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Effects of ionic surfactants on spinach growth and soil enzyme activities

QI Xing—chao', LIU Yan-1i', JIAO An-hao?, JIA Ji-wen', ZHANG Min', LI Cheng-liang"

(1.National Engineering Laboratory for Efficient Utilization of Soil and Fertilizer, College of Resources and Environment, Shandong Agricul-
tural University, Taian, 271018, China; 2.Shandong Agricultural University Fertilizer Science & Technology Co., Litd, Taian 271000, China)
Abstract: lonic surfactants may pose risks to plants and soil microbes after entering soil. Here cetyltrimethyl ammonium bromide (CTAB)
and sodium dodecyl sulfate(SDS) were used to investigate their effects on spinach biomass, and leaf antioxidant enzyme and soil enzyme ac—
tivities in pot experiment. Results indicated that both CTAB and SDS promoted spinach growth at lower concentrations but showed inhibition
at higher rates. The thresholds for the inhibitory effect of CTAB and SDS on spinach growth were 500 mg kg™ and 1000 mg kg™, respec—
tively. Superoxide dismutase(SOD ) activity depended on the surfactant concentrations. As CTAB concentration increased, the activity of
SOD increased gradually and then decreased noticeably. However, the activity of SOD did not differ from the control at SDS less than 750
mg-kg™!, but decreased significantly at higher concentrations. Basically, CTAB and SDS inhibited catalase( CAT) activity. The activity of
peroxidase (POD ) was suppressed by CTAB or SDS under most cases. Besides, the activities of soil dehydrogenase, urease, sucrose, and
neutral phosphatase were almost reduced or restrained by CTAB. However, SDS had the different effects on these enzymes. It promoted soil
dehydrogenase and surcase activities, but inhibited soil urease and neutral phosphatase. Generally, both CTAB and SDS showed certain of
toxicity to soil ecology, with CTAB being more harmful than SDS. These results would provide some references for assessing and managing
the soil ecological security of ionic surfactants.

Keywords: biomass; antioxidant enzyme; soil enzyme; ionic surfactant
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FALBRHS M2 AR D o BRI I Y T B S
TS PR e HOR R B (SDBS ) Xof 7K AE A )
T NFEHUEAL I IS P 1520, 45 13K T 10 mg- L™ AN
100 mg- L™ ZbFREAF N HUIR i BR o S8 AL Py it A ok 48
A U 1 2 251G 0 51000 mg - L 4R B S8 AL W 1
T2 3 e E A

T BEh TR AT AR AL e R 1
R T S8, IR (O Y
JIFEbR, T ELBOR 8 2 1 2 A B S IRV 4R
PR AN ey HIR A LA 24 X6F - SFER : Y)
S 2L A AR 22 R 120 (H R A G TG P 7R ) 1
Mt YR R E IR A Z o 2 RPN IR A5 R &
H1,SDBS I AR M T EERE )% 135 F b S
FRAGTE VLR Fe A 2%, AN[R] R3S 2 A P

ol S TR 175 1 ) B LAk B i 22 1] 3% 8 /s R A 25 0
Z2 5%, ELRHAE I 0] A9 A 4 L 3R A0 TG Pk oAy 284k

TR IS 5 B R B IR B A A5 TN AT
Z PR ATTE PR 20 40 b i it , AH HE B <5 s AR
GAF MRS Yy, SRS PR XA Y U R A
MIAEAC AR BT S E SR  E e J ThT A B
FER o AFFERN ARG, R0 T AR R 3R
T 1 70 7S ot i = P LR B (CTAB) Fl -+ e
SERREREN (SDS ) XIS A 4 R AP 4a AL i L K
T IEMEE PER RN, LA e — 20 I SR I 5
XA A G SRR S R R ma W S AR i Y
Pl R

1 #REFE

1.1 RBEH R

I FH PR TS M) 5300 A - B S AU oS
ﬂﬁEEEﬁE/ﬁ’f{ﬁ%(CTAB ) ) ﬁj\?r"f(ﬂil C16H33(CH3)3NBI” )
AHXT I3 iy 364.45 5 B e 1R -+ e S mi iR A
(SDS), 4y 73K CpHuSONa, #H X4 7 it Ny
288.38, P KL W R b2z i A wl A7 gl
KT 99.0%. HEIRAE Y A 332, A1 60 d. fHiat 1- 5
AP S b, pH6.76 , A ML R 8.42 mg-kg ™,
FH B T35 4 13.36 cmol -keg™, A AR & &2 31.26 mg-
kg™, BEAA G 37.38 mg-kg™, AR & 33.97
mg- kg™, FACH & i 208.36 mg- kg™ KERlFRAL P B
FETTIE W25 SCHR[26] . AR A RIEAR 11 em 42
16 cm 5 13 em WY PSR
1.2 R HE

