
Abstract
A field experiment was carried out in one of the agricultural fields which belongs to the Khalis district in Diyala Governorate, Iraq, 
located at a distance of 16 km northeast of Baqubah, during the fall season of the year 2021-2022 in a soil with a clay texture. An 
experiment was carried out with the aim of studying the effect of organic fertilization with four levels of humic acid, namely 0, 2 g.M-2 
and 4,6 g.M-2 and bio-fertilization with the Trichodermia harzianum fungus, which was added at a rate of 0.3 gm, affected some 
vegetative traits of Nigella Sativa L. The results showed that the treatment of adding humic acid at the level of 6 gmˉ²  was 
significantly superior in terms of plant height, number of branches and dry vegetative weight, which amounted to 53.51. cm and 
16.01 branches. plant-1 and 31.89 gr. plant-1, respectively, and the treatment of adding humic acid at the level of 4 g.mˉ² was 
significantly superior, with the highest mean of the index of chlorophyll in the leaves reaching 32.02 SPAD, compared to the control 
treatment, which recorded the lowest averages for the mentioned traits, respectively. Plant height, number of branches, dry 
vegetative weight and chlorophyll index, which were 48.30 cm and 16.71 branches. plant -1 and 43.37 g. plant-1 and 34.31 SPAD, 
respectively, compared to the control treatment, which amounted to 29.61 cm and 6.58 branches. plant-1, 27.25 gmˉ¹, and 27.50 
SPAD, respectively.
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Introduction
Medicinal plants had a great importance in many fields, including therapeutic, complementary, preventive and nutritional 

medicine, the pharmaceutical and food industries, and biological control because of that they contain many effective compounds 
(Shakya, 2016). Among those medicinal plants is the black cumin plant, Nigella sativa L., which is an annual herbaceous 
plant belonging to the Ranunculaceae family, which is considered as one of the most important medicinal plants used in 
direct medication or after extracting the active compounds. It was found that the organic and biological fertilizers are good 
alternatives that are cheap and environmentally friendly, and that they play an important role in fixing nitrogen and improving 
the nutritional status of plants, as well as increasing the absorption efficiency of phosphorus, potassium and other elements, 
which leads to an increase in plant size and productivity (Abd El-lattief, 2012). As organic fertilization is considered one of 
the most important agricultural processes and it better maintains soil fertility, preparation of nutrients and the ability to 
exchange cations and anions, furthermore, the organic fertilizers release nutrients quickly and thus provide nutrients 
continuously (Wan et al., 2021).

Humic acid is an important humic organic acid because it contains many nutrients, which prompted researchers to add it to 
agricultural crops (Berger and Gutjahr, 2021). Humic acid works to improve the chemical and physical properties of the soil and 
significantly increase the biomass as well as provide nutrients to the plant and reduce the volatilization of nitrogen in the form of 
ammonia gas and also increase the efficiency of ammonia representation (Muter et al., 2015 and Ehsan et al., 2016). Trichoderma 
harzianum is considered to be one of the imperfect fungi that live sparsely on organic matter. It is present in the rhizosphere 
and greatly affects plant growth because of its high ability to settle in the root zone and secrete many organic compounds that 
contribute to stimulating plant growth, as well as lowering the soil reaction number (pH) which leads to an increase in the readiness 
and absorption of some important micronutrients such as iron and manganese, as well as their secretion of many biochemical 
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fertilization with T.harzianum fungus fertilization with humic acid (g.mˉ²) Organic fertilization
Bio-fertilization6 4 2 0

39.99 45.43 43.33 41.6 29.61
Without fertilization 

b c c c e
48.3 61.6 50.2 45.41

36.01d fertilization with T.harzianum fungus
a a b c

53.51 46.76 43.5
32.81d fertilization with humic acid

a b c

Number of branches (plant branch 1-)
The results in Tab. 2 showed that the number of branches in the black seed plant increased significantly with the superiority of 
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compounds (Hermosa et al., 2012) that are involved in the metabolic processes, so the current study aimed to test the effect of 
organic fertilization with humic acid and bio-fertilization with Trichoderma harzianum fungus in Vegetative characteristics of 
black cumin plant which is grown under field conditions

Materials and Methods
A field experiment was carried out in one of the agricultural fields in Al-Tahweelah district/ Al-Khalis district/ Diyala 

governorate in a soil with a clay texture. Then and there, the experimental field was divided into three sectors, each sector includes 
eight experimental units. All of experimental units were fertilized with phosphate fertilizer at a rate of 120 kg haˉ¹ in the form of 
triple superphosphate P2O5 46% mixed with the targeted soil before planting. Nitrogen was added at a rate of 120 kg. haˉ¹ in the 
form of urea N% 46 in two batches, the first batch is one month after germination, and the second batch at the beginning of the 
flowering stage. Potassium fertilizer was added at a rate of 100 kg haˉ¹ in the form of potassium sulfate K2O% 41.5, and humic 
organic fertilizer was added in two batches, the first is one month after germination and the second is two months after the first 
one, at a concentration of 0 g. mˉ², 2 g. mˉ², 4 g. mˉ², 6 g. mˉ². The seeds of the local black cumin were sown on 11/19/2021 by 
placing 3 seeds-5 seeds in each jar. As for the bio-fertilization, it was done by mixing the Trichoderma harzianum bio-fungi with 
seeds at the same time in the sowing stage, at the rate of 0.3 gm per jar. With a distance of 25 cm between one pot and another, the 
irrigation was according to the plant’s need. The plants were thinned to one plant per pot, and the plant was harvested on 7/5/2022 
for the middle lines of each experimental unit.
Measurement of some characteristics of vegetative growth

