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Changes of heavy metal in fresh and litter leaves of
Neolamarckia cadamba and Schefflera arboricola
under sewage sludge application
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Abstract; This study conducted a large root box experiment with Schefflera arboricola monoculture, Neolamarckia
cadamba monoculture, and co-planting of Schefflera arboricola and Neolamarckia cadamba. The dynamic changes in Cu,

Zn, Cd, and Hg contents in fresh and litter leaves of Schefflera arboricola and Neolamarckia cadamba and their litter
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leaves yield were analyzed for three months ( September, October, and November 2020 ) after the surface application of
2% (W/W) sewage sludge (SS). The relationship between the heavy metal contents of fresh and litter leaves and the
changes in the heavy metal return amount in litter leaves were further analyzed. The results were as follows; (1)
N. cadamba had significantly higher Cu contents in fresh and litter leaves than those of S. arboricola, while had
significantly lower Zn and Cd contents than those of S. arboricola. (2) The fresh leaves of S. arboricola had the lowest Zn
content and the highest Hg content in November. (3) The fresh leaves of monoculture and co-planting Neolamarckia
cadamba had the highest Zn, Cd, and Hg contents in November. (4) The Hg content in the litter leaves of co-planting of
N. cadamba increased significantly with the time of SS application, while those of Cu, Zn, and Cd contents showed no
significance. (5) The Cd content in fresh leaves was significantly and positively correlated with the Hg and Cd contents
of litter leaves in Schefflera arboricola in both September and November. (6) The highest yield of litter leaves and the
highest return amount of Cu, Zn, Cd, and Hg in S. arboricola occurred one month after SS application ( September) ,
while those in Neolamarckia cadamba occurred two months after SS application ( October). In summary, the application
time of SS showed a greater effect on the heavy metal contents in fresh leaves of N. cadamba and Schefflera arboricola
than those in litter leaves; there was a positive correlation between the Cd content in the fresh leaves and the Cd and Hg
contents in the litter leaves of S. arboricola; the heavy metal pollution risk of the litter leaves of S. arboricola and
Neolamarckia cadamba was easy to occur in one month (September) and two months ( October) after SS application,

respectively. This study provides a reference for safe SS utilization and reasonable litter disposal in the landscape.
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Table 1  Chemical properties of experimental soil and sewage sludge
i [ ot 51 15 e BRAE
Item Soil Sewage sludge Allowable values for sewage sludge
pH 6.14 7.34 >6.50
53R Electric conductivity (mS - em™) 0.14 8.79 —
HHLFT Organic matter (g - kg') 5.88 102.10 —
WA 2 Alkali-hydrolyzale nitrogen (mg - kg™) 24.27 553.05 —
LW Available phosphorus (mg - kg™) 2.44 205.00 —
HALH Available potassium (mg - kg™) 56.47 381.88 —
44 Total Cu (mg - kg™) 14.92 153.00 <1 500.00
HAE Total Zn (mg - kg™) 94.60 883.33 <4 000.00
SV Total Cd (mg - kg™) 0.16 4.35 <20.00
SR Total Hg (mg - kg™) 0.56 4.49 <15.00
B Total Ni (mg - kg™) 12.70 30.90 <200.00
M Total P (mg - kg™) 34.66 50.83 <1 000.00
B Total Cr (mg - kg™) 49.43 164.33 <1 000.00
S Total As (mg - kg™) 11.70 15.10 <75.00

I V5 URBRME 2% (h A AR SE IR [ 5 bR iE—GB/T 23486—2009) ({55 FIIk £ &5, 2009) .
Note: Allowable values for sewage sludge refer to the National Standard of the People’ s Republic of China — GB/T 23486—2009
(Ministry of Housing and Urban-Rural Development, 2009).
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S. Schefflera arboricola monoculture; SNS. S. arboricola co-planting; N. Neolamarckia cadamba monoculture; SNN. N. cadamba co-

planting. Different capital letters indicate significant differences among different treatments in the same month, different lowercase letters

