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Diversity of Functional Soil Microbes in Manures and 
Its Eff ect on Organic Mustard Green (Brassica juncea) 
Production

 Abstract

The application of organic fertilizer, especially 
manures, for crop production has long-term eff ects 
for soil nutrients availability and improvement of soil 
structure. The improvement of soil properties involves 
interactions of various types of microorganism in the 
soil. The research aimed to study the eff ects of diff erent 
types of manures on the diversity of functional soil 
microbes and its eff ects on organic green mustard 
production. The experiment was conducted at IPB 
organic research fi eld, Cikarawang, Darmaga, Bogor, 
from April to June 2015. The experiment used a 
randomized complete block design with two factors; 
the fi rst factor was types of manure, i.e. chicken, 
cow, and goat manures; the second factor was 
manure rates, i.e. 0 and 10 ton.ha-1, so there were six 
treatments in total, replicated three times. The results 
showed that chicken manure application resulted in 
a higher mustard green yield and soil-P content than 
application of goat manure. The addition 10 ton.ha-1 
of manures increased C-organic, N, K, and C/N ratio 
in soil signifi cantly, but mustard green production was 
not aff ected. The diversity of microbe population of 
the soil treated with all types of manures was high. 
The addition 10 ton.ha-1 of manures decreased the 
total number of microbes, but increased the number 
of cellulose-degrading microbes. The population 
of cellulose-degrading and phosphate-solubilizing 
microbes in the soil applied with cow manure was 
higher than those applied with the other manures.

Keywords: Brassicas, chicken manure, cow manure, 
crop residues, goat manure, soil organic 
matter 

Introduction

The application of organic fertilizer aims to increase 
the soil organic matter and to improve microbe’s 
activity in soil because agricultural practices tend 
to decrease the soil quality and fertility in the long 
term. Application of organic fertilizer can improve 
of physical, chemical, and biological soil properties 
(Sutanto, 2002; Barus, 2012). The organic matter will 
increase the role of functional microbes in soil through 
providing carbon source for the microbes. Moreover, 
the improvement of soil physical structure with manure 
can provide more optimal environment for microbe’s 
growth. Sahwan et al. (2011) showed that the optimal 
environment for microbe growth, including humidity, 
the availability of oxygen, temperature, C/N ratio, and 
soil pH, increase microbe reproduction exponentially. 

Organic fertilizers can be derived from animal 
manures and agricultural wastes. There are abundant 
availability of manures, particularly of chicken, 
cow, and goat manures around the farm, because 
generally Indonesian farmers grow the animals 
around the farm. Animal manures, both in solid and 
liquid form, mixed with food wastes, can increase soil 
nutrients when applied to the soil (Maruapey, 2011). 
In addition, crop residues that were returned into the 
fi eld will supply additional nutrients. Crop residues 
from rice straw increased bacterial population in 
paddy soil (Wu et al., 2011). 

Agricultural land in Indonesia consists of lowlands 
and highlands. One of vegetables which is suitable 
to cultivate in both of lowland and highland is mustard 
green (Brassica juncea). Mustard green requires a lot 
of nitrogen for their vegetative growth, and organic 
matter is one of nitrogen sources. The organic matter 
which has been applied in the agricultural land will 
slowly be released as organic fertilizer (Sharma dan 
Singh, 2011) and resulted in improvements of soil 
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functions up to more than 15 years (Diacono and 
Montemurro, 2010). The process of organic matter 
decomposition is supported by microbe’s activity 
to maintain sustainability of ecosystem (Zak et al., 
1994) and soil productivity (Juan et al., 2015), so 
the application of manures should be optimized. 
One of the important role of microbes is to increase 
the availability of nutrients for plants (Widyati, 2013) 
which will then improve plant growth. Therefore, this 
research aimed to study the application of diff erent 
types of manure on the diversity of functional soil 
microbes and mustard green production.    

Materials and Methods

The experiment was conducted at IPB organic 
experimental station, Cikarawang, Darmaga which 
geographically located between 6°30ˈ- 6°45ˈ South 
Latitude and 106°30ˈ- 106°45ˈ East Longitude, at 250 
m above sea level, Bogor, Indonesia, from April to 
June 2015. This experiment was carried out in the 
second season following soybean cultivation in the 
fi rst season. The fi rst season experiment on soybean 
used three types of manures, namely chicken, goat 
and cow manures, at 20 ton.ha-1 each. The soybean 
biomass residues from the fi rst season were then 
applied in the second season prior to mustard green 
planting. 

