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ABSTRACT 
 
An experiment was carried out at the Lath-house, Horticulture and Landscape 
Gardening Department, Faculty of Agriculture, Kufa University, in Najaf province 
during the growing season of 2014 to 2015. The aim of the experiment was to test 
the effect of Trichoderma harzianum application and humic acid spray on growth 
and flowering of snapdragon plants. A factorial 3*3 experiment in Randomized 
Complete Block Design (RCBD) was adopted in three replicates and two pots for 
each treatment. Three levels of millet inoculated with Trichoderma (0 control, 
1.25 and 2.5 g.pot-1) and three concentrations of humic acid (0 control, 3, 6 ml/L) 
were used. Means were separated according to LSD at 0.05 probability. Seeds were 
sown on 1st, November, 2014 and seedlings at 4 true leaves were pricked out. 
Application of Trichoderma at level of 2.5 g.pot-1 significantly increased plant 
height, number of leaves per plant and vegetative part dry weight (44.33 cm, 90.44 
leaf.plant-1,and 2.16 g respectively). Untreated plants had the lowest means of the 
aforementioned traits. Root characteristics including root system length and root 
dry weight increased while shoot: root ratio decreased when 2.5 g.plant-1 of 
Trichoderma was used (10.84, 1.28 and 2.22 g, respectively). Flowering traits 
(length of flowering truss, number of flowering truss per plant and number of 
flowers per truss) were the highest in the aforementioned treatment (19.53 cm, 
3.67 truss.plant-1 and 8.33 flower.truss-1 respectively). Chlorophyll b, total 
chlorophyll and total soluble carbohydrates increased as the level of applied 
Trichoderma increased where the highest at 2.5 g.plant-1 (18.98, 38.32 mg.100 g-1 
fresh weight, and 25.23 mg.g-1 respectively).  Humic acid spray at a concentration 
of 6 ml/L significantly increased plant height, number of leaves per plant, 
vegetative part dry weight and root dry weight, while shoo: root ratio decreased 
(41.83 cm, 77.56 leaf.plant-1, 2.05, 1.03 and 2.48 g, respectively).  
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INTRODUCTION 
 
Flowering traits was not significantly affected by humic 
acid spray. Chlorophyll a, b, total content and total soluble 
carbohydrates of leaves increased as the level of humic 
acid spray increased. Treatment of 2.5 g.pot-1 sprayed by 
humic acid at a concentration of 6 ml/L resulted in highest 
values of vegetative and root traits. However, the best 
flowering traits found 2.5 g.pot-1 of Trichoderma and 3 
ml/L of humic acid spray. This treatment had the highest 
leaf content of chlorophyll a, and total soluble 

carbohydrates, while, highest chlorophyll b and total 
chlorophyll was found at same level of Trichoderma but 
sprayed with 3 ml/L of humic acid. Conclusion could be 
made that snapdragon growth and flowering could be 
improved by Trichoderma application and humic acid 
spray. The increase in chlorophyll b due to application of 
Trichoderma may have a great impact on photo-oxidation 
and photo-inhibition of the photosystem and some other 
pigment like carotenoids required to be determined. 
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Table 1: Some chemical and physical properties of the soil. 
 

Properties Units Values 

pH - 7.62 

EC dS/m 2.57 

 

Available  N 

mg/kg 

55 

  P 2.55 

  K 15.2 

Ca2+ 19.0 

Mg2+ 1.4 

 

Fe2+ 

mM.l-1 

2.35 

Zn2+  1.03 

Na+ 17.6 

SO42- 6.5 

Cl- 2.4 

 

Organic matter 

% 

0.95 

Clay 2.0 

Silt 5.2 

Sand 92.8 

Soil texture  Sand 

 
 
Snapdragon (Antirrihinum majus L.) is an annual pot 

plant and widely used in house and school gardens and for 
decoration due to the wide range of flowers color except 
blue. Trichoderma fungus used as a bio-control for many 
pathogens (Prasad and Rangeshwaran, 2000) has a 
competitive and antagonistic ability and as such can 
prohibit the growth of other pathogen fungi due to the 
release of some antifungal compounds that induces the 
resistance of host plants to pathogens (Elad et al., 1999). 