TR0 7E [ RGP BN B AR5 0 i i b A
AR MY R 27 A A 9% U e 80 P R T AR S 3 =
17, BRI o MR E N A B, =
HNEEFRT 2014 410 A 3 HZE 11 126 HAEit 5L
AT AT A A LA S - S S P A T AR S
47, CTAB i1 SDS 235l b 7S i 2445 1= e v,
TV L, us ik BEARTA] , 24178 50.,100,250.500
750.1000,5000 mg kg™, BEAMREE 3 WRE K . R IAG
PEFIR BGRB8 - e, HARH:
PEANR . 38 20 H SRR 3 d DI KR,
WEMS Y 485 1 em 0, B50IR G BEAE B2 R4S
N, BT BT ERAL 25 1T BRI E IR 135 9 kg, 342
BRI E 2 1 mm (DR 5 e G 577 25
B OKER, RR A (SR 1.5 L)Y 5] MM
RN, B2 R, B SR A A i I



1050

FEOMIRAT, PR I S PRl Wt 104 2 s P R0 v
Z R, T 5~6 YK, 32 S PR 4
s g, AhHEE Y+ EEE T AL KT iR
715 kg B g, BWAFEIRER 0.36 g LI BERRES 0.87
g AL 029 ¢ 5 ISR G B dy - i 1%
AL | 36 Fh , B R DK —IR, R4
KF 4 M R/NAE, B 5 PR

53 d JE WA HE A3, BREE EE R, BOPE 4 CORfif
&rp, RIS, YR i R R A B AL
(SOD) . 1 S AL AU (CAT) Flaok S AL B (POD ) (1) 1
PE o OB EE Y T IERE A DRAFAE 4 CURFR P, LAA I 2
- B S | - AR | L RO T A g v R
RIS . HUAALEE R SE(SOD . CAT HI POD )i %
R B2 H— g B0 — 52 AP B AT WL 43 0 FE T
BT - SR I S R P TG D AR ) TTC ik
JEIEINE 5 A SRS R 40 PR b e D
- SRR B R R A KA R E R ; 3
PP T R TS R TR IR — -k U P -2 R
R MHE B L o 00
1.3 Hig58E

¥ FH Excel 2007 F1 SAS 8.1 X #5435 47 &b 31 A1
Z= SRS, >R Origin 8.5 FEIK,

2 ERESH

2.1 CTAB #A SDS &b 32X 55 3 ith_E &AM = 130

SRR L, B CTAB b BV FE 138 m , 33
A=y S IS I s R (1 1) 50,100,250
mg kg™ CTAB ¥ & 4b # f) A= 4 ik I 2 v 1 X6 HEAb B
(P<0.05, "FIA]), 435 e Xk B3 i T 17% 22% il
18% AHJ& , X =AM Z 1A 2% 25 5. 500,750,
1000 mg-kg™ CTAB ¥ J& b P (1) A= 1y it i 25 15 % et
ALBR 43 5] E X BE W T 59% (93% Fl 95% . 750,
1000 mg-kg™ CTAB ¥k & Ab B2 (AW A7 B 3 25 55 (1
#42 EAK T 500 mg kg™ W EEALFE . 5000 mg -kg™
CTAB ¥ AL HRAE Wit %, d WA 3 Wk B 25 1
T, CTAB &3l 141K

Bl SDS AbFHM B A3, S AR ) S B
Wk kA (B 1) 8817, 50,100,250 500 mg - kg™
SDS ¥ i A T A= Py ik i 25 K T 0 HEAR 3, 2331 B X
HEAL BRI T 89% .62% 53%H1 23%., 7501000 mg*
kg™ SDS ¥ i Ab B AR A /N T 0 B AR B (R 2
AT . 5000 mg-kg™ SDS He BE b FREAE 4 i 35
INTF XS REAR R, HX BRI T 76% o AS[AJHREE SDS 4k

