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Carbon and Nitrogen mineralization in Trichoderma-based compost of different plant and animal residues



ABSTRACT
Trichoderma spp is a genus of fungi, among many species that can be used to control phytopathogenic fungi. Having viewed through past researches, there is dearth of knowledge on the use of Trichoderma as an activator in the production of compost. This study was therefore carried out to determine the effect of Trichoderma asperellum inoculation on the mineralization of carbon and nitrogen in compost of different plant and animal materials. The experiment was carried out in Soil Science laboratory of the Federal University of Agriculture, Abeokuta (FUNAAB), Ogun State, Nigeria. The experiment was set up in a 2 x 2 x 2 factorial combination arranged in completely randomized design with 3 replications. The treatment consisted of two (2) types of animal wastes (poultry manure and cow dung), two (2) types of plant residues (Panicum maximum and Aspilia africana) and two (2) levels of Trichoderma inoculation (inoculated and uninoculated). The animal and plant residues were mixed in the ratio 3:1 and composted for twelve (12) weeks.  Data were collected on pH, soil organic carbon, soil nitrate and ammonium content at 4, 8 and 12 weeks after inoculation. Data collected were subjected to analysis of variance and treatment means were separated using Duncan Multiple Range Test (DMRT). At the end of the study, it was observed that Trichoderma asperellum inoculation increased nitrogen mineralization in the compost, especially at eight (8) weeks after inoculation. Nitrate and ammonium-N level differed significantly as Trichoderma asperellum inoculation favored increased nitrate-N over ammonium-N in the compost. It is therefore concluded that Trichoderma asperellum inoculation has the potential to enhance N mineralization thus improving the quality of compost for agricultural production.
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INTRODUCTION
Beneficial microorganism is important in nature farming and organic agriculture to improve quality of the soil, increase the yield of crops, and serve as bio control agent and microbial activator (Dutartre et al., 1993; Lavee et al., 1991). Several microorganisms are categorized as beneficial because they help the plants to absorb nutrients and protect them from pathogens, although some of them are harmful and can cause diseases to plants. The topsoil with leaf litters, particularly in forested areas is a major sanctuary for a wide variety of several microbes, which can be trapped or collected so that it can be introduced into the ecological environment and can be of great benefit to crops (Emerson et al., 1986). Fungus is one of the many beneficial microorganisms in the soil whose biological activities keep our forest vibrant. Fungi have the ability to degrade organic materials and its potential as decomposer is now used in the production of organic fertilizer to hasten decomposition and improve quality of the product thereof (Imeson, 1995; Iranzo et al., 2001). Animal manures were likewise observed to contain several bacteria and fungi, which may be beneficial in the process of decomposition. A beneficial fungus from carabao manure is the interest of this study towards the development of microbial activator to lessen the period of decomposition and usefulness in the production of organic compost. Trichoderma from other sources is one of the most commonly used compost activator and is now commercialized in the market. It is the intent of this research to isolate and develop a cheaper and effective compost activator from carabao manure since the cost of the activator is one of the major cost items in the production of organic fertilizer (Aganon et al., 2008; Bae et al., 2011; Druzhinina et al., 2005). 
Trichoderma spp is a genus of fungi, including many species that can be used to control phytopathogenic fungi. Trichoderma spp. are, generally, soil dwelling saprophytes. They have a rapid growth rate, compete well with other soil microorganisms, show resistance to chemical pesticides and produce various antibiotics (e.g. gliotoxin and viridin). Microorganisms are the most important components of the soil. They constitute its living part and are responsible for the dynamics of transformation and development of soil structure (Dreyfuss et al., 1976; Harman et al., 2004; Tiwari et al., 1989; Harman, 2006).
Trichoderma is a genus of fungi that is present in all soils, where they are the most prevalent culturable fungi. Many species in this genus can be characterized as opportunistic avirulent plant symbionts. This refers to the ability of several Trichoderma species to form mutualistic endophytic relationships with several plant species. This aspect shows the importance of biological control in soil improvement programs (Koning et al., 2000). 
  Microorganisms play an important role in the recycling of agricultural wastes. The compost generated by bioconversion of agro-residues offers several benefits such as enhanced soil fertility and soil health which can lead to increased agricultural productivity, improved soil biodiversity, reduced ecological risks and a healthier environment (Shukla and Cameotra, 2012). These virtues make composting an ideal option for processing of the enormous quantities of agro wastes that are generated in the world. Recent reports also indicate multifarious uses of bio-augmented compost as carrier for bio inoculants, bio control agents for diseases suppressiveness and bioremediation. There is definite need to intensify research on novel effective microorganisms to prepare high quality compost in a relatively shorter duration and new technologies for large-scale production.

