

	
Influence of trichoderma inoculants and organic manure on growth, nodulation and nitrogen fixation by Soybean (Glycine max, L. Merrill) in zinc contaminated soil



ABSTRACT
A pot experiment was conducted at the College of Plant Science- Screenhouse, Federal University of Agriculture, Abeokuta (FUNAAB), Ogun state, Nigeria, to evaluate influence of Trichoderma inoculants and organic manure on growth, nodulation and nitrogen fixation by soybean (Glycine max, L. Merrill) in zinc contaminated soil. The experiment was a 2 x 3 x 3 factorial combination arranged in completely randomized design (CRD) with three (3) replicates. Treatments were two levels of cattle dung (0 and 4.46 g kg-1), three levels of Trichoderma at NI (No inoculation), Trichoderma asperellum, and Trichoderma harzianum (5 ml per pot) and three levels of heavy metal (zinc) at 0, 300 and 600 mg kg-1. Five (5) kilograms of the 2 mm sieved soil was weighed into each plastic buckets and amendments was applied thereafter Trichoderma was applied at 5 ml per pot while cattle dung was applied at 4.46 gkg-1. It was moistened to 100% field capacity and left for one week after contamination. Two seeds of soybean were planted per hole and wetting was done at 75 % field capacity when due. Number of leaves, leaf area, plant height, shoot dry weight and number of nodules were determined fortnightly. Inoculation with Trichoderma recorded higher number of nodules and percentage of N2 fixed while zinc contamination did not significantly affect the percentage of N2 fixed. It is concluded that Trichoderma asperellum in combination with cattle dung had great potential in enhancing nodulation and nitrogen fixation by soybean in zinc contaminated soil.
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INTRODUCTION
Soil is used by people in many ways and because of this, it has many definitions. Soil scientists defined soil as the surface mineral and or organic layer of the earth that has experienced some degree of physical, biological, and chemical weathering (Paul, 2007). Soil is a central factor in crop production Soil contamination occurs when human-made chemicals, such as hydrocarbons and heavy metals, find their way into the earth, altering the natural soil environment. Generally, soil contamination is cited as a consequence of non-organic farming practices, industrial activity and improper waste disposal.
Soil contaminated by the heavy metals such as zinc not only negatively affects the agricultural production but also severely disturbs humans and wildlife in that area. As arable land resources decline, hunger and malnutrition endure as a result of soil degradation (Lal, 1998). Soil heavy metal contamination is a serious environmental problem that needed to be addressed due to the toxicities of metals to both humans and living organisms. Less food means degraded soil. In the past fifty years, it is thought that 11.9–13.4 % of the world's agricultural production has been lost as a result of soil deterioration. Additionally, soil degradation is linked to off-site issues including sedimentation, climate change, the operation of watersheds, and changes in natural ecosystems that result in a loss of genetic diversity and biodiversity. Therefore, it is crucial to fight soil degradation at all levels and sizes around the world, not only to ensure global sustainable development but also food security and ecological health (Jie et al., 2002). 
[bookmark: bbb0040][bookmark: bbb0475]The discovery of Trichoderma spp. as a natural decomposition agent and biological agent of bioremediation has been reported by several studies. The rate of decomposition process increases when there is the inoculation of Trichoderma spp. in an agricultural waste substrate such as empty fruit bunches (EFB), palm oil mill effluent (POME) and crop residues (Udebuani et al., 2012; Sharma and Mittra, 1991). Trichoderma spp. have been widely used in agricultural applications due to its well-known biological control mechanism. The usage of this microbial inoculant in Trichoderma-based products attracts the attention of researchers to discover more on other potential benefits of Trichoderma spp.  Due to their higher consistency of performance, strain mixes are becoming more and more popular as Trichoderma bio-inoculants. While there is strong evidence for the involvement of indole acetic acid (IAA) produced by microbes, it is more likely that Trichoderma stimulates growth by altering the balance of hormones like IAA, gibberellic acid, and ethylene (Awodun, 2007).
Organic manure are used as soil amender to enhance the mineral status of the soil. These fertilizers contain trace metals besides providing macro and micronutrients (Ayoola and Makinde, 2008).  Manures are plant and animal wastes that are used as sources of plant nutrients. They release nutrients after their decomposition. Manures are the organic materials derived from animal, human and plant residues which contain plant nutrients in complex organic forms. Naturally occurring or synthetic chemicals containing plant nutrients are called fertilizers. Manures with low nutrient, content per unit quantity have longer residual effect besides improving soil physical properties compared to fertilizer with high nutrient content. Major sources of manures are: Cattle shed wastes-dung, urine and slurry from biogas plants, Human habitation wastes-night soil, sewage, sludge and sullage, Poultry litter, droppings of sheep and goat etc. (Messina, 1999). 
Soybean (Glycine max) is economically the most important bean in the world, providing vegetable protein for millions of people and ingredients for hundreds of chemical products.  Soybean is a herbaceous annual legume that is native to east Asia. It is a member of the Fabaceae family of leguminous plants (Hermosa et al., 2012). The cultivation of legumes has been dated back to thousands of years ago. However, many varieties of beans and peas that are common today were undiscovered until recent times (Messina, 1999). Zinc is a micro essential plant nutrient. This means that zinc is needed in minute quantity for plants to complete their life cycle. However, when the amount of zinc exceeds the buffering capacity of the soil it becomes toxic to the plant resulting to contamination of the soil and this causes the soil not to be congenial for plant growth and development. Soybean is a leguminous plant and some of their characteristics are to develop nodules and fix nitrogen (macro nutrient) from the atmosphere into the soil. The characteristics and functions mentioned earlier can be hindered when the soil is contaminated. For this reason, bioremediation of the soil is considered for optimal performance and output of the soil. Trichoderma inoculant and organic manure (Cattle dung) are being used as an agent of remediation in this study to enhance the growth, nodulation and nitrogen fixation of soybean in a zinc-contaminated soil.

