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Influence of Mulched Drip-Irrigation with Brackish Water on Element
Composition of Soil, Cotton, and Cotton Yield
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Abstract: Irrigation with brackish water has a long history throughout the world. Trrational use of brackish or saline waters,
however, may lead to soil salinization and reduction of crop yields. In order to promote reasonable applications of brackish wa-
ter and fertilizer irrigation, a series of experiments of mulched drip-irrigation with brackish and fresh waters were carried out at
Bazhou Irrigation Experimental Station (Korla, Xinjiang, China). Plant and soil samples were collected at every growth stage.
Cotton yields were measured at boll opening stage. Nine elements (Ca, Na, Mg, K, Cu, Fe, Mn, Zn and B) of each sample
were tested in triplicate by ICP-OES (ICAP6300) after pretreated. The influence of water quality on the element compositions
of soil and cotton and cotton yield were discussed based on the experiment. The results show that growth rate of Na* in narrow
rows and interspace of mulches was lower than that in wide rows because of higher content of Cu, Fe, Zn. The ratios of K/
Na' and Ca®" /Na' , however, in most cotton organs show no significant differences between the two treatments. From buds
to boll stages, brackish water irrigation enhanced the accumulation of above ground dry matters, which was favorable for vege-
tative development. From boll to boll opening stages, root and reproductive growth under brackish water were superior to that
for fresh water. Furthermore, dry matters, boll weight, numbers of boll per unit area and cotton yield under brackish water
were higher than those for fresh water. According to the correlations analyses, relationship between most trace and macro ele-
ments was weak. High correlations, however, were found among manganese, boron, and calcium. Within a certain threshold,
boron, manganese promoted the absorption of calcium in cotton. It has been proved that a rational use of brackish water will
not lead to the growth stress. On the contrary, it would not only lower the growth rate of Na' in the soil effectively, but also
strengthen cotton’s resistibility to salt stress and increase cotton yields as well.

Key words: brackish water; cotton; salt damage; inhibition; trace element; geochemistry; environmental engineering.
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Table 1 Elements and anions in irrigation water of Bazhou

Irrigation Experimental Station in 2012

TREHET K (DN
Cu 6.140.2 8.0%+0.3
Zn 84.4+4.3 127.344. 2
Fe 449. 729 690.6423. 1
Mn 21.641.9 27.1%+1.5
B 92.9%12.5 293.7+20.5%*
Na 67.86+11. 20 401. 3747.43* ¢
K 7.12+1.11 23.3840.43" ¢
Ca 51.57+3. 24 145.0143.98**
Mg 24. 061, 84 100. 674-3.98* *
HCO; ™~ 196. 084-3. 16 368.07+£2.81* %
NO; — 16.37+1. 36 47,1442, 25"~
Cl~ 55. 18£7. 09 443.20410. 61~ *
SO~ 132, 75+13. 57 704.70+15.15* *