Many microbiologists and plant nutritionist 
concentrated their works on testing the role of 
Trichoderma harzianum as a bio-control agent (Altimimi, 
2005) and its ability to increase the availability of many 
soil mineral nutrients in the rhizosphere particularly 
phosphates and micronutrients (Altomare et al., 1999). 

Foliar nutrition was extensively used in agriculture 
because of the fast recovery of nutrient deficiency (Haynes 
and Goh, 1977). Seaweed, fungal extracts and humic 
substances are used as organic fertilizers either applied to 
the soil or foliar spray taken up by plant roots or through 
leaves stomata and to lesser extent through cleavages of 
cuticle layer (Haynes and Goh, 1977). Use of humic 
substance in organic farming would reduce pollution 
(Heyland and Werner, 2000). Farmers use humic 
substances due to its beneficial characteristics including 
nutrients and plant growth promoters content that 
induces growth and flowering. Chen and Kingman (1973) 
elaborated that humic acids and other humic substances 
have a great impact on p[ant physiological activity which is 
positively reflected on plant nutrition and growth. 

The aim of this work is to examine the role of soil 
applied Trichoderma and humic acid sprayed on growth 
and flowering of snapdragon plant. 
 
 
MATERIALS AND METHODS 
 
An experiment was conducted in the lath-house, 
Horticulture and Landscape Gardening Department, 
Faculty of Agriculture, University of Kufa, Najaf to verify 
the role of T. harzianum applied to the soil and foliar spray 
of humic acid on growth and flowering of snapdragon 
plants. Seeds from Euro-Garden Company were sown on 
October 1st, 2014 and seedlings at 4 true leaf stages were 
pricked out in pots of 12 cm diameter filled with 2 kg soil 
with each pot containing a single plant. Table 1 shows 
some physical and chemical properties of the soil.  

A factorial 3*3 in Randomized Complete Block Design 
(RCBD) was adopted with each treatment replicated thrice 
where two pots represented each treatment in each block. 
Millet inoculated with Trichoderma levels included 0 
(control), 1.25 and 2.5 g.pot-1 while humic acid (Germany 
BBA company) concentrations were 0 (control), 3, and 6 
ml/L. Trichoderma fungus levels were soil incorporated, 
while humic acid were sprayed twice, first was three 
weeks after pricking out and the second two weeks later. 
Means were compared according to LSD at 0.05 level (Steel 
and Torrie, 1980). All plants received 1 g of balanced 
fertilizer NPK 20:20:20. The experiment was concluded on 
March 19th,  2015.  At  the  end  of  the experiment, traits of  
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Table 2: Effect of soil applied Trichoderma and humic acid spray on plant height, number of leaves per plants, and dry 
weight of vegetative parts of snapdragon plants.   

 

Treatment 
Plant height (cm) 

Number of leaves 
per plant 

Dry weight of vegetative 
parts (g.plant-1) Trichoderma level (g.pot-1) 

0.0  34.62 50.11 1.57 

1.25 40.32 71.11 1.47 

2.5 44.33 90.44 2.16 

LSD0.5 2.090 3.515 0.287 

 

Humic acid  

spray (ml/L) 
   

0.0 37.60 64.33 1.56 

3.0 39.84 69.78 1.60 

6.0 41.83 77.56 2.05 

LSD0.5 2.090 3.515 0.287 

 

Trichoderma  

level (g.pot-1) 

Humic acid spray 
(ml/L) 

   

0.0 

0.0 31.77 45.33 1.30 

3.0 45.13 50.33 1.74 

6.0 36.97 54.67 1.68 

1.25 

0.0 37.80 64.67 1.52 

3.0 40.13 68.67 1.26 

6.0 43.03 80.00 1.65 

2.5 

0.0 43.23 83.00 1.88 

3.0 44.27 90.33 1.80 

6.0 45.50 98.00 2.82 

LSD0.05 3.620 6.089 0.497 

 
 
vegetative growth including plant height and number of 
leaves per plant were oven dried at 70°C and vegetative 
parts recorded. Length of root system, root dry weight and 
shoot: root ratio was determined. Flower truss length, 
number of trusses per plant and number of flowers per 
truss were calculated. Chlorophyll a, b, and total content of 
leaves were determined according to the method as 
described by Goodwin (1976), while leaves content of total 
soluble carbohydrates (mg.g-1) was determined according 
to the method described by Dubois et al. (1956) using 
sulfuric acid and phenol. 
 
