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A WILT OF ZINNIA CAUSED BY SCLEROTIUM ROLFSII®
- By T. S, RAMAERISHNAN, aA.

( Assisiant Lecturer in ﬂf_t'::q.!!agy,- Cotmbalore)

'Selerotinm volfséii has a world-wide distribution and has been recorded
from the United States of America, Australia and numerous islands of the
Pacific and ‘Atlantic Oceans, China, Ceylon; Bengal, Bombay and Madras in1
India-and from Uganda in Africa, It was first reported by Rolfs in 1893 as
being- parasitic ‘ontomatoes in the United States. Since then it has been
known to cause diseases of several plants—140 wvarieties and species—
including - field crops and ornamental -plants. As the: cause of the rot of
_potatoes :it has been studied by Taubenhas, Edson and Shapovalov. Under
‘the name of Rhizocionia destrrens it was investigated by Shaw and Ajrekar in
JIndia -and' it was found to,be parasitic on potato, piper-betel, groundnut,
Amorplophallus companulatus, lucerne, Dianthus, delpheninm and rice. In a
Jater communication Ajrekar wrote that K. desiruwens was | identical with
S, ‘#7olfsit. TPaintin who worked on the parasitology of the fungus found:that
m.adﬂitmn to these hosts the fungus is capable of infecting many more and
has given a list of new hosts mntammg plants from widely different families,
Higgins writes that 5. s‘a.f.r"nr is a soil inhabiting fungus attacking a number
‘of wild and cultivated plants in the'field. It is also a common cause of decay
in stnreﬂ toots and vegetable.s and of cucurbita and other fruits that rest in the

sml 'In the nurseries too this fungus causes cnnsulerable damage.’

Durmg the vear 192:: specimens- of Zinnia plani.s were received [rom the
Ag‘r;—Hurtlcultural gardens, Madras with the report that the flower beds were
affected by disease resulting in the wilting and drving up of grown-up plants.
'On the surface of the basal portions of the stem and semelimes extending
over thé roots a number of whilish ‘mycelial strands were present. No

. 1 Paper read before the Indinn Science Congress, Madras Sessions, 1929,
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fructifications or sclerotial bodies were noticed, Sections of the stem were
found to be permeated by hyaline hyphae which were distributed both inter
and intracellularly. The pith was hollow and in this the mycelium. had
accumuhte:ﬂ to form flocculent cottony masses. From the mycelial growths
in the pith region transfers were made on French bean agar. The fungus
made a good whitish growth and by the end of a week dark brown .mustard-
seed-like sclerotia were formed in large numbers. Examination of the Ilﬂlg'us
revealed it to be Sclerofizm rolfsii.

In order to establish the pathogenicity of the fungus on Emma (on whm‘h
it has been found for the first time) inoculation experiments were conducted
on a number of these plants both in the seedling and mature stages. In
addition to Zinnia a few other hosts were also included in the experiments.
The plants were grown in pots containing sterilised soil. Inoculations were
made with cultures of the fungus 8—10 days old. Both the sclerotia-and the
mycelium of the fungus were used as inocula.  After inoculation the plants
were covered with bell jars and the inside of the bell jars were sprayed with
water once a day to keep the air inside moist. Control plants were kept in
all cases and these remained healthy throughout. '

Resulls of the inoculation. (1) Zinnia: On young seedlings 15 days old
the fungus caused a rotting of the  collar resulting in the characteristic
‘damping off ' appearance in the course of 4—S5 days. PBut with older plants
it took a longer time for the effects of the .infection to be externally. visible.
The plants wilted in the course of 8 days. There was a whitish felt of fungus
mycelium formed at the base of the stem ‘and: on these a few sclerotia
developed. At this place the stem was much shrunk. The parasitism of the
fungus on Zinnia was thus confirmed.

(2) Groundnut: The plants were 13 months old. The mycelium . grew
over the stem and on reaching the younger portions of the shoots cansed them
to-rot. The leaves turned yellow and the branches exhibited a rotten water-
soaked appearance and hung down bent at the totten portions. The mttmg.
spread to all the younger shoots and the mycelium which grew over the stem
and even the surface of the pots produced a number-of sclerotia,

(3) On cowpea, lucerne, Bengal gram and linseed (plants 2—3 weeks' old)
the fungus produced infection and grew over the stem fﬂrmmg a whitish felt
of mycelium. - The leaves were discoloured and dropped off. The basal
portion of the stem was shrink and the plants bent over at these portions,
‘Sclerotia developed on the mycelinm,

(4) Cosmos: The plants wilted and the fungus Sp:tead over the cal'far
region as a white felt. Sclerotia ﬁeveinpeﬂ on the mycelium. | .

