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Effects of organochlorine pesticides on soil microbial community functional
diversity
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Abstract ; Organochlorine pesticides such as DDT and HCH were used extensively in China from the 1950s to the 1980s.
Although their use was banned in 1983, their residua in soil are still detectable in many regions today. Pesticides should be
generally toxic only to the target organisms. However, this is rarely the case. Some microbial groups are able to use an applied
pesticide as a source of energy and nutrients, whereas the pesticide may be toxic to other microbial organisms. Because
microbial groups react differently to different pesticides, information concerning their functional diversity (metabolic potential)
is essential for understanding the role of microbial communities in different environments. BIOLOG bacterial identification

system plates were used to assess the effects of organochlorine pesticides (DDT and HCH) on soil microbial community. The
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effects of pesticides to microbial community were expressed in terms of Average Well Color Development (AWCD) and
Community Diversity Indices. The results showed significant differences in AWCD among treatments of control soil, HCH
0.5mg/kg soil, and HCH 1.5mg/kg soil (» <<0.01), but no significant differences among treatments of control soil,
DDTO. 5mg/kg soil, and DDT 1. 5mg/kg soil ($>>0.05). AWCD values of topsoil were also greater than those of plough
horizon (p<C0.01). The abundance, diversity and evenness of soil microbial community were increased with organochlorine
pesticides added in soil. While the results for DDT were similar to those for HCH, there were much lower. Although the use
of BIOLOG for microbial identification was subject to the same limitations as traditional isolate characterization using agar
plates, it proved to be a rapid and reproducible method of detecting relative change in microbial communities. The applicati.on
of the community-level approach to assays of microbial function would provide a more sensitive and ecologically meaningful
measure of heterotrophic microbial community structure.
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BAMENS Y POPHREXMNTEYRBE B AESBERARBHRABINKARATERNENT LY.
POPs BA ¥ E R, BB E RS E P REETHMITE, AN R EH F T POPs Kb X W aE R B K7, M
APRFED, BN, BERELCETTFFRERENTIHUR S BRI EYE. BETER AW 12 # POPs ¥ 4 4, 3
X3 ORFZABMN.MEXEMN KEN. FHEA FHHE. LR RYRA . FRAFAEHORIT =5 MEEKEXMAL
¥ QORAFEIBRNE TS, o ¥k, XPAVE RGN DDT ¥ ARBEAEEMA, B4 —F HCH g £ EH . kA5
ABZES BRREWE  AVARRGNERGTEENM, 1983 FUEHM . HCH.DDT #KRERGABEAF ER+
BRM ESMABNYRFE 192 FTERRNERRED, ELHSHE 355 AR R HE KR AE K= W,
E . FDFCHCHAHER 69%, A3 99.44%,.DDT B iHi F 42% , M 100% . YL ERE K F BAE 20 42 80 F1 T &
Z,BANRABTERER HTFANERAUERBRE ASBRBARIBESE, K AESREFTERN W, £ HEF ILEAH 20 24
ETRBEREHER EFZHXM LR AR A POERMBIRKBRE,

A THELZEAEEN THRARREFHAYRENEALAEEEN Y Y RENFNEARGFAD L EFES,
THMEBENRBENESHEERSZHR W, NTIRZERE W RPN EYLFHAIR BAR W R TR+ 5
AEBERENTE . U BIOLOG MILBBREM A AEMMNE RSN ARAMED BN S ERBEAT MR L REN
w8, AL BIOLOG MAYE R RGN EEFE IR T HIT KEMX R P RUEYRENDIEESEYE, LI REN
ARG ES RGN R WR AR,

1 BHfAFE
1.1 BREBEHEL

BITKER 1949 FLUREEME —BREKE, LTI R il 90km #ysk e B, FEEF R K. EH, BIbR
HEEMEKKERZ—. BT KEREHRBREE 43402km”, S5 3CEF MR EAN 92. 8%, B ILTHEA . WiLE AL EZT ., BT
WX RN EBENESRE S R RRE REXS VA BN EFHLENE. B KELR L8P
DDT M HCH § BEF R T —&pxl, A X EEM £, #— 55 DDT M HCH 3 L WM AW ES REMEH.

