
1

Volume 7 / Issue 4 / 40 / http://dx.doi.org/10.21931/RB/2022.07.04.40                                                                                               

The effect of adding compound fertilizer of NPK and Humic acid on the 
availability of NPK soil and cabbage yield
Miaad Ibrahim Turki, Basem Rahem Bader*

Abstract: A field experiment was conducted in Jdeidet Al-Shatt in Diyala Governorate during the fall season of 2021. 
According to modern American classification, silt loam soil is classified at a level lower than Typic Torrifluvent. To study 
the effect of NPK and humic acid addition on soil NPK availability and total cabbage yield according to RCBD randomized 
complete block design with three replications. The balanced 20:20:20 NPK compound fertilizer was added at three levels, 
0,150,300 kg ha-1 and humic acid at three levels, 0, 15 and 30 kg ha-1. The fertilizers were added to the soil in two batches, 
the first during the planting process and the second 43 days after the date of the first batch. The concentrations of elements 
were measured in two stages, and the total yield of cabbage. The results of the study showed the superiority of the 
compound fertilizer NPK at the level of 300 kg ha-1 of NPK elements and in the first stage 46days  (before the emergence 
of the head), where the concentration of NPK elements reached 36.59 mg kg-1, 35.55 mg kg-1, 224.90 mg kg-1, respectively. 
While the superiority of the humic acid at the level of 30 kg ha-1 to  30.44 mg kg-1, 25.13 mg kg-1, and 209.39 mg kg-1, 
respectively. As for the compound fertilizer at the second stage106 days (when the head is fully mature), the concentration 
of NPK elements and cabbage yield reached 27.17 mg kg-1, 36.92 mg kg-1, 208.69 mg kg-1, 68.23kg Mg ha-1, while the 
humic acid was 22.86 mg kg-1, 27.91 mg kg-1, 197.11 mg kg-1, 57.53 Mg ha-1, respectively.
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Introduction
Most Iraqi soils are considered calcareous because of 

their high content of carbonate minerals such as calcium 
carbonate. These minerals reduce soil fertility by raising 
pH, exposing the nutrients added to the soil to sedimen-
tation, loss and stabilization processes, and high tempera-
tures and low rainfall, one of the challenges facing soils in 
dry and semi-arid areas, including Iraqi soils. This causes 
a decrease in the soil's organic material content1,2. Adding 
fertilizers to the ground dramatically increases the availabi-
lity of crop nutrients and improves the soil ecosystem that 
contributes mainly or is secondary to 95 percent of global 
food production. Proper fertilizers can increase agricultu-
ral productivity by avoiding deforestation and reducing the 
need to use additional lands for agriculture. Chemical ferti-
lizers are an indispensable resource for increasing agricul-
tural production, which leads to increasing yields by up to 
50 percent and improving farmers' livelihoods3,4. Nitrogen is 
the essential component of all living organisms and one of 
the primary nutrients that limit life on our planet. Nitrogen is 
exposed to various loss processes, including fixation in the 
bodies of microorganisms or volatilization. Phosphorus is 
an essential nutrient for crop growth; it is a non-renewable 
resource in global food security; Phosphorus is poorly solu-
ble in soil and has weak plant uptake efficiency, Phosphorus 
availability in soil is affected by temperature, dryness and 
pH, and maximum phosphorus uptake from the soil is at pH 
7-6.5. This will affects the availability of Phosphorus in the 
soil, especially in calcareous soils5. Potassium is the third 
phytonutrient that is not available to plants. Intensive culti-

vation, runoff and soil erosion cause a deficiency of Potas-
sium in the soil6. Humic acid (HA) is a multifunctional natural 
polymer compound in most terrestrial and aquatic environ-
ments. Humic acid effectively influences the absorption of 
elements from the soil, as it helps to increase the readiness 
and transfer of significant components, including Nitrogen, 
phosphorous and potassium7,8. Humic acid is a sustainable 
and environmentally friendly fertilizer ready directly when 
added to the soil. It does not need time to decompose, free 
of seeds, weeds, bushes and pathogens compared to tradi-
tional organic fertilizer. Since Humic acid can dissolve in the 
bases, adding it to the calcareous soil, including most the 
Iraqi soil, leads to a lowering of the soil pH and thus drives 
an increase in the readiness of the elements in the ground 
and its absorption by the plant, Humic acid is a supplement 
to chemical fertilizers. It helps in reduce agricultural produc-
tion input costs. To increase the amount of farm production 
and to meet the world's food requirements, resulting from 
the increased use of chemical fertilizers increased, but the 
high prices and fear of losing them because they cause po-
llution. Therefore, it was necessary to find alternative ways 
to reduce its loss from the soil. The use of humic acid with 
chemical fertilizer, according to the fertilizer's recommenda-
tion, increases the soil's elements when added as a mixture 
or feed in the ground. This makes it ready for absorption 
by the plant for a long time, which reduces the loss of ad-
ded elements from the soil9,10. Because of the importance 
of cabbage cultivation in Iraq, as it is one of the main winter 
crops Based on the preceding, the study aimed to find out 
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the effect of adding NPK and Humic acid fertilizers and the 
interaction between them on the availability of NPK soil and 
total yield of cabbage.

