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Abstract: Brackish water distributes widely in arid area of Northwest China and the NaCl and trace element contents in brackish
water are higher than those in fresh water. Cotton (Gossypium hirsutum L. ) is likely to be affected by simultaneous NaCl and
manganese toxicity stress when irrigated with brackish water. The crop yields including cotton (Gossypium hirsutum L.) are
usually reduced by poor quality of irrigation water or the low contents of nutrient elements in soil. Many experiments indicate
that some salinities in irrigation water or soil will affect the cotton growth and yield, and the predominant salt damage to cotton
plant is from sodium (Na' ). Meanwhile proper nutrient supply for cotton plant, especially trace elements for cotton, is impor-
tant. Cotton diseases and abnormal growth are caused by lack or excess of trace elements. However, it remains beyond our full
understanding as to the combined effect of salinity and trace elements on cotton growth and its uptake of nutrient elements.
Thus we selected the trace element zinc which is sensitive to cotton growth, and conducted a pot experiment including 24 differ-
ent treatments in irrigation with 6 NaCl levels (0 mmol/L., 5 mmol/L, 15 mmol/L, 25 mmol/L., 35 mmol/L. and 45 mmol/1.)
and 4 Zn levels (0. 192 0 pmol/L, 0. 767 6 pmol/L, 3. 068 0 umol/L and 12. 272 0 pmol/L) in three replicates randomly in a
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greenhouse at Wuhan Botanical Garden, Chinese Academy of Sciences. During the experiment, cotton growth of different treat-
ments was measured every ten days after germination and cotton plants were harvested 197 days after sowing. The cotton bolls
were harvested and air dried and weighted the wool without seeds to calculate the lint yields. Cotton samples of roots, stems,
leaves and fruits were brushed to remove the sand and dusts, rinsed with deionized water; oven dried at 70 ‘C for two days and
weighed dry weight. The dry matters of cotton for each treatment were triturated and sampled 0. 5 g for acid digestion.
Twenty-seven elements were measured in triplicate by ICP-OES (ICAP6300, Thermo Scientific, England). Nine of the 27
elements i. e. K, Ca, Mg, Na, B, Cu, Fe, Mn and Zn (cotton nutrient elements) are chosen for analysis in this paper. The
results show that salinity promoted cotton root, steam growth and cotton lint yields when electrical conductivities (EC) of irri-
gation water fell in the range of 2. 90 to 3. 95 dS/m in the zinc deficiency environment. While in the zinc-rich environment,
salinity inhibited cotton lint yields when EC was greater than 5. 04 dS/m. Cotton plant vegetative growth become faster when
Zn concentration of irrigation water in the range of 0. 192 to 3. 068 umol/L, while when Zn concentration was greater than
0. 767 pmol/L would cause cotton plant lint yields decline. Analysis of variance among cotton growth, root and stem dry weight
parameters revealed significant influence by salinity effect but not by Zn. Cotton lint yield parameters revealed that the effect of
Zn was more obvious than salinity. Interactive effect on cotton growth and yield between NaCl and Zn in the irrigation water
was not observed but antagonistic effect was observed. Contents of nutrient elements Ca, K, Mg, B and Fe, in cotton leaves
were higher than those in other organizations. Nutrient elements Cu and Zn in cotton bolls were higher than other organiza-
tions. Nutrient elements Na and Mn were not so movable that they are easily accumulated in roots. Zn concentration levels in
irrigation water under salinity stress affected the nutrient elements uptake of cotton, caused different contents of nutrient
elements in cotton, and then influenced cotton growth and yields.

Key words: cotton; NaCl-stress; zinc; antagonistic effect; nutrient element; absorption; trace element; environment.
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Fig. 1 Cotton plant height, dry weight and lint yields of different electrical conductivities in irrigation water with Zn deficiency

and Zn-rich environment
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Fig. 2 Cotton plant heigh, dry weight and lint yields irrigated with water of different Zn concentration
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Table 1 P values for the two-way analyses of variance con-

duct to determine the interactive effects of NaCl

and Zn on the cotton growth and yields

SR e WTE W
% (2) (2) (g)
NaCl 0.015 0. 001 0.010 0. 965
P Zn 0.972 0. 315 0. 529 0.772

