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F U S A R I U M  JAVANICUM KOORDERS IN ISRAEL 

by 

A. Z. Joy-rE* & J. PALTI** 

ABSTR&CT 

Fusarium javanicum KDS. h a s  been isolated f rom wil ted vege tab le  ma r rows  a n d  
melons  a n d  f rom t h e  soil of a c i t rus  grove in Israel .  The  morpho logy  of t h e  species is 
described,  a n d  m e a s u r e m e n t s  a n d  d rawings  of macroconid ia  are  presented .  In vitro 
t e s t s  showed t h a t  F. ]avanicum failed to develop a t  e i ther  12 or 40 ° C, and  devel-  
oped be t t e r  a t  24°C t h a n  18 or 30°C. Mycelial  g rowth  on po ta to  dext rose  aga r  was  
a lways  be t t e r  a t  p H  7 t h a n  a t  p H  4.2. D a r k n e s s  favored  such  g rowth  to a m a r k e d  
e x t e n t  on ly  a t  18 ° C and  p H  4.2. I n  g lasshouse  inocula t ion  t es t s  one isolate of F ,  
yavanicum f rom vege tab le  m a r r o w  proved  clearly pa thogen ic  to cucumber ,  melon,  
w a t e r m e l o n  a n d  mar row.  M e a s u r e m e n t s  of macroconid ia  h a v e  been  made ,  for com-  
p a r a t i v e  purposes ,  on isolates  of  F. javanicum var.  ensiforme and  of F. solani f. 
cucu,rbitae fu rn i shed  f rom abroad ,  a n d  on isolates of F .  solani f rom cucurb i t s  in 
Israel .  C o m p a r i n g  t h e  d a t a  for 8-septa te  macroconid ia  wi th  those  given in l i t e ra tu re  
for F. sotani a n d  for F. javanicum and  i ts  va t .  radicicoIa a n d  var.  ensi/orme, i t  is 
conc luded  t h a t  two groups  can  be d is t inguished:  One  group comprises ,  w i th  one 
except ion,  all i solates  of F. javanicum a n d  i ts  var ie t ies  as well  as F. sotani f, cucur- 
bitae, a n d  is charac ter ized  b y  s lender  macroconid ia .  The  o the r  g roup  is r epresen ted  
b y  F. sola,,ni wi th  i ts  typ ica l ly  s a u s a g e  s h a p e d  conidia.  I t  is concluded  t h a t  F. java- 
nicum shou ld  be m a i n t a i n e d  as a species  d i s t inc t  f rom F. sotani. I t  is fu r the r  sug-  
ges ted  t h a t  w h a t  h a s  been called F. sotani f. cucurbitae m a y  h a v e  closer Mfin i ty  to  
t 7. ]avanicum t h a n  to F. solani. 

I N T R O D U C T I O N  

In the course of a comprehensive s tudy of the Fusaria of Israel, a 
Fusarium belonging to the section Martiella, but  distinct from 
F. solani (MART.) APP. et WR., has on several occasions been isolated 
from wilting cucurbits and from soil. The species has been identified 
as F. yavanicum KOORDERS and has been studied as to its morpholo- 
gy, environmental relationships in vitro and pathogenicity to cu- 
curbits. For comparative purposes, the s tudy comprised, especially 
in its taxonomic part, isolates supplied from abroad, including 
F. ]avanicum var. ensi/orme from an unknown host, and various 
isolates of F. solani f. cucurbitae, as well as local isolates of F. solani 
from cucurbits. 

In the following part  a description will be given of the results of 
these studies and of the taxonomic considerations justifying the 
maintenance of F. ~avanicum as a species separate from F. solani. 

