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PART II
THE VITAMIN, CARBON AND NITROGEN NUTRITION OF
PIRICULARIA ORYZAE CAV.

S. Y. Lin, and C. C. Chien'

Introduction

The existence of physiologic races of the rice blast fungus has been reported from
different rice growing countries. (3, 4, 10, 11, 13, 16, 17, 18). In Taiwan, numerous isolates
of P. oryzae have been characterized into physiologic races on the basis of their pathog-
enicity to the differential rice varieties (7, 8, 12, 15).

Isolates of P. oryzae also differed in their physiologic characteristics such as mycelial

growth, pigmentation, conidium production, and nutritional requirement. Several workers
(1, 7, 12, 28) compared the cultural characteristics of a number of the rice blast fungal
isolates and classified them into different cultural types. Suzuki (24) analyzed a large
number of single spore isolates and grouped them into 11 biologic species on the basis of
appressorium type. Chien et al (7) found that cultural types of the blast fungus were
to some extent associated with pathogenicity, but no definite correlation was observed
between cultural characters and pathogenic races.

Many workers have studied the effects of carbohydrates (2, 5, 6, 14, 22, 23, 25, 29, 30),
nitrogen sources (2, 5. 6, 14, 20, 21, 23, 25, 27, 29) and vitamins (2, 14, 21, 23) on the
growth of P. oryzae. Among them, Otsuka in Japan, suggested the close relationship
between relative strength of pathogenicity and nutrition of the fungus. He assumed that the
difference in pathogenicity shown by races of P. oryzae was caused by differences in th-
eir metabolical mechanism and biochemical properties, and that the differences in utilization
of nutrition were considered to be the result of biochemical differences among the strains,
and were available as a basis of classification (23). Chen (6) also stated that the sensitiv-
ity of P. oryzae to the nutritional status of the host was partly due to its specific nutri-
tional requirements. Others workers (14, 30) reported that nutrition of P. oryzae varied
in different isolates and this variation was similar to the variation in virulence of the
isolates to different rice varieties

The primary purpose of the investigations was to study the vitamin, carbon and
nitrogen nutrition of P. oryzae and to elucidate the possible correlation between nutrition

and pathogenicity of the fungus.

1. Associate Plant Pathologists, Department of Plant Pathology,Taiwan Agricultural Research

Institute, Taipei, Taiwan, China.
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Meterials and Methods

Isolates of P. oryzae showing distinct degree of pathogenicity were used. They included
ten Taiwan isolates, one Japanese and one U.S, isolate.

The basal medium consisted of KNO; 2 g, KH,PO, 0.5 g, K;HPO, 0.5g, MgS0,+ 7H,0
0.5 g, CaCl;+6H,O 0.1 g, FeSO,-7H,0 0.0075 g, CuS0,-5H,0 0.007 g, MnSO,-6H;0 0.002 g,
ZnS0,-7TH,0 0.009 g, H;BO; 0.0009 g, dextrose 30 g, and distilled water to make up
one liter. When the effect of carbon or nitrogen compound on the growth of the fungus
was studied, 2 mg. thiamine and 5 pg biotin were added to one liter of the basal medium.

Vitamins were added to give the final concentration indicated: thiamine 2 mg, biotin
0.005 mg, riboflavin 0.5 mg, pyridoxine hydrochloride 0.5 mg, calcium pantothenate 2 mg,
p-aminobenzoic acid 0.5 mg, inositol 4 mg, nicotinic acid 5.0 mg, folic acid 0.004 mg,
choline chloride 2 mg, and ascorbic acid 0.5 mg in one liter medium. To " determine opt-
imum concentration of thiamine and biotin for growth, concentrations listed in Table 4,
and 5 were utilized.

The carbon or nitroge sourses were prepared to yield the amount of carbon equivalent
to that in 30 g of glucose, and the nitrogen compound equivalent to that in 2 g potassium
nitrate ver liter of medium, .

All media were sterilized by Seitze filtration, unless otherwise stated. In preliminary
experiments, the solid media were sterilized at 100°C for 30 minutes thrice at 24 hours
interval. The pH of media was measured by Leeds pH meter and adjusted to pH 7.0 by
adding 1.0 N NaOH. The pH values of the residual liquid media was determined at the
end of all experiments.

