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Studies on Physiology of Helminthosporium setariae, the Causul
Agent of Leaf Spot Disease of Setaria italica -
1. Carbon Nutrition

by

P. VIDHYASEKARAN', D. LALITHAKUMARI?,
T. M. SUBRAMANIAN? and C. V. GOVINDASWAMY '

Rangaswami and Pandurangan (1962) observed the occurrence of
Helminthosporium setariae on Tenai (Setaria italica) in Madras State for the
first time. The outbreak of the disease in severe form in 1967 in and around
Coimbatore, Tamil Nadu made it necessary’ to take up the studies on the
pathogen. In an earlier communication, Vidhyasckaran eral. (1969) have
reported the N nutrition of the fungus. The. present paper reports the effect
of various carbon sources on growth and sporulation of the fungus.

Material and methods ; To assess the eflicacy of various carbon sources to
induce growth 2nd sporulation of the fungus, Czapek'z medivm was used as
the basal medium and sucrosc was replaced by 39, of various carbon sources,
All the media were adjusted to pH 7.0 and autoclaved at 0 1bs. pressure for
15 minutes, Single spores from plain agar medinm were inoculated to avoid
apy carry-over nutrients. After 10, 20 and 30 days growth, mycelial weight
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was recorded, The spore concentration was assessed in 20 days old culture by
using @ haemocytometer. The efcct of pH on the growth and sporulation’of
the fungus was studied by adjusting the pl of the Czapeks medium-from. lm
|1 with Beckman's glass electrode pH meter with 0.1 N NaoH or 0.1 N HCI.

To study the utility of organic acids at different pH levels, the ;j.zgggk*g
media with the organic acids, oxalic, succinic, citric and formic ac’idél'l' v.::_fg
adjusted to 9, 7, 5and 3 pH and the fungus was inoculated, Final pH 'of the
media, mycelial weight and sporulation were assessed afier 20 days of growth,

Results : Four monosaccharides, D-xylose, rhamnose, glucosc -and
palactose, 3 disaccharides, maltose, sucrose and laciose, 3 polysac_cha;idcs_','
starch, dextin and cellulose, a sugar alcobol, mannitol and 5 organic aqids;
succinic, oxalic, citric, formic and tannic acids were tested for their efficacy
to induce growth. The data obtained are presented in Table 1.

TamLe 1. Er:’rh‘i.mffan of varions carbon sources by H. sefariae

5 Mycclial weight in mg pH
Z Eﬂlhﬂn . T S T S - o
. sources 10 days 20days 3 days =~ Afler After . After
n growth  growth growth 10 days 20 days. 30 days
1. Dexylose 784 2180 €52 7.3 73 7.0
2. Glueose 532 1893 . 1104 ‘73 73 -, .73
3. Galactose m 1905 666 0.7 13 7.3
4. Maltose 591 2592 678 . 7.3 7.3 7.3
5. Sucrose 625 1617 360 7.3 73 73
6. Lactose 333 967 782 73 73 73
7, Rhamnosc 138 150 296 6.7 6.7 6.7
B. Starch 209 206 1519 6.4 6.7 7.3
9. Dextrin 530 1318 1942 13 73 7.5
10. Cellulosc 38 506 653 6.7 67 10
11. Mannitol 247 285 273 6.4 6.7 6.5
12, Tannic acid 175 167 177 5.2 5.8 4.0
13, Succioic acid 76 412 204 B.5 9.7 ©110
14, Oxalic acid 137 234 183 83 10.0 11.0
15, Citric acid “109 235 141 7.3 8.8 9.5
16. Formic aeid 288 409 102 7.3 &8 85
17. Control 68 122 119 67 67 - 65

Interaction : Signilicant al 1% level.

W0days — 1, 5 4, 9, 2 3, 6 16 11, & 12, 7, 14, 15 13 17, 10

——

Wdays — 4, 1, 3, 275, 9, 610 13, 16, 11, 15 14, B 7, 12, 17

Wdays — 9, 8 2 5 6 10, 1, 4, 3,7, 13, 1, 14 12, 15 17, .16
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<The:maximum growth was obtained after 20 days of incubation in almost all
“the carbon sources except in.polysaccharides viz , starch, dexirin and cellulose.
“Maltose and D-xylose were found to be the best. carbon sources 1o yicld
‘maximum*- mycelial weight on the 20th day. But on the 30th day dextrin and
starch produced maximum growth. Rhbamnose, a pentose and 1ansic acid
were found to be poor carbon sources. It is of interest to note that organic
acids: produced more growth than starch on 20th day. The organic acids
utilization shifted the pH of the media towards alkaline range. In case of

succinic and oxalic acids the pH raised even upto 11.
%

The various carbon sources tested for Aheir efficacy to induce growth
were also tested for their ability to produce sporulation, The spore concen-
tration was found out after 20 days of incubation and the dats are presented
in Tuble 2.