indicate significant differences among different months in same treatment (P<0.05, Duncan’s test). The same below.
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##% indicates significant differences between the same treatment of Schefflera arboricola at 0.01 level in October and November (i-test).
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Fig. 2 Changes of heavy metal contents in litter leaves
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Fig. 3 Pearson’s correlation between heavy metal contents of fresh

and litter leaves of Schefflera arboricola in different months
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Fig. 4 Pearson’s correlation between heavy metal contents of fresh

and litter leaves of Neolamarckia cadamba in different months
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Kumar et al., 2021), fH¥¥ Cd 1 Hg 1 F L E
R B b DL AR B F (Li et al., 2016),
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*2 FEREAINARNAEHTEZW
Table 2 Changes of dry weight of litter leaves during

three months with sewage sludge application

PNt E
fh Dry weight of litter leaf (g « plant™)
Treatment 9 A 10 A 1A
September October November
S 13.35+4.45a 5.01+1.35ab 2.39+1.37b
SNS — 1.57+0.62 1.26+0.79
N 131.20+£9.94b 424.70+23.38a 36.64+12.66¢

SNN 142.62+11.51b  384.63+42.51a 39.13+5.83¢

TE: S. Ry R AN, SNS. #% BRI Ay N FI 48 B Fh;
SNN. FAEIRA, H1 T 2020 45 9 3 WS ) 10 A 68 5 i 04 v i
R, BOC AR BN U, iobi—, R R/NE iR
71 [l Ak R[] A 453 18] 22 5 {2 35 (P<0.05, Duncan’s %) . #fl
[ AFL 490 S0 AR A LA B SNS AR BRAY 10 J1 A0 11 3 6 $cdle 24 %
A AT b SR TE R B ESR . TR,

Note: S. Schefflera arboricola monoculture; SNS. S. arboricola
co-planting; N. Neolamarckia cadamba monoculture; SNN. N.
cadamba co-planting. — indicates the data loss of the litter leaf
samples of Schefflera arboricola co-planting in September 2020.
Different lowercase letters indicate significant differences among
different months in the same treatment ( P < 0. 05, Duncan’ s
test). Data from monoculture and co-planting of the same plant and
SNS treatment in October and November are analyzed by i-test,
which shows no significant difference. The same below.

S5,2017) , Honk | H 4 JE R I o G Tk R HE R R
EHLH

5T P 45 (2020) A 7% e e 3O 7 A 1Y) o 4
& 0 RS o5, I HL B 43 A W 9 7 AR B R 4
Ja 1T = RS 32 B A7 2 AR AR e, (E AR BN
& TEAHIE 5 v 3G 00 RN A A6 7= A 0 R VR v 4
Ja& [l A ARz s Fa) AN ], 38 2 e AE it V5 e fs 1 4>
A9 ) W™= ik, th B e I/ ¥ it
T4 JE [l A XURS: , T A A6 it B s e ) 2 2 S A
(10 F) 7= A T 48 2 08 7 ik s 34 v O 7% o
HEEFEBIEREE, % EF] (1) % LR HE AR 3 %
BZEVHEEN; (2) 15 IRMEAE IR & & iR B
HEMN G =R R (PR ES%,2015) 5 (3) 15
SRR T B, FRATTA D i FH ¥ e J B[R] P A
(8 73 W 18 0 2 o 7 R R 2 e K A v R
AR BE XS R Z R, SR, F oA
ek = H A& K, A 5 Wl sz 15 = A 1 3
Sy AT E R ILAE AR 20 P (AR R b X
FLAE10 A 5n) , By DLH ™ A 5 4w ]I XU
FEAEENZET X R, BERRACA A AR

x3 FERERINANAEHESZERRETWL
Table 3  Changes of the return amount of heavy
metals in litter leaves during three months

with sewage sludge application

[m] )9
Return amount ( g - plant™)