H:Cu.Fe.Mn,Zn.B &5 5470 pg/L, Ak mg/L: fHN
BTG R I AR MEZE ; * FaR 0. 05 K b, 2 ik 7
5 R 0,01 KO 1, 2 FhAL RS SR R 5 3% 2. 4~T7 [R]HLL
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Table 2 Background value of different elements in tested soil (107°%)
R . . N _— .
wem S Cu Fe Mn Zn B Ca Mg Na HEAE OESEE AREAE
0~10 0.884+0.06 10240.8 58 9+3.2 1.5840.24 1.5640.09 21 023+1113 5877 169469 47.9459 11.343.8 23.3+2.2
10~20 0.9340.03 101£2.9 57.1+1.6 1.1240.03 1.8040.06 19 6224687 569414 143441 47.041.2 20.445.4 22.1£3.2
Mgk 20~30 0.9420.04 100%4.3 58.8F1.6 1.00%0.08 1.924+0.21 20 37141097 5579 123£10 55.6£8.1 14.0£3.5 26.0%3.5
WU 30~40 0.7540.03 87%+2.8 55.0F2.2 0.8740.11 1.4040.13 21 1244607 447+8 108+5 50.8+4.6 5.5+3.3 18.3+2.0
40~50 0.81740.13 8345.1 58.844.0 0.96+0.34 1.55740.29 18 244+1686 60040 151424 56.5+6.4 4.3+2.3 15.4+1.6
50~60 0.87£0.06 96+£2.9 64.245.6 0.7240.20 1.83+0.17 24 8924961 7569 23167 53.1£3.6 3.430.8 12.540.8
0~10 0.91%0.07 101£6.3 57.84+4.6 1.5240.33 1.70%0.38 20 66241690 610435 15647 50.6+£2.1 12.0%£4.7 24.542.1
10~20 0.96=40.17 1024+6.9 59.343.3 1.097£0. 23 1.7840.43 20 332953 587+43 135430 46.0%3.7 19.7F4.1 23.2+2.8
ok 20~30 0.99+0.16 9746.8 56.3+4.1 1.024+0.16 2.07+0.70 19 23241987 563+33 127422 54.2+1.5 13.246.7 25.041.4
0
30~40 0.73£0.02 85£5.4 58.0E6.9 0.9420.27 1.33£0.12 21 88441450 470+84 104+£27 52.84+4.6 5.947.3 17.544.1
40~50 0.7940.11 88+8.8 62.849.0 1.04=40.17 1.5140.27 19 6503896 637447 156444 53.6410.1 4.1+2.5 14.8+1.3
50~60 0.83+0.26 91+15.3 62.1F4.9 0.75%+0.48 1.97+0.02 25 05043322 762+66 21443 55.5+6.9 3.5+0.2 13.3+3.6
x3 2012 FHEEKGELET R
Table 3 Scheme of irrigation and fertilization in 2012
EFEH EH 1 B - 22473
HKGE 1 2 3 4 5 6 7 9 10 11 12 13 14 15 gt
=]
K H I . -
A/ 6/25 6/30 7/5 7/10 7/15 7/20 7/25 7/30 8/4 8/9 8/14  8/19 8/24 8/29 9/3
S e AN
{é?ﬁ/ﬁ;%‘ﬁ 4.3 7.1 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 5.7 5.7 2.9 2.9 2.9 100.0
0
it E=N
{ﬁf;% 22.499 37.498 44.998 44.998 44.998 44.998 44.998 44.998 44,998 44.998 29.999 29.999 14.999 14.999 14. 999 524. 970
it
(kg/hm?) 14. 4 19.2 52.8 60. 0 60. 0 60. 0 266. 4
W WG RS ARENKHTEEE R R AR AR R
\ s FE LIEATER 2 ARARAE g O TR HEAT 7 17 30 em,
e N S N
d SN Ld e FHHEAT I M AMT  NAT AT 15 em, BURE R B
20em 55, 20cm  40cm 20em 54, 20em > 60 cm, Eﬂ%é/l\ﬁlﬁéffﬂﬂﬁij{j 30X 50X 60 cm®, B
AL WG RAD| mm | R WA AT RIS F R 43 10 X010 em® A%, 3 [ (8] A
110 cm 110 cm > 3T > > N
10 em, BIEFUCR AR R AE 90 1. AHBRAE R R
Vel 1 PR ) ARG AL I B IR HE T A1 g J5  FHZERKIE UG  FEMARAR L 25 T TR VR %%

Fig. 1 Sketch of cottons and pipes for drip irrigation
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524. 97 mm. i A F (H & A &= R 4620 JR )
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A H[A], HA42266. 4 kg/hm® 43 6 IR BEZKIR (£ 3).
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Fig. 2 Growth rate of sodium in soil profile under mulched

drip irrigation with brackish and fresh water
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Fig. 3 Distribution of six elements in soil profile under mulched drip irrigation with brackish and fresh water
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TIRAKALH;0~60 em VREE N, Fa4T A5 4T L ML) ¢
TCR F R R H VEETE 0~30 cm TRBE PN 22 5
BN, 30~60 em RE N LT BRI H BB CR &
/N T 94T, AT L iR TR I R I TS
TEAL TR R BF Y i s TR K AL B R AHETE 0~
60 cm P, UK AR BN 2547 L REET1 AR L 4k B 3 T
R o AT, HF H R & F ot CE¥ &
7.7% 8k 10. 8%, BF 18. 3%0) L T IR K AL BRAS AT |
] 3 FiOCE AR/ NT5e/T. 545 B B EL . A LBk
PEE T ARBUN KA/ B TR FIRER . B S 5
FIEAREE A ARBEC R AR INE T A > >
B > > > > (R AR 45, 1990) o PR IHA L 42k
PR R I ) R A I T s 4 R B
Na® , i FEAR 3 b Na® & & 5540 IR
TR TCZE A KW X Nat BBy, x 2
PR TO 3R i il e — o R Bl N A g A
FHRIER B UK GRAO AL FETR . 0~60 em +
SRR | BT i 43 i 0. 82(0. 63) X
1079.90. 69(76.83) X107 °,1. 07(0. 87) X 10 °, £
Hrh i TR S A K R E R Na® B
PR E P A BRI A AT R TR A

