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Abstract 

 

In the study, we used high-throughput sequencing as a tool for testing and comparing the microbes from two soil 

samples in terms of the microbial quantity, uniformity and diversity, showed that after the exposure to Trichoderma, the 

quantity of rhizosphere bacteria and Actinomycetes increased by 29.82%, as well as the relevant increasing of community 

uniformity and diversity. The quantity of rhizosphere eukaryotic microbes dropped by 9.1% while the species diversity was 

higher than CK with the comparative prominence of dominant species. On the total quantity of the microbes, T1 with 

exposure to Trichoderma was 4.51% higher than CK. In addition, the exposure to Trichoderma can increase the quantity of 

such communities as Nitrospirae which can promote the metabolism of mineral elements. The results showed that the 

application of Trichoderma can increase the number of the rhizosphere bacteria and actinomycetes of Dactylis glomerata, 

reduce the number of harmful fungi, improve the microbial diversity, facilitate the reproduction of some probiotics and 

improve the soil’s micro-ecology. 
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Introduction  

 

Fungi play an important role in solving global 

challenges in agriculture (Lange, 2014). The beneficial 

effects of fungi on plants depend on complex nutrient and 

chemical signals as well as climatic and soil factors (Ortíz-

Castro et al., 2009). Trichoderma spp. widely distributed in 

the nature, it can be found all over the world (Jaklitsch and 

Voglmayr, 2015). At the same time, Trichoderma spp. is a 

class of plant growth promoting fungi (PGPF), the 

secondary metabolites produced by the Trichoderma can 

protect plants from soil borne fungal diseases in 

agricultural production, and promote the growth, 

development and yield of plants (Woo et al., 2014), and it 

has been widely used in biological control of 

phytopathogens such as Rhizoctonia solani, Fusarium 

oxysporum, Chondrostereum purpureum and Armillaria 

mellea (Benítez et al., 2004; El-Komy et al., 2015). 

Trichoderma spp. belongs to the subdivision of 

Deuteromycotina, Class-Hyphomycetes, Order-

Hyphomycetales, Family-Hyphomycetaceae which is an 

important bio-control fungal to plant diseases, and has a 

significant role in growth-promoting. A researcher find that 

Trichodermu lignorum have antagonistic effects on several 

fungi in the soil, and then people gradually recognized the 

disease control function of Trichoderma on the soil 

(Weinding, 1932). In recent years, Trichoderma is 

generally considered to be the most likely bio-control agent 

to replace a series of chemical fungicide, as an antagonistic 

microorganisms Trichoderma has abound resources and 

can promote crop growth in resource-rich, playing an 

increasingly important role in the development of 

sustainable agriculture (Liu et al., 2016). 

High-throughput sequencing technology has 

become the most commonly used method to investigate 

the microbial community diversity in micro-ecology. It 

is capable of depth sequencing of environmental 

microorganisms, and can sensitively detect the 

extremely subtle shifts of environmental 

microorganisms resulting in the changes of external 

environment, which has an important theoretical and 

practical significance in the study of the relationship 

between organisms and the environment, 

environmental management and the utilization of 

microbial resources (Amaral-Zettler et al., 2009; David 

et al., 2016). Soil microbes affected the absorption and 

transformation of soil nutrients, the changes of soil 

microbial quantity directly or indirectly affected the 

transformation of nutrients in the soil (de Vargas, et al., 

2015; Li et al., 2014). In this study, two soil samples 

(control CK and Trichoderma treatment T1) were 

treated with high throughput sequencing, Illumina 

Miseq PE300 were used to study the effects of 

Trichoderma on soil micro-ecology. By high-

throughput sequencing, we studied the effect of 

Trichoderma on the rhizophora micro ecology of 

Orchardgrass, and studied on the promoting mechanism 

of Trichoderma to Orchardgrass from changes of soil 

microbial quantity and species. Thus settled the 

foundation for the efficient utilization of Trichoderma 

in the forage production, reduced the application of 

chemical fertilizers and pesticides, which was 

conducive to the sustainable development of 

environment and ecology (Masayuki, et al., 2014). 

file:///C:/Users/Administrator/Desktop/63214419@qq.com
mailto:402947324@qq.com


JING-XIN MAO ET AL., 1234 

Materials and Methods 

 
Studied areas and strategy: The study was conducted in 
a Trichoderma-dominated land and a land without 
Trichoderma spp. located in the experimental farm of 
Southwestern University, Rong Chang campus (As shown 
in Fig. 1). Soil sampling: T1 are the soil samples of 
Dactylis glomerata with the inoculation of Trichoderma 
strain M1, CK as control group are the ones without 
Trichoderma in the preliminary experiment. Samples of 
soils were collected using sterile equipment. 