*) D e p a r t m e n t  of B o t a n y ,  H e b r e w  Unive r s i ty ,  Je rusMem.  
**) D e p a r t m e n t  of P l a n t  Pro tec t ion ,  E x t e n s i o n  Services,  Min i s t ry  of Agr icul ture ,  

Tel-Aviv.  
Accep ted  for publ ica t ion :  19.III .1970. 
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~ [ A T E R I A L S  AND M E T H O D S  

Source of isolates  
The isolates from cucurbits came from severely wilted fields of 

local cultivars of vegetable marrows (Cucurbita pepo) and melons 
(Cucumis melo) in the central part of the Valley of Yezreel, where 
the soil is heavy. Five isolates were made from 3 melon fields, and 
4 from 2 marrow fields. From two of the melons, and one of the mar- 
rows, samples F.  solani was isolated in addition to F. ]avanicum, 
and one melon sample yielded F.  equiseti and another F.  equiseti 
and F. oxysporum in addition to F. ]avanicum (Jorl~E & PALTI, 
1967). 

The isolates kindly sent to us from abroad included: one of F. 
solani f. cucurbitae from Italy, made available by Dn. C. M. MESSI- 
AnN, Station de Pathologie Vdgdtale, Montfavet, France; one isolate 
of F.  solani f. cucurbitae race 1 from squash from Australia, and one 
isolate of race 2 of the same fungus from squash from Washington 
State, U.S.A., both sent by  Prof. W. C. SNYD•R, University of 
California, Berkeley, California; and 1 isoiate of F. ~avanicum vat. 
ensi/orme from the Centraalbureau voor Schimmelcultures, Baarn, 
The Netherlands. 

The single soil isolate of F. ]avanicum was derived from light soil 
of a citrus grove in Israel's central coastal plain (JOFFE, 1967). 

Isolation and culturing procedures 
Isolates from wilted eucurbits were made by  disinfecting small 

portions of their roots with 1:1000 mercuric chloride, rinsing 4 times 
in sterile water, and plating on potato dextrose agar at pH 4.0--4.2. 
During an 11-day period, each part of the root from which Fusarium 
developed was then transferred to slants. 

If the slants remained free from contamination, they were checked 
for macroconidia. If these had not formed, transfers were made to 
two substrates (JoFFE, 1963, a, b): (1) BILAI'S (1955)medium, 
slightly modified, consisting of 1 g KH~P04, 1 g K N Q ,  0.5 g MgSQ" 
7 H20, 0.5 g KC1, 0.2 g soluble starch powder, glucose 0.2 g, sucrose 
0.2 g and water to make up 1000 cc. Five grams of the above were 
introduced into each test-tube together with small strips 0f pure 
cellulose paper. (2) Portions of Mdilotus alba stalks sterilized in 
water. Macroconidia always formed on these substrates. 

If more than one species of Fusarium was present, as was fre- 
quently the case, single spore cultures were made. Spore measure- 
ments were made on two slides from each isolate, with at least 100 
macroconidia measured. Only measurements of 3-septate conidia, 
were used for comparative purposes. 

Inoculation 
Cucurbit plants were grown in glasshouses in small pots, in unster- 

ilized soil. They were inoculated, mostly just after formation of the 
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first true leaves, by  application of mycelium and agar to 2 cm deep 
furrows scooped out by  finger next to the plants. Each test series 
comprised 40--50 plants of each host (except series 21 in which 
only 20 plants were used). Details of this inoculation method have 
been described elsewhere (PALTI & JOULE, in press). 

I~ESULTS 

Morphology of the Israeli Isolates of F. javanicum 

The nine isolates of F. iavanicum from cucurbits and the one 
from citrus soil all made whitish, or slightly yellowish, powdery 
growth on potato dextrose agar, and in general formed macroconidia 
on this substrate quite readily. 

As seen from Table I, these isolates contained conidia with 3, 4 
or 5 septae in widely varying proportions, but  only one isolate had 
conidia with more than 5 septae. The percentage of 3-septate conid- 
ia never exceeded 43. 

Conidia were always slender, not exceeding 5.5 # in width even 
in extreme measurements, and with a minimum width of 3.5--3.8/~. 

