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Toxic effects of ent-kaurane diterpenoids on soil ciliate communities
NING Yingzhi" ", DU Haifeng', ZOU Tao”, WANG Hongjunvl

1 College of Life Science, Northwest Normal University, Lanzhou 730070, China

2 School of Chemical and Materials Engineering , Huangshi Institute of Technology, Huangshi 435003, China

Abstract; Soil ciliates are an important component of microfauna and play a crucial role in the functioning of microbial food
webs by mediating the flux of both substances and energy in many soil ecosystems. As they response to the changes of
environmental conditions more quickly than other organisms, they have increasingly been used as a robust bio-indicator in
bioassessment of soil environments. In order to obtain a better understanding on the toxicity of ent-kaurane diterpenoids to
the soil ciliates, the effects of this toxin on the community structure, abundance and feeding habit of soil ciliates were
detected. The bioassay of ent-kaurane diterpenoids on soil ciliate communities was conducted using a pot simulation test in
the Mayan Forest Region of the National Nature Reserve of Xiaolongshan. The eni-kaurane diterpenoids were mixed with the
soil at arrange of concentrations: 0, 2.5, 12.5,22.5,32.5,42.5,52.5, 62.5, 72.5 and 82.5 mg/kg dry soil. Three
replicates were carried out for each treatment. The pots were treated in a greenhouse for 60 days, during which the ciliate
community structures were evaluated using the non-flooded Petri dish method and the abundance of ciliates were estimated

using direct counting method. Ciliate species were identified using living observation and silver impregnation. The residue

ELTH . HE ARFAEE YT H (30870273 ; 30470208 )
%5 HHA:2010-05-28 ; 1T H#A:2010-12-11

# MINAEH Corresponding author. E-mail ; ningyz@ nwnu. edu. cn

http://www. ecologica. cn



184 LA E = 31 %

concentrations of ent-kaurane diterpenoids and the abundance of ciliates were measured at the time interval of 1, 3, 8, 15,
30 and 60 days. A total of 88 species were identified, belonging to 42 genera, 29 families, 11 orders and 3 classes, of
which 75 taxa were found in the samples of control. Analyzes using two-factor ANOVA showed that the effects of ent-
kaurane diterpenoids on the numbers of ciliate species represented significant differences among the treatments with a
arrange of toxin concentrations ( Fy, =137.776,P <0.01) and that the samples within different exposure time (Fy, =
2.607,P < 0.05). The regression analyses demonstrated that species number of ciliates decreased with increasing
concentrations of diterpenoids. This finding suggested that the toxin diterpenoids may resulted in a degraded succession in
community structure of soil ciliates. Both dominant species and C/P quotient were changed at the concentrations of ent-
kaurane diterpenoids more than 32. 5mg/kg, i. e., the ciliate communities were dominated by Colpoda inflata,
Cyrtolophosis elongata, Leptopharynx eurystoma and Cyclidium oblongum, followed by Colpoda inflata, Cyriolophosts
elongata , Cyclidium muscicola, Leptopharynx sphagnetorum and Halteria grandinella, and the C/P quotient were changed
into the values more than one that indicates the community structures were strongly disturbed. However, Halteria
grandinella , Oxytricha minor, Leptopharynx costatus and Frontonia sp. dominated the communities at the concentrations of
ent-kaurane diterpenoids more than 62. Smg/kg. The analyses of the ciliate feeding habits suggest that the diterpenoids
represented a significant inhibition on carnivores. Furthermore, it was also shown that Colpodida presented high tolerance to
ent-kaurane diterpenoids, compared to Hypotrichida, Prostomatida and Nassulida. Otherwise, the abundances of soil
ciliates definitely decreased at different concentrations of diterpenoids within the same exposure time compared with the
control, while the cell number of ciliates represented an increased trend with extending exposure time at same toxin
concentration. The growth of ciliates can be inhibited even at considerably low residual concentrations of diterpenoids. K-
independent sample of nonparametric tests indicated that there were significant differences in the abundance of ciliates
among the treatments at different toxin concentrations. These findings suggest that the community structures of soil ciliates

were strongly disturbed at different concentrations of diterpenoids in terms of both species composition and abundance.

