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Sustained Effects of Remediation Materlals on Sml Ceopper Remedlatlon Under

—

Oil-Rice Rotation | ¥ A 4
ZHAO Ying-ying, LI Hong-chuan, HU Hong“xiang*
(School of Resources’ and Environment, Ahhui Agrlculture Unlversny, Hefei 2300365 Chlna)

XUE Zhong-jun/ LIU, Na, WU Meng-jun N 4

Abstract In th].s stqdy, a continuous rapesrice: Yo ’y!on n.p'lot experiment was (ohduaeJ oyer, thlee years. Repair materials weré
contmuously dpphed in"the first two years . Zdnd“ne ‘repdlr materials were dppl‘led in the second year. The repair “effects gbb
hydroxyapatite,, hme biochar, bio-organie fertlhzer and nafo-materials on coppef (oﬁamlnated soil and the enrichmentof copper.in
different parts jof rape”and rice were investigated:y’ The/jresults show that hydroxyapatite,/lime, and nanomaterials can signifieantly
increase $oil pH, dnd different restoration [maerigls can effectlvely inhibit the movement 6fsoil copper. The effective copper treatment
with lime festoration doil haddthe largest decrease. The four_seasons' of continuous application of restoration materials were 38. 9%,
34.9%, 27, 88% and 29:04%, respectivelyyirand the subseque‘m effe(t of lime passivation of effective copper was better than other
restoration mdterldls The application of the repair material significantly reduced the copper content in edible parts of rape and rice. In
the four/seasons of application of the repair material, the maximum copper content in edible parts of different crops decreased by
46.03%, 22.2%, 29.44%, and 31.71%, respectively. Due to the application effect of the repair material, the copper content in the
edible part of the two season crops, without the repair material, did not exceed the national food safety limit. With the use of different
repair materials, the yields of rapeseed and rice were improved. This test can provide some theoretical basis and technical support for
soil improvement in copper-contaminated areas.

Key words: remediation materials; rape-rice rotation; copper pollution; remediation; sustainability
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WAETE 2R (P <0.05) . MRS, K fE 2+ 5
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Jo, 1 pH {E 3 220 B (CK) i 25 35 , 3 i
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R 3 8] 22 S . BC R, BT T
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0. 4% ~13. 08% . /I [F & 52 A1 L XoF - 18 3 A5 gl 75
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FEHEIN T AN e A Y
e 3 I At S 2 A4 R S ZE 131 pH
(BRI HILJT 75 52 2 5 it FHAE 2 AR A — 2Rl 5
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2017 4EAY /KRG 2 148 pH E A AT FE E A R IK
iz 48 pH (54 I R, A3 HIL & 5 WA e B 7t
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Table 3 Effects of dlfff-rent. renyﬂlatlon materials on soil pH and organic. matter,

