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1.1 REXER
F2 R ARG T 2020 4= 5—10 AAEFraEd =
B 25— MK R R /K AR FERR LG Y (8111'43"E,

4037'22"N, ¥ 1 017 m) #HAT. ZHIX )& T A
Y B AR i K i P T R TR B S, PRI
11.3 °C, FPIkE/KEN 45.7 mm, FREKEN
1877~2 559 mm. i N/KHEER Y 3~5 m. BFFTIX T4
PERRANER 1 Fiw .

k1 R L EWE B R
Table 1 Physical properties of soil in the study plots

SOURL DT 12 77 7 0%

TR lem  EBURR(gem®)  HEK R/ (cm® em™®) 45
<0.002 mm 0.05~0.002 mm 0.05~2.0 mm
0~20 1.54 0.22 1.04 45.15 53.79 Wb+
20~40 1.52 0.21 0.99 43.24 55.76 Wb+
40~60 1.44 0.24 0.89 40.44 58.76 Wb+

VAT EEA R RGL AR 4
1.2 3Rt
BLuliE s F oy “Hrkh 5 46 57 o R EE K%
iV AR, FA AT A 48 942 40 cm. = 70
cm (1) PVC i {ERBIRHB 5 om J&E 1% 8= I
TP 3 AN EAEN 1.5 em KR L, PAEHAR KNS .
TIERT R 5 mm G, 3512 A SR AR
(1.50 glem®> 7E ) JEJ2 EJ7 4y /2t 2+ 5 cm,

kg/hm?) . &% (F3, 375 kg/hm?) o BEME/K 5 A3
HRK (Q1, B LN 1.27 g/L) « TUEK (Q2, ™
R 3.03 g/L) Fldi/K (Q3, B 1bFEA 4.90 g/L)
IS, WEREH TN KRR N (CK) o it
I 10 AN H, B E 10 MER. HRK
AR A 2 R AN SR 3 BT .

22 R 3 2 s {E

3 60 cm. 0~40 cm £ JZ LB YI 4G Th 40 A1 B+ &= Table 2 Initial values of soil salinity in the study plots
2 Fior, e Eh Na" &/ K" &/ Mg? &/ Ca®* &/
R 2 P . e e (9 %g™) (mmolL™  (mmolL?)  (mmoli®)  (mmoldi™)
IG5 S T REBK PRI 2 2 MR A AU 557 66.17 3.75 2.79 56.40
KR A (F1, 255 kg/hm?) . H& (F2, 315
& 3 BB E AN
Table 3 Irrigation water chemical characteristics in the study area
KR TN &/ K" &/ Na*&/ Ca” &/ Mg* &/ COy” i/ HCOs" &/ Cre/ SO,2 &/
~ (mgL™) (mgL™) (mgL™) (mgL™) (mgL™) (mgL™) (mgL™) (mgL™) (mgL™)
R K 0.356 4.92 259 83.4 34.0 <0.1 76.7 605 206
TR 1.79 12.6 615 141 67.5 5.30 78.1 1190 839
K 0.585 20.3 1320 216 108 2.65 124 2010 1370

1.3 EKkE5iERR

FRAEAE & 30 N B K € SRR ) FR K B 7€
ET. RATHEAN:

ET,=K_*xET,, (D
A ET AMEWIFE/KE (mm/id); K NS EEY £
1, Bt 2% Yang L0 fu 45 R, H1 (0~30 d)
4 0.23, FEH#A(31~80 d) A 0.23~0.88, f£#4 11 (81~135
d) »0.88, MZH (136~180 d) &y 0.88~0.45; ET,
Nz FEAEM T KE, FH FAOS6 #HE # M
Penman-Monteith 2 it 5.

