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Effect of different water management modes on rice(Oryza sativa L.) growth and heavy metal transport char—
acteristics

CUI Xiao-ying'?, QIN Jun-hao'?, LI Hua—shou'*"

(1.Key Laboratory of Agro—Environment in the Tropics, Ministry of Agriculture, P.R. China, South China Agricultural University, Guangzhou
510642, China; 2.Guangdong Engineering Research Center for Modern Eco—agriculture and Circular Agriculture, Guangzhou 510642, China )
Abstract: A pool experiment was conducted to study the effects of two water management modes as continuous flood(CF) and interval flood
(IF) on the growth and Ph, Cd, and Cr accumulation of two kinds of Oryza sativa L.(conventional rice and hybrid rice) cultivars. The results
showed that the irrigation mode of IF signicantly increased the rice biomass and yield. However, this irrigation mode enhanced the mobiliza—
tion of Pb, Cd, and Cr in the soil-rice system and signicantly increased the accumulation of Cd in the roots and Cr in the grains. Further—
more, the transport characteristics of Cr were different from those of Pb and Cd in the rice system during the water management modes. The
accumulation order of Pb and Cd in the rice was root>stem and leaf>grain, whereas grain/stem and leaf>root was the order for Cr. In addi-

tion, the water management modes had a greater impact on the accumulation of Cr in the grain of conventional rice than in the grain of hy—
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brid rice. Although the IF irrigation mode could significantly promote the growth of rice, it significantly increased the bioavailabilities of Cd

and Cr as well. Therefore, the different responses of rice to different heavy metals should be considered when water management is conduct—

ed to reduce heavy metal bioavailability and heavy metal pollution, in order to effectively mitigate heavy metal pollution in farmland environ—

ment systems.

Keywords: rice( Oryza sativa L. ); water management; heavy metal transport characteristics
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Table 1 Physical-chemical properties of the experimental soil

AL ) R S , o . -
pH Organic matter/g- kg™ Total N/g-kg"  Available P/mg-kg™ Available K/mg-kg™ i Phimg-kg™ Bt Crlmg-kg i Cd/ng- ke
6.70 44.89 1.89 194.9 606.88 38.33 0.045 6 0.60
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Table 2 The design of pool experiment

Jb3 IR KA R
Treatment Cultivar Water management mode

C-IF # #A5( Conventional rice,C): ¥ 5 T ER(1F)

C-CF % #AE(Conventional rice,C) : #iHE 5 K (CF)

H-TF  Z422F8(Hybrid rice, H) : KA 122 T ER(1F)

H-CF 32 FG (Hybrid rice, H) : R4 122 WK (CF)
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Different lowercase letters in the same column mean significant difference

(P<0.05) among treatments. The same below
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Figure 1 Effect of different water management modes on the

biomass(dry weight) of shoot and root of rice
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Table 3 Effect of different water management modes on panicle traits of grain

Jb3 (SN Vi i RETE HRREEL TR TR
Treatment Grain yield/kg+hm™ Panicle weight/g No. of fertile panicles Spikelets per panicle 1000—grain weight/g
C-IF 8 026.63+425.28a 209.94+10.31a 68.75+1.31a 131.75+4.27a 22.15+0.41a
C-CF 6 773.47+343.38b 222.26+32.10a 59.50+2.87a 132.25+1.65a 21.58+0.90a
H-TF 6 335.54+387.99b 202.60+5.63a 55.50+£4.37b 126.75+4.33a 22.66+0.51a
H-CF 4 926.50+294.51¢ 193.02+3.89a 43.25+2.78¢ 127.00+2.35a 22.48+0.83a

T : RPN B E ARR/NEG F B A AL e 22 5 3. IR

Note; Different lowercase letters within a column indicate significant difference between treatments. The same below.
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Figure 2 Effect of different water management modes on concentration of Pb, Cr and Cd in bulk soil and rhizosphere soil

R4 ARASEBEEXTRBER EHAMSHHPESE P O CAHNESEER

Table 4 Concentration of Pb, Cr and Cd in the root,stem and leaf, grain

tissues of the rice plants under different water management modes

Z£I Stems and leaves/mg-kg™!

