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Effect of culture media, temperature, pH, carbon and nitrogen sources
on growth of Botryodiplodia theobromae causing Java black rot of

sweetpotato tubers
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Java black rot ts a drv rol of sweet potato in storage caused by Botrvodiplodia theobromae Pat. The
fungus was found to grow best on papava dextrose and czapek dox hiquid cultture media under static and
shaking condition respectively, whereas on solid media. the best growth was noticed on papava dex-
tros¢. The optimum temperature which favoured the growth of B. theobromae was between 252-30°C
while the optimum pH for growth was found in the range 0f 3.0-6.0. The fungus utilized a wide range of
carbon sources including dextrose. fructose. maltose. sucrose ¢tc. Growih was highest with maltose as
carbon source followed by fructose and soluble starch. Organic N sources (beef extract, tryptone, veast
extract) were better sutted for growth of B theobroniae than the inorganic sources (ammonium chlonde.
ammonium sulphate. sodium nitrate. etc.). Among the various salts (Ca*, Fe?", Na* Mg* . B2} tested
on pyenidial production by 8. theobromae. only boron (30-200 ge/ml) inhibited and all other salts

stimulated the sporulation.
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INTRODUCTION

Brotrvodiplodia theobromae Pat. causes Java black rot
n sweet potato during storage and transit (Jenkins,
1981, 1982; Ray and Misra. 1995; Ray and
Punithalingam, 1996). The spoilage characteristics of
the disease has been described (Ray and
Punithalingam, 1996). The affected roots show
externally dark patches within which develop several
pycnidia and internally, the tissues turn black.
Ultimately. the spolied roots become shriveled and
brittle, and show externally mummified appearance.
Studtes have been made on the effect of various
physiological factors, such as light, pH, temperature,
sources of carbon and nitrogen, vitamin requirements
(Honda and Aragaki, 1978; Rao and Singhal, 1978)
on the growth of some strains of B. theobromae isolated
from different crops other than sweet potato
(Punithalingam. 1980). Since the physiological
behaviour of the same organism may varies within
races/strains isolated from different crops
(Punithalingam, 1980). The present study was

undertaken on the effect parameters like culture media,
temperature, pH, C and N sources on growth of
B. theobromae (Code No. IMI 361230) 1solated from
sweet potato under static and shake (shaking at 120
r.p.m in an orbital shaker incubator) conditions.

MATERIALS AND METHODS

Fungus

‘The isolate of B. theobromae (IMI] 361230) used in

this study was earlier isolated from the post harvest
decayed sweet potato tubers {(Ray and Misra, 1995).
Spore suspensions of B. theobromae were prepared
from 10 days old cultures grown at room temperature
(25 £ 2 °C) on potato dextrose agar (PDA). Spores
were harvested in sterile distilled water and diluted to
concentration of 5.5 x 10° spores/ml. The same
concentration was used in all the experiment. |

Effect of culture media

Five different media were used for studying the growth
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of B.theobromae. The pH of the media was adjusted
to 6.0 by addition of dilute (0.1 N) HCL. For liquid
culture, one ml of the spore suspension (5.5 x 10°
spores/ml) of the fungus was inoculated into 250 m!
Erlenmeyer flasks containing 100 ml of the media and
the flasks were incubated for 8 days at 30°C either
under static or shaking (shaking at 120 r. p. m. in an
orbital shaker incubator) conditions at 30°C. After 4
and 8 days of incubation, the contents of growth in the
flasks for B. theobromue were pooled and filtered. The
mycelial mats (cell masses after filtration)
corresponding to each harvest were dried in an oven
at 80°C to constant mass.

To study the growth on solid medium, the culture
media supplemented with agar-agar (20 g/1) and
sterilized at 127°C for 20 minutes were plated on
sterilized petriplates. Mycelial discs (1 cm. dia), cut
off from 10 days old culture of B.theobromaue grown
on PDA, were put on the centre of culture media in
petriplates. The plates were incubated at 30°C. The

linear growth of colony was measured from 3" day of
incubation up to the 6 day. Six replicates were
maintatned for each treatment.