Key Words: ent-kaurane diterpenoids; soil ciliate communities; degraded succession; toxic effects; National Nature

Reserve of Xiaolongshan
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AR B2, LIEGB AN IE R AW RIBTTEA WIHIE AL | BEE OFFE TR A L 2T 6 HU7E PRI s I s
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PEIERH ORI B AR
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2, BIR 0.4 g 3 R MK 2—3 mL 80085 50 I F ik 1 S RURDRG I T2 g BE b BRI B IR A
TR, B AR A e I
1.4 ICHEERERPLAFIRRI > 2 C/P REBOTR
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JrA T 1.3.8.15.30 F160 KFRIUA A [ L — i 2 A 5 W 19 1€ 300 g, 705 B T AT 250 mL
TR CBERT FOf  BEHR I — A R, A R 2 W, ARG 20X 6 FPR ATk, 7E 50 CF
Xof SRR IBUIR V8T e e 7% e 4 28 10 mL #5450 (ORE , idn Y LLOK CEEA i E 22 2 10 mL, BENS
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rf, BIAS XS B S S W ; 4 EH 0.1.,0.5.1.2.3 4.5 mL
BT 10 mL 8T 95% CBEERTEZE 3k E ISE 001422 4 0.02047C
3120 1.01.5.05.10. 10 ,20. 20 .30. 30 ,40. 40 F150. 50 R=0998
mg/L 1Y) Wangzaozin A PRIFEWR . I A B9 1B 45« Bk
JE 30.30 mg/L ARl mE I, LA 95% LR aS HH
B #E 200—700 nm 3 Bl N, 237 nm A0 Fems TR UK
WA A O RE A I DR K 237 nm, BUR
G B AR UE SR, DL 95% 2T N a5 U B, 7E 237 0 . , . . .
nm AR HCOERE A, AR A 1 TR, SRJR L) C e
W C(mg/L) 2 AZR G, LIMROGEE A A48 5 42 1ol The concentration of diterpenoids/(me/L.)
JASIHT, AT R BETE 1. 01—50. 50 mg/L 3t Fl N IO Bl CRERL A RS
BRI R R IE E R (R =0.998) . Fig. 1 Standard curve of diterpenoids
1.7 ARSI E

BRI 6 PR BORZIEEAL EAE R 0. 45 pum IYTALIBEE U8 3 iR 25 I 1 mL ] 95% LBEER R
10 mL, DARIRE A 237 nm AR HOR G A, 32 108 05 B R4 B b S & &
1.8 AR

BRGT HH EHEECE /NP LU E R A SR X ORI AR X, FEAH EARN 22 em, mi28 20 em AO¥ERLEL, B
At 5.0 ke, R EHELT 9 HASH, MT T a8k A 1, —ih 20k &9 2 o — H 3% 0 AR Bl
B, INZEAR KRS B Jo Wi ) 3 rp  PE5T, 1 LR e R e, e A, sl 2.5.12.5.22.5.32. 5,

W e A

Absorbance value

42.5.52.5.62.5.72.5 .82.5 mg/kg 3L 9 MNKEERLEE | RIS (AE AT IR AL PR 3 ANEE . 20T
1.3.8.15 30 KA 60 K+ FEHEATLF T WS il 25L& Wk B B ng il g
2 GR5HH

2.1 #HEAE

P 2 SR R B e i 2R A vk B B A [ A
AL, T, A HE R TS W v S B 2 i B ] Y 4
K E A%, ERT 3 d ik AW 435 vp i
AR, WA 3 R2Z G MR EEAR LA 18, Wk B AR fb s
P TV, RGN EEE] 60 d B, B4 AT 1Y
RSO WIIR WL 2.15%
2.2 ik A Y LA B BB AR
2.2.1 AW L LT B R R R

il A A e

- 25mg/kg ¥ 52.5mglkg
—o- 12.5mg/kg —&— 62.5mgkg
-4 22 Smg/kg —& 72.5mglkg
- 32.5mg/kg - 82.5mglkg
— 42 5mg/kg

WAL Ak e
Residual concentration of diterpenoids/{mg/kg)