 
Total DNA extraction and Genomic PCR amplification: 
Total soil DNA of the two samples was extracted using the 
E.Z.N.A. ™, DNA Isolation Kit (Omega Bio-tek, Inc. 
United States) according to the manufacturer's instructions. 
The purity and concentration of DNA was detected by Nano 
Drop 2000, and the DNA integrity by 1% agarose gel 
electrophoresis. Using ABI GeneAmp ® 9700 PCR 
spectrometer PCR amplification of the genome. The 16S 
rRNA V3-V4 region of the bacteria was first amplified using 
338F5'-ACTCCTACGGGAGGCAGCA-3', 806R5'-GGAC 
TACHVGGGTWTCTAAT-3' primers. Amplification 
procedure: a. 1x (95oC pre-degenerated 3 min); b. 27x (95oC 
denaturation 30s; 55oC annealing 30s; extending 45s); c. 
72oC extension ending in 10 min. The ITS region of fungus 
was amplified using primer 0817F 5'-
TTAGCATGGAATAATRRAATAGGA-3', 1196F 5'-
TCTGGACCTGGTGAGTTTCC-3' (Rousk et al., 2010). 
Amplification procedure: a. 1x (95oC pre-degenerated 3 min); 
b. 35x (95oC denaturation 30s; 55oC annealing 30s; 
extending 45s); c. 72oC extension ending in 10 min. 

Quantitative measurement of PCR products, Library 

construction and sequencing: After 3 cycles of 

amplication for each sample, the PCR product of the same 

sample was mixed; then 2% agarose gel electrophoresis 

was used for detection, AxyPrepDNA gel extraction Kit 

(Axygen firm) for gel extraction of PCR product and Tris-

HC1 for eluting. With reference to the preliminary 

quantitative results of electrophoresis, the blue 

fluorescence quantitative system of QuantiFluor ™-ST 

(Promega Corporation) was applied to detect and measure 

PCR product, then in accordance with the sequencing 

requirements of each sample, a corresponding mixing was 

made. Miseq library was constructed and sequenced by 

Shanghai Meiji pharmaceutical technology, Ltd, and the 

sequencing platform is Illumina Miseq PE300. 

 

Bio-information analysis process: In order to improve the 

quality of the analysis results, under the precondition of the 

rich amount of sequences, the quality of sequences should 

also be ensured. Therefore, raw data must be filtered before 

processing to obtain optimized sequences. After the 

removal of chimeric sequences OTU clustering analysis 

was conducted for taxonomic analysis of the OTU 

representative sequences. Such OTU-based clustering 

analysis can be used for various diversity indices analysis 

of OTU, as well as the detection of the sequencing depth; 

based on the taxonomic information, the statistical analysis 

of community structure can be made at every level of the 

classification. All the analysis above also lay the 

foundation for a series of further in-depth statistical and 

visual analysis of the community structure. 
 

 
 

Fig. 1. Two different lands of Dactylis glomerata. A presents the soil samples of Dactylis glomerata with the inoculation of 

Trichoderma strain M1, B presents the ones without Trichoderma as control group, plus one detailed (small square=1m and large 

square=2m) at the bottom. 
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Results 

 
Total soil DNA, PCR amplification results of soil 
bacterial 16S rRNA and fungi ITS: Total soil DNA of 
sample CK and sample T1 was repectively extracted and 
purified for testing; the results were: DNA concentration 
213.6, 194.4ng·μL-1, OD260/280 : 1.91, 1.92, OD260/230: 
0.85, 1.74, respectively. So DNA is qualified for 
subsequent PCR amplification (Fig. 2). 

Figure 3 shows that after the electrophoresis 

detection of the PCR amplification products from samples, 

there were around 500bp sequences from PCR products in 

soil fungi ITS region while around 590bp sequences from 

PCR products in soil bacterium, showing that the size and 

concentration were suitable for subsequent tests. 