The fungus was grown in 30 ml of liquid medium contained in 125 ml Erlenmeyer
flask. Some experiments were conducted in solid media, which were prepared by adding
2% Difco Bacto-agar and distributed in square flasks.

Inoculum used was a mycelial disc cut from the edge of a 14-day-old colony on the
vitamine-free basal medium with a 5 mm cork borer. Stationary cultures were utilized in
all experiments. Samples on liquid media were harvested after 20 days incubation at
28°C. The compact mycelial mat was washed several times with distilled water. A water
suction pump was used to speed the harvest. The mycelial mat from the quintuplicates were
collected respectively. After drying the mycelial mat at 60°C for 24 hours on previously
dried and weighed filter paper, the dry weight of mycelium was determined. The results are
presented as the average weights of the five replicates in mg dry weight.

To determine spore production on solid media, ten 5 mm diameter mycelial discs were
cut from each colony after 7 and 14 days incubation at 28°C, and transferred into a Kahn
tube containing one ml distilled water. The mycelial discs in the tube were homogenized

and shaken vigorously and spore count was made with a hemocytometer.

Results

Effect of vitamins: In initial experiments to determine which among the 11 vitamins

was responsible for the growth and sporulation of the fungus, the media were prepared so
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that each of the 11 vitamins was withheld in turn, the other 10 vitamins being present.
There are two controls, one the basal medium only, and the other the basal medium
containing all 11 vitamins. The results are given in Table 1. Among the 1i vitamins used
only biotin and thiamine were influential to the growth of the fungus. Other vitamins were
found ineffective. The dependency of the fungus on biotin was greater than on thiamine.
In the biotin free medium, most of the isolates showed very slight mycelial growth. Some
isolates such as U.S. BA, 45-26S, and 4T-28S required much more exogenous biotin than
other isolates. They gave almost no growth on biotin-free medium. The dependency of the
fungus on thiamine varied from almost a complete requirement to partial requirement
depending on the isolates. It was found that a majority of the isolates had a parti.al
requirement for thiamine. Some isolates appeared to have almost no thiamine requirement,
whereas most of the other isolates showed varying degrees of deficiency for thiamine.
However, no isolate exhibited an absclute requirement for this vitamin. In the thiamine-
free medium, isolates 45-26S and 4C-10S produced as much mycelium as that in “all”
medium. Three isolates i.e., 45-15S, 3C-58G,and 4K-4S produced 1/3-1/2 of mycelial dry
‘weight, and the other four isolates, (0S-45S, 4T-28S, Ken 60-19 (C-1), and U.S. 5A gave
2/3 growth as compared with that in “all” medium.

In general, isolates of P. oryzae in the media devoid of vitamins other than biotin or
thiamine produced the dry weight of mycelium as much as in “all” medium. Some isolates,
such as isolate 3C-58G for example, produced more dry weight of mycelium in media devoid
of ascorbic acid or p—aminobenzoic acid. From these results, it was apparent that none of
the fungal isolates showed a multiple vitamin requirement with regard to the 11 vitamins
used in this study. Only biotin and thiamine, especially the former, were found to be
indispensable to the growth of the fungus.

Sporulation of the fungus varied greatly with isolates and with media. Generally,
spores were produced much more abundantly after 14 days incubation. In some instances
more spores were produced in the medium devoid of a certain vitamin than in “all”
medium. Biotin and thiamine also greatly influenced the sporulation of the fungal’
isolates. No conidium was produced by any isolates in either biotin or thiamine-free media.
It was demonstrated that both biotin and thiamine were absolutely essential for the sporul-
ation of P. oryzae. (Table 2)
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In subsequent experiments, vitamin was individually added to the basal medium which
contained thiamine and biotin. All iso]ate_s gave 1/2—2/3 mycelial growth in the medium with
biotin alone, as compared with those in the medium containing both thiamine and biotin.
In the medium devoid of biotin, isolates 4T-28S and U.S. 5A showed almost no growth,
the rest of the isolates, gave only slight growth. Addition of any other vitamin in the
medium containing bictin and thiamine did not further increase the fungal growth. This
fact clearly indicated that no appreciable growth was secured with a single vitamin other
than biotin and thiamin. When bictin was used in association with thiamine, the fungal
growth was greatly increased. (Table 3).