Ten plants were taken randomly from the two middle lines of each experimental unit for the purpose of studying the characteristics 
of vegetative growth.

Plant height (cm): The height of ten plants was measured randomly from the two middle lines using a measuring tape from the 
ground level to the top of the plant and the average height of one plant was taken.

Number of branches of the plant: The number of branches was calculated in ten randomly taken plants, according to the 
average number of branches for each plant.

Dry weight of total sprouts: The dry weight of the vegetative in total is calculated, if the vegetative parts were dried in the 
electric oven at a temperature of 80°C for 48 hours, and the dry weight were calculated by using a sensitive scale.

Determination of leaf chlorophyll index (SPAD): Chlorophyll in SPAD was estimated in the field using a 502 Chlorophyll-
meter (Blackmer and Schapers, 2013).

Results and Discussion 
The results in Tab.1 show that the organic fertilization with humic acid led to a significant increase in plant height, and the 

highest average plant height reached up to 53.51 cm when the fertilization treatment had a concentration of 6 gm. cm, with an 
increase of 63.09%. The reason may be due to the fact that organic fertilizers, especially the hydrolyzed ones such as humic acid 
fertilizer, improve the fertile and physical properties of the soil, which increases the readiness of the macro and micro elements 
necessary to build plant cells and to carry out vital processes (Dhiab, 2012) as well as its effective role in increasing cell division 
and cell elongation (Aziz and Al-Salman, 2021). The results of Tab. 1 also showed that there were significant differences in the 
increase of plant height rates when inoculated with the Trichoderma harzianum fungus, as the treatment with fungus fertilization 
gave the highest average plant height of 48.30 cm, compared to the non-fertilization treatment with fungus, which gave the lowest 
average plant height of 39.99 cm, with an increase rate which is amounted to 20.78%..The reason may be due to the ability of the 
fungus to increase the availability of nutrients in the soil such as phosphorus, potassium, iron, zinc and copper, and then increase 
the plant content of these elements (Singh, 2010).

The interaction between humic acid and fertilization with the Trichoderma harzianum fungus resulted in a significant increase 
in plant height, as the interaction treatment was given at the level of 6g. mˉ² of humic acid and inoculated with the Trichoderma 
harzianum fungus at a concentration of 0.3 g. The highest average plant height reached 61.60 cm, with a percentage of an increase 
of 108.03% over the controlled treatment, which gave the lowest average of the plant height of 29.61 cm.

Table 1: The effect of organic and biological fertilization and the interaction between them on the height of the black cumin plant (cm)



the level 6 gm.m2 over the rest of the levels of humic addition, as the average number of branches reached 16.01 branches. Plant-1 
compared to the treatment without adding humic acid, which recorded the lowest number of 10.44 branches. Plant 2-, with an 
increase rate of 53.35%. The reason is attributed to the importance of humic acid in increasing cell division and cell elongation due 
to its direct effect on various vital processes in plants such as respiration, photosynthesis, protein synthesis and various enzymatic 
reactions, as its effect is almost similar to that of plant hormones and has a role in increasing the absorption of nutrients and thus 
increasing Synthetic substances accumulated in the plant. (Zhang et al., 2017; Muhammad Amin, 2022). It is also noted that there 
are significant differences in the number of branches of the black cumin plant when inoculated with the Trichoderma harzianum 
fungus, as the treatment of fertilization with the Trichoderma harzianum fungus at a concentration of 0.3 g gave a significant 
increase in the number of branches, reaching 16.71 branches. Plant 1 compared to the treatment of not adding the fungus, which 
recorded 9.33 branches. Plant 1 with an increase of 79.09%, and the reason is due to the role of bio-fertilizers in increasing the 
supply of the nitrogen element, which has an important role in the production of the auxin hormone, which encourages cell division 
and elongation, as well as the entry of the nitrogen element into the production of cytokinin, which stimulates the growth of lateral 
shoots and an increase in the number of branches (Vidakovic - PaPic, 2000; Jamir, 2021). The interaction between humic acid and 
fertilization with Trichoderma harzianum fungus led to a significant increase in the number of branches, as the overlap treatment 
was recorded at the level of 6 gm plant-2, and inoculation with Trichoderma harzianum fungus at a concentration of 0.3 gm had 
the highest average number of branches reaching 19.76 plant branches -1 compared to the control treatment, which amounted to 
6.58. Branch Plant-1.