In vitro effects of temperature, light and substrate 

One isolate of F. javanicum and one of F. solani, both derived 
from the same vegetable marrow plants, were grown in culture on 
potato dextrose agar adjusted to pH 4.2 and 7 in thermostats at 
temperatures of 12, 18, 24, and 32, and at 40~1  ° C. The thermo- 
stats were illuminated with fluorescent light of the 'Warmwhite' 
type, at 20 wat t  intensity. Half the number of the plates were wrap- 
ped in silver paper, which was not opened until the end of the test, 
so that  the fungus in those plates grew in complete darkness. 

TABLE II.  Ef fec ts  of t empera tu re s ,  l ight  a n d  p H  of s u b s t r a t e  on g rowth  of F. java- 
nicum and  F. soIani in cul ture  

Temp.  L i g h t  
° C condi t ions  

p H  of subs t r a t e :  

G r o w t h  (in m m )  m a d e  af te r  7 days '  
cu l tu r ing  (mean  of 4 plates)  

F. ]avanicum F. solani 

4.2 7,0 4.2 7.0 

12 l igh t  0 0 18 15 
da rk  0 0 2 4 

18 l igh t  6 41 51 88 
d a r k  26 49 44 89 

24 l igh t  45 72 50 85 
da rk  47 74 55 73 

32 l igh t  40 57 66 79 
da rk  34 66 70 89 

40 l igh t  0 0 0 0 
d a r k  0 0 0 0 
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There were four plates to each treatment. Results were determined 
by measuring the diameter of the colony that  had formed after 7 
days. 

As seen from Table II,  the following differences between the two 
isolates were in evidence: (1) At 12 ° C ]7. ~avanicum failed to grow 
on either substrate, either in light or darkness, where as F. solani 
grew fairly well in light. (2) At 18 ° C, the growth made by F.  solani 
at each possible combination of light and substrate, was much better 
than that  made by  F. ]avanicum. (3) Both species grew better  at 
pH 7 than at pH 4.2. (4) At temperatures favorable to growth 
(18, 24, 30 ° C) the effect of light and darkness was not prominent. 
(5) Neither of the isolates grew at 40 ° C. 

Pathogenicity tests 

In a preliminary test, pathogenicity of the local F. ]avanicurn 
isolate 199/10 from vegetable marrows was compared with that  of 
the Dutch isolate designated as F. javanicum var. ensi/orme. The 
former caused 79 % wilt, the latter 33 %. 

1Results obtained in 5 test series with the same isolate inoculated 
on cucumber, melon, watermelon and marrow, are summarized 
in Table III .  Results refer to the percentage of plants wilted 80--40 
days after inoculation. The isolate was clearly pathogenic to all 
four of these cucurbits. A comparison of the pathogenicity to cu- 
curbits of Israeli isolates of F. javanicum, F. solani, F. oxysporum 
and F. equiseti has been presented by  PALTI & Jor~'E (in press). 

TABLE I I I .  P a t h o g e n i c i t y  of an  i so la te  of Fusarium ]avanicum f rom vege t ab l e  
mar rows  to  var ious  cucurb i t s  

Tes t  hos t  age pe rcen tage  of p l an t s  wi l t ed  

series a t  cucumbers  melons  wa t e rme lons  mar rows  

inocula-  inocu- con- inocu- con- inoeu- con- inocu-  con- 
t ion  l a t ed  t ro l  l a t ed  t ro l  l a t ed  t ro l  l a t ed  t ro l  

(days) 

15 0* 38 10 68 0 96 0 100 7 
16 10 95 3 98 3 100 0 
18 14 74 6 52 0 100 26 78 0 
21 36 89- 0 0 

100"* 80-96*** 
22 18 70- 0-10 57-82 0 

100"* 

* inocu la t ed  a t  the  t i m e  of sowing 
** m e a n  of 8 melon var ie t i es  

*** mean  of 3 w a t e r m e l o n  var ie t ies  
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Taxonomy of F. javanicum 

The proposal by SNYDER &; HANSEN (1941) to include all species 
of the section Martiella in the collective species F. solani has been 
widely accepted by phytopathologists, if not by mycologists. 