TE— 8 BN Tt JC R AR 6 PR A 0
F3er Na® BERL i Ca™™ Al KX FA4E R iR
BTV AR S T R S R TN
EC EG A ok FR s A W AR N B 1 B 5% (Al-Karaki,
2000). 7 4 R I, TCIeTE Wk 2 20 Ak n
EU ES A LU XA DR 5 8 s P L - 75 1 MR A 3 T A
PRIGEREN L VES4M HUAE 2520 B N 38 TR K AL B
BRWEBTE D S/ E B T2 s 2
1 ORI TR E AT PRAR S R BN LL L S L v TR
IKAL TR, 25 i B I TR K AR B S5 K P H R
T4 B BN U BT 25 b L FEARIR IS A5 R
T E AR R R E R B AN
FEME B e R W ARG N A L S AN L
A PRI HE R 7K S5 ) DX i A B S 25 e eAh Bl
AEHEWER.Ca K A B, BRE e
B EE A L S R e, PR AR AR AR A L B 44
P B AR a8 B > E SR . sk Ca®t (KT
B AR AR AR E I BRI B Gt KT
B RSN AE AR — B4R R B R KT
(R AN L NS AR L L BEIG Na™ XA A 1Y 2 T2 3.
2.2 WRIKPTEREEXNBEFTENIT

R 5 EE AR ) O 3 Ry AR K R EE A AR A, b i
W R TR EE R WAEAR R 28 B Z 0 s i 5

x4 FEEFHBHRPIAEE S50
Table 4 The ratio of K /Na™ and Ca’" /Na® in cotton at

different growth stages

T oo K" /Na* Ca?t /Nat

m N ok ok oK
M O16.33E144 13.35+£1.97  3.16£1.36 2224054

- 2 14,36+0.12% 8 14+L11  5.87+1.8  3.79+1.47

P om o 9.6941.81  5.4541.27 16.0241.43% % 912074
7 86.6443.36* * 39.2842.78 81.83+2.28** 51354171
M 5324193 5102013 164£0.45  1.48+0.23
2 4941040 6311054 2164076 2.4140.09

2] 3.80£L52 4.3940.04  50640.60%* 8 224134
B 48,4146.19  46.5749.66 13.1044.98  10.6541.85
% 25.2248.83% 37.7146.65 5. 7540.79**  7.73240.31

YL, I e AR I A 25 A 48 bR (Dasgan et al.
2002). }13& 5 A1 A 2 Bl kb 3AR A6 AR L (b T3
Sy BT R E N D YRS R T A R
BN TE I — B BRI S 59~116 d) . 1)
R T T Ak B 5 B WA IR 7K A B 5 4 — i 2
WM G 116~137 &), Bk i HE AL BEAR AL AR 5
A8 5 TR K A L AR 56 v IR K AR B 0. 696 ~
3.7 E AT IR B GEFP IS 66 d) , SUBU/K IE Bt Ak
PR AR T (G B B TR R E AT
TRIKAL B

