ISSN 0915—4698

Vol. 11

2000

R R

® X
BHAIER « MBS« H LEH - BHI—RE: s RV 7T
KEEhAMAHRER - EFNENRS BT 5

FEIRPEBE RS (FETL) crovremernerrssmimsesscee 157
HRET - KWE— - BE B N CLVHORA - ER
B2 THEAEIIOBE 163
HR YT RAFORE % D) S Y ROBBIBYE oo 175
® B
AHERE  BAEEESEICIHIF D IPM e 183
TR T2 o i oo eesss 2R A RS 199
B B i e BB e 201
M e e e e e LT B B T, o
# B R

HARREEMERFER



Ipn. J. Environ. Entomol. Zool. 11 (4) : 157—161 (2000)

Volatile Insecticidal Constituents of Cardamine
flexuosa With. against Phytophagous Insects and
House Dust Mites

Masanori Morimoto, Sumiko Kumeda, Keisuke Inoue and Koichiro Komai
Decpartment of Agricultural Chemistry, Faculty of Agriculture, Kinki University, Nakamachi, Nara, 631-8505, Japan

(Received : January 11, 2000 ; Accepted : June 1, 2000)

SRYTNFICEENIREBMERR - ZERNENY ZHICHT 2 BERBRRES
AR » RHET « H LM - BH—8 GERRNFRFHRZLFERD

¥ 2V 4 3%, Cardamine flexuosa With.,, IF N 2 AR BRSOHEEHEE
M, F USRI 2R RERA MBI > TEME L. 775 FREYE R
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e BETEI7 ) A4 TR VR, 394, N2 E LI MTRBRESIC
ot U TRREHAMED 5 7hs, 37 ) A A HTREZHOFEHALS S h, ENE
Py —HTHBIC L 2 EMFEEOENDED Shic. Th S OMlEsTIE, GCRr
kDT 7SRRI BELTOWA A Y FA YT 5 — VERBARTH S Z &0
WohEisb, BRERCBOT—oOMHME &L LTERT S Z EBRRE M.

We evaluated the insecticidal activity of the isothiocyanates from wavy bittercress,
Cardamine flexuosa With. based on the contact toxicity against moth larvae and house
dust mites. The three selected species of moth larvae were the common cutworm,
Spodoptera litura (Fabricius), a polyphagous pest for potato and greens, the diamond-
back moth, Plutella xylostella (Linnaeus), an oligophagous pest for Brassicaceae crops,
and the rice leafroller, Cnaphalocrocis medinalis (Guenee), an oligophagous pest for
monocotyledon crops. The diamondback moth larvae (the Brassicaceae specialist) and
the common cutworm (the generalist) was the most tolerant. On the other hand, the
rice leafroller (the monocotyledon specialist) was sensitive to the volatiles from the
plant. There were different tolerances demonstrated between two species of house dust
mites, Based on the GC analysis, these chemicals were isothiocyanates, which are widely
spread in Brassicaceae. These facts suggested that these isothiocyanates in C. flexuosa

acted as a plant defense system.

Key words : Cardamine flexuosa, Insecticidal constituent, Isothiocyanate, Phytophagous

insect, House dust mite.
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Introduction

Many plants have some type of defense system
against damage from phytophagous insects. One
such defense system is the secondary metabolites
produced by the plant. In the field, wavy bittercress,
Cardmaine flexuosa With., a common weed in
Japan, is not subject to damage from phytophagous
insects including the diamondback moth, except
for one species of butterfly larvae, Pieris melete
(Menétries), and a kind of root fly larvae. This fact
suggests that this Brassicaceae has a defense system
against phytophagous insects. Based on this observa-
tion, we have investigated the constituents of C.
Sflexuosa as a defense factor and evaluated the effects
of these chemicals on the various insect species.

Over time, plants have developed defenses against
phytophagous insects. Many plants produce secon-
dary metabolites, which are major determinants of
plant-insect interactions and host plant selection
(Bordner et al., 1983). These metabolites act in both
positive and negative ways. If a plant produces
insect hormone-like or insecticidal constituents,
then insects are unable to feed on the plant or if they
do, their growth pattern will be affected (Toong et
al., 1989). There is now increased awareness of the
potential danger of synthetic pesticides, as well as of
permanent increased resistance in pests. Plant me-
tabolites as agrochemicals offer an alternative ap-
proach to the protection of crops. This paper deals
with the identification of insect bioactive constitu-

ents as a defensive factor in plants.
Materials and Methods

Instruments

Mass spectra were obtained on a Shimadzu GC-
MS 9100MK spectrometer at 70 eV. 'H and *C
NMR spectra were obtained with a Jeol model INM
-EX270 apparatus. Shimadzu GC-14B gas

chromatography (column: Ulbon HR-20M, 0.25
mm i.d. x 30 m) was done and analyzed with a
Shimadzu Chromatopac CR-6A analyzer.
Extraction and identification

