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Abstract The 24 strains of anamorphic fungi were isolated from plots which applied urea 11
months ago, in the forest of Pinus dalatensis at Bidoup - Nui Ba National Park, Lam Dong
Province, Vietnam. Based on morphology, isolated strains were identified as Aspergillus,
Penicillium, Trichoderma and Acremonium. All of them had ability of cellulose decomposition
when cultured on Czapek-Dox agar added carboxymethyl cellulose (CMC). Some strains
showed a high cellulose decomposition. The effect of nitrate-nitrogen concentration on their
mycelia growth were also demonstrated. Most of the highest dry biomass of mycelia were
obtained when cultivated with 13g/L nitrate-nitrogen concentration. Some strains tolerated to
nitrate-nitrogen concentration of 13g/L in medium.
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Introduction

Ammonia fungi (Sagara, 1975) are a fungal group that forms communities
sequentially at the restricted sites of animal materials (e.g., decomposing
carcasses and animal waste) or artificial disturbance of nitrogen compounds.
The community of ammonia fungi is related to the host of vegetation, and
considered a basic component of the normal fungal community in forest and
grassland ecosystems. Till now, about 60 species, belong to Anamorphic fungi
— Ascomycota — Basidiomycota, have been recorded as ammonia fungi (Suzuki,
2009a), but the species composition is belonged to each site.

Researches about ammonia fungi are fragmentary in global scale,
especially sparse in tropical areas as Southeast Asia. The survey of ammonia
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fungi by the urea application in the field and/or laboratory started from Japan
(Sagara and Hamada, 1965) and sequential extended to New Zealand, Europe,
North America, Taiwan, Australia, Vietham, China and Thailand. Till now,
most of studies about ammonia were conduct in five countries: Japan (Sagara,
1975, 1992, 1995; Fukiharu and Hongo, 1995; Yamanaka, 1995a, b; Fukiharu
and Horigome, 1996; Fukiharu et al., 2000a, b; Sagara et al., 2000; Imamura,
2001; Suzuki et al., 2002), Taiwan (Fukiharu et al., 1997), New Zealand
(' Suzuki et al., 2003), Australia (Suzuki et al., 2002) and Canada (Raut, 2011).
Urea application were also conducted in few treated sites at Europe (Suzuki et
al., 2003), Vietnam (Ho, 2013), China (Fukiharu et al., 2011) and Thailand
(unpub. data).

In Vietnam, ammonia fungal study was firstly conducted by urea
application in pure forest of Pinus kesiya, DaLat, Lam Dong Province from
2010 (Ho, 2013). As the results of this research, the record of Hebeloma
vinosophyllum was new for Southeast Asia. Nguyen (2012) continued studied
ecological succession of ammonia fungi in forests of Quercus spp. and Pinus
dalatensis at Bidoup - Nui Ba National Park, Lam Dong Province, Vietnam
with the record of 7 species (Amblyosporium botrytis Fres, Ascobolus
denudatus Fries, Lyophyllum tylicolor (Fr.Fr.) M. Lange et Sivertsen ,
Coprinopsis spp., Alnicola lactariolens Clémongon et Hongo, Hebeloma sp.,
Laccaria sp.).

Nonetheless, there is a few studies about ammonia anamorphic fungi
communities (Sagara, 1975; Suzuki, 2009b), especially in Southeast Asia. Thus,
this research was conducted to investigate the composition anamorphic fungi
from plots treated urea after 11 months in forest of Pinus dalatensis at Bidoup -
Nui Ba National Park, Lam Dong Province, Vietnam.

Materials and methods

Sample collection

10g mixture of soil and litter (3cm-depth) were collected from each of 5
urea plots in forest of Pinus dalatensis at Bidoup - Nui Ba National Park, Lam
Dong Province, Vietnam. The urea was applied on the forest floor 11 month
ago with different concentration of 100g/m? (urea plot T1), 200g/m? (urea plot
T2), 400g/m? (urea plot T4), 800g/m? (urea plot T8) and 1500g/m? (urea plot
T15).

