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K. 16, T. Kosavasui, Hiroko Havasii, and K. Torn :
Stem Gall or Stem Swelling of Larch Secdlings Caused

by a Phytotoxicity of Benzene Hexachloride (BHC)

F OB YRS (T8 2EFEH7 = Sa/EHNR T3] Li2hThtlo
KEgFEkEshhoTha N, cdhgio B einicliciis s BHC kFFick > Tl
K3¥hsd, BHC O a, 8, 7, # #AUHEHEDS B, C 8% EFL L0’ R ADLTH B, T
0 O3 FE 2 ORI RS IS ORIETRB AN, BATH Fusarium 23 & A LRI L
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AT 25 4F (1950 4F) W BLIRA 4 T (BIFil) SHEFHENIWIMELTEH 7 = Vv HENOREEE
Kifuic kY, EESRIEHOTFNEZID TN~ T E SO EOMERELIRFICH N T 4R
221, HOREREOHDTRET, T3 0%, TE{EDBLAELH DI -TTDLD
BHEEME bR LS T ETH -1

INEFEAXFERMU L LTIitin e bRA—EE LT 50 7 = v MBI 51T, cOfREE
TuamEibhn, 2hFEFTRL AT EOBNERABEDDVTEONT, YRLE LB,
7o (g 1955)%,

3% (1952)% (3Ll OIRTTHB RIS X FULHGEE TR, NP o Rz RETMAEL K 3
#HL, #532YWOHELT, P FeYHICHRBOERELT 2HEEROML, cOXHIREFIHE
hERRR D721z BHC KFH & i LcTIRIC A DIv, BIC ¥ 20013 DDT 24 Lic A
ECIOLIE RN ARPE Sl Uy )

$ b T (1954)9 [ZIEFEHIC BHC AMH 100~600 5% 1 m2 M7 b 4.5 ¥hHTE L h5=y
HEMNZBADICC BRI B L EMTE R ERN, D3O TEAVME « FiE (1955)% 2 BHC £tk
EZ3DREBRICONTERENR LI,

0%, TOXSREREHI=Y, FF=YHEHOENITH=Y, 7oy (BiE 19599 LU

19714123 1 HEERE
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4F o8 (P BH 19612 KR OLNLLEBMONTN S,

z 31id 12 Fusarium, Rhizoctonia, Sclerotium bataticola 35 X T Phoma 15 & DA ZTHIC
BB X2, BHTh Fusarium BEOHMBEFENGVWI M0, THOERS XKUMNHlicRZY BHC ©
e L, ch o I HIHOREHER S22 2 BENTRIELTE - oo B oNMROBEIRTTIC
FRTHTHS (PES 195919, 196110, 1967%) A%, T ZIZEDFEMERET 5,

KRAEXTT B1CH DB EREWEEEDY, T 7o BHC RAEAOHHE LU TRA y-Romth
BT » TR TN MR SRR B EEMAERAMRBRER, SMSEITOREC YN ENLR
FHEBEEPECHIFHFZES > UL EBEMOAFIC 2L THIRICDIL D EROMAE 20 e
BEKBELERBICREBEEERT -

A #

YMEEHMOMBBBREICIANTIHREEL, HITREEREMED . L CHRORENART
AEEHLI S, BOERETRNICEDH 5. HERRRCHE~ROKELL, HORRRFELL
FEEn, BERYLUOERD bORMERT 2, BEOEEH IRESR LEWOIWERSRENIZL D, E
WHEITHET boMnS L (Plate 1~3),

SREBRAIY 3 &2 DERMIC Fusarium 3 50 Phoma 13 ELERHORKE LT L L2852
(Plate 3, C, D).

BHC wh v UHRICRIFTHE

1. BHC k#ngi

FEHE 33 X 27 X 18cm DAF (EHIC 2.5cm BDOTLE 5 WA T) 36 EAHEN L, AFRTHy
BEFAE A LS EEPEREARERRSEHELEE, 2N 18T >OKRBFIZANTHMO
—BizER L, MA334E (19584) 4 A 22 HIZ, oLy v TH#ELLASwvRETFEZEH
. RHEMNEALORSBISACAT, 68 108 (%25 1) 1T, ZLBEEhicAkREoE
Folz, 5% BHC k&% 250 £5i%, 1% 9 250cc (Qm2 %79 30 (yik:0.6g/m?) #GL,
BHOELBIBT TR INZHB LI -7

FAMOMEL6H 108, 8A16H, 9AILE XV 123 10 HD 4 TSV, TXTOREEC
DNTZ ROEEERL, WBBELCHEE» SBEDOFE LRSI . BRHED 12 A 10 AICEE
FICOWTZ 2O KUREREH /.

EEMER 121 10 PO WA T TOMBEMMELT Table 1 LT, T LROLNDELIK
C RIDFAT BHC KABAEX T IR o, ERAGRICELBELhEN. BHC HGEXTHREL
IR, WENOBA LM 20% O RMAELE L, —F, HMEERECIW, HREOVnhA
i sg, BHC KMAEBAGXIZED THRRAKIC S TEHAMICEYL. 7 BHC KAFIERKX
B ARBRRICE, ALBEMEIIESEDONLENESTH S (Plate 5, A, B),

HIEN D o O EDDFFEE Table 2 iIC LT . 08B, ZHMEMCHMEDOMICEESRYS
nLVOT, ARLTCORICH T,

* 172 CABMBICRREhAHET, TR 32E (1957 4F) K REFSBED SNl (BF 1958),
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Table 1. BHC AMANTGLNS 7 v & SAMCRIZTEE
Effect of wettable BHC on larch seedlings

REWR F R W& % 5
Number P o Seedlings killed Survivals
Soils (1)1[ Treatments |37 & W | 21| = o b | 82 & & l z s
z‘igérgéf Damped-off| Swelled | Others Health\ | Swelled
| BHC il ; |
W« FHE I 3964 BHC (wettabie) 3% 16% 4% | 3%
Nngawa, 41t i =
Gifu 525 Non-treatment 17 0 1 72 l 0
BHC /K FIHI A
e H & 878 | BHC (wettable) 52 9 12 14 12
Meguro, i P '
AL bl
Tokyo 794 Non-treatment 20 0 27 53 (1]
Table 2. BHC KFFIAFERA 7 < b o O iP5
Results of the isolation tests from dead larch-seedlings treated with wettable BHC
A A S ER [T B oy - H B 4+ &
j{iﬁ i # SOll Nyugawa, Gifu Soil:Meguro, Tokyo
Microorganisms isolated |BHCKFfi#[&7h | #& M 3 [BHCKFHEKG| & W @
\BHC (wettable)| Non-treatment |BHC (wettable)| Non-treatment
Fusarium 31% 13% 28% 49
Rhizoctonia solani 0 1 4 4
Sclerotium bataticola 1 0 3 13
Penicillium & Trichoderma 3 7 1 0
Other fungi 17 20 31 16
Bacteria 24 26 14 28
No-isolated 24 33 19 35