0 l l L 1 L 1
I AL B £l 88 B, RE T 3 4., 1 3008 s 30 60
11 H .29 B 42 8. Hep st Rgl 75 A, AR a g S TN R Exposurs timeld
EX 21 W A AL B R AR B = KUk 70 .56 2 RELELHED R SYNREE

58 52 .49 42 37 34 Fl1 28 Fh, M2k BEE ik 62.5 Fig. 2 The residues of Diterpenoids in the soil sample with
mg/kg I, ZF B FPEC A B X HRAL 1) —2F | i zlj e different treatment

HEJy 82.5 mg/kg B, £F T HU Y Fb B S B 4L 119

37,330 | RV WAL A DT R R BRSO A, RV B2 R £ sy
Pl S A3 A LR 1, G55 R AR R A B £F 6 RO G 24k & W i UM A T AN [R] , — S U 2 G0 450 41 B
2 U (Aspidisca lynceus) T 3EFH 1 HL ( Gonostomum affine) .77 B [F £F H ( Strongylidium lanceolatum) | %% 4= %) it
(Holostcha vivdis ) "5 2. e/ AR JIE B o BT 955 07— B2 5 56, 025 6 50 o ( il
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muscorum ) \/NRTE B ( Oxytricha minor) . —FET B ( Frontonia sp. ) \KIEkH ( Halteria grandinella) | 5 ¢ 5
A8 U ( Cyclidium muscicola) V5B B HL ( Colpoda steini) 7£ 82.5 mg/kg FkJET  AHRAFIG .

F1 TRREZWBEULSVIFFAERMHRESH

Table 1 Species and distribution of soil ciliate in soil samples with different Diterpenoids

ZS A A Y
YR Species Concentration of Diterpenoids/ ( mg/kg)
0 2.5 12,5 22.5 32,5 42,5 52,5  62.5 2.5 82.5

JE#R I HL Holophrya atra 1 1 1 1 1 1 1 1 1 1
fRI# 1 3R Holophrya simplex 1 1 1 1 1 1 1 0 0 0
HIEAO W Enchelys gasterosteus 0 1 0 0 0 1 1 0 0 0
Gy RO W Enchelys mutans 0 0 0 0 1 0 0 0 0 0
BV AR —Fh Enchelyodon sp. 1 1 1 1 1 1 1 1 1 1
BRI Trachelophyllum chilense 1 1 1 1 0 0 0 0 1 0
BRI L Trachelophyllum pusillum 1 1 1 1 1 0 0 1 0 0
AEMAE I 1 Trachelophyllum africanum 1 1 0 1 0 1 1 1 0 0
EIE AR 1 Bl Phialina sp. 1 1 1 1 1 1 0 0 1 0
BEJ] 0 M Spathidium cithara 1 1 0 1 1 1 0 0 1 0
MeJ110 W, Spathidium claviforme 0 1 1 1 1 0 0 1 0 0
SCIEWT ) Spathidium etoschense 0 1 0 0 1 1 0 0 0 0
B J] 1 Spathidium muscicola 1 1 1 1 1 0 1 1 0 1
TEIE ) O Spathidium scalpriforme 1 1 1 1 0 1 1 0 1 0
J1J310 B Spathidium spathula 1 1 1 1 0 0 0 1 0 0
T @ —Ff Spathidium sp. 1 0 0 0 0 0 0 0 0 0
=H0 K L HE R ) 0

