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Introduction

The prevalence of anthracnose of China fir occuring in Pu-Li was found
by one of the authors in 1963 (Chen 1966). This disease spreaded very quickly
with large area. The presence of the disease is certainly destructive to their
host plant which hold to be of sufficient economic importance to the forest
products. .

Isolation of pathogens from China fir showed that Gloeosporium and Pest-
alotia spp. were frequently isolated (Chen and Hsu, 1966). After inoculation to
healthy China fir showed that Pestalotia sp. was little pathogenic. The genus
name Gloeosporium were changed to Collefotrichum since the setae were found.
Up to the present time there is no record regarding anthracnose of China
fir caused by Colletotrichum sp. in Taiwan (Sawada).

By the method of single spore isolation, the authors has isolated eight
groups of Colletotrichum which have distinguished culture types. These
isolates were isolated during the spring of 1965 to the autumn of 1966. Pre-
liminary studies on the fungus are reported in the present paper.

Material and Methods

Eight isolates of Colletotvichum sp. were used at this investigation. They
were first isolated from China fir leaves by means of tissue plating method
(Rawlins 1933). Monospore isolates were obtained by employing the dilution
plate method with spore ocoze. All the cultures were maintained on PDA at
room temperature. These eight isolates can be differentiated by growth rates
and other characters. Thus they were designed as; Al, A21, Bl1, Cl1, Di,
E1, F11, G1.

Potato dextrose agar (PDA) was used as a routine medium for general
purposes. Carrot agar, onion agar, bean agar, Czapek’s agar, oat-meal agar,
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Lilly-Barnett’s agar, maltbextract-yeast extract agar, China fir juice agar,
yeast extract solution, China fir juice were also applied for particular study
(Riker and Riker 1936; Lilly and Barnett 1951).

Czapek’s sucrose nitrate agar was used as a basal medium in the
nutritional studies and the malt extract-yeast extract medium as a control
medium. The media used in studying the effects of different nitrogenous
compounds were prepared in similar manner. In the study of the effect of
hydrogen ion concentration on the mycelial growth the basal medium was
adjusted to different pH values by adding 6N sulphuric acid or 6N sodium
hydroxide (Lilly and Barnett 1951). The inocula were mycelial blocks of
2mm. diameter cut off from the margin of fresh colony of PDA.

Four media were used for studying the germination of conidia. They are
potato dextrose solution, distilled water, China fir leaf extract and yeast
extract solution. The China fir leaf extract were leaves of China fir grounded
with distilled water in mortar and the filtrate was used.

Results and Disccussion

Cultural characters and morphological features

By growing the monospore isolate and on PDA, Czapek‘s agar and China

fir decoction agar under room temperature, the authors got eight distinguished-

culture types of Colletotrichum sp., The characters of the eight isolates of
Colletotrichum sp. on PDA were as follow; ;

Isolate Al: colony light gray, aerial mycelium densely felty, raised, deep.
green at central part of colony; acervulus sparée, spore ooze sparse, average
width of hyphae is 3.74 u; submerged hyphae deep green, oil drop present,
average width of hyphae 9.35 ..

Isolate A21: colony: gray, aerial mycelium densely felty, raised; average
width of hyphae 3.8 ;. spore ooze minute, scattered; submerged hyphae light
gray, average width 5.78 ..

. Isolate Bll: colony dark green, flat, margin gray at young and yellow at
old age; ecolony scattered with acervulus, spore ooze. scattered; aerial mycelium
dark gray, growth sparse, oil drop present; submerged hyphae dark green: at
young, black at old, oil drop present, average width 6.42 ; setae dense. .

Isolate Cl1: colony light brown; acervulus dense, -scattered; spore ooze
minute, scattered; aerial mycelium dark gray, dansely {felty, raised, average
width 2.47 u; submerged hyphae, sac shape, average width of hyphae 85y,
sac 17.8 to 36.8 .. ,

Isolate D1: colony white gray, acervulus scattered, spore ooze scattered;
aerial mycelium white gray, densely félty, raised; oil drop presented, average
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width 2.6 u4; submerged hyphae light yellow, oil drop present, sac shape at
the interval of hyphae, average width of hyphae 6.9y, sac 306 # to 23.8 »;
ascospore and ascus formed.

Isolate E1: colony light gray; acervulus scattered at central part, large
spore ooze scattered at central part; aerial mycelium grey, dense felty at
central part, raised, oil drop present, average width 3.37 z; submerged hyphae -
few, dark, oil drop present, average width 5.9 ..