MATERIALS AND METHOD
Study Location
The research work was carried out at the College of Plant Science’s Screenhouse of the Federal University of Agriculture, Abeokuta (FUNAAB), Ogun state, Nigeria.

Experimental Design and Treatment
The experiment was a 2 x 3 x 3 factorial combination arranged in completely randomized design (CRD) with three (3) replicates.
 The treatments were two levels of cattle dung (0 and 10 tha-1), Three levels of Trichoderma NI(No inoculation), Trichoderma asperellum, and Trichoderma harzianum and three levels of heavy metal (zinc) at 0, 300 and 600 mg kg-1.



Soil Sample Collection
Bulk surface soil (0-20 cm depth) was collected from the Teaching and Research Farm in FUNAAB, air-dried and sieved with a 2​ mm sieve for laboratory analysis.

Soil Preparation for Planting 
Five (5) kilograms of the 2 mm sieved bulk soil was weighed into each plastic buckets, Amendments was applied thereafter, Trichoderma was applied at 5 ml per pot while cattle dung was applied at 10 tha-1. It was moistened to 100 % field capacity and left for one week after contamination, two seeds of soybean were planted per hole and wetting was done at 75 % field capacity thereafter.

Data Collection 
The nitrogen fixation was determined at 8WAP by uriede analysis. This was done carefully by uprooting the plant and detaching the root and leaves immediately. The shoot with the petioles were oven dried and grinded. Five grams portion of each sample was weighed and the plant sap extraction was done using hot water extraction method for the ureide assay. 

Data Analysis
Data collected was subjected to Analysis of Variance (ANOVA) using Genstat 12th edition and significant treatment means was separated using Duncan Multiple Range Test at 5 % probability level.

RESULTS
Effect of Trichoderma Inoculation and Cattle Dung on Soybean Number of Leaves in Zinc contaminated Soil
The effect of cattle dung (CD) on the number of soybean leaves is presented in Table 1. At two (2) Week After Planting (WAP), there was no significant difference in the number of soybean leaves between soil amended with CD and the un-amended. However, significant difference was observed from 4 to 12 WAP, in which soil amended with CD recorded significantly higher number of soybean leaves than soil without CD. Significant differences in number of leaves was observed from 4-10 WAP, Where soybean inoculated with Trichoderma asperellum and harzianum recorded significantly higher number of leaves between the inoculated and the un-inoculated soybean plant. (Table 1). Contamination with zinc had no significant effect on soybean number of leaves except at 6 and 8 WAP only. (Table 1).
At 6 and 8 WAP, Soybean number of leaves was significantly higher in the no control (no contamination) than at 300 or 600 mg zinc per pot. However, there was no significant difference in the number of leaves between 300 and 600 mg per pot of zinc contamination
Interactive effect of Trichoderma inoculation and cattle dung on soybean leaf number in zinc contaminated soil was observed between CD with zinc contamination and Trichoderma inoculation with zinc contamination at 6, 8, 10 and 12 WAP, respectively.