The experiment used a randomized complete block 
design with two factors. The fi rst factor was types 
of manures, and the second factor was rates of 
manures, i.e., 0 and 10 ton.ha-1, so there were six 
combinations of treatments with three replications. 
Data were analyzed by analysis of variance and 
means analysis were statistically compared with a 
Tukey test at α= 0.05 using SAS 9.1.3.

Leaf and soil nutrient content were measured in 

Laboratory of Soil Science and Land Resources 
Department, Bogor Agricultural University (IPB) using 
Walkley and Black method for C-Organic, Kjeldahl 
for N-total, Bray method for P and K measurement of 
soil (Eviati dan Sulaeman, 2009). Leaf samples were 
collected from the harvested mustards; soil samples 
from fi ve points of each plot with the total weight of 
1 kg per sample. Measurement of manure nutrient 
content (C-organic, N, P, K, Ca, Mg, C/N ratio) was 
conducted  at The Soil Research Institute, of Land 
Research Center, Bogor. Analyses of functional soil 
microbes used plate count method (Napitupulu, 2012) 
conducted at Soil Biotechnology Laboratory, IPB.

Crop residues of 8.63 ton.ha-1 from the previous 
season were chopped into small pieces before 
application to all plots by top dressing. At this point, 
the fi eld was left fallow for about two months prior to 
planting. Mustard “Brisk Green” seeds were sown on 
nursery media consists of an equal volume of soil, 
manure, and husk charcoal. While waiting for the 
mustard seeds to grow, the manures were applied 
into rows at the rate of 3 kg each plot. Three weeks 
after sowing, the seedlings were transplanted into 
1.5 m x 2 m fi eld plots at 20 cm x 20 cm spacing. 
Mustard green crops were harvested at four weeks 
after transplanting.

Results and Discussion

There was no interaction between manure types 
and rates on mustard green production. However, 
manure types aff ected mustard green weight per 
hectare.  Mustard green yields were higher when 
treated chicken or cow manures (Table 1). The 
production of mustard green in this study was still 
below yield potential based on information available 
on manufactured label of “Brisk Green” seeds 
which were up to 40 ton.ha-1. However, the level of 

Table 1. The production of organic mustard green with diff erent types and rates of manure application

Treatments Percentage of harvestable 
crop (%)

Fresh shoot weight 
per plant (g)

Mustard green yield
(ton.ha-1)

Manure types
Chicken manure 71 126.10 19.48 a
Cow manure 84 73.00 19.20 a
Goat manure 70 105.53 15.76 b
Manure rates (ton.ha-1)
10 73 103.40 17.80
0 77 99.69 18.49
Types of manures x rates ns ns ns

Note: Values followed by the same letter within the same column were not signifi cantly diff erent according to Tukey test at 
α=0.05 level
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production in this study was still in higher than the 
average production of mustard green in Indonesia 
which was 9.9 ton ha-1 in 2014 (Kementan, 2015). 

Fresh shoot weight per plant increased with the 
application of 10 ton.ha-1 of manure, but mustard 
green yield decreased to 1.31 ton.ha-1 with the 
increase of manure rates (P>0.05) (Table 1). The 
decrease in yield was likely due to the low percentage 
of harvestable crops, possibly because of the 
excessive nutrients from soybean crop residues from 
the previous season, and the addition of manures in 
the current experiment. 

Types and rates of manures did not aff ect the 
percentage of harvestable crops (Table 1). However, 
the application of cow manure tended to produce 
more harvestable crops with higher yields than the 
application of chicken and goat manure (Table 1). 
Susanto (2002) showed that the application of high 
rates of chicken manure can damage vegetable 
seeds and transplants, possibly due to the allelopathic 
compounds in the chicken manure which can function 
as herbicides.

The crops treated with chicken and goat manures 
had greater fresh weight than those applied with cow 
manures (P>0.05) (Table 1). This might be related to 
higher nutrient content in chicken and goat manures 
than those of cow manures (Table 2). Compared to 
application of the other manures, application of cow 
manures resulted in the lowest fresh shoot weight 
per plant, although the cow manures contain more 
nitrogen than those of chicken manures (Table 2). 
Based on these results, cow manure alone did not 
seem to be able to support mustard growth.