1.2 THXRE

FE B T K J i X R B SR 5 SR S A1 38 SUBRBE K BBURE L SR 4R 10~20cm YR BE (9 - 38 2000g, GPS & i 318 R B & 3F
B, HEERREERR 400g FeEH @A %E 9 NMEEP HFAIMAKE R 0.5,1. 0,1. 5.2. 0 mg/kg # HCH.DDT, }#&
BEATH.FRAIEKS FZREARFKEION AR -THAF NE A LEMBMREGEER 0. 5 mg/kg. 1. 5mg/kg K
-+ S A O BV T BB B Bt AT BIOLOG R BE B 31 22 . :

1.3 BIOLOG ¥4k By & 4 JF

BIOLOG #F 5% 3 4E 9 i) B AR B B FL AR (MlicroPlate) , SR & 96 L, Hoh 95 ML IIA T 95 Fb 85— Bk I A0 O nde o},
54— A~ R R U A AL ARk FE e ek R A B R B ALAR B A FL RS, FL R RO B AE YRk T RE R AL R O BR VR T R 4 AR
BER,MlP—E AR FHSE, XM NR ST HEE, RYXMRERSEHAH b 0L Wi AA™, BIOLOG # &
MAERBERFEAEXHHRBHERLICREEE S BALHMEY Y. BIOLOG $UEEL R A L E 1440 AEMBE MG
K. 1991 4 ,Garland # Mills B % ¥ BIOLOG ML AR AR ME YW BHEFLE", ZMTASIBTAHSHEYES TR
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HHTERE.
1.4 BIOLOG -4k il 5& 5 iy 2 A< 4 PR 02
1.4.1 THEBEDHER

OREA YT 10g 225 F + 005 8 28 + %, 4 10~ 20cm., 20~ 40cm 7 2 , % B 4 %1% %5 &1, DDTO. 5mg/kg , DDT1. 5
mg/kg ,HCHO. 5mg/kg ,HCH1. 5mg/kg.

QOBERBERH=MA%RM P 90ml 85%NaCl B EB, AT L, H O,

@ KRZY 20min,

@EBETIHEESD NZAFEMPE Inl EEHBFBRHBEE 90ml 85%NaCl TEBRREF . BOUN 0 REER. AEF
KHERBRE 0 RENBRTHR.
1.4.2 ZBIEYEERR KL (ELISA)

OfEBE TS EHBEN L EETHRABESEFE BIOLOG #F, 87 1500, M ESERIEE. RENE R
BT LU R = e AL BRI T Y E.

@¥EFiF RN BIOLOG AR 7E 25 C R E & B E T #HATHF.

OBRELEPE 12h K 1 K, 45 R 0,12,24,28,32,36h,-++,240h f§ ELISA SR #% FAR 3K 28 78 590nm B4, 3% 1
JA. ALBPRAE 4h WERKIRE N T BTN T RSEY R KNEE,
2 WiEaE
2.1 TEEECEYEY ELISA RN AEER

ELISA &R AT €& F ¥4k % (Average Well Color Development, AWCD) Kk .

AWCD = 33(C — R)/n

X ,C RITIE 95 R BIFLA LR BE , R =X HRTL Al bR UE,» RRERE.

2.2 BESHLE -
REEAEEM AN EER. . SIS ERARCERITEYHERO TR HE LR YRS NI (LE

. BENBERERRAFESHFANOVAIRKE.
3 BR5SH F1 LRRRE MBI B R N

3.1 TEEHETES ELISA RN AWCD {254 Table 1 Measures for functional diversity of soil microbial
Garland %35 i 72 R B BIOLOG 8P4 R M RS BFcfg  communities

B BRI B XY R Rk e | PO B A
21 BIOLOG B4 148 7L B 60 Bk $0 SO O e 07 52 11 w AR RE.BSE  Noes

) BB F B O L RBBORY B Z MR @3 7 5 5 R1 7 B R R1=(S—1)/ln(n)
KM R AWCD 4 FEUY, Haack A FUA ¥ 52 0 7 vk e zchness indices R1=§/'[“”

i mj 24 A ZRAEEL MY A= 2 Moo
BB T R BB RSB L T 2 o CHERBORE e ) oo
SO, A ST I o B PR A9 - R O IR 0D ROV A SR N1 A& Diversity  pyy e
B i 7 48 (5 AWCD 45 58 7 L 5 B - S 000 A0 % V5 45 4 A0 ) Nz indices N2=1/A
BELH FHES. AWCD BT UNFR N AERE . — g; T — 2;:;1//11\;10(5)
R, CREE. MM YR ELISA TR # B fl R & - EEMEEREAS 0 ol
i 3 B 40 7 e 5 T P B P B — RS 4 O B A W RO B LR Ee P Evenness E4=N2/N1
AL E5 indices E5=(N2—1)/(N1—1)

THEEE GRS ELISA R )W AWCD A4 RE 1 fE " xS BIOLOG HFH L. 8% B The total number of

2. ME 1R E,mT HCH T K AWCD (B3 E color well;n  BEAE{L LA YE{E Y B A The total of color values;
(B B3O B L BEA TR AWCD (BRI MK MHEA  ~ B LBBRLEBILE The color value for each well