MATERIALS AND METHODS
The study was carried out in the laboratory of Department of Soil Science and Land Management, Federal University of Agriculture, Abeokuta, Nigeria
Sources of Materials
Soil samples were collected from the upland area of FADAMA. Organic soil amendments (poultry manure and cow dung) were sourced from a commercial livestock farm and the plant materials Elephant grass (Panicum maximum) and goat weed (Aspilia africana) from Institute of Food Security, Environmental Resources and Research (IFSERAR). 
Soil Preparation and Analysis
Experimental soil was air-dried , passed through 2 mm sieve and analyzed routinely  for pH , Organic Carbon , Total Nitrogen, Available P , Exchangeable Bases ( Na , K , Ca, Mg ) and particle size  distribution as follows:
Physical and chemical analyses of soil sample
The laboratory analyses that were carried out on the soil samples at the beginning and at the end of the experiments were the following; particle size analysis using the hydrometer method as described by Gee and Bander (1986), pH was determined in a 1:1 soil to water suspension using a pH meter with glass electrode (Thomas, 1996); total N was determined using macro-Kjedhal digestion technique of Bremner (1996); organic C using wet oxidation method of Walkley and Black (1934) which was modified by Nelson and Sommers (1996). Available P was extracted using Bray-1 method (IITA, 1997) and determined colorimetrically using the method of Murphy and Riley (1962). Exchangeable acidity was determined by titrimetry (IITA, 1997). Cation Exchange Capacity (CEC) was determined by summation of total exchangeable bases and total acidity (Braize, 1998) while exchangeable bases were extracted with 1 N ammonium acetate buffer at pH 7.0. Exchangeable Na+ and K+ in the extract were determined by flame photometry while Ca2+ and Mg2+ were determined using AAS (IITA, 1997). 
Experimental Procedure
The soil sample collected was air dried and passed through 2mm sieve. The plant materials (Elephant grass Panicum maximum and goat weed Aspilia africana) were chopped into smaller sizes. The gravimetric moisture content of the organic soil amendment (poultry manure and cow dung) was determined in other to know the amount of water present in the soil amendment by oven drying at 650c to a constant weight. Animal and plant residues shall be mixed in ratio 3:1 (animal residue (210 g) and plant residue (70 g) shall be weighed into a glass jar in layer with surface soil in between to make up a total weight of 500 g. Each jar was wetted with 25 ml of distilled water or 5 ml Trichoderma culture based per jar. This was inoculated under laboratory condition for a period of 12 weeks. Each treatment shall be turned at 4 and 8 weeks after inoculation. The experiment will be a 2 x 2 x 2 factorial combination arranged in completely randomized design with 3 replications. The treatment shall consist of two types of animal wastes (poultry manure cow dung), two types of plants residues (Panicum maximum and Aspilia africana) and two levels of Trichoderma inoculation (inoculated and uninoculated). The ratio of animal to plant residue will be 3:1.
Each treatment had the following combinations:
T1 = Soil (80g) + Pm (210g) + Soil (70g) + Aa (70g) + Soil (70g) + T (5ml)
T2 = Soil (80g) + Pm (210g) + Soil (70g) + Aa (70g) + Soil (70g) + NT
T3 = Soil (80g) + Cd (210g) + Soil (70g) + Aa (70g) + Soil (70g) + T (5ml)
T4 = Soil (80g) + Cd (210g) + Soil (70g) + Aa (70g) + Soil (70g) + NT
T5 = Soil (80g) + Pm (210g) + Soil (70g) + P (70g) + Soil (70g) + T (5ml)
T6 = Soil (80g) + Pm (210g) + Soil (70g) + P (70g) + Soil (70g) + NT
T7 = Soil (80g) + Cd (210g) + Soil (70g) + P (70g) + Soil (70g) + T (5ml)
T8 = Soil (80g) + Cd (210g) + Soil (70g) + P (70g) + Soil (70g) + NT 
KEY
PM = Poultry manure; CD= Cow dung; P = Panicum maximum; AA = Aspilia africana 
T = Inoculation (Trichoderma); NT = No Inoculation
Data Collection
Data were collected on Soil pH, soil organic carbon, soil nitrate and ammonium content at 4, 8, and 12 weeks after inoculation (WAI).
Statistical Analysis
Data collected was subjected to Analysis of Variance (ANOVA) using statistical Analysis system version 2.2 for windows (SAS Inc., 2000) and the treatment means separated using Duncan’s Multiple Range Test (DMRT) at 5 % level of probability.