The availability of nutrients in the manures correlated 
with the availability of functional microbes in the 
manures (Table 2). The number of microbes in the 
three types of manures ranged from 7.00 x 103 to 
3.85 x 107 (Table 3), which correlate to their ability 
to supply nutrients for the crops. The highest count 
of Rhizobium was in goat manures, i.e. 1.07 x 105 
CFU/g. Goat manures also had the highest nitrogen 
content (Table 2). Goat manures also had the highest 
number of microbes, P content, number of cellulose-
degrading microbes, and C-organic.

The goat manures were in granule form, so they are 
more diffi  cult to break down to release the nutrients to 
the soil (Sutanto, 2002). On the other hand, the total 
number of microbes in goat manures was high (Table 
3), which demonstrated that the microbes of the goat 
manures were still active, and the nutrients were 
possibly not ready to be released. The application 
of goat manures could be correlated with the lowest 
percentage of harvested crops; possibly because of 
the low availability of phosphate (P) nutrient in soil 
(Table 4) although P levels in the manure was the 
highest (Table 2).

The application of manures aff ect the soil nutrient 
levels due to the biological process by microbes in the 
soil. The microorganisms play important roles in the 
dynamic of soil nutrient levels through the processes 
of humifi cation and mineralization (Emmerling et al., 
2002). Table 4 showed that the types of manures 
did not aff ect soil nutrient levels, except for P P; 
application of chicken  manures increased soil P 
levels. According to Hartatik and Widowati (2006), 
chicken manures has a relatively higher P content 
compared to the other animal manures. In addition, 
the low number of phosphate-solubilizing microbes in 

Table 2. Nutritional values of diff erent types of manures*

Manure types
C-organic N P K Ca Mg C/N ratio

%
Chicken manure 10.57 1.43 2.49 1.07 6.63 0.88 7
Cow manure 8.43 1.60 0.35 0.20 1.01 0.25 5
Goat manure 17.65 2.04 2.65 1.42 1.60 1.01 9

*From Eviati dan Sulaeman (2009), Laboratory of Land Research, Bogor

Table 3. Microbes population in manures*

Manure types
∑ Total microbe ∑ Rhizobium ∑ Phosphate-solubilizing 

microbes
∑ Cellulose-degrading 

microbes
(SPK per g)

Chicken manure 1.71 x 107 2.90 x 104 1.00 x 104 7.00 x 103

Cow manure 1.37 x 107 7.60 x 104 2.00 x 104 3.80 x 104

Goat manure 3.85x 107 1.07 x 105 2.10 x 104 6.90 x 104

* Based on plate count method (Napitupulu, 2012), Soil Biotechnology Laboratory, IPB



Diversity of Functional Soil Microbes in Manures and Its Eff ect on Organic ..........

Journal of Tropical Crop Science Vol. 6 No. 1, February 2019
www.j-tropical-crops.com

63

chicken manure (Table 3) indicated the high levels of 
P. According to Richardson and Simpson (2011) the 
increase of activity of phosphatases might occur in 
response to P defi ciency, and vice versa. 

Manure application at 10 tons.ha-1 signifi cantly 
increased the levels of carbon, potassium and C/N 
ratio (Table 4). According to Adiku et al. (2008) 
the addition of organic matter to soil will lead to 
an increase of soil organic carbon, so that the soil 
microbial activities increased as the result of carbon 

Table 4. Soil nutrient content
Treatments C (%) N (%) P (ppm) K (me/100 g) C:N ratio

Manure types
Chicken manure 2.73 0.16 55.18 a 0.54 17.20
Cow manure 2.70 0.16 27.13 b 0.51 17.04
Goat manure 2.68 0.17 20.83 b 1.01 16.25
Manure rates (ton.ha-1)
10 3.59 a 0.16 37.88 1.04 a 22.06 a
0 1.81 b 0.16 30.88 0.33 b 11.59 b

Manure types x rates ns ns ** ns ns
Note: Values followed by the same letter within the same column were not signifi cantly diff erent according  to Tukey test at 

α=0.05 level

mineralization.

The application of goat manure reduced C-organic 
levels and C/N ratio compared to application of the 
other manures, but the values were not signifi cantly 
diff erent (Table 4). The increase in C/N ratio was 
caused by the high number of cellulose-degrading 
microbes in goat manure (Table 3). The decomposition 
process decreases with time and make the nutrients 
available for the crops. 

