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IV. Effects of pH, Temperature, Light, and Vitamins ,
on Certain Taxonomic Characters

Fifteen isolates representing various genera and species of
Diplodia and Diplodia-like .fung i were grown on various syn-

, I'
thetic media, for study of the effect of pH, temperature, light,

[ and vitamins on growth, sporulation, (and stability of morpho­
logical characters currently used to delimit" members of the

.P haeod id ymous Sphaeropsidales taxon. Fungi tested grew over a
wide pH range. A birnodalxresponse in growth at pH levels near

, 4.5 and 7.0 was common for most but not ~Il isolates tested. The
'pH of the culture medium within-ranges allowing good grO'wth
had little influence on mycelial color or general colony appear­
ance. Sporulation was 'influenced by pH, however, apparently
more so by 'the buffering system. Although the pH of the culture
medium influenced production of fruiting structures and spores,
it ' had littl e effect on stabilizing characteristics used in ' classifica-
tion of these fungi.

\ 'Temperatures rang ing from 6° to 39°C had the usual expected
effects. Growth of isolates increased as ' temperature increased,
'pe aked at a range from 2?-') to , 33°C, and . then dropped rapidly
to\ form~a skewed curve. Temperature apparently had little influ- I
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R. K. Webster, W. B. Hewitt, 
and M. M. Satour 

V. Effects of Carbon:Nitrogen Ratio on Growth, 
Pycnidia, and Pycnidiospore Formation1 

ABSTRACT 
Isolates of Diplodia natalensis and Botryodiplodia theobromae were grown 

on synthetic media containing various concentrations of carbohydrate and 
nitrogen sources in different carbon:nitrogen ratios. Varying the ratio af­
fected pigmentation, pycnidia shape and size, distribution of pycnidia, 
presence or absence and amount of stromata, presence or absence of hairs or 
setae on pycnidia, and number of pycnidiospores produced. Size and orna­
mentation of pycnidiospores were least affected. D. natalensis and B. 
theobromae are considered synonymous, since the results show that char­
acters used previously for identification are significantly influenced by the 
growth media. 

INTRODUCTION 
I N EARLIER STUDIES (Satour, Webster, 
and Hewitt, 1969a, b) we showed that 
various carbon and nitrogen sources 
affect not only growth and sporulation 
but also the morphology of certain 
structures used to delimit genera and 
species in the taxon Phaeodidymous: 
Sphaeropsidales. The only report found 
by us on the effect of carbon: nitrogen 
(C:N) ratio on growth and sporula­
tion in this group is by Wardlaw 
(1932) on Botryodiplodia theobromae, 
By varying the concentration of su­
crose in a synthetic medium containing 
0.2 per cent asparagine as the sole 
source of nitrogen, he found that 
growth and sporulation—and particu­
larly production of stromata — in­
creased as the amount of carbon was 
increased in the test media. 

The major differences commonly used 
to distinguish between the genera Bi-

1 Submitted for publication October 26,1970. 

plodia and Botryodiplodia (Fries, 1846-
1849; Zambettakis, 1953, 1954) are con­
cerned with distribution of pycnidia 
(scattered vs. caespitose) and presence 
or absence of a stroma. However, the 
validity of this separation has been 
challenged (Taubenhaus, 1915; Stevens, 
1941; Webster, Hewitt, and Polach, 
1969). At present we are evaluating 
the taxonomic criteria currently used 
under a wide range of culture condi­
tions to determine which characters will 
serve for a more meaningful taxonomy 
of the group. This report is concerned 
with a comparison of the effects of 
carbon:nitrogen ratio on growth, sporu­
lation, and on certain morphological 
characters of two very closely related 
and possibly synonymous nomenspecies 
of the group, namely, D. natalensis and 
B. theobromae. 

[ 9 5 ] 
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MATERIALS AND METHODS 
Isolates studied include Diplodia na-

talensis 147 from citrus, obtained from 
K. T. Mickail, Egypt; D. natalensis 213 
from Thompson Seedless grape, ob­
tained by the authors, California; and 
Botryodiplodia theobromae 44 from 
Banana, ATCC 16391. Single-spore 
derivatives from these were maintained 
on potato-dextrose-agar (PDA) for use 
throughout the study. 