It may be concluded that biotin was indispensable to the growth of the fungus. Thia-
mine was only a complimentary growth factor. In the absence of thiamine, several isolates
of the fungus were able to make fairly abundant mycelial growth but failed to produce
spores. Thus, thiamine was more important for sporulation than for vegetable growth.
Thiamine alone could exert certain degree of mycelial growth in some isolates, yet thiamine
effected fungal growth and especially sporulation only when a sufficient amount of biotin
was present in the medium.

Leaver et al (19) reported that both thiamine and biotin were essential for growth of
the fungus and that the optimum concentration of biotin was 1.0-10 ug/1. Otani (21) stated
that biotin was essential for the grdwth of P. oryzae, its optimum concentration being 2.3~
3.0 pg/l. In our studies, the minimum concentration of biotin for the optimum growth of
P. oryzae was 0.5 pg/l, and of thiamine was 0.02 mg/l. Below these concentrations, the
growth of the fungus was drastically reduced. (Table 4, Table 5). It was noted that differ-
ent isolates of the fungus required different amounts of the same vitamin for optimum
growth, however, no significant difference in the growth of a given isolate was observed

Table 3. Growth of P. oryzae in a basal medium supplemented

with biotin, thiamine and other vitamins

Isolate Vitamin
Vitamin o b an ban | oo | os | us.
 3C-38G | 0°S-438 | 4T-28S | 4K-4S | 5K-33s | 5A mean
a (& |
B.M. 15 01 - s 14 20 8 12
B.M. +biotin 65 102 100 88 77 94 | 87.7
B.M. + thiamine ) 8 27 16 50 18
B.M.+B.T.P 188 159 197 187 182 177 . 1817
a+ b+ inositol 171 157 180 191 200 185~ 180.7
a-+b-+riboflavin 131 158 194 177 180 188 1713
a+ b+ calcium pantothenate 196 142 171 178 176 171 ¢ 1723
a+b+ascorbic acid 160 159 185 205 215 156 © 180
a+b-+nicotinic acid 156 167 201 197 - 188 166~ 179.2
a+b+folic acid _ } 165 165 184 206 186 153 179.8
i



a+b+P—aminobenzoic acid 170
a+b--pyridoxine hydrochloridel 187
a+b+cholinc chloride i 187 }
—_— e - “, e
139.9!

Isolate mean \
|

188 186 |

145 176 |

195 | 186

. ““A

1362, 1518
|
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164 I 190 187 180.8
166 l 179 182 172.5
150 % 188 150 176
151.Si 153.6 140.2

a. The basal medium
b. Biotin and thiamine
c. Dry weight of mycelium in mg.
L.S.D. 0.05 between treatments=23.70
0.0] between treatments=231.52
L.S.D. 0.05 between isolates =29.38
0.01 between isolates  =42,11
Table 4. The influence of biotin concentration on the growth of P. oryzae.
concentration (1) (13) - (22) US. 5A [ Biotin concen-~
Cugll) 3C-38G 0'S-43S3 4T-28S e . tration mean
5,000 2182 220 210 142 197.5
500 264 220 215 138 209.3
50 200 2186 214 128 189.5
5 239 215 195 126 193.8
0.5 125 160 207 144 159.0
0.05 | 45 52 42 30 42.3
0.005 45 47 25 39 39.0
0.0005 48 | 45 20 30 35.8
. ! ’|
Isolate mean 148 146.9 } 141 97.3 ‘
i ‘

a. Dry weight of mycelium in mg.
L.S.D. 0.05 hetween treatments=239.67
0.0] between treatments=>53.97
L.S.D. 0.05 between isolates  =48.91
0.0]1 between isolates =72,01

Table 5. The influence of thiamine concentration on the growth of P. oryzae.