FWK S Dileptus americanus 1 1 1 0 1 0 0 0 0 0
2400 8 Amphileptus pleurosigma 1 0 0 1 0 0 0 0 0 0
8 B I, Colpoda cucullus 1 1 1 1 1 1 1 1 1 1
+HEEIL I Colpoda edaphoni 1 1 1 1 1 0 0 0 0 0
HEER L Colpoda fastigata 1 1 1 0 0 1 1 1 0 0
VB Colpoda henneguyi 1 1 0 1 1 0 1 1 0 0
R B Colpoda inflata 1 1 1 1 1 1 1 1 1 1
AHEIE L Colpoda irregularis 1 1 1 1 1 1 1 1 1 1
BRI Colpoda maupasi 1 1 1 1 1 1 1 1 1 1
I B Colpoda penardi 1 1 0 0 0 1 0 0 0 0
BRI L Colpoda reniformis 1 1 0 0 1 0 0 0 0 1
BB Colpoda steini 1 1 1 1 1 1 1 1 1 1
ST RERE R Bresslaua vorax 0 1 1 1 1 1 1 0 1 1
W) 5 G Woodruffia rostrata 0 1 0 0 0 1 0 1 0 0
TRIFRL [ 58, Platyophrya spumacola 1 1 0 0 0 1 1 1 1 0
SUERL 1 Platyophrya vorax 1 1 1 1 1 1 1 1 0 1
RELFERLIR Grossglockneria acuta 1 1 0 0 0 1 0 0 1 0
ARTEIR L Cyrtolophosis bursaria 1 1 1 1 0 1 0 0 0 0
KAEIR AL Cyrtolophosis elongata 1 1 1 1 1 1 1 1 1 1
KIEFRH Cyrtolophosis major 1 1 1 1 1 1 1 0 0 0
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TR AR E
YR Species Concentration of Diterpenoids/ ( mg/kg)
2.5 12,5 22,5 32,5 425 525 625 725 82.5

KR EIR . Cyriolophosis mucicola 1 1 0 1 0 0 0 1 0
ZEAEWE T Nassula picta 1 0 0 0 0 1 0 1 1
O 8 —Fh Nassula sp. 1 1 0 0 0 0 0 0 0
T A/INI L pseudomicrothorax agilis 0 1 1 0 0 0 0 1 0
JiE %% BB Drepanomonas revoluta 0 0 0 0 1 0 0 0 0
H WA R Leptopharynx costatus 1 1 1 1 1 1 1 1 1
KN I Leptopharynx eurystoma 1 1 1 1 0 0 0 0 0
IKEEFENHE Y Leptopharynx sphagnetorum 1 1 1 1 1 1 1 1 1
L4 WA 5L Chilodonella bavariensis 1 1 1 0 0 1 0 1 0
TEARME L Chilodonella capucina 0 0 1 0 0 0 0 0 0
RIAHE 1 Chilodonella uncinata 0 0 0 1 1 0 1 0 1
INWE H R Glaucoma scintillans 1 0 1 1 0 0 0 0 0
Hi 11 AR —Fh Frontonia sp. 1 0 0 1 0 1 1 1 1
BERWLE L Cinetochilum margaritaceum 1 1 1 1 1 1 1 0 0
HHEREIE L Saprophilus muscorum 0 1 1 1 1 1 1 1 0
W AT 1L Cohnilembus vexillarius 1 1 1 1 1 1 0 0 0
HURBEAR IR Cyclidium glaucoma 1 1 1 0 1 1 0 0 0
WOk AR B Cyelidium granulosum 1 0 1 0 1 0 0 0 0
B4 Cyelidium muscicola 1 1 1 1 1 1 1 1 1
KB4 . Cyclidium oblongum 1 1 1 1 1 1 1 1 1
WA AR Cyelidium versatile 1 0 1 0 0 0 0 0 0
2805 Vorticella striata 0 1 0 1 1 0 1 1 1
A% Blepharisma hyalinum 1 1 1 1 1 0 0 0 0
A% % . Blepharisma steini 1 0 1 0 1 1 0 0 0
#% & —Fb Blepharisma sp. 1 0 1 0 1 0 0 0 0
YAk B Metopus haesi 0 0 0 0 0 1 1 0 0
KWk Halieria grandinella 1 1 1 1 1 1 1 1 1
HEERLT R Strongylidium muscorum 0 0 0 0 1 0 0 0 0
T BRIELF W, Strongylidium lanceolatum 1 1 0 0 0 0 0 0 0
EHA G W Holosticha muscorum 1 1 1 1 0 0 0 0 0
ZAREFN A Holosticha sigmoidea 1 0 0 1 0 0 0 0 0
5425 Holosticha viridis 0 0 0 0 0 0 0 0 0
I8 W Uroleptus caudatus 1 1 1 1 1 1 1 1 1
£ 598 B W Uroleptus dispar 1 1 0 0 1 0 0 0 0
98 2 . Uroleptus halseyi 1 1 1 1 1 1 1 0 0
HEEE R Uroleptus muscorum 1 1 0 1 0 0 1 0 0
981 2 B —Fh Uroleptus sp. 1 0 1 0 0 1 0 0 0
VTSEG 1 H Gonostomum. affine 1 1 1 1 0 0 0 0 0
PAIRE A Oxytricha fallax 1 1 1 1 1 1 1 1 1
INTFRE W, Oxytricha lanceolata 1 1 0 1 0 0 0 0 0
KRR Oxytricha longigranulosa 1 1 1 1 1 1 1 1 1
INRFE Oxytricha minor 1 1 1 1 1 1 1 1 1
JE AR Oxytricha saprobia 1 1 1 1 0 1 0 0 0
IPE R Oxyiricha similis 0 1 0 0 0 0 0 0 0
IR 2 2T 1. Tachysoma pellionella 0 0 1 0 0 0 0 0 0
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gk
TR B R