Media and culture conditions 
BASAL MEDIUM COMPOSITION 

Potassium phosphate: 
monobasic 2 gm 
dibasic 0.5 gm 

Magnesium sulfate 0.5 gm 
Potassium chloride 0.5 gm 
Ferrous sulfate 0.001 gm 
Biotin 4 ppm 
Bacto-agar 15 gm 
Water (glass-distilled) to 

make 1 liter 

The pH after autoclaving was ap­
proximately 6.0. The nitrogen source 
was sodium nitrate used at rates of 
0, 1, 2, 3, 4, 5, and 6 gm per liter. 
The concentrations of sodium nitrate, 
glucose, and sorbose were tested in all 
possible combinations. Glucose and sor­
bose, the carbon sources tested, were 

Mycelial growth 
When the three isolates were grown 

on BM with no added carbon or nitro­
gen, the radial growth was maximum, 
i.e., it covered the surface of the plates 
.after four to five days. The amount of 
hyphal branching and aerial hyphae, 
however, was severely minimized. When 
glucose was added in different amounts, 
growth was favored, and branching of 
the hyphae and aerial hyphae increased 
in proportion to the amount of glucose 

used at 0, 5, 10, 15, 20, 25, and 30 gm 
per liter. Since our purpose was to com­
pare the relative effects of varying the 
C:N ratio on these fungi, the C:N 
ratio is, for convenience, referred to as 
grams glucose, sorbose, or sodium ni­
trate, not as the actual carbon and 
nitrogen contained in the compounds. 

The nitrogen and carbon were steri­
lized by Millipore nitration, and added 
to the BM after autoclaving. Media for 
studies in liquid culture differed only 
in omission of the agar. Potato dextrose 
agar was prepared fresh as described 
previously (Webster, Hewitt, and 
Polach, 1969). 

Inoculum consisted of agar discs 
from the margins of colonies on BM 
inoculated by transferring small blocks 
of agar and mycelium from stock cul­
tures on PDA. Mycelial dry weights 
were determined by standard methods. 
Methods used for making observations 
and measurements have been described 
previously (Satour, Webster, and Hew­
itt, 1969a, b; Webster, Hewitt, and 
Polach, 1969). Cultures on agar media 
were incubated at 24°C for 30 days in 
continuous light (Gro-Lux type) of ap­
proximately 250 ft-c. Liquid cultures 
were terminated after eight days' in­
cubation under those conditions. 

in the medium. When sorbose was used 
as the carbon source, radial growth was 
slower (i.e., approximately 40 mm less 
in diameter in four days) at all con­
centrations tested. While radial growth 
appeared to be retarded with sorbose, 
the branching of hyphae appeared to 
be stimulated. The higher the concen­
tration of sorbose (i.e., 15, 20, 25, 30 
gm per liter) the lower the amount of 
linear growth. The level of nitrogen 
(i.e., 1 to 6 gm per liter) did not affect 
the linear growth at the various sugar 

RESULTS AND OBSERVATIONS 
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concentrations. These findings apply to 
all three isolates. 

The effects of various C:N ratios on 
total growth, as determined on a dry-
weight basis, are summarized in figure 
1. Addition of sodium nitrate to the 
medium having glucose as the carbon 
source resulted in increases in total 
growth, with B. theobromae 44 produc­
ing more growth at all C:N concentra­
tions than did either isolate of D. 
natalensis (147, 213). Increases in total 
growth did not correspond with se­
quential increases in sodium nitrate. 
The differences in total growth depicted 
in figure 1 indicate, as would be ex­
pected, that the addition of a nitrogen 
source results in increased total growth, 
but increasing amounts of sodium ni­
trate (i.e., 1 to 5 gm) in combination 
with various concentrations of glucose 
resulted in similar growth responses. A 
notable exception, perhaps, is that with 
isolates 147 and 213, 2 gm of sodium 
nitrate and 0 to 25 gm of glucose 
yielded growth surpassed only by 5 
gm of sodium nitrate, while isolate 44 
gave maximum growth with 2 gm of 
sodium nitrate and 0 to 25 gm of glu­
cose. Results obtained in the total-
growth studies, when sorbose was used 
as the carbon source, were similar to 
those observed for linear growth, in 
that mycelial growth was not signifi­
cantly increased in any of the isolates 
with more than 15 gm of sorbose. 

