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The Effects of Solanum Nigrum L. on Soil Enzyme
Activities with Pollution of Galaxolide
and Cadmium

Lii Ze ,SU Ao ,ZHANG Chi ,HAN Xiaomo ,LI Xingguo

(School of Municipal and Environmental Engineering, Shenyang Jianzhu University , Shenyang,China, 110168 )

Abstract ; To explore the joint effects of Galaxolide HHCB and heavy metal Cd on the activities of
soil enzyme with the phytoremediation, the soil enzymes activities were investigated through the
culture experiments of Solanum nigrum L. during 60 days. The soil samples were collected in the
1th,20" ,40™ and 60™. The variations of urease, sucrose and acid phosphatase were analyzed during

the experiment. The results showed that the activities of urease and acid phosphatase showed
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promoting effect with low HHCB pollution level , while inhibitory effect with high HHCB pollution

level. For the sucrase activities, it showed an inhibitory effect with both the low and high HHCB

pollution level. Compared with single pollution of HHCB, HHCB-Cd combined pollution could

significantly inhibit soil enzyme activity. Besides,the S. nigrum L. could significantly increase soil

enzyme activity. The results of the redundancy analysis showed that soil pH value and HHCB

pollution levels were the key factors affecting the change of soil enzyme activity. The present study

indicates that the effect of S. nigrum L. on soil enzyme activity is by regulating soil pH and HHCB

pollution levels in the HHCB-Cd combined pollution soil.

Key words : HHCB ; Cd ; combined pollution ;soil enzyme ; Solanum nigrum L
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Table 1 Pollution levels of Cd and HHCB in different treatments

m(Cd):m( +3E)/

m(HHCB) : m( 1-45)/

b BRZH 4 R FiviE e 2% 15 YLK b7
(mg-kg™") (mg-kg~")
CK — — X — —
S — — v — —
HL — 70 X fiki5 g HHCB
HLS — 70 vV iREFT HHCB
HH — 700 X [oREE HHCB
HHS — 700 Vv s g HHCB
C 10 — x — cd
Cs 10 — vV — Cd
CHL 10 70 x [REES HHCB-Cd
CHLS 10 70 vV fii5 G HHCB-Cd
CHH 10 700 x TS HHCB-Cd
CHHS 10 700 v [SYEES HHCB-Cd
e x HRFHIESE VORI TESE
JeBERSE T  RAER 10 BiFh 7 bk 1.5 BRSO
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Table 2 The growth of S. nigrum in different treatments

Qb PR FR KRS/ cm A /cm M/ g Ho L5y i/ g
S 25.09 £2.50 16.01 £2.58 0.80 +£0. 21 4.16 +1.21
HLS 27.00 £3.22 20.10 £1.94 1.20 +0. 34 4.58 +0.65
HHS 29.21 £6.24 21.04 £4.21 1.32£0.42 4.87 +0.74
CS 27.36 £3.55 19.20 £6.28 0.89 £0.21 4.34 +0. 66
CHLS 28.45 £5.67 21.04 £5.21 1.24 +£0. 37 5.01 0. 86
CHHS 27.84 £4.53 22.58 +2.87 1.32 +0. 41 4.98 +1.02
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Fig.1 The changes of soil enzyme activities in the different treatments
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FAE) e 25 45 1F T, Ik HHCB V5 447K 7 1y
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Table 3 The pollutant residual quantity,organic matter mass ratio and pH in soils

m(Cd):m( +3E)/

m(HHCB) : m( +3%)/

m(AHL) :m(158) /

AP TR pH
(mg-kg™") (mg-kg™") (mg-kg™")
CK — 21.34 £0.21 5.94 £0. 01
HL — 56.67 +2.07 21.85+0.19 5.91 £0.02
HH — 649.59 = 18. 46 22.89 +0.28 5.99 +0. 04
C 9.99 +0. 02 21.45 +0.20 5.89 £0. 04
CHL 10.01 +0. 02 60.23 +2.10 22.12+0.23 5.88 £0.06
CHH 9.99 £0. 01 660. 81 +23. 58 23.67 £0.41 6.04 £0.03
S — 23.57 +0.37 6.09 £0. 05
HLS — 44.79 +3. 12 24.50 +0. 14 6.11 £0.05
HHS — 553.24 +16.25 23.10 £0. 12 6.12 0. 02
cs 9.88 +0. 03 23.45 £0.24 6.10 £0.03
CHLS 9.85 +0. 04 53.21+2.21 23.75 +0.56 6. 11 £0. 04
CHHS 9.92 +0.03 609. 12 = 18. 56 23.34£0.17 6.06 +0. 03