Isolate F1l: colony light brown, acervulus absent, spore ocoze absent;
aerial hyphae dark gray, sparse, flat, average width 2.5 #; submerged hyphae,
dark, some of them black boxing-glove shape and sac shape, sac 22.6 to 29.7 »;
setae absent.

Isolate G1; colony light yellow, acervulus absent. spore ooze yellow;
aerial mycelium white, sparce, flat, average width 4.0 #; submerged hyphae
sparse, average width 6.6 x. ]

Spore size measuring showed that there were variation among these
isolates. A comparison of the variation of spore size of eight isolates is
shown in Table 1.

Table 1. Showing the spore size of eight isolates grown of PDA at
room tehfzperaz‘ure for 20 days

Isolate Length and width Average length Average width
of spore (u) (w) ()
Al 8.3-24.3x 4.8-7.2 _ 15.8 5.6
A21 13.0-21.4 X 3.5-5.9 17.3 ' 4.8
B11 15.4-20.7 < 4.7-9.5 19.2 7.1
C11 10.7-16.6 X 4.7-7.1 15.1 6.2
D1 13.0-24.9 X 4.7-6.6 17.9 5.7
E1 15.4-28.5 % 4.2-5.9 19.3 5.6
F11 10.7-19.0 x 3.6-5.9 14.8 4.6
G1 " 11.4-26.2 % 4.8-10.7 ’ 18.1 6.6

The formation of acervulus, conidia, setae and asci on PDA at room
temperature for 20 days is shown in Table 2. Except the Al isolate, the
others were found to be abundant in sporuration. Asci were found only in
isolate D1. Setae were absent in Fl11, while long and abundant setae were
found in B11. ' ’

The average length and width of setae of the isolate on PDA at room
temperature for 20 days is shown in Table 3. Bll has longest setae, whereas
Al has the shortest setae. Setae are absent at Fl11.

Fifect of temperature on vegetative growth
Cultures of eight isolates in potato dextrose solution were incubated at
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Table 2. Showing the formation of acervulus, conidia, setae, and asci of
siolates grown on PDA af voom temperature for 20 days

Isolate Acervulus Conidia Ascus Setae
Al + + - +
A21 . 4 ¥ - +
B11 + +4 - +
c1u + + b - +
D1 + 4 4+ + -+
E1l + -+ +++ - +
F11 - + — -

G1 - ++ F - +

Table 3. Showing the average length and width of the setae of
isolates on PDA at room temperature for 20 days

Isclate Average length of setae (p) | Average width of setae {u)
Al 45.2 4.4
A21 49.5 3.8
B11 195.6 31
C11 813 4.2
D1 97.5 4.8
E1 129.4 36
F11 - —
G1 69.0 3.0

Table 4. Showing the dry weight of isolates grown in-potato dextrose
solution at different temperature for 10 davs. (gm.)

Tf%g)- A1l A2l B11 cu D1 El F11 G1
13 843 | 3477 196.0 57.2 1785 165.0 242.7 239.1
16 2580 | 3560 | 2122 78.0 211.0 | 2380 333.4 306.2
19 30L7 | 4122 | 2752 972 | 3190 | 2091 339.5 340.5
22 3025 | 4254 | 3973 1956 | 4239 | 3732 333.9 346.2
25 3082 | 4342 | 4041 1950 | 397.0 382.3 327.3 326.2
28 2839 | 4371 4135 1870 | 3503 | 3401 333.2 316.7
31 118.4 2268 | 2625 | 146.0 1747 | 2212 313.2 180.4
34 — — — 42,9 — — 29.7 -
37 - - — 36.0 — — 225 -
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the following temperatures: 13°, 16°, 19°, 22°, 25°, 28°, 31°, 34°, and 37°C, -for 10
days. They were measured by dry weight of mycelium grown in liquid
medium. The optimum temperature for mycelial growth were varied, most
of them were around at 25° to 28°C. The growth of the fungi were rather
abruptly declined toward the temperature above the optimum or thereabout.
The data show in Table 4 show the dry .weight of the fungi in potato dextrose
solution different temperatures.
Effect of different media on vegelative growth

Six media were chosen for this purpose (Riker and Riker 1936; Lilly and
Barnett 1951). Czapek’s agar and oat meal media gave good growth of several
isolates. Yet they varied one another. The linear growth of the isolates in
different media at room temperature for 5 days are shown in Table 5.

Table 5. Showing the linear growth of eight isolates grown on
different media at room tempevature for 5 days. (mm.)