2016.4F il %

019 kAT

2017 K] ﬁon’ﬂqﬂa% 2018 4 KFE % 2018 43l 5
Ui o R T oY g PO\ Sl PR e R
B /g kg™! b /g kg ) i 'I/g-kg’l /g kg 1 /grkg! b /g~kg:_f,
~€K 1 518 21.98b 6.75abc  22.27d] 5, 1%¢] 22,61 5.97c 22,90bcl6.11hc 24.90b  6.36h  23.51b
" HAP | [[5.81b “25.20ab, 6.82ab  23.29dd  6.00b  2145h| 6.06c 22.63c  6.19bc 26.04ab  6.55ab  26.18ab
LM © 627@ 22.67b 7.0la  23.56bc 67750 —205%h 7.2la  22.4lc  6.75a  23.05b 6.8la  25.8lab
BC# [75.28¢ 26.77ab  6.53c¢ 25.44a 5.34¢ 33.32a 5.93¢  30.14a 6.09bc  28.06a 6.40b 27.24a
oM .“'l 5.22¢ ‘.23.77ab 6.68hc 24.55ab  5.07¢ 22.56b 5.91c  25.85b 6.04c 27.05a 6.33b 26. 14ab
s1 5.67b 25.16ab 6.98a 22.95¢d  6.37ab  21.25b 6.81b  21.13¢ 6.62ab  23.41b 6.55ab 25.73ab
1) [RIFVEEE G ARG T8 35 Ab BR8] 22 57 .35 (P <0.05) , [+
F4 FEMEEHMBIHEE L EEYLFRD M/ mg-kg ™'
Table 4  Effects of different restoration materials on soil available nutrients in rape season/mg-kg ="
i 2016 4Rl 2017 4R 2018 4F iR ZE
L AW AL AR Ak A A GEYs A
CK 133.70¢ 22.04be 219.36¢ 125.42a 21.59b 171.33be 110.48b 22.20c¢ 178.67¢
HAP 148.58ab 37.20a 276.84a 133.00a 39.98a 213.50a 114.68b 39.57a 266.67a
M 142.84b 25.08b 195.18d 126.58a 23.43b 146.00c¢ 118.77ab 29.18b 191.00¢
BC 149.94ab 24.94b 251.75b 125.42a 22.45b 178.25be 127.05a 32.95b 224.33h
oM 155.28a 22.15be 230.31be 137.08a 21.28b 179.83b 124.25a 26.65¢ 225.67b
SI 148.77ab 18.75¢ 170.09e 126.58a 22.18b 181.83b 112.18b 20.78¢ 238.00b
£5 FEEEMRNARE L EERRS OB ng-ke
Table 5 Effects of different restoration materials on soil available nutrients in rice season/mg-kg !
i 2017 4F7KFE S 2018 4F7KAE 2019 4F7RFEZ
Bl A AR AL o ARk A A AR AL
CK 170. 60ab 24.82¢ 67.66d 114.57a 21.71¢ 129.53b 132.13d 23.12¢ 216.67c
HAP 171.30ab 52.53a 150. 68a 125.65a 47.84a 204.82a 138.13cd 38.31c¢ 270.00a
M 166.41ab 35.60b 87.83cd 116.90a 26. 14be 132.10b 147.29b 34.37ab 240.00be
BC 176. 89ab 27.08bc 90. 11led 131.48a 33.61b 196.27a 155.81a 33.23ab 243.33abc
OM 178.99a 30.87bc 95.07be 127.40a 20.80c¢ 165.47ab 142.57be 32.44b 236.67he
SI 163.61b 25.59¢ 116.76b 112.82a 22.44c¢ 147.50b 147.12b 26.99¢ 253.33ab
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W 1 s A8 SR it AR o A S50
T R R, X S R E AR AT 3L
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EMBLZ 5, VU ZE A SO T B 5 N
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27.88% H121.76% ~29. 04%, Hrfr | 2017 4Eih3E 2
SIAMHRR , - 3EA 20 & A X I T i 22,

HYCON LM ZhH. 2016 4Il3EZR | 2017 4K ARG AN
2018 4FE/K AR N LM AL F R A R0 & i 2 2 )
NI 2. ARt G Z A R P ZE2E AN R AL BT
B - AT R A B S Z X IR B R . 2018 AR
SEZE R RO 0T FEIREE R 22.23% ~27.75%, H:
W LM AR PR R R B K. 2019 AFOKAEZE A
AU T IR EE R 12, 09% ~ 31. 18%, LM 4B T [
iR B R, HAR KR A STLBC \HAP AT OM.