L7kl Species Concentration of Diterpenoids/ ( mg/kg)

0 2.5 12.5 22.5 32.5 42.5 52.5 62.5 72.5 82.5
EEELIE W Histriculus muscorum 1 1 1 1 1 1 1 1 1 1
LR A Histriculus similis 1 1 0 1 1 1 0 1 1 1
B UL Urosoma acuminate 1 0 0 0 1 0 0 0 0 0
ERARL R B A Urosomoida agiliformis 0 1 1 1 0 0 1 0 0 0
BIFINELT L Aspidisca lynceus 1 0 0 0 0 0 0 0 0 0
AEUFAN AL Euplotes muscicola 1 0 1 0 0 0 0 0 0 1
St 75 70 56 58 52 49 42 37 34 28
C/P quotient 0.71 0.91 0.72 0.71 0.81 1.15 1.08 1.10 1.43 1.13

1 FRIGMRIE TATTEILR 0 RN IR BE T A AT FE %A

K3 i R AR AR BE AL A AT A B s (] Y AR A XU O 2550 B R EF B R )
TS 13 20 1) 2 AR B 3 (Fs o = 137.776,P <0.01) 4] 8 & 25 5 (F5, =2.607,P <0.05), LhtFEH
M Z S| + e 2F £ L BRI ECH B AR &, DL il A G Wik B S AR B A vk 1 H A A, 2SR DL 3 ity AL
AL, MR B Y R RGO R A R TS A TR BA R HRLEXR (R =
0.9521) .

R AR , 80
XA Omg/kg 2.5mg/kg
g0 EEE 125mgkg HEID 225mgkg
BB 325mg/kg ZZ3 42.5mgkg

E= 52.5mg/kg 62.5mg/kg
553 725mg/kg (M 82.5mg/kg

. ¥=69.7539 - 0.5138x
R*=09521

HE R

MNumber of species of ciliates
LA
[ =1
1

30

0 20 40 60 80
Ak
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)

voe

SFE BRI
MNumber of species of ciliates
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Fig. 3 Dynamics changes of number of ciliates species in soil sample with different concentrations of Diterpenoids

2.2.2 HIEAFREHAFIRZL

Yot BE 2H v 4 B BT 38 O 2 K B R B8 ( Colpoda inflata) 1 538 HL ( Cyrtolophosis elongata ) I 17 3 M H
( Leptopharynx eurystoma ) FIH R4S B ( Cyclidium oblongum) | EZ5HEEHN 2.5 12,5 .22. 5 mg/kg SFEARIRE
ORISR E SHGZEVRIE AN BN 32,5 42,5 .52, 5 me/ke B K BEFR L e 1000 s i IS
B IR SR/ T A A R BRURE X 3 /0N 114 7K 8 I B ( Leptopharynx sphagnetorum ) F1#5 8§ 4% 1 ( Cyelidium
muscicola ) $UEIG 22 AR PR MK B IR K ISR Rk B ( Halteria grandinella) 7K & HE HUFT# 6
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AEEASH MG G 2 e R S I & 62.5.72.5.82. 5 mg/kg IS, PR RN ST R O R BBk R NRE
( Oxytricha minor) A IVHEWH 5L ( Leptopharynx costatus ) Fl—Fhi 11 H ( Frontonia sp. ) , W 'BF T B Fp2AH X 45
Z (B2 A BRI , A2 A
2.2.3 IR TRBRAN A