KA IEFFF 1R ERRET R

60
H b [JCTAB

ag b _?_ msbs
M]&HT a a a c
:H_* T T C
& 24+
@

C
12 F e
d d |+|
0

CK 50 100 250 500 750 1000 5000
FEAE AL Y i /mg - kg™
R[] =5 R [l — 2 T3 P b P AR [ e ) 25 S5
P<0.05, KA
B 1 RERE CTAB #0 SDS 438 TSkt FEi S (8E)

Figure 1 Biomass of aboveground parts of spinach in treatments

with different concentrations of CTAB and SDS
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Figure 2 Activity of SOD in spinach leaves in treatments with

different concentrations of CTAB and SDS
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Figure 3 Activity of CAT in spinach leaves in treatments with
different concentrations of CTAB and SDS
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Figure 4 Activity of POD in spinach leaves in treatments with
different concentrations of CTAB and SDS
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Figure 5 Activity of soil dehydrogenase in treatments with different
concentrations of CTAB and SDS
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Figure 6 Activity of soil urease in treatments with different

concentrations of CTAB and SDS
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Figure 7 Activity of soil sucrose in treatments with different

concentrations of CTAB and SDS
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different concentrations of CTAB and SDS
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fiti . SRTIF 250, 1000 mg-kg'CTAB He i b PR, Hoq ik
J& CTAB QbR , CAT FEPEFR A B, JEEnT
- CAT F-3BA I8 X% CTAB JiRf (0 B 53 137 2
IV o 3K AT REE CAT M4 B B ) A5 56 o AR BRI
GBI EE R, B K 7 B (B HE RS, LAS Jihia T
FNFE CAT IEETE 14 d B RS RAE , 76 28 d F#AIK
2 5 X R AL PR KO o AR TR 53 d 1A
K, BAESORIS I 1 e e A A A 2
DR AR AT BN A T3S B CATT I 1 38 35 14 o (%) e
1, SDS AbFR, G F CAT 1% 7E 5 SOD 1& 21,
SIS e IS AR e 35, H 7R RCAIHR FE Bp 4 S 2
KTXF BRAY S - CAT 3Pk . X FGIEH] CTAB
XM B R FSDS, o /& CTAB i/ SDS, BrA4~
TV BE IS SE ) POD 3 4k S 35 T 6T BE Ab 3
Hh, B AEFRTESE M A POD 15 1 i 251 % A g
L RRJC R # 225 . DR AT S e A A G .
TS S0 BIF ST 45 S 58S, LAS A T, 28 A5 POD
TEMEAE 7 d IR S EI R R, BFRER S, POD & ML
TR, HASF LAS ¥R FE[H] POD {5 P AR R/ NS {1
AR

PhESrpraR I, 78 = b b, SOD EE &
BT CTAB i1 SDS Wk B2 284k, g S B 5
7£ CTAB 1 SDS Wit T H B PR3 S, CAT I #
AE A b S Wil 526 SDS Wirif vy, 1 POD &% ]
FESZ IS 1] 55 DR 3R R S 0, AR AME S I S 7E CTAB
F1 SDS Wi T i) B 3R .

3.3 REEMEFIXT T EEEETE R R
AN[E e CTAB H1 SDS Xof A [i] fi4 - 3 il 1% 1k 114
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KA IEFFF 1R ERRET R

S FEBUAS— o ANIEAG AL Y ) o 5 A AU
T S A SR T T R AR AR T B - e
(G2 T A SRS e B, AU JEE 1 B3k 7 51 o
TR A - EREGAT — a2 B BEE VR L i v B B A
IHVER ; 2 R EPMA RN, At , Y
CTAB MU ER 50 mg-kg™ B, 158 i SRR R
PRI P50 HE A 30 S, e ol s il P T PR AT
ARAk SR - S IR TG 1k 5 %t B Ak R 8 2 T o, D A
Al e SR EEXT CTAB A M 32 PE 8, W Ny
50 mg-kg™ O TFAAR XS FLTE MR BT . BRAR AN B
FEBLAN , CTAB He B 4k 23 fin , 4 3 18 0t L IR L 7
R A P R T 5 % R LA S S A . SDS
XoF AN ) - SR8 305 2 5 i) 552 B 0 i , 5 % B Ah B
AH L, B3 TR 0 A1 | T - S8 IR I AR e ol e 0
RPN RIME T, 5 CTAB A —F, SR, 7640
JFEYE IR N, SDS Xof - 498 5t 0t 55 Fb Aty 1 4 A K
ER . TEERUEY) R 1 R — A~ 2R IR, SDS X
ANTR] A ST 1 5 M 119 25 5 w20 DA T S e 1 AT
VB A AT A A Y, B [R) A9 - SO R
[f], SDS X H s mi AL EE th AN ] . SDS 7E ey
I rE A B ERAR (SO% ) , 0138k 143 - S Uil
SRR R P K DI [R5 35 A 1M Ul
AR B PR (S8, T R AR X s - SR R g sk v 2
MR T L 4 A AT U