 

Analysis of microbial diversity in soil samples: When 

studying the microbial diversity of the community ecology, 

the diversity of singleton (Alpha diversity) could be used to 

reflect the abundance and diversity of microbial communities, 

including a series of statistical analysis index to estimate the 

species abundance and diversity in environment. If the 

similarity percentage values among sequences were more 

than 97, they were clustered into one OTU. In the analysis, 

the following statistic and analytic index were used: species 

richness, Ace index, Chao index, Shannon Index, Coverage 

index, Simpson Index etc. 
 

Analysis of bacterial community diversity index: The 

sequenced data of bacteria and Actinomycetes in soil 

samples; a total of 12,823 16S rRNA reads from bacteria 

and 16647 from the Actinomycetes in soil samples were 

obtained (Table 1), representing the OUT values of 601 

species of bacteria and 671 species of Actinomycetes 

respectively. The species abundance in samples reflected 

in the actual OTU values in the sample. Chao index are 

estimates of species abundance in the sample, and 

typically larger than OTU values; the results of Chao 

index were 613 and 630 respectively, showing the good 

abundance in the sample. Coverage reflects the real 

situation of microorganism in the sample; the higher the 

value, the more possible the sequences were detected in 

the sample; CK and T1 had approximate coverage, 

showing that this sequencing work is well finished. The 

Shannon index and the Simpson index were used to 

estimate the uniformity and diversity of microorganisms 

in a sample, Shannon index goes in direct proportion with 

the community’s diversity while Simpson in reverse 

proportion with the community’s diversity. Results 

showed compared to that of CK, the number of bacteria 

and Actinomycetes of T1 increased by 29.82%, and the 

uniformity and diversity of bacterial communities in T1 

was also better than CK. 
 

Analysis of eukaryotic microbial diversity index: The 

sequencing data of Eukaryotic microbes in soil samples. As 

a result, a total of 25255 (CK) and 23148 (T1) fungal 18S 

sequences (Reads) were obtained, representing 104 and 117 

species of fungi (OTU). The results show that Eukaryotic 

microbes in T1 was decreased by 9.1% in comparison to 

CK while had higher species abundance than CK, and 

dominant species stood out even more (Table 2). 

 
 

Fig. 2. Agarose gel electrophoresis result of soil DNA. 

 

 
 

Fig. 3. Agarose gel electrophoresis result of soil fungal and 

bacteria DNA, DL2000: DL2000TM DNA Marker; 1: CK Fungi 

ITS; 2: T1 Fungi ITS; 3: CK 16S rRNA; 4: T1 16S rRNA. 

 

Composition of soil microbial community  

 

Composition of soil bacteria and actinomycetes 

communities: On the phylum levels if the total abundance 

percentage value was bigger than 2, they were taken as the 

dominant flora; of the two soil samples the content of 

Proteobacteria were 47.06% and 53.5% respectively at the 

highest point. Among them, in sample T1 with the 

application of Trichoderma, Proteobacteria, 

Gemmatimonadetes, Nitrospirae, Deferribacteres had 

increased in varying degrees in the entire share of microbial 

communities compared to the control group while 

Firmicutes, Bacteroidetes, Chloroflexi, Acidobacteria and 

Actinobacteria showed varying degrees of decline in 

proportion of whole microbial communities (Figs. 4-6).  

 

Composition of eukaryotic microbial community in 

soil sample: If the total abundance percentage value was 

bigger than 2, they were taken as the dominant flora; of 

the eukaryotic micro-organisms in the two soil samples 

the content of Ascomycota (SAC fungi) is 70.98% and 

78.38% respectively at the highest point. Compared with 

CK, Ascomycota, Eukaryota-unclassified, Ciliophora, 

Basidiomycota, and Centrohelida in group T1 all had 
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varying degrees of increase indicating that Trichoderma 

boosted the growth of these eukaryotic microorganisms in 

the soil while Nucleariida, Metazoa, Choanomonada, 

Zoopagales all had different degrees of reduction, 

indicating that Trichoderma inhibited the reproduction of 

these eukaryotic microorganisms in the soil (Figs. 7-9). 

 

Distribution and abundance of soil microbes: The color 

change of heatmap could reflect the data of a two-

dimensional matrix or table which can intuitively display 

the size of the data value by default color shades (Jami et 

al., 2013). The data were often clustered by species 

similarity or abundance similarity of samples and then 

presented in the heatmap chart, which could cluster high 

abundance species and low abundance species in different 

blocks, and in which color gradients and similarity levels 

could reflect the community composition’s similarity and 

difference of multiple samples in different taxonomy. The 

species abundance heatmap of the bacteria sample on 

phylum levels, in which the closer a color approaches red, 

the higher proportion the species account for in the 

sample. Results show that in soil sample T1 and CK the 

composition of bacteria had differences but such 

difference was not significant (Fig. 10). The results of the 

species abundance heatmap of eukaryotic micro-

organisms on phylum levels indicating that there were 

significant difference of eukaryotic micro-organism 

composition in sample T1 and CK (Fig. 11). 