Plant material of C. flexuosa was collected in
April, 1997. Immediately after harvest, the fresh
material (5.5 kg) was extracted with hexane (9L x
3) in darkness at 4 °C for 3 days. The hexane extract
(16.88 g, 0.3 %) concentrated under reduced pres-
sure at a temperature below 40°C, was dissolved in
ethanol and the solids, mainly consisting of
paraffins, were removed by filtration. The filtrate
was concentrated under reduced pressure at a tem-
perature below 45 °C, and subsequently steam
distillated in a conventional manner to give an es-
sential oil (1.02 g, 0.02%). The essential oil gave
two major peaks by GLC and GC-MS analysis. The
'"H-NMR experiment on the essential oil was done
any without purification. Though, we did not
detected any other peaks excluding two com-
pounds detected with GLC and GC-MS, we regard
the essential oil as consisting of only two com-
pounds. We identified these compounds as benzyl
isothiocyanate (major constituents) and 2-phenyl-
ethyl isothiocyanate (minor constituents) base on
NMR and EIMS fragmentation of the essential oil.

Benzyl isothiocyanate. EIMS: m /z (relative
intensity %) : 149 (M™, 32), 91 (100), 65 (38), 63
(12),52 (12) ; '"H NMR (CDCl3): 6 4.6 (2H, s
Ar-CH»-NCS), 7.2-7.4 (5H, m Ar-H), ?CNMR
(CDCl3) 134.1 (x2), 129.1, 128.9 (x2), 48.6; 2-
Phenylethyl isothiocyanate. EIMS: m /z (relative
intensity %) : 163 (M ™, 28), 91 (100), 65 (13), 52
(9.1);'"HNMR (CDCly) : § 2.83 (2H,tJ =17.0
Hz Ar-CH,CH;-NCS), 3.62 (2H, tJ = 7.0 Hz
Ar-CH,CH-NCS), 7.2-7.4 (5H, m Ar-H).
Bioassay

Phytophagous insect larvae were obtained from a

laboratory colony reared on artificial diet purchased
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from Sumika Technous (Takarazuka, Hyogo). The
phytophagous insects used for the contact toxicity
test were the common cutworm, Spodoptera litura
(Fabricius), the diamondback moth, Plutella
xylostella  (Linnaeus), and the rice leafroller,
Cnaphalocrocis medinalis (Guenée). The house dust
miles used for acaricidal activity were Dermatopha-
goides farinae (Hughes) and Tyrophagus putrescen-
tiue (Schrank).

Contact toxicity of the test compound was as-
sessed by the dry film method as follows: certain
nmounts of test sample dissolved in acetone as
carrier solvent were poured into a glass test tube
(¢ 15 mm, 10.5 cm long). Each tube was rotated by
hand until the test solution was distributed on the
inner wall and bottom between 1 cm area and the
carrier solvent evaporated. Then the treated tube
was placed in an open space for a few minutes to
cnsure complete removal of the carrier solvent. Next
five young larvae of moths or approximately 50
miles with mixed stages were placed in the test tube
and were kept at 25°C for 12 h. Control test tubes
trented with acetone (Isman et al., 1987). Minimum
lethal dose value (MLD) was shown as the average
of 5 test results.

The toxicity of isothiocyanate against the water
Nen, Daphnia magna (Straus), was assessed by 20

youny D. magna that survived for 48 h without food

in 100 ml of each test solution. The test solution
contained CaCl; «2H, 0 91.5 mmol, NaHCO; 30.9
mmol, MgSO,*7H, O 19.9 mmol, potassium chlo-
ride 5.3 mmol, and test chemical with a final
DMSO concentration of 19§ at 25°C. Mortality was
observed 3 h after treatment. TLm values were cal-

culated by probit analysis with a computer.
Results and Discussion

The bioactivity of isothiocyanates from C.
flexuosa varies among species (Table 1). The toxic-
ity of isothiocyanates against D. magna was 0.29
ppm (TLm value). This is almost the same as
that of BPMC (2-s-butylphenyl-N-methylcarba-
mate) (0.32 ppm), (Shirasu, 1991). In house dust
mites, D. farinae was more susceptible to
isothiocyanates than 7. putrescentiae. In the case of
moth larvae, the rice leafroller, C. medinalis, which
is oligophagous and a monocotyledon plant feeder,
was more sensitive to isothiocyanates than the
diamondback moth, P. xylostella, which is
oligophagous and a generalist in Brassicaceae, and
the common cutworm, S. [litura, which is
polyphagous. This result seems to be consistent with
host plant selection in nature.

