





Where the fungus was followed by nematode inoculation but in
tissues which were not invaded by mycelium, giant cells could be
formed. When the nematodes entered first and had stimulated for-
mation of giant cells (Figs. 5 and 6) the fungal mycelia developed
much profusely in the giant cells than the surrounding healthy tissues.
Rosindole test gave positive reaction in the bodies of the invading
larvae.

Fig. 5 - Long. sec. of giant cells (gc) showing profuse colonization by R.
solani (lilyghae in the treatment nematode followed by fungus - nearby cells are
uninvaded.

Hatching of larvae and invasion of roots.

A mean of 236 juveniles hatched from cysts immersed in water
with root diffusate compared with 54 in R. solani exudate and water
or 17 in C. coccodes exudate and water. Root diffusate increased
hatching to 108 juveniles per cyst in the presence of R. solani exudate
and to 27 with C. coccodes exudate.

No differences were found in the rate of invasion of roots by

B 1



e
]
L

o

nization by C coccodes hyphae

Fig. 6 - Long. sec. of giant cells showing colo
in the treatment nematode followed by fungus - nearby cells are [ree.

iles in the presence of either fungus species compared

juven
th the control
root inoculat

PCE

les entered per g of

i

juven
solani

, 206 and 243
coccodes and R

At 155°C

W1

respectively and at

’

ed with C

respectively.

2

218

26.6°C, 196 and

DISCUSSION

on the

James (1966) recorded

coccodes appear to act adversely

hatching of PCE and production of new cysts

similar inhibitory effects by

solani and C

Both R

ile fungus and Ketudat

the grey ster

. and R. solani.

inke and Berth
do not affect penetration o

ur Re

atr

illinm albo
on the other hand

iles

Vertic

(1968) by

f roots by

»

1,

The fung
the juven

’

, 1930
found in

iles

1938) no differences were

’

Goffart
ion of plants inoculated with nematodes and

’

1932;

bE

In the present studies and those of other workers (M

Millard et al

ior

fung

growth reduct

S =



nematodes alone. On the contrary, Dunn and Hughes (1964) and
Ketudat (1968) obtained greater reduction of growth of tomato plants
in the presence of both R. solani and PCE than PCE alone. These
differences in experimental results can probably be explained by the
use of juveniles instead of cysts for inoculations in the present study,
as a result of which all the nematodes after entering the soil attacked
roots simultaneously causing severe damage. When cysts are added,
larvae hatch out gradually over a period of time and, therefore,
concentration of nematodes gradually increases; the plant can resist
this initial attack to some extent. Also 9 cm pots were used instead
of the 25 cm ones used by the other workers thus providing greater
concentration of nematodes in the root zone. Therefore, the damage
due to nematode attack alone caused such a severe reduction in
growth that the difference between this treatment and the combined
inoculation of fungus and nematode became small.

The lack of adverse effect of R. solani on the growth of tomato
is in agreement with Cheal (1929), Edwards (1929) and Miles (1930)
on potato. Garrett (1956) called this fungus a primitive parasite which
constitutes a part of the normal microbiological environment for
the roots of higher plants but in the course of evolution the root
system had developed resistance to its attack.

Although R. solani is capable of infecting plant tissues by means
Jof infection hyphae independent of any sort of injury, Polychro-
nopoulos et al. (1969) observed that it penetrated sugarbeet roots
wounded by Heterodera schachtii Schmidt without forming any
infection structures. Both R. solani and C. coccodes have been observed
to enter through natural growth cracks or other types of injuries.
Therefore, beside biochemical changes, mechanical injury caused by
the invading juveniles appears to contribute to increased fungal
attack on roots in the treatment where nematodes were followed
by fungus inoculation. Slootweg (1956) noted that Cylindrocarpon
radicicola Wr. could infect roots of lily of the valley only when
some injury had occurred and, therefore, suggested that the injuries
caused by Pratylenchus or Hoplolaimus sp. provided infection courts
for the fungus to enter. Tissues surrounding a wound tend to suberize
but in case of nematode injury this (suberization) together with
other changes which may otherwise give the plant some sort of
protection against microorganisms may not occur {Du Charme, 1959;
Christie, 1960).
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Reduction of plant growth is accompanied by an increase in the
number of cysts and incidence of disease. Increased disease incidence
on roots inoculated first with the nematodes and then with the
fungus can be explained in two ways. Firstly, mechanical injuries
caused by the juveniles facilitate entry of the fungi; secondly, giant
cells produced by the nematodes are colonized by the fungi in prefer-
ence to normal cells. Greater colonization by Phytophthora parasitica
var. nicotianae (Breda de Haan) Tucker of giant cells caused by
Meloidogyne incognita Chitwood than of normal cells and by R. solani
of giant cells caused by H. schachtii has been reported by Powell
and Nusbaum (1960) and Polychronopoulos et al. (1969), respectively.
Wilt of tobacco caused by Fusarium oxysporum var. nicotianae
(Johnson) Snyd. and Hans. was more severe when its inoculation
was preceded by root knot inoculations (Porter and Powell, 1967)
and giant cells (by M. incognita) produced in both wilt resistant
and susceptible varieties were colonized vigorously (Melendez and
Powell, 1967).

