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ABSTRACT: 
 Effect of Trichoderma harzianum treatment on the chemical composition of 
crop residues and in vitro digestibility of dry matter and organic matter at two 
different concentration of Trichoderma harzianum (1g/L and 2g/L) at three different 
incubation periods (0, 20 and 30 days) were studied. The results showed different 
effects among treatments as follows: highly significant increase (P<0.01) in dry 
matter (DM) was recorded when treating the corn cobs with T. harzianum with a 
significant increase (P<0.01) in organic matter (OM), crude protein (CP)  and in vitro 
digestibility of dry matter (DDM) and organic matter (DOM). The results showed the 
highest increase (P<0.01) in crude fibre when treating rice husks with T. harzianum. 
The concentration of fungi at 2g/L showed significant increase (P<0.01) in the 
amount of DM, OM and CP. The variation of the period of incubation on chemical 
composition showed the best significant increase (P<0.01) during the incubation 
period of 30 days with regard to dry matter, crude fibre and in vitro digestion of dry 
matter and organic matter. The results indicated that the interaction between the 
concentration of fungus and the incubation period showed a significant 
improvement (P<0.01) in the quantity of dry matter and its ratio of protein, while 
there was no significant effect in the quantity of organic matter, in vitro digestion of 
dry and organic matter was observed. The results of the interaction between the 
type of material and the concentration of fungus and incubation period was highly 
significant (P<0.01) in all attributes. 
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INTRODUCTION 

 Nutrition is the main factor in increasing pro-

duction. The success of fattening depends largely on the 

availability, quality and cost of feed. Most of the raw 

materials are high in fiber content and low in protein 

content and energy (Ibrahim, 2002). The importance of 

fiber in stimulating the secretion of saliva will contrib-

ute to the process of fermentation in the rumen and 15-

35% of the energy consumed turn into a net energy be-

cause of the incomplete digestion of fiber in the rumen 

and due to the low grazing areas and thus reducing the 

production of animals in Iraq (Saadi, 2009) To find al-

ternatives and to get rid of these problems and to reduce 

costs, the use of  biologically treated fodder is a best 

option (Al-Samraee, 2006; Hassan, 2009). Many re-

searchers resorted to the use of different microorgan-

isms (fungi and bacteria) to choose the best alternative 

to improve the value of cattle feed (Mohini and Mahesh, 

2013; Al-Waeli, 2013). T. harzianum is a fungus that 

breaks the bond between the walls of the building cells 

of the plant enhancing the decomposition of the crop 

residues faster. The objective was to study the effect of 

microbial treatment using the fungi Trichoderma harzi-

anum on some crop residues (corn cobs, rice husks, hay 

reed, reed, palm leaves and wheat bran).  

 

MATERIALS AND METHODS 

 The research was conducted at the Faculty of 

Agriculture, University of Baghdad using six type of 

roughages (corn cops, rice hulls (subbase), hay reed, 

reed, frond and wheat bran). Trichoderma harzianum 

was used at the concentration of 1g/L and 2g/L and in-

cubated at three intervals viz. 0, 20 and 30 days. Mush-

rooms were obtained from the Department of Plant Pro-

tection, Faculty of Agriculture of University of Bagh-

dad, Iraq.  

 The whole material was divided into 6 groups 

and the fungus was dissolved at a concentration of 1g/L 

and 2g/L respectively. It was sprayed on half of the 

roughages and incubated at three different periods (0, 20 

and 30 days). At the end of each period, the material is 

extracted and dried and kept in plastic bottles and pro-

cessed until further chemical analysis and then to esti-

mate the amount of dry matter and organic matter, crud 

fiber and crude protein (AOAC, 2005) and in vitro di-

gestion of dry and organic matter (Al-Samraee, 2006). 

Statistical analysis 

 The experimental data was analyzed by using a 

Complete Randomized Design (CRD) and the averages 

were compared by Duncan test 

(Duncan, 1955) using statistical program SAS (SAS, 

2012). Statistical analysis was done according to the 

following mathematical model: 

Yijkl = μ + Ai + Bj +Ck+AB(ij)+AC(ik)+BC(jk)+ABC

(ijk)+eijkl   
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Item 
Trichoderma harzianum concentration 

Significance S. No 
1 g/L 2 g/L 

DM (%) 95.14 ± 0.44b 95.83 ± 0.29a ** 1 

OM (%) 85.27 ± 0.82b 85.95 ± 0.83a ** 2 

CP (%) 7.08 ± 0.59b 8.37 ± 0.66a ** 3 

CF (%) 30.87 ± 1.91a 28.35 ± 1.76b ** 4 

DDM (%) 51.55 ± 2.73b 55.79 ± 2.69a ** 5 

DOM (%) 55.19 ± 2.60b 59.63 ± 2.61a ** 6 

**=significant (P<0.01); Alphabets in the superscript refers significant difference between them 

Table 1. The effect of Trichoderma harzianum in the chemical composition and in vitro digestion 



RESULTS AND DISCUSSION 

 Table 1 showed that the difference in the type of 

feed substrate affected the effect of the fungus with sig-

nificant increase at P<0.01. Both the dry matter and 

organic matter was high  at the concentration of 2g/L of 

Trichoderma harzianum with significant changes 

(P<0.01). Crude protein, DDM and DOM was also high 

at 2g/L concentration (8.37%, 55.79% and 59.63% re-

spectively), whereas, the crude fibre was high at 1g/L 

concentration of Trichoderma harzianum (30.87%). 