 

Table 1. Analysis of bacterial and actinomycetes diversity index. 

Sample number OUT value Chao index Ace index Coverage index Shannon index Simpson index 

CK 601 613 612 0.9976 5.54 0.008 

T1 617 630 630 0.9971 5.69 0.006 

 

Table 2. Analysis of nuclear microbial diversity index. 

Sample number OUT value Chao index Ace index Coverage index Shannon index Simpson index 

CK 104 104 104 0.9999 2.66 0.1140 

T1 117 117 118 0.9999 2.43 0.2154 

 

 
 

Fig. 4. Bacteria and actinobacteria phylum levels of community 

structure diagram components of CK, these with abundance 

lower than 1% were merged into the other part; the same below. 

 
 

Fig. 5. Bacteria phylum and actinobacteria levels of community 

structure diagram components of T1. 

 

 
 

Fig. 6. Bacteria and actinobacteria phylum levels of community 

structure diagram components of soil. 

 
 

Fig. 7. Nuclear microbial phylum levels of community structure 

diagram components of CK. 
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Fig. 8. Nuclear microbial phylum levels of community structure 

diagram components of T1. 

 
 

Fig. 9. Nuclear microbial phylum levels of community structure 

diagram components of soil. 
 

Discussion 

 
The researchers has separately adopted normal PCR and 

reverse transcription PCR with combination of DGGE to 
analyze the bacteria community’s structure and composition of 
chrysanthemum in different growth and development stages in 
the rhizosphere soil and root tip, indicating that the dominant 
bacteria are mainly Pseudomonas, Comamonas, Variovorax 
SP., Acetobacter, Bacillus and Arthrobacter (Duineveld et al., 
2001). Most microbes of Actinobacteria and Bacteroidetes 
mainly degrade cellulose, and even many hard-to-degraded 
aromatic compounds, playing an important role in the 
mineralization of the soil (Nie et al., 2009). Researchers 
studied the effects of Trichoderma chlamydospores 
preparation on soil microbial quantity through experiment, and 
the results showed that after applying Trichoderma preparation 
the number of bacteria in rhizosphere soil slowly increased 
while fungi significantly decreased in comparison with control 
group (Regragui and Lahlou, 2005). The experiment also 
indicated that the adding of Trichoderma can increase the 
diversity of soil bacteria (Hermosa et al., 2004). According to 
studied the effects of Trichoderma harzianum on regulating 
the soil microbial communities and soil enzyme activities of 
rice seedling bed through experiment which showed that 
compared with control group the number of bacteria in 
rhizosphere soil of the inoculated rice seedling increased by 
50.7% while the number of fungi reduced by 16.15%, 
indicating Trichoderma harzianum could efficiently regulate 
the rhizosphere microbial community composition of the rice 
seedling; thus the soil micro-ecosystem environment was 
improved (Tewari and Singh, 2012). 

Soil microorganisms affect the absorption and 
transformation of soil nutrients, and the quantity changes of 
soil microbes directly or indirectly affect the conversion of 
nutrients in soil. Based on the analysis results of the 
changes of soil microbial diversity, this experiment showed 
that Proteobacteria, Gemmatimonadetes, Nitrospirae, 
Deferribacteres all have varying degrees of increases while 
Firmicutes, Bacteroidetes, Chloroflexi, Acidobacteria and 
Actinobacteria all have varying degrees of decline in 
proportion of whole microbial communities. This is 
consistent with the above research results. Nitrospira 
participates in nitrogen’s fixation, form- transformation in 
soil, and can secrete large amounts of organic acid to 
activate mineral elements in soil, so it is crucial to 
maintaining soil productivity (Azcon & Barea, 1975; 
Nelson & Mele, 2006). In the soil, Actinomycete 
participates in the cycling of organic matter, forming soil 

structure, and secreting antibiotics (Joergensen & Wichern, 
2008). In this study, the percentage of Actinobacteria in T1 
with Trichoderma treatment had somehow declined a little 
but the total amount of Actinobacteria still increased in 
compassion to control group.  