WEAK T AN R, WSk 1.6 Lih. #EK
KR 7 d, RRIREKER 125%ET. 50 1N
K 11 WK 7R3 1 AR AT 20 7 3 Wi 4
Jite 28 B ) A A B S A B TR 30%- 40%F1 30%. i
Kt O FE A B 1 BT
1.4 1% SAR, ESP 5FREFME

TEMAETE . RIS Z W BRI HER R

4 cm )45 K4 0~20. 20~40. 40~60 cm tF%, 4
JZME 0~60 cm L35 dh & o LRRE BT IS
B ok 2 mm . X110 g, 4% 15 K
EE I ANZETE7K 50 mL, &% 3 min, R&EH A 1%
HL S R A B S, AR Yang 2R
1) L3 5% (ECrs) 530 iR L2 AR & K R
TTHEESSE. R, RS T AR (881
Compact IC Pro) il 5g -4 483 i el #h 5 551
(Ca®™. Mg*. K'. Na") . 7ESbLat b, 5+
BN BB (SAR, (mmol/L) ) A 438 ] 58 etk
BNE AL (BSP, %), TR J7VEVE WSCHR[14]
1.5 it

KHT7 258 (ANOVA) A8 56 HETBE /K 5 A it 0
AR Z A BAE AN 88 7. BHES 7. SAR i ESP
ISR (p<0.05). FiIFH] SPSS19.0 At a4 7 WL A
EHEHHT (Two-way ANOVA) TG ZE 1737 .
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Fig.1 Irrigation and

2 RS D

21 HESHETH
ANFEAEHE T e & T B LR S SR E AR
w2 . 2EFHAN LIRS SERENES. i
TEnE ZUHHL R K UBOKRBUOK R T 1) 3 2h
FHEE FE A 9 B 21.6%~38.5% «  23.6%~54.0% Al
24.5%~51.7%. HEWE/KTRRfE 4L B T hE
IS R 2 (R 4) (p<<0.05), I Eh &5
TKA AR FE RT3 0T 38 0 A6 35 L AR 1 k- 22041,
OB K 5 JRK HETEE R 1 39 55 £ B AH b R K
Sy lE 11.1%~30.9%. 11.8%~26.1%. 14.2%~54.9%
5 28.7%~70.5%. 32.1%~63.1%. 40.9%~78.2%.
R4 TRBEE AL BT H E S
Table 4 Variance analysis of soil

=N

= PA
iz

salinityduring different growth stages

¥ = TEH i 2244
TEBE /K R 0.004(» 0.007¢% 0.000¢*)
R 0.000(*+) 0.005(% 0.001(

e 7K 5 it 2 0.437 0.073 0.028(%
I R IZRIRAE p<0.05 A p<0.01 /KF L ZEREE, TR,
20
4 15

* a
2 bc
)

&

41
B
_H

F1

F3 F1

TERL ]

400 ] 0
350 | |
NTE‘ 300 T 2
< 250 R e 4§
< 200 P 4 @
iz S — K 6=
& 150 ]l I L= &
& 100 J
50 e T F2 8
| F3
0 1 1 1 1 1 10
0617 0630 0713 0726 0808 0821
H
(b) MRS
fertigation process
it S 2 SR AR A AN [F] AR B B B L R

(p<<0.05). FHE 2 mr%n, TEMBICE B, TR 5t
I, MR KIEE R F2 bR S F3 AT R g
shEAHE FL AAE 77 P 19.4%. 57.1%. 25.4%%5
56.9%. 43.2%. 70.4%; TUB/KHEMSIET, F2 kb3
55 F3 A0 R A 35 5 Eh w b FL AR EE 43 3 B 15.2%.
48.2%. 35.7%%5 8.6%. 52.5%. 22.2%; /KIS
N, F2 AP F3 AEE R 1 3RS S EA L FL Ab3 sy
&G 18.7%.27.3%- 11.0% 5 18.4%. 25.3%. 24.7%.
EREERE, EEMEER ISR,
[FIEF, R AL 22 /K o 5 it e B ) A8 BLAE RN
W EFERELN (p<0.05). b F/KHEB I
T, AFEEAEAE 2 A2 5 B2 TUSUKEEE T,
2R E (FL 59, SiEsE (F2. F3) 4
PR B 22 S 2, T e it R TR UG 3 2 s
BOKFER T, 2 EERE ST RiEEELE
2R, POREREZ LR EES . HhRK,
TR 7K I KV B 2% 1 T RIS R o o F3

(375 kglhm?). F2 (315 kg/hm?) 1 F3 (375 kg/hm?).