NaCl+Zn  1.000 0. 137 0. 998 0. 848

x2 AEXETHENS. TURENEBEEHEINE
Table 2 The relative growth, dry weigh and lint yields of

cotton in different treatments

THEROD
Mo BFR AR

Na Zn e
(mmol/L)  (pmol/L)  (cm) bics

0 0.192 90. 73 75. 87 91. 39 88.71
5 0.192 96. 04 66. 54 90. 89 96. 35
15 0.192 87.92 85. 37 94. 04 100. 00
25 0.192 83.71 66. 36 82.01 74. 89
35 0.192 86. 85 44, 24 79. 89 73.63
45 0.192 81.75 47.71 72. 46 88. 38
0 0. 767 96. 74 89. 21 96. 63 95.18
5 0.767 95. 07 64.72 87. 61 67. 49
15 0.767 85. 08 74. 04 83.55 77.47
25 0.767 76. 23 62.71 75.62 80. 42
35 0. 767 88. 45 69. 29 82. 56 88. 38
45 0. 767 82. 89 74. 41 76. 90 77.33
0 3. 068 100. 00 86. 65 98.17 71.76
5 3. 068 96. 61 69. 65 94. 25 82.53
15 3. 068 89. 19 57.59 83. 80 88. 06
25 3. 068 83.97 52. 10 85.08 85. 57
35 3. 068 86. 87 59. 23 80. 62 81. 26
45 3. 068 78.09 49.18 76.08 72.46
0 12. 272 95. 85 54. 48 100. 00 67. 54
5 12. 272 98. 04 47.71 92. 96 85.01
15 12. 272 83. 14 53.75 89. 40 75.27
25 12. 272 88. 01 51.19 83. 85 96. 35
35 12. 272 85.99 100. 00 93. 38 84. 59
45 12. 272 82. 45 63. 99 81. 62 69. 32
1.4
o]
1.2F
P N =
= 1.0
e A 2
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Fig. 3 Synergy factor (SF) as a function of relative cotton
growth and yields
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Table 3 Nutrient elements content in cotton roots, stems, leaves and bolls of different NaCl and Zn levels treatments

éﬂ%.]\ Na(mmol/L) Zn(pmol/L) , HRTLR (mg - g ' DW) ﬁiﬁi(yg rg [ DW)
K Ca K Mg Na B Cu Fe Mn Zn
5 0.192 3.2 13.2 2.0 6.3 14.8 5.0 2625 119.2 9.3
25 0.192 2.7 12.4 2.0 9.6 11.5 3.8 137.2  89.6 9.3
45 0.192 2.2 11.4 1.6 9.7 9.9 3.2 83.2  70.1 6.5
5 3.068 3.0 14.3 2.1 6.1 11.2 3.6 192.0 7.8 12.1
il 25 3. 068 2.6 13.0 1.8 10.4 10. 7 3.0 147.9 7.2 10.0
45 3.068 2.8 11.8 2.0 114 10.6 3.4 154.9 7.7 15.4
5 12. 272 2.4 13.4 1.6 4.8 11.0 3.0 115.7 626 5.9
25 12. 272 2.8 13.6 1.8 11.7 11.7 3.1 1325 934 5.9
45 12.272 2.2 10. 1 1.6  14.6 10. 8 3.1 88.8  60.9 4.8
5 0.192 5.2 14.2 2.5 5.2 10. 7 2.5 26. 7 6.9 11.5
25 0.192 1.6 12.5 2.5 9.9 8.1 2.9 13.8 7.6 17.3
45 0.192 4.7 11.5 2.1 12.0 8.5 3.8 7.1 7.7 16.0
5 3.068 6.1 18.8 3.0 5.2 11.5 2.8 49.3 6.9 11.0
2% 25 3.068 5.8 14.8 2.4 13.4 12.4 2.7 46.5 7.8 1.2
45 3. 068 5.1 13.1 2.2 141 11.7 3.3 42,7 7.6 16.7
5 12. 272 1.7 13.8 2.4 4.4 6.8 2.2 11.9 5.9 11.6
25 12. 272 4.4 11.8 2.1 12,4 7.3 3.6 32.5 6.4 11.5
45 12. 272 .5 10. 3 2.1 16.8 8.9 3.3 15.9 6.2 18.6
5 0.192 30.8 31.2 6.2 5.1 88.9 6.9  229.7  56.0 20.9
25 0.192 32.4 26.5 6.3 9.5 87.7 5.5  381.8  67.5 24.6
45 0.192 30. 2 29. 2 6.5 9.0 91.5 5.9 274.9  65.7 24.1
5 3. 068 34. 4 28.9 6.4 6.5 96. 4 3.7 2355  59.0 22.2
it 25 3. 068 34.2 22.5 6.7 10.3  100.5 4.4 385.4  73.4 26.6
45 3.068 27.1 22.9 6.5  10.7 94.3 4.3 300.3  66.8 26.3
5 12. 272 32.4 27.2 6.5 4.6 89. 7 5.6 301.5  59.9 31.5
25 12. 272 35. 2 22.3 6.6  10.6 90. 8 5.5 307.0  65.4 23.4
45 12. 272 32.7 20. 9 7.2 10.2 97.1 5.2 343.6  60.2 32.3
5 0.192 2.6 11.4 1.7 0.3 12.6  121.1 63.8  13.4 311
25 0.192 3.1 15.5 1.9 0.6 6.0 90.9 57.7  12.7  30.5
45 0.192 3.0 18.1 2.2 1.1 15.0  82.2 56.5  14.7 39.3
5 3.068 3.1 9.8 1.6 0.3 1.6 552.9 1740  16.8  69.8
S 25 3.068 2.2 11.6 1.5 0.5 10.0  210.5 57.2 13.5  40.7
45 3. 068 2.1 10. 3 1.3 0.7 10.3  330.3 68.7  13.7 46.4
5 12. 272 3.6 17.2 2.2 0.4 17.3  118.4 66.8  58.8 29.7
25 12. 272 2.9 19.5 2.0 1.0 17.2 162.0 64.7  14.7  40.4
45 12. 272 2.4 17.4 1.8 0.9 15.2  161.2 54.6  14.1 38.4