The types and rates of manures interacted in aff ecting 
soil available P (Table 5). Goat manure application 
at 10 ton.ha-1 signifi cantly increased the levels of 
soil available P. However, the application of chicken 
manure resulted lower available-P level, even 
though the eff ects were not signifi cantly diff erent. 
The decrease the soil available-P might have been 

caused by immobilization of P in the soil. Uptake 
of P from soil solution occurs as orthophosphate; 
addition of organic matter was associated with a 
signifi cant decline of soluble orthophosphate in the 
soil (Richardson and Simpson, 2011). 

The soil available-P in the control treatment (without 
manures) was higher (P>0.05) than those with chicken 
manure application at 10 ton.ha-1 (Table 5), possibly 
due to P residues from the applied chicken manures 
in the fi rst-season experiment. As mentioned in the 

method, chicken manure with the rate of 20 ton.ha-1 
was applied for cultivating soybean in the fi rst-season. 
Therefore, when chicken manure was applied in the 
second season, it might result in immobilization of P 
and reduced the available-P in the soil.

Soil that were treated with goat manures had the 
highest potassium level (Table 4), resulting in 
high levels of potassium in plant tissues (Table 
6). Silahooy (2008) reported that the uptake of 
potassium in groundnut gradually increased following 
the increases of KCl fertilizer application, which 
in line with the results in this study that increasing 
rates of manures increased the potassium levels in 
the mustard green tissues (Table 6). Diff erent from K 
content, the levels of N and P in the leaf tissue were 
not signifi cantly diff erent among the types and rates 
of manure application.

Table 5. The eff ect of interaction between manure types and rates to soil available P 1) 2)

Treatments Chicken manure Cow manure Goat manure
Manure rates (ton.ha-1) (ppm)

10 45.95 38.63 29.06   A
0 64.40 a 15.63 b 12.60 bB

Note: 1. Values followed by the same letters within the same rows were not signifi cantly diff erent according to Tukey test 
  at α=0.05
 2. Values followed by the same capital letters within the same column were not signifi cantly diff erent according to  

 Tukey test at α=0.05 
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The levels of N, P and K in the leaf of Brassica 
oleracea were higher than the suffi  ciency levels of N, 
P, and K in the leaf tissues according to IFA (1992) of 
3.3, 0.5, and 3.1%, respectively. The results showed 
that the mustard greed had reached suffi  cient nutrient 
levels from the application of manures. Although 
cow manure had a lower phosphate and potassium 
content compared to other animal manures (Table 
2), the number of phosphate-solubilizing microbes in 
cow manure was quite high (Table 3), which could 
potentially increase available P in the soil.

Comparison of soil nutrient levels before and after 
mustard green cultivation indicates the effi  ciency of 
manure application. The diff erences in the nutrient 
levels might be caused by biological processes or 
microbes activity in the soil which might be diff erent 
in diff erent types of soil and the crops grown. The 
total counts of microbes and Rhizobium after mustard 
green cultivation has declined compared to before 
planting (Figure 1), possibly due to the unavailability 
of plant root exudates as one of energy source for the 
microbes (Richardson and Simpson, 2011). We could 

conclude that the eff ects of soil microbes on crop 
growth were direct, because there were diff erences 
in the number of soil microbes with and without the 
crops. In addition, plant species aff ected the presence 
of specifi c types of microbes, such as Rhizobium, will 
likely be available in large quantities when legume 
crops were grown.

The diversity of functional microbes in the soil 
previously grown with mustard can be related to 
diff erent composition of organic fertilizer which aff ects 
the availability of substrate for microbes (Juan et al., 
2015). The decline in the count of total microbes had 
occurred after addition of manures (Figure 1) due to 
the presence of microbe competition between soil and 
manure. Furthermore, from the three functional soil 
microbe types, the population of cellulose-degrading 
microbes was the highest. The application of manure 
will increase the population of degrading-cellulose 
microbes (Figure 1) due to the increase availability 
of carbon in the soil. According to Zhong et al. (2010) 
metabolic activities of soil microbes are triggered by 
long-term fertilization that caused by the accumulation 

Table 6. Mustard green leaf nutrient content 

Treatments
N P K

(%)
Manure types

Chicken manure 3.94 0.53 3.60 a
Cow manure 3.46 0.54 3.09 b
Goat manure 3.74 0.52 3.65 a
Manure rates (ton.ha-1)
10 3.59 0.54 3.64 a
0 3.84 0.53 3.25 b
Types of manure x rates ns ns ns