HERBTFEATHE. FEMERARENNK, AWCD HHEAEBHERBRR, RAEATWRRERS AR, KE 2
R, SEEHM5MT DDT SWEA L, K AWCD ELEENBEMERK, NS AL, 0 HCH AWK E K L5,
in DDT & R E R W2 F i AWCD {E#1TF E 00 (% 2),. 4R KXW 20 13| HCH 0. 5mg/kg HCH 1. 5Smg/kg & 4L
6] -3 AWCD {58 B EH 2R (p<0.01),25 1+ .DDT 0. 5mg/kg .DDT 1. 5mg/kg % 4L 6 + WK AWCD HIEFE B
EHERBAKTF(p>0.05), H4HRE,AHER DDT 3 2 BMEWHEME HCH LB/, HAANAHEBR R EYER
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%%t BIOLOG BEM AN X E . RELEN AWCD BER
F5H 2 B (p<<0.0D), I RZE T EBM A YR 3T BIOLOG
BEFMANBEEERATRELE.
3.2 LEMBAEYBRE AN

R A+ 48 ELISA R BI 144h B S0 (BB Y™K 1000 5 LABS
EHREOHE L EMAEYBES o5 HREMNANARR, RIEL
BHBREARSFIHEEEE SRENYSEHER,

MNFEEERIRE (B 30, EEUBBEMARRAGZE £
BB EEENTI., 5 DDT # HCH /5, Y%
WEEERB RI.R2 & FTF 5 {8 HCH ni i FHZ— &, 4
MEVWHRMHCH W LB EAYRENEEEERTEALE
& DDT MY+, %=, k3 DDT 1 HCH R & 2Z H#
EYBEEEENEA. AREZE, BHES H.0. 5mg/kg
1.5mg/kg Z AR F, A RBHE, HBA B Nk B i w
FRENLA X—FESFELRBENRGRERPER, 5
—FE . WK BRIMRE A ENERESZ RN,
BXMERSRAENMPEMEKEZRANERRADEL LB
K. B AAELHBRRRE . RELEREYRENETE
BEATREEZIE . FNMTREE, XMRERTFREBNELERE
B RS

M eI HOoRE (B 3b), BINR )5, X2 DDT R &
HCH, A B E NS MA & HCH L M EREXRT
DDT i, NIREZRMWHLERE HERENEA, SHER
i & Bf B &, 1 DDTO.5mg/kg + MM AW E HHE KX T
DDT1. 5mg/kg +3% ,HCH ¥ B Z [ A (L B /N8, X B84
P MAB L P RAGE — T2, LIFHRMAR, K4
VAR FARY HBREHAT O BER AT T A K, HYRY
BV N KB, R TS hl R EYER, I BN A FERZEY
KRG KMZHEEABNER NLREREKE, L EHMEY N
DDT M 2% E L HCH W&, EMRRRBE L E A £
BHEXTERLH,

M 51t 45 Bk B (B 30), i hn HCH Jg , X4 v & A4 (% B
(0. 5mg/kg), A=Y BEIE B 1 &) 4 T BE, X9k B 0 KA (1.5
mg/kg), WA ¥R Wi £ 7 &0 DDT J5, 24 ¥ & RS K8t (0.5
mg/kg) ¥ 5 HEH BT EF, {H ¥k B KBt (1. Smg/kg) , 5
RTHEAR. 0T RE SR RERE I RAGRIE T HEY
MR EHE, RESHBEYERS SRANERIRE, O ERE
AR TR W EH AN, MH TEERKER, RERESY
HTRE. 550 AR LB R A DRE Y S ERBHE.

M LA E 5347 0F LA th R ] 4R 25 i AR [ ¥k B 3 £ 3R [/ 2 K

—— Controla —&— HCHla —%— HCH2a
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Fig.1 Variation in AWCD over time (treatment with HCH)
FH 10~20cm 13 10~20cm control soil;

H 8’ 20~40cm 3 20~40cm control soil;

control a

control b

HCHla fn A HCHO.5 mg/kg 10 ~ 20cm + i 10 ~ 20cm
HCHO. 5mg/kg soil;
HCH1b  fm A HCHO.5 mg/kg 20 ~ 40cm -+ 3% 20 ~ 40cm
HCHO. 5mg/kg soil;
HCH2a t3 A HCHI1.5 mg/kg 10 ~ 20cm + 3 10 ~ 20cm
HCHI1. 5mg/kg soil ;
HCH2b  fm A HCH1.5 mg/kg 20 ~ 40cm + € 20 ~ 40cm

HCHI1. 5mg/kg soil

—4— Control a
—a— Control b
—A— DDTla
-6— DDT1b

—%— DDT2a
—— DDT2b

I I

i ! I }
100 150 200 250

B} ] Incubation time (h)
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E 2 +HEMAYEELRS AWCD & (DDT 4EA)
Fig. 2 Variation in AWCD over time (treatment with DDT)

DDTia fii A DDTO. 5mg/kgl0 ~ 20cm F 3 10 ~ 20cm DDT
0. 5mg/kg soil ;

DDT1b fm A DDTO. 5mg/kg20 ~ 40cm + | 20 ~ 40cm
DDTO. 5mg/kg soil ;

DDT2a il A DDTI.5mg/kgl0 ~ 20cm + i 10 ~ 20cm
DDT1. 5mg/kg soil;

DDT2b  fit A DDTI.5mg/kg20 ~ 40cm + | 20 ~ 40cm

DDT1. 5mg/kg soil

MAEMRREE MR 2 AR, RS HEYH AR AARREOREXHN AMERREYHRENETE. S
SEM SRR BH I T REMNEL, BRB MM KE, FRAFOHER EEMERK. AOUNLRA T ARBENT .