CTAB F1 SDS X 4 8 iff 1 P 1 52 Ak F AN
SEMRMFIERON , HAE CTAB F1 SDS ¥ FEAR i 1
THOUT , R 5 B A EA R G X UL, 36
T8 P 0 X - SR A 14 2 T A A % g ) L, AN
G RTEIE PR A S Bk B A O, S 3R B B
YRR O, 5 BRI REZ BIFERN R R . AR K
SO0 TR AR A X AR ) S e A BN [R] A%
o7 , 25 b P B) i S B TR -TH I R B4
AE S BIETR 48 FeAn F B AR B %) BT R ) 1 g
JIR T o BN RAESS 1 d AE0E A0 3R 2 d s, Holilhg
VEFRTE S o LA IE A Es SCHTaA , e G 24 577 — T fE
OB AR, EEA T LIRS TN S — T
T, P A8 30 e 5 M) - 38 6l A 2 T e X - S il 3% 42
TR, X R A 415 2

Zi4y CTAB FI SDS X DU R -1 398 B 15 1 9 52 i
JUR T8t 5 14 7TV Sl 1238 CTAB i SDS 5 4L (1) 2 7% 4
Fro CTAB il SDS Xif PUF} - S RGP M0 A 22 57, DA
MITEUE] T CTAB (8K T SDS, A + 395
K eh CTAB 256 T SDS #47.

4 g

CTAB Fi1 SDS #BXJ 3 2 1) A+ B0 HH Aok B2 A
HEEBEAN T . CTAB X PR MR T SDS, Sk
i, CTAB 1 SDS #R¥G5R T 3 5+ B SOD {4k 5 X
CAT 3 P BRI CATB LIJEE N =, 17 SDS R H
el dEE I s XTPOD JEE I 4 & 2%, CTAB
F1 SDS HB2 LI A 32 ; CTAB X5 S h 48 A0 BT 1
MBI T SDS, CTAB F1 SDS % e & M52 i A
RS, BABIEAN, CTAB FEA [FIFREE 3l T
IR . DR . REAREERN b W R Y T
SDS TEAS R BE AR IE T A 198 50 S T R e 00 6 110 1%
PE, AT R A P R T s R
CTAB X - 35S M 9 % KT SDS.

SE

[ FEE, 05, FAEF. R EM]. e s Jb et TR
iR, 2009 1-29.

DONG Guo—jun, SU Yu, WANG Gui—xiang. Surfactant chemistry[M].
Beijing: Beijing Institute of Technology Press, 2009 1-29.

[2] FE 54k o RGN B S Tl [T AR iR,
2014,37(4):1-4.

WANG Wan—xu. Progress in surfactant technology and industry in Chi—
na[J]. Detergent & Cosmetics, 2014, 37(4).1-4.

(3174 . MG AR A R A I). F RSB Tk, 2015,
25(4):53.

LI Qiang. Surfactant development trend of the global markets[J]. Oral
Care Industry, 2015, 25(4).53.

[4] Z= 1) B, 24148, 38 . Fummin on) S L s0RH T3 5 A R ).
H AR, 2014, 37(1):20-26.

LI Xiang-yang, LI Wei-nian, PEI Hong. Market, trend and development
of surfactant raw materials[J]. Detergen & Cosmetics, 2014, 37(1):20-
26.

[5] Ying G G. Fate, behavior and effects of surfactants and their degradation
products in the environment[J]. Environment International, 2006, 32
(3):417-431.