Table 1: Effect of Trichoderma inoculation and cattle dung on soybean number of leaves in zinc contaminated soil
	TREATMENT
	2WAP
	4WAP
	6WAP
	8WAP
	10WAP
	12WAP

	CATTLE DUNG (CD)
	
	
	
	
	

	NA
	8.11
	12.85b
	14.59b
	17.24b
	19.01b
	21.5a

	CD
	8.31
	15.57a
	18.11a
	23.26a
	26.8a
	28.9b

	TRICHODERMA (T)
	
	
	
	
	

	NI
	8.78a
	10.19b
	13.78b
	18.06b
	20.7b
	22.5a

	TA
	7.92b
	13.06a
	15.53a
	23.92a
	28.5a
	26.3a

	TH
	7.94b
	15.39a
	16.75a
	24.78a
	28.5a
	27.4a

	Zn CONTAMINATION (ZC)
	
	
	
	

	NC
	8.17a
	16.56a
	14.58a
	24.92a
	27.5a
	28.1a

	300 kg-1
	8.25a
	16.17a
	13.44ab
	22.19b
	24.1a
	26a

	600 kg-1
	8.22a
	15.92a
	12.03b
	19.64b
	23.2a
	25.1a

	Interaction
	
	
	
	
	

	CD * TRI
	ns
	Ns
	Ns
	Ns
	ns
	ns

	CD *Zn
	ns
	Ns
	3.284*
	5.435*
	8.1*
	7.3*

	Tri * Zn
	ns
	Ns
	4.022*
	6.657*
	9.92*
	8.95*

	CD * Tri * Zn
	ns
	Ns
	Ns
	Ns
	ns
	ns


Means with the same letter(s) within the same column are not significantly different at p ≤ 0.05; ns: not significant

KEY: 
NA : No amendment
NI : No inoculation
CD : Cattle dung
Tri : Trichoderma
ZN : Zinc
TH : Trichoderma harzianum
TA: Trichoderma asperellum

Effect of Trichoderma Inoculation and Cattle Dung on Soybean Plant Height    (cm) in Zinc Contaminated Soil
The effect of cattle dung (CD) on the plant height of soybean is presented in Table 2. At 2 WAP, There was no significant difference observed in the plant height of soybean between soil amended with CD and the un-amended. However, significant difference was observed from 4 to 12 WAP, in which soil amended with CD recorded significantly higher plant height of soybean than soil without amendment.
Significant difference in plant height was observed from 4 -12 WAP, where soybean inoculated with Trichoderma asperellum and harzianum recorded significantly higher plant height of soybean than soybean plants without inoculation, However, soil inoculated with Trichoderma asperellum had higher plant height of soybean than Trichoderma harzianum.
Contamination with zinc had no significant effect on soybean plant height except at 4 and 6 WAP only. (Table 2).
At 4 and 6 WAP, Soybean plant height was significantly higher in the control (no contamination) than at 300 or 600 mg per pot. However, there was no significant difference in the number of leaves between 300 and 600 mg per pot of zinc contamination.
Significant interactive effect of Trichoderma inoculation and cattle dung on soybean height in zinc contaminated soil was observed only between CD with zinc contamination and Trichoderma inoculation with zinc contamination at 8, 10 and 12 WAP, respectively.