Presence of indole material has been demonstrated in the galled
tissues as well as in the root-knot nematodes themselves by Yu and
Viglierchio (1964) and in the juveniles of H. schachtii by Johnson
and Viglierchio (1969). In the present studies, indole material has
been found in PCE which is likely to be injected into the giant cells
during feeding and may be a factor contributing to increased fungus
attack in them.

Normally the attack of R. solani is not observed deeper than the
cortex but in giant cells the mycelium reaches up to the stele and
may subsequently spread laterally. In the tissues ramified by mycelia
of either R. solani or C. coccodes, giant cells either cannot be formed
or become deformed as has been observed in case of the grey sterile
fungus (Roy, 1968). The reason for the higher disease incidence and
greater production of cysts in the treatments when nematode inocu-
lation precedes fungus and both the pathogens are inoculated together
than when the fungus inoculation precedes nematode is that in the
former two cases PCE gets more change to attack healthy roots and,
therefore, the fungi could penetrate deep into the tissues through
the giant cells causing extensive damage and decay.

Temperature differences between the two houses account for the
greater number of cysts produced in house 1, and consequent poor
plant growth compared with house 2. In house 1 the temperature
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was more suitable for development of PCE (Fenwick, 1951) whereas
that in house 2 was more congenial for growth of the plants (Bewley,
1951) enabling them to resist the attack of nematodes to some extent.
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SUMMARY

In investigations into the interrelationships between Heterodera rostochien-
sis Woll. and Rhizoctonia solani Kihn and Collerotrichum coccodes (Wallr.)
Hughes on tomato (cv. Alisa Craig) it was observed that the plants suffered
greater growth inhibition when H. rostochiensis attacked before the fungi than
when the fungi preceded the nematode. Incidence of disease due to the fungi
and production of cysts of the eeclworm were also greater in the former treat-
ment than the latter. The fungi depressed emergence of juveniles from cysts
but did not affect entry of the larvae into roots. The fungi retarded the forma-
tion of giant cells by H. rostochiensis and, therefore, development of cysts de-
creased. On the other hand, if the nematodes could produce giant cells before
fungus invasion these were favoured by the fungi for colonization. The juveniles
of H. rostochiensis were found to possess some indole derivative/s in their
bodies and its significance for increased colonization of the giant cells by the
fungi has been discussed.

RIASSUNTO
Relazioni tra Heterodera rostochiensis e funghi del terreno su Pomodoro.

Studi sulle relazioni intercorrenti tra Heterodera rostochiensis Woll. e Rhi-
zoctonia solani Kithn e Colletotrichum coccodes (Wallr.) Hughes su Pomodoro
« Alisa Craig » indicano che le piante hanno sofferto riduzioni della crescita
maggiori quando il nematode ¢ stato inoculato prima dei funghi che viceversa.
Anche l'incidenza della malattia e la produzione di cisti da parte del nematode
sono state maggiori nel caso che gli attacchi di H. rostochiensis hanno prece-
duto quello dei funghi. I funghi hanno depresso l'emergenza di stadi giovanili
del nematode dalle cisti, ma non la penetrazione degli stessi nelle radici. Tut-
tavia, essi hanno ritardato la formazione delle cellule giganti e quindi ridotto la
produzione di cisti. Al contrario, la colonizzazione dei funghi € stata favorita
quando i nematodi hanno provocato la formazione di cellule giganti. La pre-
senza di derivati indolici nel corpo dei nematodi potrebbe essere la causa del-
l'aumentata colonizzazione da parte dei funghi sulle cellule giganti.

LITERATURE CITED

BewLey W.F., 1951 - Commercial glasshouse crops. Country Life Ltd., London,
pp. 129-131.

— 244



CreAL W. F., 1929 - Experiments on the cause of « potato sickness ». Gdnrs’ Chron.,
86: 132-133.

CHRrisTIE J.R., 1960 - Some interrelationships between nematodes and other soil-
borne pathogens. In: Sasser, J.N. & Jenkins, W.R. (ed.) Nematology. Univ.
N. Carolina Press, Chapel Hill, pp. 432-436.

Du CuarME E.P., 1959 - Morphogenesis and histopathology of lesions induced
on citrus roots by Radopholus similis. Phytopathology, 49: 388-395.