Table 2 [z ki, BHC KFAFIEMARXOMEED S X, WEAKICL SRTHELUSEWHET Fusa-
rivm WhEH AN . AEBRTRERBO SO, FECSBHONLTRIREDORN - HIERELLD, b
BNRTRMICEE L EEZON S OO NRAASSL DTN, THRATHEEEL, WK
LT oD BERGFETOUMMBETELLOBE b ciibE Bbh 3.
HE, AERTRELEMNZ, SShcARBCEBRONE, Thabs, W« FHENERLE
(1B T Penicillium B X Trichoderma 3% {, Rhizoctonia & Sclerotium bataticola Dl
BOBNOIRKLT, JFE - BREMLE (Blic—2) TREZOHOHME LD L.

R TERETL > OTHORER—R ICARTH - /ed, WEMAKTHR, HWELBIZXL,

BHC KkM##EGROC Moz I B L 2EAMNAL A SN .
2. BHC 5k#0glH L U v F v king)

ERFFE DBRKRMICHEE - BREMLSEAN, FUWC LTS5 AT2ERL, chokLhicE
W, wUYUTHBLAL 272 vEF2MA4E (19594F) 4 22 Bick&ffgi, RIFEBTA-K
06, 7H3 BT y-5% BHC kFFlB ket ) 5 (»-BHC 99% BL L) K 250 5% 3 {/m? (v #
10.6g/m?) FzhFh#df L. WigdizeA9n, 7348/, 94118, 1028, 128238
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Table 3. BHC KWNFBITY v F KRR EH 5 =YD T BMHEK
Effect of wettable BHC and wettable lindane on gall formation or stem
swelling of larch-seedlings

e w1 gk I ]
Ps a 5 ja
m }%unjj{befof B g "o Survivals
Treatments seedlings Sele{tgll]l&gs B A c oz
emerged Healthy Swelled
BHC & #1 #| #& #i . e .
BHC (wettable) 2824 | 39% 567 5%
(
Y 5ok T B i | ] *
Lindane (wettable) 218 ‘ 43 o4 3
o i3 i :
Non-treatment | 204 o4 46 ! 0

Table 4. BHC KHAlE LI ) V7 v KFRLHEIE S 7 = VA S O M) #E1
Isolation of microorganisms from dead larch-seedlings in soils treated with
wettable BHC or wettable lindane

A i s A 7
bi\ﬁcrooﬁéanism? N 'lil:c‘atn“xents ;
isolated BHC Kk f1 & | 9y 77 KF#A [ % ki
| BHC (wettable) Lindane (wettable) |  Non-treatment
Fusarium 19%; 12% 9%
Rhizoctonia solani 2 6
Penicillim 1 0
Other fungi 4 10 9
Bacteria 57 ‘ 48 56
No-isolated 16 i 25 19

5EHC e » THAME, WAEDOSBERETZ, 812 8 23 I FENO T It 20 THAEL
A

EHREE RENNITONORRELED LN E Table 312 LY &9 T, BHC KINFSHERK
B & TN vF v KMAEGKICIRE I 2MDERAREAD SNk, IRGTIKTE e BRotitih»
7o

MW, oW DN LRI » o id Table 4 ® & DT, Fusarivm 113 BHC KMAGHE THEL
DHPPEUOHETEDONARET, KANNTH SRR IMD SN -1,

3. BHC B2tk

TEBHCICiZ @, B, 7, 8 L EORMAMATNTOEDT, CANIERE BHC D% RELKE DR
BN B BN TARERET S 7,

EERAE BB 15cm ORUKSKICHTE « BTl ERE AN, BHC 8, BHC KTH, e-Stfhilok
R, -RUAKTH, 7-REMOKTH, -FHEAKTMB LT F + ) 7D 7 MAIRAERY, FOBO
41 BT OOWMABREM e BRERADHAIE, »-5% BHC kFIA| 250 {%i% 34/m? (v 4k: 0.6 g/m®)
OhZEENIRBHAOARELIEEL LTHEL, Hca st itk (o) 8- 7~ BXU 6
BHC) @, #hZhoRAEHA L. BHC BifIdEEIILT m Yook, Zhlis
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MY NRMPSH 10em $TOLHIZ L EETHO R,

WFI35 48 (1960 %) 5 6 BIZH o Ud v+ YTl L MTaE % (1, %FER7 44 124
HgifE, ZheniinBoiBET 3/m? ZHY T 22 Mm L. #H7/l223, 88318, 10
3NBXT12 A 21 BD 4 [T, #&EO 12)] 21 AN E RO R - TZ 3N OEEZ Oto%E
M T,

EBRER BELE50 & Table 512U T, 2D LW SHLE S0, Z3HERIE BHC Afu
MRAIK & Bk IAEGER Tl on, i34 < 8ibNhisty, = LT BHC kAKX TIZei1GE
DEBIZHELTVDY, - RAKRAIKTZINIZL SXTHE DAL CINBIBR SN0,
BHC B1/1X, a-S8¥EiRRRAIRK S LU o= LA RIFNIX TSR RAYEIL, Z Dk LR L
THED, Db 2 2 ROEE (1T 2 HABHCIN O S, 1B, s-MEHAKAFEAIKE LT+

+ ) TG RIZIENTIRA2 L Rohise (Plate 6).