e Je 2% b B 1 1 4% pH {H 3 B 3
e e - B LA N S e S I o 7 = e
pH, 7Ef [k HHCB 75 4 /K- i B — 75 4L b
FR4H 2 [a] HHCB #.—F1 HHCB-Cd & & 754
AbFRE 2 [A], PR 2 [] () 1 456 pH {25 S35
3 p>0.05, FHW HHCB 7544 /KF & H 5

Cd A5Gt 35 pH BN 3%
2.5 EMEELIEEHEINSHT

X HERGEE S R R R R REY
SR | AR SR AT IUAY T
(RDA), 45 W 5% 4, + HE G 5 % mi (X 1
RDA HEF WA 3 iz,
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Table 4 Redundancy analysis results for soil enzyme and impact factors

(O AR AL 32
i S R - B A e
1 0. 844 0.939 84.4 96. 1
2 0.027 0. 869 87.1 99.2
3 0. 007 0.989 87.9 100. 0
4 0.113 0. 000 99.2 0. 000
1.0 o NV A B8 pH (B & 0 IEAH G, RUTEGE
HHS

HHCB

-0.6 |

-0.6

3 LS F RDA HEr &

Fig. 3 Redundancy analysis ordination diagram of

1.5

the soil enzyme and impact factors
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F e ) - SR AR OGN T
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14 pH B A B T4 5 LIRS . A 3
ATLUE W U g S e 5 2 OE
FHOC, AT LAHE W A 5% v - S8 e 0 1 AR 4k =
FHE L 4 pH ARk e AR S AR sE B,
25 T W], HHCB . — 75 44 Fl HHCB-Cd
BA TG Y 2 W K HHCB 75 Yt /K °F F &
HHCB 7544 /K-2 [0] i £ 3% pH {H22 F ¥R
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M

T SRR BTG e v B U,
Z 5 Y Je, b O S & A AR K AR
fE17 7 RDA HEFe B H, # 3k % 26 A HE
i e A AR R ) R 5 HE T B A A DG
e iy /N, A S R R R 2 BT B3
Hefs 2 5% HHCB 75 447K |3 Ff - 55 il
LRk 555 2 Bl e f /MR O Tk i | iR
WAL B | FERERG , UiHSZ HHCB SR K
TR , 3 I TR Tk Wl R T, /)N 1) S IR T
B3 Rl LLE Y RO e 25 b B4 h
HHCB 75 44 /K A XA AIR, 0 B e 2% 02 e AR
+- 4 HHCB V5 2K Py G &2, — 7
T 3% 38 2 B 4% W 0 HHCB, R# K 8 p
HHCB 1544 /K-; 75— J7 1, e ZE AR G2 E
AR | T HE 7 HHCB R, BRI, e
F& 38 i i AF + 3 Y HHCB 75 Y /K - 1 5K
TS A Sl T A ) R A



960 WHERKESMARBFR)

%38 %

3 %45 i

(1) AN[F] HHCB 75 447K - X A 7] 1 38 i
SRS % R AN R i R il , (% HHCB
5 YLK TR HEVE T 75 7K ST D)
TR HT ;% RERE N , &5 I HHCB 5 44K 7
Br I A A HIAE

(2)HHCB-Cd & 75 4% lt HHCB #.—
15 LT A A R

(3) FiE e 2% 4 s T TSRS

(4) +35 pH {f fl HHCB %% B4 & J2 %2 i
S T A A O B AT IVE I & R
T o R SRS S

&

N

30k

1] LIY,WANG C, GAO S, etal. Impacts of
simulated nitrogen deposition on soil enzyme
activity in a northern temperate forest
ecosystem depend on the form and level of
added nitrogen [J]. European journal of soil
biology,2021,103.103287.

[2] BANERJEE S,BORA S, THRALL PH, et al.
Soil C and N as causal factors of spatial
variation in extracellular enzyme activity across
grassland-woodland ecotones [ J]. Applied soil
ecology,2016,105:1 - 8.