Effect of temperature and pH

For this expertment, three different liquid media (PD
broth. CD and CD + yeast extract (YE)] were taken.
ELach culture medium, taken in 250 ml Erlenmeyer
flasks (in triplicates). were inoculated with the spore
suspension of B.theobromae and incubated at different

temperature (20°C —40°C) for 8 days. The flasks were
incubated in two batches : one batch under static
condition and the other batch under shaking condition
as described earlier. Likewise, the effect of growth
medium pH was studied by incubating the growth
flasks (1n triplicate) containing 100 ml CD broth
medium of different pH (3.0-9.0), adjusted by addition
of dilute 0.1 N HCI or 0.1 N NaOH and incubated at
30°C. -

Effectof C und N sources

To study the effect of carbon sources on growth of B.
theobromae, different carbon compounds were
incorporated into CD broth medium {in 250 ml
Erlenmeyer flasks) at 3 percent concentration. Three
flasks were kept for each treatment. Likewise, different
“nitrogen sources at 0.05% concentration were used to
study the growth of B. theobromae. The other
conditions (procedure for inoculation, incitbation,
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harvesting cells etc.} were same as in the previous
experiment.

Effect of salt concentrations on conidial production

Different salts were tested for their effect on pycnidial
production of B.theobromae. Fifteen ml of salt
solutions {50-200 wg/ml) taken on pertriplates, were
inoculated with 0.3 cm diameter discs of 10 days old
B.theobromae cultures grown on PDA and incubated
at 30°C. Six plates were kept for each treatment.
Mycelial discs grown on 1.5 ml distilled water kept
on petriplates served as controls. The petriplates were
observed under microscope at low power (10 X) and
the number of conidia formed/plate were recorded at
24 th intervals from the 153™ day of incubation up to
the 19th day.

Analysis ot variance (ANOVA) was performed by
INDOSTAT software following completely
randomized block design. Mean comparison with
treatments was performed by least significant
difference (LSD) at p = 0.05 level (Panse and
Sukhatme, 1967},

RESULTS AND DISCUSSION

[n our earlier reports (Ray and Misra 1995; Ray and
Puntithalingam, 1996) 1t was observed that all
infections In sweet potato due to B.theobromue
occurred at harvest and during subsequent handling
and transport. The affected roots imittally showed no
sign of rottage at least externally but as the infection
progressed, dark patches developed in the skin within
which developed numerous pycnidia and tissues
truned black.

Table 1. Comparative growth of B. rtheobromae i differem
liquid cufture media

Orowth medium Cell mass (mg)

Static culture Shake culture

4 d 8 d 4d § d
Papava dextrose 3682+2.3 801.3x7.2 1633480 30380
Potato dextrose 268.418_0 7930249 27344533 410x10 Y
(' zapek dox 188 6+5.6 686784 6304692 §33x17 38
Rns;: Bengal 203.8%3.0 443.7+£20.2 395+54.0 940173
Asthana & Hawker 80.9+0.3 117.7¢3.8  314.7+4 3

270.3£14 4

+ Standard error
LSD between treatments at 3% level 1s 33.6
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Table 2. Comparative growth of B. theobromae on different solid
culture media |

Orowth
medium

l.ingar growth on solid media {coleny radius (mm}]

Davs after inoculation

3 4 5 6 Mean

Papaya Dextrose 902006 237249 33.7£09 4402006 276107

Potato Dextrose 8.7 £0.3 240406 330217 4302006 272 +6.6

Czapek Dox- 83+03 23.0+06 327419 42.7+09 267 6.7

Rose Bengal 304006 18341224012 33009 202+54

Asthana & Hawker50 03 90206 14006 18703 11623

+ Standard error

ST between treatments at 5% level in 1.2

Table 3. Effect of temperature on growth cell mass of B.
theobromae on different liquid culture media