This difference in the improvement in nutritional value 

may be due to the nature of the material used. 

.  The results of Table 2 showed that the differ-

ence in the type of feed substrate affected the effect of 

the fungus, where it obtained a significant increase (P 

<0.01) when using the corn cobs and reeds, where the 
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Item Corn cobs Rice husks Reed hay      Reeds Palm leaves Wheat bran Sign. S. No 

DM (%) 96.87±0.3a 96.10±0.3cb 94.13 ± 1.03D 96.49 ± 0.53ab 95.67±0.27c 93.65± 0.63d ** 1 

OM (%) 87.58±1.65ab 77.42 ± 0.65e 86.20± 1.23D 87.54  ±   0.54b 87.17 ± 0.59c 87.77±0.53a ** 2 

CP (%) 4.85± 0.55f 8.16±0.22c 8.87 ±0.30B 5.13± 0.68e 5.50 ± 0.91d 13.84±0.78a ** 3 

CF (%) 20.74± 0.49e 41.92 ± 0.67a 33.80±1.04C 30.51 ± 0.45d 38.97 ± 1.82b 11.71± 0.44f ** 4 

DDM (%) 40.88 ±1.27d 40.78±1.20f 60.07± 0.41B 52.78 ± 2.15c 38.38±2.31e 76.23± 0.96a ** 5 

DOM (%) 44.57±1.31d 43.00±2.03f 63.46± 0.40B 56.85 ±2.25c 43.08±2.05e 79.10 ±0.79a ** 6 

Table 2. Effect of fungus on chemical composition and laboratory metabolomics of  

processed feed 

**=significant (p<0.01); Alphabets in the superscript refers significant difference between them 

Item 
Incubation period (days) 

Sign. S. No 
0 20 30 

DM (%) 94.42 ± 0.36c 95.54 ± 0.27b 96.49 ± 0.61a ** 1 

OM (%) 85.34 ± 1.10b 86.27± 0.88a 85.22 ± 1.05b ** 2 

CP (%) 5.45 ± 0.67c 8.38 ± 0.75b 9.34 ± 0.69a ** 3 

CF (%) 30.96 ± 2.38a 29.63 ± 2.26b 28.23 ± 2.16c ** 4 

DDM (%) 48.71 ± 3.48c 54.55 ± 3.36b 57.75 ± 2.96a ** 5 

DOM (%) 53.04 ± 3.39c 58.07 ± 3.19b 61.12 ± 2.90a ** 6 

Table 3. The effect of different incubation periods on chemical composition and in vitro digestion of dry and 

organic matter    

**=significant (P<0.01); Alphabets in the superscript refers significant difference between them 

 

Items 

  

1g/L of Trichoderma harzianum  2g/L of Trichoderma harzianum    

Significance 

 

S. No 
0 (d) 20 (d) 30 (d) 0 (d) 20 (d) 30 (d) 

DM (%) 94.42±0.52B 95.55±0.53B 95.45±1.12b 94.42±0.52b 95.53±0.11B 97.53±0.30A ** 1 

OM (%) 85.34±1.59 86.58±1.26 83.89±1.39 85.34±1.59 85.95±1.28 86.55±1.53 NS 2 

CP (%) 5.45±0.96b 7.73±1.06Ab 8.05±0.94ab 5.45±0.96b 9.03±1.06a 10.63±0.90A ** 3 

CF (%) 30.96±3.44 31.27±3.30 30.37±3.45 30.96±3.44 27.99±3.16 26.09±2.59 NS 4 

DDM(%) 48.71±5.05 51.82±5.01 54.12±4.44 48.71±5.05 57.29±4.58 61.37±3.78 NS 5 

DOM(%) 53.71±5.05 55.34±4.71 52.0±4.24 53.04±4.92 60.80±4.37 65.05±3.77 NS 6 

Table 6. Effect of overlap between the type of material and the concentration of fungus and incubation period 

of the treatment on the focus 

**=significant (P<0.01); NS = non significant; Alphabets in the superscript refers significant difference between them 
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proportion of DM and OM was 96.87, 96.49% and 

87.58, 87.54% respectively. While using the rice husks, 

a highly significant increase (P<0.01) in CF was  

41.92% recorded. Also, a highly significant increase

(P<0.01) in OM, CP, DDM and DOM was noticed 

when using wheat bran (87.77, 13.84, 76.23 and 79.10% 

respectively). This difference in the improvement may 

be due to the nutritional value of the raw materials. Ta-

ble 3 showed that when incubation periods differed, 

there was a significant increase (P<0.01) in DM, CP, 

DDM and DOM was 96.49, 9.34, 57.75 and 61.12% 

respectively at 30 days incubation  while the incubation 

period of 20 days was significantly better in increasing 

the proportion of OM (86.27%).  