The essential oil from the hexane extract of C.
flexuosa had very high toxicity against test insects

and mites. This bioactivity is due to volatile con-

Table 1 Toxicity of essential oil against phytophagous moth larvae, house dust

mites and water flea

Species Stage Toxicity
Spodoptera litura young larvae sob
Plutella xylostella young larvae 501
Cnaphalocrocis medinalis young larvae 30D
Dermatophagoides forinae adults and nymphs 251
Tyrophagus putrescentiae adults and nymphs 6!
Daphnia magna nymphs 0.292

1) Minimum lethal dose (MLD) (mg/ tube).

2) TLm (ppm) at 3 h after treatment.
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stituents, because some larvae located far from the
treated oil as well as those in contact with it died in
the bioassay. By GLC analysis, this essential oil was
demonstrated to have a major and a few minor con-
stituents (Fig. 1). These constituents were identified
as isothiocyanate derivatives: benzyl isothiocyanate
and 2-phenylethyl isothiocyanate by GC-MS (Slater
and Manville, 1993) (Fig. 2). Isothiocyanates are
widely distributed in Brassicaceae and well known
to be Dbioactive. For instance, 2-phenylethyl
isothiocyanate in the turnip, Brassica campestris
(Linne) subsp. Rapa (Hook) has strong insecticidal
activity against house flies and aphids (Lichtenstein
et al, 1962), and repellent activity of isothioc-
yanates in Wasabi, Wasabia japonica (Matsum) and
horse radish, Cochlelia armoracia (Linne) against

blue mussel, Mytilus edulis (Linne) has been

= @ 3 s
Fig. 1 GLC chart of essential oil from Cardamine

flexuosa. 1:2-Phenylethyl isothiocyanate, 2 : Benzyl
isothiocyanate.

NCS NCS

Benzyl isothiocyanate 2-Phenylethyl isothiocyanate

Fig. 2 Isothiocyanates in Cardamine flexuosa.

reported (Takasawa et al, 1992). On the other
hand, these derivatives are a primary cue for insects
to find the host plant for the cabbage seed weevil,
Ceutorhynchus assimilis (Payk) (Bartlet et al,
1993). In spite of being a specialist of Brassicaceae,
Pieris species were not affected by isothiocyanates,
but a small amount of it was important to recognize
the host plants (van Loon et al, 1992). And 2-(2-
butoxyethoxy) ethyl thiocyanate has already been
placed on the market as Lathane 384. Similarly, we
found insecticidal constituents in C. flexuosa, in
which benzyl isothiocyanate and 2-phenylethyl
isothiocyanate are insecticidal compounds. More-
over, isothiocyanates content of C. flexuosa (200
ppm /fresh weight) we found, is about 8 times that
of the isothiocyanate content in turnips.

Still, P. xylostella and S. litura cannot feed on the
plant, as we observed in the field and farm ground.
This fact was found using isothiocyanates as a plant
defense system against phytophagous insects includ-
ing species that overcome other Brassicaceae de-
fense systems using isothiocyanates. As a result, the
reason why C. flexuosa was little damaged by
phytophagous insects seemed to be related not only
to a chemical defense system as isothiocyanate but
also seasonal escape from phytophagous insects as a
winter annual weed, in which the seed production
was finished by the generation period of the
phytophagous insects. Recently, it was found that
overcoming the Brassicaceae defense system
involved the sensitivity of isothiocyanate related

to potential glutathione S-transferase activity
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(Wadleigh and Yu, 1988) and rhodanese (Long and
Brattsten, 1982) from the point of view of

phytophagous insects.
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Effects of Soil Organic Matter on Invasion and Establishment of Collembola. Shinpei
Tomita, Syuuitirou Motoyama and Tuyosi Sugimoto (Entomological Laboratory,
Faculty of Agriculture, Kinki University, Nara 631-8505, Japan) Jpn. J. Environ.
Intomol. Zool, 11 : 163-174 (2000)

A Collembola community was studied in four experimental plots with different
orgunic matter contents (0 94, 3 %, 5% and 100 %). Most collembolan species were
common among four different organic matter contents. In the treatment with richer soil
organic matter, the numbers of collembolan species and individuals increased rapidly,
bul their community diversities were stable and low. The reason for this is that
fwo pioneer species, Proisotoma subminuta (Denis) and Isotoma viridis Bourlet,
were abundant in these communities. The dependency on the soil organic matter
richness in the habitat was high in order of P. subminuta < Homidia sauteri (Borner)

Lepidosira sp. 1 < Isotoma viridis Bourlet < Tullbergia (Mesaphorura) yosii Rusek

Onychiurus sp. 1.

Key words : Establishment, Field experiment, Invasion, Pioneer species of Collembola,

Orgunic matter contents.