Pycnidia and 
pycnidiospore production 

Pycnidial initials were observed as 
early as four days after inoculation, 
particularly around the inoculum. B. 
theobromae 44 was the only isolate that 
formed pycnidial initials on the basal 
medium (no added carbon or nitro­
gen), but sporulation was retarded 
when 10 gm of glucose or sorbose were 
added without a nitrogen source. Iden­
tical results were obtained when sodium 
nitrate was supplied in the absence of 

5 10 15 20 25 
grams glucos«/lit«r 

5 10 15 21 25 
grams glucas·/ liter 

SgN/l 

2gN/| 
4gN/l 

3 Q N / I 
IgN/ l 

OgN/l 

I 5 10 15 21 25 » 
grams glucos·/ liter 

Fig. 1. Effect of varying the C:N ratio with 
glucose as the carbon source, on total mycelial 
growth (dry-weight) of Botryodiplodia theo­
bromae 44 and Diplodia natalensis 147 and 213. 
Cultures were incubated for 8 days at 24°C in 
continuous light (Gro-Lux type), approxi­
mately 250 f t-c. 

a carbon source. This retardation of 
pycnidial formation and maturation 
probably resulted from an imbalance 
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Fig. 2. Comparative effects of amount of 
glucose in growth medium on mycelium pig­
mentation, aerial hyphae, and number and 
dimension of stromata in Botryodiplodia theo­
hromae 44. Medium A contained 5 gm glucose 
and 2 gm sodium nitrate. Medium B contained 
30 gm glucose and 2 gm sodium nitrate. Isolate 
grown for 30 days at 24°C in continuous light 
(Gro-Lux type) , approximately 250 ft-c. 

in the carbon-nitrogen nutrition, which 
in turn favored—or at least did not 
retard—mycelial growth. 

Glucose stimulated formation of pyc-
nidial initials and pycnidia in all the 
isolates only when a source of nitrogen 
was present in the medium. When sor­
bose was the source of carbon, pycnidial 
initial formation varied. For example, 
after four days, D. natalensis 147 did 
not produce initials, while 213 did on 
certain amounts of sorbose, but not all. 
B. theohromae 44 did not form pyc­
nidial initials after four days when 
sodium nitrate was used at 5 and 6 gm 
per. liter and sorbose was the carbon 
source. The amount of nitrogen (1 to 5 
gm per liter) had little effect, and no 
significant differences were detected be­
tween 1 and 5 gm of sodium nitrate. 
The qualitative differences in time re­
quired for pycnidial formation de­
scribed above did not persist through­
out the observation period. Observa­

tions after 30 days' incubation re­
vealed that the three isolates (44, 147, 
213) sporulated on all the C:N media 
combinations, including the BM. Quan­
titative measurements on pycnidium 
and pycnidiospore production on se­
lected C:N combinations differed as 
shown in table 1. The optimum C:N 
ratio for sporulation varied among the 
isolates tested. For example, maximum 
sporulation of B. theohromae 44 and D. 
natalensis 147 and 213 was obtained for 
glucose and sorbose, respectively, at 
ratios of 10:1 and 10:2, 10:4 and 10:6, 
and 10:6 and 10:6. When the amount 
of carbon source varied, maximum 
sporulation for the three isolates was 
obtained on 15:2 and 10:2, 10:2 and 
15:2, and 10:2 and 20:2 on glucose and 
sorbose, respectively. Apparently sor­
bose stimulated spore production, since 
more spores were produced with that 
carbon source than with glucose. The 
results indicate (table 1) that the opti­
mum C:N ratio for the production of 
pycnidia may or may not be the same 
as that for production of pycnidio-
spores, depending on the isolate. For 
example, the optimum C:N ratio for 
pycnidia formation on glucose by D. 
natalensis 213 was 10:2, while 25:2 was 
the optimum for pycnidiospore produc­
tion. 

Effects of C:N ratio on 
morphological characters 

Pigmentation. Since dark pigmenta­
tion of mycelium or spores is essential 
for the placement of fungi in this 
group, the effect of C:N ratios on that 
character were observed. On basal 
media, no pigment was produced by 
any of the isolates after 30 days' incu­
bation. Pigment production became ap­
parent with the addition of carbon and 
nitrogen (figure 2). As the carbon and 
nitrogen concentrations were increased, 
the pigment in the mycelium, fruiting 
bodies, and pycnidiospores became in­
creasingly darker. 
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TABLE 2 
AVERAGE DIAMETERS* OF PYCNIDIA AND/OR STROMATA PRODUCED BY 

BOTRYODIPLODIA THEOBROMAE 44 AND DIPLODIA NATALENSIS 147 AND 213, 
GROWN IN MEDIA SUPPLEMENTED WITH VARIOUS AMOUNTS 

OF CARBON AND NITROGEN 
(Cultures were grown for 30 days at 24°C under continuous light—Gro-Lux type— 

approximately 250 ft-c.) 