TasLe 2. Lfficacy of variens carbon sources to induce sporulation in H. setarine

s1. No. Carbon Speres io lakhs in the whole
, sources of the myeelial mat
1, D-xylose 262.5
2, Glucose 187.5
3, Galactose 100.3
4. Malose 1125
5. Sucrose 4123
G. Lactose 7375
7. Rhamnose 250
8. Starch 2125
9, Dextrin - 175.5
10. Cellulose 2000
11, Mannitol 50,0
12. Tannic acid 0.0
13, Succinic acid 50.0
14, Oxalic acid 0.0
13. Cilric acid 125
10. Formic acid 12.5
17 Control 0.0

Significant at 19 level

Conclusien: 6, 5, 1, B, 10, 2. 9, 4 3 11, 13 15 16, 12, 14, 17

i ———
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Lactose and sucrose were found to be the best carbon sources 10 'iir'id'(xéc"
sporulation. The polysaccharides, starch, cellulose and dextrin also produced
some good sporulation.. Organic acids were found to be poor sources for -
sporulation. Since the organic acids shifted the pH towards alkaline range
the poor growth and sporulation in those sources may be only due to the pH
effect. To assess the affect of pH on growth and sporulation of the fungus,

the fungus was grown in the media adjusted to 1to 11 pH. The results are
presented in Table 3,

TasLe 3. Effect of pH on the growth and sporulation of H. setariae

8, . Initial Final Mycelial weight  Spores in lakhs in the whole
No. pH pH inmg of the mycelial mat -
1, 1.0 14 146.5 0.0
2, 20 3.0 426.5 13.8
3. 3.0 38 1093.5 225.5
4, 4.0 5.8 12625 206.0
3 50 6.7 1287.5 297.0 .

6. 6.0 7.0 13335 600.5
7. 7.0 7.0 1182.5 306.5
8. 8.0 . 79 641.5 3580.8
Q. 9.0 7.9 645.5 367.5
10. 10.0 78 585.0 3700
1L 11.0 84 610.5 371.0
Interaction : Significant at 1% level
Mycelial weight : 6, 5 4,7, 3, 9, 8 11, 10, 2, 1
Sporulation : 6, 8 11, 10, 9 7, 5 3, 4, 2, 1

Maximum growth and sporulation were oblained at pH 6. Both pH 1 and 2
were found to be inhibitory to the fungal ‘growth and sporulation. Lower pH
7, 5, 4 and 3 supported fairly good vegetative growth when higher pH 8, 9, 10
and 11 induced appreciable sporulation.

The results indicated that 'by controlling the pH of the medium the
utility of organic acids may be increased. Hence an experiment was set up in
which initial pH of the media with the four organic acids, viz., succinic, oxalic,
citric and formic acids were adjusted 103, 5, 7and 9. The basal medium
without any carbon source was also adjusted to the different pH and kept as
control. The final pH of the media, mycelial weight and spore concentration
were tested after 20 da_ys of inoculation. The results are presented in Table 4,
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.TA'@?LE 4, Utilization of organic acids in the media at different pH levels by H. setarlae

o . medium medium mg mycelial mat
1,.  Oxalic acid 9.0 9.0 1475 0.0
' 7.0 8.5 172.5 0.0
5.0 7.0 192.0 0.0
3.0 5.0 2105 0.0
2. * Sugcinic acid 9.0 10.0 2055 ° 79.3
7.0 0.5 299.,0 60.3
5.0 60 755.0 323
30 3.4 356.6 20.8
3. Citric acid 90 9.0 172.0 518
| ' 7.0 9.0 280.5 43
50 6.0 434.5 20.0
3.0 3.1 340.5 7.0
4, Tormic acid 9.0 9.0 172.5 30.3
7.0 "8.0 497.5 16.0
5.0 6.5 692.5 11.3
3.0 40 516.5 4.8
5. Control 8,0 0.0 43.0 0.0
7.0 7.5 28.0 0.0
5.0 6.0 51.0 0.0
30 40 46.0 0.0
Interaction ; Significant at 1% level
- i Oxalicacid : pH 3, 5 7, 9 Citricacid : pH 5 7, 3, ¢