AN LI U C BRI EE R (BRE%) 1KUsEus tEs 408K
O9%IA, 3%IX, 5%, 100%X) iy, TOERNBALL FNELVE
OO HEEREOHBERRICED I I ICHET 200 5R/AE L, FUEK
CIRINS NPT LT, 2L T, ABYSEENZ LEBXIF L,
IR &5 AR RO A I U728, S OBMETORBEBRMEIIRE L TED - 72,
AU, (TE A IS B OB X IF & Proisotoma subminuta (Denis) & Isotoma
viridis Bourlet D DENFh oD TH Y, TO2BIIABHIBEERD LNH
XTI AITH -7, BUBXTORAEEOEH NS b Ly 6 BOEBHM
O | SBIB DA EET T 5 &, P subminuta < Homidia sauteri (Borner)
< Lepidosira sp. 1 <Isotoma viridis Bourlet <{ Tullbergia (Mesaphorura) yosii Rusek
< Onychiurus sp. | DIETEEBENEh - EEZ SN,
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FO®HIC

—IC, BIHEMIOBATIRE 2 HREBIL, B
AEHO= v FED S B EERES AR ARG
THLUTHE. Z2LT, BHOWE & &btk
HEBOZED D, YT IBHORESE ISR
IZ& - THREZXN (Odum, 1971), & DHEBIHEO
EBRERAWED BT REAEBEF & T 28
3, EMHOER EEbIEILT3EEZ 0N 3B
(Whittaker, 1965, 1975)

UL, TETA4AEHETE S FP b E L
VER Lo EE NSRBI, ARERRE
Db FHHEE, TAbLBHMARBAL T L
BHZIRA L (Tamm, 1986), FEF ICH BB O S
LILHERMELELEE T I &mon
T35 (Hutson, 1980a, b ; Palacios-varas and
Casitillo, 1992). #Fi2, AL TR &L L2 b E
LUV, YIRS BACEBL, N1
T ZEOEMSE Ly (Hutson, 1980a, b).
HBHES (1998) {3, #h FEEDORANED S5 is
WHERSENIHL (D) TR, o T 3 r BRI
I3 Proisotoma subminuta (Denis) D TEEHMEED &
N, U, HEO FELUEMBA c EELT,
AT RE RN A ROBELTK L 1o &8
HLTWE. 2S5, PELAVEIZEME O
SEBYHOEAESITBA - EETES M, b
ELVEHEOEBRBEL A0S, LEBFOM
WHOEBERELEERRBIEELEREEZ S
No. BEERKESEOMYERE, EEEHTSH
5 HBEARMBERKT 57213 TuL, EEND
HVEIRHENGE (BF) LLTLEETHA
W, M EHEEREEOERIT P LA VBEIZR X
HET 5L ) (Hopkin, 1997). EH S (1998)
SEBROEARENS K ER L TLEEBY B,
REUIEMZESHE M L VBERA LN
ERELTHE. E i, JTEDODHE (Ponge, 1983,
1993 ; Hasimoto and Tamura, 1994) Tit, +E
L BRI H LA X D & T EAEEYE O RER
B ABYMEORSEE) MHEEREIH BE

(E:H

SNAZEWBH oMK - TE .

LirL, LEDOHEWETRE, HAEXB CHES
BWLUNDRBEBERSRIIIBENEL, £/t
BRICHB L TEBAREXE LTH 570,
M URRITHBTE T h -7k,

AW T, PELVEOTERAREREEZ
ShTVWa HEERYBOABYEHEROE RN
RBALL MELVHORES EEBHBROBERLKIC
EDLDITHETIOMBAT I EAHME L.
ALEICIH CHEY) (BRKaS) CHBEREYE
ARIZUMBELZ 1LEA 4 MERXERL, 08
XicBiF5 bEL CHHOABRRARENICHE
L.

RBFHE

IR
19964 6 H22H i, R A B FIERE SN
(ZREZ R, Abi34° 40’ 127, BikE135°44°
217, #ERFI110m) KRB I NS — b (Imx1
mXEE15em) F4@HRIFZ. £33 85— PAHE
BLORBCHEDRBARIZIEAEED S M T,
WRIIFEMTH 7. £ NS5 —bRIEA 3 m
RTHREL, 28I — bPRIZ/PXE (50cm X 50cm
XEES15cn) T4RXEIZXS L7z (Fig. 1).
BRI, BH EBLEEM) &L THE
+ CHEE 1mold B SmullF) %, A TEEM &
UTREL (TREZEA » B L EEERE LT
&) ZEHL, UTCRTRALR (BE%) T
RUZBEBYSEEONETEAIEIK L 1.