[3] ZENGXY, SHENG G Y, XIONG Y, et al
Determination of polycyclic musks in sewage
sludge from Guangdong, China using GC-EI-MS
[J]. Chemosphere ,2005,60(6) ; 817 —823.

(4] BRSZE skEME, LA % ¥ HsF TG

P DX v G R IR 5 00 A B A WA
BF5E [J]. 7K 4 08 35 %7 4z, 2008, 22 (5)
190 -193.
(CHEN Dejun,ZHANG Chunyan, WANG Jianling,
et al. Chemical fractionation and bioavailability
of heavy metals from Sizhuangding sewage-
irrigated soils of Xinxiang [J]. Journal of soil
and water conservation, 2008, 22 (5 ):
190 - 193.)

[5] BUEE H5E B, 5. R A 5 B0 15 e S

IR Y AR R [ T] . Ll B R
274 ,2021,40(8) ;1738 - 1745.
(ZHAO Zhiyu,Lii Ze,WEI Wei, et al. Joint effects
of galaxolide and cadmium on the quantity of soil
microorganisms and enzyme activities [ J]. Journal of
agro-environment science , 2021 ,40(8) ;1738 —1745. )

[6] LiiZ,HU X, AN J, WEI W. Joint effects of
galaxolide and cadmium on soil microbial
community function [ J]. Biomedical research,
2017,(S) : 546 —551.

[7] BRALL. H3ER PPCPs 54 2 5 E 4 Ji Cd

I 45 2 M e ML B [D]. K BT R

2#,2010.

—

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(CHEN Cuihong. Joint toxicity and mechanisms of
typical PPCPs and Cd in soil [D]. Tianjin;
Nankai University,2010. )
PONS M L, COLLIN B, DOELSCH E, et al.
X-ray absorption spectroscopy evidence of
sulfur-bound  cadmium in the Cd-
hyperaccumulator solanum nigrum and the non-
accumulator  solanum  melongena  [J].
Environmental pollution,2021,279.116897.
MACKOVA M, MACEK T, KUCEROVA P,
et al. Degradation of polychlorinated biphenyls
by hairy root culture of Solanum nigrum [J].
Biotechnology letters,1997,19(8) ;787 —790.
AR, J A RS, 55 ARPRIBITE TS G+
S I S P HT [T]. 0 AR 2
41,2003,14(1) 1143 - 147.
( WEI Shuhe,ZHOU Qixing, ZHAN Kaisong,
et al. Roles of rhizosphere in remediation of
contaminated soils and its mechanisms [J].
Chinese journal of applied ecology, 2003, 14
(1):143-147.)
Li Z,LI X,WANG Y,et al. Responses of soil
microbial community to combination pollution
of galaxolide and cadmium [ J]. Environmental
science and pollution research, 2021, 28.
56247 —56256.
TAI. =i A: 2K A B — K 553 G
kS Tl 0 AR AR W) A TR T RE 22 RE TR A4 R R
[D]. #&4%: INARR K ,2016.
(MAO Shushuai. Single and joint toxicity of
three typical antibiotics and Cu on soil
microbial community function diversity and
soil enzyme activity [D]. Taian: Shandong
Agricultural University,2016. )
LEPS J,SMILAUER P. Multivariate analysis of
ecological data using CANOCO [M].
Cambridge : Cambridge University Press,2003.
PIMDA W, BUNNAG S. Growth performance
and biodegradation of waste motor oil by Nostoc
piscinale strain TISTR 8401 in the presence of
heavy metals and nutrients as co-contaminants
[J]. Journal of the Taiwan institute of chemical
engineers ,2015,53.74 - 79.
FRANKENBERGER W T, JR, JOHANSON J
B. Effect of pH on enzyme stability in soils
[J]. Soil biology and biochemistry, 1982, 14
(5).433 -437.
FWh, B B, AF. pH AR A X R 1
B M R [ T]. A SRR 2=, 2008, 17
(6) :2401 -2406.
(WANG Han,WANG Guo ,HUANG Yingying et al.
The effects of pH change on the activities of
enzymes in an acid soil [J]. Ecology and
environment,2008 ,17(6) :2401 - 2406. )
YU H,FAN P, HOU J, et al. Inhibitory effect
of microplastics on soil extracellular enzymatic
activities by changing soil properties and direct
adsorption: an investigation at the aggregate-
fraction level [J]. Environmental pollution,
2020,267(2) :115544.

(DAL EEME SESCH AL i)