(5) Seedlings of maize and potato easily succumbed to. the fungus whmh
produced a rotting of the collar.

(6) Cotton: Cambodia cotton seedlings 20 days. old. were easily affected
by the fungus. But grown up plants (which had developed .a thick stem)
showed no signs of infection even after 15 days. The mycelium,. hnw&ve:r.
grew on the outside of the stem without producing any signs of wilting of the
plants, The fungus is able to infect this host only in-the seedling stage.

Besides the specimens of diseased plants the Agn~Hc:-rtmultura1 Society
had sent a guantity of the soil from the affected plot. Two pots were filled
with this soil. In another pair of pc-ts sterilised garden soil was placed.
Healthy Zinnia seedlings were planted in all the four pots. In the course of
20 days 7 out of the 8 seedlings planted in the soil received from the society
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aad wilted and sections of the diseased portions showed the presence of the
fungus. inside, while all the control plants were healthy., The disease is thus

shown to be spread through the soil.

Growth of the fungus in culinre media. The fungus grows readily on
igar media producing a luxuriant white mycelial growth, After spreading
hroughout the length of the slant, sclerotial formation begins in about a
week's time, varying to some extent with different media. The mycelial
srowth is mostly aerial and often several hyphae unite into strtands. At the
.op of the slant and sometimes at the bottom more of mycelial accumulations

ire noticed.

MeDIUM

French bean agar

Cat juice agar
Cornmeal and rice agm.'s

Glucose agar

Zinn!a-leaﬁaxtm:t agar.

Zinnia stem-extract
Tagar

3 per cent. maltose and
SUCTOSEe AZars

Potato slants

Amorphophallus slauts i
Stem of Ziopia .

NATURE OF GROWTH

Luxuriant white growth of

aerial mycelium, Ainally tarn-

ing cream coloured at the

top ...
A lususiant white grnwlh

A pgood growth of whitish

myeelinm not so luxuriant as
oo French bean
White luxuriant growth w :1'.11
plenty of aerial mycelium ..
Poor growth with thin aennl
mycelitm .

Growth poor but better than in
leaf extract agar

Growth poor and more or less
in the {orm of interlacing
strands oa the sarface .

A very luxariant white growth
with plénty of myveelium
spreadiog up the sides of the
tubes in a fan like manoer...

¥
A white growth not luxuriant
with a oumber of strands en
the stem

The nature of the growth on several media was as follows :

SCLERDTIAL FORMATION

Large number of sclerotia dark
brown ‘in colour formed at
the end of 7 dayssingly orin

EToups.
Large number of sclérotia
formed.
Sclerotia rare or few in
‘number.
Sclerotia - few in  pumber

smaller in size than {n the
above media apd of a paler
colour,

LL]

Sclerotia rare or absent:

MNumerots dark brown sclerolia
formed.

"
Selerotia numerons.

Of the different agar media French bean and Oat juice show the best

growth, and are best suited for the rapid cultivation of the fungus.

The plant

tissues eqpsmally those of potate and Amorphophallus give a more luxuriant
mycelial growth and a large number of sclerotia.

The effect of diflerent concentrations c-f sugars such as sucrose, maltase

and lactose on the srowlih of the funau::. was mw. csijw:-lte,].

For this purpose

agar media confaining these sugars in J?’a‘ 2% and 3% concenirations were
prepared.  The cultures were arown in Peuri dishes one sclerotium being
planted in the centre of each ]11..11'.::.. The diameler of the groveth was measured

at mtcwalb. Duplicate cullures were grown and the average measurements
are given below :
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K ]Jmmeter uf ‘the cu]nny in o nf Chits e

I]};lie of Date of . e 2] v iy

inuculs_:tiuu observation Maltose Sucrpse i Lﬂcm
S C1% 0 % 1% 2% 8% 1.,,.2% atx.