0 %X : HREL100%, BE+ 0%

3% HREL 97%, EEL3IY

5% FREL 95%, BEL 5%

100 %X : FREEL 0%, Bi+100%
BB IZ IR — P RICE—DEX (10
em) THRALNK. 48, ALK LEEME,
oM UHHIE AR EHEZA L - Tullgren # &
(Tomita et al., 1999) 2 & » TT2RF M H A 4T
O, TEEMAER L TORNT EAER LR
I, TAREEBELThSHERA L.
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Fig. 1 Arrangement of treatments in the experiment area in Kinki Univ.
(34° 40’127 N, 135° 44’ 217E). (_}: example of sampling points.

YTV VBIUMERE

UL WA B LR RN, SRR
S (00wl MRS TanXEE4em) EHANT,
BKALANK IR S i 4 NREDL S K23 T
G849 w7 /BX) % EERICERILL /2.
MOBHRIDOE, AANX % Bt U TH#HI 1 A A& D 1996
A7 F122H 2 5199741 2 H23 H O #4930 H [
W, BEATE U TR 2 AESET Tah - 7o H
OB H OAHT 9 M S IEFE TIKfT - 7.

R L 7 BB RIS/, 40wWH
BERFFEZ OV vHIHEEERAVWT I EL Y
WAL, £h 5 %299.5% 5 / —ILA

DoiT5RBIF VTN EVITRELRL. RESH
e RELAYRABERMUIRA Y- KK TES
TS — MCEEL, WIREEEME F TRE
U7z, o £EeH, LK 1 HoHE%K
BB AT B0, BRUICTOME
~RUT 1, AAMPICERI NS — i
BA B ULHEMZIZEA U2, BA
LA EEbici L.
b3 LEdvy A

bE LY EEEOES B E I Shannon  and
Weaver (1949) OB L-BEHERE H)
& - THEE L.
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H’=—YPi-+log,Pi
(Pi : BfAAEEICT 2 i BRHOBO@EEEEE)
BEER G OBt 3 Pielou (1966a,b,c) D £ % 1tk
HEr THEEL..

J'=H’/log,S

(S B0

= &R

1. BEBHEOR(

BFEBETEHRM L2560 v T A SBSAL b
ELVHHIZIR 6 6, 2800fH ik TH 5 2
(Table 1). Homidia sauteri (Borner) & P. submi-
nuta TENEXMEE LOL2HE HiMcESET
Hote, CO2EEEL2HSBSBEISLEK
TH 7D, Onpchiurus sp.113100% X 7213 T
Aotz BEITIR Y F b E L v FIsotomidae
(RfEFE D 90.3%) &7 ¥ hE L V% Entomo-
bryidae (KRMAKED9.6%) 12 & » THREKE O
99.9 %% 7.

HERFHETH2HE - AR - BSHEEH

(H) « B EHEH ) @ 4HHE T2 TTable
1iZ/R L7z,

FEAEAD &, 0BX, 3BX, SBETITRE
FlEm O 4 % ARE TICHRRIEEN » 7208, %
DL ERD U (Fig.2). 100%X T 4 #» H
BIIRAN6HEENL D, THUBRIIRY L (Fig.
2). HH D FriedmanBE %17 - 7245 8, 0H XM
THERENAD oM. T, BEDEMT
(R) BLUFig.2h 5 ABMEENE ONEX (I
ERHIIZBEI Ebh ok, (R 100% K
> 5 %X >3 %X >0%X).

EREL, 0 %K, 3%BKXTIE5 » Bz, 5%
KTizd4» Az, ©—=27 2R, #hLikike
WA Ui (Fig. 2). 100X Tit 4 » HkE T
BRI L, 2 h BRI EE L (Fig
2). A D Friedman#E %17 - 7245 R, 0 X
HMTHELE AL SN, £, BEDIRLMN
(R) BIUFig.2h SHHMEENS ONEX (IZ
EEGERRZ R A2HABAED h (R 100
WX >5%BRK>0%K >3 %K), &7, MEEE

Table 1 Abundance and diversity indices (M£S. D.) " of Collembola related to contents of organic matter

Organic matter content

Life “of

Species type " 0% 3% 5% 100 %
Homidia sauteri Ep 45 32 42 38
Lepidosira sp. 1 Ep 13 14 19 36
Isotoma viridis He 1 4 6 1369
Proisotoma subminuta He 24 19 24 1068
Tullbergia yosit Eu 2 1 1 34
Onychiurus sp. 1 Eu 0 0 5
Total number 85 73 92 2550

Mean £ 8. D. 10.6 = 4.1 9.1+ 4.0 1.5+ 7.2 318.8 = 198.5
Species richness 5 5 5 6

(Min. —max.) (1-4) (2-4) 2-4) (3-6)

Mean £ S. D. 2.6 £0.9 2.9+0.6 3.3+07 4.6 0.9
H’ (bit) 1.618 1.893 1. 820 1.286

Mean = S, D. 1.122 £ 0.313 1.204 = 0.331 1.453 £ 0.264 1.206 = 0. 135
J’ (Pielou) 0.697 0.815 0.784 0.497

Mean + S. D. 0.766 + 0. 164 0.819 £0.170 0.880 £ 0.090 0.558 £ 0.061

1) Mean of 64 samples.

