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Effect of the application period of granular fertilizer on the subcellular cadmium distribution of double-

season rice at the milky stage

ZHANG Yusheng'?, ZHANG Xiaoyi'?, XIAO Huan'?, AO Hejun'*’, XIANG Yanyun'?, TIAN Wei'?, XIAO Feng'?

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

Abstract: This study aimed to investigate the effect of nitrogen application during the late growth period of rice on subcellular cadmium
(Cd) distribution in double—season rice plants at the milky stage and Cd accumulation in brown rice at the maturity stage. A field
experiment was conducted to select early rice plants Zhuliangyou 819 (low Cd accumulation) and Luliangyou 996 (high Cd accumulation),
and late rice Xiangwanxian 12 hao (low Cd accumulation) and Yuzhenxiang (high Cd accumulation) as the test materials. Three nitrogen
application periods during the late period were established at the initial heading stage, full heading stage, and filling stage. A treatment
without nitrogen application was used as the control. The results showed that Cd distribution in the roots and leaf cells of the rice in the
control treatment was cell wall > cytosol > organelle, and the Cd distribution in the root and leaf subcellular fractions of the different rice
seasons differed greatly with nitrogen application. For early rice varieties, the Cd distribution ratio in the roots and leaf cell wall and cytosol
at the leaf milky stage decreased and the distribution ratio of organelles increased. Cd content in the root cell wall and cytosol of the low Cd

accumulating variety Zhuliangyou 819 was significantly higher than that of the high Cd accumulating variety Luliangyou 996. The Cd
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distribution ratio in the roots and leaf cell wall and cytosol of the late rice varieties at the milky stage increased and the Cd distribution ratio

in the organelles decreased. The Cd distribution ratio in the root cell wall was negatively correlated with the Cd distribution ratio in the

organelles and cytosol (P<0.01), and the Cd distribution ratio in the root cell wall was negatively correlated with the transport coefficient of

Cd(P<0.01), whereas the Cd distribution ratio in the root organelle was positively correlated with the transport coefficient of Cd (P<0.01).

The Cd content of brown rice was significantly decreased by 28.57% with the application of nitrogen at the initial heading stage in

Zhuliangyou 819, significantly decreased by 38.46% and 48.15% with the application of nitrogen at the full heading stage in Luliangyou

996 and Yuzhenxiang, respectively, and decreased by 10.00% in Xiangwanxian 12 hao. The Cd content of brown rice was increased with

the application of nitrogen at the filling stage. The late growth period of rice is a critical period for grain Cd accumulation, and nitrogen

application during the full heading stage of rice can significantly decrease the Cd content of brown rice in high Cd accumulating varieties.

Keywords : double season rice; cadmium; nitrogen fertilizer; late growth stage; subcellular
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Table 1 Cd content of early rice of different parts in different stages and Cd transfer coefficient and yield in maturity stage
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Ciﬁ i Treﬁim LW Milky stage A Maturity stage Wowr Mo Thaw  Veld
HRoot  %Shoot  Nrleaf FiPanicle  HRoot  ZMrShoot HikBrownrice TFuwswe  TFwcsomie  TRrcamase  (h07)
HRmifk 819 CK 1.25:0.18b 0.22+0.02b 0.14£0.00a 0.09:0.01hc  2.8120.12a  0.2420.02ah  0.07:0.01a  8.62+1.19a  29.61+246ab  2.540.30b 6.030.07h
”h“‘;al';gy"“ Fl 1.580.07b 0.3040.05h 0.100.01b 0.15:0.01ab 1.89+0.30bc 0.25:0.03ab  0.05+0.01b  13.87+3.05a  19.99+4.22h  2.74+0.81b 6.87+0.13a
2 2310.33a 0.69:0.11a 0.15¢0.02a 0.06:0.01c 2.42¢041ab 0.28:0.02a  0.07¢0.0la  12.05¢2.90a  25.114272b  3.10+1.10ab 5.98+0.32
F3 139+0.13b 0.22+0.03b 0.10:0.00b 0.20£0.06a  1.680.17c  020:0.03b  0.08:0.01a  11.81+0.60a  4043+833a  4.730.79% 5.93+0.38h
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* and ** indicate significant correlations at the 0.05 and 0.01 levels, respectively. The same below.
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Table 2 Cd content of late rice of different parts in different stages and Cd transfer coefficient and yield in maturity stage
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Table 3 Subcellular Cd content of early rice root and leaf at milky stage (mg-kg™)

