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CHITIN-LYTIC AND -1, 3-GLUCANASE ACTIVITY OF
ACTINOMYCETES AND THEIR EFFECTS FOR
PREVENTING FUSARIUM-WILT OF CUCUMBER.

Takeyoshi KIRINUKI, Hiromichi OFUJI and Naoji SUZUKI

Abstract

Actinomycetes were isolated from soils to which chitin, sea weed (Laminaria sp.), dried mycelium of
Fusarium oxysporum f. cucumerinum, compost, rape cake, and peat had been added, and also from untreated
soil. About 300 isolates were tested for their antifungal-, chitin-lytic-, hyphal wall-lytic-, and B-1,3-glucanase
activities. These were classified into 6 groups according to the combination of antifungal-, chitin-lytic-, and
f-1,3-glucanase activities. Several representatives from these groups were tested for their effects on preventing
the initial infection of cucumber seedlings by Fusarium oxysporum f. cucumerinum. Only an isolate, N-62,
which was isolated from untreated soil and possesses all of the three activities, was effective for preventing
the wilt disease for 30 days after planting, whereas other isolates, even though isolated from chitin- or laminarin-
enriched soils and possess one or two out of the three activities, were not effective at all or effective for not
longer than 23 days. Results suggest that the reported effectiveness of the introduction of chitin and Laminaria-

sea weeds into soil for preventing wilt diseases may be due not to a single antagonistic actinomycete species

but to the combined activities of not a few microorganisms including bacteria and actinomycetes.
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Fig. 1. Method for testing the effect of actinomy-

cetes on preventing the Fusarium-wilt of cucumber.

A: The soil infested with Fusarium oxysporum
f. cucumerinum.

B: Peat-pot containing sterilized soil to which 8-
day culture of an actinomycete was added.

The roots penetrate the peat-pot after about 7 days

and come in direct contact with the wilt fungus.

First symptom appears after 10 to 11 days.
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Table 1.  Antifungal-, chitin-lytic-, hyphal wall-lytic-, and j3-1,3-glucanase activities of 14
actinomycetes isolated from soils added with chitin, Laminaria japonica, and dried
mycelium of Fusarium oxysporum f. cucumerinum.

Inhibition Lyti .
zone against o ytic zone against R
Isolate F. oxysporum Chitin Hyphal wall B-1,3-glucanase
(mm) (mm) (mm)

LFC-1 — +411 ++14 +

L-2 24 +14 + 420 +

L-3 17 ++16 +13 +

L F-4 - ++18 ++18 ++

L-5 12.5 ++16 17 +

L-6 - +18 ++19 -

L F-7 + ++12 ++18.5 +

L-8 =+ ++11 +12.5 —

F-9 14 +11.5 - -

F-10 - — ++12.5 -

L-11 + ++15 ++12 +

L-12 — ++13 +18 —

F-13 - ++17 +13 —

L-14 — +-+15.5 +18 —

L,F,C : Actinomycetes isolated from soil added with Laminaria(L), dried Fusarium mycelium(F), and chitin(C).
+ : clear zone slightly turbid.
+ -t : clear zone almost transparent.
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Morphological and physiological characteristics of the
isolate N-62.

Vegetative mycelium : branched irregularly.

Aerial mycelium: violet-purple in color, long and
flexuous.

Soluble pigment on organic media : dark reddish violet.

Chromogenic action: strong, forming dark-brown to
black pigment on potato plugs.

Growth on nutrient agar: initially smooth, grey-brown
(199, C-D in R.H.S Color Chart), raised, round and
echinuate colony.

Growth on potato plug : initially white to purplish-white
aerial mycelium, later turning black ; deep brown to
black color formation in substrate.

Growth on potato decoction agar: white to purplish

white aerial mycelium ; raised and echinuate colony ;

Table 2. Relationship between the antifungal activities of 17 actinomycete isolates
and their lytic activities against hyphal cell-wall components.