[6] Kloepper—sams P, Torfs F, Feijtel T, et al. Effects assessments for surfac—
tants in sludge—amended soils: A literature review and perspectives for
terrestrial risk assessment|[]]. The Science of the Total Environment,
1996, 185(1-3):171-185.

[7] Jensen J. Fate and effects of linear alkylbenzene sulphonates(LAS) in
the terrestrial environment[J]. The Science of the Total Environment,
1999, 226(2/3):93-111.

[8] Wolf W, Feijtel T. Terrestrial risk assessment for linear alkyl benzene
sulfonate (LAS) in sludge —amended soils[J]. Chemosphere, 1998, 36
(6):1319-1343.

[9] Lewis M A, Wee V T. Aquatic safety assessment for cationic surfactants
[J]. Environmental Toxicology Chemistry, 1983,2(1):105-118.

[10] Singh R P, Gupta N, Singh S, et al. Toxicity of ionic and nonionic sur—



WA S B TR HE RIS 5 T R B 1055

factants to six macrobes found in Agra, India[J]. Bulletin of Environ—
mental Contamination Toxicology, 2002, 69(2):265-270.

[11] 2R3, ik, 2575 B, 45 W 2= B b B g 2 11 T M 7R Xk
A HE IR BEVERBONLT]. AV PR E2441E, 2012, 31(4):673-678.
LI Xiang-ying, YANG Fa—hui, LI Xiu—huan, et al. Toxicity of two qua—
ternary ammonium cationic surfactants to aquatic organisms[J]. Journal
of A gro—Environmental Science, 2012,31(4):673-678.

[12] BRDRAE. ZRmE A e AR TR B2 [D]. S PU R R,
2014:47-66.

CHEN Qing—hua. Effect of surfactant on migration of nitrogen utiliza—
tion and phosphorus in soil[D]. Chongqing: Southwest University, 2014
47-66.

(131 F G AP AEEAE M. Jbs AR R, 2010:438-439.
WANG Zhong. Plant physiology[M]. Beijing: China Agricultural Press,
2010:438-439.

[H4] R, INGR AR, AT 37 S Man T AR 0 P 4 A S A IR 4
HLERRIBIF I T]. VR 2%, 2008(3) : 10-13.

ZHAO Tian-hong, SUN Jia—wei, FU Yu. Advances of research on
metabolism of plant reactive oygen species and exogenous regulation
under abiotic stresses[J]. Crops, 2008(3):10-13.

(ST BRIB%, 25, 15 77, 45 SRING PRI 2E 1A Ko K L ek

AT MR RL544R, 2010, 30(9) : 1854-1861.
CHEN Shu-ling, TAN Yun, YAN Ning, et al. Effects of surfactant lin—
ear alkylbenzene sulfonate (LAS) on the growth of Zizaian Latifolia
Turcz. and the residual LAS content in soil[J]. Acta Scientiae Circum—
stantiae, 2010, 30(9) : 1854-1861.

[16] 8% 5 55, ARl W], L esa M. =R dbat: sh AR ik, 2010:
48.

HUANG Chang-yong, XU Jian—ming. Soil science[M]. The third edi-
tion. Beijing: China Agricultural Press, 2010.438.

7R, 5, BekAfly, 5. - SERG R e [T]. 2 a e,
2011,27(21):1-7.

LIU Shan—jiang, XIA Xue, CHEN Gui—mei, et al. Study progress of on
functions and affecting factors of soil enzymes|J]. Chinese Agricultural
Science Bulletin, 2011,27(21):1-7.

(18] T3t AR L R 0 A A PRIE 1y o 1oy 15 9 JRe 7). L 43
iz, 2009, 40(4):951-956.

WANG Zhong-mei, SONG Chang—chun. Advance on response of soil
enzyme activity to ecological environment[]J]. Chinese Journal of Soil
Science, 2009, 40(4):951-956.

(914718, FIFiE. LIERGUITE sl S R I]. PR 5 A 241,
2002, 8(5):564-570.

YANG Wan—qin, WANG Kai-yun. Advances on soil enzymology|J]. Chi—
nese Journal of Application Environmental Biology, 2003, 8(5) :564~
570.

[201 8 &, ZEIPHL XU 2y, S5, SRR 3 i U0 UG I 1 K
AR FH 2T BREE AL, 2002, 21(5) : 481-484.

