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Table 1 General situation of eight site zones
K#E>10C RELM
F M4 H¥ BARFPK xR FERE Collection of s0il samples
SZ T>10C NR Type of soil The major plant cover HEEE X
(d) Altitude (m) {Samples (No)
KMEN BT MR (Lariz gmelinii)
ﬁcﬁf <105 BREEE E@‘B%':gﬂi P HE B8 (Rhodod endron dauricum 1000 20
CC Wt & (Ledum palustre) 5
Hr B ¢Lari ; 280 10
A b, 1 # 01 B Lariz olgensis)
17 106--180 PP DEE EL ¥  Pinus koraiensis)
CBSI ! ’ 7K 8l 8 (Frazinum mand shurica) % 600 13
EAIIESHJ Fl;;l? ﬁ;jiﬁ)ﬁ FH 42 (Larix principisruppre 1160 22
5% 1 4 . Tkl OKfEH L ¥ (Pinus thubergii) B
wrz| 181722 QFS cCS A2 (Pinus tabulae formis) 150200 10
Co A B (Quercus spp.)
LS 1BE ¥ (Platycladus orientalis)’% 160—200 10
Je %Igﬂ mi%fg?g 2 K (Cunning hamia lanceolata) 1600 - -1800 1%
#iE | 226—240 w2 Ty | B #2 ( Pinaes massoniana)
NSZ ZIS YBE W 1L #25 ( Pinus tafwanensis) % 100—200 20
- B X 8 (Cyvclobalanopsis glauca)
®EIl #[ 1% RS & (Cinnamomum sp. ) N
S I I HIMYS [ b (Lithocarpus sp.) 200--400 20
[ Wi (Castanopsis sclerophylia) %
i B FAR. 2e] % (Castartea henryi)
P4 | 286--365 DHS iy T (Cryptocarya chinesis) 200 20
SSZ LYE 7 AR % (Aporosa yunnanensis) %
BFERE Y F X (Saussurea involucrata)
=0 ACDS X (Cladonia spp. )5 1400 20
Q(Polygmum spp. }
-
1 <20 = ”Aﬁgj B CArvemisia spp. > 4100 20
E¥ ( Perotis spp. )%
WahBEf+ |55 (Kobresia spp. )
I -C40 SMS 0 I8 6 B (Ranunculus brotherusii ) %% 3800 20
Uy it £,
wE | V<105 B pestar [0 (Rodod endron spp. ) 3300 20
r 7 (Sinarund inaria spp. )%
SPHZ B WL .4 ~253: 1 ¥ (Tsuga chinesis)
vV 106—180 MDRBE % k2 (Picea asperata spp. ) % 2450 2o
o (1. %3 § (Tilia spp. ) M (Acer spp. )
V181—225 MBE % (Prunus padus spp. ) % 2000 20
. 1) th 9% £ 1% (Quercus spp. ) , B Acer spp. )
W226—240 MYEE #(Prunus padus spp. )% 1800 20
HE ¥ | (Cinnamomum spp. )
V241 MYE ﬁwm& o 1375 20
X 285 m&i‘! (Quercus spp. )% 1200 20
N B (Lithocarpus fenzelianus)
4 ¥
J‘J;ﬁ“"\ E“:“[?Y%ﬁa ¥ MK (Madhuca hainanensis) 800 20
ma ’ ) 4k B ST (Cryptocarya chinensis)
TZ 365 F-(Cocos nucifera)
[UEey R BN ¥R CElaeis guineensis) 600—700 20
XSBN CLRE i 7 #} (Dipterocarpaceae)
B T8 (Combretaceae)
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" 57— —Site zone

MYBE-—- Mountain yellow brown

earth
YBE Yellow brown earth .
RS5——Red soil

QFS—-Qian fo shan

CTZ — Cool temprate zone
TZ - --Temperate zone
WTZ—Warm temprate zone
NSZ North subtropical zone