NTF] A YR B AL PR 3 AT B RIS 25 A0 DL IR 4 BEE VR BE R FE S 1L A B R BCE AE T RE R
JETE 82.5 mg/kg T, "B IE H (Colpodida) FIF i FEBIARXF T4 BR (1) 22. 67% FMIRHEE (2.5 mg/kg) 1Y 27. 14% L
F+#132. 14% ; F & H (Hypotrichida ) A% X} B[4 25. 33% FMEHE (2.5 mg/kg) 924.29% 75} 25.00% , 1
I H (Nassulida) % 1 H ( Cyrtophorida) . % 1 H ( Hymenostomatida ) #1%% & H ( Oligotrichida ) I (7 Lt 51 &R #& 45
PEm . B RAE B IR B H O REZEHE, B IE B AIET H H (Prostomatida ) MR P HEHE, 28l vk
(>32.5 mg/kg) FELH L HERE, TEH AHBME D B ARMLHAERE, EOH WO H
( Pleurostomatida) F15 & H @ TR IR, BB BX itk YA RS NmZ6E 1, TEH BTHHM
1 F i 25 WA — 2 BT 52 fiE
2.3 b AP LT R ) R

WE S Bis , fEAR R 228 B ] AN B2 B T 827 6 i 3= B 5 X0 IR A AH EL XA 1 I S A B AR, 565 1
KB IR, RIS fre i b 245 B2 T 32T B = B2 AU X BRALAY 10.93% , 55 60 KN, BRI fe /N, e e it
GURIET TR B EIRR] TR 45, 71% . T [A)— it 24 Wk B | B A 2 85 I (B 2 i 1B 4 27 B oy 2
JEASAY BAFAE—E YRR, 3 AT AB 22 H B PRI 1~ (AR AR ) SR R 25 51 (ERE (A (i 32 Bl 3 22 5 I [1)
URELS 27 HO i - BEB M I T, 56 60 R, 1ok 50 fi ARt 245 ¥ 88 01 e v il 245 3k B 1 38 27 6t =R J3 0531 Sy )
MAZH 86.79% F 45.71% , T Uit 435 vp i 24k & 1 09 5% B 2 430 R 0. 656 mg/kg F1 1. 776 mg/kg (&
5) , RUIRM bk B AR/ EE I 2R G ), o oexd 1 s T T AR AR SR A S RSO, s Bk
IBORE A L 2T B A AEOR I E RO 25 0O B 2R A5 Wik B 34 0K, 27 6t i =R B2 | e 0
BT Z2 M AR AESEO T R & W A R 2T B ) A BB 225 (3R 2) o

80 W0 H 2 KOH 350 —— IR
N JE4H o $£ER £
5?0' s WH o FOH S 300F
= o %EH & FEH E
o2 - s WEH © KO H =g 250F §
S 50t B2 . O 5HEH #.2
%_ 8|7 235 2000
2 40 B A
Ha 7 22
we | =% 150}
v @ 30} i R
o \2 o W %
£ 20} 2 100f
= o
Z =
10} 3 50
i L : f ] 5 Wi E
oL o > = e e 0 1 | [ 1 | 1 [ 1 1
0 25 125 225 325 425 525 625 725 825 0 10 20 30 40 50 60 70 30
AL A AL e
Concentration of diterpenoids/(mg/kg) Concentration of diterpenoids/(mg/kg)
B4 FRREZGFEUEUNTEAERESN Bl5 ARREZMEUGUIHEPTERANTHHE
Fig.4 Community structure of soil ciliates with different Fig. 5 Mean amount of soil ciliates in soil sample with different
concentrations of Diterpenoids concentrations of Diterpenoids