NiORREEIT BHC B AT JERENC 80 % 1258, Fusarium 122D Hh o 4 B RIBEN
7o F 4 U T KEMNHESEBEL 12% T, (LD KNAIXDE13 18~32% TH -7, BHC HFIK
O iniid BHC KIFITPD py-tkZ i E L TkW A2 2 5icis b, v-3% BHC #4102 4
oD 20 kg WY, EEAMLCLcbDEFEZ N D,

Table 5. BHC LU= oRMEKEH 7 <D 2 SR

Effect of BLC and its isomers on gall formation or stem swelling of
larch seedlings

# il ;\}E] rf]bﬂ\r ’ijff Wio#own_ * Sunﬁ rals i
Chemicals seedlings siei(ljlléggs g A i o ey 5;/[ —;’ l‘lfiojzirrtﬁe{;!‘ :_3,].
emerged Healthy Sw elled rooted Total
e I j
Pi%nc <ffi,st.> A ‘ 75K 1 8% | 1% | 0% 16% | 20%
PhHC Bettaniey ™1 e | ez 2 Lo o | e
2:&&;‘;(;};3]})1?)1 80 23 74 0 4 78
hieamar Cnsttable) w7 0 o | 7
Z_lzsllor{rll‘er'ﬁi(\’{};tlﬂ:Jlgl 93 18 75 5 1 82
g-‘-%on:[?:‘ar{*t \ééttﬂlblf g 92 2z 47 o 26 73
o Call')rier? - 60 i‘ 12 88 0 0 88

Z 3ERERICE 3 BHC KFIE| 05 shit

NI U TR ER Uic BHC KA, AEI3NE2ERT 20T rEWo»ICT H20T,
KD PLRAETIE 7.

EERE G o PR s K digT e BERMTALLIR A NIV, 0RF 33 4F (19584E) 6 J) 10 [T
7-5% BHC KFIA| 250 {5 31/ m? &G, EBENAR ORI, ChoxFATREBELTHELSS
L. B 344F (1959%) 4 ] 22 BT, V4 Y THAMNBELLH 7oV EFETEMAT LTZOHOBRE
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HEREO #EXIE6A9R, 7348, 9H11R, 10826 3BXT12 423 B 5[ETEY, FHEM
POHOSHERSL, HNBRKBERD 12 A 23 HIZEFHIIET 5 L SBEROGRER L,

ERESE BEHEITOMELLDELHB L& Table 6iCLHTELDT, 15, WE ALt
BEWF - HRELELOMEZRBE LALAGNU DL DT, —IELThrdTR, COELSHS RS
&3, BHC AFIFIZHA LTS, TOBECRIIEERRT 5 LB4LU

BHC kg% i Uic £irh® BHC-y kD &H L, BN L OBEFRE 7 XLV Y 2 Vit k558
BoEBTHELRR, 1 1g 0SB EEAR 1 REKRT 226.1pg, 6 D/IRT7.90g, 1R T 6.4
ug, 1EE6PARTIZL.3ug THoTe

HOREAER BHC KAHEAR C MERXTHRDDESS LG HAM» oHOSREERTTS -
R Table 7 LT +£BD T, IIHERE Fusarium B XU Rhizoctonia ZHX &S, 12EAFRE
THHMEN, CTHLORE I > THEESELENLLOTEIENI I TH S,

Table 6. 7 7 v ®C HUHRICKIZT BH CAKMHF OB
Residual effect of wettable BHC on gall formation or stem swelling of larch
seedlings, about 1 vear after treatment

¥ OF W O : e A bid ]
n H Number of ﬁ:éee dﬁn siﬁ Survivals
Treatments seedlings killedg EN AT
emerged Healthy Swlled
BHC 7k n # # # . ,
BHC (wettable) 2, 3607 22% 78% 0%
i n il
Non-tr;atment 330 ° 91 0

Table 7. BHC KFEHH | FROLBC BT 2B I~V E S
it o OHAEHF R
Isolation of microorganisms from dead larch-seedlings in soil treated with
wettable BHC about 1 year ago

L3 . o | &1 Treatments "
Microorganisms BHC K@il | & W
BIHC (wettable) Non-treatment
Fusarium 16% 16%
Rhizoctonia solani 16 19
Penicillium 1 o]
QOther fungi 4 0
Bacteria 23 32
Non-isolated - 40 32

CAEERS L CE ORI RIE T BHC KE L ILHRE ORE

BHC KFIFEHICLE>TdH 3N 3, T HHEBIUNBRND 5L Fusarium, Rhizoctonia, Phoma
20O L EBENESOEETREINLCEZT TR 8D TH B (Plate 4), £hT, 60
BEfis#oERicEZz ZHLHICTLHNT, ROFEBRETE 7.
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E B 1 (1958 4F)

ERFE 12cm FRRENC, BE - SENHSES XOHRE - BEMALEREENENANRTEE
ETEE (5 B F, § 1D 2TV,  Fusarium §* 50K, Phoma B 51X 5 X CHEERLK
DEOBDEEY, AT Y+ H4 2BRICEBRLULEEZNSNET, RV VY TiEELALA
TEYEFEZEMNYL. LT EMNHOA2THETH I RENIKS S, L& LEERL, TNLRI
W 8 TR

FEMETH 7D 5 A 20 BTAT, 6510 9iT y-5% BHC kFIF 250 #53% 1 #k272 D 30cc (3
Hm?) (y&:0.6g/m?) MfiLric, FEFWPMEFTELDTTH 30 HITHB &% T8 »70 BHKE6 A
10 HRIRRRY 10 B b 30CqT70, 12 5 10 B TEE& T, TOMEOEBIRRO HES L URMO
ZHEE, TEEORREE LI,

Table 8. BHC K#|Eis L OB £ & iiic kg4
Effect of wettable BHC and soil fungi on larch seedlings

! WOk K il N & & %7 H
+ b=} Number of n Bl Seed]lngﬁ killed Survivals
Soils u?(;dl'r o Treatments |37 & | 2 2 6| =Of0 | B & @, © 22 &
seedlings Damped-off Healthy | Swelled
4o | BHC AR 5 195
Wil - PR 441K | BHC(wettable) 1% o % 2% | Mm%
Nyggawa, ] ;
ifu i3 " b1 |
387 Non-treatment ! 0 ! ‘ o8 | 9
i 8 e I
BHC jkfn#il 7
HE.B & 607 | BHC(wettable) 17 5 8 30 4
Meguro, | )
Tokyo Bl bl i P
584 Non-treatment 0 0 - %8 0

Table 9. BHC /KMfliRdis XULBREEMICL > THRIE LS 7 = v B o DR IREOH 3
Result of isolation tests from dead larch-seedlings treated with wettable
BHC and soil fungi