I.5—Lao shan

HS —— Huang shan
FARS Zi jin shan
WYS——Wu yi shan
DHS—-Ding hu shan

YS—- Yellow soil §7Z—— Subtropical zone WL—Wo long

LRE Lateritic red earth 88Z South subtropical zone JFL Jian feng ling
ACDS-~  Alpine cool desert soil HPSZ——High plateau subtropical zone XSBN-—Xi shuang ban na
AMS—— Alpine meadow soil TZ Tropical zone NR Natural researves -

SMS—— Subalpine meadow soil BCFS—— Brown coniferous forest soil CC - - Chaa cha
MBCFS-—— Mountain brown coniferous MDBE —-Mountain dark brown earth DL —— Dai ling

forest soil MBE — Mountain brown earth CBS--— Chang bai shan
DBE -— Diark brown earth MYE--— Mountain yellow earth BHS — Bai hua shan
BE Brown earth LYE—— Lateritic yellow earth
CCs Calcarecus cinnamon soil CLRE
IBE-— Inceptisol brown earth

Cinnamon lateritic red earth

12 TEMESRESE
SF IR BLB R0 772 118 R AR S A TR 1 3 AR E91K 0 —Som 4K
T R BRI,
13 FRFERF=SFRIFEOIR
SERUFF B 5 25 & FIH R0 5 BT o L 55 SRS 1. 95 @ SHOAT RN 1 A
SR LR - 2 HOD AL, e AR
vy  BHSZ S TR LR
HEHE () = T SRR X 100
(o BHEE S TR
PEEOD ~masmiransug 10

1.4 HoeFRAELRHEE
FEXHINERE RS TR ARG S T ED,
1.5 R|MpH. XRH3FFEHEE
i pH S-3RM T (BB o NS#IN) MELRBEEE oH (., 1K
T4 E B Ek (101,
1.6 ERHEMRPE _
1.6.1 HiABH. #ME (Lepidoptera): B M (Clostera anachoreta), BB
(Lymantria dispar), 2—38 8, ZEREH (Dendrolimus punctatus) EREFH28 5
& 8ME (Coleoptera): MM H (Pyrrhalta aenscens) FIE B H (Tenebrio molitor) %)
F BE#H  (Hymenoptera) : MM ¥ (Pristiphora erichsoii) A,
1.6.2 WEHik: R ARG ERBSENAZ S FRITHBEE Y, F3—
5ml 0. 1% Tween SOTCH IR KW R B BEH, HURATHNE LREAHEHN ERA
T AR, BRRTF, BAHRKAFI, FEfEo. 1% Tween SO AR THE M HE, &
M EFEHAMGKE A m20%, THRESRE (25CH1CAMI2/NT /2408 RER,
BRMEE T AR TE R I RE KD Y B2k A8 8 k3 A
HER.
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Table 2 Relation between the number of Bacitius and the ecological factor