TP AR AL = i (1 S Atk 1] 4 R Tk
POKHEBALHL T A bk T 9 By ZRUE O, 7 LA
H TR A HE TR Ak 3 A R 1) T 5 TR R IR K AL
B IF HBEE A F T . 2 R AL 3T i i 22 70
BN 7 A 2 B UK AL SR AR T o R
S IR K AR B 5. 78,13, 01,17, 32.,30. 05 g/ k. 8
BUKHEZICREME T H R B E R TIRKGE D,
Hor M AR A K BT A A i DT 2R R R A B 1=
HIR K 2626~ 54 Y% , 3 5 A AL TR £5 1 1 45 BT &R
B Ay Bl 181%.228% , B F T E A Fi 4 1
SRR 2.9 51 5. 3 4%, S 5 A EHMEE T
FHIRIRKI 4.2 5 AR H B TR B MM E
JEIRIKIN 3.2 R 1 FH sl i A TR 2 0 A3 A6 X 78 %
PRI B T T PR, A R W] R K
JEK HE A A AR AL T B R AL (R, Gouia et
al. (199NN, b it 2 O AL T4 T B8
KRS LB AUN. EASE 2E R R
Gouia et al. (1994) [ 4518 B AEM AL 32 B £h 43 W38
FAF AT, AR LE FRAN LU RIS A LG ) 45 SRR E
UERA ARG 1 B2 v AR I R AR A A R e A
/I SIE

6 U1 7~ Ay 2 A B 1) B A6 B 287 1 BURK
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Table 5 Root/shoot ratios under mulched drip irrigation with brackish and fresh water
Hhh FHEARFR TP (2
JaR AbRE HFFET T
N 2 EA =
Hd i - i & # # 2 pmme wmEme ook
- WOk 1032078 16140.35 1.6440.52 0.2720.03 1.0340.78  3.51+1.17 29.245.1%
¥ ok 1234072 204403 164047 0,3440,04 1.234£0.72  4.0241.23 30.5+6.3%
6 ORIk 2.3740.63  5.841.83 6.3341.98 0.9540,35% 1. 2740, 44* 2.3740.63  14.3944.25 16,51, 4%
% sk 158+0.58  3.6140.46 4.8140.48 0.454+0.13 0.3140.02 1.58+0.58  9.17+1.11 17.2+1.2%
- UK 2.24420.35%  7.33420.14%  8.0840.74 2.814-0.51* 0,160, 03" 2.2470,35% 18.3741.37* 12.241.5%
oK 1652048 4.74£1.28 6204174 1.8940.35 0.2740.01 1654048  13.18£1.38 12.54+3.6%
ol MUK 36222011 ¢ 10.5674-1.82 9,021, 68* 2.324-0.52* 0.302-0.02* 9.180.05* * 3,620, 11 * 31.3845.01* 115+1.5%
%ok 2.33+E0.15  8.3240.31 7.1940.54 1.434-0.39 0.48-£0.05  2.2540.01 2.3340.15  19.6620.04 11.9%+1.7%
16 sk 6.540.81*  16.62+2.87 16.16+2. 81 27.17+2. 11" 6. 540, 81* 59, 95+3. 04* 10. 9+0. 9% *
WK 3.2840.69  13.392£0.87 10,8343, 23 21. 3842, 94 3.284:0.69  45.5943.16 7.220.6%
137 WK 6474198 14,4542 4117, 4740, 85* 29.894-8.74 25.61£7.72 6.4741.98 87.4243.94* 7.4+1.4%
oK 404042 9.3242.96 8.53F1.85 22.2348.18 19.7145.41  4.0440.42  59.79+6.97 6.8%41.9%
P ek A HOVBTA L 5 0 L2 A R B 6 A AR TE 2 R
2 v i 2 .
f;f 80 iz ] SPSS 19. 0 Xf 2 fhAbFRF 54 FEATH 9
&E FROCZR CBG VBE B A0 VB VR B B VD HEAT AR O 40
2 . —1 — \ A Y
T o} PERBLCE 8) AR M R A —E MK R
BRVHR VBRI A FR R TR Z ) 2 R S A OC (BRBE.
0 PRE S 55 A0 5 55 VBE VAN VBRI 4 FROCR Z [H) 2
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Fig. 4 Accumulation of cotton dry matter under mulched

drip irrigation with brackish and fresh water

R6 RELGRKETHESGTIRRT2
Table 6 Cotton yields under mulched drip irrigation with

brackish and fresh water

LR VAR ALY FER

b AT (g , ;

IR RER /3.3 (kg/hr?)
WOdk  6.0147420.534  397.8448.5% % 7 177.0574-883. 96" *
% /K 5.83320.428 318.34+42. 6 5 569. 954754, 32

VR A L L AR A BAAS B L LT TR B LA BORF AR
W TIRK A B, 4y B E 3. 1%, 24, 98%.
28. 85 Y4  Jor B T RS B SN A P o 2 5 B
2.3 BHEANETESEETEEAEXXER