{# #® ] £ ()
Number of seedlings tested
Fusarium B 1% Ff Phoma T8 1 W e & T
by Y B Inoculation with Inoculation with " Non-inoculation -
Fungi isolated Fusarium sp. Phoma sp.
BHC . BHC - BHC
e e L R M LT e L
Aoty | M G i | € G, | | G
(wettable) | treatment | (oiapley | treatment ; (wettable) treatmefli
Fusaritm 21 3 ' 11 o] 24 —
Phoma | 0 ¢} 12 1 1 —
Rhizoctonia solani 2 0 0 0 0 —
Sclerotium bataticola 2 0 o] o] 0 —_
Other fungi 16 5 34 2 25 —
Non-fungi 22 16 14 ¢] 7 —
Total 63 24 | 71 3 57 —
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EERER  Fusarium, Phoma EEOTIMIZL 3 RIZWSIZED S
SN HEEE Table 8 1L,
e BARLEERT

BHC KRl e » Mool
'3 BHC jKHSIEA O B & IR - THbDAL,

WA

2 E A

[ Ralric)

Rz AMAICEN (Plate 5, C, D).

M » o D RN O D EERENT Table 9 Lv T &BDT,
SyEEbe ) XAz Fusariwm (3,
Fusariwm #F12 X 5 A UL Rk
BFALICBOLE X ONS.

rium O L AT,
St Fbb,

5 BNEID Fusarium H35i71C
Fusarium OFMHEEIZLIZ  SRTOREHE LD L. 55, ksl &L

EMRONES - 1h,

= ER 2 (1964 %)

ERGE

»

7.

e

DTHA

[l e

T, FIRIC 1 #¥ i DY 30 cc i L7
vy —VHoFERIc 4 I 1 HicE & T,

)

Xz,

BHC 7K FLA 250

Table 10. Fusarium BE{EFE -

er, AIX 101,
/\E

(1 KE,

L7b L’&

W% 12 cm D RIAREKIC FT -
~7ire Fusarium oxysporum (L-8),
3 40 D RaARRE )
T 1966)19.
1HEHD #%, Ciuc 25°C, 10 Ok

Y,

.U RAT v 1,000

245 5

DR +

3T D FERIERIZH 6

L1 HAOTIE B 2 AT
[7 (P-2), F. solani (P-14) 0%

B 1 BT 80 RF O,

ERRL
i
F A BRI U s Phoma I

Lt B mibk s,
T it L P T,

ZHIN
EI

NS on U IEEGERE LI b THS D

Fal

SRS (1 &UE,

N BHC KAHANEANIX & M KT o0 19, BHC KHIEATX

it 3 4/m? WL B LA
21 BORHMECREFEIC OO TH M,

BHC KFHIEAGD B 5 = v ilic

MHETTOMEIS A 23 U516 HT
1335, BHC KM Ao KR ©

IR

NIEH - 12DT,

MiroiticEs

5 Z BATERS,

CHESIAAFE

iIc

15
" &

Rn A
i1 n'_ux

A
v,

3 I5[HD
FRBHEM L X O MEERO 4 X
7oo HEAUARRE OIS TR EESTY LTV S
39%1 bAMSL K2OEATIIBEBETEMT 7 22CAN,

L 25 3em DI
BorUHBHBL
H BRI 4 KO ERE
118 hig, y-5%

TS,

B

Pty 1
MR

XU

BHC QKR XE vy Fusa-
tHOERBIKLEDTH
RICHAED

XT3,

=17

10 H

Fusariuwm # D

(19644F)

Effect of Fusarium-inoculation and wettable BHC-treatment on larch seedlings (1964)

R | ok | BRIERT b w7 oW
Fusarium- Numb_er of sce cﬁailngs = | Seedlings killed Survivals
inoenisted | Steatei” | before | Treatments E % | £ 5 [ 7 ¥ L 500
treatments No-swelled | Swelled | No-swelled | Swelled
F "('*'31’15{";’)‘"" 1424 5% 8% 13% 10% 8%
F. oxysporum BHC .
[.g et 2 138 2 |, (ﬂ%?ﬁf(’;:&&'(i 77 4 7 12
. Solant -
(P-14) 130 8 (wettable) 72 1 ° 18
e 1§E i
No- 131 3 63 10 4 23
moculated
F. oxysporum . ia |
(L- 8) 121 é 18 0 82 0
F "("JI;S? ‘;r)’”” 141 37 | & W H 26 0 74 0
F. solani Non-
] (1;;42@ 121 5 treatment 7 ¢ 83 0
I pii)
No- 119 1 7 0 93 0
inoculated
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TR N A S

ERER N E TORNERIETNE Table 10 2L F & H DT, BHC iz ToOMRER
F.ooxysporum (P-2) IBHIRDEMMICH L, COWHBOMETEDORI T2 -5 D EBDHL, MiEHEKD
R DL FLEN SIS - 120 BHC i e IR K IR, X & bz, il KAk
fiKIZ ST L e, 2 LT, BHC fiofi « IMEEFLX & RE EIXo R iEo 213, W
ST,

COHERTH, T.30E BHC KARAKIC SO Co &b, X Tiadiond, 24,
Fusariwm {EHIX & MFERT X ORNIZ I T 30 R ESITHMIT0,

BHC KRIFIN AR DENT A & Fusariunt MR AT o/ §544E Table 1112 LT EBY, fE
FICHH LT BHC iK1 TH L,

Table 11. Fusariwm iR - BHC KRG RMB U H 7 =205 5D Fusarivm (HO
Detection of Fusarium from dead larch-seedlings trealed with Fuswrinwm and
wettable BHC

! J o B—2 (19%4) | 9 BH—3 (196)
| WO M Experiment— 2 (1964) Experiment— 3  (1966)
%R N -
b ¥ Fusarium- B O MM Fusariuem #4134 e Fusarium 51115
Treatments . slocks ]Numbcr of Numb.er of B4l % %| Number of
inoculated seedlings seedlings Number of seedlings
il edg detected seedlings killed detected
Y Fusarium Fusarium
[ o S i
BIC 2 ’Z’Tﬁ"ff’g’)“"’ N2 ITON 200 1A
KRR A | r;,\rljvfl);r)‘um a7 s 19 0
BHC ) F. solani (P-14) 95 18 19
{ wettable e D H
. No-inoculated o4 13 6 3
F. g;{fz:spso)rmn 48 . ) 0
EO S T I 23 16 ! 1
t Non- F, solani .
reatmemt (P-14) 32 1 4 1
“K . ‘D'c FE 13 1 1 ]
No-inoculated v :

£ B 3 (1966 11)

EBRFE 2 L2LAL MHTH LM, IR 4] B IICE SN TH 7 REANTHIF LS
D&, HOMHIE )] 17 8, BHCKFARMIE 6 A 11 NS » 7o, FEINTOMAIR6 1T 21 Hd
510 11 EITFT1E6y, 11 ] 10 T OB M BRI 2O T T 3N TR b M L.