TABLE IV. lVfeasurements of 3 - sep ta te  conidia  of isolates  of F. solani, F. /avanicum and  some  of t he i r  
var ie t ies  as d e t e r m i n e d  in s tudies  in Israel  and  abroad  

Reference  Source m e a s u r e m e n t s  (in) 

f r equen t  ex t r eme  

1. Itusarium /avanicum I{OORD. 

%V0LLEN'%VEBER & 
REI~:KING (1935) 
BUGNICOURT (1939) 
JOFFE & PALTI 

JOFFE (1967) 

4 hos t s  (mean) 
C u e u m i s  melo  
(mean  of 4 isol.) 
Cucurb i t a  pepo 
(mean  of 4 isol.) 
c i t rus  soil 

2. Fusarium ]avanicum KOORD. var.  ensi[orme (WR. 

RAILLO (1950) 
JOFFI~ & PALTI u n k n o w n  h o s t  

(Dutch  isolate) 

3. Fusarium ~avanicum KOORD. va t .  radicicola Wr¢. 
WOLL~WEBER & 
REINKING (1935) 
RAILLO (1950) 
BUGNICOURT (1939) H e v e a  

brasi l iensis  
] ) e s m o d i u m  
oval i fo l ium 

4. Fusarium solani (MART) APP. & WR. f. cucurbitae 
J o u l e  & PALTI Cucurb i t a  pepo 

(from Aust ra l ia )  
Cucurb i t a  pepo 
(from W a s h i n g t o n  
Sta te ,  USA) 
u n k n o w n  h o s t  
(from I ta ly)  

5. Fusarium solani (MART.) APP. & WR. 
WOLLENXYEBER ~£ 
REINKING (1935) 
RAILLO (1950) 
BIL)a (1955) 
GORDON (1952) 
JOFFE & PALTI Cucumis  s a t ivus  

(mean  of 31 isol.) 
Cucumis  melo 
(mean  of 13 isol.) 
Ci t rul lus  vulgar is  
(mean  of 6 isolates)  
Cucurb i t a  pepo 
(isolate) 

28 - -47  X 4 - - 5  
36 X 4.6 

39.3--47.8  × 4 .3- -4 .6  

37 .3- -45 .5  X 4 .3 - -5 .0  
34---45 X 3 .9- -4 .5  

& RG.) RAILL0 

44X 3.4 

4 8 - - 5 5  X 4.4---4.8 

30- 42 X 3 .8- -4 .8  
30- -38  X 3 .7- -4 .6  

33X4.3  

34X4 .1  

SNYD. • }tANS. 

