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.Abstract 

Solubilizing effects of Trichoderma koningii and Trichoderma harzianum and impact on growth parameters and yield of Zea 

mays was examined. Trichoderma species were isolated from mushroom (Pleurotus ostreatus) at Dilomat Farms and Services 

Limited, Rivers State University. The experiment consisted of four treatments namely: T. harzianum+soil, T. koningii+soil and 

T. koningii +T. harzianum+soil, and Soil only which were replicated at three different levels of concentration (5ml, 10ml and 

15ml). The soil was analyzed for physicochemical properties of the soil before planting and 10 weeks after treatment. Data on 

physicochemical properties of maize soil, number of leaves, stem height, leaf area, and yield were collected and subjected to 

Anova and Ducan’s Multiple Range Test (DMRT) was used for mean separation at 5% level of probability. Results showed 

that Trichoderma spp. decreased the pH and temperature of the soil, and increased the moisture content and NKP of the soil 

at the various concentrations when compared to the control. Solubilized minerals varied amongst the treatments at the various 

concentrations. Trichoderma spp. had higher growth parameter and yield of Zea mays at their various levels of concentration 

when compared to the control (soil only). Highest percentage yield (%Y) increase was observed at 5ml T. koningii+T. 

harzianum with 61% increase in yield followed by 15/ml T. harzianum with (40%) and 15ml T. koningii with (37%) yield 
increase. 
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Introduction 

Maize (Zea mays L.) is one of the most important food 

crop commodities that are playing vital roles in national 

scale (Fakayode et al., 2008; Adediran, 2009). Recently, 

maize products are not only used for human food security 

but also serves as cattle feed and industrial materials 

including source of alternative fuels such as biofuels 

(Balemi and Negisho, 2012). The demand for maize is on 

the increase by the year and has positively correlates to 

population growth as a result of increased human food and 

a source of energy for animal (Ojo, 2000; Ketiku and 

Naidu, 2005). But, its annual yield of maize is 

significantly decreased due to due decrease in certain soil 

mineral nutrients.Agricultural productivity is generally 

limited by nutrient supply because either the soil does not 

supply enough of one or more nutrient or sometimes 

because too much of a nutrient is freely available to a plant 

(Nnabude and Mbagwu, 2001). Benefits of compost 

amendment to soil also include pH stabilization, faster 

water infiltration, enhanced soil aggregation, better or 

enhanced direct nutrient uptake by plant of specific 

chemicals needed for the development of the immune 

system (Okonkwo et al., 2 011). The properties of soil that 

ensure that there is satisfactory nutrient supply for crops 

grouped as soil nutrient indices is thus paramount 

importance before advocacy of intensive input into the soil 
(Adeniyan and Ojeniyi, 2005). 

According to Adekunle and Nabinta (2000) intensification 

of cultivation with little or no fertility management has 

been one of the critical factors contributing to the decline 

in output of maize plants.  This in turn poses great 

difficulty for productivity increase to meet the food and 

fibre needs of a rapidly growing population, thus, 

endangering food security (Senjobi, 2007). The depletion 

of soil nutrients due to continuous cropping reduces the 

soil organic matter, cause significant acidification and 

yield reduction (Ajilore, 2008).  The importance of 

mineral and organic fertilizers in improving soil 

productivity has been documented (Cooke, 2006) There is 

therefore need for adequate fertilization or manuring and 

securing of the soil in order to sustain soil productivity for 

optimum growth and yield of maize plant to ensure the 

corn is security for the ever increasing growing population 

(Campos et al., 2005; Barroso and Nahas, 2008).  

Reports have shown that phosphorus (P) amongst other 

mineral nutrients makes up about 0.2% plant dry weight 

but only 0.05 to 10ppm concentration of soluble 

phosphorous is available to plants in the soil (Rudreshet 

al., 2005). Although, several reports have shown that plant 

productivity (quality and quantity of yield) does not only 

depend on the nutrient status in the soil, but also on plant 

nutritional requirement, genetic constituents and 

environmental factors. The genus Trichoderma is 

typically anaerobic, facultative and cosmopolitan fungi 

that can be found in large numbers in agricultural soils, all 

climatic zones and in other substrates such as decaying 

wood (Santos et al., 2010; Machado et al., 2011). 