. Sl 1 N E L Y

21— 4—27 | 25— d—370 |+ 40 50 | 33 36 42 1’4 15 18
9 d—27 500 60 41 45 52 -. 16 zt:- 2-2

28— 427 62 68 60 64 .67 27 31 33

‘The dishes with 2% maltose were contaminated and as such no measure-
ments were taken from them. ‘I'he fungns grew much more quickly in
maltose and sucrose than in lactose agar. Of the two former, there was an
initial increase in the rate of growth in maltose but later no difference could be
made out. In all the 3 kinds 'of sugars the rate of growth increased with the
c:::ncentranon 3% shnwmg the gmat&ﬁt growth.

The nature of the gmwth of fungus on media of different feactions ‘was
next studied. Oat-juice agar of different Fuller's scale varying from minus 10
to plus 20 was prepared and the rate of growth of the fungus in Petri dishes
was observed at intervals, Duplicate cultures were kept and below-are shown
the average measuremerits and the number of sclerotia formed.

Diameter of the growth in man. Sclerotia planfed on Angust 13, 1928

TTTTar E Lhi P
No. | Reaction | 15/8 | 16/8 | 17/8- 18/5 19/5 ~MNumber of Sclerotia on 25/8
1 =10 23 49 73 | 88 (full) 50
2 — 5 23 a0 75 1 BB - G0
* 3 N 27 55 -y 7% |90 |, 42
4 + & 3l G2 36 |90 By
5 -+ 10 27 54 75 (90, &80
6 +13 26 45 ‘G | 82 83 (fall) . 46
7 -+ 20 18 41 56 | 7d 85 . t 43"

An examination of the results shows that the growth is quickest in 45
with a gradual but slight falling off on either side. < 20 shows the lowest
growth. By the 15th the growth in the plates from =10 to +10 had
completely filled the dishes, In 415 and -+ 20 it was mﬂ},r on the 19th. that
the growths bad extended completely over the dishes. Sclerotial formation.
had becun by the 20th in-all the ]ﬂates excepting -+15 and 420 in which il
was delayed by two days more. By the 25th the dishes of +5and 410
reactions showed the largest number of sclerotia.. '

Change in the wedinm by the growth of fungus. ‘Alkaline and neutral
French' bean agar are darker in colour than' those of acidic reactions. . But
when S. roilsii was a'lluweﬂ to gmw over the former it was found that. the
media became paler b}r the growth of the fungus. The paler colotir was
noticed upto'3 mm, in a:ﬁunce of the aerial mycelial growthi.,  This’ sug‘gesteﬂ
that the fungus mislit have given rise to ﬂmne acid during its gr bwth
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‘The fungus was cultivated on congo-red agar and alkaline litmus agar.
In the former. the colour of the medium changed with the, growth of. the
fungus from red to violet—an indication that acid is formed, The alkaline
litmus agar developed a reddish tinge as the fungus extended over the medium.

‘T'o" ‘determine definitely: the changes brought aboutl in the acidity of the
medium during the growth of the funeus it was grown in Richard's solution
and the pH value of the medium determined periodically. Four flasks with
100 c.c. of the medium each were sterilised and the pH value adjusted to 5-4.
Two of the flasks were incculated with one sclerotinum each on 19-9-27 and
the other two were left as controls. On the 22nd the pH vaiue of the medium
in the inoculated flasks was 4-6 while in the control it was 5-4. On the
26th the medium in the inoculated flask showed 2-4 while the control had 5+4.
On testing the media on the 29th again the inoculated one showed 2:4 and the
control.5:4, The readings point out the increase in the acidity of the medium
produced by the growth of the fungus. It developed very few sclerotia.
Higgins who has worked on this problem describes a similar change in the
pH value of the medium produced by the growth of S. relfsiZ, and attributes
the same to the formation of oxalic acid by the fungus.

Morplolegy of the fungus. 'The mycelium is hyaline much branched and
spreads out in strands producing a fan-like appearance. The hyphae are
septate and the branches generally arise from below a septum. Clamp
connections and H connections are present. Often several hyphae become
united to form thick white strands. In 3 to 4 days smail whitish masses begin
to form at the ends of the strands. These gradually increase in size and
become rounded. The colour of these masses changes from white to cream
and ultimately they develop into brown sclerotia. These occur singly or
sometimes 3 or 4 of them fuse together to form irregular masses. On agar
media sclerotia are formed in about 7 days. They are rounded or slightly
flattened with one side—generally the side to which the mycelial strand is
attached—sliglitly concave and- with & number of minute pits on the surface.
When mature they easily get separated from the mycelial strand. The
individual sclerotia are usually 1+5 to 2 mm. in diameter but the massive ones
formed by the fusion of 3 or 4 sclerotia often reach a length of +8 em. When
placed in water or inside a moist- chamber the sclerotium germinates by the
production of long hyphal filaments from -all over the surface. No kind of
spore formation was observed in any of the cultures.

