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C.m eeee- B i Culture medium.

) ST 4 F2T A Inoculum.
A.C. ---ee W R Grains of activated carbon.
P.a e A EE WK Pyroligneous acid.
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Fig. 1 The method to test vapor action of pyroligneous acid and 2.86 %5 acetic
acid, upon the mycecial development of some plant pathogens.
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Fig.2 Effects of vapor of Pyroligneous acid and 2.86% acetic acid upon the
mycelial development of some plant pathogens.
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Table 1. Effect of sediment of Pyroligneous acid on the mycelial development of
Fusarium oxysporum, Rhizoctonia solani and Rosellinia necatrix.
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; 23] R D H
b it bill Development of mycelia
Treatment F.oxysporum | R. solani Ro. necatrix
v S KFEL IV H D _ —
KBRS N ashen -
Sediment of s
Pyroligneous acid lvégﬁ]%vlésfﬁg)d@ + + +
x v ¥ v _ _ —
Ceresan
| o A T . . .
Control Kaolin
WK IR A B N N N
Charcoal, crushed
e HRBREBH LD O Mycelia well developed.
— e BHRPIFEB L Ao D Mycelia not developed.
53’:’000037 oohoow

Crude Pyroligneous acid (P.a.).

Filtered P.a. throuth soil (2 in).

A: ZD ¥ OARENK
B : I E R e KA
Sediment-free P.a.
C : drkic Ue REEIR
Neutralized P.a.
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E : AEFEBL CAREHRORR

Cre gl

Germination percentag

Residual liquid of P.a. distilled with steam.
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Effects of Pyroligneous acid upon the
germination of conidia of some plant
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c. EMFEEEOSERFORFICHEKITAEROLE

Co. miyabeanus, Al. kikuchiana ¥ Y% Fusarium sp. (LK-18) OSH:EFE2RKEETDH 5 U

WTHE A DILEEA U e REER T CRIFIBHE, BINO LS e LD Uic, BUHOKREKS 5\

IR 2 W e R FEE CURL/1250 8T H 3T & b E D S REF L lnd D7 TR L e REER O

TERACERE D I\ £ LR LI & 2 B TH B0, ARBROMRLARELOLOO BB N &
F2FE  HIPEFEOHARORE I X IFTRENR OB

Table 2. Effects of pyroligneous acid on the mycelial development of
Fusarium oxysporum, Rhizoctonia solani and Rosellinia necatrix.

e m B D 3 i)
AT DILIET i B Development of mycelia
Treatment for . C trati
Pyroligneous acid oncentration F. oxysporum R. solani Ro. necatrix
1 — — —
® o m s B _ -
Untreated 1/25 + — —
1/125 + + +
oyl S s [ 1 — — —
HRE e TR s
Filtered with
BERKEFELD 1/25 + - -
filter tube 1/125 + -+ +
1 — — —
pH 5 1/5 -+ — —
1/25 + + —
1/125 + + +
1 - — —
pH 7 1/5 -+ - _
1/25 + + +
1/125 + + +
1 - — —
1in O LELTE 15 " _ _
Percolated through 1/25 + + -
soil (1 in) 1/125 + + +
1 - — —
2in @itﬁ:@.i@ 1/5 + _ _
Percolated through 1/25 + + +
soil (2 in) 1/125 + + -
. 1 + + —
K E R KR 1/5 + + +
Distilled with steam 1/25 + + +
1/125 + + +

I EARAMRFEB Licbd Mycelia well developed.

e RABREE LCHED Mycelia not developed, but some times developed.
Lieh2tchitib H 2 d D

— e HARBFETT L I h07c b O Mycelia not developed.
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RS 2R b DOREIINNTFC L LW e 2 LD LTS, UL, pH #EEL, el
ABRE, BENGFELWEL, 3WE b 15 ORECIHEHF L, LoL, FERCRIEE S ED
K RF LU IdDts, fns, PH OBIEIC b Buic NaOH K igsiliic X o CARRE TR CHI10% 55
DML, UL, BERUEIMEIRLSE, 12508FX E 53 s on CERBICE T 5, Lt
2T, NaOH KIARIC X O TR S T b e BEIERL T LW2 85, 2in E S O
FFD LD B2 BB U T AR S 027 0 RESAWBL, 3H L b 1/25 OBEETR L KF LR, L o
U, 15OBEETiL Fusarium sp. (LK-18) %33 Co. miyabeanus, Al. kikuchiana #7%n%
NEPEREG BRI Ut KRR S 70fcd & OARE b RHE I058EL, 1/125 ORET,