25 .5 - -37  X 3 .3 - -4 .4  

2 2 - - 3 l  X 3 .3- -4 .5  

26 - -31  X 2 .7 - -4 .5  

2 8 - - 4 2  X 4.1---6.2 
31 .9- -40 .2  × 5 .5 - -6 .0  
3 0 - - 4 5  X 4 .5 - -5 .5  
27 .6- -33 .9  X 4 .5- -5 .9  

30.4---42.9 X 4 .7 - -6 .4  

28 .8- -38 .5  X 5 .0 - -6 .2  

3 1 . 2 ~ 4 1 . 8  X 5.1---6.7 

2 8 - - 4 0  X 4.4----6.6 

2 2 - - 5 4  X 3 .5- -6 .0  
24 - -47  X 3 .7 - -5 .4  

31 .5- -52 .8  X 3 .9 - -4 .9  

28 .8- -50 .3  X 3 .9 - -5 .3  
28 - -51  X 3 .5- -4 .9  

37 - -50  X 3.7---5.0 

41 .5 - -62  X 4 .1 - -5 .0  

20 - -50  X 3 .4- -5 .3  
20 - -44  X 3 - -4 .5  

27 - -38  X 3 .6- -4 .8  

23 - -43  X 2 .9- -5 .1  

20 .8- -40 .5  X 3 .1 - -4 .9  

18- -33 .5  X 2 .6 - -5 .2  

21 - -33 .5  X 2 .5 - -5 .2  

19 - -50  X 3 .5 - -7 .0  
21 - -47  X 4 . 0 ~ 7 . 0  
2 0 - - 6 0  X 4 .0 - -7 .0  

24 .4- -49 .2  X 4 .4- -6 .7  

23.7--45.1  X 4 .8 - -6 .5  

25 .0 - -5 .0  X 4 .8 - -6 .9  

22---46 X 4 . 2 - - 7 . 0  
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The morphological comparison presented in Table IV has as its 
purpose to arrive at a reasoned conclusion, whether F. javanicum 
should really be included in F. solani. To this end, we present mea- 
surements of 3-septate conidia, as taken for the Israeliisolates of a w. 
javanicum and as described by }VOLLENWEBER ~g REI•KING (1935), 
RAILLO (1950), and BUG~ICOURT (1939) for F. javanicum and its 
var. radicicola, as well as RAILLO'S (1950) measurements of F. 
javanicum var. ensi/orme, and our measurements of the Dutch 
isolate of this variety. These measurements are being compared with 

!97 

7 
7 

R.I 

301 

t 0 ~  
• 

Fig. 1, Macroconidia of l ~usar ium  j a v a n i c u m  and F.  sola~¢i f. cucurbitae.  Top row: 
F.  j a v a n i c u m  isolated from vegetable mar row in Israel. Second row: F.  j a v a n i c u m  
isolated from melon ill Israel. Third row: R I - F .  so lan i  f .  cucurbi tae,  
race 1. isolated from squash  in Australia.  R I I  - F .  solani  f. cucuvbitae,  race  2, iso~ 
lated f rom squash  in Wash ing ton  State,  U.S.A. 12 F - F .  sotani  f. cucurbi tae  f rom 
Italy.  6 -  F .  j a v a n i c u m  vat. ensi /orme.  
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those published for F. solani by WOLLEI~WEBER & REINKING (1935), 
RAILLO (1950), BiLAI (1955), and GORDON (1952) with our measure- 
ments of 51 isolates of F.  solani from 4 cucurbit hosts in Israel, and 
with our measurements of the 3 isolates of F. solani f. cucurbitae 
sent to us from abroad. 

According to these measurements, and especially the width of the 
3-septate conidia, the fungi referred to in the table may be divided 
into 2 distinct groups: one group includes F. ]avanicum with its 
two varieties, as well as F. solani f. cucurbiEae. In this group frequent 
measurements for maximum width of conidia invariably ranged 
from 3.4 to 5.0/~, and their minimum width from 2.7 to 4.4 #, and 
the corresponding extreme measurements were, with one exception, 
4.5 to 5.3 # for maximum, and 2.5 to 3.9 # for minimum width. The 
Dutch isolate of F. favanicum vat. ensi/orme, as measured in Israel, 
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F i g .  2. M a c r o c o n i d i a  of  Fusarium sotani i s o l a t e d  f r o m  c u c u r b i t s  in  I s r a e l .  T o p  r o w :  
i s o l a t e s  f r o m  c u c u m b e r .  S e c o n d  r o w :  i s o l a t e s  f r o m  m e l o n .  T h i r d  r o w :  l~*os. 85.  
1 4 7 , 1 6 4  - i s o l a t e s  f r o m  w a t e r m e l o n .  N o .  199 /3  - i s o l a t e  f r o m  v e g e t a b l e  m a r r o w .  
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deviated from the others in this group in several respects and prob- 
ably does not belong into the same group. 