Literatures have also revealed that Trichoderma spp. 

colonize the grain, leaves, and roots of plants (Harman et 

al., 2004; Druzhinina et al., 2006; Naheret al., 2014). 

They have an important ecological function, because they 

participate in the decomposition and mineralization of 
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plant waste, contributing to the availability of nutrients for 

the plants, directly and indirectly interfering in their 

growth (Bononi et al., 2020).  

Alongside their role in the control of pathogenic microbes 

they simulate colonization of rhizosphores, enhance plant 

defense responses and stimulate plant growth and root 

growth thereby increasing plant productivity and yields 

(Harman et al., 2004; Pandya et al., 2011; Tripathi et al., 

2013; Dagurere et al., 2014; Keswani et al., 2014). 

Trichoderma spp. have been known from last 70 years for 

their ability to produce an infinite amount of metabolites 

such as antibiotics and auxins (Harman, 2006). T. 

longipile and T. tomentosum have been reported to 

promote plant growths (Rabeendran, et al., 2000; 

Siemonsma and Kouame, 2000). Benitez et al. (2004) also 

reported that there was increase in crop productivity of 

about 300% in fields after treatment with T. koningii and 
T. hamatum. 

Reports have also shown that T. harzianum and T. viridi 

promoted seed germination, root elongation and shoot 

length as well as increasing the vigour of plants, thereby 

boosting yield (Rojoa et al., 2007; Dubey et al., 2007; 

Mukhtar et al., 2012). The impacts of Trichoderma spp. 

on growth and development of plants have important 

agronomical and economic implications such as 

shortening the plant growth period and time in nursery, as 

well as improving plant vigour to overcome biotic and/or 

abiotic stresses, resulting in increased plant productivity 

and yields (Vassilevet al., 2006; Behzad, 2010). The use 

of Trichoderma isolates for solubilization of mineral 

nutrients in the soil is essential in sustaining plant growth, 

improvement and yield because application of synthetic 

fertilizer in agriculture is not economical nor desirable but 

highly hazardous to plants and environment with residual 

impacts (Rabeerdran et al., 2000; Celar and Valic, 2005; 

Hoyos-Carvajal et al., 2009; Shanmugaiah et al., 2009). 

The release of nutrients and organic matter from the soil, 

increase uptake and translocation of minerals has been 

attributed to the presence of Trichoderma spp. in the soil. 

Auxins produced by Trichoderma are able to trigger plant 

root development, growth and yield quality (Wang et al., 

2004; Contreras-cornejo et al., 2009; Yoshioka et al., 

2012). Vargas et al. (2009) has also observed that 

Trichoderma cells are provided with plant derived sucrose 

that enhance their root colonization and defensive 

mechanisms which increased uptake of oxygen in leaves 

resulting in increased rate of leaf photosynthesis. 

Therefore this research is aimed at examining the 

solubilizing effect of T. koningii and T. harzianum and 

impact on growth parameters and yield of Zea mays 

 

Materials and Methods 

Collection of Soil Samples 

Soil samples were randomly collected from 18x18m2 

areas, with the aid of farm spade which was used to dig a 

V-shaped to a sample depth (3-6 inches) at the Teaching 

and Research Institute, Rivers State University, Port 

Harcourt. The soil cores were homogenized in a clean 

plate and sterilized at 27 – 35oC for five days then placed 

in a 17 x 17cm perforated plastic bags. 

Collection of Maize Seed 

Certified maize seeds (Name: O.P. maize seed, Variety: 

SAMMAZ, Moisture Content: <12%) were obtained 

 from Premier Seed Nigeria Limited located in 

Zaria, Nigeria.  Following physical examination, the 

maize seeds were visually sorted and checked for 

infection, dryness and any form of fungal growth. The 

seed samples were taken to the experimental site where 

further viability test was done by dropping the maize seeds 

into a basin of water. The ones that sank were collected 
for planting, while the ones that floated where discarded.  

Isolation and Identification of Trichoderma Species  

Trichoderma species were isolated from a contaminated 

mushroom (Pleurotus ostreatus) which was collected 

from Dilomat Farms and Services Limited, Rivers State 

University and taken to Plant Science and Biotechnology 

laboratory. Two grams (2g) contaminated mushroom 

(Pleurotus ostreatus) was inoculated into sterilized Petri 

plates and then incubated at 28±2oC for 5-7 days. 