Samples were dried at room temperature, blended and sieved with pore
size 2mm x 2mm.
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Fungal isolation

5g dry sample was diluted up 10™ and 0.1mL of each dilution was spread
on Czapek Dox Agar (NaNOs; 3.0g, KCI 0.5g, K;HPO, 1.0g, MgSO,. 7H,0
0.5g, FeSO4. 7H,0 0.01g, Saccharose 20g, Agar 15g) and Potato Dextrose
Agar (Peeled potato 200g, Dextrose 20g, Agar 15g) media. For suppression of
bacteria growth, chloramphenicol (1%) was added to the medium. Two plates
of each dilution were incubated for 24 — 96 hours at room temperature. Each
morphologically unique fungal colony was sub-cultured on Czapek-Dox Agar
and Potato Dextrose Agar media.

Identification of isolated strains

Isolated strains were identified to genus based on morphological
characteristics and taxonomy guides (Clements et al., 1964; Ridgway, 1912;
Watanabe, 2002).

Cellulose decomposition of isolated strains

Isolated strains were sub-cultured on Czapek Dox Agar with
carboxymethylcellulose (CMC) 1% as carbon source. After incubated for 3 — 5
days at room temperature, all plates were stained with Lugol solution (I, 1g, KI
29, H,0 300mL) for observing the clear zone. The radius of decomposed zone
was the difference of clear zone radius and colony radius.

Effect of nitrogen-nitrate on the mycelial growth of isolated strains

Isolated strains were pre-cultivated on Potato Dextrose agar medium in
petri dishes. Inoculum disks of fungi were cut with a 4 mm-diameter cork
border from sub-peripheral regions of actively growing colonies and placed into
20 mL of liquid Basal synthetic medium (Maltose 40g, KH,PO, 0.3g, MgSO,.
7H,0 0.3g, CaCl,. 2H,0 0.1g, ZnSO4. 7H,0 0.3mg, CuSO,4. 5H,0 0.1mg,
MnSO,4. 5H,0 0.1lmg, Na,MoO,. 2H,0 0.02mg, FeSO,. 7H,O 0.15mg,
Thiamine HCI 0.02mg, Niacine 0.1mg, Agar 15¢g) in a 100mL glass bottle,
incubated at room temperature. KNO3 was added to the medium as the nitrogen
source with different concentrations (Og/L, 0.13g/L, 1.3g/L and 13g/L N-NO3).
Three bottles for each treatment were prepared. After 10 days, mycelia were
collected and dried at 60°C for 48 hours and put in a desiccator for 2 hours. The
dry weight of mycelia was determined.
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Statistical analysis

Data were analysed by ANOVA two factors without replication, using
MS Excel 2013 software.

Results
Morphological identification

From 5 urea plots, 24 strains of anamorphic fungi were isolated. Their
taxonomy results and morphological characteristics were shown in Table 1 and
Figures 1 — 4.

Table 1. Taxonomy of 24 fungal strains from 5 urea plots

Urea plot No. Urea amount (g/m°?) Strain No. Genus
T1 100 T1-2 Trichoderma
T1-5 Trichoderma
T1-10 Penicillium
T1-12 Trichoderma
T1-16 Aspergillus
T1-19 Trichoderma
T2 200 T2-1 Trichoderma
T2-5 Trichoderma
T2-13 Trichoderma
T2-17 Trichoderma
T4 400 T4-1 Aspergillus
T4-6 Acremonium
T4-10 Trichoderma
T8 800 T8-2 Trichoderma
T8-3 Acremonium
T8-5 Penicillium
T8-6 Aspergillus
T15 1500 T15-1 Aspergillus
T15-3 Trichoderma
T15-5 Trichoderma
T15-7 Trichoderma
T15-8 Trichoderma
T15-11 Trichoderma
T15-14 Aspergillus

From urea plot T1 (100g urea/m?), 1 Aspergillus strain, 1 Penicillium and
3 Trichoderma strains were isolated. From urea plot T2 (200g urea/m?), all
isolated strains belonged to Trichoderma. 3 isolated strains of urea plot T4
(200g urea/m?) were identified as Aspergillus, Acremonium and Trichoderma.
In urea plot T8 (800g urea/m?), Aspergillus, Acremonium, Penicillium and
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Trichoderma were also collected. Finally, 2 strains of Aspergillus and 5 strains
of Trichoderma were isolated from urea plot T15 (1500g urea/m?).