2 ) Ep:Epiedaphone, He : Hemiedaphone, Eu : Euedaphone (after Bockmuhl, 1956).
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Table 2 Friedman test about collembolan properties in relation to organic matter content

xev df Probability Ranks (R)
Species richness 14.14 3 0.003 100% >5%>3%>0%
Number of individuals (per 800m¢) 14.15 3 0.002 100% >5% >0%>3%
H' (bit) 9.39 3 0.025 59 >100% =3%>0%
J' (Pielow) 10.59 3 0.014 5% >3%>09% >100%
1) x ' statistic for the Friedman test.
6 1000
4f 100t
2 10}
100%
100%
0¢ 0
: 100
£
: % 10}
5% . 5%
l o g
2 0
" 4 E 100
) /\_\/\ 5
: [}
z
? 10} 3%
3%
0¢ 0
4 100
0%
2 10+
0%
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Fig. 2-1 Temporal changes of collembolan community attributes in relation to organic matter content.
For the explanation of 0 %, 3 %, 5 % and 100%, see Table 1.
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Fig. 2-2 Temporal changes of collembolan community attributes (H’ and J?) in relation to organic
matter content. For the explanation of 0 96, 3 %, 5 % and 10094, see Table 1.

TH0%BX>3%BXTdHh -7 (Table 1).
HMEZRERE (H) O FriedmantRE %17 - 72
HE, LBXETEELEAT D Oh. BREOD
IERZFD (R) B UFig. 2,15 0% X, 3%, 5
YXETREBYWIEENS UEXIZ ESENE
BEh-7 (R:5BK>3%BX>0%X). 100
WXDOH 1T 1.2 TIRXELIFIFR U TH » fo s,
Z DEEMFIER S/NE ) 572 (Table 1, Fig. 2).

BEEHEE (J) O Friedman BiE %17 - 7ok
B ONBEXETEESEZSREL L. BREDIE
Al (R) BLUFig. 27m5 0%, 3%, 5%
KTREBYSHENS O VUBERIZERE,H -1
R 5%BX>3%X>0%X). 100%6XD J 138
0.5 CHRGIEM o1, ZOEEEIERL/NE) -
7z (Table 1, Fig. 2).
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hE LB & HER Y

. MO EEHEE

WERPHIE R IC R LR TR O h BB A Rk
s s U (Fig. 3). &FAX THEMMK 1 »
NigicA o BEKHERELY 7+ VHEOP
subminuta, Isotoma viridis Bourlet & #t 9k &
O3 1, sauteri T & - 2. P. subminuta DEEKEZ,
0% IXCcid 4 » Bk caducimL, Sl
AL et 0%, 3% TS ~6 7 HRIC—K
USRI TE R RBIFERESEH L.
I viridis {£100%>5 %> 3 %> 0 % X ® I{ic &
VOMIN AL <, #8ERE & 20 - 2. H. sauteri 13,
DI CUEERT A 1 7 HiBs - 1o s, #hLlgo
A BRCCE 2 i U, AR EABIC B 5 HEK
it (RIS S 78 dy - 7o (Table 1). Lepido-
vra sp 1 ORAIBEWEX TH. sauteri £ 9 b 1,
allhocliE Dy, 0%, 3%, SBXTIRERA
&80 ) ikl ol AT YD Sl s, 100%6X T
LVR o i ik U 22, Tullbergia (Mesaphorura)
vinid Rusek 2 Onychinrus sp. 11 Z3LICE L7 7 1

AT A b Y N OV A ALY = G b2 £F - T/ ke S
Ny e 8hTnwg, EFEETS
Owyehinruy sp. L EVT00 % X I —BFRICR S 7z
P, yosii 1L 096, 39, 5 %X T 4~
oo e W AR DRI X R A 5 P A,
W0 e fl, a0 PR oW A PR I h .

% %

(A Y L0 2

b A S Y NS 2 6 oo KLy o BB B
Mg A e L2 Takeda (1987a) 13, U 4 —
LN RLACE LR PRI A < HERT U o ST
P21 2 M MR B O, Ik 2
PRI A < f 0 AW L e XS, #154E
M, 120 Mo iV Al LT ie T A <
N Clakedn, 1983, 1984) (0, A LIS W78 -
P, ML, HDRB A L) Y =Ry o B
AL, € SUIE S b E A IS AL
C, HOBBERAENI O LTEIC E » T T
b LN ERN LT D (Takeda, 1987a, b, 1995).