Organisms were isolated from the surface colonies formed 

and sub-cultured four (4) times to obtain pure cultures of 

Trichoderma spp. Identification was done based on 

morphological characteristics of the colony by 

microscopic examinations (Dibaet al., 2007; Ratnaet al., 

2015).  The fungi were compared and identified with the 

help of standard procedure and relevant literatures 

(Gilman, 2001; Nagamani et al., 2006; Ratna et al., 2015). 

  

Experimental Design 

A randomized complete block design experiment was 

adopted. Viable maize seeds were planted in a polythene 

bag of about 17cm in height and 17cm in width with 6kg 

of soil which amounted to a total of 120 viable seeds. Each 

bag had 4 maize seeds but two weeks after germination 

(2WAG), 3 seedlings were uprooted from each bag such 

that only one would be treated with Trichodermaspp. The 

experiment consisted of four treatments namely: T. 

harzianum+soil, T. koningii+soil and T. koningii +T. 

harzianum+soil,  and Soil only which were replicated at 

three different levels of concentration (5ml, 10ml and 
15ml) giving a total of 30 sample size. 

Determination of Physicochemical Properties of Soil and 

Orange Peel Samples 

The following properties were determined; 

Determination of pH 

The pH of soil sample was determined by APHA standard 

methods (APHA, 2005). The meter was switched on and 

allowed for some time. It was then calibrated with buffer 

solutions of higher pH range between 8 and 9 as well as a lower 

pH range between 1 and 6 by dipping the electrode into the 

buffer solutions. Ten (10) grams of soil was weighed into 100ml 

beaker; 50ml of distilled water was then added to allow 

immersion of the electrode, mixing was carried out by stirring 

frequently for few minutes. Then beaker was allowed to stand 

for 15minutes. The electrode was immersed into the slurry. The 
pH value for each sample were recorded accordingly 

Determination of Temperature   

The Temperature for each sample was determined using a 

mercury-in-glass thermometer by adopting APHA 
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standard methods (APHA, 2005). The thermometer was 

immersed into the samples such that the mercury bulb was 

well covered by the samples. The final readings were 

considered the actual reading and were taken after   
allowed to stabilize. 

Determination of Electrical Conductivity 

The electrical conductivity of soil sample was determined using 

a conductivity meter by adopting APHA standard methods 

(APHA, 2005). The meter was standardized according to the 

manufacturer’s instructions. The electrical conductivity values 
for each sample were recorded accordingly.  

Determination of Moisture Content 

The moisture contents of the samples were determined 

using clean dried Petri-dishes dried in an oven and 

weighed on electronic weighing balance (W1). Ten (10) 

grams of soil samples was added in the Petri-dishes and 

weighed (W2). The samples were then dried to a constant 

weight at 105oC for 24hours. The final weight of the dried 
soil and the Petri-dish was recorded (W3) (APHA, 2005). 

 Moisture content (%)   W =  (W2-W3)     x  100 

 (W3-

W1)  

W1 = weight of Petri-dish, W2 = weight of Petri-dish + wet 

soil 
W3 = weight of dried soil with Petri-dish 

Determination of Nitrate 

The nitrate levels for the samples were determined using an 

ultraviolet (UV) spectrophotometer. The spectrophotometric 

method was adopted. 5g of samples were weighed into a shaking 

bottle. 125ml of distilled water was added and shaken for 

10minutes on a rotary shaker and then filtered to obtain the 

extract, 1ml of the extract was transferred into 10ml volumetric 

flask, 0.5ml of Brucine reagent was added. Subsequently, 2ml 

of conc. sulphuric acid was rapidly added and mixed for about 

30seconds .The flasks were allowed to stand for 5minutes. Two 

(2) ml of distilled water was then added and mixed for about 

30seconds. Flasks were allowed to stand in cold water for about 

15minutes. The absorbance of the samples was measured using 
the spectrophotometer at wavelength of 470nm (APHA, 2005). 