e R b

Item  Treatment

9 H 10 J 1A
September October November
Cu S 161.71+ 38.11+ 10.91+
49.79Ba 7.55Bb 5.14Bb
SNS — 12.27+ 5.21+
4.37B 3.07B
N 1 509.62+ 6 067.40+ 481.05+
120.90Ab 306.57Aa 168.04Ac
SNN 1 720.50+ 5248.29+ 505.14+
127.42Ab 569.01Aa 72.20Ac
Zn S 1535.83+ 670.44+ 237.01%
532.59Ba 183.59Bab 114.25Bb
SNS — 262.34% 157.97+
103.86B = 91.15B
N 2 912.60+ 10 280.20+ 895.20+
335.38Ab 359.85Aa 318.23Ac
SNN 3354.72+ 8 881.16+ 887.25+
313.98Ab 1 208.09Aa 138.48Ac
Cd S 28.63+ 8.87+ 2.92+
11.51Aa 1.15Bab 1.35Bb
SNS — 4.26+ 5.00+
1.77B 2.88AB
N 12.59+ 109.65+ 13.02+
2.00Ab 21.37Aa 4.31Ab
SNN 27.58+ 90.07+ 13.85+
6.29Ab 23.82Aa 2.17Ab
Hg S 0.10+ 0.02+ 0.01+
0.03Ba 0.01Cb 0.00Bb
SNS — 0.01+ 0.01+
0.00C 0.00B
N 0.25+ 1.65+ 0.14%
0.02Ab 0.22Aa 0.05Ab
SNN 0.28+ 1.20% 0.17+
0.03Ab 0.11Ba 0.03Ab

T ARG 5 8RR W T 0 A [ 4k B0 22 53 35 (P<
0.05, Ducan’s test)

Note: Different captital letters indicate significant differences
among different treatments in the same month ( P<0.05, Ducan’s
test) .

TR BT e it FH 7 AR 00 U i U 4 T S G K
W, AN LG T A 6 1 =1 A8 AL, i B RS
HEERF T EREEM,

) ) TR b AN ASCRE € 23 A1) ] 25 1) 25 4y | 4 3
JIE 3 A B8 2% 3 mT DL S 3R 22 A A i [) 4 R
TIEZ T E 48 O AL A R Y8 S A it (RS NG
55,2018 ; Zeng et al., 2019), 5 Yang % (2017)
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AR DA K i B 4w 5 O Vi B 4 A OC M
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Cd W LRI A IR ATZ Y8 . o ZLi o 7 20
PR P TR Fh S AR PR A B AR S AR, IR S 4
MUEARBR A MLIR & AR A i R A F
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AR 75 A Zn A Cd SR W TR,
1M Cu &3 EANF AL, K5 e i H B i) A2
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Hg SZff it Cd & i 52 30K, 8 5 1 A0 AT 16 05 7%
1y s g A 1 = DN 5 o 9 0 R R e WA R
52 A BRI S RE p VR A T B R
eI RN IE 09 Zn B0 Cd B i, Z RN e H
AR FH R 4 F1 7E ( GB/T 23486-2009) , A #F 5%
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AH 25 FERE 115 Ve 78 Fel AR 22 4 ) R i 95 i
M6 PR B A S S SR ZERE ST ] DLk — D4R
VI E 4 A B e B TS U8 AR R I 2R T 4
] T s et T S A 95 ik 0 A B AR e,

SE Wk :

AERTS R, 1996. Nutrient resorption from senescing leaves of
perennials: Are there general patterns? [ J]. J Ecol,
84(4) . 597.

AL SOUKI KS, LINE C, LOUVEL B, et al., 2020. Miscanthus X
giganteus culture on soils highly contaminated by metals:
Modelling leaf decomposition impact on metal mobility and
bioavailability in the soil-plant system [J]. Ecotox Environ
Safe, 199: 110654.

BAI'Y, ZANG C, GU M, et al., 2017. Sewage sludge as an
initial fertility driver for rapid improvement of mudflat salt-
soils [ J]. Sci Total Environ, 578 47-55.

BIAN F, ZHONG Z, LI C,et al., 2021. Intercropping improves

heavy metal phytoremediation efficiency through changing

properties of rhizosphere soil in bamboo plantation [J]. J
Hazard Mat, 416, 125898.

