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Effects of salinity —inducted organic acid variation on Cd accumulation and salinity tolerance of edible ama—
ranth

HU Ni'?, CHEN Ke-han'?, LI Qu-sheng"*, XU Zhi—min'?**, GUO Shi-hong'*}, YU Dan—ping'?, LUO Tao'?

(1.School of Environment, Jinan University, Key Laboratory of Environmental Exposure and Health of Guangzhou City, Guangzhou 510632,
China; 2.Guangdong Provincial Research Center of Environmental Pollution Control and Remediation Material, Guangzhou 510632, Chi-
na; 3.College of Life Science and Technology , Jinan University, Guangzhou 510632, China )

Abstract : Soil Cd pollution and soil salinization have severely threatened agricultural development and human health. It is important to study
Cd accumulation and salinity tolerance of vegetables. Here a pot experiment was conducted to examine the influence of organic acid
metabolism on Cd accumulation and salinity tolerance of two amaranth cultivars (Quanhong and Liuye ) under 0.3% NaCl stress. Results
showed that : Under salinity stress, the content of Cd in roots, shoots, and rhizospheric soil solution and the translocation ratios (from roots to
shoots ) of Cd in two cultivars increased compared with the control. Cadmium concentrations in Quanhong were obviously lower than those in
Liuye. In addition, the content of Na* was significantly increased but K* absorption was obviously inhibited by salt stress; Under salinity stress,
various organic acids were detected in roots, shoots and rhizospheric soil solution. Malic acid and oxalic acid were significantly increased,
which were significantly positively correlated with Cd content in rhizospheric soil solution(<0.05 ). In Liuye, the content of oxalic acid in shoots
and acetic acid in roots was significantly increased, and were significantly positively correlated with the correspondling Cd content(P<0.05 ).
These results suggest that Quanhong has lower Cd accumulation, stronger salinity tolerance, which was attributed to the variations of organic
acids in the plants.

Keywords: salt stress; amaranth; organic acid; Cd accumulation; salinity tolerance
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Table 1 Content of Cd in amaranth and its rhizospheric

soil solution

sl pisil MR Cd ARER Cd 5 dd/ Hb B3 Cd
Cultivar ~ Treatment — Fiw/pg kg™ mg-kg™ Trim/mg-kg!
KN CK 5.61+0.04Ba  0.05+0.00Aa  0.04+0.00Aa
Tl 10.02+0.11Ab  0.07+£0.01Aa  0.20+0.02Ab
iIGS CK 3.29+0.05Aa  0.07+£0.00Ba  0.07+0.00Ba
Tl 19.02+0.23Bb  0.12+0.01Bb  0.64+0.03Bb

T RAPARIRIRE TR QAR R A FAR] A i) 22 57 . 5 (P<0.05)
AN NG FEEACGRARIR] S A [ b #2255 ik 2 (P<0.05) . Rl

Note:Different uppercase letters indicate significant difference (P<
0.05 ))between different cultivars within a treatment ; different lowercase let—
ters indicate significant difference (P<0.05) between different treatments

within a cultivar. The same below.

6r Bb
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B 1 BRRARE M EER Cd T RE

Figure 1 Translocation ratios of Cd from roots to shoots
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Table 2 Correlation coefficients between Cd in amaranth and in

rhizospheric soil solution

ShAh Cultivar Ho BB Cd AR Cd ARBR - HEE W Cd
oA i1 3B Cd 1
B Cd 0.890% 1
HIPR 370 Cd - 0.964%* 0.761 1
Mt Hb B Cd 1
HHE Cd 0.9647* 1
FIBR -3 Cd - 0,998 0.978% 1

e A S35l 30RTE 0.05 f10.01 F2ERBE. Tl
Note:* and ** indicate significance at 0.05 and 0.01 levels, respec—

tively. The same below.
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Figure 2 Na' content in amaranth
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Figure 3 K* content in amaranth
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Table 3 Content of organic acids in amaranth and rhizospheric soil solution

Wi S:{FEF il ?Lﬁi ' e Eﬁ?ﬁ& . f%ﬁa‘i ‘2@{5%‘%' %ﬁa‘% .
Cultivar ~ Treatment Lactic acid Acetic acid Formic acid Malic acid Tartaric acid Oxalic acid
Hby 18 AN CK 48.33+2.59Bb  85.10£3.73Ab  9.73x0.65Aa  30.31x2.11Ab  51.94+1.07Aa 1 932.28+106.92Ba
mg-kg” T1 2031+4.67Aa  48.10£6.19Aa  8.68+1.36Aa  15.343.13Aa  37.50+6.20Aa 1 729.82+80.88Aa
B CK 35.94+5.47Ab  137.54+121Ba  16.95+0.32Bb  61.89+4.89Ba  102.41+2.3Bb 1 619.47+28.63Aa
Tl 15.97+2.43Aa  119.86%7.65Ba  8.51x0.98Aa  75.60+6.28Bb  25.2+0.15Aa 2 032.89+26.64Bb
iSHISeu iyl oA CK 31.68+1.81Aa  57.29+1.96Aa  13.05:0.39Ab  64.02+12.43Bb 71.18+11.24Aa 2 113.59249.70Aa
mg-kg T 33.59+1.24Aa  55.78+0.50Aa  7.56+0.30Aa  23.18+9.71Aa  91.92+5.24Ba 2 345.98+29.75Ab
B CK 160.77+15.16Ba  53.66x1.6Aa  24.28+3.1Bb  32.15£3.61Ab  66.68+7.80Ab 2 245.33+227.97Aa
Tl 170.23+10.00Ba 124.12+10.12Bb  8.49+0.26Aa  21.29+0.99Aa  25.90+0.82Aa 2 634.87+67.32Ba
i I 2R g (A oA CK 0.83+0.01Bb  0.13+0.00Aa  0.25+0.01Ba nd nd 0.81+0.02Ba
mg-kg! Tl 0.35£0.04Ba  0.1320.02Aa  0.24x0.04Ba  0.39x0.01Ab nd 1.02+0.01Ab
- CK 0.21+0.03Aa  0.15£0.00Ba  0.20+0.01Ab  0.09+0.01Ba nd 0.45+0.01Aa
T 0.31+0.00Ab  0.17+0.02Ba  0.09+0.00Aa  0.38+0.03Ab nd 2.14+0.05Bb

T nd FORRAG B R o

Note:nd indicates that organic acids were not detected.

F4 Bk REELIFERRD Cl EE5ANBRESEMEX

Table 4 Correlation coefficients between Cd content and organic acid content in amaranth and rhizospheric soil solution

py el FLBZ Lactic acid ~ Z,Ji% Acetic acid HZ Formic acid ~ SEHAR Malic acid P47 /@ Tartaric acid #§Z Oxalic acid
Eoeal Hi 13 Cd -0.981%* -0.881* -0.748 -0.856* -0.774 -0.896*
i Cd 0.788 -0.343 -0.758 -0.807 -0.379 0.613
HRPrR -85 Cd -0.998%* 0.239 -0.212 0.997%* — 0.9897%*
wnt M 7 Cd -0.871* -0.764 -0.902* 0.723 -0.949%* 0.955%*
R Cd 0.516 0.996%* -0.955%* —0.946%* -0.946%* 0.773
MR 38 Cd 0.997#* 0.881°* -0.997*%* 0.998%* — 0.998**
TE - — R IZATHURAAS ), JCEABAR I 0T 5 R ARSI AR TR AL Cd S AT LR & AR DG
Note:— indicates that organic acids were not detected,and no correlation analysis performed. Correlation coefficients in table refer the correlationship

between Cd and organic acid content in same part.
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