Ab¥E. mQl mQ2 mQ3

F2 F3 F1 F2

2

F3

A AN IR A B UK~/ (kg hm'2)

B2 MEEFMARRELRGETZF
Fig.2 Differences in soil salt content of different treatments during cotton fertility
%4 31.7~103.0. 0.2~0.8. 29.0~129.6 mmol/L A
1.9~5.6 mmol/L, 7] W+ 3 EFFHE T Na' 5 Ca™s
I3 5 A1, HEME/KOT 35 50 £ 3% Na' Ca”™* . Mg®'

22 TEAEFTK
ANF AL FE R kA R I B T 2 SR 3
Fim. B3 Nat. K'. Ca®'. Mg® ¥ &k s 4y
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Wrse 5. ANTRDK5RE 5 508 i~ IR R SO T AR B L

IR RS (p<<0.05). AHEL I T ACHERE, MRIK
55K E 24 R 1 13 Nat. Ca®ts Mo® 1 1 &
w4 B TE o 42.0%~73.6% . 86.7%~186%

120
—~ M. Q1 Q2 Q3
- 100 a
o
€
£ 80
i
& 60
il
= 40
=S
2
[+
P4
0
F1 F2 F3
it KT/ (kg hm-2)

(a) L3 Na" R () ik

150

2 a AhFE

3Ql Q2 mQ3

100

50

Ca* ) 5 () 23R FE /(mmol L1

F1 F2 F3
MUK (kg hm?)

(c) 3% Ca¥ W IR

k5 LEMETFHEH
Table 5 Variance analysis of soil cation

T Na* K* ca®t M g2+
TEBE KT 0.000¢ 0.050 0.000¢= 0.001¢%
A 0.002(% 0.000¢++) 0.000¢++) 0.008(%
HEBKBIGER R 0.011¢9 0.388 0.000%  0.000(+)

it 5 S5 3 S e i 20 3% Na*, K* . Ca®™"\ Mg™*
VIR R (p<<0.05). 1 3 A%, 4 FiEi14
R PR B 4 ot 5 e 2 () B N T PARAR o B 7K
MR, . ERAE (F2. F3) &bFE T A 43% Na*.
K™\ Ca®" s Mg W) J5 (1 534 P 4 ol A b ARt 2 B (F LD
A FEPEAS T 37.9%.75.1%.138.4%.150.9% 55 41.5%.
226.9%. 63.4%. 37.9%. WMUBKIEHEESM TR, H.
AR AL R % Nat. KT Ca?t. Mg®t v
YK ) B AR it 0 AL PR IR 20.9% . 49.5%
55.6%. 43.5%5 15.7%. 65.1%. 21.2%. 23.7%. J&l
IKTFRESAE N, A, it s AL HE R A 1 3% Na™ KT,
Ca® W) J (14 B vk 3 43 Sl A AT i 0 R Ak B B AR T
6.3%. 45.4%. 26.9%% 24.2%. 103.0%. 94.8%; '}
i SRR B A Mg R e R P LA R AL
PRI 12.3%, fm i 20 A T 439 v Mg W5 F vk
FLAR it R B AL By 19.7%. UbAh, RELK R 5t R E

1.9%~78.1% 5 129.3%~197.2% . 57.6%~252.8% -
15.1%~157.1%. 7] ., FE3E K LR, +
I TEHLRH 2 T 5 i Bk B B E 2 1 .