plot T1. A-F: T1-2, T1-5, T1-10, T1-12, T1-16, T1-19. T1-2, T1-5, T1-10, T1-
12, T1-19 on Potato Dextrose Agar in 3 days. T1-10, T1-16 on Czapek Dox
Agar in 7 days. Bar: 10 pm.

plots T2 and T4. A-F: T2-1, T2-5, T2-13, T2-17, T4-1, T4-6. T2-1, T2-5, T2-13,
T2-17 on Potato Dextrose Agar in 3 days. T4-1, T4-6 on Czapek Dox Agar in 7
days and 5 days, respectively. Bar: 10 pm.
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Figure 3. Colony and reproductlve structure of anamorphlc fungi from urea
plots T4, T8 and T15. A-F: T4-10, T8-2, T8-3, T8-5, T8-6, T15-1. T4-10, T8-2
on Potato Dextrose Agar in 3 days. T8-3 on Czapek Dox Agar in 5 days. T8-5,
T8-6, T15-1 on Czapek Dox Agar in 7 days. Bar: 10 pm.

Figure 4. Colony and reproductlve structure of anamorphic fungl from urea
plot T15. A-F: T15-3, T15-5, T15-7, T15-8, T15-11, T15-14. T15-3, T15-5,
T15-7, T15-8, T15-11 on Potato Dextrose Agar in 3 days. T15-14 on Czapek
Dox Agar in 7 days. Bar: 10 pm.

The taxonomy result showed that Aspergillus spp., Acremonium spp.,
Penicillium spp. and Trichoderma spp. occurred in urea plots. Trichoderma spp.
were occurred in all 5 urea plots while strains of Aspergillus were occurred in 4
urea plots, except for urea plot T8. Penicillium spp. were collected from 2 urea
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plots T1 and T8. Acremonium spp. were collected from 2 urea plots T4 and T8.
The absent of Aspergillus spp., Acremonium spp., Penicillium spp. in some urea
plots might cause by the small amount of sample collection. In the future study,
more amount of sample should be collected to increase the frequency of fungal
isolation.

Cellulose decomposition of isolated strains

After 3 days (Trichoderma) or 5 days (Aspergillus, Acremonium and
Penicillium) of cultivation, all 24 strains grew and formed colonies on Czapek
Dox Agar added CMC 1%. Colonies of Trichoderma strains were larger than
20mm and some of them were larger than 50mm. Colonies of Aspergillus
strains, Acremonium strains and 1 Penicillium strain were larger than 15mm.
Only 1 Penicillium strain T1-10 grew slowly and formed 5.5mm colony. The
data revealed that 24 isolated strains utilized cellulose as a carbon source (Table
2).

Table 2. Growth and cellulose decomposition of 24 fungal strains from 5 urea

plots
Strain No. Genus Colony radius Clear zone Decompostion zone
(mm) radius (mm) radius (mm)

T1-2 Trichoderma 51.5 0.0 0.0
T1-5 Trichoderma 22.0 0.0 0.0
T1-10 Penicillium 55 7.5 1.0
T1-12 Trichoderma 35.0 0.0 0.0
T1-16 Aspergillus 16.5 0.0 0.0
T1-19 Trichoderma 54.5 0.0 0.0
T2-1 Trichoderma 52.0 0.0 0.0
T2-5 Trichoderma 60.0 0.0 0.0
T2-13 Trichoderma 54.0 0.0 0.0
T2-17 Trichoderma 28.5 0.0 0.0
T4-1 Aspergillus 335 0.0 0.0
T4-6 Acremonium 18.0 0.0 0.0
T4-10 Trichoderma 37.0 0.0 0.0
T8-2 Trichoderma 46.0 0.0 0.0
T8-3 Acremonium 28.0 0.0 0.0
T8-5 Pennicillium 155 28.5 6.5
T8-6 Aspergillus 40.5 49.5 4.5
T15-1 Aspergillus 35.5 0.0 0.0
T15-3 Trichoderma 54.0 0.0 0.0
T15-5 Trichoderma 495 0.0 0.0
T15-7 Trichoderma 31.0 0.0 0.0
T15-8 Trichoderma 495 0.0 0.0
T15-11 Trichoderma 37.5 0.0 0.0
T15-14 Aspergillus 18.5 29.0 5.3
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However, clear zones were observed around colonies of 2 strains
Penicillium T1-10, T8-5 and 2 strains Aspergillus T8-6, T15-14 after the Lugol
staining. It means that these strains have a high activity of cellulose
decomposition. These results also showed that all isolated strains might have a
role in decomposition of cellulose material in the forest.