Carbon: nitrogen t 
concentrations 

gm/l 

0:0 
10:0 
10:1 
10:2 
10:3 
10:4. .. 
10:5 
10:6 
0:2... 
5:2 

15:2 
20:2.. .. 
25:2.. . 
30:2 

Diameter size (μ) 

Botryodiplodia theobromae 44 

Carbon source 

Glucose 

413 
560 
727 
573 
830 
943 
760 
707 
583 
887 

1,133 
1,140 
1,183 
2,457 

Sorbose 

497 
1,170 
1,153 
1,450 
1,287 
1,677 
1,377 

907 
396 
870 
963 
927 
913 

1,107 

Diplodia natalensis 147 

Carbon source 

Glucose 

287 
573 
577 
507 
490 
537 
623 
437 
255 
563 
627 
653 
670 
660 

Sorbose 

287 
517 
803 
713 
670 
717 
577 
807 
277 
523 
870 
750 
770 
893 

Diplodia natalensis 213 

Carbon source 

Glucose 

400 
627 
487 
533 
653 
720 
677 
553 
453 
627 
667 
543 
650 
453 

Sorbose 

420 
457 
617 
657 
723 
857 
713 
633 
493 
730 

1,110 
1,153 
1,213 
1,303 

•Average of 30 pycnidia and/or groups of pycnidia. 
t Nitrogen source = sodium nitrate. 

Pycnidia shape and size. Pycnidia 
produced singly without stromatic tis­
sue, in all three isolates, under all C:N 
regimes, were globose with short osti-
oles, whereas those produced in stro-
mata varied in shape from globose-
flask-shaped to irregular. Size of pyc­
nidia was most affected by variations 
in C:N ratio (table 2). For example, 
media rich in carbohydrate favored 
production of large fruiting bodies, 
pycnidia, and/or stromata. B. theo­
bromae 44 produced fruiting bodies 
measuring 2,457, 1,183, 887, and 583 μ 
in media containing 30, 25, 5, and 0 gm 
per liter of glucose, respectively. The 
same isolate produced fruiting bodies 
that measured 1,107, 913, and 396 on 
media containing 30, 25, and 0 gm per 
liter of sorbose, respectively. 

Pycnidia: separate vs. grouped. All 
pycnidia produced on BM and medium 
with no added carbon source were sepa­
rate. However, addition of a carbon 

source and variation in C:N altered 
the status of the pycnidia (table 3). 
For example, D. natalensis 213 pro­
duced separate pycnidia on media con­
taining 3 gm of sodium nitrate per 
liter, and grouped or fused pycnidia 
when sodium nitrate was added at a 
rate of 4 gm per liter, when glucose 
was constant at 10 gm per liter. B. 
theobromae 44 produced grouped and 
separate pycnidia in all treatments 
with the exception of the BM contain­
ing no carbohydrate (table 3). The 
source of carbon influenced the status 
of the pycnidia. For example, when 
glucose was added to the media with 
3 gm of sodium nitrate, D. natalensis 
213 produced separate pycnidia only, 
while with sorbose added at that sodium 
nitrate concentration, both grouped 
and separate pycnidia were produced 
by this isolate. Concentration of sodium 
nitrate also interacted with the effect 
of these two carbon sources. For ex-
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T A B L E 3 

MYCELIAL AND REPRODUCTIVE CHARACTERS OF 
BOTRYODIPLODIA THEOBROMAE 44 AND DIPLODIA NATALENSIS 147 AND 213, 

GROWN IN A SYNTHETIC MEDIUM SUPPLEMENTED WITH DIFFERENT 
AMOUNTS OF CARBON AND NITROGEN 

(Cultures were grown for 30 days at 24°C under continuous light—Gro-Lux type— 
approximately 250 ft-c.) 

Species and 
isolate no. 

