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Effects of basal and foliar selenium fertilizers in reducing cadmium and increasing selenium in selenium-

enriched, cadmium—polluted rice fields

ZHENG Jing', BAO Guangling', TAO Ronghao', WU Chenglong’, MA Youhua', YE Wenling"

(1. Key Laboratory of Farmland Ecology Conservation and Pollution Control of Anhui Province, College of Resources and Environment,
Anhui Agricultural University, Hefei 230031, China; 2. Shitai Selenium Enriched Agricultural Experiment Station, Agricultural and Rural
Bureau of Shitai County, Chizhou 245100, China)

Abstract: To investigate the effects of basal and foliar selenium fertilizers in reducing cadmium and increasing selenium in rice grown in
selenium—enriched soil with mild cadmium contamination, in the present study, the yield of rice in the maturity stage, contents of cadmium
and selenium in various tissues, enrichment and transport coefficients, and morphology of cadmium in the soil were determined and
analyzed using field experiments. Three treatments (viz., basal selenium fertilizer, foliar selenium fertilizer, and basal selenium fertilizer +
foliar selenium fertilizer) were investigated, with conventional fertilizer application used as the control. The results showed that the foliar
selenium fertilizer significantly increased rice yield. After application of the basal selenium fertilizer, the soil pH value rose by 0.19 units,

an increase of 3.01%. The basal selenium fertilizer also reduced the weak acid extractable state of cadmium in the soil at a rate of 2.96%,

YRS EHA:2023-08-25 A HHI:2023-10-23

PEE R A (1997—) 55 WU B A LR AR, £ A e 4 15 YME B 5E . E-mail : 2459264646@qq.com

HEEEE M E-mail : wlye@ahau.edu.cn

EE&TA  ZHEE B A AREBIFE H (KJ2021A0138) ; R B S HF R TR H (2022m07020004)

Project supported: Natural Science Research Program of Anhui University (KJ2021A0138); Key Research and Development Program of Anhui Province
(2022m07020004)



St 65 B 5 T DGO R0 5 4 KRB W R A 2 975

promoting the transition of cadmium from the weak acid extractable state to the oxidizable and residual states, thereby reducing the

effectiveness of the heavy metal in the soil. The foliar selenium fertilizer significantly reduced the cadmium transfer coefficient of rice,
especially from straw to brown rice, with a reduction rate of 15.13%. Additionally, it improved the selenium transfer coefficient of rice,
especially from root to straw, with an increase rate of 18.69%. Under the different selenium fertilizer treatments, the cadmium content in
brown rice ranged from 0.159 mg - kg™ to 0.183 mg - kg™ and the selenium content ranged from 0.216 mg - kg™ to 0.244 mg - kg™". The
different selenium fertilizer treatments were able to achieve the effects of reducing cadmium and enhancing selenium in brown rice, with
the foliar selenium fertilizer producing better effects than the basal selenium fertilizer. The effects were the best when both fertilizers were
used simultaneously, whereupon the cadmium content in brown rice was reduced by 26.39% and the selenium content was enhanced by
41.50%. It can be seen that in selenium—rich soil with mild cadmium contamination, either the basal selenium fertilizer or foliar selenium
fertilizer can effectively reduce the cadmium content in rice grains and improve their enrichment of selenium, with the simultaneous

application of both fertilizers yielding the best results. In conclusion, the simultaneous application of the two selenium fertilizers yields the

best combination of reducing the cadmium content and increasing the selenium content in brown rice.