ERRER Table 12 €A 258D, KEROFHHEKIIIN 2 (€ SNTERINTEOSS, Bk
FiiE L LT 5., 31bb, BHC B OMRFIR F. oxysporum (P-2) JEAIXHI3737Z0 <
P, i oM BHC JdiKIC 8 O TIRA K K D bt e ARMERT 3 BHC {illi - BERER &
il BEAERR X O 12 AT L AL i D ARFUC K 1 BN L S AL, A2 2 D Z 3 Fo BRI ITEE D 5 3 1Tk
BTAZLREBENLHATH B,

KERITHBOT S T 3123 BHC KPFIMAKOAICE DN, Lhb 36~60% LRBBERIHLTHS
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Table 12, Fusariwm @{EHE « BHC KF#EFEDH 7 < HICRIE T 2% (19664 )
Effect of Fusarium-inoculation and wettable BHC-treatment on larch seedlings (1966)
; o g | ALFRBIREIR #h #H ) 5 —
%ﬁlﬁﬁf Ifﬁmfbﬁ ?i‘f Dead | s | Seedlings killed Survivals
. stocks seedlings Se]eglflonr%s Treatments {IE oy g z Ai] A II\II: i u?j‘g;l CS ,guj%
inoculated tested treatments o-swelle | Swelle: o-swelle welle
|
F. oEc{s_pgum 1504 6% 10% 4% 9% 31%
F. oxysporum - BHC o s
i 152 S A 30 13 2 35
7. solani - - .
(po14) 150 5 BHC 10 3 30 57
@ ;W (wettahle) ‘
No- 150 1 2 2 62 34
inoculated ' “
] _
£ ox{c{)g;'zmz 150 . 1 0 99 0
F, oxysfoqmn 150 20 - ﬁ p. 7 ‘ 0 23 0
F. solani - Non-
(P-14) 193 3 | treatment 3 ‘ 0 97 0
I\ﬁ)- 150 o 1 0 99 0
inoculated
3, Fusarium EREX & EE X OMIZY] o M0 RRE HB I
BHC A MF G HROMIBED: ©, Fusarium OWHE [T 57245552 Table 11 2L &89, C

DEBITHE TS BHC 81X T, WEHXIC

TEEmICEA SN BHC KP#HOLERATOEZ &,

ﬁ?& =7
B
*E}"\’ﬁz;}ﬂ‘] 1=J

KLU, (DR EHOE

+igrhic (4 5 BHC 0% &

EIEELI B S vETFES A
DEMIT y-5% BHC 7kin#l 250 54 31/ m2 HBET

WEKEFR - CRBY + — LICE

ARSI L TR IS h S DHK L.

Sz

KLIcHdDITL 61T,

Table 14

R oY 3 o Rl
ELFcsLBTERICRE IS, £L
P IT HZBET 508,
FoTHNB. —F, TH»PoHBKT L

2-BHC X

HEJERAREIE Table 13 12 |"¥yd &BY T,
THEMRBEB LU

y FEHEME D ST DBHG & £
Lz, TOHRMEEEO )
LTFHPOBRAKETE . 85, BHC Kk

U y-BHC 3 & 3z,
T, LHH o%KT S & y-BHC 3 &-BHC 124
LUK EBEND 1P HEELTS,

-
AT e

Z SNEARK
Dy <5 ﬁﬂfh

{ &RT Fusarinm O 1 BSEE 255510

L DOBERE RS BIITROFERE

HOTHi o
HOBERLE SR EN RGN,

RICERBEICHASGSN LB LB (REH»S 2cm), F@ ERE»5 2~4cm OF) BLUTHE
b d4cm LT 12em 2T) OEFHD «-BHC & ¢-BHC 57 [ L7521,

Sb, AL
Zid A SHE

Bk LEZBAcd Lih ok

&

Table 14 DL BT

HRD T LB LEAERIZEZL

y-BHC 013128
BHC, v-BHC & i 2 0% Hhiis &

5T R
BB EEmi L e
HELIREL,
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Table 13. BHC KHADLEATOHEZ o H T =Y O T 30K
Effect of wettable BHC-translocation in soil on gall formation or stem-swelling
of larch seedlings

A - s PEB T AN B THMHEBE | [T3]0PHER
o a1 # Mﬁ(thogjof ik Number of Averaged Averaged
T'reatments water supply seedlings percentage of diameter of
PPy tested swelled seedlings| swelled parts
A S s K .
B‘%C 7}<b2'ftl F A | from soil sur?ace oz 81% 2.0mm
ettable BHC T®b 5 8 K . o8 .
from bottom of pot -
® MW A | LD K 156 0 e
Non-treatment from soil surface (L4

Note *...... EHEHOMEBEDOER, Diameter of stem in healthy seedlings.

Table 14, # 7= v I xEBERLERICET S BHC OFTE
Translocation of wettable BHC in soil relating to gall formation or stem swelling
of larch seedlings

o w B x| EETER TR LA
N SRS 1T 1 i . ater supply ater supply from
Date of soil sample Jf’a%s ?f js#(;il}ri:(esﬁ d//} from soil surface . bottom of pot
collection «-BHC | 9BHC [«-BHC | 4-BHC
_ (eele) | (eglg) | (pgle) | (uglg)
. *
+ Upper tager 898 220 | 1% 313
June 6 " T
5 S i) e
Gdars e Midate e R
T gk | .
Bottom layer 0.8 1.2 c.8 0.9
, N -
Upper layer 696 108 892 226
June 24
(33 days after BHC- o Middle 1 & 53 49 9 8
treatment) lddle layer :
Bottom layer 1.2 32 1.2 L5
’ AUpper layer 582 23 763 192
August 28 . @ X ! i
puh ey e Middie layer | s | e |
- . - .
Bottom layer 1.3 | 76 1 .3 5.0

Notes: * at the depth of 2c¢m from soil surface.
** at the depth of 2~ 4em from soil surface.
ek at the depth of 4 ~12cm from soil surface.