Sy BT A6 2B K AR R Bk 9 oT R ALl R B (3
T AUBUKHE AL BEARRAR 2 RN LR SR A T
RAKALI, 25 TR & K FIR KL B S48 H
WICE 22 PR R - B> 25 >4 AR
AT USRI N AR AR AR A B A TR
S RIS AR A L 53 b UK
EEAL PR A TR AR P ORI ARS8 B e R Al

ARG CBRAES P A) S 55 AH G 4 5 HA T 2 YA G
FEBEA i R REOET 0. 5).

TE—E TN 5 T RefE AR NS TR 1Y
TR AE R 5 2 Al DA 2 41 i 5 ) Az i
(Minarik and Shive, 1939; Keyser and Munns,
1979; Abdulnour ez al. » 2000). Rif A\ HIBFSY F 556
TEAR T B X6 AL A A RS2 M o T 0 =3 7 A AR
VEF B B8 8520 [/ 5 oMbk N s e R 4 il
LREBITRZ A AR R A 4, b AT L
A0 LLRR 8 B SE PR S AU il 2 Z TR A
KRR A TR A -

y=—13.43x,* 4+ 14972, — 10 806,

(R* =0.824) , (D
y = —24.64x," +1890x, —7 584,
(R* =0.824) . (2)

Ky a2 SRR NS BB TR
i B R me/kg.

FRAE IE 5 2E K I 75 8 46 00 K 43 oA 20 X
10 ~60>X10"",20X 105 ~400 X 10~° , fit F W (i
St U AE SO 0 2R Bk = L 8 T B U 3 B AH R
IC R FEH. AR 2, 78 0<<HII<<55X10 °,0<<
BR<740XX10 i [N BRI N 55 0 2= Bl A B0 L6 1Y)
0T 3G T B 2 X — S R 45 o 2 Rl 2 3 i i
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Table 7 Elements composition in cotton under mulched drip irrigation with brackish and fresh water (boll opening stage)
AR ARE Cu Fe Mn Zn B Ca Mg Na K
R 5.640.8 70.2+3.0 5,640, 2% * 9.0E1.1% 11.14+0.2 2793418* ¥ 143743 * 170948**  9099450* *
Z 7.440.17*  213.9£8.2* 11.0%0.8 23.249.2  32.440.2%* 214184234 * 10 8404313* * 9 96040* * 49 1454467 *
Mgk M 44+1L0 3746454 27,5442 16.3+1L1  39.01L5% 33841£138% % 7710£30% * 6 7074100% ¢ 25470466
 3.3+0.6% 89. 7+1. 4% 8.3+0.5 14.5+1.2 15.5+1.7 37414223~ 2119411 283413 13 829286
2 2.6+0.1%* 109.142.4** 8510.6** 15.5+1.2*  10.640.4**  1545416** 1407418 * 26444 6763423 *
R 3,011 73.8£8.4 3.6£0.2 10.5£0.7 11.0£13 2390146 1204+£12 1614%18 8 221445
E S 6.4740. 2 239.943.4 10.3+2.1 27.5+5.9 23.2+0.6 22 808+194 12 6224384 9472428 59 7984550
Wk H 4,84+0.1 384, 0£45. 4 29.1+1.8 17.9+1.5 43.3+1.6 35 825465 7 857427 4368415 19177786
[ 4.47+0.9 70.4£8.7 7.4%+0.6 12.0+1.4 13.7+£0.3 3084421 2071451 291+6 13 5064316
ES 2.240.1 59. 8£0.5 6.8%0. 2 11.9%+1.2 5.7%0.1 1254429 10234144 16344 6111476
LR AL 1075,
F8 WERM 9 FITEEIHEKXES T (n=54)
Table 8 Correlations of 9 elements in cotton
JLHE Cu Fe Mn Zn B Ca Mg Na K
Cu 1. 000
Fe 0. 294~ 1. 000
Mn 0.407*>* 0.576** 1. 000
Zn 0.35** 0.617** 0.529** 1. 000
B 0.349** 0.579** 0.648** 0. 267 1. 000
Ca 0.35%* 0.38** 0.704%* 0. 295 * 0. 715 % 1. 000
Mg 0. 458" * 0. 220 0.53** 0. 246 0.534** 0.794*~ 1. 000
Na 0. 068 0. 136 —0.012 —0. 082 0. 260 0.493**  0.607** 1. 000
K 0. 080 0. 177 —0. 030 0. 133 0. 162 0.382* % 0.587** 0.782* % 1. 000
50000[ (a) y=-13. 43x’+1497x-10806 50 000[ (b) y=-24.64x*+1890x-7 584
R=0.824 R*=0.822
40000 40000
S 30000 30000
i
2 20000 20000
10 000 o Ui 10 000
2k
0 ! ! J 0 L] 1 ! ! )
0 20 40 60 80 0 10 20 30 40 50 60
e %(10°) 576 %(10°)
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Fig. 5 Matched curve of correlations among manganese, boron and calcium in cotton
a. MBS SE R AUA I Z s b. 4 A AIDCOC R BIA HIZR. 1. AR 48 2 (Ca<C10 000X 1070) ;2. 25 .7 (Ca: 10 000X 1076 ~20 000X 1076); 3. 7
Wit/ (Ca:20 000X 1075~30 000X 107) ;4. 2 F (Ca:30 000X 1076 ~40 000X 1076)