 
RESULTS AND DISCUSSION 
 
Results shown in Table 2 revealed a gradual increase in 
vegetative traits where plant height, number of leaves per 
plant, and vegetative plant parts dry weight increased as 
Trichoderma level increased, and the percent increases 
were 28.05, 80.84, and 37.58%, respectively. Humic acid 
spray increased the aforementioned traits but to a lesser 
extent as compared to the effect of Trichoderma and the 
percent increases were 11.25, 20.57, and 31.41%, 

respectively. Interaction is significant where the highest 
values of the aforementioned traits resulted from 
application of Trichoderma at level of 2.5 g.pot-1 and 
spraying humic acid at concentration of 6 ml/L. Positive 
effect of Trichoderma and vegetative growth of snapdragon 
plants could be due to their competitive ability with the 
soil born pathogen fungi (Elad et al., 1999; Cuevas et al., 
1995; Cordo et al., 2006). Trichoderma may produce 
ethylene to the rhizosphere taken up by plants so as to 
increase peroxidase enzyme activity (Harman, 2000) and 
this gas may induce the growth of treated plants 
(Kerington and Morgan, 1970). 

Root system traits in Table 3 shows that root system 
length and dry weight increased as Trichoderma level 
increased where the percent increases were 33.66, and 
150.98, respectively as compared to untreated plants. 
Shoot: root ratio on the other hand showed the opposite 
where untreated plants had the highest ratio 3.46 as 
compared to 2.22 for treated plants with 2.5 g.pot-1 of 
Trichoderma. Spraying of humic acid increased root dry 
weight as the concentration increased and the percent 
increase was 90.74 as compared to control (untreated 
plants),    while   root   system   length was not significantly  
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Table 3: Effect of soil applied Trichoderma and humic acid spray on root system length, root dry weight, and shoot: root ratio of 
snapdragon plants.   

 

Treatment 
Root system length (cm) Root dry weight (g/plant) Shoot: root ratio 

Trichoderma level (g.pot-1) 

0.0 8.11 0.51 3.46 

1.25 9.39 0.63 2.65 

2.5 19.84 1.28 2.22 

LSD0.05 1.884 0.368 0.989 

 

Humic acid spray (ml/L)    

0.0 9.41 0.54 3.67 

3.0 9,86 0.85 2.18 

6.0 10.07 1.03 2,48 

LSD0.05 Ns 0.368 0.989 

 

Trichoderma 

level (g.pot-1) 

Humic acid spray 

(ml/L) 
   

0.0 

0.0 8.76 9.27 4.93 

3.0 11.40 0.59 2.93 

6.0 9.42 0.67 2.50 

1.25 

0.0 8.97 0.62 2.44 

3.0 8.77 0.57 2.26 

6.0 7.43 0.70 3.26 

2.5 

0.0 9.77 0.73 3.65 

3.0 9.40 1.40 1.33 

6.0 13.37 1.70 1.68 

LSD0.05 3,263 0.638 1.714 
 

Ns: Not significant. 

 
 
affected by humic acid spray. Shoot: root ratio significantly 
decreased when plants were sprayed with humic acid at 3 
ml/L (2.18 as compared to control 3.67). Interaction is 
significant where plants treated with Trichoderma at level 
of 2.5 g.pot-1 and sprayed with 6 ml/L had the highest 
values of root system length (13.37 cm), and root dry 
weight (1.70 g.plant-1). Lowest shoot: root ratio was found 
when 2.5 g.pot-1 of Trichoderma and humic acid spray was 
applied at concentration of 3 ml/L (1.33). Untreated 
control plants had the lowest values of root system length 
(8.76 cm), root dry weight (0.27 g.plant-1) and the highest 
shoot: root ratio (4.93). Increased root system length and 
dry weight as affected by Trichoderma application may be 
due to the increased absorptive ability of the roots of soil 
minerals which reflected on vegetative and root growth 
(Altomare et al., 1999; Turkman et al., 2004). This effect 
may be probably similar to that of the michorrhizae 
(Harman, 2000).  