concentration (1) ‘ (13) (22) US. 5A Thiamine concen~
(mg/1.) 3C-38G | 2C-2124S 4T-28S - tration mean
1
20 2202 285 195 186 215
2.0 213 : 310 190 213 231.5
0.2 143 256 185 147 182.8
0.02 95 200 95 108 123.8
0.002 84 i 120 95 72 92.8
0.0002 56 65 92 62 68.8
‘ e
Isolate mean 135.2 206 ‘] 142 130.8

a. Dry weight of mycelium in mg.
L.S.D. 0.0] between treatments=39.49
001 between treatments=>54.69
L.S.D 0.05 between isolates =44.80
0.01 between isolates =65.00
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with either biotin or thiamine in concentrations above minimum requirement, The minimum
requirement of biotin for isolates 3C-58G and 0/S-45S was 5 pg/1, and for isolates 4T-28S
and US. 5A, 05 pg/1. (Table 4). The minimum requirement of thiamine for isolate 3C-
58G was 2 mg/1, for isolates 4T-28S and U.S. 5A, 0.2 mg/1, and for isolate 2C-2124S,
0.02 mg/1 (Table 5.).

Effect of carbon sources: The results of carbon nutrition of P. oryzae are given in
Table 6. The ability of most of the isolates to utilize certain carbon compounds were
relatively similar in many instances. Most of the isolates well utilized glucose, sucrose,
fructose, starch, maltose, and lactose, and the variation in utilization of these compounds
among the isolates was not great. The ability to utilize galactose, dextrin, and glycerol,
however, differed with isolates. Galactose was a poor carbon source for most of the isolates,
yet its utilization by isolate 3C-58G and 4C-26S was satisfactory. Sorbose was also unsuit-
able for the fungus grbwth. Raffinose supported only moderate growth of the fungus.
Among polysaccharides tested, only starch was a suitable carbon source for all isolates,
while inulin and cellulose were not Dextrin was utilized moderately by all isolates. Alcohols
and organic acids were the poor sources of carbon. It was of interest to note that isolate
6C-34S utilized cellulose and glycerol far better than the rest of the isolates. These two
compounds were poorly utilized by the rest of the isolates. Rather fluctuating results were
shown when xylose, lactose and starch were used as carbon sources. There were no
apparent differences in the utilization of single carbon source by the ten isolates. Differences
in the growth of a single isolate were recorded, however, when it was grown on different

carbon sources.

Effects of nitrogen sources: In the present studies, various nitrogen compounds were
utilized to varying extent by 10 isolates' of the fungus (Table 7). Among the inorganic
nitrogen compounds, nitrate was utilized very well by all isolates, even nitrite was shown
as a good nitrogen scurce for the fungus growth. On the other hand, poor growth of the
fungal isolates occurred in the ammonium form of nitrogen sources. Suitability of nitrate-IN
over ammonium-N was reported by Tanaka et al. (27), who stated that the inferiority of
ammonium-N was caused by the fall of pH in the medium. In our studies, it was the only
exception that isolate 5K- 33S produced large amount of mycelium when NH,Cl was used
as the nitrogen source. Urea was also a suitable nitrogen source. All isolates, except 5K-33S,
showed good growth in the medium containing urea. Among amino acid tested, glutamine,
glutamic acid, asparagine, aspartic acid, leucine, glycine, and serine were well utilized by all
isolates. Most isolates utilized alanine and proline to some extent, while poor utilization
was shown by 2K-27S in alanine and by 3C-58G in both amino acid media. Utilization of
histidine, valine, arginine and methionine, varied with isolates. Tryptophane was utilized
well by all isolates with the exception of 4T-28S. Cystein was the most unsuitable nitrogen
source for the growth of all isolates. Peptone and casein hydrolysate were also found to be
the suitable nitrogen sources. There were no apparent differences among the isolates when
the utilization of nitrogen compounds were considered. There were, however, notable differ—
ences in yield of mycelium obtained with the different nitrogen compounds for a given