Determination of Phosphate 

The phosphate levels for the samples were determined using an 

ultraviolet (UV) spectrophotometer. The phosphate - Nitric acid 

Digestion method as described by APHA (1995) was adopted 

and modified by (Oyeyinka and Oyeyinka, 2016). Twenty five 

(25ml) of 2.5% Acetic acid was added to 1g of sample and 

shaken for 30minutes. The suspension was filtered through a 

filter paper; 10ml of the extract was transferred into 50ml 

volumetric flask. Extract was diluted with distilled water until 

the flask is about two third full. 2ml of ammonium molybdate 

reagent was added and mixed with extract, 2ml of stannous 

chloride was also added and mixed, and the solution was diluted 

to 50 ml mark with distilled water. The flask was allowed to 

stand for 30minutes .And the absorbance was measured at 
wavelength of 690nm. 

Determination of Potassium 

The potassium levels for the samples were determined. 

The method as described by APHA (2005) as 

adopted.25ml of the extracting solution was added to 5g 

of sample and shaken for 30minutes and the suspension 

was filtered through a filter paper. 5ml of the extract was 

transferred into 50ml volumetric flask. 5ml of 50% acetic 

acid was added and 1ml of H3PO4 was added and mixed. 

The solution was diluted with distilled water to about ¾ of 

the flask. One gram of Barium chloride was added and 

mixed. The solution was left to stand for 10 times, then 

1ml of 0.5% gum acacia was added to the solution and 

made up to 50ml with distilled water, and the absorbance 
was measure at 425nm. 

Preparation and Application of Carrier-Based 

Inoculants  

Trichoderma spp. were grown in potato dextrose agar 

(PDA) and incubated for seven days at 30±2oC, and the 

spores were harvested and diluted with 20ml distilled 

water. Thereafter, 2.5ml T. harzianum+2.5ml, 5ml T. 

harzianum+5ml T. koningii and 7.5ml T. 

harzianum+7.5ml T. koningii, 5ml, 10ml & 15ml T. 

harzianum and 5ml 10ml & 15ml T. koningii spores 

suspension were measured into different beakers 

respectively to form mixture of (broth inoculants). The 

broth inoculants however were properly mixed. The 

formula was poured and spread in to the plastic bags 

containing 6kg of soil.  These were applied at two weeks 
interval for 6 weeks. 

Growth parameters 

The plant height and leaf area (leaf length x width) were 

measured using meter rule while the number of leaf per 

plant was accounted weekly for 6 weeks within the 
vegetative and growth period.  

Yield Assessment 

This was based on yield comparisons between infected 

and apparently healthy plants, between resistant and 

susceptible plants at the various treatments. Percentage 

yield loss (%YL) in terms of grain weight was calculated 

as follows (Cooke, 2006; Mousanejad et al., 2010). 

% YL =    Yield in intensive protected bag - Yield in 

particular treatment                X 100 

Yield in intensive protected 

bag 

Results 

Solubilizing Effects of Trichoderma koningii and 

Trichoderma harzianum on Yield of Z. mays  

Mays before planting and 10 weeks after planting 

Table 1 shows solubilizing effects of T. koningii before 

planting and 10 Weeks after treatment of Z. mays. The 

result revealed that pH and temperature decreased with 

increase in the concentration of T. koningii 10WAP. 

Electrical conductivity, moisture content, NPK increased 

with increase in concentration when compared to the 
controls (SO0 and SO1) at 10 WAP.   
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Table 1: Solubilizing Effects of T. koningii before planting and 10 Weeks After Treatment of Z. mays 

Para./treat./conc. SO0 SO1 TK (5ml) TK (10ml) TK (15ml) 

Ph 7.4 4.81 4.71 4.70 4.04 

Temp(°C) 31 27.5 27.8 27.6 28.0 

Elect.Con.(us/cm) 93 45000 44000 84000 92000 

Moisture Content (%) 1.4 13.77 11.60 11.16 16.37 

Chlorine (mg/kg) <0.01 <0.01 <0.01 0.01 0.01 

Bromine (mg/kg) <0.01 <0.01 0.01 0.02 0.02 

Nitrogen (mg/kg) 55 95 98 130 150 

Phosphorus (mg/kg) 3.5 1.8 2.9 3.5 5.5 

Potassium (mg/kg) 49 24 83 101 105 

 TK = Trichodermakoningii + Soil, SO0 = Soil before planting, SO1 = Soil only during growth 

Table 2 shows solubilizing effects of T. harzianum before 

planting and 10 Weeks after treatment of Z. mays. The 

result revealed that pH and temperature decreased with 

increase in the concentration of T. harzianum 10WAP. 