Effect of nitrogen-nitrate on the mycelial growth of isolated strains

Most of isolated strains could grow in the medium with the high
concentration of N-NOj3 (13g/L), except the strain Penicillium T1-10.
The strain Aspergillus T1-16 formed the highest dry weight of mycelia in 13g
N-NOs/L while other strains from urea plot T1 formed the highest dry weight
of mycelia in 1.3g N-NOs/L. Nonetheless, most strains isolated from urea plots
T2, T4, T8 and T15 formed the highest dry weight of mycelia in 13g N-NOs/L,
except that Acremonium spp. T4-6 and T8-3 had the highest dry weight of
mycelia in 1.3g N-NOg/L.

Table 3. Dry weight (mg) of mycelia of 24 fungal strains cultured in basal
synthetic media with different concentrations of N-NO3 (g/L)

Strain Genus NO N1 N2 N3
No. 0 0.13 1.3 13

T1-2 Trichoderma 144 =+ 1.0 824 =+ 112 946 =+ 37.7 932 #+ 459
T1-5 Trichoderma 148 =+ 14 1472 =+ 160 2111 =+ 121 3B7 = 71
T1-10  Penicillium 211 * 82 509 =+ 97 228 = 07 151 £ 23
T1-12 Trichoderma 201 =+ 40 584 =+ 66 786 =+ 123 383 =+ 244
T1-16  Aspergillus 194 + 54 1011 = 64 1134 + 152 1618 =+ 34.1
T1-19 Trichoderma 187 + 34 876 =+ 261 1112 =+ 85 979 + 504
T2-1 Trichoderma 221 + 3.9 496 =+ 127 1190 =+ 164 2748 =+ 247
T2-5 Trichoderma 172 =+ 1.4 795 =+ 112 1124 =+ 38.6 2650 =+ 27.7
T2-13 Trichoderma 259 =+ 55 1551 + 541 1340 =+ 81 1851 =+ 407
T2-17 Trichoderma 248 + 48 1408 =+ 201 1750 =+ 651 2429 =+ 40
T4-1 Aspergillus 403 =+ 380 1475 + 82 2618 =+ 28 4431 = 119
T4-6 Acremonium 316 =+ 59 1647 =+ 143 1767 + 25 1134 + 318
T4-10 Trichoderma 212 =+ 24 1023 =+ 48 1556 =+ 3.1 3923 =+ 523
T8-2 Trichoderma 232 =+ 35 857 =+ 190 1239 =+ 49 1496 =+ 30.8
T8-3 Acremonium 33.7 * 3.0 140.1 =+ 234 1425 =+ 4838 542 + 46
T8-5 Pennicillium 77 = 24 1224 + 13 1784 + 22 3151 £ 47
T8-6 Aspergillus 104 + 10 1215 =+ 128 2187 =+ 181 4041 =+ 379
T15-1 Aspergillus 266 = 90 1336 = 7.1 3553 = 190 4243 =*= 16.9
T15-3 Trichoderma 227 =+ 14 1018 =+ 30.2 1450 =+ 244 1589 =+ 450
T15-5 Trichoderma 136 =+ 44 1113 =+ 95 1263 =+ 185 4463 =+ 270
T15-7 Trichoderma 268 =+ 12 1004 =+ 60.1 1473 =+ 495 3655 =+ 5438
T15-8 Trichoderma 25.0 + 46 1200 =+ 105 1597 =+ 174 2610 =+ 143
T15-11  Trichoderma 266 =+ 90 98.0 =+ 264 1325 =+ 377 3108 =+ 204
T15-14  Aspergillus 83 + 20 2189 =+ 709 1919 + 55 3183 + 188