Botryodiplodia theobromae 44 

Diplodia natalensis 147 

D. natalensis 213 

Carbon: 
nitrogen* 

concentration 

gm/l 
0:0 (control) 

10:0 
10:1 
10:2 
10:3 
10:4 
10:5 
10:6 
0:2 
5:2 

10:2 
15:2 
20:2 
25:2 
30:2 

0:0 (control) 
10:0 
10:1 
10:2 
10:3 
10:4 
10:5 
10:6 
0:2 
5:2 

10:2 
15:2 
20:2 
25:2 
30:2 

0:0 (control) 
10:0 
10:1 
10:2 
10:3 
10:4 
10:5 
10:6 
0:2 
5:2 

10:2 
15:2 
20:2 
25:2 
30:2 

Stromata and pycnidia 

Location t 

Carbon 

Glucose 

SM 
SM 
SM 
S 
s 
s 
s 
s 

SM 
SM 
s 

SM 
s 
s 

SM 
SM 
SM 
S 
s 
s 
s 

SM 
s 

SM 
SM 
S 
s 
s 
s 
s 

SM 
SM 
SM 
SM 
SM 
SM 
SM 
SM 
SM 
SM 
SM 
SM 
SM 
SM 
SM 

source 

Sorbose 

SM 
SM 
S 
S 
s 

SM 
s 

SM 
SM 
SM 
S 
s 
s 
s 
s 

SM 
SM 
SM 
SM 
S 

SM 
SM 
SM 
SM 
SM 
SM 
SM 
SM 
SM 
S 

SM 
SM 
SM 
SM 
SM 
SM 
SM 
SM 
SM 
SM 
SM 
SM 
SM 
SM 
SM 

Status X 

Carbon source 

Glucose 

N 
GN 
GN 
GN 
GN 
GN 
GN 
GN 
N 

GN 
GN 
GN 
GN 
GN 
GN 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

GN 
GN 
GN 
N 

GN 
GN 
GN 
N 

GN 
GN 
GN 
GN 
GN 
GN 

Sorbose 

N 
GN 
GN 
GN 
GN 
GN 
GN 
GN 
N 

GN 
GN 
GN 
GN 
GN 
GN 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

GN 
GN 
GN 
GN 
GN 
N 
N 

GN 
GN 
GN 
GN 
GN 
GN 

Hairs§ 

Carbon 

Glucose 

NH 
NH 
NH 
NH 
H 
H 
H 
H 

HN 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 

source 

Sorbose 

NH 
HN 
NH 
NH 
H 

NH 
H 

NH 
HN 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 

Spores 

Dispersal^ 

Carbon source 

Glucose 

D 
-II 
D 

DW 
D 
D 
D 

DW 
D 
D 

DW 
DW 
D 

DW 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

DW 

Sorbose 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

* Nitrogen source = sodium nitrate. 
fS = superficial; SM = superficial and submerged. 
jN = not grouped; GN = grouped and not grouped. 
§H = hairy; NH = not hairy; HN = hairy and not hairy. 
ID = dry; W = in a wet matrix; DW = dry and in a wet matrix. 
II— = not observed. 
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ample, D. natalensis 213 produced 
grouped and separate pycnidia on glu­
cose, and separate pycnidia on sorbose 
(table 3). The pycnidia produced by 
D. natalensis 147 remained unaltered 
(separate) in all treatments in which 
they were formed. 

Orientation of the pycnidia with re­
spect to the substrate was influenced 
by the C:N ratio and was quite variable 
(table 3). Pycnidia produced by B. 
theobromae 44 were superficial when 
C:N ratios were 10:2, 10:3, 10:4, 10:5, 
10:6, 20:2, and 25:2, and were both 
superficial and submerged at ratios of 
0:0, 10:0, 0:2, 5:2, 15:2, and 30:2. D. 
natalensis 213 produced both superficial 
and submerged pcynidia in all C:N 
combinations in which it fruited. 

Pycnidia: naked vs. hairy. Since the 
presence or abssnce of mycelium or 
setae on the pycnidia has been used to 
distinguish among members of this 
group, the effect of C:N ratio on that 
character was also studied (table,3). 
Pycnidia produced by D. natalensis 147 
and 213 were naked, but were often 
surrounded by remnants of aerial hy-
phae. B. theobromae 44 produced both 
naked and hairy pycnidia in several of 
the treatments. For example, pycnidia 
were naked (hairless) when C:N ratios 
were 0:0, 10:0, 10:10, 10:2, 5:2, 10:2, 
15:2, 20:2, 25:2, and 30:2 with glucose 
as the carbon source. Pycnidia were 
hairy at ratios of 10:3, 10:4, 10:5, and 
10:6, and both hairy and naked in the 
same culture at a C: N ratio of 0:2 with 
no added carbon source. 