in different size zome of forest soil

E F MU B B W
T H#% Soil /g F1o
Pt BAK £ BKB|XMN| HFRP[HEAK]| 2N | AhLE |Total No. /g of Bacillus
NR Tooe pH Me HN AP RAK N OM | HBEPK | s
» Ce/kg) [C(mg/kg)|(mg/kg)|(mg/ke)| (w/kg) | (a/kgd NR 57
i AT Fafy
Tz BrEE # 1t 5.8-7.4 296 212 2.45 116 1.78 | 57.30 | 1.0Bx 108 [1.08x106
(e BCFS
e 6.0-7.4 100 895 44.3 730 9.73 | 236.0 | 4.85x 108
| DL 2 "
T2 [ Rom DBE - 3. 275X 10
CRS 5.8 7.4 452 415 5.86 163 3.05 | 70.46 | 1. 70X 108
EBIIESL“ ‘ig F.3—7.4 128 280 6. 95 201 2.25 | 4¢.91 | 3.30% 108
'W?.f g?é“ “%ﬁfi B.0-3.4 138 232 15. 8 290 3.41 | 63.70 | 4.70X 105 [3.13x108
'{g' Bﬁﬁf’ 7.o- 7.3 122 170 9. 95 170 1.86 | 40.60 | 1.39x106
I ﬁgj mﬁ,ﬁf’é! b.2--6.04 706 536 6.79 150 5.89 155 1.15x 106
i ryan RE 1. 95X 106
SZ 7S YBE 6.1- 6.4 298 227 19.0 145 2.41 64.8 | 2.81x108
P W
w ‘Evf,g‘ i?f’! 5.2 6.5 280 229 18.1 170 3,06 | 85.5 | 1.40106 |1, 40106
52 ¥S$
(K
& el N LR M.3-4.9 39.6 436 7.37 94.3 3.43 67.1 [ 0.97x 106 ]0.97x 108
DHS LYE
SSZ
h=n
! ""Alégsﬁt 6.7—7. 1| 1H0 627 690 195 6.62 161 | 0.082x 106
! E?@ﬂt 6.8 7.1 666 724 219 235 8. 89 186 [ 0.153x 196
' ’Iﬁsﬁ;fﬁ'i 6.8—7.4 558 593 380 110 6.53 144 0. 491X 108
8 W s
g gy g 5. 0—7.5% 706 317 290 115 3. 61 91.8 | 0.295% 108
MBCFS
¥ .
; 1. 51X 108
g £ v 'E%ﬂgf* F.1--7.6 733 244 156 195 2-58 | 54.2 | 0.467X 106
SPHZ | a ”;{%?1’ 5.6—7.1 158 | 245 | 73.5 | 100 | 2.80 | 43.7 | 2.85x10
b ”Jhﬁgfa F.2--7.4 450 362 52.0 135 3.82 | 74.8 | 5. 03x1¢8
w ";gg” 6-8—-7.7 9.6 139 31.2 60 1.81 | 37.3 | 0.685x 106
x u;{%f!l 5.2--7.4 343 312 24.8 100 316 | 63.0 | 3.78x106
i gﬁ?ﬁ “?ﬂ&%*“ h-9—7.q 271 347 7. 47 116 1.87 | 37.2 | 1.65x 106
- 6. 505 X 106
TZ
Exxggqﬂ ﬁ%ﬁ;&éﬁ! 5.0—7.9 264 236 12.0 230 5.01 | 40.8 | 11.36x 105
*MC Moisture content RAK Rapidly available K
HN  Hydrolysable N TN Total N
AP  Available P OM Organism matter

2 HR55H
2.1 FRZHIATIEPFRIENNBSHSHEZETHLE
SR ST BT IR & B RS K AR P F R M S MR (e T 514
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AETFAMLERE2 K2R, FRFEESPSEALHF I RPHEE, HETL
#iE H0. 97 X 10°--6. 505X 10%/g T+ . FHHHBES W LS Sy ESH 72
B A EYE (WL, 2) R (D) BRSXEVHBMXE RS, T BRFML
s EEFHREKZ. () 1EEKETEL100—500g/kg K 18 ¥ H T K4 1E500g/kg
PLEf10g/kg LMK, (3) Bt TR T BOH DR e E RS
MILERFEFE, BTHRELRIESEF. EMEEERK, (O R HRR TR
BRUYAREERTEERES G2 RHRALH B L2 . FRFEHRREA
Rk PSR e S EEME A Ry ESsEF, . B, LR &8
B, pH, 2 MAEDER. £BE. AoV ESESESR TEHC. HTERF

Rk, B

2.2 FEESTRAENHEIFERNSBRE
Hz ST AR A B R S S A R R AR RS

3 FEAALBMHFHEHIRPHE=SFRATNI 6

Table 3 Distribution of Bacillus thuringiensis in forest soil of different site zone

T of: I B
Number of soil samples Number of Bacillus
R, T contained Bacillus thuringiensis/number  |thuringiensis isolated /number of sporeflorming
S7 of soil samples tested bacteria examined
T HE LA | HaE
Ratio ¥ Ratio Y%
EHE CTZ /20 5. 00 2/56 3.57
hi#H TZ 9/23 35.13 14/129 10. 85
ERH WTZ 10/42 23.80 15/240 6. 25
WA NSZ 5/39 12. 82 6/214 2. 80
iy i SZ 5/20 25. 00 6/135 4. 44
HIE#AF SSZ 5/20 25. 00 6/146 4.11
BIREHE SPHZ 4/180 2.22 5/738 0. 68
®HF TZ 16/40 40. 00 25/215 11.63
Bit Total 55/384 14. 32 79/1873 4. 21