I L I B = IR T (82,5 mg/kg) 2 b G -3 AL R Y 28 FPLFE dL, BRIFE# 11 5 ( Holophrya
atra) . —FhRHA B ( Enchelyodon sp. ) . & ¢ J] 11 H ( Spathidium muscicola ) "N N £ P | 53 £ [ & M ( Bresslaua
vorax) \ 5L B RE T WL ( Platyophrya vorax) | & #E41 F H ( Histriculus muscorum) AU T ( Histriculus similis) 546
W 1 B ( Nassula picta) ,—FRTH B ( Frontonia sp. ) A EMAN, Hax 19 M & RER, Hhagtme
P PERFRZEIE 25 B, i BT 89.29% ; AT PERI AN & 10.71% .
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Kbyt 7
2.4 C/p RAHIAAL F2 IHPFERFENESHSMRIERRBHSTER
¥ N JE=s B
C/P /Z%\ﬁﬁ‘r LA E#/TE%%}EJ:& %i%é%%ﬂiﬁ)? Table 2 K Independent Sample test analysis of nonparametric tests

Eé‘iﬁ%%%{# E/‘J)U‘({Jr[lao T{Z’Kﬁﬂ:% EF‘ ’ Xﬂ‘ﬁﬁéﬂ C/P /% on the amount of soil ciliates

BUh 0. 708 ;i 253 FE /N F 80 % F 32,5 mg/kg B, C/ ES | —WFAEEH) Diterpenoids/ (mg/kg)
P RHUNT 15 MHiZ5k At 32.5 mg/kg BF C/P R e e 1 P
HOCT 1 (1), RWILF s B2 B 2k 3 ; o o
A7 U 48 OIS A 48 B HUAE R B, BRI AR R 7 26. 804 0.002
BE( >32.5 mgrkg) ARG YRR T RIS E 15 27.003 0.001
g&tﬁﬂgii%ﬂ(fto 30 26.986 0.001
3 iTJ-'L/l’: 60 28.192 0.001
3.1 AL B YN A T R S 0 5
O A MR R BUR R RS A DL A7 B OIS S50 0052 2 AN R A AL VR EE AR R] st A

—HRE ) AR AWt A I R T AR AU B IR SR A X A5 AR M e AR, RS
XoF BRI 8 A8 A RN 21 1) SO 238 4o 2 ARV IO A Rk SR . — MRS L 3 T 2 0 R R 2 i 5 A
FRAL MRS B LB S A A B E AT Z B SEAS S I B— A~ T R B A A B G 2R SRR X T R85 11
Al AR B T REE SNSRI S — AT SR SR R G, R A R R 1 s
I, BV T MR RE B A R VR AR TR 5 R AT IO 14 P Bt AN R A e B ] P T DA S A
X T LA A ) A 27 SRBETE R UL, Ak S e REE R g EE R 2 RKg T C/P R X R L RN AR
RIS (<32.5 mg/kg) AMI/NT 1 B E e BRI ( >32.5 mg/kg) FIRT |, Wil 747 B BEyR 450 & 2L
UL R ) A A7 B S L A R OIS G A B AR KR

HETE L5 A0 10 52 22 M S FRE B R/, — T T A2 B A58 R - 552 ], 55— Tt U g F A= e v5 % 1
IEEIE N RE ST . BETRESSFERAE 2, E AT BR5E 1038 0L BE ) A | s 22 33 1 BB S MIRRAR . e 28L& W XF &1
THARKMNEEEIER , GE I B > HY R g, Wik 4 Fis, 28 B R FEBCE RIRl i 22 b S ik s~
A IRl 2 B A AL T B B BV B RO 4 B i Al D15 22 e R S A S A AT o, 2
B BB S5 ) IR O AR 23 (R M 3 v A AE R LA B A W RV, T e B R A RIS RS
RSE FNIG A7, SCE0 2, S /R AR RIFP A £ B 2O il 2800 B W 0 BB A AR TR 3 b AU 25 5 3 A+
LB R BEE R —A, 7RI AR b, B E AR IR TR R A 2R vk B R BTN, 41 B S R O
AT B2 AR A AR 22 3K BETH 32 Fh 7 A5 (R I 25 1 1 B0 T AT REAE IS | 21305 I A 858 5 3t K i 1
A, NI AR 22 | SR 215 BEVE AR 3Rt e A T A48 Ak, X6 — e R (R L 34 mT DAAE SRy B i
SO E IS Y R R AR AR T B SRR BE A R G285 e TR s R A T i — IS
3.2 iR AR R R R R

