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Abstract: [Objective] To explore the effects of different addition amounts of litter biochar on growth, heavy

metal absorption and accumulation of Ruellia simplex planted in the sludge + soil mixed matrix, and provide a

Wi HHA:2022-10-08 WL E & FHE): 2023-03-31 10:47:09

B & Mt https://kns.cnki.net/kems/detail/44.1110.S.20230331.0913.002.html

TEEE N kiEs, MEMRE, TEANFRFHRESFEHMA, E-mail: yi953699379@qq.com; EAZ/EH: £HH, 1z,
HE, TZ2MNERAKFEHE, E-mail jinlingling@scau.edu.cn; LBEA, &4k, HWt, T ENEARESEHNT,
E-mail: sczeng@scau.edu.cn

EEUH: R A ARMF AL (31971629)


mailto:yi953699379@qq.com
mailto:jinlingling@scau.edu.cn
mailto:sczeng@scau.edu.cn

S

LH]

4 34 AR, S JRVE R R it SRS 3R S e N % B <R WA FR) R )

505

reference for the resource utilization of municipal sludge and garden waste. [Method] A pot experiment was
conducted to analyze the effects of adding 0 (CK), 1.5% (F; 5), 3.0% (F5 ) and 4.5% (F,s) of litter biochar on
growth, root morphology, physiology, nutrient and heavy metal uptake and accumulation of Ruellia simplex.

[Result] Compared with CK, F, s significantly increased plant height, root biomass, shoot biomass and whole
plant biomass. The plant biomass decreased gradually with the increase of biochar addition. The biomass of F, 5
was significantly lower than that of CK, showing the characteristic of “low promotion and high inhibition”. Total
root length, root surface area, average diameter and root volume of Ruellia simplex reached the maximum in F; 5
treatment, and all of them gradually decreased with the increase of biochar addition. Among all treatments, the
contents of soluble protein and malondialdehyde (MDA) in roots of F; 5 were the lowest, and the activity of
superoxide dismutase (SOD) was the highest. The SOD activity of roots showed a downward trend with the
increase of biochar addition, while the change trends of soluble protein and MDA contents were opposite.
Compared with CK, all treatments increased the uptakes of N, P and K of R. simplex shoots and roots to different
degrees, reduced the contents of Cd and Cu in R. simplex plant to different degrees, and increased the contents of
Pb and Ni. The accumulative amounts of N, P, K, Cd, Cu, and Pb in R. simplex plant showed a downward trend
with the increase of biochar addition, and the accumulative amounts of N, P, K, Cd, Cu, Pb and Ni of F; 5 were
significantly higher than those of CK. [ Conclusion] The addition of 1.5% litter biochar significantly promoted
R. simplex growth, absorption and accumulation of Pb, Cu, Cd and Ni, but excessive addition would inhibit plant
growth and affect the repair effect of substrate. Therefore, the applied amount of biochar should be controlled

reasonably in the practical application process.

Key words: Biochar; Applied amount; Ruellia simplex; Plant growth; Heavy metal absorption; Soil remediation

I T ¥ K A B B T R R AR R N, 5 K Ak
ARG 80% UL ERE SRS A E. i5
HSAREWRER. EEE. A5 EMEEEH
WO, G SRASKE o DA B AL B 0 IR
KIE RIS B T HF, S E S
BLBT. N Py K S8 7YY il s e 2 i &
b R AT T A AL B S AR R BE IR o #A
AR BT, FRETE Ve A BT A )
I BA SRR e hb 2, o, [ pRag AR 2 i
Ve T HUR) i 32 07 0 RS Ve A el AR 338 ek
R, AMXAT DA i e HETSUR) R, 38 AT LA 240 L
LR G AR ) IR K, TSR
PRI AL T EZ AR, AT, I5leHE A
4 & A2 e ARk SR A0 R ) o B PR R 2R, BRI
Ve BB 4 A A v e U A F 2R 00 R0 AR

A IR A 9 — P B BB O 1 22 ThRe A1 KL
BAfxER. JLREHFE . LRI KSR A
REfs A RO I L 4 )8, E B IR R A AEK
J7 i B A EmEAE Y. BRI TS Ve Tt A )
RN 4 R HL A B A SRS, BT DR R
HeRANESETE, AW THMESEEFIEM,
SELE e B BRI R o & UM Ficus altissima
s T HLX 2 AR, 7 e AR SR AL o R SR A