KAi Grains/mg-kg™!

H 4% Heavy metal Qb Treatments # Roots/mg kg™
Pb C-IF 4.188 2+0.483 7a
C-CF 4.413 2+0.281 Oa
H-IF 5.400 4+0.718 6a
H-CF 3.976 0+0.186 7a
Cr C-IF 0.027 9+0.002 1a
C-CF 0.027 5+0.001 2a
H-IF 0.038 4+0.007 2a
H-CF 0.025 2+0.003 8a
Cd C-IF 0.203 5+0.020 6a
C-CF 0.141 2+0.015 8ab
H-IF 0.197 5+0.030 5a
H-CF 0.102 9+0.011 5b

0.003 5+0.000 2b
0.003 9+0.000 1b
1.407 5£0.114 5a
1.427 5£0.122 la
0.329 4+0.031 la
0.385 9+0.024 9a
0.013 8+0.000 6b
0.011 8+0.000 5b
0.035 5+0.004 6a
0.028 5+0.003 1a
0.045 1+0.006 Oa
0.042 0+0.007 3a

0.001 2+0.000 1a
0.001 0+0.000 Oa
0.001 1+0.000 Oa
0.001 1+0.000 1a
0.390 6+0.084 7a
0.254 5+0.013 9b
0.249 4+0.013 Ob
0.226 2+0.010 7b
0.015 7+0.004 7a
0.009 8+0.001 7a
0.009 8+0.000 8a
0.008 5+0.001 8a
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Table 5 Transfer coefficient of Pb, Cr and Cd in rhizosphere soil, root, stem, leaf and grain tissues of the rice plants

under different water management modes

ey [T b AR L HUALRE L2 T KR/ T
Heavy metal Treatments RS/BS Roots/RS Stems and leaves/Roots Grains/Stems and leaves

Pb C-IF 1.212 4+0.076 Oa 0.112 96+0.014 56b 0.000 88+0.000 14b 0.355 87+0.019 55a

C-CF 1.119 4£0.124 3ab 0.132 17+0.014 14ab 0.000 91+0.000 08b 0.263 62+0.013 50b

H-IF 1.071 0+0.028 8ab 0.164 65£0.020 33a 0.285 43+0.064 37a 0.000 83+0.000 08¢

H-CF 0.922 5+0.021 2b 0.117 09+0.007 23ab 0.359 32+0.028 12a 0.000 77+0.000 09¢

Cr C-IF 0.989 1+0.012 1a 0.699 57+0.047 30ab 12.242 54+2.011 69a 1.212 77+0.247 84b

C-CF 0.859 8+0.007 7b 0.687 73+0.014 77ab 14.020 32+0.733 28a 0.666 48+0.047 67b

H-IF 1.000 3+0.025 7a 0.893 10£0.162 95a 0.418 71+0.110 45b 18.071 58+0.543 8la

H-CF 0.965 7+0.055 8a 0.579 52+0.077 26b 0.515 46+0.108 10b 19.282 12+1.258 79a

Cd C-IF 0.812 7+0.099 2b 0.430 55+0.112 96a 0.176 71+0.020 64b 0.449 36+0.105 85a

C-CF 0.768 9+0.099 2b 0.397 16+0.115 56a 0.209 12+0.032 69b 0.376 43+0.116 02a

H-IF 1.237 7+0.189 5a 0.333 77+0.051 14a 0.247 48+0.058 79ab 0.222 12+0.017 06a

H-CF 0.592 0+0.098 6b 0.243 31+0.035 22a 0.443 38+0.115 29a 0.198 06+0.008 90a
Pb Cd Yz R HL 25525 Ph Cd \Cr SRS 5 B2 [, DA
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