HUANG Zhi, LI Shi-yin, LIU Xin—hui, et al. Effects of mefenacef on
catalase in soil and soil respiration[J]. Environmental Chemistry, 2003,
21(5):481-484.

21132 AL XK, BB, 4. DURD RS0 1 SRR 22 m [].
HLA 24, 2009, 8(6):31-36.

PENG Xing, LIU Chang—e, DUAN Chang—qun, et al. Effects of four

herbicides on urease activity in soil[J]. Modern A grochemicals, 2009, 8
(6):31-36.

[22] A, ARG, T, 5 BRI BTRARLHE X - UK 1 52
WALT. I3 FHA: A5 27:4H. 2003, 14(12):2281-2284.

WANG Jin-hua, ZHU Lu-sheng, WANG Jun, et al. Effects of atrazine
on urease activity in soils with different fertility[J]. Chinese Journal of
Applied Ecology, 2003, 14(12).:2281-2284.

(23] ER], ORAAME, B e, 25 SART5LHnT 1 B i O W5
HERE] PR RAA BHOR 514, 2004, 5(5) - 11-17.

WANG Li-ming, XU Dong-mei, CHEN Bo, et al. Effects of external
contaminants on soil phosphatase[J]. Techniques and Equipment for
Environmental Pollution Control, 2004, 5(5):11-17.

[24] 22V FR G P02 398 v (A B2 O A A 7 g B O 4 338 sl A= 40
FIRHEHEROID). 0 IR K2, 2005 11-45.

YUAN Ping—fu. Adsorption and desorption of surfactants and the ef—
fects on microbe and enzymes activities in soils|D]. Changsha: Hunan
Agricultural University, 2005 11-45.

[25] 75 7. 2R U B B~ R T T 14 790 4 4 B [T A A2
R (HAFIERR), 2003, 21(4) : 503-506.

CHANG Qing—chun. The development application quaternary ammoni—
um salt cationic surfactant[J]. Journal of Jiamusi University ( Natural
Science Edition ), 2003, 21(4):503-506.

[26] G and. LR AL 50 AT TR IM]. AL 5T A AR Rk,
2000.

LU Ru-kun. The analysis method of soil agricultural chemistry[M].
Beijing: China Agricultural Science and Technology Press, 2000.

[27] 3, FEa, e, 55, R BRI 58 S B AL

il R Dt G P K R R 05 T s g [0 o e 23 4, 2008, 24
(1):266-270.
CHANG Peng-bo, LI Zhi-yun, YANG Jian—tang, et al. Effect of coop—
erated application of nitrogen, potassium and zinc fertilizer on superox—
ide dismutase, nitrate reductase and root activity tobacco[J]. Chinese
Agricultural Bulletin, 2008, 24(1) :266-270.

[28] Bl B, 2o, IR, A5 /N AR R g S P E T 1
PR VIRl 2= 3], 2013, 29(4) - 772-776.

DAI Ru-yi, WU Ji-rong, XU Jian—hong, et al. Improvement of deter—
mination dehydrogenase activity in wheat rhizospheric soil[]J]. Jiangsu
Journal of A griculture Scicence, 2013, 29(4).772-776.

(201 JAALAE, SR AR BA. b SRS 1 I 5 k[T, LA, 1980(5):
37-38,49.

ZHOU Li-kai, ZHANG Zhi-ming. The determination of methods of soil
enzyme acticity[J]. Chinese Journal of Soil Science, 1980(5):37—-
38, 49.

[30] 2 E e, HEAR, k. UIUBREGEA 6 57) NBPT X 22 FF 14 H A5 H
BRI AT AOl A4z, 2012, 20(1) 1 19-23.

PENG Yu-jing, TIAN Yu-hua, YIN Bin. Effects of NBPT urease in—
hibitor on ammonia volatilization in paddy fields with wheat straw ap—
plication[J]. Chinese Journal of Eco-Agriculture,2012,20(1):19-23.

[BU FERAL ARG A, £ %, 55, BaRFRL A AN R 7 S AR 1 14
A2 AV FREERE274k, 2004, 23(3) :479-483.

XIN Cheng—you, ZHU Lu-sheng, WANG Jun, et al. Effect of atrazine
invertase under different soil fertilities[]]. Journal of A gro—Environment

Science, 2004, 23(3) :479-483.