E B2

Fig. 1 WRT XD, APRICE ks & OERHHRERE & DANAHRRICK D, LEe b0
iz BHC XFAZGLT, CaWOMREBE L. TOMER, LROBAROAC HERHEL, B
DA INBECBEDH SR E» .

PIEOFEBRES, S, ERRIZHY 2 BHC OBRFEREMZ HMORK L Hif Bk H 5 2 LAt
#2xh3,
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a CRE O MmE RS

EEE RO FIHCEEUT, PTGy 7w v BT LR
MRS o, BHEFY 50 Bk, AU d 5 KT 5 % BHC

o)

FKFNM 250 {3 A 34/ m? (A L7,
BHC /K fflilids 7~10 0, 35, 53, 9Bk 13 MBEOLED

BOITHBWT, Pilid Thiaic iz, WL S EX5~8
mm QKEAE D, FKTHAHE 2 o L/ - Wi (2 oaik 1g,
KAEEE lce, WA 100ce) T, ALkt (599 v5E

V=% lg, YY) 10cc, 7K 8cc) (Wuve & MerriLL

\ f 1969)% T 24 Bl nm
b, iﬁéif:(iﬂr‘ ZivgLe (1930) D n-F FATA I3 —LTKIC L 5 TRIK, 2057

c. B
Experimental method for 4 YEAZTEC, FEEH100 D 270 b — sl 2 75 Y,

the stem-ga'll formation O,f Hewennan [Kan< bF 2 ) viefh, BES —E ochivr73=v

larch seedlings by semi-

water culture. A R L.

a. larch seedlings S e i~ s .

b. soil or sand treated ERER  AWIRPRTHOBR OS] 552w 20, BHC K
with wettable BHC AR T 5 TH DA, 1IN BT T2 A s

c. nutrient solution ) )
Yo, AlBOZHEL, MOZBEBLIUMALMT o TNAE,.

Z DB, KBS XU MEREORY: « LAY S, BEAEIo—SSERILL, &
LRERR ORI ANIC ST ORI T 5

BHC JKRH A 958812725 &, REGHNRE JCEBMRO TSR L L, ARFOERER. K
RIETOMEE X CHETTRIRERLL, SEMEEE - T ORI, Q22 L, oz
BEICERLOHETHS.

BHC AWM HRA 13 8B 2 L, BRI LAAKRTONREINAL, 52 DRICA2HIES L

FAERAERIA L, 0 - ORI EF L HN S,
JEAE - IBR U2z i PIC I3 e s XUV 02 A R o, BB T A oRNbLIRC - T

INBZ EREL (Plate 7~9),

EREBIUHSHR

L]

=10

MR B 50 7= 7ROV D3 T2 &, BHC KFMENG LG/ F s 28 UL
B (1952)%, - SHE (19549, N2 Ak (1955)10 D SLEHIEEH © ORMIZ K > T & h
7.

A DN LT HET O Z DA A E L Ml L, $HEEA LS S HUSRMIRERS> € & T,
Fr O DEN D SIXEITEOHE TR 58578 Fusarivm spp., Rhizoctonia soluni 3 X UHHZZ
Sclerotivumn bataticola, Phoma sp. 3 EHHi &i15 .. BENL OGS IMES AT SN T
KL, COERBE0R0NBTENHD, OLHITEYIL sore shin 5 20 i sore shank & Xif

na (PR 19497, (2R 1971%), Fho, HENRLEREAOIVETREO LR X R E LT, il
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®#m%ﬂﬂnﬁb<%Agg,*ﬁm%Mbkﬁ&%i TLHMEINTV S (Brracm 1963V,
ELT, TS DRFFIIB S ZHENT LA RS A M h & ZehliELlidd s

ENT, ZHMORBUZBIE T MLV S A R U, CNoDMIADATII ¢ stz
FHT LR, BHC AFREHT C ZICX-TEILHTIANERINESDTHEH, 0, HiMEMD

EREBRIITOIER I BHC DANCRD DM HEL EEZ 5N 5. £ LT, BHC OWEIZH-TINLOD
PHEAHRA, BEFEINE R UL LTS #E U 2 4008, HESIORETITS 2 2040 1%
SNLDNBDHEMIRETHL D,

BHC & {38 2l LA R A TORYE 72 5 AR 5 L &Ny, Widh o BUTIZEHR 2/,
FERUTRII B/NMEY, IBTA R 2813 —FEiRE LT <o TS FdiT H 5 (Broww
19512, Sivkover & SusneeLt 195219, Hil 15 1957V, #4iE « WHKE 19612). LA L, # 7 = w#ki
DIBWD LD, GRMERBARTICIEAT 2B REIVHCOMR LT ONAL BIZZOR TR
METH B, 7272, Prace (1962)17 (% Abies grandis {iiC ZLERERT AR HMT LTV D E, FOIK
TERWITH 5 EMRTD

H%! BIC {2 «~BHC, s-BHC, »-BHC, 5-BlC, &-BHC % &DMYHADIZMIAT 27 0y s o~
FY Y, A7 2oy oyt YRREDQHLS HIY, TRAMERBELT L) 7 aaxvE i
LaAETS, BT TH L L0DNTO S, FREHRDFEENZMHOMTAILL > TR 6D

DESTHDH iNs 1B ICENTA A A F¥YMDMEZIT LT, +BHC & 8-BHC # «-BIC
B XU a-BHC KO BHEMEHINKT, Lad TR Zh oo TEIENIRE ML, S T
HREBIERAL T L, hTEdals 9. Lirl, SRXONICHES I Hocrivg (1949)% O

L&, AALFNORIRE y-BHC I k- TR SN B Z E137 L, BB N ) 2 anvxv ¥
VIR ANETHEDT, BEF) 7 e xXyEVidl 1 REUFTIE v-BAC H 05 b i PA 4L X
11, «BHC TlEEhkHdENELTWS, 72, Simkover & Suexerert (1952)1 A1/ 0% 2 —=2