EREERFH ST RRBH M LIRS FBFHFO L L ERSERGHF
BB RS FRIE RO E, i, FRFES, BRTAP, BERFRKLZ,
BTSRRI BB EE NSRBI R X R0.68—11.63%, FHHER
4. 21% X &R Y5 Delucca (1981) #1 Ohba (1986) Xt XEHH B Hi £ MAFF BIHHEHK
THAEISH RIS TR LR T = S FHA S BESH812. 5% H2. 754, #r
FoEZE UL RZEFRTEES AR SRR LR N EESE FEY
Hik, TRIBAEM A SHIHT 20,

2.3 HnE&FWHELERNSE
79T & AT SR IE, 110 B A AR R E SRR AT T TR
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TR L EE, SRUXE [5, 6. HESIHHN (FO £WH. L EBHER
RERIE TR (Bacillus thuringiensis subsp. kurstaki) BRIERY (KM R R
R S, HAS M HME, LRSS LSRN XRS5 2H
Delucca % (1981) M EEHBFHEZM (Colorado) FFF B ZRAK 1 b B AR IR A
BLRBIFA5. 9 RIEL, ¥ Fl (Bacillus thuring iensis subsp. dendrolimus) Epif
#, REWHLEEMFHRAL, G, 2SURASREHRETEND RETREKT
W oA, 5 R0 BEIRMN 140 AT AR HRE R E %, B E TSGR EH R
PSS, HAX VG IHERN, REFLAH, G 5%,

T4 FREFRAEERESN THFE B IREPERKLI RPN
Table 4 Distribution of Bacillus thuringiensis subspecies in forest soil of 8 forest site zones

(13 nature reserves)

W ERWE | PEE BEW DAL £ %
HEeFRAE| cTZ TZ WTZ ;J;E% ﬁ% E% w7
DAES S " wlelaltln NSZ |'sZ (sSzZ sﬁrz o B B NEN
(szcr{lus ‘ o il m TETE & & % o (%)
thuringiensis g | nlmlw| -y # Eﬁt © g Total|Percentage
bsp. ) 5| 1. r |l by oy _ .
Subsp c Di. |CBS |BHS|QFS| 1.8 HS | ZJS iwys|pHs| Wi JFI XSBN
PR I \
Churstaki) 0 2 2 2 5 0 2 0 4 5 5 8 5 4] 52
W WA i
(dendrolimus) Q 0 4 2 0 0 0 2 0 0 0 ¢] 3 11 14
REHEH
Unknown 2 2 4 6 0 0 0 2 2 1 0 5 3 27 34
subsp. -

2.4 BEEFRHENHERTAZTHRTNLER

TOBRIR i & FHUAT RO GRS R R 5, 61 A SO TR
DHEBE GETRS0—100%0): FHEKE GELUFEIO 50%) MEAHHk GEr-RLE10%
EUFDY 338, S TR B & 0 s i Mot 6 BB s % 7B R0 LA, R B3RS,

MESE L, 798IF A & M B3 988 B i sFk L B R, BERADRE
AT LR B RO 488k . 628K NS LHR, ofF B BITRAY60 % LA L KA A B, BRE
A SME AR S LA TS S A BT PR RS E S R A e g
HUEYR 8RB B0 A SUBOR  XTER S B Bk REAT T RO H 3 09 HH A I R AT ok 0 3
SiREW. BHKAI08, § BRI 7Y% . LRGSR RE RRESK e S £S5
P HEEFREEHEYSHERPOF AR UBERRHERRE, BAF+HS
HENE X,