The second group is constituted by  the isolates of F. solani. Here 
frequent measurements for maximum width of conidia ranged from 
5.5 to 6.7 #, and for their minimum width from 4.5 to 5.5 #; the 
corresponding extreme measurements were 6.3 to 7.0 # for maximum 
and 4.0 to 5.2# for minimum width. The sole exceptions, as regards 
both frequent and extreme measurements for minimum width, 
were those of WOLLENWEB~R & ]~EINKING (1935). 

Repeated transfers of the Israeli isolates of F. iavanicum and 
F. solani, and of the F. solani f. cucurbitae isolates sent from abroad, 
did not alter the above differences between the two groups. These 
differences are also clearly shown in Figs. 1 and 2. 

Isolates exhibiting a difference in conidial width constantly 
exceeding 1 # and often reaching 2/~, should not, in our view, be 
considered as belonging to the same taxonomic unit. 

Another difference between the Israeli isolates of F. javanicum 
and F. solani from cucurbits consisted in the respective prevalence 
of 3-septate conidia. As mentioned above, the proportion of these 
conidia in F. ]avanicum did not exceed 43 % and was mostly much 
lower. But  in the 51 isolates of F. solani, 3-septate conidia were 
far more prevalent, and usually made up 60--90 % of all conidia. 
While this in itself is not reliable enough a criterion, it may be con- 
sidered as an auxiliary means of distinguishing between the species. 

In sum, we propose to maintain F. /avanicum I~OORDERS with 
its, slender, elongated macroconidia, as a species distinct from F.  
soIani (MART.) APP. & WR., with its typically sausage shaped co- 
nidia. 

As mentioned above, SNYDER & HANSEN (1941) have included 
F. ~avanicum in the collective species F. solani. Our s tudy of iso- 
lates from cucurbits sent to us with the designation F. solani I. 
cucurbitae leads us to the conclusion that  the isolates may have 
closer affinity to F.  ~avanicum than to F. solani. 

Zusammenfassung 

Fusarium /avanicum KOORDERS wurde  in Israel yon  verwelkten Cucurbitaceen 
(Cucurbita pepo 'Kussa '  and Cucumis melo)sowie yon dern ]3oden einer Citrus- 
pf lanzung isoliert. Die Morphologie des Pilzes wird hier beschrieben. In  in vitro Ver- 
suchen entwickelte sich _F. /avan@um auf Kartoffel-Dextrose Agar weder bei 12 
noch bei 40 ° C, und  wuchs besser bei 24 Ms bei 18 oder 30 ° C. Das W a c h s t u m  des 
Myzeliums war  stets besser bei p H  7 als bei p H  4.2. Dunkelhei t  f6rderte dieses 
\ ¥ a c h s t u m  erheblich n u t  bei 18 ° C und p H  4.2. I n  Impfungsversuchen  im Glasshaus 
wirkte  ein Isolat  des F. ]avanicum yon  C. pepo s tark  pathogenisch auI Gurken,  
/VJ~elonen, Wassermelonen und  C. pepo. Zwecks taxonomischer  Vergleiche wurden  
Ivlakrokonidien aus dern Ausland erhaltener Isolate yon F. ]avanicum var. ensiforme 
und  F. sotani f. cucurbitae gemessen, sowie solche des F. solani yon Cucurbitaceen 
in Israel. Die Resul ta te  dieser Messungen wurden  mit  den in der Li tera tur  ange- 
gebenen Wer ten  ftir F. solani, F. ]avanicum und dessert vat.  radicicola und var. 
ensiiorme verglichen. Dieser Vergleich zeigte 2 klar getrennte Gruppen:  Die erste 
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enth~lt, mit einer Ausnahme, alle Isolate des F. javanicum and des F, soIani f. 
cueurbitae, und besitzt typisch schlanke Makrokonidien. Die zweite Gruppe besteht 
aus F. solani mit seinen typisch dickereu, Wiirstchenartigen Sporen. Dies ffihrt zu 
dem Schtuf3, dab F. javanicum weiterhin als eine yon F. soIani getrennte Spezies zu 
betrachten ist, 
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