, AR
FERURUKEMEAN K IOPE R, B B URER G 3E B AR A K
FEE AR E ME T . BRI LUK FR R R A
R Z K5 ah, AN (1) g 7K E g oy 2o i e 2s 1 43K
Bi, AT REXARAEAR RAEKIE R — B e b3
KL PR SRAA KL EATE AN

1) 2012 4F, TUSUKHEBAAT T BTE TR R AR,
40 cm UL bR E TR SRS EN S (P<0.05) ,
RRAE AR K R L e AR A 2 i 558 7 A 38> A 38>
KA, KRR REACIE R, HbkAR AL 345
B THT B BORURE Rl = 8 (2 35 v TR K AR B, 4y )ik
32%- 20%A1 22% . LA AL B UK HEI 1T REIS K
HhEBTRE, 2012—2013 4, JRUKAEHRIE BARK %
FERRYk, ‘FHOZAEEE NEFEALIL T B AR AL BT
Jis B TRV SRR = 2 R PR (P<<0.05) . 1E

IR N, SRR IE R, SR
RACR TN IKRERE . HoR 2B F WTUSUK R 1 7 2,
TS FEE FREAELE, 2013 EREARKEE ST
KA HRIL 24%, M ESRTPI. BT AR R R
PRI K A F A Y 13%~24% . JB R KA HE— e R b
PERE T MTE R B, QR 3h 5 B 1 XA AR IS U AR K
JpiE o AFRECHETFAS BE MARAS A vl i o 20 4 o il
BB RSN, RIS bR R R, eI
BT aNe, ks ISR o R . SRER R AR L
B S5 E A BRI, R e MR AR AR K T
T A FhFR ST o

2) AR EGR K BEBR AL T, 380 T A AN [ «
2012—2013 4F, HHEFRAT. Bk BT R BURIR L
40%, FrfEH 20~30 ecm BB A 0~10 cm, 0~10 cm
MR RZHH 0.14~0.17 KT 020, HigEzmE
TR 5. B BT TR O N 33%~45%, JRUKA
ECHEACEL NS . R A E E R A 40~50 cm, JRAKMGEETF
BE A A EAE AE 20~30 em, JHUK FERERIVR K AL BR
Al = E A EE A 0~10.>30~40 F1>40~50 cm;
3 FhALE G, BRI B R, sk b ]
NI RRE N B ERE, 0~10 cm RERBULE
0.20.
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Effects of alternative irrigation with brackish and fresh water on cotton
yields and solute transport in soil

Huang Jinou™?, Jin Menggui*®*, Li Xianwen??
(1.S8tate Key Laboratory of Biogeology and Environmental Geology, China University of Geosciences, Wuhan 430074, China; 2.School of
Environment Studies, China University of Geosciences, Wuhan 430074, China; 3. Department of Hydraulic Engineering, Tongji University,
Shanghai 200092, China)

Abstract: In arid or semi-arid areas, brackish water is often used for irrigation because of water shortage and soil nutrient
deficiency. However, irrational irrigation with brackish water may lead to the accumulation of saline ions such as sodium,
which might inhibit plant growth or even crop failure. In this study, we investigated the relationship between different
irrigation methods and crop growth and yield in order to find a proper method of irrigation and fertilization. In order to achieve
this objective, 2 years of field experiments in 2012 and 2013 were conducted at the experimental station in Korla, Xinjiang,
China. Three irrigation treatments with brackish water, fresh water and alternative irrigation (20% of fresh water at bud and
early boll stages, 80% of brackish water at late boll and boll opening stages) in the whole growing season were designed.
Cotton and soil samples (from 0-100 cm depth) were collected in 4 days after the last irrigation. Cotton root were sampled with
square monolith method in the space of 70cm*x20cmx50cm. Root length density was estimated with DT-SCAN software.
Available content of copper, iron, magnesium, calcium, potassium, and sodium in soil samples were extracted with Mehlich 3
reagent. Element content of cotton bolls were extracted after wet acid digestion (HNO;-HCIO4-HF). Then, they were
determined in triplicate by inductively coupled plasma optical emission spectrometer (ICP-OES). Accumulation coefficient
was defined as the ratio of nutrient content in soil layers of 0-10 cm or 0-20 cm to that in 0-100 cm, representing the element
aggregation capability in topsoil. The results showed that when sodium did not accumulate in 2012, irrigation with brackish
water significantly enlarge (compared to results in fresh water) the aboveground dry matter, numbers of bolls per unit area, and
seed cotton yields by 32%, 20%, and 22%, respectively. Nevertheless, continuous irrigation using brackish water under heavy
application of nitrogen fertilizer resulted in the surface aggregation of sodium, which significantly inhibited the root growth as
well as aboveground dry matter and the yields. From 2012 to 2013, the total root length density decreased significantly under
the brackish water treatment, which led to a sharp reduction of the aboveground dry matter, the numbers of bolls per unit area,
and the seed cotton yields (P<0.05). In this case, the root length density, the aboveground dry matter, the numbers of bolls per
unit area, and the seed cotton yields were improved by 12%-24% compared to the results for the brackish water treatment
under the alternative irrigation. Moreover, the alternative irrigation did not essentially solve the problem of nutrient deficiency
under the traditional cultivation pattern, thus a sustainable scheme of irrigation and fertilization should be made according to
the solute variation in the soil. The average copper, iron, and magnesium in the soil profile reduced by 40% from 2012-2013
and the accumulation coefficients varied from 0.14-0.17 to over 0.20; however, the average calcium, potassium, and sodium
increased by 33%-45% in the soil profile. For all treatments, calcium and potassium did not gather in the topsoil, whereas
sodium under the brackish water treatment changed from weak to strong aggregation in the surface. This result provides
valuble information for the rational irrigation and fertilization with brackish water in cotton cultivation.

Key words: irrigation; cotton; salinity; brackish water; root; yield; temporal and spatial variation