Table 2:  Effect of Trichoderma inoculation and cattle dung on soybean height (cm) in zinc contaminated soil
	TREATMENT
	2WAP
	4WAP
	6WAP
	8WAP
	10WAP
	12WAP

	CATTLE DUNG (CD)
	
	
	
	
	

	NA
	29.42
	45.25b
	50.3b
	54.2b
	61.2b
	64.5b

	CD
	30.75
	49.17a
	55.31a
	66.5a
	73.1a
	74.5a

	TRICHODERMA (T)
	
	
	
	
	

	NI
	31.14a
	37.59b
	43.58b
	51.9b
	61.5b
	63.5b

	TA
	29.72a
	45.88a
	55.98a
	68.7a
	73.4a
	75.5a

	TH
	29.39a
	48.17a
	54.85a
	65.5a
	71.7a
	74.5a

	Zn CONTAMINATION (ZC)
	
	
	
	

	NC
	29.85a
	47.89a
	55.19a
	61.2a
	72.8a
	73.7a

	300 kg-1
	29.87a
	43.72b
	53.26ab
	57.5a
	62.3b
	65.6b

	600 kg-1
	30.52a
	42.03b
	50.96b
	55.4a
	59.5b
	62.2b

	Interaction
	
	
	
	
	

	CD * T
	ns
	ns
	ns
	ns
	Ns
	ns

	CD *ZC
	ns
	ns
	ns
	11.21*
	9.04*
	7.7*

	T * ZC
	ns
	ns
	ns
	13.73*
	11.42*
	9.12*

	CD * T * ZC
	ns
	ns
	ns
	ns
	Ns
	ns


Means with the same letter(s) within the same column are not significantly different at p ≤ 0.05; ns: not significant.

KEY : 
NA : No amendment
NI : No inoculation
CD : Cattle dung
Tri : Trichoderma
ZN : Zinc
TH : Trichoderma harzianum
TA: Trichoderma asperellum

Effect of Trichoderma inoculation and cattle dung on soybean leaf area in zinc contaminated soil
The effect of cattle dung (CD) on the leaf area of soybean is presented in Table 3. At 2 WAP, there was no significant difference in the leaf area of soybean in soil amended with CD and the un-amended soil. However, from 4 to 12 WAP, soil amended with CD recorded significantly higher leaf area of soybean than soil without CD.
There was no significant difference in the leaf area of soybean between soils without inoculants and inoculated soil all through the experiment periods. However, soil without inoculation recorded lesser leaf area. Soil inoculated with Trichoderma asperellum recorded lesser leaf area of soybean than Trichoderma harzianum except at 6 WAP.
Contamination with zinc has no significant effect on soybean leaf area except at 6 WAP only, soybean leaf area with Trichoderma asperellum was significantly higher than Trichoderma harzianum, and 300 and 600 mg zinc per pot. However, there was no significant difference in the leaf area of plants between 300 and 600 mg per pot of zinc contamination.
Significant interactive effect of Trichoderma inoculation and cattle dung on soybean leaf area in zinc contaminated soil was observed only between CD with zinc contamination and Trichoderma inoculation with zinc contamination at 8, 10 and 12 WAP, respectively.







Table 3: Effect of Trichoderma inoculation and cattle dung on soybean leaf area in zinc contaminated soil.
	TREATMENT
	2WAP
	4WAP
	6WAP
	8WAP
	10WAP
	12WAP

	CATTLE DUNG (CD)
	
	
	
	
	

	NA
	16.6
	35.2b
	36.1b
	37.3b
	40.3b
	44.5b

	CD
	19.6
	42.2a
	44.3a
	46.9a
	49.4a
	54.5a

	TRICHODERMA (T)
	
	
	
	
	

	N
	19.2a
	37.9a
	38.9a
	39.5b
	39.6b
	43.5a

	TA
	21.2a
	39.4a
	43.5a
	43.6a
	49.2a
	53.5a

	TH
	22a
	40.8a
	41.2a
	46.2a
	50.8a
	53.5a

	Zn CONTAMINATION (ZC)
	
	
	
	

	NC
	18.9a
	38a
	43.1a
	44.9a
	46.4a
	53.7a

	300 kg-1
	20.2a
	35.5a
	37.6a
	38.2b
	40.2ab
	45.6ab

	600 kg-1
	19.2a
	34.5a
	36.9a
	37.1b
	38.9b
	44.2b

	Interaction
	
	
	
	
	

