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Effect of water levels on cadmium and arsenic absorption and transportation in rice
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Abstract: To investigate the effects of water levels (water depths and phreatic water levels) on arsenic (As) and cadmium (Cd) absorption
and transportation in rice, pot experiments with water depths of 3, 6, 9 cm and phreatic water levels of =3, =6, =9 ¢cm were carried out. The
results showed that different water levels above ground had no significant impact on rice yield. However, groundwater levels decreased the
yields by 21.06%~28.44% when compared to wetness as the control (CK). Regarding Cd and As ahsorption and transportation, water depth
greatly decreased the Cd contents in grain, stem, and leaves but promoted As accumulation in roots. For example, Cd content in grain de-
creased by 61.11%~69.43% compared to that in CK. However, groundwater levels increased Cd content by 4.08~4.48 times in rice grain,
whereas it decreased As content by 79.20%~81.96% compared to that in CK. Under different water regimes, As and Cd transportation from
soil to roots played a determinant role in As and Cd accumulation in rice. As and Cd contents in rice grains were also regulated by the trans-

portation and distribution of As and Cd levels in roots, stems, and leaves. No significant differences in As and Cd concentrations among

W EHA:2018-03-06 X FIHHI:2018-06-07

EEBIT: 5% AH(1982—) L IR UT I, JFIT , A AR ERR A5 . E—mail :22328215@qq.com
HBEEE UHET E-mail: yunhexie@163.com

E&TE KFFERA R ATV R £ 5 (201501019 )

Project supported : The Special Scientific Research Fund of MWR Public Welfare Profession of China(201501019)



1428

YRIEIRCX iy F37E5TH

grain, stem, leaves, and roots were observed between different submergence depths or phreatic water levels. These results indicate that Cd

and As absorption and accumulation were mainly limited by the two flooding forms. Correlation analysis revealed that there was a highly sig-

nificant negative correlation between As and Cd levels in rice grain water depths. Thus, our results suggest that appropriate water manage-

ment strategies should be used to combat high levels of As and Cd in rice grains from soil Cd and As pollution.

Keywords: cadmium; arsenic; water management; absorption; transportation
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Figure 2 The soil pH dynamics under different water conditions

F1 FEKRSRETHKEEREYE (¢-18")

Table 1 The rice yields and biomass under different water conditions (g bucket™)

AbFE Treatment CK T1 T2 T3 T4 T5 T6
FEAY P Yield of rice 73.02a 69.28a 71.26a 78.26a 54.00b 57.64b 52.25h
25T i Dry weight of stem 76.93a 71.83a 74.26a 76.92a 56.58h 59.95h 58.15h
HiuF 32 YR Total biomass overground — 149.95a 141.12a 145.52a 155.18a 110.58b 117.59h 108.84h

T RPN F/NG FREF R AR B A 22 57 .35 (P<0.05) . Rl

Note : Different letters indicate significant differences among the treatments (P<0.05). The same below.
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Figure 3 The soil Eh dynamics under different water condition
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Table 2 The contents of rice Cd and As and soil available Cd and As under different water conditions (mg-kg™)

438 Treatment FEK Rice 2501 Stem 2 Root AT A Soil available content
Cd As Cd As Cd As Cd As
CK 0.40b 0.66a 1.64c 16.14a 9.28¢ 165.06¢ 0.17a 0.06ab
T1 0.13¢ 0.57a 0.56d 16.59% 2.23d 335.98a 0.22a 0.08a
T2 0.12¢ 0.63a 0.53d 16.32a 2.16d 326.14a 0.20a 0.07a
T3 0.15¢ 0.67a 0.54d 17.65a 2.27d 266.99h 0.17a 0.07a
T4 2.18a 0.13b 8.47b 2.05h 22.86b 8.85d 0.17a 0.03b
TS5 2.05a 0.14b 11.06a 1.24b 38.74a 6.81d 0.21a 0.04b
T6 2.02a 0.12b 11.02a 1.09b 35.02a 4.94d 0.17a 0.03b
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Table 3 The Cd and As transfer coefficients in soil-rice system under different water conditions