U/, ST B N AU B R ST 24 bR 15 2045 - ) .
Eh~=597.36 + 1+ 0. 83, [A 1 A 3 1t 4 it AT, AE AR
TEAD 7R85 70 Z 11 [R5 Y Pt B NE R AE , CRIEAR
TEPRN A TC R AL T8 85 K, XA R T4 R AE
AR P S 7 A, AR AL X £ e i SR BLRE 4.
AU R S R ISR LG I & 4 X

B 5 B PE) : (D AL 42 (Ca<<10 000 X
1075);(2) 2%, (Ca: 10 000 X 107% ~ 20 000 X
10795 (WM H (Ca: 20 000 X 10 ° ~30 000 X
107%) 5 () It/ (Ca: 30 000X 10° ~40 000 X
10, F5ICRFEM AL B 3R, R LR 4 A 9
S5, Bk /b Na™ [ 3 b 38 38 Hi o 2% A 2k 35 0 A A
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AR IE 7F H (Rengel, 19925 Marschner, 1995). ##
S 2 55 3 O 2T A P LA A
RN, T ARG o 500 4 R 4
K-

3 Gk

(D TUBK R T T S5 328 47 R g )
HIOCEK OUHIEM B SR B S T 9647, Na™
BB T e 17, iR IR U . &38R F UK FE I I
AN XA A I R 2R T B L S AN LT
I PRI WR K BT DX i A 2 25 S B AR AR AR
AR UBUK AR BRAR AL A5 25 B (AR LL VB B L
1 TR AL B 53 A 1] T $2 e Al A6 2R R 0 0 6 3
TN 2 k. b B A B R e B R AN L
B LG R A S AR TR AN L B AN L T
FRASE X2 Tk o A R R R YL Bk
Z % Na® 7 F 1520 A F) T4 S AL 0 7™ 6L
5 LA R it Eh P (Saleh, 2012).

(O Z BRHISUK - P R & A = R
A BRI FH 24 3 R K T T8 TG 3B S A A 52 1) 56 4
TS AR S T AR TP i AR AL
R W BUSUK VAR i T B T Y
R AR TR E AR B =k 21, Uik
THHEMAEAR R R T W A FIRoK AL 3, A R T 5 1
AEFEAE R BUBUK AR 38T Y L 2 R B A 77 i 1
BLENED T B IR KA B, sk E R RE S
b 2 R AL AR S BIORIORF A 7 i, A A AR B
FEARTE B 7= PRI (R SCHRF 5§, 2012).

(OWFFE L H R NI TR S R IR Z (A
FHOC R 55 » A 05815 76 2% R A7 A 35 A A 56 6
R I HAE— 2 BEL PN B0 6 RE A% 02 2E AR A8 X485 50
TR, R AR 0K TR AL ) 5 7 2R [ 5543
HR R bz s T SORE BRI v BE B BE Y
[Ca™ I} >[Ca™" 125 >[Ca™" JMR, X 5 Htk iR
Ca™" S A AR — B RAE I R aT 5, 1996).
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