Tem- Culture Cell mass (mg)

perature Media Sull ¢culture Shake culture

C) 4 d 8 d 4 d 8§ d

20 PD 22614 719134 260412 742428
€D 1367 549+%62 16914 379438
CD+YE L14+£17 16+47 |37+37 343134

23 P 235426 734420 266159  788+13
ch [33+14 362423 1777 604+34
CD+YE 126%18 543£33 125x18 561+32

3{) D 245127 738424 2862061 §01+10
€D 169410 586+23 177127 6ld+38
CD+YE 13349 338+£32 168+17 STT+25

33 PP 234412 669424 272x17  698+36
CD 164+3 . 640125 201+12 6G73i+24
CD+YE 13246 334+21 1763 575124

40 [ 172406 19043 186+£7 24844
CcD 14543 16516 16344 28614
CD+YE 3143 154+6 142+4 | 8247

+ Standard error

LSD between tregtments at 3% level 15 22 .2
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Table 4. Effect of pH of B. theobromae on CD medium after 8
davs under shaking conditions

pH Cell mass (mg)
1.0 375 2660
4.0 5300 +£31.0
3.0 ' 395 £66.0
6.0 640 £ 63.4
7.0 MO 1206
8.0 355+ 16.0
9.0 2004126

+ Standard error
_SD between treatments at 3% level 15 18.6

Table 5. Effect of carbon sources on growth (cell mass) of 5.
theobromae on CD medium under static and shaking conditions

Carbon source Cell mass (mg)

Static Culture Shake Culture

4 d 8 d 4 d ¥

Sucrose 268§ £ 18 567 £ 28 35021 690+ 18
Maltose 367 +22 980+ 35 72017 1118 £37
[.actose 233210 670 %26 308§ £ 16 880 £33
Dextrose 270212 30 %13 J2£15 660212
Fructose 338+ 14 888 +33 - 689 +£20 1200 £ 32
Xviose 280+ 15 680 +17. IN0+£18 76042
Soluble starch 260 £23 830 x40 NZ2+12 955 £ 18
Cassava starch 190 £ 11 760 % 23 220114 S0 % 1R

+ Standard error

[.SD between treatments at 3% level 15 39.9

Suitability of different culture media for different fungi
has been reported by Scott. (1976). However, PD has
been reported to be most suitable media for a large

The data in Table 1 show the trend on growth ((:ellm number of fungi (Aneja, 1993 ; Patil et al., 1988).

mass) ot B.theobromae on five different liguid culture
media i.e. Papaya dextrose, Potato dextrose broth (PD),
Czapek dox, Rose Bengal and Asthana and Hawker
under static as well as shaking conditions. Production
of cell mass was greater on Papaya dextrose followed
by PD under static conditions and on Czapek dox
followed by rose bengal under shaking conditions.
Minimum growth was observed on Asthana and
Hawker medium either on static or shake culture.
Similar result (Table 2) was obtained in solid culture
media (static). |

Further, there was 1.2 to 4.9 fold increase in cell mass
on CD media when the fungus was grown under
shaking condition than on static condition.
Interestingly, organic matter rich media like papaya
dextrose and potato dextrose supported development
of more cell mass under static condition than under
shaking condition whereas the reverse trend was
noticed in case of mineral media like CD, rose bengal
etc. The reason could not be properly explained. |
There are several under reports on the effects of
température on the growth of B.theobroniae under
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Table 6. Effect of nitrogen sources on growth (cell mass) of B.
theobromae on CD medium under static and shaking conditions

_W

Nitrogen source

Cell mass (mg)

Static Culture

Shake Culture

4 d 8 d 4d § d
Potassium nitrate 360I 17 720222 386+ 9 890 + 20
Ammonium nitrate J00£12 620%20 320+ 18 820+ 17
Sodium nitrate 190 £ 8 #‘Jﬂi 1) 220+ 15 630 1 22
Sedium nitrite 2107 280. + 8 27012 290 £ 8
Peptone 218+3 600 %22 280219 5606
Beef extract 280 £ 14 930 + 33 EZUiIf" 1180 + 21
Tryptone 320+ 16 [010£35 3409 1306018
Y east extract 660 +17 1140 +36 690210 1420+ 17
Ammonium chloride 1701135 490+ 12 240+ 12 o630 £ 14
Ammonium molybdate 280 £ 13 383+ 8 30017 5373 + 13
Ammonium sulphate 220+ 17 730 %12 280 £ 16 R00 £ .16