4 4iF

i’t*lﬂﬂ‘l’&?ﬁiﬁébﬂ@]iiﬂ*ﬂa‘,’E’Niﬁi%%%ﬁ%ﬂg%ﬂﬁ*ﬂﬁﬁﬁ#%%%ﬂﬁ*I_E],%ﬂﬁfﬁl%ﬁ%,ﬁi%%m%&
WA, %%+ .DDT # HCH ¥ L J3H F o B+ ELISA KA B B Rw . 7E4F 8 A%RE T HCH X £ S84 Y
ELISA 257 i3 fb o B F B R BESX Bl i AWCD L E & F DDT Mz B, 3 B BE% R 25 v B 49 K, AWCD B A9 725 4k 3 3 th
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K, RAEIPWBAERHMHE LR, LEREQNMEDHE AWCD HHNRAEMERER TRELE.

£2 IMELEE AWCD HEFTEDH
Table 2 ANOVA of AWCD for different treatments

L3 o HERE R 2 J5 BHiE B E F 1§ BEHEAKT
Variable Source Sum of Squares daf Mean Square F Sig.
AWCD # [6] Between Groups 12. 625 2 6.313 24.52 0.000" *
(0,HCHO. 5,HCHL!. 5) # A Within Groups 62.033 240 0. 257
S Total 74. 658 242
AWCD £ |&) Between Groups 0. 259 2 0.129 0.78 0. 461
(0.DDT0. 5,.DDT1. 5) #H A Within Groups 39.929 240 0.166
S0 Total 40. 188 242
* p<C0.05, * * p<<0.01;(DZ { .HCH 43 .DDT 4t control, HCH and DDT
DDT A1 HCH %t -+ S B H B RE W S H M 2 0 B — .
Wt S ATIE R R & AR SR RR AR g O e
BT A A AT T B I KRB R R § Ol
BSOS EEREE KBS . BYRGKKELE~ TR ; DDT%:
DDT z z
B, &M e E A K, B — R MA R LR ﬁ DDTla B — —_— H R
BRLA R ATRR BSOS TR N _ 8w
EFE. EHRBARET.DDT X L #BEYHESEHE 0 £ 4 8 5

a FH K Richness indices

g E /NF HCH. HCH2b E
B HFIT, AT LU R 25 20 + M o R BB R R A A £ ot %

SR 1 1 S O L 0 AL 42K % ot ) B 1 R B 8 T AT 4 o —————————

1 3%4b3E Treatments
L]
=
=3
b

PEMIKSE. ggﬁg = o N2
5B EEMNDERARTAR, TREBLEEFE : 0 20.00 40.00 60.00 30.00
RAF MG T BRE B WBE WS AT S+ 5 —

HCH2a
HCHIb

RS S, MEYRENEHNSREHEZANHELER

R RARB RO, BT X B 0 B 3K 0 T BB 2k AT 00 S

FTRENBENESHREESE N BIOLOG FRERET

BEYE KT 894 R (CLPPYR & BRI ST BUE M G S 1
H BT, BIOLOG # 3 — Fh B 55 02 0 BE ¥ 00 £ 2 HE 1) 77 050 060 070 080 090 100

BB R IFZE— B[O, W40 . AR 48 R AT BIOLOG A ik 3 ) © SR Evenness indices

BEOE LB A B R IR R BN WA 007 IIRTTE0 e e e S A

ﬁﬂ}&ﬂjﬁ%ﬁﬁﬁﬁﬁ%mﬁﬁ? léFzﬁﬁ‘lﬂ.Xﬂ' BIOLOG #1784 fy Fig. 3 Comparison of diversity indices ,richness indices and evennes

FARB BT RA GBI MRS HE T EF IR 4o with different treatments

WREMEHEENRES, REXMHTEFESSRRE,

(B0 B BT R A R A TR R MR R KRB 35 , BIOLOG M BF5: + UBUE B SN S5 B AR PSR AL T — M AT 8 BRI

Fik BB, ERXMBE KT, AEANNE ERRE L LRMEDRFEONR.

41 4h BB Treatments
=
[}
=
=
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