EHATIHUBXE TREBICERELZEZNEAD S
11 (Table 2), Takeda (1987a, b, 1995) & [
CHEEBYEERESZOAERKIZES L OFE
THRERS N ZBENEILT S 2 &b - /.

AR TITHEABYIAESZ OLERK
TSRS, KBRS & b ERICHEmLC
(Table 2, Fig. 2). 727U, BHICAEE, RU
BETLNEXE TEOEEKEEIZRL > TH
7= (Fig. 3). Takeda (1983, 1984) T &, A
REBSFROBERER (V7 —8) ICHBLTEh-
o

BEOZHE (H, J) 1, AT TIIAEKX
MTEEEMAD SN, 0%, 3%, 5B T
Takeda (1987a, b, 1995) &R UL LS iIctEEDH
B EEENS B EHEOHHEMITE -
7o (Table 2). L L, A EFEORLEZ L
10X TRE, JEHICHEBULERE TR L
L TI&M» -7 (Table 1, Fig. 2). 100% X Ti3
L viridis & P. subminuta ODREE 7217 B EEIE
PR L, FERM%E U THRREN O & 5%
BEEMICED - 127 (Fig. 3), 100X D%
BN EEL TR -t EEZL oM D,

LT, Fricic hELUVEBENERINEEE,
Takeda (1983, 1984) &Rk, AL TH, L
HEBYTHAROZ W HREILEETE 3EHE
£, TOEBETHEE T 2B O BEEH
RAMBICHNT 22 &obhote. PELVE
OEAE I EHHCaFEICENT 28R E LT,
Sheals (1956) IZ D IELVEHDS A 7H A
ZIVBITEICIEEE (BWET4~50]) EJE
HITH WL Z &%, Dunger (1968), Edwards (1965),
Spain (1974) IHAEN b EL Y HOBEH D
WRICKE (BT A EERIFTNAE. AR
TREVNEXT ML VEHOMARETH AN
TP Y I LAVEORBATED SN
ZEDS, RUBEXOMAREIFERICED - 72 &
2Zohb. APFEDOIOKETRELY 2BOD
BB HERERNICEm L0l BA LKA
BRI EBREZRBICEE LI SITAT,
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10 Lepidosira  sp.1
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0
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Months after experiment starting

Fig. 3 Temporal changes in abundances of collembolan species in relation to organic matter content.
— 0%, — —— 3%, ———— 5%, — 100%.

— 170 —

i
{41
Yl
Wil
fil

&
iy
|



b EL VST EERY

CORECERSAE CEE LT LA
N4, ¥eEoBABERMICES L, BEOHER
KX UOMBEEREL L 2EMIERYEEEN
UM AKIE SEEICE S b o T

1. MRRIE

I'nkeda (1995) &, Y —& (BFEE) ERELU
cLMG OO F -2 HOTRA IR T
i R A AR R BT G, KALE
(R Ak S h 2 BESEOBE, BIEER, SRER
RN CAT P 22 133D St h - 7oy, K
Wt %) 7 — O RBEREICHIE LU THERT B
Pt A b D s o hntc E G Ui, RIS
U RAIKICEBA L PE LAV EOBHEIZF
PR A LA LT 0 R A 5L ENEK T
(O N L s/ (Table 2). Zhid, A UEBE
HAaH o LT g — D RERREIC DT -
AR R P L

AN L BB IC A S h e B b E
PO, A~ L R A R R E TS T
Vbt 2ol 1L sauteri (Ep), Losp. 1 (Ep) &V
b A 4 P subminuta (He), I viridis (He)
SN DL oA iR T RS &
MU A S A K e sl U T i (Table 1),
Lo N sauteri (Ep) & P subminuta (He)
(1, NG C1ous) AL KIS BTt TFT - 23R
Sy 3o HigOPWHITHE R CEETS
Pt A i ek ek AFRTHCO 2D
AN G R I o B S 1 BRI
(LA WU T e N 2o Hutson (1980a, b) 1T
Loy boviridi (0 f A0 A Lo R &l AT
SO e O VIl & 2 0%, A I
S BT YO LR P B R 1\ ) [ IO
J1 S REI (2l A A BN A C 2N S e AL
I L ot A O 4 & S hibdn - T
W AW b, L viridis YT ES Y (T BN S
VLA GE 25 0 DI 1 < AR - 12 O
S, SO A S RC e B DA, o
2HL D & IO (B RGN T H 5 &
Kiohd, &I TS IK{A &2 %

5h50 sp.1 (Eu) (3, EHS (1998) ick 3
LEBEMESBICEA LIRS, Gl TR
AEBT A EPHEREN TS, U LoBER N
[Fl%E 2 N7z H. sauteri, P. subminuta, I viridis, T.
yosii D 4 BIZAMARATETH - 72 (Yosii, 1977).