Stromata. Basal media did not stim­
ulate the production of stromata (table 
3). B. theobromae 44 did produce stro­
mata in all other treatments, but the 
size and extent depended on the amount 
of carbon and nitrogen added (fig. 2). 
In general, stromata production in­
creased as carbohydrate concentration 
was increased. Both types of stromata, 
columnar and flat, were observed in 
the same culture, but the columnar 

type was more common. D. natalensis 
147 did not produce stromata in any 
of the treatments; D. natalensis 213 
produced stromata at certain C:N ra­
tios (table 3). These results indicate 
not only that isolates vary in the pro­
duction of stromata, but also that the 
growth media influence that character. 
Thus the use of stromata as a major 
character for distinguishing between 
the genera Botryodiplodia and Diplo­
dia is questionable. 

Pycnidiospores. Since Zambettakis 
(1953) gave high priority to size and 
ornamentation of pycnidiospores for 
distinguishing genera and species of 
this group, the effect of C:N ratio of 
the growth media on those characters 
was determined. Basal media with no 
C or N added did not favor the matura­
tion of pycnidiospores. This was espe­
cially true for B. theobromae 44, in 
which most of the spores failed to form 
septa or the characteristic dark pig­
ment. A few pycnidiospores produced 
by isolates 147 and 213 on media with 
no carbon or nitrogen added did ma­
ture and appeared normal, i.e., two-
celled, elliptical, with distinct furrows 
in the thickened cell Avail. Striation of 
pycnidiospores depended on matura­
tion of the spores, septal formation, 
and pigment synthesis. Mature spores 
of all three isolates studied were typi­
cally striated regardless of the C:N 
ratio of the medium on which they 
were formed. 

Sizes of the pycnidiospores, as ob­
served in different treatments, are 
given in table 4. Methods for measur­
ing have been described previously 
(Webster, Hewitt, and Polach, 1969). 
Spore size was determined from 30 
spores from each of three replicate cul­
tures. Spores produced by B. theobro­
mae 44 on BM were somewhat larger 
(29.9 x 13.8 μ) than when nitrogen 
alone was added (17.7x8.3 μ). When 
both carbon and nitrogen were present 
in the test media, spore size of this iso-
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TABLE 4 
AVERAGE DIMENSIONS* OF PYCNIDIOSPORES OF 

BOTRYODIPLODIA THEOBROMAE 44 AND DIPLODIA NATALENSIS 147 AND 213, 
GROWN IN MEDIA SUPPLEMENTED WITH VARIOUS AMOUNTS 

OF CARBON AND NITROGEN 
(Cultures were grown for 30 days at 24°C under continuous light—Gro-Lux type— 

approximately 250 ft-c.) 

Carbon: 
nitrogen t 

concentrations 
(gm/l) 

0:0 (control)... 
10:0 
10:1 
10:2 
10:3 
10:4 
10:5 
10:6 
0:2 
5:2 

10:2 
15:2 
20:2 
25:2 
30:2 

Dimensions of pycnidiospores (μ) 

Botryodiplodia 

Carbon 

Glucose 

Length 

29.9t 
26.8 
25.0 
25.8 
26.2 
24.2 
25.4 
26.8 
17.7X 
25.6 
25.8 
25.3 
26.6 
24.8 
26.5 

Width 

13.8 
14.4 
14.1 
13.6 
14.0 
13.0 
13.6 
15.2 
8.3 

13.8 
13.7 
14.3 
12.1 
13.8 
14.4 

theobromae 44 

source 

Sorbose 

Length 

27.0 
25.6 
25.4 
26.0 
25.5 
25.2 
25.3 

25.5 
29.4 
25.6 
25.4 
26.3 
26.3 

Width 

14.5 
13.9 
14.1 
13.8 
13.4 
13.5 
13.7 

14.0 
17.2 
14.1 
12.9 
13.6 
13.8 

Diplodia natalensis 147 

Carbon 

Glucose 

Length 

22.1 
21.8 
23.1 
20.8 
22.4 
20.2 
23.2 
21.1 
21.2 
21.0 
21.1 
21.4 
23.5 
21.0 
21.2 