Bk, & -8R, S HFZEMAEKT
T RE TR e v 1L R ) AR R
A DA RAR B R HE AR B Jo i R B A58 5 G i) i,
W AN B 2835 6 25 R 1 el bk s, W ARG E
@I PE, DI E TS G KU, [R] A A 5 i -
TRESAF R LR 1 B B R B A A
I X IR B AN HAS 238 Bl = 5 G5 5, 1
Tz BT EE TG G R B, SRR Ruellia
simplex & B JRFl Acanthaceae H 25t &
Aphelandra EATEY), BAE MW EME, £&E
L5, FE ARG R R 2, B BT v . A
RS TR N RN 7 P AN B 5 £ Y T NS e Rl e
SREAERE L, 2 TR E SR E R RAR . AT
A Ll 8 9 40 o8 SRR AR A= ok R FH 2 AR
5, M8 AR AR P i e R G LR AT I A1
52380 17 ¥ Y+ o 3 PR VR S R 5T P AR AN [
VR S A H X 2R R AR K B 4 R TR AU
SHIFEI, LAy Bel bR R FE 0 ) A5 e B4 Ak
BRHS%

1 RS

1.1 #&
AR 3R B L T MO R S A 5T AT R AR T



506 Mg 4l K22 24 (https://xuebao.scau.edu.cn/zi/hnny_zr/home)

44 %

TR IR, RIERTE 20~60 cm, B E ik
L AREERY), BT ENE KL, 20 d JE AT
1 4 mm G886 o AR Ve B 5 T4k e 3 R A

BA IR~ F A E G KT, 15848 60 d HEEALEE
J s AR ERET S SRR &), 1 1T 4 mm
g o Btk RS Y AT R 1.

x1 HIAERBERMR

Table 1 Basic properties of experimental materials

o) wl(g'kg") w/(mgkg™)
. pH AL R e 2W B e 2 T R .
Meterial Cu Pb Cd Ni
Organic matter Total N Total P Total K Available N Available P Available K
145 Soil 5.77 15.41 070 038 271 26.83 15.27 65.23 17.31 29.56 0.1810.10
15k 7.52 96.54 735 481 643 428.50 611.08 413.27  423.66 48.51 19.88 47.96
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Table 2 Effect of litter biochar application on the growth of Ruellia simplex

g e £ /g Biomass
Treatment Plant height i b3 =tk
Root Above ground Whole plant
CK 106.67+1.86b 6.97+0.04b 31.22+1.39b 38.19+1.38b
Fis 124.00+4.51a 16.45+0.90a 50.72+2.35a 67.17+3.25a
Fio 104.67+2.33b 8.16+0.24b 29.80+1.99b 37.96+2.11b
Fys 98.00+3.79b 5.11+0.10¢ 20.73+0.64¢ 25.84+0.72¢

DR P R A T AT RIR, FII SR E R R AN B F R R AL I £ 5 35 (n=3, P<0.05, Duncan’s %)

1)The data were mean+standard error, and the different lowercase letters after data of the same column indicated significant

differences among treatments (#=3, P<0.05, Duncan’s test)
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FEPRT EOFARNG FRER R AL B A 2 5 i35 (P<0.05, Duncan’s %)
Different lowercase letters on bars of each figure indicated significant differences among treatments (P<0.05, Duncan’s test)
1 CEEMEYIRRINE X B EFIR AR SHS 0
Fig. 1 Effect of litter biochar addition on the morphology of Ruellia simplex roots
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Different lowercase letters on bars of each figure indicated significant differences among treatments (P<0.05, Duncan’s test)
B2 OFEMERRMNENBEAFIRAEIEOFN
Fig. 2 Effect of litter biochar addition on the physiology of Ruellia simplex roots
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Different lowercase letters on bars of the same plant part in each figure
indicated significant differences among treatments (P<0.05, Duncan’s test)

