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Effects of combined chemical and biochar—based fertilizers applied on Cu absorption and transport in rice
under Astragalus sinicus conditions
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Abstract: To address Cu pollution in paddy field soils, we studied the effects of a chemical fertilizer combined with a biochar-based fertil -
izer on Cu absorption and transport in the soil-rice system under ploughed Astragalus sinicus conditions. Pot experiments were conducted

with five treatment groups, including control (CK, unfertilized ), conventional nitrogen fertilizer(CN), A. sinicus + nitrogen fertilizer(CNG ),
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A. sinicus + organic fertilizer + nitrogen fertilizer (CNGO), and A. sinicus + biochar-based fertilizer + nitrogen fertilizer (CNGC). The ef-

fects of different fertilization treatments on the growth of early—season rice, Wuyou 156, were evaluated in uncontaminated and contaminat-
ed soil, and the Cu absorption and transportation processes were examined in rice organs. The results showed that, compared with the CN
treatment, the grain yield increased by 47.1% and 50.1% in uncontaminated and contaminated soil, respectively, with the CNG treatment.
Compared with the CNG treatment, the CNGC treatment only increased the grain yield by 4.5% and 12.8% in uncontaminated and contami-
nated soil, respectively. Under the application of inorganic fertilizer, Cu concentrations were the highest in rice roots and the total absorbed
Cu was also at its maximum. In contaminated soil, there was a risk of heavy metal (Cu) pollution in brown rice for the CNG treatment; howev-
er, the Cu content of brown rice for the CNGC treatment was lower than the related food hygiene standard (10.0 mg-kg™). Further results in-
dicated that the Cu transporting capacity from root to straw was clearly enhanced under the conditions of ploughed A. sinicus, while the Cu
transporting capacity from straw to husk was inhibited in Cu—contaminated soil. Moreover, in contaminated soil, the mass fraction of avail -
able Cu was at its maximum for the CN treatment. Compared with the CN treatment, the mass fraction of available Cu in soil for the CNGC
treatment was reduced by 39.4%. Compared with the CK treatment, the mass fraction of available Cu in soil for the CNGC treatment was re-
duced by 17.6%. In summary, in the case of ploughed A. sinicus, a fertilization method that uses a biochar—based fertilizer combined with a
chemical fertilizer not only increased rice yield but also inhibited rice Cu absorption and transportation processes, thus reducing the Cu con-

tent of rice grains. Thus, such a fertilization method could be applied for the improvement and remediation of Cu in contaminated rice soil.

Keywords:rice; Astragalus sinicus; transport; Cu; biochar—based fertilizer
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Table 1 Physical and chemical properties of soil were tested

G AL H Bl 40 A5k A Cu/
Samples Organic matter/g kg™ P Available nitrogen/mg-kg™ Available phosphorus/mg-kg™  Available potassium/mg-kg'  mg-kg™
PR e 17.94 5.47 634.50 28.64 163.66 30.19
[EE R 18.85 5.39 634.58 30.47 147.36 298.44




2098

URIEIRCX ity 53855 9H

FEVS Y - KR A [ b PR AR ) i K
N S TETC TS G A R RO A A 0 A — B,
CNG .CNGC ,CNGO #&- 4 FRAR i) T i 12 o B 2 25 577,
H CNGC &b B kA T ot i i 25 (P<0.05) /55 T CN FlI
CNGO 4b 3 . CNGC Ab iy /K F Ff 47+ 5 = HE CN
CNG 1 CNGO Kb 353 51138 7 69.4% .12.8% F129.6% o

CEA PRI L B T X A M T L B2 TG
V5 Y 58, 7RIS Y - R AR KA B CK A B 7 o
WY TR, 20 Cu V5 Y Xt EAE K FE AR K B —
BEMEEMEH. B REIG Y H 0 15 Y
R AR KRG, CN Ak R KR = 2 54K F CNG
CNGO Fl CNGC Ab 3, 130 B B 1 48 = g 25 A4 1 LAt
JIE Kb B Eb PRt AL I X RESE B K AR . RIS &
ST AN R AR P it A — 8 P B B XK A i A
JITRE MR, ELAE PR e A 398 Hh £ RS il A 40 o 35 1S 14 it A
J5 G T KRR ™ E B B s F LA A 3L
22 AREMERSIEXTRLTER CuERSRESH

sEA

P& 1AL, 5 Y - e S AR PR ] Cu A RS
fr R /INELEE S CN>CNG>CK>CNGO>CNGC, CN 4k
B Cu B RS & B At 4 41 A P B 25 (P<0.05) 42
15, Ud BH B A0 AT 25 R A A RS Cu 5 6
MEMEERREZE, TEP CoM ARG EEE

F2 AEMEEAE TFTKEEMATRE
Table 2 The dry weight of each part of rice in each basin under

different fertilization

it F&#F Frr
b .
4L Treatments Root/g-pot™  Straw/g-pot™  Grain/g+pot™
Tois Y 1 CK 2.55+0.69¢ 7.73+1.40b 6.51+0.45¢
Un- CN 3.45+1.17b  9.70£0.63b  11.89+3.83b

contaminated

<ol CNG  4.26+13%b  16.44%1.22a 17.49+3.38a
CNGO  3.4620.13b  11.18+1.36b  13.02+3.97b

CNGC  4.80+0.59a  17.21¢1.59a  18.27+3.70a

bEE R CK 1.40£0.22¢  3.23:0.72¢  2.64+0.92d

Contaminated 3.34:0.57b  12.1122.73b  12.73%1.21¢
ol CNG  4.4410.03a  16.83+121a 19.11+1.68ab
CNGO  3.91+1.49ab  15.52+3.13a  16.64+2.54b

CNGC ~ 481%0.64a  18.18+2.87a  21.56+0.53a
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Note: CK, CN, CNG, CNGO and CNGC respectively refer to control ,
conventional nitrogen fertilizer, A. sinicus + nitrogen fertilizer, A. sinicus+
organic fertilizer+nitrogen fertilizer, A. sinicus + biochar—based fertilizer+
nitrogen fertilizer treatment. Values followed by different letters in the
same column mean significant difference at 0.05 level using Duncan’ s
test. The same below.
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Figure 1 Mass fraction of available Cu in contaminated soil of

different fertilizer treatment
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Figure 2 Content of heavy metal in different rice organs of different fertilizer treatment
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Table 3 Translocation factor of heavy metal in different rice organs of different fertilizer treatment
Jois e 4 bep R
Kb Uncontaminated soil Contaminated soil
Treatments FAF /A BT Bk FEFF/AL BT Bk
Straw/Root Husk/Straw Brown rice/Husk Straw/Root Husk/Straw Brown rice/Husk
CK 0.272h 0.432a 1.568a 0.341b 0.088a 1.548a
CN 0.201b 0.399a 1.086a 0.239¢ 0.116a 1.540a
CNG 0.602a 0.351a 1.157a 0.486a 0.126a 1.708a
CNGO 0.608a 0.293a 1.560a 0.483a 0.121a 1.323a
CNGC 0.632a 0.246a 1.079a 0.488a 0.073a 1.614a
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