Electrical conductivity, moisture content, NPK increased 

with increase in concentration when compared to the 
controls (SO0 and SO1) at 10 WAP.   

Table 2: Solubilizing Effects of T. harzianum before Planting and 10 Weeks After Treatment of Z. mays 

Para./treat./conc. SO0 SO1 only TH (5ml) TH (10ml) TH  (15ml) 

pH 7.4 4.81 4.72 4.71 4.68 

Temp(°C) 31 27.5 27.8 27.8 27.8 

Elect.Con.(us/cm) 93 45000 28000 55000 143000 

Moisture Content (%) 1.4 13.77 13.80 14.20 10.16 

Chlorine (mg/kg) <0.01 <0.01 0.01 0.01 0.01 

Bromine (mg/kg) <0.01 <0.01 0.02 0.02 0.02 

Nitrogen (mg/kg) 55 95 55 90 130 

Phosphorus (mg/kg) 3.5 1.8 4.7 6.5 7.5 

Potassium (mg/kg) 49 24 65 71 83 

TH = Trichodermaharzianum, SO0 = Soil only before planting, SO1 = Soil only during growth 

Table 3 shows solubilizing effects of T. koningii+T. 

harzianum before planting and 10 Weeks after treatment 

of Z. mays. The result revealed that pH and temperature 

decreased with increase in the concentration of T. 

koningii+harzianum 10WAP. Electrical conductivity, 

moisture content, NPK increased with increase in 

concentration when compared to the controls (SO0 and 
SO1) at 10 WAP.   

Table 3: Solubilizing Effects of T. koningii+T. harzianum before planting and 10 Weeks of Treatment of Z. 

mays 

Para./treat./conc. SO0 SO1 only K/H  (5ml) K/H (10ml) K/H (15ml) 

pH 7.4 4.81 4.75 4.28 4.17 

Temp(°C) 31 27.5 27.8 27.6 27.6 

Elect.Con.(us/cm) 93 45000 37000 53000 69000 

Moisture Content (%) 1.4 13.77 16.33 14.97 11.18 
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Chlorine (mg/kg) <0.01 <0.01 0.01 0.01 0.02 

Bromine (mg/kg) <0.01 <0.01 0.02 0.02 0.04 

Nitrogen (mg/kg) 55 95 48 50 89 

Phosphorus (mg/kg) 3.5 1.8 4.8 5.5 6.0 

Potassium (mg/kg) 49 24 65 71 79 

K/H = Trichoderma koningii + Trichoderma harzianum, SO0 = Soil only before planting (control), SO1 = Soil only during 

growth 

Effects of Trichoderma koningii and Trichoderma 

harzianum on Growth Parameters 

Tables 4, 5 and 6 show the mean comparison of growth 

parameters of Zea mays amongst the treatments at 5ml, 

10ml and 15ml concentrations to the control. There were 

significant differences in the number of leaves, stem 

height, and leaf areas of Zea mays amongst the various 

treatments at 5ml and 10ml concentration when compared 

to the control at 6 WAP (Tables 4 and 5) but there were 

no significant differences in the growth parameters of 
maize treated with 15ml (Table 6).  

Table 4: Mean Comparison of the Effects of Treatments at 5g/15ml Concentration on Growth Parameters of 

Z. mays (6 WAP). 

Treatment No. of leaves Stem height (cm) Leaf area (cm2) 

T. koningii + T. harzianum 9.67±0.58b 37.33±9.30a-b 365.67±67.80a-c 

T. harzianum 8.67±0.58a-b 34.00±5.20a-b 355.67±68.30a-b 

T. koningii 10.67±0.58b 33.00±6.30a-b 404.33±15.04a-c 

Soil Only 7.00±0.00a 28.67±4.04a 231.67±98.40a 

Means with different letters down the column are significantly different at p<0.05(Duncan’s Multiple Range Test) 

Table 5: Mean Comparison of the effects of Treatments at 10g/15ml concentration on Growth Parameters of Z. mays 

(6 WAP). 