YHEHORICHT D w0, A 7y, 8 BRMAOTIEMENERY LRtk &, SN SKRBAMNICK S
REREDONT, MUERMTHD P ) 2 o Xy EvyHRRGHIFSHEENERIZ L ELTY
50

¥KELDLEBITHEO T BHC 1 HEMPE RN AN &3 5  DIERICEES 2850, «-BHC,
8-BHC, y-BHC, 5-BHC ® 5 5, Z4HiZH T D3 y»-BHC DA TH 7o THT, ZHSEHHKD
FTARTHTAERRL, TOFBIHD OH T o-TIEKDIEIND RS F L E Uicz « Tk (1955)' @
FiREE—H Lo, ok, FH IR U BikkD 5 b »-BINC @2 Z BHDIERAELIcDTH

3%, M BHC LA INTH 22 0BORS. BXCAROSIAE RO h, Caitilda
ONPN LI RN

BHC Kfnmlzid e < SmEiicEksh, RNAZHAVARA R ChNREAERD ML
W, ARERANYPEE (1952)2 X - THEIINA LT, TORESE - B 196D D=
icxtd % BHC B0 ERI TS, 320 TRALINTE ST, £LFESOERITENT
bEMICE 5 C REWOEEIEAY O N ot 20X D ER KA L BFAOREMAEDORIEICS S &
EZoND. TEbhE, BARNELEANCRASNADICH LT, ARFITIRT R - 35770 %
HiEN26DOT, HHOEGIC TR L BhND . KA (1960)® 2 BHC % -3 CBAT 585
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&, F1, Lt DOBEIZBEIARLTVERUTEY, T luhd (1969)2 (iHiD Wiy i
Bt e, B v DIRUATEUAHE, —HWREISETILEHFRBCREINSHODLIT, I
BRI BHC BHAOBHIC L > TELDOREREE LS LBRTN B, KHFIELERIIZEEGT 55
Zd, Z0%HO BHC OB 2HBOMAR I - THhEVOEDH L L LRURELONZLIAT, B
| . L2 OB RN D H BB LD KNI BHC ARHZRG LT, 20HRBKRETLI L, BE
DOEAIIEAE D EN BHC SHERFicE £ 5, —HUTIIHEPHICHTT %, 20 Lo,
— BT ET BHC AFRE ZOREICHAET 5L, LERM I DER, REIKHIHK
FREIN, GELEREIE L TREARSEELREL, ZORFCHELLELT, WHYBETRHER
KT AbDEEZ LN

BHC Ri#H9ioR, s XUCTFEOREKOEEMEL S L, Ehid ave F ¥ (colchicine) @
YERICELLT 3 L0bh T 3 (Browx 19512, $FEEHZ DL TIE Sivrover » SuenereLt (1952)19 4%
I 2 — <Y OREFEMSEOEGORIC BHC IS/ L A, 6 BRIZRZDPEHENEA
U, 10 1R R ZOHEENEFYRO 2 fSIcbELAE LTVA, RRGIBOMILIZARFEEECL,
AR Ea, PERcREBRMUBE bhTERES DY, 18 D RS EEMER S
3, Wk, BAULRBEBRESBELRIY, SEALEHSEEITE, SR XEBLICEBIZEKX
MEbETZLBELTN S,

B 7= VHELET REESOBRICEINE, MEHR, MBS ICRBEHIMSIKBOTHRORE « X
DKHF B O, HROSHNB ICKOEIE - ER{LSHT Y, AROEIFKsLIELIEIFD, th
5 DBEHIT Smxover » SuenereLt (1952)1 M v EETRUETHNS LA LHERLTH 5,
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Explanation of Plates

Plate 1
7172V DT 3 —IE BRI SRR —
Stem swelling of larch seedlings collected in Nyugawa Nursery, Gifu.
A 1930410 AR X1
Collected in October, 1950 X 1
B~C. 1957 £ 8 AHE X 1.2
Collected in August, 1957 X 1.2
Plate 2
AT=YDTITH
Stem swelling of larch seedlings
A, EBEFHEJIEME (1957F 9 ARE) X 1.5
Collected in Nyugawa Nursery, Gifu in September, 1957 X 1.5
B. TkAWREHME (1958410 A X 0.7
Collected in Akita, in October, 1958 X 0.7
C. Ditto X 0.7 Slightly affected seedlings
Plate 3
A. BHC KEFHEIFIC L o TER LicH 5+ 2 4 (—uBFEE) HioR —ikEESS4 I
BE—Q1957 4F 9 AR X 1.5
Malformed roots of 2-year-old larch-seedlings treated with wettable BHC in
Nyugawa Nursery, Gifu collected in September, 1957 X 1.5
B. ¥&MUFICEEKINLS T = CSTEORBHORI—LE BB FHE N EM@E — (1957 4 8
BEE X 1.2
Stem swelling of 2-year-old larch-seedling treated with wettable BHC in the pre-
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vious year in Nyugawa Nursery, Gifu X 1.2
geeeeer swelled part
C. 77=y e nioBBIBD 51D Phoma sp. —{L5MIMICT & 5— L2 1T AR
(1957 4 11 AfRE) X 7
Formation of fruit-bodies of Phoma sp. on swelled parts of larch-seedlings by moist
chamber treatment. Collected in Nyugawa Nursery, Gifu in November, 1957 X 7
Sreveee swelling
D. #15=YZ2MWOIPITED oM D Phoma sp. DR T4 X 90
Pycnidium of Phoma sp. on swelled parts of larch-seedling X 90
Plate 4
FLELSHE NMTREE H 5 = T30 503 il Edvdc Fusarium sp. 33 XU Ploma sp.
Fusarzum and Phoma isolated from swelled larch-seedlings collected in Nyugawa Nursery,
Gifu
A~C. ZHRDEHH DI
Fusarium and Phoma isolated from swelled parts of larch-seedlings
D. HoFnh oDsrik
Fusarinm isolated from rotied roots of larch-seedling
Plate 5
A, BHC KFFRAGIZE > T Cch 5= T30 —4i50 « BRNT L —
Stem swelling of larch-seedlings treated with wettable BIIC—Soil : Meguro, Tokyo
— X1
B. [l _h—ERERFHENGHd - X1
Ditto—Soil : Nyugawa, Gifu— X 1
C. Phoma [#{EF: « BHC KFHIC X - THE U/ 3i—H ol - HEMMAB— X 1.7
Stem swelling of larch-seedlings treated with Phoma sp. and wettable BHC—Soil :
Meguro, Tokyo— X 1.7
D. fEHERL - BHC AKFFIBANC X » T Urc S R0T— 4R EYHE NI — X 1.7
Stem swelling of larch-seedlings treated with wettable BHC—Soil : Nyugawa, Gifu
— X 1.7
Plate 6