isolate.
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Discussion

Studies on vitamin nutrition of P. oryzae showed that among the eleven vitamins
tested only biotin and thiamine were influencial to the growth and sporulation of the
fungus. The fungus seemed to have no requirement for the other vitamins. None of the
fungal isolates showed a multiple vitamin requirement with regard to the 11 vitamins used
in this study. It was found that dry weights of mycelia produced by the isolatesin the
biotin—free medium and in the basal medium were almost the same, while more mycelia
was produced in the thiamin-free medium. The results that isolates of P. oryzae required
biotin as an indispensable growth factor, and thiamine as a complimentary growth
factor coincided with the results obtained by the other workers (21, 23, 26). Most
isolates absolutely required an exogenous supply of biotin. Some isclates had only a
negligible requirement for thiamine. Different dégree of deficiency for biotin or thiamine
may reflect different rates of synthesis of these vitamines in the fungal mycelium. Cochrane
(9) stated that fungi not requiring or requiring only a negligible amount of exogenous
supply of a vitamin must synthesize the compound and that partial deficiencies for a
vitamin are probably more common than absolute or complete deficiencies. When fungi
synthesize more of a vitamin that they require for optimum growth, the excess may
accumulate in the mycelium or excrete into the culture medium (23). Some isolates
produced significantly more mycelium in certain vitamin-free medium than in “all” medium.
This might be due to the suppressing factor of the vitamin on the growth of the
fungus. It needs further study to clarify whether or not these suppressing effects are
present.

From the results of sporulation test, it was clearly shown that biotin and thiamine are
absolutely essential for the sporulation of P. oryzae. In the absence of these two vitamins,
several isolates were able to make some mycelial growth, but failed to produce spores.
Apparao (2) also found that larger quantities of thiamine and biotin were required for
sporulation than for growth. Sporulation of the fungus varied greatly with isolates and
with media, yet, to what degree the vitamins other than thiamine and biotin influenced
the sporulation of the fungus is not clear.

Otsuka (23) indicated that the requirement of biotin, thiamine and nicotinic acid
of strains of P. oryzae was closely related to the relative strength of pathogenicity. Acc~
ording to him the majority of isolates which grew only in medium containing both biotin
and thiamine were considered to have medium or strong pathogenicity. A few isolates
which grew in media devoid of either biotin or thiamine had weak or no pathogenicity.
Isolates with strong pathogenicity generally grew in the medium containing biotin
and nicotinic acids. In the present study, because of limited number of test isolates,
it seemed too early to draw the conclusion. Nevertheless, from our results, it could be
inferred that no clear correlation' was observed between the pathogenicity and vitamin
requirement of the rice blast fungus.

Many workers have studied the carbon nutrition of P. oryzae. In general, organic acids
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were not suitable carbon sources for the fungus (14, 22, 30). The same results were
obtained in our studies. Otani (22) however, reported that glucose, inulin and mannitol,
as well as organic acid such as succinic acid are the most excellent carbon sources for
the fungus growth. Inulin and mannitol were found to be a poor carbon sources by the
present writers. Glycerol was regarded as an unsuitable nutrient by Tomizawa (29), but
‘was reported as an excellent carbon source by Tanaka (25). In our studies, it was noted
that most isolates were unable to utilize glycerol, with the exception of isolate 6S-34S
which utilized glycerol (iuite well. According to Otani (22), lactose was unfavorable carbon
source. Other workers, however, reported that lactose was well utilized by the fungus (5, 6,
14, 23). Xylose was reported as a suitable carbon source by several workers (14, 22). It
was also found to be a relatively poor source of carbon (30). In our studies, all isolates,
except 0’S-45S, utilized xylose to a certain extent. Otsuka (23) indicated that there were
marked differences among strains in utilization of sorbose, inulin and mannito]. According
to him the strongly pathogenic group‘ were inulin, cellulose utilization positive and sorbose
utilization negative, and those strain which showed weak pathogenicity belonged to inuliﬁ,
cellulose utilization negative, sorbose utilization positive group. Chen (5) also reported that
isolates showed higher ability in cellu]ose utilization gave higher pathogenicity. In our
studies, there were no apparent differences in the utilization of these carbon sources by

the isolates, although utilization of cellulose somewhat differed with isolates.