	CD * TRI
	Ns
	Ns
	Ns
	Ns
	ns
	ns

	CD *Zn
	Ns
	Ns
	Ns
	7.76*
	9.35*
	7.77*

	Tri * Zn
	Ns
	Ns
	Ns
	9.5*
	11.45*
	9.52*

	CD * Tri * Zn
	Ns
	Ns
	Ns
	Ns
	ns
	ns


Means with the same letter(s) within the same column are not significantly different at p ≤ 0.05; ns: not significant
KEY : 
NA : No amendment
NI : No inoculation
CD : Cattle dung
Tri : Trichoderma
ZN : Zinc
TH : Trichoderma harzianum
TA: Trichoderma asperellum
Effect of Trichoderma Inoculation and Cattle Dung on Number of Nodules and Percentage of Nitrogen Fixation in Zinc Contaminated soil 
The effect of cattle dung (CD) and Trichoderma inoculation on the number of soybean nodules is presented in Table 4. Cattle dung application did not significantly affect the number of nodules. Trichoderma inoculation had significant effect on number of nodules.
Trichoderma inoculated pots produced soybean with higher number of nodules than the un-inoculated pots. However, there was no significant difference between number of nodules from the Trichoderma asperellum and Trichoderma harzianum inoculated pots.
The number of soybean nodules was significantly higher in soil without zinc contamination than soil contaminated with zinc at 300 kg-1 and 600 kg-1. There was however no significant difference in number of nodules of soybean between soils contaminated with zinc at 300 kg-1 and 600 kg-1. Significant Interactive was observed between CD with zinc contamination and Trichoderma inoculation with zinc contamination. 
The effect of cattle dung (CD) and Trichoderma inoculation on percentage of nitrogen fixation is presented in Table 4. Cattle dung had significant effect on percentage N-fixed only while Trichoderma inoculation had significant effect on both number of nodules and percentage N-fixed. Trichoderma inoculated plants were significantly higher in number of nodules and nitrogen fixed than the un-inoculated plants. However, Trichoderma asperellum and Trichoderma hazianum.
Zinc contamination did not significantly affect percentage N-fixed but the number of nodules was significantly affected. The uncontaminated soil (control) had higher number of soybean nodules than the contaminated. However, there was no significant difference between the control and the 300 kg-1 and 600 kg-1 zinc contaminated soil in the number of nodules produced.







Table 4:  Effect of Trichoderma inoculation and cattle dung on number of nodules and percentage of nitrogen fixed in zinc contaminated soil
	TREATMENT
	Number of nodule
	N fixed (%)

	CATTLE DUNG (CD)
	

	NC
	2.70
	37.1b

	CD
	1.89
	42.2a

	TRICHODERMA (T)
	

	NC
	1.06b
	28.6b

	TA
	2.94a
	48.2a

	TH
	2.89a
	42.2a

	Zn CONTAMINATION (ZC)

	NC
	2.83a
	47.8a

	300 kg-1
	1.89ab
	43.0a

	600 kg-1
	1.67b
	38.2a

	Interaction
	

	CD * TRI
	ns
	ns

	CD *Zn
	1.51*
	18.33*

	Tri * Zn
	1.85*
	22.45*

	CD * Tri * Zn
	Ns
	ns


Means with the same letter(s) within the same column are not significantly different at p ≤ 0.05; ns: not significant
KEY : 
NA : No amendment
NI : No inoculation
CD : Cattle dung
Tri : Trichoderma
ZN : Zinc
TH : Trichoderma harzianum
TA: Trichoderma asperellum

Effect of Interaction between Trichoderma Inoculation and Cattle Dung on Number of Nodules and Percentage of Nitrogen Fixation in Zinc Contaminated Soil
The effect of Trichoderma inoculation and cattle manure application on number of nodules and percentage of nitrogen fixation in zinc contaminated soil is presented in the Table. Treatment response on percentage of nitrogen fixation was evident at the point of sampling. Soil treated with TA + CD + NC recorded the highest (61.7 %) nitrogen fixed percentage followed by TH + CD +NC (54.5 %) while soil treated with NI + 600 Zn recorded the least (24.7%) nitrogen fixed. 
Soil treated with TA + CD + NC recorded significantly higher nitrogen fixation percent than all other treatments except with TH + CD +NC treated soil, Similarly soil treated with NI + 600Zn was significantly lower than every other treatment in N2-fixed except NI + 300 Zn, CD + NC, CD + 600 Zn, CD + 300 Zn and NI + NC
Trichoderma inoculation and cattle manure application had significant effect on number of soybean nodules. Number of nodules was higher in soil treated with TA + CD + NC followed by TH + CD +NC and were observed to be significantly higher than other treatments while soil treated with TH + CD + 300 Zn recorded the least number of nodules.