T RACA YIBR T XA B RBEE S5 A R AR AN X AR B U TR A ARG BT B 4
J R BRIV A b A, b 327 B U E B s A TR AR, RN 2.5 mg/kg
AL AW AT S 1 RIS ER T AT X IR Y 84.38% L, 55 60 KT, X HRZH Y 86.79% ; M
it 62.5 mg/kg WREERY HAET 55 60 RINEF B AU B A B X IRA M 50% , A W i Kb G X4 B il
() =F BEAA IRIE T, i B E 52 YR BE A e LA A P RS 5 (ER T [ — Vi B2 Bl 2 B[] A S
£F T U B 0] 3 SR Bl A e ) A S B b G A A Wk B s T R 0 IR A SR B A A A
FHVRES 1 I

AR ABUNYLT B R S, X5 Finlay ™ B0 A — 2, B 38 p AR A UK R S
HARFIR/NE LR, S BAZH by 27 6t il 32 B A — S6 SR ARGE 1 A iy 22114105 2 B RN 2 4 S ke
AR AR TS AT A AR A, FOR A B ICROE . T 2 A0 OB oY SR W B RO A R e R
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TR HE/N 100—1000 £
3.4 WAL E Y A B R R N

R B R EFMS AR Z R ZH R 2w BEYEMMEZHE L E - EENE R, £,
AL R YRR,y E A T AR T R D R T Z DT Y, R Rl
RS 2, il 1 EAN T H AR R N B, R R N R s e R A EIE b
SHEE AN, S r R E H B E BB SR B AN, AR RS N N B A R R 2R
NHEA . XA RO B RS EL E B i BUE Sh Y R S AR B B, A A T R b B A 2T 6
RREAAS, AR R (82,5 mg/kg) LAY L b a o 22 S A B o S0
89.29% , I EMEFZEALY 10.71% , AT UL, WG 2RA0E Y 27 B R p s ik 5 27 B Ry B VA ¢, JUHX A
BB REFERK,
4 Zig
4.1 BRI LY e BILF B 88 i, FLrbxt REZH 75 i, SEUG A BE WS N A8 i 2Rk SR E
21 MO BEVR SR TR AL LR IR R RO s A B XS R B PR AT R S T AR K [ A3 AT R
LR FEEE A S R T BT RS MGG BT 32. 5 mg/kg I L 3ELT B HUL R A
C/P REBU 784k, WH O 345 8 87 0 2 I B B HL ( Colpoda inflata) A< R HL ( Cyrtolophosis elongata) | 7K #§
T B ( Leptopharynx sphagnetorum ) FI# & [54S H1 ( Cyclidium muscicola) 5Bk H ( Halteria grandinella) /MR
B (Oxytricha minor) A5 M HL ( Leptopharynx costatus ) F1—FF T 11 HL ( Frontonia sp. ) ;C/P RECKF 1,5
W] Z G2 A S 08 AT B AUREVR S5 A B AR Y R IEIR
4.2 ERMEIE I, TR [R5 55 I ], AN R 24 9k 5 A 3982 6 ol B 5 0 BREE AR L YA A ] S ARG, T
[F] — it 245 TR B, Fiti o 5 6 I ) I M S 4G, 21 6 U B i B T . il 2 Ak 5 ke B e B e 235 R 3R W BV
b TS S YR B R AR X AT B UK A B AN ERIE I . AES B A ISR ARG 6 S A 4 R
R, SR A 9 R B PR B E 25 . RINREE UV AR Y A T I P Ak 27
A I EEPE IR IR 45 R IR B . S5 R R SRR BE A Ak S W LA B MU R A I TE RN S
AN 7 T R SR EL R S E
B ;b FE R AR AR B VI e B A b [ B 2 B TR VEIE T I AR AR O D B AR 4 T RS B it
Ht,
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