1.0

AhFE. mQl mQ2 mQ3

K5 1) =94 B /(mmol L)
o o o o
N = (o2} (o]

o

Mk Pl (kg hm2)
(b) T3 KRR IR %

¥ mQl mQ2 mQ3

Mg+ )5 I = 4R B /(mmol L71)

F1 F2 F3
TERK (kg hm2)

(d) 38 MoP )55 P P
B3 M TR (0~40cm) EHEMRBFHRAGETRETR

Fig.3 Changes in soil salt cation content in the root zone (0~40 cm) of cotton at the batting stages

(9758 HAE F) 2 2 500 13 Nat. Ca® fil Mg W o 1) &
WEE (p<<0.05). Wt B ETURUK R BOK BEBE 264 T
it S (R B I B A T 3 BH B R R
2.3 T1E SAR TR

AFEAEE S A EA R A B BRIX 13 SAR
BN 6 Fron. HURAKRESRAET, Madent 208+
18 SAR HL7EE M5 59.69%~139.4%; MUs/K 5 R /K T EE
EN, Mafent 0 3 SAR LK EE A 4 I B AR
23.6%~55.3% 5 22.3%~30.8%.

AN FVEEE /K 5T ) 12338 SAR % 57 B 2% (p<<0.0D),
358 SAR Bt VEE IR /K 0B I8 i 388 o ZEAR AR
WL TR 2, BBUK S ROK S Rt
B SAR 43 7AHECHE /K R 136.7%~149.0%.
0.8%~27.6%.4.8%~12% 5 206.8%~554%.44.9%~121.1%.
57.2%~108.9%. 75 HIAITEES B it 2 AL HEXTAR [X 1358
SAR FHiE# (p<0.05). HRAEmbZL, HF /K
SR F3 AR 43 SAR 43 HiILL FL ARERAN F2 AbFE
1% 12.2%5 27.0%; fUSKIEHE T F3 b3 1) -3 SAR
Iy HIAHEL F1. F2 Ab3AK 5.0% 5 8.3%; Rk 461
N F1 AbFE A +3% SAR H F2. F3 AbFE 2 MK 5.6% 5
10.4%. BtAL, EBEK T 5 it R 1A BAE RO R AR
A EHHIIE SAR [MEZIIA B R E K (p<0.05).
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FWUBUKHEBL T, e MmEEE (F3) SNt E
(FL Ab3EM 11 SAR Z5F W BUKEER N,
FERE 2R R 2 5 it R B2 [ 3% SAR %

TN
%6 TR AHN AL SAR
Table 6 SAR at different growth stages

27 REAFH WA LEESP
Table 7 ESP during different growth stages

ESP/%

SAR/((mmol L1)°9)
Ak

I TER I 24
F1Q1 3.9530.43de 6.24:0.26b 7.4230.43cd
F1Q2 9.6120.97bc 6.431.05b 7.7830.28¢
F1Q3 12.21:40.25h 9.04:0.24a 12.5340.29
F2Q1 5.27:0.58de 5.9120.59b 8.4130.52¢
F2Q2 12.4744.20 5.960.17b 8.0320.18¢
F2Q3 16.16:+1.49 8.62:0.76a 13.2240.3ab
F3Q1 2.770.36¢ 4.17:0.86c 6.6220.76d
F3Q2 6.8820.69cd 5.32:40.41b 7.4130.94cd
F3Q3 18.0842.5a 9.2140.93a 13.82:41.04a
Tz

Q **(p=0.000) **(p=0.000) **(p=0.000)

F *(p=0.012) *(p=0.016) NS(p=0.066)
F>Q *(p=0.003) *(p=0.047) *(p=0.020)