Treatment No. of leaves Stem height (cm) Leaf area (cm2) 

T. koningii + T. harzianum 9.67±0.58b-c 33.33±5.86a-b 348.67±94.35a-b 

T. harzianum 8.00±1.00a-b 37.33±8.74a-c 344.33±50.36a-b 

T. koningii 9.67±0.58b-c 38.33±8.20a-c 445.33±24.11b-d 

Soil Only 7.00±0.00a 28.67±4.04a 231.67±98.40a 

Means with different letters down the column are significantly different at p<0.05 (Duncan’s Multiple Range Test) 

 

 

Table 6: Mean Comparison of the Effects of Treatments at 15g/15ml Concentration on Growth Parameters of Z. mays 

amongst (6 WAP). 

Treatment No. of leaves Stem height (cm) Leaf area (cm2) 

T. koningii + T. harzianum 6.67±5.86a 24.00±21.63a 297.67±257.83a 

T. harzianum 9.00±0.00a 42.00±14.42a 370.33±55.20a 

T. koningii 10.67±0.58a 39.33±13.65a 457.67±15.04a 

Soil Only 7.00±0.00a 28.67±4.04a 231.67±98.40a 

Means with different letters down the column are significantly different at p<0.05 (Duncan’s Multiple Range Test) 
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Effects of Trichoderma koningii and Trichoderma 

harzianum on Yield of Z. mays 

There was exponential and differential percentage yield 

increment in all the treatments at all levels of 

concentration when compared to the control (Fig. 1). T. 

koningii+T. harzianum had the highest percentage yield 

increase (61%) at 5ml, followed by 15ml (30%) and 10ml 

(10%). T. harzianum had the highest percentage yield 

increase (40%) at 15ml followed by 10ml (31%) and 5ml 

(26%). Finally, T. koningii had the highest percentage 

yield increase (37%) at 15g/ml, followed by 5g/ml (32%) 

then, 10g/ml (31%). From the table, the highest 

percentage yield (%Y) increase was observed at 5ml T. 

koningii+T. harzianum with 61% increase in yield 

followed by 15/ml T. harzianum with (40%) and 15ml T. 
koningii with (37%) yield increase. 

Discussion 

Agricultural productivity is affected by the availability 

and accessibility of soil nutrient amongst other factors. 

However availability of certain nutrients in the soil is not 

equal to accessibility and absorbability. From this research 

therefore, Trichoderma spp. at the various concentration 

were found to have high nutrient solubilizing effects on 

maize soil. There was substantial increase in the NPK 

amongst the various treatments and concentrations, when 

compared to the control. The increase in the amount of 

nitrogen in the soil supports the work of Li et al (2016) 

who stated that Trichoderma spp. have the ability to break 

down nitrogen compounds into available nitrogen  and 

lower nitrate. The positive increase observed in the 

amount of phosphorus has been reported by Anil and 

Lakshmi (2010) that the unavailability of Tricalcium 

phosphate (TCP) within 72h indicated that Trichoderma 

spp. have high potential for solubilization of inorganic 

bound phosphate (TCP) in the soil. Rudresh et al. (2005) 

also submitted that inoculation of Trichoderma spp. into 

the soil enhanced solubilization of phosphorus which 

impacted on the growth of chickpea grown in p-deficient 
soil. 

Increase in the availability and accessibility of nutrients 

which enhanced the absorbability, translocation and 

utilization of NPK by maize plant might be due to 

alterations in some of the physicochemical properties such 

as pH, temperature, electrical conductivity and moisture 

content of the soil by Trichoderma spp. This alteration 

resulted in the solubilization and free release of nutrients 

to maize. However, Nnabude and Mbagwu (2001) 

reported that nutrients in the soil vary due to the fact that 

soil lacks nutrient or does not supply one or more of the 

nutrients or much of the nutrients are freely available to 
plants.   

Saravanakumar et al. (2017) also reported that 

Trichoderma spp. posses the capacity to solubilize mineral 

elements by altering the pH of the soil apart from their 

numerous and diverse biocontrol, growth promoting and 

bio-catalyzing activities. A similar observation was made 

by Illmer and Schinner (1992) that a decline in pH was 

associated with a gradual rise in nutrient solubilization by 

Pseudomonas and Penicillium in liquid cultures. 