The size of the sclerotinm varies to a certain extent with'the medium on
which it is formed. On some it is small while on others it is of a larger size.
The averagzes of 50 sclerotia each from the following sources are as follows:

DIAMETER OF SCLEROTIA IN MM.
Sounrce
Maximum Minimum Averaze
Sterilised Zinnia stem 3 1 L |
Oat azar . 2- 5 1 1-7
Zinnia ll‘.-.l.f f:\l.m-:.t 'uzdr - 1:25 <75 1
Zinnin stem extract agar e 1+5 <7 1-36




516 The -Madvas ‘Agricullural Jowurnal -~ |'VOLXVIIY, N0 102

The sclerotia formed on the Zinnia stem are of a bigger size while those -
from the Zinnia leaf—extract agar are very small. Taubenhas %uggesfs ‘that
the acid in certain host tissues might be mspnnsihle for the bigger size' of ﬂ'ie-
sclerotin on them, In order to ﬁn-:‘: out whether the same holds gcod on *agar--
media also measurements were made of 50 sclerotia each {romoat agar-media
of different reactions. The measurements were as follows :

DIAMETER OF SCLEROTIA IN MM.

RreacTion . T T

Maximum Minimum |  Average
—10 e . e 2- 5 1 15
-5 : 2 1 1-.7
N .. 2 1 1-'5
+ 5 2:25 -9 1- 6
+10 2 1 1- 5.
415 ' 2 1 1+ 8
+20 ... 225 1 - 165

The *acidity of the medium does not seem to exert any marked inﬂuenc&
on the size of the stlerotia. ' The bigger size on some ‘of the host tissues may'
probably be due to snmethmg other than acids contained in them

Though at first round and big the sclerotium shrmks very much as the

medium dries up. But when it is placeﬂ in water it agam regains-its cangma]
size,

Viabilify. Eclemha retam ﬂle:r wab:hty :Enr long - penuds Eut it-
depends on how they are preserved. A number of them removed from a
culture on zinnia stem, 13 months 6ld were alive and germinated readily.
But others taken from a dried up French bean agar tube: 8 months old did not
show any signs of germination. Extreme drying up as that which occurs in
old agar tubes (not sealed) is detrimental to the viability of the sclerotia,

Effect of fical on sclerolia. Sclerotia are more resistant to temperature
variations than the ordinary myeelium' and ave produced to tide over un-
favourable seasons. But above a maximum even the sclerotium is killed.
The effect of exposure to dry heat st different temperatures for § hour and
1 hour on the gérminating capacity of the sclerotia was determined. Mature
sclerotia were kept -on glass slides inside a hot water oven for the specified
time at different temperatures. These. were then removcd and kept for
germination in Petri dishes lined with sterilised sand moistened filter papers.
The Petri dishes were kept inside moist chambers. 25 sclerotia were kept in
each case and the following are the results of germination.
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Temperature | g{ lpn;:u?,i g?r?n?rgetred' Remarks
43°C - 1 hour 25 ‘Germinated on the next day, as
good as control. ‘

50°C i 25 Germinated on the next day, as

' A good as control,

' 52°C 30 minutes 25 - :
52°C 1 hour 8 ' ,
53°C 30 minutes 25 Germination delayed by two days.
53°C 1 hour 7 R
55°C 30 minutes . 23 do
55°C 1 hour Nil

Control 25

Sclerotia exposed to 55°C for 1 hour are killed.
The effect of chemicals on the Sclevotia. Sclevolium roifsii is a soil

inhabiting fungus.