Table 2: The effect of organic and biological fertilization and the interaction between them on the number of branches of the black cumin plant

fertilization with T.harzianum fungus fertilization with humic acid (g.mˉ²) Organic fertilization
6 4 2 0 Bio-fertilization

9.33 12.26 10.98 7.5 6.58
Without fertilization 

b cd ed fe f
16.71 19.76 17.26 15.53 14.3

fertilization with T.harzianum fungus 
a a ab bc bcd

16.01 14.12 11.51 10.44
fertilization with humic acid

a ab bc c

The dry weight of the sprout
The results in Tab. 3 showed that the dry weight of the sprout of the black cumin plant increased significantly when adding 

humic acid at the level of 6g. m-2, as the average dry weight of the sprout was 41.56 g. plant-1, compared to the treatment without 
adding humic acid, which recorded 31.89 gm plant-1, with an increase of 30.32%. The reason for the increase may be attributed to 
the fact that the addition of humic acid improves the physical properties of the soil, increases the readiness of nutrients, provides 
the plant with the necessary nutrients because of the nutrients it contains, and lowers the pH in the soil, which contributed to the 
dissolution of some of the nutrient compounds and thus increased its readiness, which leads to increased vegetative growth and 
Plant dry weight gain (Nosir and Abdelkade, 2017; Mohamed, 2013).

We also notice from the results of Tab. 3 that there was a significant difference in the dry weight of the sprout when inoculated 
with the T. harizanum fungus, as the fertilization treatment with mushrooms gave a significant increase of 43.37 gm plant-1 
compared to the treatment without adding mushrooms, which recorded 31.00 gm plant-1, an increase of 39.90%. This increase is 
due to the role of Trichoderma in elevating the availability of nutrients, especially phosphorus and nitrogen, as well as the secretion 
of growth-stimulating substances (Al-Saffar et al., 2016). Also, the treatment of interaction between humic acid and fertilization 
with Trichoderma harzianum resulted a significant increase in the dry weight of the shoot, as the The overlap treatment at the level 
of 6 gmˉ² of humic acid and inoculation with T. harizanum fungus at a concentration of 0.3 g gave the highest mean of 48.86 gmˉ¹, 
compared to the control treatment that gave the lowest mean of 27.25 gm Mˉ¹ the effect of organic and biological fertilization and 
the interaction between them on the dry weight of sprouts of black cumin plant (gm plant-1) (Tab. 3) 

Table 3: The effect of organic and biological fertilization and the interaction between them on the dry weight of sprouts of black cumin 
plant (gm plant-1)

fertilization with T.harzianum fungus
fertilization with humic acid (g.mˉ²) Organic fertilization
6 4 2 0 Bio-fertilization

39.99 34.26 31.75 30.76 27.25
Without fertilization 

b cd d ed e
48.3 48.86 45.26 42.83 36.53

fertilization with T.harzianum fungus
a a ab b c

41.56 38.5 36.8 31.89
fertilization with humic acid

a b b c

Chlorophyll Index (SPAD)
The results in Tab.4 showed that the index of chlorophyll in the leaves of the black cumin plant increased significantly when adding 
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humic acid at the level of 4gm², as the average index of chlorophyll SPAD was 32.02, compared to the treatment without adding 
humic acid, which gave 29.98 SPAD, an increase of 6.80%. The reason is due to the fact that humic acid has a role in increasing 
the content of leaves of magnesium, which leads to an increase in the content of leaves of chlorophyll (Bhatla and Manju, 2018). 
The results also showed that there were significant differences in increasing the average index of chlorophyll when inoculated with 
the Trichoderma harzianum fungus, as it reached 34.31 SPAD, compared to With the treatment of not adding mushrooms, which 
gave 28.70 SPAD, with an increase of 19.54%, this is attributed to the role of mushrooms in increasing readiness and absorption of 
nutrients, which leads to an increase in leafy area and thus an increase in chlorophyll concentration in plant leaves (Cairney, 2000). 
The Trichoderma harzianum fungus resulted in a significant increase in the chlorophyll index of 34.73 SPAD, compared to the 
control treatment, which gave the lowest average of 27.50 SPAD, with an increase of 26.29%.

Table 4: The effect of organic and biological fertilization and the interaction between them on the average index of chlorophyll in the 
leaves of the black cumin plant (SPAD).

Fertilization with T.harzianum fungus
Fertilization with humic acid (g.mˉ²) Organic fertilization
6 4 2 0 Bio-fertilization

39.99 29.32 29.36 28.65 27.5
Without fertilization 

b bcd bcd cd d
48.3 34.73 36.25 33.8 32.46

fertilization with T.harzianum fungus
a ab a abc ad

32.02 32.8 31.22 29.98
fertilization with humic acid

a a a a
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