Note: Values followed by the same letters within the same column were not signifi cantly diff erent according to Tukey test 
at α<0.05 

Figure 1. Counts of Rhizobium, cellulose-degrading and phosphate-solubilizing microbes (A) and total number 
of microbes (B) in the soil treated with 10 ton.ha-1 of chicken manure (Ch10), without chicken manure 
(Ch0), with 10 ton.ha-1 of goat manure (Go 10), and without goat manure (Go 0).
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of carbohydrates and amino acids derived from the 
release of plants root exudates to the soil.

The increasing rates of diff erent manures showed 
that the population of cellulose-degrading microbes 
was the highest in goat manure. Goat manures 
at 10 t.ha-1 resulted in an in immediate increase of 
cellulose-degrading microbial count compared to the 
control. Application of cow manures, on the other 
hand, had longer term eff ects on cellulose-degrading 
microbial count; soil that were treated with cow 
manures in the fi rst season still had high cellulose-
degrading microbial count in the second season. 
According to Yang et al. (2014), the diff erences in 
carbon and nitrogen sources infl uenced the number 
and activity of cellulose-degrading microbes because 
of their cellulose production. The low C/N ratio in 
diff erent types of manures (Table 2) promoted the 
decomposition process and stimulated the activities 
of the specifi c microbes, resulting in the availability 
of nutrients for plants (Juan et al., 2015), as shown in 
nutrient uptake of the leaves (Table 6). 

The population of phosphate-solubilizing microbes in 
the soil applied with cow manure tended to be higher 
than the in soils with other manures (Figure 1). This 
microbe was also found in the cow manure and it was 
more abundant than those in chicken manure (Table 
3). On the contrary, the population of phosphate-
solubilizing microbes in the soil applied with goat 
manure was lower than the in soil with cow manure 
although the number of phosphate solubilizing 
microbes in goat manure was the highest (Table 
3).  Kim et al. (1998) showed that the population of 
phosphate-solubilizing microbes depends on soil 
physical and chemical properties, organic matter 
content, and P levels in the soil. Juan et al. (2015) stated 
that the diff erences in organic matter composition 
and substrate availability are likely to be the main 
reasons for the diff erences in microbial community. It 
is evident from this study that soil microorganisms are 
responsible for the degradation of organic matter, and 
releasing nutrients from organic matter to stimulate 
crop growth. In addition, soil microorganisms are 
also important for maintaining soil structure for a 
sustainable organic farming. 

Conclusion 

The application of chicken manures resulted in highest 
yield of mustard green, but it was not signifi cantly 
diff erent from the yield with cow manure application. 
The soil available-P was the highest with chicken 
manure application. The increasing rates of animal 
manures increased C-organic, nitrogen, potassium, 
and C/N ratio in the soil, but had no eff ects on mustard 

yields. The soil microbe diversity increased following 
mustard cultivation. The increasing rates of manures 
decreased the total microbe counts after mustard 
cultivation, but increased the cellulose-degrading 
microbes. The population of cellulose-degrading and 
phosphate-solubilizing  microbes in cow manure were 
higher than those of the other manures.  

References

Adiku, S.G.K., Narh, S., Jones, J.W., Laryea, K.B., 
and Dawuona, G.N. (2008). Short-term eff ects 
of crop rotation, residue management, and soil 
water on carbon mineralization in a tropical 
cropping system. Plant and Soil 311, 29-38. 

Barus, J. (2012). Pengaruh aplikasi pupuk kandang 
dan sistem tanam terhadap hasil varietas 
unggul padi gogo pada lahan kering masam 
di Lampung. Jurnal Lahan Suboptimal 1, 102-
106.

Diacono, M and Montemurro, F. (2010). Long-
term eff ect of organic amendments on soil 
fertility, a review. Agronomy for Sustainable 
Development 30, 401-422.

Emmerling, C., Schloter, M., Hartmann, A., and 
Kandeler, E. (2002). Functional diversity of soil 
organism-A review of recent research activities 
in Germany. Journal of Plant Nutrition and Soil 
Science 165, 408-420.

Eviati and Sulaeman. (2009).” Petunjuk Teknis Edisi 
2: Analisis Kimi Tanah, Tanaman, Air, dan 
Pupuk”. 234 pp. Balai Penelitian Tanah. 