BEHEHIHFLR, LAL, PH % 7E, b5 1 Ed 2l L e e < bRiug, deBoM 7
B LIRS 15OPE TR 3L b E O S BHL T, 1250 ¢t Co. miyabeanus 1336%, Al
kikuchiana 13129, Fusarium sp. (LK-18) 1% 20%0OHEFLE» L H LT Fir,

d. ERERBEEFCEIBEOEE

F. oxysporum, R. solani 3 X % Ro. necatrix OB%% 1 BH, KEEKD 242 OMNER L
ABEFCORL, TOEEEEHN L ERTRFE 2RO LS mERL LD L,

RO S L CHBRD 2B e AR CEEORBE 1% L ®» L, R. solani XU
Ro. necatrix % 1/25 OYEET, F. oxysporum # 1/5 DPEETEL R L, %z PH % 5% 3\ 0%
TWRLIHE, 1in 5L 2 in OEIOLBELTEBRI e LBE, WIS RENSHELL, LT,
PH 5 HEID S 7 OHEOHH, LHOFEIN 1in OBELV G 2 in OHBEOHHPBRE TOHE
BENLORTH O KEIEBE L 7cd & OWRERC WL TREL < RE % %\, F. oxysporum
BIU R solani iU CTREHKTTY, Ro. necatrix wic\~U Tk 1/5 OREDITENRF R
HEWBH LI,

®3%  ZENTMYER e X 5 AREREORE IBE

Table 3. Effects of pyroligneous acid on the mycelial growth of F. oxysporum,
R. solani and Ro. necatrix by ZENTMYER’s method.

~ - . B %X o % A
17 %27 LDRS AR D HLEE Development of mycelia
Position of inoculum Concentration of
under soil surface pyroligneous acid | F. oxysporum R. solani Ro. necatrix
) 1 + + +
1/5 + + —+
1 1 + - -
1/5 + + +
0.5 ! - - -
1/5 + + +
1 J— p— p—
0.25 1/5 + - —
1/25 + + +
Foeeennn HERABREBELLLD Mycelia well developed.

. HARSEB L ook d  Mycelia not developed.
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e. ZENTMYER K#EDICRAIESR

ZENTMYER Ki:E# @ Drench ¥:0ZHx 3BT, F. oxysporum, R. solani, Ro. necalrix i
T AAREEOBM N L bR, HBIRDLIMERELD LI, HROUER 2 in DESITLE

&, AERRVWTFROBECHL Th 2o BEIE LD I ok, BROMNER 1 in OFEICL
AL F. oxysporum 3HEEF D, R. solani ¥ XU Ro. necatrix ZFH L 7=, ZENTMYER
DFEETRHAONEY 1 in OFEI TR WEHALEL L, FHERE2T7 ) —v L Twa, Lk
O, LEHEERIORKEREE L C ZENTMYER KEA AL CX WO nbiE, REERE F. oxysporum
i L O shBiE a2, R. solani % Ro. necatrix Wiz L CUEEE W2 X5, HRORNESR
IVEL LEBACBENLE LML, $hbb, 0.25 in OEITIL 15 OEETH R. solani
% Ro. necatrix P L 12,

ARAECC, BOMENC LAsE, KERCHT ARG o & bR SLDdB, F. oxyspo-
rum tb 20k HHIHESN DL, R solani \rzhico&, Ro. necatrix 3dH ol b KDl

D OERE L HESREIRBO T TR 2 /s 2okdDTH 545, RIS brUDdIOKTEHL, [
BhFECERY R oo T REFMUMIEZ LD Lic, TORPIH4EDLEY T & %54 RUSHDI
59 & LEOEAEIRERNONNCH EOHE LW EEREL T D, ik, KTEhlkiidik
AEEHEBOBENTH ordt, 14 I 2AERAHLDI0 cc FOORMEIKEEEL, chbRBLEC
B X hicDb, KREEREZILEALZ,

WAk  HEEER LB ZENTMYER KR X 5 KRR E N

Table 4. Effects of pyroligneous acid on the mycelial development of F. oxysporum,
R. solani and Ro. necatrix by ZENTMYER’s method carried out with wet

soil.
{52 ADES KA P ycelin:
VA= £8 £t Development of mycelia
Position of inoculum | Concentration of
under soil surface pyroligneous acid F. oxysporum R. solani Ro necatrix
@) 1 + + =+
1 1/5 + + +
1/25 + + +
1 _ _ _
0.5 1/5 + + +
1/25 + + =+
1 — p— pa—
0.25 1/5 + - -
1/25 + + +
I BRNILBLEDOD Mycelia well developed.
—eHARBFEBE L ed 0 dH D Mycelia not developed.