The diversity and community structure and 
composition of soil fungi may have a profound impact on 
the ecosystem, as well as balance of the ecosystem. Fungi 
are the main components of soil biomass and organic 
matter decomposition, playing an important role in 
agricultural eco-system (Ding et al., 2007). The research 
into eukaryotic microbial diversity in soil showed that in 
the sample soil with Trichoderma treatment Ascomycota, 
Eukaryota-unclassified, Ciliophora, Basidiomycota, 
Centrohelida displayed varying degrees of increase, while 
Nucleariida, Metazoa, Choanomonada, Zoopagales had 
different degrees of reduction, which is consistent with 
other researches (Qian et al., 2015; Hannula et al., 2013). 

Diversity index is one of the most effective ways to 
evaluate the diversity of soil microbial community, high 
diversity index indicates higher microbial community 
diversity. The Shannon index indicates the species quantity in 
species community the bigger the value is, the more 
diversified the species are in the community, ACE and Zhao 
index reflect the species abundance, which are commonly 
used to estimate the total categories of species, the bigger the 
value is, the more the categories; the bigger the value of 
Simpson index, the more prominent the dominant species in 
biological community (Pielou, 1974; Li et al., 2015). Results 
of this study show that in the soil sample T1 with the 
implantation of Trichoderma the volume of bacteria increased 
by 29.82% compared to CK, and species abundance, diversity, 
and homogenies were all higher than CK. On the Eukaryotic 
microbes, the volume of Eukaryotic microbes in T1 declined 
by 9.1% compared to CK while species abundance was 
higher than CK; dominant species stood out. On the total 
amount of microorganisms, T1 with Trichoderma treatment 
increased by 4.51% compared to CK. Soil bacteria can 
change soil’s physical and chemical nature, and play a leading 
role on effective absorption of soil nutrients and promotion of 
plant growing (Kagohashi et al., 2013). Many fungi are 
pathogenic fungus of crops and the implantation of 
Trichoderma reduced the number of harmful fungi through 
such means as space competition, nutrition competition or 
hyperparasitism, enriched the groups of soil microbes, 
changed community structure of soil microorganisms, 
promoted the reproduction of beneficial microorganisms and 
improved soil micro-ecological environment. 
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Fig. 10. Samples phylum levels of bacteria species abundance heatmap. 

 

 
 

Fig. 11. Samples phylum levels of nuclear microbial species abundance heatmap. 
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Conclusion 

 

By high-throughput sequencing of microorganisms in 

two soil samples (control CK and T1 with Trichoderma 

treatment), we obtained 12,823 and 16,647 bacterial 16S 

rRNA sequences respectively from the two soil samples 

representing 601 and 617 species of bacteria, respectively. 

We also obtained 25,255 (CK) and 23,148 (T1) fungal 

18S sequences, representing 104 and 117 species of 

respectively in two soil samples. In terms of microbial 

number, homogeneity and diversity, compared to the 

control group, the number of rhizosphere bacteria and the 

actinomycetes after the treatment of Trichoderma rose by 

29.82%, community, homogeneity and diversity also 

increased. The number of eukaryotic microorganisms in 

rhizosphere declined by 9.1%, but species abundance is 

higher than CK, the dominant species were prominent. 

From total amount of microbes, the total amount of 

microbes in T1 with Trichoderma treatment was higher 

than control CK by 4.51%. In addition, the Trichoderma 

treatment can increase such communities’ quantity as 

Nitrospirae which could promote metabolism of mineral 

elements. The above data proves that the implantation of 

Trichoderma could increase the number of rhizosphere 

bacteria and actinomycetes of Dactylis glomerata, reduce 

the number of harmful fungi, raise the microbial diversity, 

promote the microbial reproduction and improve soil 

micro-ecological environment. 
 
Acknowledgments  

 

This project was funded by fundamental research funds 

for the central universities (southwest university, No. 

XDJK2017C036) “The gene expression difference analysis 

among the rust infected orchardgrass and the evaluation of 

anti-rust orchardgrass germplasm resources”. Project 

supported by youth project foundation of rongchang campus 

with southwest university in 2017 “The analysis of genes 

different expression and preliminary diagnosis of candidate 

resistance genes under orchardgrass rust infection. Project 

supported by the people's livelihood and social security 

project in Chongqing“The supporting mode construction and 

demonstration of the balance with goat and forage in goats 

house feeding of Chongqing” (cstc2016shmszx0473). 