B3 CAEMEMIRRMENREF TS 2NN
Fig.3 Effect of litter biochar addition on the nutrient
content of Ruellia simplex
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Different lowercase letters on bars of the same plant part in each figure
indicated significant differences among treatments (P<0.05, Duncan’s test)
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Fig. 4 Effect of litter biochar addition on the nutrient
accumulation per plant of Ruellia simplex
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A1 31.88%, (HXTHEAE NP RERMH KRR 1.16 mg-kg ") I/, Fuy s LF CuF&E (wHN
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Cd. Cu L KM B Cu & & (35 3), BFRiE AN H3 4TI, Fy g ARBEERPFTRR AR b b0 R 4
34%~52%; ER S T B P &, iR Mk Cd B REWRE KT HALLE, 572 CK 1
196%~293%; R Pb Flith b3 Cd & &5 CK AHEL  1.54. 1.71 F1 1.59 %, F5 o Fl Fy 5 Kb FEAR 3R 45 #k
TR EER S B3R Fy g F Fy s AMHARE  CdBREBEZLT Fi s M CK. Fy 5 AABERR S FHY
Ni S EHEEST CK F s BB H NI FEE LMK Cu. P LR R R E & T MR, &4t
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Table 3 Effect of litter biochar addition on heavy metal content in different organ of Ruellia simplex wi(mg-kg™)
FEAR AL Plant part Q- Treatment cd Cu Pb Ni
R Root CK 7.21+0.34a 56.66+2.04a 2.46+0.44ab 1.58+0.05b
Fis 4.75+0.42b 21.71+0.78d 1.49+0.02b 1.66+0.08b
Fsp 3.58+0.77b 42.17+£2.31b 2.70+0.36a 3.95+1.08a
Fys 3.48+0.83b 30.27+0.83¢ 3.54+0.29a 5.57+0.49a
i E# Shoot CK 0.62+0.13a 34.18+1.01a 0.60+0.21b 1.04+0.13¢
Fi5 0.64+0.04a 25.33+0.03b 2.36+0.29a 6.88+0.25b
Fs 0.51+0.05a 13.78+0.66¢ 1.86+0.08a 4.37+0.48b
Fy4s 0.66+0.09a 14.62+0.95¢ 1.78+0.14a 18.00+1.85a
4=k Total plant CK 1.83+0.20a 38.26+0.78a 0.95+0.17b 1.1440.10¢
Fis 1.65+0.10ab 24.44+0.22b 2.65+0.62a 5.61+0.18b
Fs 1.16+0.18b 19.94+1.27¢ 2.04+0.05a 4.25+0.48b
Fys 1.22+0.24ab 17.72+0.59¢ 2.13+0.14a 15.54+1.45a

1) & b 34 A P 3 ELAF R, A8 B3R5 B 5 O3B 6 R R NG S R R AL B ) £ - B #(n=3, P<0.05, Duncan’s %)
1)The data were mean =+ standard error, and different lowercase letters after data of the same plant part on the same column

indicated significant differences among treatments (n=3, P<0.05, Duncan’s test)

x4 AERYEMRTMENZLAF ERTRMMUEEBRRENRM®

Table 4 Effect of litter biochar addition on heavy metal accumulation of different organ per plant of Ruellia simplex g

FEAREBAL Plant part A Treatment cd Cu Pb Ni

HE & CK 50.19+2.34b 394.90+14.08a 17.17£3.17a 11.02+0.37b

Root Fis 77.4243.57a 356.59+19.31ab 24.46+1.24a 27.274+2.24ab
| 29.18+6.22¢ 343.72+17.47b 21.85+£2.22a 32.46+9.53a
Fys 17.82+4.35¢ 154.64+1.50¢ 18.17+1.82a 28.57+2.97a

s L 1 CK 19.114£3.19b 1064.96+26.15b 19.3947.71¢c 32.844+5.42¢

Shoot Fis 32.614+2.36a 1284.56+58.40a 118.66+12.16a 348.21+£9.23a
| 15.4342.06b 407.97£7.45¢ 55.54+6.04b 130.48+18.18b
F4s 13.60£1.61b 304.05+27.27¢ 37.07+£3.77bc 373.33+41.08a

Atk CK 69.36+5.50b 1459.86+39.96b 36.56+7.61c 43.86+5.05¢

Total plant Fis 110.03+1.22a 1641.16+75.46a 178.24+44.55a 375.4849.89a
F3 44.61+8.20¢ 751.69+10.13¢ 77.39+£5.11b 162.94+26.08b
F4s 31.4245.76¢ 458.69+26.41d 55.24+5.13bc 401.90+40.26a

1) AP B8 B4 AT IR, AR B BRAL R 7 B )5 R RN B T AR AL BR8] £ 57 %% (n=3, P<0.05, Duncan’si%)
1) The data were meantstandard error, and different lowercase letters after data of the same plant part on the same column

indicated significant differences among treatments (#=3, P<0.05, Duncan’s test)
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