Growth-inhibiting

Lytic activity against

B-1,3-glucanase

Isolate* . L. Groups

activity Chitin Hyphal cell-wall activity
R-53 ++ - + - .
NP-16 ++ - + + 4
CN-21 ++ + + + ,
NL-24 ++ + SERE -
N-62 ++ ++ ++ ++ 5
NR-4 + ++ ++ ++
NL-76 - ++ ++ ++
N-75 - ++ ++ + A
P-22 - ++ ++ +
LR-4 - ++ ++ +

+

RL-77 ++ ++ +
N-8 + ++ ++ o+ 5
N-51 + ++ + +
C-72 + - ++ +
P C-46 + + ++ + ]
c-18 -+ - - -
R-17 — 4 ++ ++

*Actinomycetes were isolated from soils to which the following materials were added :

R : rape cake, P : peat, N : no addition,

L : Laminaria

C : compost,
F : dried mycelium of F. oxysporum f. cucumerinum
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violet pigment formation in substrate. Growth on P. and G. basal agar containing different

Gelatin liquefaction : strong; stratiform, dark reddish carbon sources :

brown pigment.

Growth in glucose nutrient broth: ring and sedimenta-

tion ; no color change.

Carbon 22 o3 3
Growth in litmus milk: ring slightly, no sedimentation, 2 o g é g8 2s3
. 5§83 §8E2 ey
no color change. sourc! g 3 &5 é E 5 £ ﬁ E 'S 8
- o
Starch hydrolysis : strong 8 Lz AL L AARATAA
Cellulose digestion: no N
KNOj reduction : yes. Growt ‘ AL A A
Table 3. Effects of 13 actynomycete isolates on the prevention of Fusarium-wilt of cucumber seedlings.
Days after planting Days after planting
Isolate - Isolate
20 23 30 20 23 30
R-53 FHE PL-77 + + 4+
NP-16 + ++ +++ C-72 + ++ ++4+4
CN-21 ++ 4+ P C-46 ++ +++ A+
NL-24 + ++ +4+ C-18 +4 ++ 4+
N-62 - - + R-17 ++ +++  ++++
NR-4 - + ++ Control A+
P-22 + + +++ Steriljlz- _ _ _
R-4 + + s
— no symptom appears
+,++,+ 4 light, medium and heavy symptoms
++++  complete death of plants
First symptom appeared 9 days after planting.
Table 4. Seasonal change of microbial population in residues of chitin, Laminaria, and killed
mycelial mass of Fusarium buried in soil.
Days after Population X 104 /residue debris
burylrfg the Laminaria Mycelium of Fusarium Chitin
material . A . = B 5
: : . ct- ctino- . act- ctino- . ct- ctino-
in soil Fungi eria mycete Fungi eria mycete Fungi eria mycete
22 244 24120 920 29 12000 60 110 235 3
35 460 9480 200 152 6300 200 4 218 3
55 9 2670 30 5 6720 30 16 514 23
80 36* 2300* 600% | 7* 1600* 300* 763* 700 50*

Each material was placed in a bag made of nylon gauze and buried in soil. The bags were taken from
the soil at intervals, treated with 0.59§ sodium hypochlorite solution for 5 min., washed in sterilized
water and then the residues remaining in the bags were subjected to microbial counting.

* Countings were made without treating samples with sodium hypochlorite solution.
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FEL, 2O~ FEy b 2R IRCHED C ATHRFIR
2L -k BiZ,  N-62/210 2930 HIC 07z D Wk
DRERMA Izo TORKIE X F VBT, 8-1,3-7 v
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¥, BERICHNTH - ZOFBOEMN 7z N-62
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BHIREUE R 4 IR U Tz,
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HHRREDOHEHIZ I XD 20BN D L DICAHAR D,

vV #& =

¥Fv, av7, {EF oxysporum g% TICIE
WU fRE, O, R, ©— FRE2R
MU Tc 2385 X ORI E, O BRE 2 L, Hil
W, ¥FrBEEROTNC B-1,3-7 v —EiElER
BEl, 2no0EEOHAEDET6 7' Vv—7 1A
Ulco ENDOEORRRBEREITHRICONWT, Kz
HBNF v U DDEHFIEARBRGEH LRI R 2R3 Uiz
PiE2E LR\ F VBN, 8-1,3-0 v~
SR ET BV —7DHD, BEEMICEYT, RFHC
TARTITEWEEZ DD N-62 B FIR 2R 720
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Plate 1.
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A : Actinomyces and bacteria on a soil-dilution plate. The agar medium
contains chitin gel, 30ml/] in soil decoction. Clear zone around each colony
indicates the secretion of chitin-lytic enzyme.

B and C: Symptomes 35 days after planting. Eight-day culture of each
actinomycete was added to the soil contained in a peat-pot in which two
seeds of cucumber was sown. The peat-pot was buried in the center of: a
12-cm pot which contains Fusarium-infested soil.

D and E: Morphological characteristics of an isolate, N-62.
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