+ Standard error
LSD between treatments at 5% level 1s 14 .8

Table 7. Effect of Ca,'Fe, Na, Mg and B on conidial production
of B. theobromae |

Salt Spore count/Microscopic field (40X)1.e. 6.16 (mm)
Days after inoculation
Cone. .
{ppm) 15 16 17 18 19
Contro! 1.2 - 2.0 2.8 4.6 3.0
50 U.3 2.4 4.2 9.4 13.2
Ca 100 1.0 2.2 6.0 122 146
200 0.8 | .6 3.6 10.6 12.6
50 2.4 4.0 6.8 0.8 14.2
Fe 100 2.0 3.4 5.8 §.2 10.0
200 1.6 3.2 6.0 76 9.6
50 i.8 4 4 8.0 142 _ 164
Na 160 3.0 5.6 9.2 13.8 19.4
200 34 8.0 0.8 168 19.6
50 2.0 5.6 9.2 13.8 194
Mg 100 3.4 8.0 10.8 16.8 19.6
200 3.6 7.4 11.0 154 17.6
30 0.4 1.0 1.6 22 2.6
B 100 0.2 0.8 1.6 2.2 2.6
200 0 0.4 L0 1.4 1.6

[ e T P

LLSD between treatments at 5% level in 0.97
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static conditions (Srivastav and Tandon, 1968; Uduebo,
1974; Ray and Punithalingam, 1996). However, there
is virtually no report on the effect of temperature on
srowth of B. theobromae under static and shaking
condition simultaneously. The data in Table 3 show
the effect of temperature on growth of B. theobromue

in the range of 20-40°C on PD broth, CD and
CD+YE liquid media under static and shaking
condition. Among the three culture media, maximum
srowth was obtained on PD broth followed by CD and
CD + YE, respectively. Further, the fungus could grow

more at 30°C followed by 25°C whereas least growth

was noticed at temperature of 40°C. The results agree
with the findings of Somner (1982) that the post harvest
pathogens grow best between 25°C and 30°C,
depending on the species involved. Woolfe (1992) also
reported the optimum growth temperature of 5.
theobromae was about 28°C. It appears the since sweet
potato is harvested mostly in rabi (Sept-Mar) season
when the prevalent atmospheric temperature in India
is between 25°C-30°C, the situation in congenial for
the growth of B. theobromae and initiating rot. The
optimum pH which favoured the growth of 5.
theobromae under shaking condition was in the range
of 5.0 to 6.0 (Table 4). The results are similar to those
obtained under static conditions (Ray and
Punithalingum, 1996).

The fungus utilized a wide range of carbon sources
including sucrose, dextrose, fructose, malitose etc. for
its growth (Table 5). Growth was highest with maltose
followed by fructose and soluble starch under static
as well as shaking conditions.

The organic nitrogen sources were found to be suited
for growth of B. theobromae than the inorganic
nitrogen sources (Table 6). The results are in contrast
with the findingd of Soni et al. (1992) with Fusarium
oxysporum that inorganic nitrogen sources supported
funga! growth whereas organic N inhibited it.
Shreemali (1973) also reported that inorganic nitrogen
stimulated growth and sporulation of six differcent
isolates of B. theobromae on liquid culture.

Various salts i.e. Ca, Fe, Na, Mg and B at different
concentrations (50, 100, and 200 ug/ml) were tested
for their effect on pycnidia formation by B. theobromae
and the results are shown (Table 7). Among the salts

“tested all except boron enhanced pycnidial formation

compared with control (water). This indicated that
application of born to soil was detrimental for fungal
sporulation whereas other salts were more or less
stimulatory for pycnidial formation and consequently
fungal growth.
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