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Effects of foliar application of chlorinated amino acetic acid on cadmium transport and accumulation

characteristics in rice

LIU Shuangyue', FU Lin', ZHANG Changbo"", DENG Jiawei', XUE Weijie', LIU Zhongqi', WANG Changrong', DENG Yun®

(1. Key Laboratory of Original Agro—Environmental Pollution Prevention and Control, Agro—Environmental Protection Institute, Ministry of
Agriculture and Rural Affairs, Tianjin 300191, China; 2. School of Environment and Civil Engineering, Jiangnan University, Wuxi 214122,
China)

Abstract: To explore the effects of foliar application of chlorinated amino acetic acid on the transport characteristics of Cd in rice during
the flowering stage, a pot experiment was conducted using Xiangzaoxian24 rice. The changes of Cd content in rice grains and various organ
species, and essential elements (K, Mg, Ca, Fe, Mn, Zn) and amino acid contents in rice were analyzed. The results show that the
application of 0.8 mmol + "' chlorinated amino acetic acid at the flowering stage of rice significantly reduced the Cd content in rice and

rachis at the mature stage; the Cd content in rice decreased from 0.28 mg-kg™ to 0.17 mg-kg™', reducing by 39.29%. Through the analysis
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of the cadmium transfer factor between various organs in rice, we found that the application of chlorinated amino acetic acid significantly

decreased the transport factor of Cd ions from the rachis to grain, panicle node to panicle neck, and from the second inverted node to the
first inverted. Cd decreased significantly due to the decrease in the transport efficiency of the inverted second internode. Additionally, the
application of chlorinated amino acetic acid increased the content of Ca in grain and cob, and promoted the transfer of K, Mg and Zn from
the inverted node to the rachis. The amino acid analysis results show that the application of 0.8 mmol + ™' chlorinated amino acetic acid
increased the content of aspartic acid and glutamic acid by 28.54% and 22.96%, respectively, and decreased the glycine content by
51.92%. Therefore, the application of chlorinated amino acetic acid during the flowering period of rice is conducive to the synthesis of
aspartic acid and glutamic acid in rice, which promotes the transport of K, Mg and Zn, and significantly reduces Cd content by inhibiting

the transportation of Cd from vegetative organs to grain. This method may be applied in the production process of Cd—polluted farmland in

southern China.

Keywords:rice; cadmium; foliar conditioner; amino acid; chlorinated amino acetic acid; oxidative damage
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Table 1 The basic physicochemical properties of soil

AL Organic  PHEFAHu it . . B o i . o
matter/(g-ke™)  CEC/(cmol-kg™) K/(g-kg') Mg/(g-kg") Cal(g-kg') Fellg-kg') Mn/(mg-kg') Zn/(mg-kg') Cd/(mg-kg")
5.31+0.06  39.25+0.13 21.83+0.35 0.88+0.04  0.31+0.01  0.13x0.01  6.87+0.20  39.96+3.49 45.95+1.59 2.04+0.24
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RS T U S R/ (R A
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Table 2 Rice yields and their constituent factors in different treatments

sz R (B35 RERRLEL E IS R AT A (g )
Treatment  Panicle number/(panicle+pot™)  Number of grains per spike  Fructification percentage/%  Thousand grain mass/g  Yield/(g-pot™)
TO 14.67+0.58a 41.33+1.53¢ 74.69+2.03a 17.03+0.65ab 10.32+0.53a
Tl 14.831.04a 41.67+0.71c 74.98+1.13a 17.19+0.31a 10.62+0.75a
T2 14.500.50a 42.33+0.58¢ 75.22+2.46a 16.94+0.48ab 10.40+0.55a
T3 14.83£0.29a 42.67+0.58bc 75.31x1.12a 16.79+0.13abc 10.63%0.17a
T4 15.00+1.00a 44.00+1.00ab 75.47+1.54a 16.31+0.45hc 10.76+0.76a
T5 14.9020.17a 44.33+0.58a 75.58+1.74a 16.06:0.28¢ 10.61:0.24a
FETOTT T2 T3, T4 TS 43 B0 T AL -t 7 0.0.1,0.2.,0.3.0.5 mmol - L' 1 0.8 mmol - L' 48 AL B I LTRAL I, R [F/NE FH: KR 4k

P R] 22 535 5 5% B E K. T,

Note:TO,T1,T2,T3, T4 and T5 represent chlorinated amino acetic acid treatments at the foliar level of 0,0.1,0.2,0.3,0.5 mmol - ™" and 0.8 mmol -
L', respectively. Different lowercase letters indicate significant difference among different genotypes at 5% level. The same below.
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respectively. Different lowercase letters indicate significant difference among different genotypes at 5% level. The same below.
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Figure 1 Effects of chlorinated amino acetic acid on Cd content in various organs of rice
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A1.B1,A2.B2,A3 B3,A4 .B4,A5.B5,A6.B6 7 fCFTF AL it A 459 0.0.1.,0.2.,0.3.0.5 mmol - L™ F10.8 mmol - L™ A S AL 2 bk £ B4R 2 .
A1,B1;A2,B2;A3,B3;A4,B4;A5,B5 and A6, B6 represent chlorinated amino acetic acid treatments at the foliar level of 0, 0.1, 0.2, 0.3, 0.5 mmol - L.”!
and 0.8 mmol - L™, respectively.
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Figure 2 H,0, distribution of rice leaves(A) and rice roots(B)
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9 Mn Fl Zn 7 i 2R B BEE 2 518 15.08% il
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TE 16 Fh 2 FL IR H | 43 24 B8 FH K & Z IR X Cd i
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Figure 3 Effects of chlorinated amino acetic acid on Cd transfer factor in adjacent organs of rice
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Table 3 Effects of chlorinated amino acetic acid on essential elements in grain and rachis