ﬂ‘}g TF Kk TFn ice/stem TF EM TFMvmllnul TF LYES Tanl/a«n\ TF kit TFI’u'n/ml] TF E3ES TFalnm/»ml
Treatment Cd As Cd As Cd As Cd As Cd As
CK 0.26a 0.04b 0.18b 0.10b 48.6lc  3082.75a 2.08b 12.19a 8.76¢ 309.60a
Tl 0.23a 0.03b 0.23ab 0.05b 10654 4222.33a 0.52b 6.54a 2.46¢ 204.31a
T2 0.30a 0.04b 0.24ab 0.05b 9.99d 3769.60a 0.66b 6.60a 242¢ 186.09a
3 0.34a 0.03b 0.24ab 0.07h 13984 4333.55a 1.03h 9.95a 3.18¢ 304.56a
T4 0.27a 0.05ab 0.38a 0.26a 148.96b  268.00b 13.71a 321b 50.52b 68.26b
5 0.22a 0.09a 0.27ab 0.20a 22241ab  189.99b 12.90a 3.73b 59.31b 38.34b
T6 0.18a 0.09a 0.32ab 0.26a 22030a  151.07b 12.08a 3.81b 68.44a 38.95b
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Cd 75 1 A 520 AS B S T 98 A D0 AT 8 2 388 fin - HE A
A As TR TEL

FEK Cd &5 55 Cd Y TF 4, A BT, T 5 Cd
B TF s JTF gy JTF s JTF oy B0 2 3 IR AH 6, HEAH

R FRBA TF sy >TF sy STy STF s >TF g 11018
KAs TR G ZE BB ERMCG KA GRS
As B TF s TF s B S0 B2 SOAH O (H S TF
TF s, JTF g B 2R IEAH G, AR Cd & 50 5
ZH e AT ANRDK IR E BN Fok Cd & i
Cd phy 13 o) s b 3R 02 BE 1 IE AR SC , ) b2 dz 114
Z Rk Cd & iy, HOCHE B iz 1 0 CA 7E 3%
EMRR MR BZMN W ITT, H 3Rl MR
R E . MK As & 5t 5 3 As [0 K
AR e IR Az IEARSC  HK AR & 250 As %
BT, As FZARE 1) BB AR P AR B BE T IR,
FUIFEK As & 32 11 As LR e b iR%% 2
FF I Z AR R 22 R IR . K
FERT Cd WIS 5 %0 As YRR B2 2 I 25 TR O

3 #ie

(1) KRB XK R A B = s e B 3 s, {3
TR BT (KA - A P i B 2 N

(2) ASTR 7K 43 bR 25 8 B X - 1 pH A A 52 i AS B
S, FHE 7K A B 398 pH B I 7= 9 K A BRAL B
AR KSR ST 148 Eh 22 B W] 8, K b 3 +
12 Eh Fifi ¥ /K B 8] 1) 9 4, 328 97 #E -300 mV % -400
mV Z BV FE , 1 ¥ KA 45 HE T (1 423 Eh 0 7€ 200
mV Z 400 mV Z [a] ) 5 .

(3) ¥ 7K AT 5k 2 AR AR R X Cd A MR A, T ¥ 7K A7
BRI KRN Cd R RBE 1 G KRR X Cd i
WA A7 PR T ACIRAS o KA IR FE R B T 4
HEAs TR, B AR KRR T As AR 5 T 7K 4326 10
Z PR T 35 As TG M, I B E MUK REXT As 1R

(O ARFIKATIRSE BT, AKFEXT Cd As TR
FE i S AR R IR T AN K B
X Cd ZE KA A4 PN 1] b 35 1) e s JE B s i, {HE 7K

F4 BACIASsESTIEERE CA ASTEXKB-TERGRCENHEXLRE

Table 4 Correlations between Cd and As contents in rice and their transfer coefficients in soil-rice system

TH ¥ R TIEATRGS TF gy TF TF . TF 1 TF ..
])‘ s Soil Soil available content TFeopiom TF om root/soil TF oo TF o
tem R
pH Eh Cd As Cd Cd As Cd As Cd As Cd As
K Cd it Cd

-0.285 0.924**  -0.163

content of rice

K As B As

=0.747+*% -0.208 0.749** 0.598** 0.875%* 0.905%* -0.897** 0.978** -0.666%* 0.962%* -0.818**

-0.928+* 0.456* -0.838**  0.098 0.667#% 035 -0.674** -0.657** -0.803** -0.870** 0.861** -0.911** 0.807** -0.931** 0.834**

content of rice

TE 2 #2 0.05 /K1 AR #4 0.01 K- 1 B AE

Note: *indicates the correlated significance at 5% level, **indicates the correlated significance at 1% level.
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IR Ass [ 25 - FORE K 9 5 as o A S0 B 3
Y, AN TR K 2348 B TR, KR XS Cd AT As Y IR W]
HEMWE AR, L, 78 Cd As {55 L HERK I3
R AR, N2 A 1 Cd As TS YRR B 3 Y
KA TR
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