Su_rccinic acid: pH 5 7, 3, 9

Formicacid: pH

[
—_—
e

7..3, 0

In succinic, formic and citric acids, more growth of the fungus was obrained

if tee initial pH of the media was adjusted to 5.0 in which media the pH
during the growth period increased only ‘upto 6.0 or 6.5, In oxalic acid some

good growth was obtained only when the-initial pH, sporulation in all the

organic acids media was poor,

Discussion: Maltose and D-xylose were found to support the maximum
growth on 20th day of incubation, Maltose and D-xylose were found to be
the best carbon sources for many fungi (Cochrane, 1958). But on the 30th day
when these sources showed reduction in mycelial weight due ro autolysis, the
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polysaccharides, particularly dextrin and starch, showed maximum growth,,
The delayed use of the polysaccharide may be due to the adaptive jjr:ﬂzjrrq:"iﬂ.:]-._
amylase produced by the fungus 10 breakdown the polysaccharides ihto simple.
sugars (Christensen and Daly, 1951). Satarch and dextrin, which. gave. maxi-
mum growth, were usually broken down by the enzyme, amylase, to maltose,
which was incidenty found to be the best carbon source for 20 days growth.

Lactose and sucrose induced the maximum sporulation, Lactose was
found to increase sporulation in Lophotrichus ampullus (Sushikumar and
Grover, 1967). Sucrose was found to be easily converted to glucose-1-phosphate
than glucose itself (Doudroff, 1945) and hence sucrose was often found to be
better carbon source for sporulation (Misra and Mukherjee, 1962). Cellulose,
which was found to support lesser growth induced more sporulation than
glucose, maltose and galactose. Cellulose, being a slowly ava'ilqbie compound
for most [ungi, was found 1o be the best carbon source for sporulation in many
cases (Cochrane, 1958),

Organic acid utilization increased the pH, Increasc in pH in organic
acid media has been reported by Leonian and Lilly (1940), The pH played an
important role in the growth and sporulation of H.setariae. pH'3 to 7 were
found to be favourable for growth when pH 510 11 were found to support
good sporulation. Acid range was often favourable for growth when alkaline
range was found to be favourable for sporulation (Robbins and Schmitt, 1945
and Lilly and Barnett, 1947), If the initial pH of the media was adjusted to
5.0, succinie, formic and citric acids were found to be good carbon sources
for the induction of growth, Though succinic and citric acids were found 1o
be utilized by many fungi (Brien cf al., 1946), the utilization of formic acid is
somewhat specific to H. setariae. So far, formic acid-has been reported to be
toxic to the fungi (Cochrane, 1958), Oxalic acid is not utilized by H. sefarige.
All the organic acids tested were found to be poorin inducing sporulation
although the pH of the medium was controlled. '

Summary : Sixteen carbon sources were tested Jor heir cmcacy. Lo
induce growth and sporulation of Helminthosporinm setariae Saw, the causal
organism of the Tenai leal spot disease, Maltose and D-xylose produced the
maximum growth when lactose and sucrose induced more sporulation.
Organic acids shifted the pH towards alkaline range and it was observed .ihat
pH bad important role in growth and sporulation of the fungus. = If the initial
pH of the medium was adjusted to 5.0, succinic, citric and formic acids were
utilized well by H. setariage. Formic acid, which was reported - to be toxic to
the fungi was found to be utilized by the fungus. ' All the organic acids tested
were found to be unable to induce sporulation, irrespective of the pH of the
medium, ' '
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AN IMPORTANT ANNOUNCEMENT.

Due to the considerable increase in the cost of printing materials and
charges of the Madras Agricultural Journal, the subscription rates have been
revised as follows from Jan, 1970, Vol: 57.

For Tndividual Subscribers ...  Rs. 15/-
[For Institutions Rs. 25/-
For Foreign Subscribers 5 6/
(both individuals and Institutions)
All the subscribers arc requested to kindly cxtend their kind co-operation
as usual,
SECRETARY,
The Madras Agricultural Journal,