Width 

12.0 
12.1 
14.5 
12.3 
12.2 
12.0 
12.7 
12.2 
11.9 
12.0 
12.2 
12.4 
12.7 
12.0 
11.7 

source 

Sorbose 

Length 

23.6 
23.2 
21.9 
22.1 
22.6 
22.0 
22.0 

22.6 
21.9 
21.6 
21.1 
20.9 
21.8 

Width 

13.3 
12.6 
12.3 
12.5 
12.3 
12.2 
12.3 

12.3 
12.3 
12.0 
12.4 
12.4 
12.1 

D. natalensis 213 

Carbon 

Glucose 

Length 

24.3 
26.0 
25.2 
24.8 
25.2 
24.7 
23.5 
24.9 
25.0 
25.6 
24.8 
24.7 
21.7 
23.0 
24.3 

Width 

13.3 
13.7 
13.7 
13.5 
13.3 
14.2 
13.4 
13.8 
13.6 
13.3 
13.5 
13.5 
13.6 
13.4 
13.3 

source 

Sorbose 

Length 

25.3 
25.5 
25.1 
24.6 
25.1 
25.5 
24.6 

24.8 
24.8 
25.8 
25.5 
24.2 
26.4 

Width 

14.0 
14.4 
13.2 
13.3 
13.4 
13.4 
13.5 

13.4 
13.4 
13.1 
13.2 
13.3 
13.2 

* Each value represents the mean of 30 spores from each of three replications (total, 90 spores). 
t Nitrogen source = sodium nitrate. 
t Immature spores. 

late was not affected significantly. The 
C:N ratio did not influence spore size 
in isolates 213 and 147. These results 
indicate that C:N ratio had less effect 
on spore size than on many of the other 
characters, and that when the media 
contained enough carbon and nitrogen 
to allow maturation, spore characters 
were very stable. 

Dispersal of spores from the pycnid-
ium varied in B. theobromae 44 as a 
result of changing the C: N ratio. Vari­
ation was not consistent, however, 
when the source of carbon was changed. 

For example, isolate 44 produced only 
dry spores when the C:N ratio was 0:0, 
10:1, 10:3, 10:4, 10:5, 0:2, 5:2, 20:2, 
and 30:2 only when glucose served as 
the carbon source. Spores were released 
in both a dry and wet matrix in the 
same culture when C:N ratios were 
10:2, 10:6, 15:2, and 25:2 with glucose 
only (table 3). Whether or not spores 
are released in a dry or wet matrix ap­
pears to depend on culture conditions, 
since as much variation was observed 
within a single isolate as between dif­
ferent isolates. 

DISCUSSION 
The results indicate that many of the 

morphological characters used in the 
past to separate fungi in this group are 
quite variable when the isolates are 

grown on media containing different 
concentrations and ratios of carbon 
and nitrogen. It is difficult to conclude 
which factor, carbon and nitrogen con-
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centration or C:N ratio, most affected 
the morphology. Results indicate that 
nitrogen concentrations above 2 gm so­
dium nitrate per liter had little effect, 
since that and higher concentrations 
appeared to support normal growth 
and maturation throughout the obser­
vation period. On the other hand, when 
glucose served as the carbon source, 
mycelial growth—and particularly stro-
mata production—were affected as the 
concentrations were increased. A com­
parison with media of similar C:N 
ratios, but with higher concentrations 
(10:1 vs. 20:2) (10:1 vs. 20:1), bears 
this out. 

That increased concentration of the 
carbon source results in increased vege­
tative growth is not surprising, but the 
effect on the morphology of the isolates 
in relation to the taxonomy of this 
group is significant. For example, the 
genus Diplodia Fr. (Fries, 1846-1849), 
as formed in 1849, was characterized by 
scattered pycnidia, subcutaneous to 
erumpent, black, papillate, with one-
septate, brown to black spores. Tauben­
haus (1915) broadened this description 
to "Pycnidia black, subcutaneous to 
erumpent or superficial, scattered or in 
groups, caespitose or in a stroma; hir­
sute or glabrous, paraphyses present or 
absent, spores hyaline, one-celled when 
young, but one-septate, brown to dark 
when mature.'' Zambettakis (1953, 
1954) maintained Diplodia in sensu 
nobis, and reserved it for species with 
smooth spores, paraphyses and stro-
mata absent, and pycnidia separate, 
ostiolated, smooth, and fleshy-walled 
without necks. Goos, Cox, and Stotzky 
(1961) reviewed the literature and 
taxonomy of B. theohromae, and they, 
as have others (Shear, 1933; Stevens, 

1941), observed overlapping in char­
acters used to delimit genera. They 
suggested that D. natalensis and B. 
theohromae are identical. Our results 
support this conclusion. 