Project supported by National Science and Technology 

Support Project“Grassland system pest control green 

technology research and demonstration” (2014BAD23B03-

3). Project supported by the National Natural Science 

Foundation of China (NSFC 31771866). This work was 

financially supported by innovative team building project of 

Chongqing colleges and universities “Modern production 

technology of beef cattle (No: CXTDG201602003)”. The 

experiment relies on the Chongqing beef cattle Engineering 

Technology Research Center, Professor Zuo Fuyuan 's 

Laboratory, Southwest University. 
 

References 

 

Amaral-Zettler, L.A., E.A. McCliment, H.W. Ducklow and S.M. 

Huse. 2009. A method for studying protistan diversity 

using massively parallel sequencing of V9 hyper variable 

regions of small-subunit ribosomal RNA genes., PLoS 

ONE., 4(7): e6372. 

Azcon, R. and J.M. Barea. 1975. Synthesis of auxins, 

gibberellins and cytokinins by Azotobacter-Vinelandii and 

Azotobacter-Beijerinctii related to effects produced on 

tomato paints. Plant Soil., 43(3): 609-619. 

Benítez, T., A.M. Rincón, M.C. Limón and A.C. Codón. 2004. 

Biocontrol mechanisms of Trichoderma strains. Int. 

Microbiol., 7(4): 249-260. 

David, S., L. Enrique, M.S. Mónica, V.W. Christophe, P. Noelia, 

P. Amandine, O. Tomasz and B. Lassâad. 2016. High-

throughput sequencing reveals diverse oomycete 

communities in oligotrophic peat bog micro-habitat. 

Fungal Ecol., 23(10): 42-47. 

De Vargas, C., S. Audic, N. Henry, J. Decelle, F. Mah_e, R. 

Logares, E. Lara, C. Berney, N. Le Bescot, I. Probert, M. 

Carmichael, J. Poulain, R. Romac, S. Colin, J.M. Aury, L. 

Bittner, S. Chaffron, M. Dunthorn, S. Engelen, O. 

Flegontova, L. Guidi, A. Horak, O. Jaillon, J. Lukes, S. 

Malviya, R. Morard, M. Mulot, E. Scalco, R. Siano, F. 

Vincent, A. Zingone, C. Dimier, M. Picheral, S. Searson, S. 

Kandels-Lewis, S.G. Acinas, P. Bork, C. Bowler, G. 

Gorsky, N. Grimsley, P. Hingamp, D. Iudicone, F. Not, H. 

Ogata, S. Pesant, J. Raes, M. Sieracki, S. Speich, L. 

Stemman, S. Sunagawa, J. Weissenbach, P. Wincker and E. 

Karsenti, Tara. 2015. Eukaryotic plankton diversity in the 

sunlit ocean. Science, 348(6237): 1261605-1261611. 

Ding, L.L., B. Qi, Z.H. Shang, R.J. Long and Q.X. Zhou. 2007. 

The characteristics of soil microorganism quantity under 

different alpine grasslands in eastern Qilian mountain. J. 

Agro-Environ. Sci., 26(6): 2104- 2111. 

Duineveld, B.M., Kowalchuk, G.A. and van Elsas J.D. 2001. 

Analysis of bacterial communities in the rhizosphere of 

chrysanthemum via denaturing gradient gel electrophoresis 

of PCR-amplified 16S rRNA as well as DNA fragments 

coding for 16S rRNA. Appl. Environ. Microbiol., 67(1): 

172-178. 

El-Komy, M.H., A.A. Saleh, A. Eranthodi and Y.Y. Molan. 

2015. Characterization of novel Trichoderma asperellum 

isolates to select effective bio-control agents against tomato 

Fusarium wilt. Plant Pathol. J., 31(1): 50-60. 

Hannula, S.E., W.D. Boer, P. Baldrian and J.A.V. Veen. 2013. 

Effects of genetically modified amylopectin-accumulating 

potato in decomposer processes and fungal diversity in 

litter and soil. Soil Biol. Biochem., 58(58): 88-98. 

Hermosa, R.M., E. Keck, I. Chamorro, B. Rubio, L. Sanz, J.A. 

Vizcaíno, I. Grondona and E. Monte. 2004. Genetic 

diversity shown in Trichoderma biocontrol isolates. Mycol. 