BHC RUEDH 7 = v HE I ZRIZ TS
Effect of individual BHC-isomers on larch-seedlings

Al

BHC By#—IEHIT— X 1.2
BIC-dust—normal shaped roots— X 1.2

. BHC giFl—2 o iti— X 1.2

BHC-dust—malformed roots— X 1.2

. BHC K —Z 31— X 1

Wettable BHC—swelled stem— X 1

. BHC K#IH—IEHEH— X 1

Wettable BHC—normal shuped roots— X 1

. «-BHC 7KFn#i X 0.8

Wettable «-BHC X 0.8

. A~-BHC ks X 0.8

Wettable g-BHC X 0.8
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G. v-BHC KT8 — 3sifi— X 1

Wettable y-BHC—swelled stem— X 1
H. 8-BHC XF1HAl—% =2 Bifi— X 1

Wettable 3-BHC—malformed roots— X 1
I. #+ 97— X 0.8

Carrier X 0.8

Plate 7 ~ Plate 9 BHC JKWMMTUFE L H 7 = 2 Ui HEST O 8
Cross sections of swelled stems of larch-seedlings treated with wettable BHC

Plate 7
AL WLFRE T GEB 1 weck after the treatment X 60
B. [l s#d(eme)  ditto, control (not treated) X 60
C. M35 @ik 5 weeks after the treatment X 60
D. [, *BE(MgF)  ditto, control (not treated) X 60
E. ap 98 9 weeks after the treatment X 60
F. Bl SHRCERr)  ditto, control (not treated) X 60
Plate 8
AL WUBR13E[N P 13 weeks after the treatment X 60
B. [k, sM{(le4nrt) ditto, control (not treated) X 60
C. WLP 1 Em I week after the treatment X 150
D. MWLRE 5B 5 weeks after the treatment X 150
E. WPt 980 % 9 weeks after the treatment X 100
Plate 9
AL R 98 9 wecks after the treatment X 150
B. PLI3EH#: 13 weeks after the treatment X 100
C [l 1 ditto X 100
D [ 1 ditto X 150
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Stem Gall or Stem Swelling of Larch Seedlings
Caused by a Phytotoxicity of Benzene Hexachloride (BHC)

Kazuo Ito®, Takao Koeavasui‘®, Hiroko Hayasur'®, and Kenji Toru

Summary

In 1950, a serious stem malformation was noticed by the present authors on 1-year-old
seedlings of Japanese larch (Larix leptolepis) collected in a forest nursery near Takayama,
Gifu, central part of Honshu, Japan's main island. In the same year, the trouble was discov-
ered in many nurseries in Hokkaido, northern most island of Japan, injuring severely about
a million larch seedlings. Since that time, the disease has been observed over a wide geo-
graphic area in Japan.

The disease has been found on the following tree species: Larix leptolepis, Abies mayriana,
Pinus densiflora, Pinus thunbergii, and Ginkgo biloba. Among them, Larix leptolepis has been
seen to be the most susceptible species to the disease.

One of the most characteristic symptoms of the disease is gall or swelling developed on
the stem near the ground level of nursery bed. Many roots of the diseased seedlings are
usually blackend, rotted, and lacking in root hairs. Some of the malformed seedlings have
club-shaped roots. Needles of the diseased seedlings turn to reddish brown or purplish brown
from late summer to early autumn, with a consequent marked retardation in growth. Many
of the severely diseased seedlings finally die (Plates 1, 2, 3).

Concerning the cause of the disease, Iizuka (1952), the first reporter of this trouble,
suggested that it might be attributed to the phytotoxicity of wettable BHC used as a soil
insecticide for white grubs control in forest nurseries.

Though a number of reports on the detrimental effects of BHC on the development of
plants have been published, so far as the authors have been able to ascertain, there is no
account noting the occurrence of stem gall or stem swelling in coniferous seedlings.

Suspensions of 0.4% commercial wettable BHC (595 gamma content) sprayed at 3 //m? on
the soil surface usually showed stem gall or stem swelling in larch seedlings (Tables 1, 3;
Plate 5).

It is well known that of the many isomers and impurities present in the crude BHC, only
the gamma isomer is recognized as important as an insecticide. When the individual isomers
were tested, only the gamma isomer was found to be the cause of the malformation in the
seedling stems (Table 5; Plate 6).

Many kinds of soil-inhabiting fungi such as Fusarieum spp., Rhizoctonia solani, Phoma sp.,
Sclerotium bataticola, Trichoderma spp., and Penicillium spp. were very frequently isolated from
swelled stems of the larch seedlings (Tables 2, 4 ; Plates 3, 4). Among them, Fusarium spp.
were dominant. Results of the artificial inoculations with these fungi to the wettable BHC
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1) Director, Division of Forest Protection Research, Government Forest Experiment Station, Meguro,
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2) Chief, Forest Pathology Unit of the Division
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sprayved soil showed that the fungi never caused stem swellings, but induced severe root-rot
(Tables 8, 9, 10, 11, 12). The damping-off fungi are considered to infect the roots injured by
BHC and play an important role in destroying them.

Benzen hexachloride dust mixed in nursery soil inhibited root growth and produced typi-
cal clubbed root in larch seedlings, but hardly produced stem swellings. On the contrary,
wettable BHC sprayed on the soil surface usually brought about the stem swelling (Table 5).
This, in the case of wettable BHC applications, may be due to BHC accumulated persistently
in the surficial soil stimulating cell divisions of the basal stem and resulting in the malfor-
mation (Tables 13, 14 ; Fig. 1).

The stem swellings of larch seedlings exposed to BHC were attributed to hyperplasia and
hypertrophy as well as distortion in the cells of buscular bundle, cortical sheath, and cortex
tissues. In the abnormal tissues, a number of multinucleate cells and giant nuclei cells were
observed (Plates 7~9).
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