Various chemicals are used for sterilising the soil in

gardens. The effect of some of the new fungicides which are being used for
soil sterilisation in recent times and [ormalin and mercuric chloride on the
sclerotia was tested. The sclerotia were steeped in the respective solutions
for definite lengths of time, then washed in sterilised water and then kept for
germination in Petri dishes with moistened filter papers. Twenty sclerotia
were used on each occasion with the following results. -
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Strengtlinf  Time of  Dateof ~Dateof  Number

FusGICIDE solution stecping |, -stecping “ ﬁm_, %{mﬂm“nm .
(ermisan o D57 30 min, 24-2-26 1-3-26 - 4.
- 0.54, ~1 hour js ST Y
1"]% 39 IITIJL e an nmw
Uspulun e D-3% 30 .min. " " B
. ' i ' : 0'5% 1hﬂ'|]r 1] v T “_{ -
1-0%, 30 min. " .
Control e Ay o e Vadasde” TTD o 20,
Tillantin e D59 30 min. 25-2-26, :-, 3-3-26" - 18
0-59 1 hoor Lo . © 12
0.5% *13 Hours e ' " 10
1'“% 35} mi‘.’l. L 11 By 1?
1.09 1 hour " TR .12
2.09% 30 min, P erS 17
2:0% 1 hour . i , “ 3,
th‘nl L LA EE T ] EEER T L) R ey EEE a Eu
Cheshunt componnd. Normal _ » R
strength 30 min. 26-2-26 4-3-26 18
Do, 1 hour - i 20
1.0% . 730 min. o e g 20.
) 1.0% 1 hour ' 0" 18
1.04 2 hours' i i 15
Control _ ave’  aisama [ " T Judhnee - 720,
Formalin e 2-0% 30 min. ., 15-10-27 .25-10-27 G - Gerinfnation
; LT on the 4th
- : ; day only. ,
2:09, . iﬂm "y T 3 Wi
c2.0% .14 hours 5 L -
Control '}D " smans AdRvin ' eviute 20
Mercuric ehloride ... 0-1% 30 min, -~ ° 21-9-27 30-9-27 14
ﬂrl% 1 hﬂlll.' - " : b ] 12
0-29 30 min. il A G
ﬂ'g% 1 hour i " wen
Control HE pheans Vewrame  sasaes amsam 20

Of the fungicides 0.5 per cent solutions of germisan and uspulun and
0.2 per cent solution of mercuric chloride kill the sclerotia in one  hour.
Two per cent formalin kills in 13 hours while Tillantin and Cheshunt compound
are much less effective. Perhaps longer periods of immersion may be more
effective. - Shaw and Ajrekar mention that 0.1 per cent mercuric chloride kill
the sclerotia in 2% hours. Shorter periods with the same concentration are
found to be less effective.

I am indebted to Mr. 8. Sundararaman; Government Mycologist, Coimba-
tore for advice in carrying out this investigation and to Mr. P, D. Karunakar,
Government Agricultural Bacteriologist for the determination of OH values of
some media. '

SUMMARY
Selerotiron rolfsii was observed to cause a wilting of grown up zinnia
plants. The fungus was isolated from diseased specimens and infection
experiments proved its parasitism on zinnia resulting in .the damping off of
seedlings and wilting of grown up plants.
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It grows luxuriantly on artificial media producing a whitish mucelium
spreading out in a fanlike manner and forming in seven days numerous dark
brown rounded sclerotia which measure on an average 1-5 {o 1-7 mun. in
diameter, @ Daring its growth the fungus increases the acidity of the medium.
The size of the sclerotinm varies to a slight extent with the medinm on which
it is formed.

Sclerotia have been found to retain their viability for 13 months. They
are killed when exposed to dry heat at 55° C for one hour. They die when
immersed in -5 per cent solutions of Germisan and Uspulun and -2 per cent

of mercuric'chloride for one hour. In 2 per cent formalin they are killed in
11 hoiurs.
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USEFUL RECIPES
me sulphur sprays

Take 2 Ibs. of quick lime in a kerosene oil tin and shake it with water.
Add 2% gallons of water, and boil. When the water has begun to boil add
4 1bs. -of sulphur little by little, so that water and sulphur get well mixed vp.
Boil the mixture £l the whole liguid gets a dark brown colour (this will be in
about 1 hour.)

Cantion. Never allow the mixture to become green. Remove the liqguid,
filter thmugh a picce of gunny, and the solution is ready for nse. Before
spraying make it up to 20 gallons.

If the original mixture is {o be preserved, it should be kept air-tight and if
this should be effectively done pour some mineral oil (say Leru:;t:m,} on Lhe
surface of the ligud.

(1 kerosene Lin=4 gallons=24 ordinary botlles,)
2