CHEN YH, LI FL, XU XY, et al., 2018. Research progress on
utilization of sludge landscaping and heavy metal control
[J]. Environ Eng, 36(6) : 150-154. [ BRf5E, 2960, 1
fRFH, 4%, 2018. T5URPEMESRALBEIRARI R H o 45
HBFFEHERE [J]. BT, 36(6) : 150-154.]

CHU SS, TONG X, WANG WR, et al., 2017. Effects of
sewage sludge compost on the growth and element uptake of
Neolamarckia cadamba seedlings [ J]. Chin J Appl Ecol,
28(5): 1550 — 1556. [ fiff W W, # 2, T 3 Fq, 4%,
2017. 75 7 HE AE X B 52 A 4 v A A R OT R WY 52
[J]. AR, 28(5) : 1550-1556. ]

CHU SS, JACOBS DF, LIAO D, et al.,, 2018. Effects of
landscape plant species and concentration of sewage sludge
compost on plant growth, nutrient uptake, and heavy metal
removal [ J]. Environ Sci Pollut Res, 25(35) : 35184—35199.

CUI S, ZHANG TJ, ZHAO SL, et al., 2013. Evaluation of three
ornamental plants for phytoremediation of Ph-contaminated soil
[J]. Int J Phytoremediat, 15(4) : 299-306.

JIANG YR, ZHOU J, LI H, et al., 2020. Dynamic
characteristics of cadmium storage and distribution in the
subalpine forest streams [ J]. Acta Ecol Sin, 40(13) ; 4436—
4444, [FETTPY, FAME, 2R, 45, 2020 JE L ARARIZE G
i S PR SRR [J]. ARk, 40(13)
4436-4444. ]

KILLINGBECK KT, 1986. The terminological jungle revisited:
Making a case for use of the term resorption [ J]. Oikos,
46(2) . 263.

KUMAR V, PANDITA S, SIDHU GPS, et al., 2021. Copper
bioavailability, uptake, toxicity and tolerance in plants; A
comprehensive review [ J]. Chemosphere, 262: 127810.

LAI ML, DONG XQ, XIE SY, et al., 2022. Plant adaptability
and heavy metals accumulation of different landscape plants
in soil with sewage sludge application [J]. J S China Agric
Univ, 43(4): 47-57. [#UI 00, #0e4, e, 4,
2022. {53t T Bl AR 4y A T A R R < e A
[J]. ARl R, 43(4) : 47-57.]

LI JR, WEI XZ, YU PL, et al., 2016. Expression of cadR
enhances its specific activity for Cd detoxification and
accumulation in Arabidopsis [ J]. Plant Cell Physiol, 57(8) :
1720-1731.

LIU Q, PENG SL, 2010. Plant litter ecology [ M ]. Beijing:
Science Press. [ XIi, 32/0k, 2010, MR E YL 552
[M]. dest: Blesth it ]

MAUNOURY-DANGER F, FELTEN V, BOJIC C, et al.,
2018. Metal release from contaminated leaf litter and leachate

toxicity for the freshwater crustacean Gammarus fossarum

[J]. Environ Sci Pollut Res, 25(12); 11281-11294.



5 B 22 2% . 58Nt AT AL 15 R e o R A 7 i R R AR A 935

Ministry of Housing and Urban-Rural Development, 2009. GB/T
23486—2009 National Standards of the People’s Republic of
China — Disposal of sludge from municipal wastewater
treatment plant — Quality of sludge used in gardens or parks
[S]. Beijing: Standards Press of China. [ )5 Fl3 £ &1k
#, 2009. GB/T 23486—2009 H 4 A R0 [l [ 5 s e
WERTSAAEHR ) 5 e A e ARER AL IR [S]. Jbat:
rh bR R ]

MOHSIN M, SALAM MMA, NAWROT N, et al., 2022.
Phytoextraction and recovery of rare earth elements using
willow (Salix spp.) [J]. Sci Total Environ, 809; 152209.

PENG QQ, ZHANG YY, ZHANG HL, et al., 2023. The
resorption and accumulation of abiotic heavy metal elements
in leaves from four types of forests in mid-subtropical China
[J]. Chin J Ecol, 42(12) ; 2828-2835. [ #3514, KK,
TR, A, 2023, HEHHT 4 FRSERIERARI AR A
GBITREWIO R (1], SR, 42(12)
2828-2835.]