EEoEsrAn ohcBRIERYITR
HENMBERIZEEEIIEh-12l &S, BA
LEREREETE I E)hRIEABYEERE
DRELFEEBLTWEEEZONS.

Utkh o, BPFRTER L TEOLSic b E
LyBoShOEAMATES L, TCICEHD
FELVERBAEZED B0, NELYHOES
PMER O FEIT K - THRIRS N RICE RN
Aohfzl s, BRALKEBOEEO A RIZRE
NBFT DR 2 1L BREEAE AT DO FE O A LE R RRILFY
BHEICH B EI ML o TERENILEER
5h3. BALLTEORERHEORHE T TAER
BIAT & RIC & > THEIHRSh B4, &t
KT, BA LB TERRMHHE I
RUTHhIIHEREEILE L &, BRE D5
ME B EEY S ERICEEINE I Eoibho
fo. HMBEXETO LERBM T EROERN,
FICHERT A BEOBREORBRILE BRI
B3 20EEWHHICHEL T LEELSNS.
T, AR THEISh B DWTEBERO
+EEBRD~OEEL A BT 5 L P subminuta
< H. sauteri <_L. sp. 1 <L viridis <T. yosii <_O.
sp. |l DIETCIRERPEMN - EEZL NS, &
T, AR TR T EBAEEYEIE ROV AKX
OB IINRIRINC Lichi» T, TONARLTHE
ET&EhEEIONS.

AR TE LEERYIAROZDITL-TH
FELVHOEEZRUTE N, OBXTH MG
B4 BoEBENAD o, Thig,
T EARBEIN K, BANECE-T
WMEBOFBYMN0BX oMM HERTETL,
ENENELVENEHERE UTHALUERTSE
M Eh AN, ChEMNIETEXIERIIES
NTWRL, Fi, RIS TVA kS il
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WO

KMEEITIICH:0 NELVHORER &I
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Appendix Collembola collected in each experimental treatment

0 9% treatment Months after experiment starting

Species Start 1 2 3 4 5 6 7 8 Total
Homidia sauteri 0 0 3 0 9 10 11 9 3 45
Lepidosira sp. 0 0 0 0 2 6 1 2 2 13
Isotoma viridis 0 1 0 0 0 0 0 0 0 1
Proisotoma subminuta 0 6 4 7 1 0 2 2 2 24
Tullbergia yosii 0 0 0 0 1 1 0 0 0 2
Total 0 7 7 7 13 17 14 13 7 85
No. of species 0 2 2 1 4 3 3 3 3 =
3 9% treatment Months after experiment starting

Species Start 1 2 3 4 ) 6 7 8 Total
Homidia sauteri 0 1 1 1 8 13 5 3 0 32
Lepidosira sp. 0 0 0 1 3 1 6 1 2 14
Isotoma viridis 0 3 2 2 0 0 0 0 0 7
Proisotoma subminuta 0 4 7 4 2 0 0 1 1 19
Tullbergia yosii 0 0 0 0 0 1 0 0 0 1
Total 0 8 10 8 13 15 11 5 3 73
No. of species 0 3 3 4 3 3 2 3 2 >
596 treatment Months after experiment starting

Species Start 1 2 3 4 5 6 7 8 Total
Homidia sauteri 0 1 6 3 i1 5 12 2 2 42
Lepidosira sp. 0 0 0 0 6 2 7 2 2 19
Isotoma viridis 0 1 3 0 1 0 1 0 0 6
Proisotoma subminuta 0 4 1 2 5 4 2 3 3 24
Tullbergia yosii 0 0 0 0 0 1 0 0 0 1
Total 0 6 10 5 23 12 22 i 7 92
No. of species 0 3 3 2 4 4 4 3 3 —
100 9% treatment Months after experiment starting

Species Start 1 2 3 E 5 6 7 8 Total
Homidia sauteri 0 2 4 16 1 9 2 3 1 38
Lepidosira sp. 0 0 6 5 8 8 5 4 0 36
Isotoma viridis 0 27 92 51 405 175 231 219 169 1369
Proisotoma subminuta 0 7 29 115 215 212 216 172 102 1068
Tullbergia yosii 0 0 0 0 13 9 3 3 6 34
Onychiurus sp. 1 0 0 0 1 4 0 0 0 0 5
Total 0 36 131 188 646 413 457 401 278 2550
No. of species 0 3 4 5 6 5 5 5 4 -
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