The blast fungus utilized a wide variety of inorganic and organic nitrogen compounds,
In the present study, nitrate and nitrite nitrogen was superior to ammonium nitrogen.
NaNO. was found to be unfavorable for the growth of the fungus (5, 20, 21). Otsuka (23)
reported that some strains of the blast fungus grew well in a medium containing NaNO,,
while others did not. He stated that strains that did not utilize NaNO, or utilize it poorly,
mostly showed strong pathogenicity, while those strains that utilized it well showed weak
pathogenicity. In the present studies, all isolates tested utilized NaNO, satisfactory, and the
difference among isolates was not apparent. Many workers (14, 20, 21) reported that
ammonium~N was unsuitable nitrogen source. Tanaka (27) ascertained that the inferiority
of ammonium-N_ was caused by the fall of pH value in the medjum. By contrast, Chen
(6) stated that ammonium salts were more favorable inorganic N sources than nitrate.
Among amino acid tested, glutamine, glutamic acid, asparagine, aspartic acid, leucine,
glycine, and serine Were well utilized by all isolates. These results are similar to those
reported elsewhere (5, 14, 20, 23). Generally, the leaves of sus sceptible rice plant have
higher content of amino acids (25). This may suggeste a possible relationship between the
growth responses of P. oryzae in culture to amino acids and the establishment of the
fungus in the host. It was pointed out by Otsuka (23) that strain of strong pathogenicity
geﬁera]]y utilized trytophane poorly, while those of weak pathogenicity generally utilized
it well. In our studies, however, no difference in tryptophane utilization was observed
among isolates of different pathogenicity. Most isolates utilized tryptophane well, with the
exception of isolate 4T-28S. No clear correlation was found between utilization of nitrogen

or carbon compounds and the virulence of the isolates,
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Summary

Vitamin requirement for growth and sporulation of a certain isolates of Piricularia
oryzae Cav. were determined. Of the vitamins studied, only biotin and thiamine were
essential to the growth of the fungus. Other vitamins were found ineffective. The depend-
ency of the fungus on biotin was greater than on thiamine. All isolates tested required
exogenous biotin for mycelial growth. It was found that a majority of the isolates had a
partial requirement for thiamine. No isolates exhibited an absolute requirement for
thiamine. Both biotin and thiamine were absolutely essential for the sporulation of P.
oryzae. No conidia were produced by any isolate in either biotin or thiamine free
media. In the absence of thiamine, several isolates of the fungus were able to make fairly
abundant mycelial growth, but failed to produce spores. The minimum concentration of
biotin for the optimum muycelial growth of the fungal isolates was 0.5 npg/l, and of
thiamine, 0.02 mg/1. Below these concentrations, the growth of the fungus was drastically
reduced. No correlation was observed between pathogenicity and vitamin requirement
of the fungus. '

The effests of different carbon and nitrogen compounds upon the growth of the
fungus were also studied. The best carbon sources for all isolates were glucose, sucrose,
fructose, starch, maltose, lactose and xylose. Raffinose was utilized moderately by all
isolates. Galactose and Sorbose were found to be unfavorable for most of the test isolates.
Alcohols and organic acids were the poor sources of carbon. With the exception of starch, all
polysaccharides studied were unfavorable for the fungus growth. Utilization of cellulose by
isolates 6C-34S, 0/S-45S and 4C-15S was somewhat better than the other isolates. Dextrin
supported only moderate growth of the fungus. Among the inorgainc nitrogen tested,
nitrate and nitrite nitrogen were superior to ammonium, Several amino acids such as
glutamine, glutamic acid, asparagine, aspartic acid, leucine, glycine, and serine were well
utilized by all isolates. Cystein was the most unfavorable amino acid tested. Tryptophane
was utilized well by all isolates with the exception of 4T-28S. Most isolates utilized
alanine and proline to some extent. Utilization of histidine, valine, arginine and methionine
varied with isolates. There were no apparent differences among the isolates when the

utilization of nitrogen and carbon sources were considered.
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