 [IFA] International Fertlizer Industry Association. 
(1992). “IFA World  Fertilizer Use Manual”. 
Germany.

Hartatik, W. and Widowati, L.R. (2006). “Pupuk 
organik dan pupuk hayati”. Balai Besar 
Penelitian dan Pengembangan Sumberdaya 
Lahan Pertanian.  

Juan, L., Yan-Ting, Y., Xiang-Dong, Z., Jian-Jun, L., 
Zhi-An, and Bing-Qiang, Z. (2015). Microbial 
community structure and functional metabolic 
diversity are associated with organic carbon 
availability in an agricultural soil. Journal of 
Integrative Agriculture 14, 2500-2511.

[Kementan] Kementerian Pertanian. (2015). “Statistik 
Produksi Hortikultura Tahun 2014”. 285 pp. 
Direktorat Jenderal Hortikultura.



Ari Kurniawati, Maya Melati, Sandra Arifi n Aziz, Purwono

Journal of Tropical Crop Science Vol. 6 No. 1, February 2019
www.j-tropical-crops.com

66

Kim, K. Y., D. Jordan and McDonald, G. A. (1998). 
Eff ect of phosphate-solubilizing bacteria and 
vesicular-arbuscular mycorrhizae on tomato 
growth and soil microbial activity. Biology and 
Fertility of Soil 26, 79-87.

Maruapey, A. (2011). Pengaruh jarak tanam dan jenis 
pupuk kandang terhadap pertumbuhan gulma 
dan hasil jagung manis. In “Prosiding Seminar 
Nasional Serealia 2011”, pp 123-129, Papua 
Barat.

Napitupulu, D. (2012). “Dinamika Populasi Mikroba 
Tanah dengan Sistem Pola Tanam Padi 
Kedelai pada Pertanian Organik”. 83 pp. 
Institut Pertanian Bogor.

Richardson, A.E. and Simpson R.J. (2011). Soil 
microorganism mediating phosphorus 
avalaibility. Plant Physiology 156, 989-996.

Sahwan, F.L., Wahyono, S. and Suryanto, F. (2011). 
Evaluasi populasi mikroba fungsional pada 
pupuk organik kompos (POK) murni dan pupuk 
organik granul (POG) yang diperkaya dengan 
pupuk hayati. Jurnal Teknologi Lingkungan 12, 
187-196.

Sharma, V.K. and Singh, R.P. (2011). Organic matrix 
based slow release fertilizer enhances plant 
growth, nitrate assimilation and seed yield of 
Indian mustard (Brassica juncea L.). Journal of 
Environmental Biology 32, 619–624. 

Silahooy, C. (2008). Efek Pupuk KCl dan SP-36 
Terhadap Kalium Tersedia, Serapan Kalium 
dan Hasil Kacang Tanah (Arachis hypogaea 
L.) pada tanah Brunizem. Buletin Agronomi 36, 
126–132.

Sutanto, R. (2002). “Penerapan Pertanian Organik”. 
Kanisius, Yogyakarta.

Widyati, E. (2013). Dinamika komunitas mikroba 
di rizosfer dan kontribusinya terhadap 
pertumbuhan tanaman hutan. Tekno Hutan 
Tanaman 6, 55-64.

Wu, M., Qin, H., Chen, Z., Wu, J., and Wei, W. (2011). 
Eff ect of long-term fertilization on bacterial 
composition in rice paddy soil. Biology and 
Fertility of Soils 47, 397-405.

Yang, W., F. Meng, F., Peng, J., Han, P., Fang, F., 
Ma, L., and Cao, B. (2014). Isolation and 
identifi cation of a cellulolytic bacterium from 
the Tibetan pig’s intestine and investigation of 
its cellulose production. Electronic Journal of 
Biotechnology 17, 262-267.

Zak, J.C., Willig, M.R., Moorhead, D.L., and Wildman, 
H.G. (1994). Functional diversity of microbial 
communities: a quantitative approach. Soil 
Biology and Biochemistry 26, 1101-1108.  

Zhong, W., Gu T, Wang W., Zhang B., Lin X., Huang 
Q., and Shen, W. (2010). The eff ects of mineral 
fertilizer and organic manure on soil microbial 
community and diversity. Plant and Soil 326, 
511-522.