i bR HE Root It Leaf
Cultivars Treatments ZMAIEE Cell wall — 4HAERS Organelle AL Cytosol  ANAEEE Cell wall AL AR Organelle  4HAEH Cytosol
FEWIIE 819 CK 1.28+0.00a 0.24+0.04b 0.33+0.07a 0.10+0.01b 0.08+0.01b 0.03+0.00b
Zh“';;';gy‘)“ F1 0.48+0.10b 0.14+0.02 0.44+0.07a 0.12+0.02b 0.29+0.06a 0.04+0.01ab
F2 0.76+0.16b 0.37+0.07a 0.45+0.10a 0.12+0.00b 0.27+0.05a 0.05+0.01a
F3 1.13+0.22a 0.36+0.00a 0.29+0.05a 0.38+0.05a 0.06+0.00b 0.05+0.01ab
1 996 CK 0.46+0.11a 0.09+0.00¢ 0.16+0.01b 0.07+0.01b 0.03+0.00b 0.05+0.01a
Luliangyou996 Fl1 0.53+0.09a 0.210.00be 0.28+0.06a 0.09:0.02b 1.26+0.18a 0.04£0.00ab
F2 0.56+0.01a 0.73+0.19a 0.19+0.02b 0.27+0.02a 0.05+0.01b 0.04+0.00ab
F3 0.40+0.06a 0.38+0.02b 0.28+0.04a 0.09+0.01b 0.12+0.02b 0.04+0.00b
QIET sfesk sk — sk sk —
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Table 4 Subcellular Cd content of late rice root and leaf at milky stage (mg-kg™)
LD QbR i Root It Leaf
Cultivars Treatments ANHLEE Cell wall 4SS Organelle  4NAEHK Cytosol  ANAEEE Cell wall  ZHHI# Organelle  4HAELHK Cytosol
WAL 125 CK 4.38+1.15a 0.45+0.10ab 2.21+0.06ab 0.09+0.01ab 0.03+0.01a 0.03+0.01b
Xiﬁ“é‘::;’:‘ia" Fl 2.49+0.47h 0.27+0.05h 1.1120.31¢ 0.05+0.01b 0.02+0.00ab 0.04+0.01b
F2 3.68+0.55ah 0.59+0.02a 2.63+0.58a 0.06+0.00b 0.01+0.00b 0.03+0.01b
F3 4.04+0.33ab 0.58+0.09a 1.65+0.34hc 0.12+0.02a 0.01+0.00b 0.31+0.08a
FEH CK 6.31+0.96ah 0.18+0.04c 0.84+0.08b 0.07+0.01a 0.03+0.00b 0.03+0.00¢
Yuzhenxiang F1 3.41+0.82bc 0.34+0.04bc 1.20+0.29h 0.06+0.01a 0.02+0.00b 0.05+0.01¢
F2 6.46+1.46a 0.82+0.21a 0.79+0.02b 0.08+0.02a 0.04+0.00a 0.20+0.01a
F3 2.44+0.23¢ 0.54+0.04ab 3.80+0.46a 0.07+0.01a 0.02+0.00b 0.13+0.03b
AEFET * ok ok % * ok
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Figure 1 Cd distribution in rice root and leaf subcellular at the milky stage
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Table 5 Correlation analysis of distribution ration of Cd in subcellular and Cd content of brown rice and Cd transfer coefficient

ot L oo S T e o
wall organelle Root eytosol wall organelle  cytosol T e T e brown rice
AR AfLEE Root cell wall 1
HEANME S Root organelle  —0.688%* 1
ML Root cytosol -0.552%%  —0.225 1
40 BE Leaf cell wall 0.219 0.011 -0.288 1
L& Leaf organelle —0.451% 0.286 0.235  —0.724% 1
217 Leaf cytosol 0.402 -0.430%  -0.009  -0.106 —0.609%* 1
TF - TF pont-shon -0.447%%  0.693%%  -0.213  -0.137  0.425% —0.443% 1
TF -5 TF S0 prown i -0.330%  0.426% -0.088 0.145  -0.024 -0.117  0.054 1
TF ssk TF foor-rown e -0.473%%  0.740%*  -0242  -0.032 0266  -0.330 0.734**F  0.657%* 1
BEK & it -0.022 -0.034 0.060 0.052 0242 0294  -0.276  0.652%* 0.170 1

Cd content of brown rice

1 n=48 , *Fl* 00 B FRAE 0.05 F10.01 7K [ EAHE

Note:n=48,* and ** indicate significant correlations at the 0.05 and 0.01 levels, respectively.
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