2.4 3% ESP Tk

ANEALFERHRIX (0~40 cm) 13 ESP % 3% 7
FizRe MR /KHESRLE T, Hafent 200 +38 ESP L
W% 53.9%~126.6%; HUR/K 5 RUKEESIE T, Hife
m 2] L ESP LK B 4 AR 20.6%~44.7% 5
17.8%~24.0%. HEK/K)G 2 mR X 1% ESP (p<
0.01), -3 ESP Fifi 5 HEWE /KK b 3G m 3 n .
ERRAEE . FE W, 20U, BUKE it
ESP Lt 7K 5 R K 233l 1= HE 17.0%~434.6%
36.0%~64.2% . 51.5%~71.9% 5 22.9%~127.7% .
41.3%~107%. 48.0%~90.2%. 7EWIAIEEL M, iz E
Sof 3% ESP f52m E2# (p<<0.05). HRfErtZ,
NKVEBLSAME S FL. F3 AbHEfY 135 ESP tb F2 Ab#
53 Ik 10.6%5 19.3%; FUBUKEEBL R, F1. F3 4b3
-3 ESP LU F2 2L ARG 2.8% 5 7.0%:; UK EEBE
T, F2. F3 Ab3 3 ESP Lt F1 AL FE 7 5 PR 4.4%
5 7.8%. MHEFRFZSWEREH, HEAKE S
REMLZHERXRAEE T % ESP P24 TR
RN (p<0.05). FUs /K EMEAR 175 BA s it % =
(F3) H5ki& & (F1) APER) 13 ESP Z 7 i3
R 7K R R T R A it R B S o it R TR ) 4
ESP Z ¥ . XU IERUBUKIFEE T, 1& 238 A
JIEay AR L35 ESP; UK R, MG IL Tt
115 ESP.

84

b3
M i Zgi] 2
F1Q1 5.5540.55de 8.440.27b 9.9940).56¢d
F1Q2 12.59+.1b 8.75+1.31b 10.4340.34c
F1Q3 15.4740.27b 11.8940.28a 15.8140.29b
F2Q1 7.2640.77cd 8.0940.73b 11.1740.6¢
F2Q2 15.5344.32b 8.1440.21b 10.7440.2c
F2Q3 19.48+1.48a 11.4240.89a 16.5440.3ab
F3Q1 3.9840.49%¢ 5.834+.14c 9.0240.95d
F3Q2 9.3440.86¢ 7.3540.53b 9.98-+1.15¢cd
F3Q3 21.27+.31a 12.06+.12a 17.15+.07a
R

Q **(p=0.000) **(p=0.000) **(p=0.000)

F *(p=0.006) *(p=0.014) NS(p=0.052)
FxQ *(p=0.002) *(p=0.048) *(p=0.023)

3 ¥ i

FEBL KT 2 e LI /KPR R R R . AT
REEREY, TIREHESHTREEE AT 1L
TGN, X5 Yuan SRS BRAHE . BE
EREBK S ShE NI, KEME PN, 4
TIEAEEUR AR . W1 Na" & T m e BRI
R, BRBIR IR, IR TIEBE D, g
BT REIE KR OA; B—0rm, —HmEET
(Ca®™* 1 Mg RE NS B it - 358 B A o B ) Na'™
(i HE R A 20, st - IRa . R IL R M K R
(4.90 g/LOZMER, 3% Na" &4 5 129.3%~197.2%.
TR (SAR 5 ESP) B BN, i
WAL B K P HEBE RE W B 4 s 0% SAR 5 ESP, iX &
AR s o S B T4 A R

TG RE W PR L o . LS
I 5t 2R 89 P T A, 3% 5 Chel Vg & pg )
WFE 45 FAR I . Machado 252175 4 T b 4518, Bl
&Y AR AT PR LR AR A R, AR E A
B HIR IR A R LY TR, i
Rt L3 Na'/Ca® 354 B #e, B4k
CaSO, YLVETE —EFE B R - 43 b7y R, IX P REE
FH T3 24089 s AR A T I R o o i - B PR,
PR IR EE 7y . Bt & (315, 375 kg/hm?) [#
8T Na's Ca"WIl Bk, X AT HEA T 1 it %
IELFi 0 30 1 398 rh /i Rk L R AR PR T FR 2T, T
PR AS Na*™, PR LI O s 2. IR
T BEE AR R D R, L3 SAR 5 ESP
B2 FEAG, HETT PR T3 R R