Mean + Standard Deviation (n=3)
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Figure 5. Mycelial growth of 24 fungal strains from 5 urea plots cultured in
basal synthetic media with different concentrations of N-NO3 (g/L). Vertical

bar indicate the Standard Deviation (n=3)
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These above results that 24 isolated strains were able to utilize nitrate in
the forest. Moreover, many strains such as Trichoderma spp. T2-1, T2-5, T4-10,
T15-5, T15-7, T15-8, T15-11; Aspergillus spp. T4-1, T8-6, T15-1, T15-14; and
Penicillium sp. T8-5 formed the biomass of mycelia over 250 mg of dry weight.
These strains might survive in the environment of high nitrate concentration
(Table 3 and Figure 5).

Discussion

Total 24 strains of anamorphic fungi were isolates from 5 urea plots
which were applied urea 11 months ago in pine forest Pinus dalatensis. All
strains have ability of cellulose decomposition and nitrate utilization.

Until recent, many researches on ammonia fungi have been conducted but
no researches on soil micro-fungi. The research results should provide the first
image of mycoflora of ammonia mould in soil.

According to Sagara (1975) and Suzuki (2009b), Amblyosporium botrytis,
Cladorrhinum foecundissimum and Doratomyces purpureofuscus were records
as ammonia anamorphic fungi. These species appeared on the field ca. 1 week
to 3 months after urea application at forests in Japan. In our study, most of
recorded species were belonged to Trichoderma and Aspergillus. The
component of anamorphic fungi from urea plots were different, maybe because
mixtures of soil and litter were collected 11 months after urea application at a
forest in Vietnam. From the preliminary comparison between the anamorphic
fungi collected from this study and those from other researches, it is necessary
to do further researches the successive occurrence and species component of
ammonia anamorphic fungi in forests of Vietnam from the start of urea
application to 2 years after.

This study also confirmed the adaptation in high ammonia concentration
of several Trichoderma and Aspergillus species which were isolated from urea
plots. Following study of Babla (2012), Trichoderma viride strains shown the
significant positive activities of extracellular urease. The taxonomy of
Trichoderma and Aspergillus strains in this study should be confirmed in next
studies for expanding the list of ammonia fungi.

Acknowledgements

This research is funded by Vietnam National Foundation for Science and Technology
Development (NAFOSTED) under grant number: 106-NN.06-2014.88.

634



International Journal of Agricultural Technology 2019 Vol. 15(4): 625-636

References

Babla, S. B. (2012). Growth Responses of Ammonia Fungi to Organic and Inorganic Nitrogen.
(PhD Thesis). Graduate School of Horticulture, Chiba University, Chiba, Japan.

Clements, F. E. and Shear, C. L. (1964). The genera of Fungi. Hafner Publishing Company,
New York, USA, pp. 23-232.

Fukiharu, T. and Hongo, T. (1995). Ammonia fungi of Iriomote Island in the southern Ryukyus,
Japan and a new ammonia fungus, Hebeloma luchuense. Mycoscience, 36:425-430.

Fukiharu, T. and Horigome, R. (1996). Ammonia fungi in the Abukuma Mountains and its
biogeographical distribution around Japan (in Japanese with English summary). Memaoirs
of the National Science Museum, Tokyo, 29:105-112.

Fukiharu, T., Wenneng, C., Songpo, L. and Horigome, R. (1997). Ammonia fungi in Taiwan
and in Okinawa, Japan. — New record of ammonia fungi from Taiwan, new species from
Okinawa and its biogeographic distribution in East Asia. In: Luo X et al. (eds.), Abstracts
of China-Japan International Symposium on Mycology. Wuhan, Printery in Central China
Agriculture University, pp.14.

Fukiharu, T., Osaku, K., Iguchi, K. and Asada, M. (2000a). Occurrence of ammonia fungi on
the forest ground after decomposition of a dog carcass. Natural History Research, 6:9-14.

Fukiharu, T., Yokoyama, G. and Oba, T. (2000b). Occurrence of Hebeloma vinosophyllum on
the forest ground after decomposition of crow carcass. Mycoscience, 41:401-402.