7ok, ZHEIRL LA S BT, ZENTMYER KEEA R Z ok BRIFB SR LDTLED
TH b, REOHEHME L LB, ABROMRT I bbb, HBEOBERGRILLRED S
X5 Chot, Fi, BOBBICX D TKREKRORG 17 0ES L5 Th ok,
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Wok  ZHOLEL S B ZENTMYER Kikic X 2ARESRORE 1
Table 5. Effects of pyroligneous acid on the mycelial development of

F. oxysporum, R. solani and Ro. necatrix by ZENTMYER’S
method carried out with various soils.

v o w s | REEEEE Hoo %
£ o & RO + t CorE:c Uix (Development of mycelia)
Lcality of soils, tested soil Class gé?ligneous Fc‘;'xysﬁorum R. solani .;Ro. necatrix
FRatdeHeE s S 8 £ 1 - - —
Hokkaido, in Northern Japan Loam 1/5 + + —
HAEME MU WL 1 - - -
Aomori, in Northern Japan Silt loam 1/5 + + -
A8 PRE IR L Lk BT WH %1 1 - - -
Sendai, in Northern Japan Sandy loam 1/ + + -
BEPE B R # o & + - -
Nagano, in Central Japan Loam 1/5 + + —
AN e N i 1ich + 1 - - -
Kyo6to, in Central Japan Sand 1/5 E= — —
WHE R MG E B + 1 - - -
Kochi, in South-west of Japan Loam 1/5 + — -
AP A R B w + 1 - - -
Yamaguchi, in Western Japan Sand 1/5 + — —
PO E S M tE] + 1 - - -
Miyazaki, in Southern Japan Loam 1/5 + -+ -

+o RO REE LSO

o HABREE L BE D
Lish ok habd5 b0

— e HRDBFEBF L ot O Mycelia not developed.

Mycelia well developed.

Mycelia not developed, but some times developed.

63k  ZENTMYER KX 3727y OFREN

Effects of Uspulun on the mycelial development of F. oxysporum,
R. solani, and Ro. necatrix by ZENTMYER’S method.

Table 6.

V=37 N)) e
N o > D e "
% 5 i = 'z AT VYD i3] I
Position of b= B Development of mycelia
Method inoculum under Conc. of |F. . .
soil surface Uspulun oxysporum R. solani |Ro. necatrix
(in) :
ZENTMYER [RjE L 1/100 + + +
, 0.5 1/100 + + +
ZENTMYER’s method 0.25 1/100 . + +
2RI 1/2,500 - ~ —
%gz‘lgirie;c;.m solution 1/12,500 4 L +

o ERBO B D

Mycelia well developed.
————— HARBHEB Lo, 2okd D Mycelia not developed.
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DL, () © (@) OHEC I DT, Whey 27wy KEHRMC24R O L, X <KBEL THRED
HELL bR 2,500(EC3 @ E 52 INies, ZENTMYER Kk CHBE ALY LIBERT
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LA L, ZENTMYER KEEQIGHRBR TR LICHKS R’ 2 bivke, ETE AR Y 27
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T AT N VT ORI R R EF e FH, 1/2,5000BETTI<XTOEE Z 5L,
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5, HHEFEERIOMERE L LT ZENTMYERKEICHE 4 OIS 523, 2 b O FFHITARRIE D E fH
EBROBROEEL D MKW THPEL Th 2 X3 B2 bh b, T7bb, REMHCREY 7nt i,
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* Fungicidal Effects of Pyroligneous Adcid.

Takakiyo TERASHITA and Yoshiyuki ZINNO

(Résumé)

Introduction

Recently, NOHARA et al® reported that pyroligneous acid (PA) is effective against
damping-off of conivvfer seedlings, though DORAN?Y, formerly, had recognized PA as an
effective soil disinfectant. But some workers could not control damping-off of conifer
seedlings at the nursery with PA in 1954 in Yamagata Pref. and in Hokkaido, both in
northern Japan, notwithstanding that they applied PA in the way similar to that of
Nohara ef al¥. Nevertheless, it seems that there are too few laboratorical studies on
the fungitoxicities of PA to discuss conclusively its damping-off control effects. Conse-

quently, the present authors decided to test its toxicities upon some plant pathogens.