Table 5: Effect of Interaction between Trichoderma Inoculation and Cattle Dung on Number of Nodules and Percentage of Nitrogen Fixation in Zinc Contaminated Soil
	Treatment
	N2 fixation (%)
	Number of nodules

	 CD + 300Zn
	32cd
	1.67de

	 CD + 600Zn
	32.9cd
	3bc

	 CD + NC
	35.7cd
	2cd

	 NI + 300Zn
	26.5d
	1.67de

	 NI + 600Zn
	24.7d
	2.33cd

	 NI + NC
	29.9cd
	1.67de

	 TA + 300Zn
	42.4bc
	4.67b

	 TA + 600Zn
	36.5cd
	2.67cd

	 TA + CD + 300Zn
	50.4bc
	1.67de

	 TA + CD + 600Zn
	47.6bc
	2.33cd

	 TA + CD + NC
	61.7a
	6a

	 TA + NC
	40.8c
	2.33cd

	 TH + 300Zn
	43.7bc
	2.33cd

	 TH + 600Zn
	45.3bc
	2cd

	 TH + CD + 300Zn
	45.1bc
	1.33d

	 TH + CD + 600Zn
	42.2bc
	2.67cd

	 TH + CD +NC
	54.5ab
	5.33a

	 TH + NC
	44.4bc
	2.67cd


Means with the same letter(s) within the same column are not significantly different from each other at p 0.05

NI: No inoculation
NC: No contamination
TH: Trichoderma harzianum
TA: Trichoderma asperellum
CD: Cattle dung
Zn: Zinc (mg kg-1)

DISCUSSION
Leguminous plants like soybeans are symbiotic with soil microorganisms, particularly the symbiotic nitrogen-fixing bacteria that foster plant growth and development (Amakiri, 2000). Long-known biological agents against many soil-borne diseases and possibly opportunistic, avirulent plant symbionts are Trichoderma species (Naseby et al., 2000; Harman et al., 2004). Using animal manure has also shown to improve the soil's nutritional status in heavy metal contaminated soils by accelerating soil deterioration and boosting the population of natural microorganisms (Bidwell et al., 2002). 
The results of the experiments showed the inoculation of Trichoderma asperellum or harzianum with cattle dung manure at 10 t ha-1 recorded higher soybean agronomic parameters. Soybean is a leguminous crop, hence fixes N into the soil. Nitrosomonas convert the N to Nitrite while Nitrobacter mineralized the nitrite to nitrate (NO3-1), this may have increased the growth parameters of soybean. 
The application of cattle dung increased the soybean number of leaves, leaf area and plant height from 4 to 6 12 WAP, Similarly, the inoculation of Trichoderma species enhanced higher soybean growth parameters from 4 WAP to harvest week. This result is supported by Lee et al. (2016), who reported that several species of Trichoderma trigger the growth of crops, similar results was recorded in this study, the inoculation of Trichoderma asperellum or harzianum resulted in greater plant heights, number of leaves and leaf area of soybean plant  compared to plants without inoculation in zinc contaminated soil.
The study also showed that the inoculation of Trichoderma asperellum or harzianum with cattle dung manure at 10 t ha-1 recorded higher nodulation than the un-inoculated. However, Trichoderma and its interaction with cattle dung had no significant effect (p>0.05) on height, leaf area and number of leaves per plant during the experiment. While contamination with zinc resulted in lower soybean growth parameters, number of nodules and percentage nitrogen fixed. 

CONCLUSION
The study concludes that, increasing contamination rate of heavy metal such as zinc has detrimental effect on the growth variables of soybean. However, sole and combined application of cattle dung and Trichoderma (asperellum or harzianum) significantly increased the growth parameters of soybean plant over zinc contaminated soil without amendment (Trichoderma or cattle dung). The inoculation of Trichoderma species with cattle dung under un-contaminated soil recorded greater plant height, leaf area and number of soybean leaves and significantly higher percentage of nitrogen fixation and number of nodules.
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