In addition, Trichoderma fungus may produce some 
plant growth regulators (GA3 and IAA) which may increase 
the growth of whole plant (Altomare et al., 1999). Humic 
acid spray improved root growth (root system length and 
dry weight may be due to the increased permeability of the 

root cells plasma membrane which increase nutrient 
absorption (Turkman et al., 2004). Shoot: root ratio was 
used as indicator of root system efficiency to provide 
shoots nutrients and water (Alsahaf, 1984). Higher shoot: 
root ratio of control plants may be due to small root 
system dry weight and experimental treatments which 
improved root system growth probably greater than shoot 
growth. 

Flowering characteristics including length of flower 
truss, number of flower trusses per plant and number of 
flowers per truss was significantly affected by Trichoderma 
application particularly at the level of 2.5 g.pot-1 (19.53 cm, 
3.67 truss.plant-1 and 8.33 (fower/truss). Humic acid on 
the other hand, had no significant effect on flowering 
characteristics (Table 4). Interactive effect of Trichoderma 
application and humic acid spray was significant where 
plants treated with 2.5 g.pot-1 of Trichoderma and sprayed 
with 3 ml/L of humic acid had the best improvement in 
flowering characteristics (21.07 cm, 3.35 truss.plant-1 and 
9.00 flower.truss-1 for truss length, number of trusses per 
plant and number of flowers per truss respectively). This 
positive effect of interaction may be attributed to the role 
of Trichoderma rather than humic acid since Trichoderma  
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Table 4: Effect of soil applied Trichoderma and humic acid spray on flower truss length, number of trusses per plant, and number of flowers per 
truss of snapdragon plants.  

 

Treatment 
Flower truss length (cm) Number of trusses per plant Number of flowers per truss 

Trichoderma level (g.pot-1) 

0.0 16.97 2.50 6.11 

1.25 14.40 2.33 6.56 

2.5 19.53 3.67 8.33 

LSD0.05 2.248 0.579 0.950 

 

Humic acid spray (ml/L)    

0.0 15.24 2.33 6.11 

3.0 18.52 2.78 7.22 

6.0 17.15 2.50 7.67 

LSD0.05 Ns ns ns 

 

Trichoderma  

level (g.pot-1) 

Humic acid spray 

(ml/L) 
   

0.0 

0.0 15.24 2.33 5.33 

3.0 18.52 2.67 5.33 

6.0 17.15 2.50 7.67 

1.25 

0.0 12.07 2.00 5.67 

3.0 15.97 2.33 7.33 

6.0 15.17 2.67 6.67 

2.5 

0.0 18.40 2.67 7.33 

3.0 21.07 3.35 9.00 

6.0 19.13 2.33 8.67 

LSD0.05 3.894 1.002 1.645 
 

Ns: Not significant. 

 
 
may release some plant growth regulators like IAA and 
GA3 that have great impacts on plant growth and flowering 
(Altomare et al., 1999). 
 
 
Leaf content of chlorophyll and total soluble 
carbohydrates 
 
Results in Table 5 showed that application of Trichoderma 
had no significant effect on chlorophyll a, however, 
chlorophyll b and total chlorophyll increased as 
Trichoderma level increased and highest values were 
found when 2.5 g.pot-1 of Trichoderma was applied (18.98 
and 36.94 mg.100 g-1 fresh weight respectively). Humic 
acid sprayed on the other hand, significantly affected 
chlorophyll a, b, and total content of leaves where the 
highest values were found with the application of 6 ml/L 
(22.30, 12.44, and 34.74 mg.100 g-1 fresh weight). 
Interaction is significant and the highest chlorophyll a in 
leaves was when Trichoderma was applied at 2.5 g.pot-1 
and humic acid sprayed at 6 ml/L (22.52 mg.100 g-1 fresh 
weight). Meanwhile, highest chlorophyll b and total 
chlorophyll resulted from the treatment of 2.5 g.pot-1 of 