Keywords:rice; selenium fertilization; cadmium; transport and accumulation
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JS is the base of selenium fertilizer, YM is leaf surface selenium fertilizer,
JY is base application of selenium fertilizer + foliar selenium fertilizer.
Different letters indicate significant difference among treatments
(P<0.05). The same below.
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Figure 1 Effects of different treatments on rice yield
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2.2.2 FRKAEAS [RIFRAOLAN 75 5t ) 22 57
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F1 AELEXKFEEIBLARSERZIE (mg-kg")

Table 1 Effects of different treatments on the Cd content of each part of rice (mg-kg™)

AL T Treatment BEK Brown rice KK White rice 5 Shell ZE01t Stem and leaf i Root
CK 0.216+0.003a 0.199+0.003a 0.063+0.002a 0.852+0.006a 2.681+0.044a
JS 0.182+0.005b 0.159+0.003b 0.057+0.003a 0.723+£0.011¢ 2.317+0.031¢
YM 0.167+0.003¢ 0.155+0.003b 0.060+0.001a 0.775+0.009b 2.555+0.028b
JY 0.159+0.002d 0.154+0.003b 0.056+0.010a 0.672+0.005d 2.268+0.019¢

T B I bR EZE (n=3) . AR T REFROR A BRI 22 53 8.3 (P<0.05) . FIA].

Note: Data are represented with mean+standard deviation (n=3). Different letters indicate significant differences among treatments (P<0.05).The same

below.

F2 RESEITKBEESEBABES =M (ng-kg')

Table 2 Effects of different treatments on the Se content in each part of rice (mg-kg™")

b E BN LITES 5t EX it
Treatment brown rice white rice shell stem and leaf root
CK 0.173+0.002d 0.102+0.001d 0.101+0.003¢ 0.233+0.003c¢ 0.807+0.004¢
IS 0.216+0.004¢ 0.135+0.001¢ 0.133+0.002b 0.283+0.003b 0.957+0.003a
YM 0.223+0.003b 0.143+0.002b 0.152+0.008a 0.292+0.006ab 0.850+0.003b
JY 0.244+0.003a 0.160+0.004a 0.146+0.008a 0.293+0.005a 0.943+0.006a
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Table 3 Effects of different treatments on the enrichment and

transport coefficients of Cd in rice

AL PR Treatment BCF g TF st TF sooxszzn
CK 0.379+0.006a 0.318+0.007a  0.253+0.015a
IS 0.320+0.009b  0.312+0.00la  0.252+0.010a
YM 0.292+0.006¢ 0.303+0.003b  0.215+0.016¢
JY 0.279+0.003d  0.296+0.004b  0.237+0.012b

LA BCF o R TE s [ FEARBSCR SR 4 (149 344 TY Ak
B YMARIE X6 F TF s FEARRCR S 4T 1)
9 YM b B AHES T CK FFE T 0.038, 1M JS 40 R
TF gl TF g 5 CK AL TR E SR B
2.2.4 IKFERFOIA Y S s REE

AN [T ES P it Y, ASASC T LA AR AT 7K R X %) WO A
FG 2 | R B 3A BE A 1 7K R X A g W WAL e i (3%
4) . M TF CK, £ &b BEXT 0§ BCF poxe 1Y 42 TH i 1 A
25.13%~41.53%, TF sum [ $2 FF 06 B K 2.47%~
18.71% , TF sorseor I HR TR N 3.11%~10.14% ., Horp
JY S FEXT BCF suoxc F T oot AR FHRCR B i, B2 TH
BE 43 5K 41.53% F110.14% . B X T TF g , JS Fl
YM 4k B £ T 3 5 R 3.11% F13.51% , A FEZ
] It 2 25 57 o XS T TF s U LY M AL 35 (R K
BT P THIREE R 18.71%

R4 FRELEXKEEEENFEZRENEZIN
Table 4 Effects of different treatments on the enrichment and

transport coefficients of Se in rice

AP Treatment BCF gex TF zsopm TF georeszznt
CK 0.557+0.005d  0.289+0.004c  0.740+0.008h
JS 0.697+0.013¢ 0.296+0.005¢  0.763+0.018b
YM 0.720£0.010b  0.343+0.005a  0.766+0.016b
JY 0.788+0.008a  0.311+0.003b  0.815+0.017a
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Figure 2 Effects of different treatments on pH and organic matter
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Figure 3 Effects of different treatments on the classification of

cadmium forms in rice rhizosphere soil
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