RESULTS AND DISCUSSION
Physical and chemical properties of the soil used for the experiment
The soil is sandy loam. It is high in available phosphorus, low in total nitrogen and exchangeable bases. It has a neutral pH range of 7.2 with a particle size of sand- 68.9 %, clay- 4.2 %, and silt -26.9 %. Total Nitrogen -0.216 %, Available Phosphorus- 42.67 mg/kg, Exchangeable Acidity- 0.2 mEq/100g,, Organic Carbon -0.678 %, Organic Matter - 1.172 % Exchangeable Na -0.436 cmol/kg, K - 0.651 cmol/kg,, Ca -0.212 cmol/kg, Mg- 0.321 cmol/kg.








Table 1: Physical and chemical properties of the soil used for the experiment.
	SOIL PROPERTIES
	FADAMA

	pH  (H2O)
	7.2

	Total N (%)
	0.216

	Available P (mg/kg)
	42.67

	Exch. Acidity (mEq/100g)
	0.2

	Textural class
	Sandy loam

	Sand (%)
	68.9

	Silt (%)
	26.9

	Clay (%)
	4.2

	Org. Carbon (%)
	0.678

	Org. Matter (%)
	1.172

	Exchangeable Ca  (cmol/kg)
	0.212

	                        Mg (cmol/kg)
	0.321

	                         Na (cmol/kg)
	0.436

	                         K  (cmol/kg)
	0.651



Effect of Trichoderma-based compost with different plant residues on pH, Carbon and Nitrogen mineralization. The result shows that the pH status of the plant residues increases across the inoculation weeks and they were all strongly alkaline. There was no significant difference in the pH at 4th, 8th and 12th weeks after inoculation (WAI).
The organic carbon content of the plant residues (Panicum maximum and Aspilia africana) increases across the inoculation weeks. There was also no significant difference in the organic carbon content of the plant residues but Aspilia africana has the highest value of 2.076 for organic carbon content at 4 WAI. At 8 WAI, Panicum maximum has the highest value of 2.13 for organic carbon compared to Aspilia africana while at 12 WAI Aspilia africana has the highest value of 3.27 for organic carbon.
The Nitrate Nitrogen (NO3-N) content of the residues also increases across the inoculation weeks in which there was no significant difference in both plant residues but Aspilia africana has the highest value of nitrate nitrogen at 4th, 8th and 12th weeks after inoculation compared to Panicum maximum.
The Ammonium Nitrogen content (NH4-N) of the both plant residues increases at 4th, 8th and 12th WAI in which there was no significant difference at 4th and 8th WAI in both residues but there was significant difference at 12th WAI. Panicum maximum has the highest value at 4th and 8th WAI while Aspilia africana has highest value at 8 WAI.























Table 2: Effect of Trichoderma-based compost with different plant residues on pH, Carbon and Nitrogen mineralization.
	