Res., 108(8): 897-906. 

Jaklitsch, W.M. and H. Voglmayr. 2015. Biodiversity of 

Trichoderma (Hypocreaceae) in Southern Europe and 

Macaronesia. Studies Mycol., 80(3): 1-87. 

Jami, E., A. Israel and A. Kotser. 2013. Exploring the bovine 

rumen bacterial community from birth to adulthood. Isme J., 

7(6): 1069-1079. 

Joergensen, R.G. and F. Wichern. 2008. Quantitative assessment 

of the fungal contribution to microbial tissue in soil. Soil 

Biol. Biochem., 40(12): 2977-2991. 

Kagohashi, S., H. Kawanishi and M. Kojima. 2013. Effect of 

soil aeration and soil conditioners on the growth of some 

vegetable plants introduced into the cropping system in 

paddy fields. Front Immuno., 3(70): 404. 

Lange, L. 2014. The importance of fungi and mycology for 

addressing major global challenges. Ima Fungus. 5(2): 463-

479. 

Li, C.H., K. Yan, L.S. Tang, Z.J. Jia and Y. Li. 2014. Change in 

deep soil microbial communities due to long-term 

fertilization. Soil Biol. Biochem., 75: 264-272. 



JING-XIN MAO ET AL., 1240 

Liu, S.Y., C.K. Liao, C.T. Lo, H.H. Yang, K.C. Lin and K.C. 

Peng. 2016. Chrysophanol is involved in the biofertilization 

and biocontrol activities of Trichoderma. Physiol Mol. 

Plant Pathol., 96: 1-7. 

Masayuki, U., M. Kobayashi, K. Jonatan, T. Hiroyuki and N. 

Shin-ichi. 2014. High-throughput sequencing shows 

inconsistent results with a microscope-based analysis of 

the soil prokaryotic community. Soil Biol. Biochem., 

76(1): 53-56. 

Nelson, D.R. and P.M. Mele. 2006. The impact of crop residue 

amendments and lime on microbial community structure 

and nitrogen-fixing bacteria in the wheat rhizosphere. Aust 

J. Soil Res., 44(4): 319-329. 

Nie, M., X.D. Zhang, J.Q. Wang, L.F. Jiang, J. Yang, Z.X. 

Quan, X.H. Cui, C.M. Fang and B. Li. 2009. Rhizosphere 

effects on soil bacterial abundance and diversity in the 

Yellow River Deltaic ecosystem as influenced by 

petroleum contamination and soil. Soil Biol. Biochem., 

41(12): 2535-2542. 

Ortíz-Castro, R., H.A. Contreras-Cornejo, L. Macías-Rodríguez 

and J. López-Bucio. 2009. The role of microbial signals in 

plant growth and development. Plant Signal. Behav., 4(8): 

701-712. 

Pielou, E.C. 1974. Population and community ecology: 

Principles and methods. Ecology, 2: 402-403. 

Qian, L.I., L. Yuan, S.Q. Luo and J.G. Huang. 2015. 

Artemisinin and flavonoids in wild Artemisia annua and 

surrounding soil and the influence on soil microbes. Acta 

Agrestia Sinica., 9: 121-129. 

Regragui, A. and H. Lahlou. 2005. Effect of Salinity on In vitro 

Trichoderma harzianum antagonism against Verticillium 

dahlia. Pak. J. Biol. Sci., 8(6):  

Rousk, J., E. Baath and P.C. Brookes. 2010. Soil bacterial and 

fungal communities across a pH gradient in an arable soil. 

Isme J. Multidisciplinary J. Micro Ecol., 4(10): 1340-1351. 

Tewari, L. and R. Singh. 2012. Biological control of sheath 

blight of rice by Trichoderma harzianum using different 

delivery systems. Indian Phytopathol., 58(1): 35-40.  

Weinding, R. 1932. Studies on a lethal principle effective in the 

parasitic action of Trichoderma lignorum on Rhizictonia 

solani and other soil fungi. Phytopathology, 22: 837-845. 

Woo, S.L., M. Ruocco, F. Vinale, M. Nigro, R. Marra, N. 

Lombardi, A. Pascale, S. Lanzuise, G. Manganiello and M. 

Lorito. 2014. Trichoderma-based products and their 

widespread use in agriculture. Open Mycol. J. 8 (Suppl 1)., 

71-126 (M4). 

 

(Received for publication 19 March 2017) 
 


