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Effects of soil pH on growth and grain cadmium content in rice

YI Ya-ke'?, ZHOU Zhi-bo'%, CHEN Guang—hui'*

(1.Agronomy College of Hunan Agricultural University, Changsha 410128, China; 2.Southern Regional Collaborative Innovation Center for
Grain and Oil Crops in China, Changsha 410128, China)

Abstract: A pot experiment, with 5 early-rice cultivars and 4 late—rice cultivars, was carried out to investigate the characteristics of growth
and grain cadmium(Cd ) accumulation in rice under different soil pH conditions. The results showed that the main effects of cultivar and soil
pH as well as their interactive effects on agronomic traits and yield were significant (P<0.05 ), and soil pH had the greatest effects. Yield per
plant significantly decreased when soil pH was lower than 5.0 or higher than 7.0. The decrease in yield per plant related to soil pH was
mainly due to reductions in number of grains per panicle and seed setting rate. Cd content in polished rice was significantly (P<0.01) affect—
ed by cultivar, soil pH and their interaction in early-rice, and the greatest effect was caused by soil pH. In late-tice, both cultivar and soil
pH significantly (P<0.01) affected Cd content in polished rice, while their interaction was not significant. Significant(P<0.05) difference
was observed in Cd enrichment coefficient among cultivar types. Super hybrid rice had the highest Cd enrichment coefficient, followed by
conventional rice and hybrid rice. Growth duration had no significant effect on Cd enrichment coefficient. Cd content in polished rice was
significantly (P<0.01) correlated with plant height and yield per plant, showing correlation coefficients of 0.412 and 0.371, respectively.

There was no significant correlation between Cd content in polished rice with panicle length, number of grains per panicle, 1,000 -grain
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weight and seed setting rate. In soils with a pH range of 4.0 to 8.0, Cd content in polished rice was significantly (P<0.01) correlated with

soil available Cd content before rice transplanting, with a correlation coefficient of 0.710.

Keywords:rice; grain; cadmium content; pH; soil; available cadmium
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Table 2 Basic information of the tested rice cultivars
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Table 1 Basic physical and chemical properties of the tested soil

i H R =it pH {E gimg kg HHMSH/mg kg A%  LHUg-kg!  ARBE/mg kg  HEE/mg kg
S8 11 5.52 0.617 0.434 4.12 3.01 14.18 143.6
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Table 3 Two—way ANOVA for the effects of cultivar and soil pH on agronomic characters and yield in rice

Heisi B2 df Y% F P
S WS 5991.870 3 1 997.290 176.138 <0.001
(g 101.821 3 33.940 84.802 <0.001
TR STRIEL 2 454.695 3 818.232 11.658 <0.001
T 79.716 3 26.572 54.961 <0.001
ZEIA 0.199 3 0.066 58.829 <0.001
bk i 107.826 3 35.942 3.779 0.018
-3 pH i e 816.133 4 204.033 17.993 <0.001
ik 46.716 4 11.679 29.181 <0.001
FERESTRIEL 7327392 4 1 831.848 26.099 <0.001
T 32.757 4 8.189 16.939 <0.001
ZEIA 0.161 4 0.040 35.603 <0.001
bk i 1295.478 4 323.870 34.057 <0.001
dn b+ -3 pH {i P 1277393 12 106.449 9.388 <0.001
ik 43.479 12 3.623 9.053 <0.001
FRREESTREL 4106.892 12 342.241 4.876 <0.001
T 17.675 12 1.473 3.047 0.004
EEEE S 0.085 12 0.007 6.260 <0.001
Bk 632.812 12 52734 5.545 <0.001
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Figure 1 Effects of soil pH on agronomic characters and yield in rice
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Table 4 Two—way ANOVA for the effects of cultivar and soil pH on Cd content in polished rice
P/ =S | df ¥ F P
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Figure 2 Effects of soil pH on Cd content in polished rice
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Table 5 Two—way ANOVA for the effects of cultivar type and

growth—duration type on Cd enrichment coefficient in polished rice

SR B2 df Y% F P
Feitid 0.189 2 0.094  6.682 0.003
HEFERA 0.057 2 0.028  2.007 0.148
TR * AR F A 0.044 2 0.022 1.561 0.223

FT P 3 TR ZACRE il PSS R RS R o 2 AR 5
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RIRNE 27 R U] 25 5 1 25 P<0.05)
Different small letters indicate significant differences( P<0.05)

in different types
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Figure 3 Effects of cultivar type on Cd enrichment coefficient

in polished rice
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Table 6 Two—way ANOVA for the effects of soil pH and rice growth

stage on total Cd content in soil

P 37 B2 df MUiE F P
EHM 0.559 4 0.140 87.476 <0.001
+-3% pH {i 0.018 4 0.004 2.801 0.030
AEEM ¢ 3 pH M 0.081 16 0.005 3.152 <0.001
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Figure 4 Effects of growth stage on total Cd content in soil
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Table 7 Correlation coefficients among polished rice Cd content, agronomic characters, yield and soil available Cd content

AHIE R B ko w THEpHME  Hbk™ P K TSR TRIE S5 BHGTA RGN & R
ke 1 0.080 0.3717%% 0.412%% 0.230 0.217 -0.145 0.193 0.710%*
435 pH {5 1 0.043 -0.021 -0.459% -0.168 -0.316* 0.051 0.091

R i 1 0.488* 0.259* 0.842%% 0.349% 0.583#* 0.089

W 1 0.767%* 0.3887* 0.441%% -0.252 0.3577
K 1 0.323* 0.542%%  —0.341%* 0214
B HESORIEL 1 0.536%* 0.493 -0.007
ThiE 1 -0.059 -0.158
EREE S 1 0.053
FoRK B R4 & it 1
T s+ 435 FIRTE 0.05 F1 0.01 K- F2ERRE,
Note:* and ** denote significance at the 0.05 and 0.01 probability levels, respectively.
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