100
B ck W HAP [D LM
90 W Bc Bov [Jsl
7, 80
2
& 60 i
z =
T 50 E i3 T
= - - = i
H w0 = : = =
30 = E g = =
5 LK = E [ = p | = =
20164 32 "Ul?ﬂ’ﬂdﬁﬁ ’Ol?ﬂ’ﬂﬂﬂﬁ 20184k 2 "Ulsﬂ’fﬂiﬂlﬁ 2{?'9‘5*555 )
[5qwlx%?ﬁﬁémmwazmiﬁﬁa(p<o 05) K ~ Nl
— ey H) Tm@@mﬂizﬁwmsmmn ‘v y o)
f -"‘ T Fig. 1 hffects,ﬂf d-lfftil?lﬂ rf;st‘oratlon materials on soil avalla’bb copper cgiment : ) .-"":. I
2.3 1'4‘31‘171;45(*}7@1‘5!%%[15’1% wmS |l Y mam %%ﬁﬁ?ﬂﬁmfﬁ] 7J<$a$|ﬂii31 A HHRL

%6@%7ﬁfﬂ%ﬁﬁﬂﬁ@%ﬁmﬁxﬁ
imféﬂ Bk TR M. LS [F) 7 61 o 20 éﬁjtﬁwu
@7@9@& Sk > 2R, 2016 AETHEEZ A2 2017 435-'

ST AL G MRS SRR P AR o 4

HEl R > 25FFS Bk, 152017 4R 1 2018 4B R
G S MR KRR R K T A i T
W, [ 4> 0 R 8.2% ~ 22.2% I 11.82% ~
31.71% . 53CHR[ 18 ~20 ] WM 57 45 S — 2K, it &

éﬁﬁﬁﬁ*ﬁ¢ﬁﬂﬁ“§ﬁ%?ﬁ% 2R B BE A5 SOBTRL AT A 0 ARG SRR AR A R R K i
N 33.84% ~46.03% 1 5. 05% ~29. 44% . SHAS  hh. 2018 AR M 2019 /KRS FPRATREK
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Table 6  Effect of repairing materials on copper content in different parts of rape/mg-kg ™!
e 2016 4 2017 4 2018 4
EYis JEp FPRL 2EFT JEp FPRL il Jepe FPRL
CK 4.23¢ 16. 34bc 15.25a 4.74a 18.50a 8.95a 6.78a 5.50a 4.20a
HAP 3.88¢ 11.55d 8.23b 2.99b 11.20¢c 7.40cd 2.00d 5.34b 4.17b
LM 6.53ab 16.75b 8.23b 3.01b 12.56¢ 6.51de 2.80abc 4.39b 3.79b
BC 4.77c 13.42¢d 8.37b 3.36ab 16.06b 7.70be 2.23cd 4.79b 3.87b
oM 7.59a 21.22a 10.09b 3.57ab 11.44c 8.50ab 3.79b 5.26b 4.13b
SI 6.35b 14.50bed 8.74b 3.39ab 7.83d 6.32e 3.21be 4.66b 3.98b
27 EEHERDER DBAEE BB me-ke
Table 7 Effects of repairing materials on copper content in different parts of rice/mg-kg ™!
b 2017 4 2018 4F 2019 4F
5T e i ok ZEFT e ik E-Yis 7T REA

CK 10. 70a 11. 56bc 9.96a 9. 86ab 16. 46a 9.6la 8.45a 9.24a 5.16a
HAP 11. 68a 16. 44a 9. 14ab 8.26ab 12.86b 7.02be 6.52bc 7. 46b 4.49b
LM 12.22a 14. 86ab 7.75b 9.38ab 11.40b 6.56¢ 5.79¢d 6.91b 4.47b
BC 12. 02a 12. 47abe 8. 15ab 8. 10b 13.48b 7.93be 5.25d 7.43b 4.45b
oM 11.67a 9.84c 8.73ab 9. 16ab 13.18b 8. 47ab 5.72cd 7.83ab 4.54b
SI 9.50a 12. 81abc 8. 60ab 10.23a 12.81b 6.95bc 7. 11be 6.30b 4.72ab
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Fig. 3 Effects of different repair materials on rice yield
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Table 8 Cost evaluation of different repair materials

B AR i /- hm ~2 Hitfy/Ie 1! 41t/7C - hm 2 BE R
HAP 3.33 40 000 133 200 Bty
LM 5 600 3000 ase
BC 10 1 800 18 000 I
oM 33.33 1500 49 995 I
SI 6.67 10 000 66 700 By
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