DunN E. and HuGHES W. A., 1964 - Interrelationship of potato root eelworm, He-
terodera rostochiensis Woll.,, Rhizoctonia solani Kiihn and Colletotrichum
atramentarium (B. and Br.) Toub., on the growth of tomato plant. Nature,
201: 413-414.

DunN E. and HucHEs W. A, 1967 - Interactions of Oospora pustulans, Rhizocto-
nia solani and Heterodera rostochiensis on the potato. Eur. potato J., 10:
327-328.

Epwarps E. B., 1929 - The control of a serious potato trouble. J. Minist. Agric.,
36: 234-242.

FeEnwick D.W., 1951 - The effect of temperature on the development of potato
root eelworm, Heterodera rostochiensis. Ann. appl. Biol., 38: 615-617.

GARRETT S.D., 1956 - Biology of root-infecting fungi. University Press, Cambridge,
pp- 49 and 70-71.

GLENNER G. G., 1957 - The histochemical demonstration of indole derivatives by
the rosindole reaction of E. Fischer. J. Histochem. Cytochem., 5: 297-304.
GorFART H., 1938 - Das Problem der Nematoden Krankheit bei der Kartoffel. Arb.

biol. Reich Anst. Land u. Forstow., Berlin, 22: 321-337.

GrauaM C.W.,, 1966 - Potato root eelworm and tomato root stocks. Pl. Path.,
15: 76-85.

GRAINGER J. and CLARK M. R. M., 1963 - Interrelationship of Rhizoctonia and potato
root eelworm. Eur. potato J., 6: 131-132.

JaMmEes G. L., 1966 - Effect of the causal fungus of brown root rot of tomato on
Ehe h&tgg of the potato root-eelworm, Heterodera rostochiensis Woll. Nature,

12: .

JaMmEs G. L., 1968 - The interrelationships of the causal fungus of the brown root
rot of tomatoes and potato root eelworm, Heterodera rostochiensis Woll.
Ann. appl. Biol., 61: 503-510.

JENSEN W. A,, 1962 - Botanical histochemistry. W. H. Freeman & Co, San Francisco,
London, p. 90.

JoHANSEN D. A., 1940 - Plant Microtechnique. McGraw Hill Book Co, New York,
& L/ ndon, pp. 130-136.

JounsoN R,/N. and VigLiercHIO D.R., 1969 - A growth promoting substance oc-
curring in an extract prepared from Heterodera schachtii larvae. Nemato-
logica, 15: 159-160.

Kerupar U., 1968 - Investigations into the interrelationships of some soil borne
fungi and nematodes on tomatoes. Ph. D. Thesis, Lond. Univ.

KEerupaT U., 1969 - The effects of some soil borne fungi on the sex ratio of Hete-

* rodera rostochiensis on tomato. Nematologica, 15: 229-233.

MELENDEZ P. L. and PoweLL N. T., 1967 - Histological aspects of Fusarium wilt-root
knot complex in flue-cured tobacco. Phytopathology, 57: 286-292.

MiLes H. W., 1930 - Field studies on Heterodera schachtii Schmidt in relation to
‘igg 1;z)élthologlcal condition known as «potato sickness ». J. Helminth., 8:

MILI;C}RDZ\SNZ.;\., Burr S. and Jonnson L. P., 1932 - Potato sickness. Gdnrs' Chron.,

— 245 —



PoLycHroNoPouLOS A. G., HoustoN B.R. and LownNsBErRY B.F., 1969 - Penetration
and development of Rhizoctonia solani in sugarbeet seedlings infected with
Heterodera schachtii. Phytopathology, 59: 482-485 .

PorTER D. M. and PowgLL N. T., 1967 - Influence of certain Meloidogyne species on
Fusarium wilt development in flue-cured tobacco. Phytopathology, 57: 282-285.

PoweLL N.T. and NussauMm C.J. 1960 - The black shank root-knot complex in
flue-cured tobacco. Phytopathology, 50: 899-906.

Roy A. K, 1968 - The formation of giant cells in tomato roots by the potato cyst
nematode, Heterodera rostochiensis and the grey sterile fungus, G.S.F. Nema-
tologica, 14: 313-314.

SrLootwiG A.F.G., 1956 - Root rot of bulbs caused by Pratylenchus and Hoplo-
laimus spp. Nematologica, 1: 192-201.

TrirriTT M.J., 1931 - Notes of a fungus parasite associated with Heterodera
schachtii infection on potato. J. Helminth., 9: 48-49.

Yu P.K. and VicLiErcHIO D.R., 1964 - Plant growth substances and parasitic
nematodes. I. Root knot nematodes and tomato. Expl. Parasit., 15: 242-248.

Accepted for publication on 18 September 1977.

— 246 —