STURIKOVA, KRYSTOFOVA O, HUSKAD, et al., 2018.
Zinc, zinc nanoparticles and plants [ J]. J Hazard Mat, 349,
101-110.

SUN HZ, WANG Y, LU X]J, et al., 2011. Heavy metal
concentration in litter layer of different types of plantations in
Harbin [J]. J NE For Univ, 39(3): 61-64. [ /M 5E, £
i Bli/NER, AR, 2011, BRI [AI SR BN TARAG A 7%
2 4 BT S RO AR [T, AR ARl R 2 2 4
39(3): 61-64.]

SUN X, LI Z, PENG HL, et al., 2021. Root interactions and
effects on growth and cadmium/zinc uptake by Sedum
plumbizincicola and  Schefflera arboricola in intercropping
system [ J]. Soils, 53(4): 771-778. [ M, Z5kE, s2utin,
A, 2021, PR R FIRG B S AR R 48 P AR R ARE AR HIN
TP AR o [J]. H5E, 53(4): T71-778. ]

WANG L, LIN H, DONG Y, et al., 2018. Effects of cropping
patterns of four plants on the phytoremediation of vanadium-
containing synthetic wastewater [ J ]. Ecol Eng, 115;
27-34.

WU DM, CHU SS, LAI C, et al., 2017. Application rate and
plant species affect the ecological safety of sewage sludge as a
landscape soil amendment [ J]. Urban For Urban Green, 27
138-147.

WU DM, YU XL, LAI ML, et al., 2021. Diversified effects of

co-planting landscape plants on heavy metals pollution
remediation in urban soil amended with sewage sludge [J]. J
Hazard Mat, 403, 123855.

XU JX, LIU BS, SUN QP, et al., 2015. Effects of zeolite
addition on ammonia volatilization and influence factors in
sludge composting [ J]. J Agric Resour Environ, 32(1):
81-86. [ VFR A, XA, IMICF-, 45, 2015. YA ds s
X5 RHMERC I R rh i R A G R s [J]. K
AW BFIR SR, 32(1) : 81-86.]

YANT, LU X, YANG K, et al., 2016. Leaf nutrient dynamics
and nutrient resorption: a comparison between larch
plantations and adjacent secondary forests in Northeast China
[J]. ] Plant Ecol, 9(2); 165-173.

YANG JX, YANG J, HUANG J, 2017. Role of co-planting and
chitosan in phytoextraction of As and heavy metals by Preris
vittata and castor bean — A field case [ J]. Ecol Eng, 109,
35-40.

YANG Z, YANG F, LIU J, et al., 2022. Heavy metal
transporters:  Functional mechanisms, regulation, and
application in phytoremediation [ J]. Sci Total Environ,
809 151099.

YEBOAH A, LU J, GU S, et al., 2020. The utilization of
Ricinus communis in the phytomanagement of heavy metal
contaminated soils [ J]. Environ Rev, 28(4) . 466—477.

YUAN F, HUANG L, WEI Y], et al., 2018. Litterfall
production and its relationships with climatic factors in
Chinese natural forests [ J]. Chin J Ecol, 37(10) . 3038-
3046. [ RT5, By, BRI, 4F, 2018. PIEKAMIEE
P ReAE M 5AE 7R (V] AR,
37(10) : 3038-3046. ]

ZENG P, GUO ZH, XIAO XY, et al., 2019. Complementarity
of co-planting a hyperaccumulator with three metal ( loid )-
tolerant metal ( loid )-contaminated soil
remediation [ J]. Ecotoxicol Environ Saf, 169. 306-315.

ZENG P, GUO ZH, XIAO XY, et al., 2018. Intercropping
Arundo donax with woody plants to remediate heavy metal-
contaminated soil [ J]. Environ Sci, 39 (11): 5207 -
5216. [ %408, SF@INE, HANoC, 45, 2018, FOATHIAAA
YiamiE R m i g 2R (1], R, 39(11) .
5207-5216.]

species  for

(RfEHE FZEB)