	
	4WAI
	
	
	8WAI
	
	
	12WAI
	

	PLANT RESIDUE
	pH(2:1)
	%OC
	NO3-N (cmolkg-1)
	NH4-N (cmolkg-1)
	pH(2:1)
	%OC
	NO3-N (cmolkg-1)
	NH4-N (cmolkg-1)
	pH(2:1)
	%OC
	NO3-N (cmolkg-1)
	NH4-N (cmolkg-1)

	Panicum maximum
	8.75a
	2.038a
	17.18a
	1.93a
	8.97a
	2.13a
	42.37a
	3.89a
	8.84a
	3.24a
	62.20a
	9.22a

	Aspilia
africana
	8.48a
	2.08a
	19.79a
	1.84a
	8.66b
	2.11a
	44.24a
	3.99a
	8.66a
	3.27a
	63.12a
	8.42b



Means followed by same alphabet along column are not different from another at 5 % probability level.
KEY
OC = Organic Carbon		NO3-N = Nitrate Nitrogen          NH4-N = Ammonium Nitrogen  	pH = Soil Reaction    
WAI = Weeks After Inoculation



Effect of Trichoderma-based compost with different animal residues on pH, Carbon and Nitrogen mineralization. The result shows that the pH status of the animal residues increases across the inoculation weeks. There was no significant difference in all the parameters examined across the inoculation weeks except that of pH at 4 WAI in which there was significant difference in the pH of cow dung and poultry manure. Cow dung has the highest value for organic carbon at 4 and 12 WAI while poultry manure has the highest value for organic carbon at 8 WAI. Poultry manure has the highest value for both Nitrate and Ammonium Nitrogen at 4 and 8 WAI while cow dung has the highest value for nitrate nitrogen content at 12 WAI.

	
Table 3: Effect of Trichoderma-based compost with different animal residues on pH, Carbon and Nitrogen mineralization.
	
	
	4WAI
	
	
	8WAI
	
	
	12WAI
	

	ANIMAL RESIDUE
	pH(2:1)
	%OC
	NO3-N (cmolkg-1)
	NH4-N (cmolkg-1)
	pH(2:1)
	%OC
	NO3-N (cmolkg-1)
	NH4-N (cmolkg-1)
	pH(2:1)
	%OC
	NO3-N (cmolkg-1)
	NH4-N (cmolkg-1)

	Cow dung
	8.75a
	2.07a
	15.89a
	1.78a
	8.83a
	2.07a
	41.94a
	3.72a
	8.97a
	3.35a
	65.52a
	8.73a

	Poultry 
Manure
	8.48b
	2.05a
	21.07a
	1.98a
	8.80a
	2.16a
	44.67a
	4.16a
	8.53a
	3.15a
	59.79a
	8.85a



Means followed by same alphabet along column are not different from another at 5 % probability level.
KEY
OC = Organic Carbon		NO3-N = Nitrate Nitrogen          NH4-N = Ammonium Nitrogen  	pH = Soil Reaction    
WAI = Weeks After Inoculation



Effect of Trichoderma asperellum inoculation on pH, carbon and nitrogen mineralization of different plant and animal-based compost.
At 4 WAI, the pH, OC, NO3-N and NH4-N were not significantly different (p<0.05) with respect to Trichoderma and non-trichoderma inoculation. The pH were not significantly different from each other.
The organic carbon content was highest at Trichoderma and least at non-trichoderma.
 The NO3-N was highest at non-trichoderma and least at Trichoderma.
The NH4-N was highest at non-trichoderma and least at Trichoderma.
 At 8 WAI, pH and OC were not significantly different (p<0.05) with respect to Trichoderma and non-trichoderma inoculation. The NO3-N and NH4-N differed significantly (P<0.05) with respect to Trichoderma and non-trichoderma inoculation. The PH was highest at non-trichoderma and least at trichoderma. The organic carbon content was highest at Trichoderma and least at non-trichoderma. The NO3-N content was highest at Trichoderma and least at non- trichoderma. The NH4-N content was highest at non-trichoderma and least at Trichoderma.
At 12 WAI, the pH, OC, NO3-N and NH4-N were not significantly different (P<0.05) with respect to Trichoderma and non-trichoderma inoculation. The pH was highest at Trichoderma and least at non-trichoderma. The organic carbon content was highest at non-trichoderma and least at trichoderma. The NO3-N content was highest at Trichoderma and least at non-trichoderma. The NH4-N content was highest at trichoderma and least at non-trichoderma.








Table 4: Effect of Trichoderma asperellum inoculation on carbon and nitrogen mineralization of different plant and animal-based compost.
	