. DW Oy T4 B i

K@ RG, EHFALEHE T SR 76 A K 5™ 5 1)
AHXTE » 1AL PR K H NaCl HREE A . Zn HREE
/ME s RG, JEHEAS A PR SR AL 5™ 5 i AH XL
AR NaCl ¥ B 0 fre/IMEL Zn MR BE .
FRAEAE R A AT AR
éi, (3)
K RG XG0 15 A A6 AR K El0™ & B AR XA
G AHEBEK b i AL BT IR A AR AR R B B iy Sl
1H » G 2 T AL B PP AR AR 2B R B80™ 5 1 B KA.
Fie Bl 5 A I A R K A B
R AL = 1 o i AR B B A 7 S AR OB DL 3 2.

RG=100

GEA BRI AR R E R K AL BN AR AR AR LT
Py I R R A A R 3 20 (D A (2) BT 55
HROGE RS [ AR R B IR B FAE. AR AERE = AR &
b ST R B AR 7 R X (R A R AR A S X Ak
IR B 0 R A A A 22 i R L CIEL 3D, s
KK s gk FeR SF=1, 5228 T B4 ik &
BAGIX ). £ SF=1, s P& 75 W 5% HE £ v ), U5 B
FE BB E XA P, K o NaCl 5 Zn XA 4E
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Fig. 4 The different contents of nutrient elements Na, K and Zn in cotton roots and leaves

NaCl 5 Zn XJRE AL A 1 07 85 (14 52 0 kg A BB R4
F. 4% SF<<1, SVETE T 1M 2 22 A, T 3 B8 7K o
NaCl 5 Zn XJRE A6 A 1 7 85 14 52 0 Ry A A5 A
H(Levy et al. , 1986; Yermiyahu et al. , 2008).

Hi & 4 W] LU ARG RE = T4 50 R S
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531596 7o) 1) SFHAR/NT 1, A AR 31 A B 4l =
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SEE 4> B 0. 77,0, 51,0, 74 F1 0. 68, # /N F
0. 95. ULBH7E R B 1Y B 5 X [H] «=0. 05 [N, E /K H
NaCl 55 Zn XA AERE # AR B b b 35 5 0 5 A6 7=
TR AR BRSO AL AR Ry E K b
NaCl Fl Zn X} A8 A 1 A7 B () 5 i 7 FHAS 2 7 B
{18 AH B 0500 T 2% BE Sk B A LA A
XA,
2.3 EHAF I ERBEEETHREESRT
EUTaEsEA

TE 2 WE K NaCl 43 50 76 A%, & ok B2
(5 mmol/L. 25 mmol/L.45 mmol/L) . X} W A [f] Zn ¥
& (0. 192 pmol/L.3. 068 pmol/1L,12. 272 pmol /1) 4k
B 3 AT ARAEHEA TR 8 AS TR 2 2R B
JCE Fri AR EFR e R & P AR 3. 3% 3
A%, Ca,K.Mg.BFl Fe ZEARAEN ) & & fie . Cu
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I P2 B/« AN Gy WK O3 30 4% T B SR TE AR
HAME SRICR ZARAEZEME A F 2 i B 2., Ca K Mg,
B A Fe Bk 73T # AR AE M H . Ca F1 Zn BLRALEAR
TERE .

EH VP LRI E BT Na T K
BHRILR K FXS AR KBUE R R TR Zn
B, 43 BT HE R K v Zn 8 #R 138 25 4R AR AE AR OC
EIRICR WA . O B4 e A TR B AR
Lot Jr 2R 2R3 b B R K AN [R] NaCl Al Zn e 32 b 3
5 AT ST A IE , B HAE M EAT& AR
—YEE (B 4.

Hil&l 4 T DL L 7E#h 030 2500 T . E K
NaCl ¥ 8K . Na 8§ F7ERRAEAR TN p 35 i,
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BEFL. e | R R AR 0 AR AT L Bl B K
T Zn WPEHTIN . Zn fE HEAR EAR R XF Na 8 119 %
WOFT Na B 1 1m) AL R AR R AR AR Eh
B E3E ] NaCl 30 A AE LR K rymii,
FEBE AT K 1] A A8 v R 9 32 8% 1 T 40 R AR Y A=
K MR K T Zn W EE K 0. 192~ 3. 068 pmol/L
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