Medium Al A21 B11 C11 D1 E1l “F11 G1
Carrot 4 31 10 72 17 13 50 16
Onion 5 24 11 71 18 17 45 3
Bean 22 30 12 80 20 15 43 17
Czapek’s 5 34 21 69 11 23 55 18
Oat-meal 13 30 11 85 25 26 56 21
PDA 28 22 18 75 20 22 60 16

Effect of the carbon source on vegetative growth ,

This experiment was designed to show the characters differ in their ability
to utilize certain carbon source: Seven carbon compounds including mono-
and disaccharides, were used in this experiment. Basal medium was Czpek’s
sucrose nitrate agar in which the carbon source—sucrose was substituted by
other carbohydrates. These carbohydrates were sucrose, galactose, maltose,
mannose, D-(—)-fructose, glucose, D-(— }-mannit. The control media was malt
extract-yeast extract agar (Lilly and Barnett 1951). The pH of all media was
adjusted to approximately 6.0 befor autoclaving. They were incubated at
25°C for 5 days and dried in an air oven at 80°C for one day. The results
were based on the dry weight of mycelia. As shown in table 6, different
isolates responded . differently to various carbon sources for their mycelial
growth. Yet it seems that maltose is the most available to most of them.
Effect of nitrogen sources on mycelial growth

Five nitrogenous compounds were used for comparing the ability of
nitrogen source to support growth. The media were prepared in similiar
manner to the carbon test. In this case the carbon source was kept constant
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‘Table 6, Showing dry weight of mycelial mats grown on different
carbon sources at 25°C for 5 days. (mg.)

Carbon sources Al A21 B11 C11 D1 - E1l F11 G1
Sucrose 410 | 175 21.0 27.0 16.8 12.4 131 145
Galactose ‘ 20.2 17.5 176 | 91 14.0 85 9.5 26.2
Maltose 70.0 463 | 252 20.7 22.1 189 | 14.2 40.6
Mannose 37.9 23.3 38.8 15.5 6.2 9.7 101 | 57
D-(-)-Fructose 14.0 515 18.9 8.6 12.6 31 9.6 1.6

- Dextroe. 1.5 0.1. 2.3 6.1 10.3 0.9 1.5 8.7
D-(-~)-Mannit 8.3 4.7 6.2 10.3 0.8 5.7 5.8 18.8
Malt extract-yeast '

ot 52.2 66.0 30.5 29.1 51.7 42.7 | 1204 74.0

and the nitrogen source varied with each medium. Malte extract-yeast extract
‘medium was used again as a control. The pH of all media was ajusted to
approximatly 6.0 before autoclaving. Then they were incubated at 25°C for
7 days. As shown in Table 7, L-asparagine was better then any other nitro-
genous compounds for growth. But ammonium tartrate gave very good
growth to isolate Bl1l too.

Table 7. Showing the dry weight of mycelial mats grown in the
media containing different source of nitrvogen. (mg.) '

Nitrogen source - Al fA21 1 B11 | Ci11| D1 | E1 | F11| G1
Ammonium sulfate 35.2| 50.4| 51.8 42.0| 39.3] 46.6| 58.8 488
L-Asparagine : 71.8 1351 132.8/ 76.4| 53.2| 59.1] 126.0f 386
Urea 33.6) 37.7| 127.3) 327 331 28.0| 180.2 272 .
No nitogen . 17.0 3.2 131 13.0; 124 120 10.5) 124
Ammonium tartrate 317, 62.3] 333.7 422 39.3] 399 738 355
Ammonium phcsphate, dibasic 384 63.7) 113.3) 40.9) 384 60.9 100.9] 36.2
Malte extract-yeast extract™ 71.9, 182.6| 112.5| - 34.0! 127.4, 64.4| 268.4 574

Effect. of hydrogen ion concentration on vegelative growth

The Czapek’s dextrose nitrate solution was adjust to pH value within the
range of 3.2, 4,5,6,7,8, 9, and distributed to 125ml. Erlenmeyer flasks,
40 ml. for each. Then, they were inoculated and incubated at 25°C for 8 days.
Dry weight of the mycelium was measured. As shown in Table 8, the optimum
pH range for mycelial growth of isolates A2l, El, G1 was 6.0, 7.0 for isolates
Al, Bl1, D1, F11. and 8.0 for C1L.
Germination of conidia

"Four media were used for studying the germination of conidia. The

23
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Table 8. Effect of hydrogen ion concentration on the vegetative growth. (mg.)