	
	4WAI
	
	
	8WAI
	
	
	12WAI
	

	INOCULATION
	pH(2:1)
	%OC
	NO3-N (cmolkg-1)
	NH4-N (cmolkg-1)
	pH(2:1)
	%OC
	NO3-N (cmolkg-1)
	NH4-N (cmolkg-1)
	pH(2:1)
	%OC
	NO3-N (cmolkg-1)
	NH4-N (cmolkg-1)

	Trichoderma
	8.61a
	2.13a
	16.80a
	1.42a
	8.71a
	2.232a
	48.45a
	3.66b
	8.82a
	3.23a
	63.75a
	8.94a

	Non- trichoderma
	8.61a
	1.98a
	20.16a
	2.35a
	8.92a
	2.01a
	38.17b
	4.22a
	8.68a
	3.27a
	61.56a
	8.70a  



Means followed by same alphabet along column are not different from another at 5 % probability level.
KEY
OC = Organic Carbon		NO3-N = Nitrate Nitrogen          NH4-N = Ammonium Nitrogen  	pH = Soil Reaction    
WAI = Weeks After Inoculation




The interactive effect of Trichoderma asperellum on pH, carbon and nitrogen mineralization in different plant and animal residues-based compost at 4 WAI. 
The pH, OC, NO3-N and NH4-N of the compost differed significantly (P<0.05) with respect to Trichoderma and non-trichoderma inoculation. The pH was highest at NT+CD+P and least at NT+CD+AA. The organic carbon content was highest at T+PM+AA and least at NT+PM+P.
The nitrate nitrogen content differed significantly with respect to Trichoderma inoculation and control. The nitrate nitrogen content of the compost was highest at NT+PM+AA and lowest at T+CD+P. All other treatment combinations were significantly different (P<0.05) from each other. The ammonium nitrogen content of the compost was highest at NT+PM+AA and least at T+PM+P. Other treatment combinations were significantly (P<0.05) different from each other.















Table 5: Effect of Trichoderma asperellum on carbon and nitrogen mineralization in different plant and animal residues-based compost at 4 weeks after inoculation (4 WAI).
	TREATMENT
	pH(2:1)
	%OC
	NO3-N(cmolkg-1)
	NH4-N(cmolkg-1)

	T+CD+AA
	8.71b
	2.08ab
	15.18ab
	1.65abc

	T+PM+AA
	8.47bc
	2.19a
	18.42ab
	1.39bc

	T+PM+P
	8.50bc
	2.11a
	21.64ab
	1.26c

	T+CD+P
	8.78b
	2.15a
	11.96b
	1.38bc

	NT+PM+P
	8.43bc
	1.92c
	17.42ab
	2.63a

	NT+CD+P
	9.30a
	1.97bc
	17.68ab
	2.43ab

	NT+PM+AA
	8.52bc
	1.97bc
	26.79a
	2.65a

	NT+CD+AA
	8.21c
	2.07ab
	18.75ab
	1.68abc


Means followed by same alphabet along column are not different from another at 5 % probability level.
KEY							
OC = Organic Carbon				P = Panicum maximum 
NO3-N = Nitrate Nitrogen			AA = Aspillia africana 
NH4-N = Ammonium Nitrogen  		T = Inoculation (Trichoderma)
pH = Soil Reaction				NT = No Inoculation 
WAI = weeks after Inoculation		PM = Poultry manure
CD= Cow dung


The interactive effect of Trichoderma asperellum on pH, carbon and nitrogen mineralization in different plant and animal residues-based compost at 8 WAI.
The pH and NH4-N content of the compost were not significantly (P<0.05) different with respect to Trichoderma and non-trichoderma inoculation. The pH was highest at NT+CD+AA and least at T+CD+P. The organic carbon content differed significantly (P<0.05) with respect to Trichoderma inoculation and control. 
The organic carbon was highest at T+CD+AA and lowest at NT+CD+AA. The nitrate nitrogen content of the compost differed significantly (P<0.05) with respect to Treatment combinations. The nitrate nitrogen was highest at T+CD+P and least at NT+CD+AA. The ammonium nitrogen content of the compost were not significantly (P<0.05) different from each other with respect to the treatment combinations.