Trichoderma and humic acid sprayed at a concentration of 
3 ml/L (18.72 and 38.20 mg.100 g-1 fresh weight 
respectively) (Table 5). Untreated (control) plants had the 
lowest values of chlorophyll content (12.89, 7.52, and 
20.41 mg.100g-1 fresh weight respectively). Trichoderma 
had a great influence on the availability and absorption of 
soil nutrients by plant roots in particular P, K, Fe, Zn and 
Cu (Singh et al., 2010). These mineral nutrients improved 
plant growth and pigmentation of leaves. Trichoderma 
increased total chlorophyll content as chlorophyll b which 
may due to the role of the Trichoderma in changing methyl 
group (CH3) of the payroll ring B to (CHO) group. These 
changes may have great impact on the photosynthesis 
since the absorption spectrum of the two chlorophylls is 
different in blue and red light (Taiz and Zeiger, 2010). 
Humic acid spray increased both chlorophylls (a and b) 
and total chlorophyll content and this may be due to the 
constituent of humic acid including nitrogen (N) and 
potassium (K) where the first is the constituent of 
chlorophyll molecules while the second is an activator of a 
wide range of enzymes including most biological processes 
(Chen and Kingman, 1973). Humic substances would 
contain    magnesium   (Mg),   potassium   (K)    where    Mg  
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Table 5: Effect of soil applied Trichoderma and humic acid spray on chlorophylls and total carbohydrates in leaves of snapdragon plants.  
 

Treatment Chlorophyll a in 
leaves (mg.100 g-1) 

Chlorophyll b in 
leaves (mg.100 g-1) 

Total Chlorophyll  in 
leaves (mg.100 g-1) 

Total carbohydrates 
in leaves (mg.g-1) Trichoderma level (g.pot-1) 

0.0 17.85 8.59 26.44 13.21 

1.25 17.85 12.67 30.52 21.38 

2.5 17.96 18.98 36.94 25.23 

LSD0.05 ns 0.760 0.976 0.901 

 

Humic acid spray (ml/L)     

0.0 13.00 11.32 24.32 17.28 

3.0 18.37 13.47 31.84 20.73 

6.0 22.30 12.44 34.74 21.31 

LSD0.05 2.356 0.760 0.976 0.901 

 

Trichoderma  

level (g.pot-1) 

Humic acid 
spray (ml/L) 

    

0.0 

0.0 12.89 7.52 20.41 12.50 

3.0 18.14 8.52 26.66 13.45 

6.0 22.52 9.72 32.24 13.67 

1.25 

0.0 13.22 11.18 24.40 17.00 

3.0 18.48 13.16 31.64 23.16 

6.0 21.86 13.57 35.43 23.98 

2.5 

0.0 12.89 15.18 28.07 23.85 

3.0 19.48 18.72 38.20 25.57 

6.0 22.52 14.03 36.55 26.28 

LSD0.05 4.081 1.317 1.691 1.561 

 
 
occupies the center of porphyrin ring of the chlorophyll 
molecule and its availability would increase the synthesis 
of this pigment (Idrees, 2009).    

Total soluble carbohydrates was significantly affected by 
the application of Trichoderma and the highest (25.23 
mg.g-1) resulted from 2.5 g.pot-1 applied Trichoderma 
(Table 5). Humic acid spray increased total soluble 
carbohydrates where the concentration of 6 ml/L resulted 
in highest leaf content of total soluble carbohydrates 
(21.31 mg.g-1). Total soluble carbohydrates was 
significantly affected by experimental factors interaction 
and highest value (26.28 mg.g-1) was recorded in plants 
that received Trichoderma at 2.5 g.pot-1 level and sprayed 
with humic acid at a concentration of 6 ml/L. Control 
plants had the lowest value (12.50 mg.g-1). These increases 
in total soluble carbohydrates resulted from experimental 
treatments and expected since chlorophyll concentration 
increased which must have resulted in the increase of 
accumulation of the photosynthetase. Accordingly, 
vegetative growth (Table 2), root growth (Table 3), and 
flowering (Table 4) improved.   

From the observations and results obtained it could be 
concluded that snapdragon growth and flowering could be 
improved by Trichoderma application and humic acid 
spray. The increase in chlorophyll b due to application of 

Trichoderma may have great impact on photo-oxidation 
and photo-inhibition of the photosystem and some other 
pigments like carotenoids required to be determined. 
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