Isolate 1 32 4 5 6 7 8 9
Al 50.5 60.2 79.6 130.9 192.6 99.4 61.2
A21 120.0 165.3 178.0 190.2 186.0 181.7 171.1
B11 109.4 1103 116.2 124.3 153.8 95.1 86.3
Ci1 14.8 20.7 24.4 . 67.1 97.0 102.1 99.9
D1 120.3 1335 125.2 144.9 155.5 149.0 138.8
E1l 163.1 177.9 187.2 207.2 164.3 161.7 160.9
F11 107.5 147.8 154.0 166.9 167.4 145.6 137.6
G1 61.8 80.7 90.5 104.3 .90.8 88.9 80.0

conidia of eight isolates were used in this experiment. Filter paper was
placed on the bottoms of petri dishes, added water to moist the paper and
autoclaved. Conidia collected from 10-day-old cultures on PDA were used to
make up a spore suspension with potato dextrose solution, distilled water,
China fir juice, and yeast extract sélution. A few drops of this suspension
were placed on the slide laid on the paper, which kept moist with sterile
water. Then they were incubated at room temperature for 9 hours. The
spore suspension on slide were treated with Iodinepotassium iodide. The
percentage of germination were counted under a microscope. On China fir
juice medium, the highest percentage of germination was obtained. Potato
dextrose solution came to the next. Isolate Al and FI1l germinated well on
yeast extract solution whereas isolates Cll and Fl11 germinated well on dis-
tilled water. The details are shown in Table 9.

Table 9. Showing the percentage of conidia germination on four
media under room temperature for 9 hrs

Medium Al |A21|Bu1|C11| D1 | E1 | F11| G1
PDA-A 93.0, 86.3] 29.0, 80.8] 74.7] 59.1) 83.2] 76.6
Distilled water 2.7 74 7.4 76.6] 234 2.3 921 4.8
China fir juice 99.7) 100.0] 99.0/ 100.0, 95.4| 99.30 100.0, 945
Yeast extract solution 95.5) 20.2 9.1 1.7] 517; 80.0] 939 62.8

Besides the variation of percentage of germination, there were different
germination types among eight isolates. Except the isolates Cl1, the other
seven isolates of single-cell-conidia became two cell when germination occured.
Appressorium was formed in isolate Cl1 on different media, but other isolates
were not. The germination types in potato dextrose solution, China fir juice,
yeast extract are shown in Fig. 2. Yet the germination types in distilled
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Table 10. ‘Showing the percentage of germination at different
temperatures on China fir juice media for 9 hrs.

Tsolate 13°C 16°C 19°C 22C° 25°C 28°C 31°C 34°C
Al 0.3 1.3 77.0 78.8 94.3 99.5 96.5 72.3
A2l 0.6 1.3 50.5 97.5 99.6 97.5 95.6 78.9
B11l 0 3.8 15.2 80.3 80.6 98.6 33.3 0
C11 0 2.2 29.9 77.4 96.3 99.3 96.9 96.7
Di 0 8.5 81.0 98.2 08.5 92.4 90.0 15.3
El 0 0 744 | 993 | 989 | 994 | 918 | 87.0
Fi1 0.3 0.6 25.3 75.2 98.8 52.1 44.6 40.0
G1 0 7.1 80.7 85.8 90.0 96.1 79.0 25.8

Table 11. Showing the percentage of infection by wound inoculation
- at room temperature in autumn 1966

Isolate 2 days 4 days 6 days 8 days
Al 0 13.6 27.2 39.6
A21 0.6 155 33.7 385
B11 2.1 8.0 28.8 43.1
Cil 0 3.6 15.9 25.3
D1 7.4 44.1 92.2 92.2
E1l - 106 , 485 55,9 58.8
F11 15 7 9.9 ‘214
G1 18.0 42.6 54.6 880
CK -0 0 0 0

Table 12. Showing the percentage of infection by wound
inoculation at room tempervatuve in spring 1967

Isolate 2 days 4 days 6 days 8 days
Al 6.6 34.8 48.1 51.8
A21 151 55.3 67.4 75.4
B1l 7.6 39.3 57.4 59.8
cu 19 215 22.4 22.4
‘DI 12.3 59.9 70.4 95.5
E1l 38.4 776 90.9° 100.0
Fi1 0 14.5 41.6 54.7
G1 40.2 77.3 87.4 96,8
CK 0 0 0 0