Materials and Methods

Effects of vapor of PA upon mycelial development of 3 root-rot fungi were tested as
follows : Mycelial bits of test fungi were inoculated to malt extract agar in Petri dishes.
Each dish was immediatly reversed, then PA was poured into the dish cover, through the
gap between dish and dish cover. When PA covered all over the bottom of the reversed
dish cover, it wasregarded that vapor of PA acted enough upon the mycelia. Necessary
dosage of PA was from 10 to 15 cc per one dish. Further, this dish was placed in a
glass vessel, and on the bottom of this vessel, PA had been poured at the same concent-
ration as it was poured into the bottom of the reversed dish. Concentrations of PA
were, 1, 1/5 and 1/25.

For control, sterilized distilled water was used. Diameters of mycelial mats of the
fungi were measured after a 7-day incubation. Root-rot fungi used in this experiment were
Fusarium oxysporum, isolated from the root of lupin; Rhizoctonia solani (AM-1), isolated
from seedlings of Abies sp. and Rosellina necatrix (R-1), isolated from the root of tea-
shrub. At comparative expriments, grains of activated carbon, loaded on an watch glass,
were placed into the Petri dish, together with PA to adsorb evaporated components of
PA. Dosage of the grains of activated carbon was about 1 ¢r per one dish (Fig. 1).
Furthermore acetic acid was tested as a comparative chemical at the concentrations of
2.86, 2.86/5, 2.86/25, 2.86/125 and 0 9. Adoption of these concentrations of acetic acid are
based on the following fact that PA, the authors used, contained acid at 2.86% in weight
so far as quantified as acetic acid. Test temperature was from 24 to 26°C. throuth the
entire procedures and 3 replicates were used twice for every experimental item, thouth
these conditions were adopted in following all experiments.
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Fungitoxicities of sediments of PA were tested as follows: PA was filtered through
filter paper and the paper to which sediments of PA adhered was dried in a desiccator.
After 24 hours, the sediments were collected and crushed. Mycelial bits of F. oxysporum,
R. solani and Ro.necatrix were dusted with the crushed sediments. After another day, thess
mycelial bits were washed well with sterilized distilled water and inoculated to malt ex-
tract agar. Mycelial development of these fungi was examined after a 3-day incubation.
In some cases, sediments were washed well with distilled water prior to desiccation. As
comparative dusting materials, Ceresan, crushed charcoal and kaolin powder were uszd.

Effects of PA upon the germination of conidia of some plant pathozens were testzd
by slide glass method. Plant pathogens of those conidia were usesd, are Alternaria
kikuchiana, Cochliobolus miyabeanus (Helminthosporium oryvzae) and Fusarium sp. (LK-
18) which was isolated from seedlings of Japanese larch and is charactzrized by forming
big macro-conidia. Germination rates were counted after an 8-hour incubation. Cocentrations
of PA were 1, 1/5, 1/25 and 1/125. For control, sterilized distilled water was used. In
order to determine what components in PA act as toxicants to plant pathogens, fungi-
toxicities of transfomed PA were studied by the germination tests. Procedures to trans-
form PA were removal of sediment, neutralization of its acidity, filtering throth soil
and steam distillation. Filtrates of PA through BERKEFELD filter tube were regarded as
sediment-free. For neutralization of acidity, 5N NaOH was added to PA. First 5 cc of
PA, passed fine loam that had besen charged in a test tube in thinkness of 1 or 2 inches
were used as “filtrates through soil ”. For the 4th treatment, 200 cc of PA were treated
with steam for 5 hours and the residual degenerated liquid was used as test material.

Effects of PA upon mycelial developments of 3 root-rot fungi were studied. Mycelial
disks, 10 mm in diameter were cut from the outer margin of agar cultures of F.oxy-
sporum, R. solani and Ro. necatrix and they were immersed in various concentrations of
PA. After 24 hours, they were washed well with sterilized distilled water and inoculated
to malt extract agar. Mycelial development of the disks was examined after a 3-day
incubation. Effects of transformed PA produced by the above-mentioned procedures upon
these disks were studied also. Concentrations of PA and transformed PA were 1,1/5, 1/25
and 1/125. For control, sterilized distilled water was used.