FEAKOK I 5 it B (AP AEAC EAE T, 31T 5w
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b R0, ould PR L, MERLK TR R
(158 AR X -4 dh oy BT 28 5o m . AR SC4h R,
B A (315, 375 kg/hm?) FUEARA™ 14 1 V2 ik
KB (1.27. 3g/L) HARNS 2% PRI & Eh i
Na*. Ca™ W)JF (KIBIR I, X T RE A PR yad i 18 i
REREEE LIED T NOs &, Mt Euy
(g2, B AR I N, 3P NH, "5 Na*
PR TE A PO, KR A BRI B Na T2, A+
e ha . (H2, UMEEKE L E T s, iR
SRR IR . UK AT, i
REAFE 13 SAR 5 ESP 70 Al T 4.5%41 3.7%.
X ] RE A AN 3 R W K R A AL
Ao R R A1 PR R, Sk 23 it i T B R 2K
AR, it B s SRR IR, RN A R
B OH I, i SRR B T B BRI
B HEEh, i T AR,

4 25 i

1) EHEER S RN B B A KA )1
3G MR E AR, MUK S BUKTE 4T L
WA IR Na's Ca® MR (1 Bk 5 2 il L R K
VEE 14.2%~78.2%. 42%~197.2%L5 86.7%~252.8%:;
13 SAR 5 ESP 43l i 4.8%~108.9% 55 48.0%~90.2%.

2) JEM I LR PR LI 5O E T
B, BEmiaEE (315, 375 kg/hm?) %&4F K, Tigdh
35 Na'. Ca™ W (&R 70 B EL AR i L i (255
kg/hm? ) 4b B8 ik 8.6%~70.4% 5 6.3%~41.5% .
21.2%~138.4%; 1% SAR 5 ESP 35l F&1K 5.0%~27%
5 2.8%~19.3%.

3 GEHELES S E. BTYRNEIRE.
SAR 5 ESP, IS /K RN K 15 VEE 2% A I I R e
%N 315 kg/hm?,

S -
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The Combined Effect of Drip Irrigation Quality and Nitrogen Fertilization on
Soil Salinity and Na* and Ca?* Concentration in Soil Water

CHEN Hao"?, WANG Jun®", MA Chao? HU Haizhu®, LI Jiusheng?
(1. Inner Mongolia University, Hohhot 010021, Ching;
2. China Institute of Water Resources and Hydropower Research, Beijing 100048, China)

Abstract: [Objective]l Drip irrigation using brackish water is a way to relieve water shortage in arid regions such
as Xinjiang, but it needs a good management to reduce its detrimental consequence. The aim of this paper is to
investigate the combined effect of irrigation water quality and nitrogen fertigation on changes in soil salinity and Na*
and Ca®" concentration in soil water with cotton planted. [ Method] A pot experiment was conducted from June to
October 2020 at Alaer in Xinjiang. There are three nitrogen treatments: 255 kg/hm? (F1), 315 kg/hm? (F2) and 375
kg/hm? (F3), and three irrigation water quality treatments: 1.27 g/L (Q1), 3.03 g/L(Q2), 4.90 g/L (Q3). Irrigation
with groundwater was taken as the control. In each treatment, we measured soil salt content, and concentration of
Na* and Ca** in soil water. [Result] Depending on nitrogen fertigation, saline water irrigation increased total soil
salt content and Na* and Ca®* concentrations by 14%~78%, 42%~197% and 58%~253%, respectively, compared to
groundwater irrigation. It also increased soil sodium adsorption ratio (SAR) and exchangeable sodium percentage
(ESP) by 5%~109% and 48%~90%, respectively. Increasing nitrogen application to 315 kg/hm? and 375 kg/hm?
reduced soil salinity and Na* and Ca®* concentrations by 11%~70%, 6%~42% and 21%~138%, respectively, and
reduced soil SAR and ESP by 5%~27% and 3%~19%, respectively, compared to the control. [Conclusion] Soil
salinity increased with the increase in irrigation water salinity, but increasing nitrogen application to 315 kg/hm?
could reduce soil salinity and Na* and Ca®* concentrations in soil water, thereby alleviating salinity stresses.

Key words: drip irrigation; brackish water; soil salinization; ions; fertigation
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