Zambettakis (1953, 1954) placed B. 
theohromae in the genus Lasiodiplodia 
G,r. & Maubl, with L. theohromae (Pat.) 
Gr. & Maubl as the type of the genus. 
He erected the genus Strianemadiplo-
dia Zamb., in which he placed D. nata­
lensis P. Evans, and considered it a 
synonym of 8. frumenti. I t is interest­
ing that 8trianemadiplodia is char­
acterized by furrows or striations on 
the mature pycnidiospores, a character 
common to all three of the isolates in­
cluded in the present study and one 
that is apparently completely stable in 
mature spores under all of the condi­
tions studied. We have concluded that 
the isolates included in the present 
study represant the same species. It is 
possible that differences observed in 
laboratory cultures would be more 
stable on natural substrates, although 
this was not the case in a previous 
study of D. natalensis isolates from 
grape (Webster, Hewitt, and Polach, 
1969) and in a study by Taubenhaus 
(1915) in which isolates were compared 
on sweet potato. 

The literature and present data show 
that much of the taxonomic confusion 
that has accumulated in this group is 
a result of the varying cultural condi­
tions under which these fungi have 
been studied and a disagreement by 
various authors on the selection of 
stable morphological characters. 

A suggested revision, based mainly 
on characters of the pycnidiospores, is 
being prepared and will be published 
elsewhere. 
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ence on sporulation or characteristics used'in classification. In gen­
eral, isolates appeared to grow better and matur~ more, favorably
in light--either continuous or cyclic-than in 'continuous dark,
although some did grow and fruit ,normally in continuous dark.
Two isolates required light for initiation of pycnidia. Two re­
quired biotin for -sporulation, 'while all oth~rs tested grew and
sporulated on minimal medium 'without biotin or other added
vitamins. Potato-dextrose-agar, available in' all laboratories, is con­
sidereda satisfactory medium for growing these fungi for identi­
fication purposes.

V. Effects of Carbon:Nitrogen Ratio on Growth, Pycnidia,
d P idi F .an ycru lOspore ormation

Isolates of Diplodia natalensis and Botryodiplodia theobromae
were grown on synthetic.media containing various concentrations,

. of carbohydrate and nitrogen sources in different carbon:nitrogen
- r~tio~ to determine thos~ ratios' effect 'on the growth and stability

of taxonomic characters used to delimit these fungi. Growth of
/hyph~e was favored as carbohydrate concentration increased, ~
whereas increases of nitrogen ~bove.l gm sodiu~ nitrate per liter
had little effect.

Varying the carbon.nitrogen ratio of the growth media affected
pigmentation, pycnidia shape and size, distribution of pycnidia,

, presence or absence and amount of stromata, presence or absence \
of hairs or setae .on pycnidia, and number of pycnidiospores pro­
duced. Size and ornamentation of pycnidiospores were least ~f­

fected, suggesting that these characters are least influenced by
culture conditions. D. natalensis and B. theobromae 'are consid­
ered synonymous.jsince the results showthat characters used pre­
viously to distinguish 't he fungi are significantly. i~fluenced by

-
the media onwhich they: are grown.

VI. Effects of Natural Substrates on
Variability in Taxono~ic Char~cters

, Isolates r~pre~nting nine genera-and 28 species were cultured
on eight natural substrates and two media. The object was to

I \
compare- the effect of natural substrates on the morphology of
characters currently employed' 'to delimit genera and species of
this group of fungi. ,Observations clearly show that valid distinc­
tions cannot be made among most of these fungi on the basis of
characters such as relationship of 'pycnid ia to substrate, rostrate
Jor nonrostr~~e pycnidia, pycnidial hairs or setae, presence 6~ ab-'
sence of stromata and distribution of pycnidia, single vs. multi­
loculate siromata, and pa faphysis. It isproposed that pycnidiospore ­
characters, such as gross morphology, ornamentation, and size,

I

would be more useful for distinguishing genera and species than
are those characters now employed.
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