Fukiharu, T., Neale, L. B., Buchanan, P. K., Suzuki, A., Tanaka, C. and Sagara, N. (2011).
Coprinopsis austrophlyctidospora sp. nov., an agaric ammonia fungus from Southern
Hemisphere plantations and natural forests. Mycoscience, 52:137-142.

Ho, B. T. Q. (2013). Ecophysiological characteristics of ectomycorrhizal ammonia fungi in
Hebelomatoid clade. (PhD Thesis). Graduate School of Horticulture, Chiba University,
Chiba, Japan.

Imamura, A. (2001). Report on Laccaria amethystina newly confirmed as an ammonia fungus.
Mycoscience, 42:623-625.

Nguyen, P. T. (2012). Preliminary of ammonia fungi in BiDoup-Nui Ba National Park, Lam
Dong Province, Vietnam. Master Dissertation in Faculty of Biology, University of Science
Ho Chi Minh City, Vietnam.

Raut, J. K. (2011). Biogeographical distribution and ecophysiology of Coprinopsis spp. in
ammonia fungi. (PhD Thesis). Graduate School of Horticulture, Chiba University, Chiba,
Japan.

Ridgway, R. (1912). Color standard and color nomenclature. Painting version of Dang V.H.M.

Sagara, N. (1975). Ammonia fungi — a chemoecological grouping of terrestrial fungi.
Contributions from the Biological Laboratory, Kyoto University, 24:205-276.

Sagara, N. (1992). Experimental Disturbances and Epigeous fungi. In: Carroll GC, Wicklow
DT (eds.), The Fungal Community — Its Organization and Role in the Ecosystem, 2nd
edition. Marcel Dekker, New York, pp. 427-454.

Sagara, N. (1995). Association of ectomycorrhizal fungi with decomposed animal wastes in
forest habitats: a cleaning symbiosis? Canadian Journal of Botany, 73 (S1):51423-S1433.

Sagara, N. and Hamada, M. (1965). Responses of higher fungi to some chemical treatments of
forest ground. Transactions of the Mycological Society of Japan, 6:72-74.

Sagara, N., Hongo, T., Mukarami, Y., Hashimoto, T., Nagamatsu, H., Fukiharu, T. and
Asakawa, Y. (2000). Hebeloma radicosoides sp. nov., an agaric belonging to the
chemoecological group ammonia fungi. Mycological Research, 104:1017-1024.

635



Suzuki, A. (2009a). Fungi from High Nitrogen Environments-Ammonia fungi:
Ecophysiological Aspects. In: Misra J.K., Deshmukh S.K. (eds), Fungi from Different
Environments. Scientific Publisher, Enfield, pp. 189-218.

Suzuki, A. (2009b). Propagation strategy of ammonia fungi. Mycoscience, 50:39-51.

Suzuki, A., Tanaka, C., Bougher, N. L., Tommerup, I. C., Buchanan, P. K., Fukiharu, T.,
Tsuchida, S., Tsuda, M., Oda, T., Fukada, J. and Sagara, N. (2002). ITS rDNA variation of
the Coprinopsis phlyctidospora (Syn.: Coprinus phlyctidosporus) complex in the Northern
and the Southern Hemispheres. Mycoscience, 43:229-238.

Suzuki, A., Fukiharu, T., Tanaka, C., Ohno, T. and Buchanan, P. K. (2003). Saprobic and
ectomycorrhizal ammonia fungi in the Southern Hemisphere. New Zealand Journal of
Botany, 41:391-406.

Yamanaka, T. (1995a). Changes in organic matter composition of forest soil treated with a large
amount of urea to promote ammonia fungi and the abilities of these fungi to decompose
organic matter. Mycoscience, 36:17-23.

Yamanaka, T. (1995b). Nitrification in a Japanese pine forest soil treated with a large amount
of urea. Journal of Japan Forestry Society, 77:232-238.

Watanabe, T. (2002). Pictorial Atlas of Soil and Seed Fungi, 2" Edition. CRC Press, pp.484.

(Received: 20 March 2019, accepted: 25 June 2019)

636