Kpomblekou and Tabatabai (1994) proved that 

microorganism that tends to reduce the pH of a medium 

during growth period is efficient Phosphate solubilizers. 

This goes further to confirm that the decrease in pH at 10 

WAP was as a result of the growing and sporulation period 

of Trichoderma spp. which effectively increased nutrient 

contents and enzymatic activities that resulted in the 
amendment of the soil and promotion of maize growth.  

Furthermore, the decrease in soil pH, temperature as well 

as increase in the electrical conductivity and moisture 

content of the soil positively influenced the uptake of NPK 

which might had impacted greatly on the photosynthetic 

activities of maize that promoted growth and yield. This 

suggests that Trichoderma solubilzed orange peel 

amendment (the compost) stabilized and enhanced water 

penetration and soil composite and aggregation that 

brought about nutrient uptake in maize plant. Okonkwo et 

al. (2011) reported that the advantages of compost 

amendment to soil also include stabilization of pH, faster 

water infiltration, positive soil aggregation, and better 

direct nutrient uptake of specific chemicals needed by 

plant for development of immune system. This uptake and 

utilization of nutrient might also be due to secretion of 

certain organic acids that dissolved mineral and activated 

nutrient solubilization and circulation in the soil which led 

to absorption and utilization by maize plant. This 

corroborates to the findings of Li et al. (2016) which 

reported that Trichoderma spp. promoted uptake of 

nutrient by secreting organic acids which dissolve and 

activate mineral nutrient resulting in increased distribution 

and utilization by plant. It is also possible that 

Trichoderma spp. solubilized nutrients by parasitizing on 

soil microbial cells which led to change in soil microbial 

community. Li et al. (2016) reported a similar result that 

Trichoderma spp. solubilzed and increased soil nutrients 

via gradual breakdown of soil microbial cells leading to 

the change in the soil microbial community structure. This 

is similar to the findings of Yedidia et al. (2001) and 

Vargas et al. (2009) who stated that Trichoderma root 

colonization in the soil will result in higher photosynthetic 

rate which would increase the uptake of oxygen in the 

leaves of plants and consequently, yield increase of 
cucumber plants.  

In addition, availability and solubilization of mineral 

nutrient in the maize soil especially NKP through 

Trichoderma solubilized orange peel is more promising 

and ecosystem friendly than the inorganic source and 

method of fertilizer application. The above observation 

was also noted by Tuttobene et al. (2009) who reported 

that poor and reckless use of inorganic fertilizer changes 

physical, chemical and biological properties of the soil as 

well as reduces the fertility status of the soil. This also 

corresponds to the observations made by Hawamdah and 

Ahmad (2001), Gottlied et al. (2002), Moslem et al. 

(2009) and Akinpelu et al. (2014) who submitted that the 

usefulness of naturally available phytochemicals and 

mineral nutrients have shown good promise in retarding 

the activities of some undesirable fungal pathogens may 

be more accurate and environmentally sustainable 

technique for promoting and protecting plants (fruits and 

seeds) from nutrient deficiencies and infections. Mbah and 

Mbagwu (2006), and Iren et al. (2015) also reported that 

most plant peels are commonly found in farms and 

processing sites as heaps that are generally perceived as 

environmental pollutants, but could be effectively and 
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sustainably utilized through recycling because of their 

organic matter and plant nutrients potentials.  
 

Conclusion 

Trichoderma spp. decreased the pH and temperature of 

maize soil, and increased the moisture content and NKP 

of the soil at the various concentrations. Solubilized 

minerals varied amongst the treatments at the various 

concentrations. Trichoderma spp. also had positive impact 

on growth parameter and yield of Zea mays at their various 

levels of concentration, where the highest percentage yield 

(%Y) increase was observed at 5ml T. koningii+T. 

harzianum with 61% increase in yield followed by 15/ml 

T. harzianum with (40%) and 15ml T. koningii with (37%) 

yield increase. From the research, it can be said that T. 

koningii and T. harzianum possess bio-nutritional 

potential amongst their multifaceted bioactive potentials. 

T. koningii and T. harzianum are therefore bio-nutrient 

solubilizers and soil status booster which will impact on 

the growth parameters of plant thereby resulting in yield 
increase.  
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Fig. 4.16: Effects of Treatments on Yield of Z. mays 
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