Table 6: The interactive effect of Trichoderma asperellum on carbon and nitrogen mineralization in different plant and animal residues-based compost at 8 weeks after inoculation.
	TREATMENT
	pH(2:1)
	%OC
	NO3- N(cmolkg-1)
	NH4-N(cmolkg-1)

	T+CD+AA
	8.78a
	2.45a
	42.46ab
	3.24a

	T+PM+AA
	8.72a
	2.19ab
	48.69ab
	4.12a

	T+PM+P
	8.84a
	2.18ab
	49.57ab
	3.68a

	T+CD+P
	8.53a
	2.14ab
	54.50a
	3.68a

	NT+CD+P
	8.87a
	2.19ab
	41.26ab
	4.42a

	NT+PM+P
	8.81a
	1.95bc
	45.09a
	4.21a

	NT+CD+AA
	9.05a
	1.71c
	27.87c
	3.80a

	NT+PM+AA
	8.93a
	2.16ab
	37.0bc
	4.37a


Means followed by same alphabet along column are not different from another at 5% probability level.
KEY							
OC = Organic Carbon				P = Panicum maximum 
NO3-N = Nitrate Nitrogen			AA = Aspillia africana 
NH4-N = Ammonium Nitrogen  		T = Inoculation (Trichoderma)
pH = Soil Reaction				NT = No Inoculation 
WAI = weeks after Inoculation		PM = Poultry manure
CD= Cow dung
The interactive effect of Trichoderma asperellum on carbon and nitrogen mineralization in different plant and animal residues-based compost at 12 WAI. 
The pH and OC content of the compost differed significantly (P<0.05) with respect to trichoderma inoculated and un-inoculated treatments. The pH was highest at T+CD+AA and least at NT+PM+P. The organic carbon content was highest at T+CD+AA and least at NT+CD+P.
The NO3-N and NH4-N content of the compost were not significantly different (P<0.05) with respect to Trichoderma inoculation and control. The nitrate nitrogen was highest at NT+CD+AA and least at NT+PM+P. all other treatment combinations were not significantly different from each other. The ammonium nitrogen content was highest at T+CD+P and least at T+PM+AA. All other treatment combinations were not significantly (P<0.05) different from each other.   








Table 7: The interactive effect of Trichoderma asperellum on carbon and nitrogen mineralization in different plant and animal residues-based compost at 12 weeks after inoculation
	TREATMENT
	pH(2:1)
	%OC
	NO3-N(cmolkg-1)
	NH4-N(cmolkg-1)

	T+CD+AA
	9.22a
	3.80a
	60.05a
	9.46a

	T+PM+AA
	8.58bc
	3.04b
	67.63a
	8.33a

	T+PM+P
	8.78abc
	3.02b
	61.36a
	9.38a

	T+CD+P
	8.76abc
	2.99b
	67.08a
	9.59a

	NT+CD+P
	8.62bc
	2.20b
	69.26a
	8.38a

	NT+PM+P
	8.49c
	3.36ab
	50.35a
	8.35a

	NT+PM+AA
	8.52c
	3.45ab
	56.16a
	9.07a

	NT+CD+AA
	9.04ab
	3.35ab
	69.36a
	8.00a


Means followed by same alphabet along column are not different from another at 5 % probability level.
KEY							
OC = Organic Carbon				P = Panicum maximum 
NO3-N = Nitrate Nitrogen			AA = Aspillia africana 
NH4-N = Ammonium Nitrogen  		T = Inoculation (Trichoderma)
pH = Soil Reaction				NT = No Inoculation 
WAI = weeks after Inoculation		PM = Poultry manure
CD= Cow dung


CONCLUSION 
[bookmark: _GoBack]
Conclusion
The study revealed that Trichoderma asperellum inoculation increased nitrogen mineralization in the compost, especially at 8 weeks after inoculation. Nitrate and ammonium-N level differed significantly as Trichoderma asperellum inoculation favored increased nitrate-N over ammonium-N in the compost. It is therefore concluded that Trichoderma asperellum inoculation has the potential to enhance Nitrogen mineralization thus improving the quality of compost for agricultural production (Bae et al., 2011).
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