3 Z#

LA R SRS TR B 130 B R R K384 K LB B b S RO AF A
HEEFRFRKTREYN, ENERKLETEE SRS, HEESNESR
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Table 5 Toxicity comparison of Bacillus thuringensis against 6 insects
. B RAK | BEEOK |GRAE RG] RMAIR | MBI T7X | %1 aS
BB E K () (TR CORILE FIECH (%) FEE (%) R E (%)
S 'EEB?I‘Z % (ﬁ;) Cadd M La3dM Dp6dM | Tm9dM | Pa7d M Pe 3d M
umber - - P ;
S7 NR of k|l k" el Az aslzlgaslxlals
serain | BO [ BC B DB M| BB || Em | R B
IE |EF |HE| IE |EF |HE| IE | EF |HE| IE | EF |HE| IE | EF |HE| IE | EF |HE
FEWAT [l I
CTZ cC 2 2 3] ¢} 2 0 0 2 ] a 2 0 Q 2 0 o
e
| rzt; 4 A 0| 2 2 02 1 1 4 4 010 4 ol 0 1 0]3
TZ KEih
CBS 10 4 1 5 1 1 8 1 2 710l o0oloj10lo]o i 31z
E]-SHSUJ 10 2 2 6 1 2 7 [ o6 {10f0]|0]10] 0 0 2y — |-
BEE | £
QFs 5 0 0 5 0 ] 5 Q 0 5 5 0 k4] ] 4] 0 — 2 1
WTZ
1l
LS 0 o [V 1] LR I I I I A o} 0|0 Q 0|0 Q1G] 0 clo|o
T T & -
LT s Hs 2 0 1 1 1 0 1 1 4] i 2 00 2 0|0 o120
WSZ KZ?‘;[IJ 4 2 o 2 2 0 2 2 0 2 4 [i] o 4 QO 1] —
PSS | KRB
o 57 WYS 6 0 3 3 2 o 4 1 1 4 64010 61010 0l 3]3
AER | A#WL _ _
S87 DHS 6 0 0|6 0 0| & 21014 6 olo0 6100 -
I A
SPHZ WL 5 [ I I Y 0 015 0105 5 010 5 010 014 1
RN 1=
?Qiﬁzﬁ g&m 13 7 2 4 0 G |13] 6 1 6 [13] 0O G |13 0 0
XSBN 12 1 2 g 0l 3 9 3 cl9 |12l 0|0]|12] 0 ol—1—1-
=it 79 20 (11|48 [ 11| 6 | 62|23 5 (51 (78| |o{7e|lo]o 4114110
Total
* Ca——Clostera anachoreta Tm——Tenebrio molitor IE—-—inefficient

Ld——Lymantria dispar

Dp——Dendrolimus punctatus

M——Mortality

Pa——Pyrrhalta aenscens
Pe——Pristiphora erichsoii
T A,

EF——-cfficient
HE——high efficient

FISLACERIK, #R0F, T8 pH, A4, Frasm i s g Sea £ SH 7Y

Hx,

Ao EFMATHERERK LT RN B RS9 H14. 32% M4 21%,
WA R W H (Bacillus thuringiensis subsp. kurstaki) ¥ B/ (Bacillus
thuringiensis subsp. dendrolimus) 755 B4 BEBMS2%M14Y%, F 54 HEEskkmn
RS YK HH, RENF LR, §HE 55,

BRI R EORZ 2 FHTEN SHEETRESR (BEAR, HEHER, 4
BHEmiha SREHS60% UL, mHAH 3, X BESR E E s v e
PRGBFE B 935 726, NRE FAKE SUEMB GRS T BT SR S,
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STUDIES ON THE ECOLOGICAL DISTRIBUTION
OF BACILLUS THURINGIENSIS IN
FOREST SOILS OF CHINA

Dai Lianyun Wang Xuepin Yang Guangying Zhang Wanru
(The Research Institute of Forestry, CAF, Beijing 100091}

Abstract A total of 384 forest soils samples at 0—5cm depth collected from 8 forest
site zones (13 Natural Reserves) in China were examined for the distribution of Baciilus
and Bactllus thuringiensis. The 79 cultures (4.21%) in 1873 isolates of Bacillus
collected referable to the Bacillus thuringiensis. Soil pH, moisture content and soil
nutrient were determined. Rules of the ecological distribution of Bacillus thuringiensis of
8 forest site zones in China were analysed. Toxicities against 6 species of insect were
tested. Strain some efficient serains were obtained. It was shown that resource of
Bacillus thuringiensis is much fruitful in forest soils of China.

Key words Forest site zone, Natural reserves, Bacillus, Bacillus thuringiensis,

Ecological Distribution
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