Toxicities of PA upon the above-mentioned 3 root-rot fungi were studied by a varia-
tion of ZENTMYER’s drench method. But, this modified method did not differ from the
original except for the following additional treatment. A small hole was bored in the bottom
of each glass vial having the same size as that used by ZENTMYER? and then the hole
was plugged with absorbent cotton. The reason why the authors modified the method is
based upon the frequent observation that the poured PA did not penetrate smoothly into
the soil, owing probably to the reaction of pressed air below the soil.

PA was used at the concentrations of 1 and 1/5. Inocula were placed in soil at depths
of 2,1/2 and 1/4 in in addition to the depth of 1 /.

Results and conclusions.
Mycelial development of F. oxysporum, R. solani and Ro. necatrix was prevented

‘by vapor action of PA. A noteworthy fact is that vapor of undiluted PA did not allow the

inocula to make any development. But there was no big difference between the vapor action
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of PA and that of acetic acid which contains a similar quantity of acid to the tested PA
(Fig.2).

Sediments of PA, washed with distilled water prior to drying showed no fungitoxicity,
but unwashed sediments prevented the mycelial development of the fungi completely.
Of comparative chemicals, Ceresan prevented the mycelial development of the fungi com-
pletely, but crushed charcoal and kaolin powder did not (Tab.1).

Conidia of Al. kikuchiana, Coch. miyabeanus and Fusarium sp. (LK-18) could not
germinate fully on crude or sediment-free PA at the concentration of 1/125. But they
germinated fairly well on PA which was neutralized of its acidity or filtered through soil,
and on the residual liquid of PA which was distilled with steam. Neutralization of PA
reduced its germination inhibiting ability remarkably e.g. germination rates of conidia of
Al. kikuchiana, Coch. miyabeanus and Fusarium sp. (LK-18) were 76, 91 and 84 9% re-
spectively even at the concentration of 1/5 of neutralized PA.

Mycelial disks of F. oxysporum, R. solani and Ro. necatrix, 10 mm in diameter
were killed when they were immersed in crude or sediment-free PA for 24 hours at the
concentrations of 1/5, 1/25 and 1/125, respectively. But neutralization of acidity, filtering
through soil and steam distillation also caused PA to lower its toxicities upon these disks.
Of particular significance is the fact that the residual liquid after steam distillation show-
ed scarcely any toxic effect upon any of the fungi at every concentration (Tab. 2).

Undiluted PA killed R. solani and Ro. necatrix but did not kill F. oxysporm in a
modified ZENTMYFR’s drench method (Tab. 3). But PA could not kill any of the 3 fungi
at the concentration of 1/5. The shallower the inocula were placed, the more toxicities
PA showed, ie.PA killed all the fungal disks which were placed at the depth of 1/2 in
and it killed R. solani and Ro. necatrix which were placed at the depth of 1/4 in at the
concentration of 1/5. Uspulun, used as a comparative chemical, could not kill any of the
fungi which were placed at the depth of 1/4 in even at the concentration of 1/100 (Tab.
6). And also it was shown that the fungitoxicity of PA is not influenced by difference of
moisture content of the soil, but seems to be influenced by soil class i. e. effects of
PA is stronger in sand than in loam, though these tendencies may not be brought
about solely by PA (Tab. 4 and 5).

Judging from the results of these experments, the authors are of the opinion that (1)
fungitoxicity of PA is associated with acid materials, perhaps evaporated in low tempera-
ture (within 100° C) because neutralization of acidity or steam distillation caused PA
to lower its toxicities upon germination of conidia or development of mycelia, remarkably.
(2) toxicity of PA upon mycelial development is not particulaly strong, but the material
penetrates into soil fairly well within a limited deph so that it would be effective as a
soil disinfectant in some cases. (3) negative results of PA upon damping-off of conifer
seedlings in nurseries in Yamagata Pref. and Hokkaido may be interpreted to a certain
degree by the result that mycelia of F.oxysporum showed more resistance to PA than
did that of R. solani (AM-1) or Ro. necatrix (A-1) and by the fact that fusaria have
been regarded as dominant damping-off fungi in these nurseries. Besides, KURAMOTO et
al® reported that PA gave most desirable results. for the top growth of Japanese larch
seedlings in volcanogenous soils in comparison with the acetic, sulphuric acid and untreated,
so the manure effects of PA must be considered. And, as is well known, the neceasity

of an ecological approach for control of soil-borne diseases has been frequenty pointed
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out, therefore, it will be also necessary to study the effects of PA upon microflora of

soil.
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