Jb P Treatment  K/(g-kg™) Mg/(g-kg™) Ca/(g-kg™) Fe/(g-kg") Mn/(mg-kg™) Zn/(mg-kg™) Cd/(mg-kg™)
R TO 3.73+0.14a 1.1120.02b 0.49+0.05a 0.089+0.005a 37.21+1.44ab 27.23+2.82a 0.278+0.031a
Grain -y 3.71£0.05a 1.1740.01ab 0.4120.04a 0.058+0.002a 34.38+3.35h 23.75+2.60a 0.2610.010ab
T2 3.62+0.8ab 0.95+0.06¢ 0.42+0.28a 0.080+0.011a 35.25+2.92h 24.12+2.87a 0.239+0.005ab
T3 3.31+0.03b 1.20+0.09ab 0.45+0.03a 0.072+0.004a 43.15+2.51a 24.32+1.54a 0.223+0.013ab
T4 3.90+0.24a 1.23+0.03ab 0.51+0.03a 0.069+0.006a 33.47+2.64h 26.12+1.71a 0.204+0.020b
TS5 3.57+0.06ab 1.26+0.03a 0.47+0.03a 0.085+0.012a 37.55+4.73ab 26.55+1.30a 0.170+0.008b
T4 TO  21.40+0.64a 2.21+0.14a 2.4140.23a 0.326+0.001a 155.41+0.02a 44.61+3.56ab 0.523+0.031a
Rachis 21.54+0.56a 2.18+0.10a 1.86+0.11h 0.181+0.013h 90.89+1.85h 40.21+1.40abc 0.505+0.049a
T2 22.65+2.02a 2.23+0.15a 2.14+0.15ab 0.354+0.035a 107.14+3.08b 36.44+3.70bc 0.463+0.041ab
T3  21.77+1.26a 2.39+0.15a 2.40+0.24a 0.220+0.016ab 159.26+2.05a 33.59+0.99¢ 0.397+0.022b
T4  22.38+0.98a 2.17+0.12a 2.21+0.17ab 0.297+0.013ab 99.39+1.87h 46.64+4.73a 0.385+0.026h
T5  21.62+0.16a 2.14+0.19a 2.28+0.20ab 0.293+0.026ab 97.81+7.13b 38.60+3.22abc 0.347+0.054¢

A, BAR AR EE L E 25, 0.8 mmol-
LS AL &I 2R HE 0.1 mmol - L &AL 2 3t 2. TR X 7K
e F7 Hh S TR 1 2 ) B K
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30.0% . R , AR T A€ 3] - 1 W5 i 58 1k 2 2k 1R
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P, I A 2 R AR R RF AL R 19 Cd 5
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K/(g-kg™) Mg/(g-kg™) Ca/(g-kg™)
O TI T2 T3 T4 T5 | T0 TI T2 T3 T4 T5 | T0 TI T2 T3 T4 TS
FERI[ 373 370 3.62 331 3.90 357 |1.112 1.167 0946 1.201 1231 0.421 0.454
Tl 2213 2.180 2.234 2389 2.170
=1 2321 - 2341
{3l =5 1.886 1.958 1.682 2.098 2.157 1.089 1.027
5] —151n) 2280 2.244 2.122-2.207 1.018 1.105 0.891 0.977 0.979 0.951
18] =45 H) 1.169 1310 1.185 1214 1236 1329 1.347
f5]—t 2.058 1968 2242 2012 1.983 2.087
{51 2.196 2.095 2254 2.057 2.121 2.280
18] — - 2.133 2.148 2242 2318 2.068 2.247
O 2309 2274 2.164 2.148 2201 2270
ZEIFE] 315 248 166 259 124 226 [1.058 0986 0.869 1.153 1.038 1.014
M| 178 139 176 235 181 1.87 [1518 1.322 2.078 1.938 2391 2.057
Fe/(g-kg™) Mn/(mg-kg™) Zn/(mg-kg™)
TO TI T2 T3 T4 T5 | T0 TI T2 T3 T4 T5 T T3
KPR 0.089 0.058 0.080 0.072 0.069 0.085 34.38 3525 43.15 3347 37.55
Tl 90.88 107.14 159.26 99.39 97.81
{5l —4% 240.53 252.14
3l 5
{51l —518] 140.33 142.03 153.63 183.88 137.43 125.08

[ )
5] —nf
18]

3] — -8

18] —IH-484
ZEILHR

i

131.82 162.26 153.77 154.60 130.13 125.34

267.90 196.75 264.52 184.57 209.21 264.19
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Figure 4 Effects of chlorinated amino acetic acid on the distribution of essential elements in different organs of rice
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Figure 5 Effects of chlorinated amino acetic acid on the content of non—essential amino acids(A) and essential amino acids(B) in rice grains
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