  Results show in Table 4 indicate the effect of 

the overlap between the type of feedstuff and the con-

centration of fungus. Higher DDM and DOM was rec-

orded in the wheat bran at the concentration of the fungi 

at 2g/L with a significant difference (P<0.01), whereas, 

crude fiber was high at 1g/L concentration of                 

T. harzianum while using rice husks. The results of Ta-

ble 4 indicate a significant increase in organic matter, 

crude protein ratio and laboratory digestibility ration of 

dry and organic matter, when the mixture between the 

wheat and the concentration of the fungi was 2g/L. 

. Results in Table 5 showed the effect of interac-

tion between the type of feed material and the period of 

incubation. With regard to dry matter, at the 30 days 

incubation period, reeds showed significant increase 

(98.57%), whereas, the organic matter had a significant 

increase (92.26) at 20 days of incubation using corn 

cobs. Higher crude protein was recorded (15.58%), 

while using wheat bran at 20 days of incubation with 

significant changes (P<0.01). Similarly, for DDM and 

DOM higher values were recorded for wheat bran at all 

the three incubation periods.  

 A significant increase of dry matter, crude pro-

tein, DDM and DOM was recorded at 2g/L of               

T. harzianum at 30 days of incubation with significant 

differences (P<0.01), whereas, a slightly higher organic 

matter (86.58) was noticed in 20 days of incubation 

using 1 g/L of T. harzianum followed by 2g/L (86.55) at 

30 days of incubation. 

 The results of Table 7 indicated that the effect of 

triple interference between the type of feed material and 

incubation period and the concentration of fungi had a 

significant effect (P<0.01). Dry matter was high at 1 g/L 

concentration of T. harzianum at 30 days incubation 

using reeds (98.8%) followed by 2g/L concentration of 

T. harzianum at 30 days of incubation using corn cobs 

and reeds (98.20%). Similarly, organic matter was high 

at 20 days incubation using T. harzianum at 1g/L and 

corn cobs (93.75%). Lower organic matter was recorded 

while using rice husks. Also, the best increase in the 

proportion of crude protein at the treatment of wheat 

bran at the concentration of 2g/L at the lap period of 20 

and 30 days were recorded. The mixture of wheat bran 

at 2g/L concentration during 30-days incubation period 

affected significantly. Crude fibre was high while using 

rice husks and palm leaves at 1g/L concentration of       

T. harzianum (46.26% and 44.2% respectively), where-

as, crude fibre was lower when wheat bran was used at 

both the concentrations of T. harzianum. DDM was high 

while using wheat bran and reed hay at both the concen-

tration of T. harzianum  when compared with all other 

treatments. Similarly, DOM was also high in wheat bran 

at both the concentration of T. harzianum at all the incu-

bation periods which was followed by read hay and rice 

husks.  

 A study showed that biological treatments with 

fungi such as T. harzianum has led to a high quantity of 

dry matter and extract of ether and ash and its ratio of 

crude protein while decreasing the amount of organic 

matter and raw fiber and change the composition of the 

chemical result of the treatment of fungi T. reesei, in 

terms of increasing the raw protein and reducing the raw 

fiber content that may be behind the improvement of 

digestion and nutritional value (Salman et al., 2011). 
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This improvement can also be attributed to the digestion 

of raw fiber as a result of biological parameters to the 

enzyme activity of fungi that can be responsible for the 

gradual degradation of cellulose to glucose (Gado et al., 

2007; Abdel-Azim et al., 2011), that the innate treat-

ment of the rabbit led to an increase in the content of the 

crude protein and the results were not consistent with 

what was found by Abo-Donia et al. (2005). The low 

fiber content may be related to the utilization of carbo-

hydrates as a source of energy for fungal growth. It has 

been shown that the biological treatment has led to a 

decrease in the contents of the organic matter and the 

raw fiber while the high content of crude protein and 

ash compared with the non-processed feed (Zewil, 

2010). 

 

CONCLUSION 

 The difference in the concentration of the fungi 

had an effect on  the treatments, as the use of 2g/L was 

better than 1 g/L in improving the chemical composi-

tion. When the incubation period was increased, signifi-

cant changes were noticed. 
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