LT
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Table 13. Showing the percentage of infection by wound

inoculation at varvious temperatures

Tem}()f:cl‘;lture Isolate 2 days 4 days 6 days 8 days
Al 0 0.7 8.6 30.4
A21 0 5.4 41.2 53.2
B11 0 0.5 10,5 17.4
c11 0 2.0 5.6 9.3
15 D1 0 5.2 529 71.6
E1l 0 1.4 58.4 77.4
F11 0 1.0 15 3.2
G1 0 1.6 34.8 57.8
CK 0 0 0 0
Al 0 0.8 3.2 4.8
A2l 0.9 155 20.3 26.2
B11 1.0 6.3 115 17.8
c11 3.3 4.2 51 | 17.6
20 D1 7.1 58.9 60.7 60.7
E1l 184 59.2 64.0 69.9
F11 0 8.6 10.3 27.5
G1 9.1 25.8 33.3 33.3
CK 0 0 0 0
Al 25 0.4 14.5 17.5
Azl 45.4 754 100.0 100.0
B1l 3.0 30.6 418 41.8
c11 111 185 33.3 38.2
25 D1 30.3 45.4 505 63.6
El 27.7 53.3 60.0 | 92.2
F11 55 16.5 255 37.7
G1 43.9 65.1 69.6 69.6
CK 0 0 0 0
Al 21 T 76 10.8 130
A21 29.3 47.8 56.5 ' 65.2
B11 43 14.2 21.9 25.2
c11 3.1 5.2 20.8 20.8
30 D1 385 51.5 59.1 0.0
E1l 37.8 52.7 64.8 64.8
F11 14.5 46.6 475 54.3
G1 59.0 68.0 68.0 69.6
CK 0 0 0 0
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water were not the same as that in above media. All the isolates on distilled
water revealed the same germination type as that of Cll forming appre-
* ssorium. '

The effects of temperature on conidia germination were determined. by
using China fir juice media under the range of temperature: 13°, 16°, 19°, 22°,
25° 28°, 31°, 34°, C. for 9 hrs. The result showed that there were different range
of temperature for abundant germination i.e. 22° to 28°C for eight isolate,
excepting that 28°C was unsuitable for F1l. The details shows in Table 10.
Plant inoculation

Spore suspension was made by spore ooze obtained from 10-day-old PDA
culture. China fir was wounded by needle. Then the host plant were ino-
culated by spore suspension by an automizar and covered by plastic bag for
three days. The results showed that the symptom was the same as that in
natural condition. All eight isolates were pathogenic, especially D1, E1 and
G1 attained to 95 percent infection. Yet the percentage of infection varied
from season to season. As we can see from Table 11 and Table 12. The
percentage of infection in spring 1967 was higher than that in autumn  1966.

- It may be due to the susceptibility of young growing leaves. The results
obtained from plant inoculation showed that eight isolates hardly infect on
China fir when the plants were unwound, i.e. below 5%.

The relation between infection and temperature, was also investigated.
The results showed that the highest percentage of infection occurred at 25°C.
The establishment of infection at 15°C was lower than that at above 15°C.
The details are shown in Table 13.

Sumarry

The authors regarded the anthracnose of China fir was caused by Colleto-
trichum sp.. Eight isolates of Colletotrichum sp. were obtained from the
anthracnose of China fir. The general physiological characters of eight isolates
were studied. They were different in growth rate and other characters. The
s@spore size,r_ length of setae, formation of “ascus, density of spore ooze, density
 of acervulus varied among eight isolates. The optimum temperature for
; mycelial growth varied, most of them were around at 25°C to 28°C. Nutrition

studies showed that they responded differently to various media for their
mycelial growth. Czapek’s agar and oat meal fnedia gave good growth of

those isolates except Al isolate. Maltose and L-asparagine were most avail-
able to most of them. The optimum pH range for mycelial growth of isolates
A21, E1, G1, was 6.0, 7.0 for isolates Al, Bll, D1, F11 and 8.0 for Cl1. China
fir juice media revealed the highest percentage of conidia germination. There
were different conidia germination type among eight isolates. Except the

5
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isolate Cl1, the other seven isolates of single-cellconidia became two cell when -
germination occurred. Temperatures of 22° to 28°C was good range for germin-
ation. All eight isolates were found to be pathogenic, especially D1, E1 and
G1 attained to 95% of infection. Yet the percentages of infection varied from
season to season. Plant inoculation showed that eight 1solates hardly infected
China Fir without wounding of the host plants.
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Fig. 1. Showing the growth features of eight isolates of Colletotrichum sp.
grown on PDA under rocom temperature for 10 days.

Fig. 2. Showing the germination types of eight isolates on
media potato dextrose solution, China fir juice, and
yeast extract.
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Fig. 3. Showing the symgptoms of China fir inoculated by wounding and
incubatad at room temperature tor 2 weeks.

Fig. 4. Showing the symptoms"of China fir inoculated by wounding and incubated
at 15°C for 2 weeks.