Materials and methods 
A field experiment was conducted in one of the fields of 

Jdeidet Al-Shatt territory of Al-Khalis district in Diyala gover-
norate, located 30 km from the center of Baquba in Diyala 
Governorate and located at longitude 44°25'33.2868'E and 
at latitude 33°37'29.172'N during the autumn season 2021 
on silty loam soil. The study aimed to examine the effect 
of adding NPK compound fertilizer and humic acid on soil 
availability. Total cabbage yield was evaluated by adding a 
balanced 20:20:20 NPK compound fertilizer at three diffe-
rent levels. These were: 0 no addition, 150 kg h-1 half of 
the fertilizer recommendation, 300 kg h-1 full of the fertilizer 
recommendation 11 whose symbol is C1, C2, C3, respec-
tively. The second factor is humic acid with three levels, 
which are 0 no addition, 0, 15 kg ha-1, and 30 kg ha-1; its 
symbol is H1, H2, and H3, respectively. A sample was taken 
randomly from different locations and mixed to be a com-
posite sample representative of the field soil at a depth of 
0-30 cm. It was dried and ground with a wooden hammer 
and passed through a sieve with a hole diameter of  2 mm to 
perform the physical and chemical analyzes, whose results 
are shown in Table No 1.

Soil preparations were carried out for cultivation, inclu-
ding plowing, smoothing and leveling, and it was divided 
into three sectors. Each sector contains nine parameters, 
the dimensions of the experimental unit are 3 * 2.5 m2, and 
each experimental unit includes four lines. The number of 
plants in the experimental unit is 24 plants. The planting was 
done on terraces. The width of the terrace was 50 cm, seed-
lings were planted on one side, and the distance between 
one plant and another was 40 cm. The distance between an 
experimental unit and another 100 cm, and the distance be-
tween one sector and another 100 cm. The seedlings were 
planted in the field on 9/24/2021. The ground addition of 
NPK fertilizer and humic acid was applied in two stages, the 
first when planting and the second on 6/11/2021 before the 
stage of the emergence of the head after 43 days, by ma-
king an incision in the soil around the plant. Measurements 
were taken from the ground in two stages, the first stage 
before the emergence of the head and the second on the 

7/1/2022 stage after the maturity of the head. The analyzes 
were carried out in the Laboratory of Soil and Water Re-
sources Sciences, College of Agriculture, Diyala University, 
and the following characteristics were studied:

Nitrogen availability concentrations in soil mg kg-1

Estimation was performed by extracting the soil with 
potassium chloride (2N), adding magnesium oxide and con-
verting Nitrogen from nitrate to ammonium by adding De-
varde alloy as a reducing agent. Estimation was carried out 
using the Microelectronic apparatus12.   

Phosphorous availability concentration in soil mg kg-1

It is estimated using sodium bicarbonate (0.5M) at pH 
8.5. Where Ammonium Molybdate and ascorbic acid are 
added until the blue color develops. A spectrophotometer is 
used at wavelength 88213,14.

Potassium availability concentration in soil mg kg-1

The determination of ammonium acetate was carried 
out by using a flame photometer14.

The total yield of the plant Mg ha-1

The total plant yield was calculated using the following 
equation:

The total plant yield was computed using the next equa-
tion:= Weight of the head without the outer leaves x the 
number of plants per hectare / 1000. 

Results

Nitrogen availability in the soil (mg kg-1)
Table 2 shows that the addition of NPK compound 

fertilizer and humic acid in the average concentrations of 
nitrogen availability in the soil, There are significant diffe-
rences as the C2 and C3 two transactions were signifi-
cantly superior, which two reached the highest average of 
22.61,36.59mg kg-1 on respectively compared to C1 treat-
ment, which amounted to 16.65 mg kg-1, with an increase 
of 35.79% and 119.75%. As for the effect of adding humic 
acid, the H2 and H3 two transactions were significantly su-
perior, which two reached the highest average of 24.31, 
and 30.44 mg kg-1, respectively, were very special to the 
H1 treatment, which amounted to 21.10 mg kg-1, with an 
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increase of 15.21% and 44.26%, respectively. As for the 
interaction effect, the C3H3 treatment, which amounted to 
48.83 mg kg-1, showed the highest and lowest values for the 
C1H1 treatment, which amounted to 14.13 mg kg-1, and an 
increase of 245.57% percent.

Phosphorous availability in the soil (mg kg-1)
Table 3 shows that the addition of NPK compound fer-

tilizer and humic acid had a significant effect on the avera-
ge concentrations of phosphorous availability in the soil, as 
the C2 and C3 two transactions were significantly superior, 
which two reached the highest average of 15.79, 35.55mg 
kg-1, respectively compared to treatment C1 which amoun-
ted to 11.95 mg kg-1, with an increased rate 32.13% and 
197.48%. As for the effect of adding humic acid, the avera-
ge H3 treatment, which amounted to 25.13 mg kg-1, was sig-
nificantly superior to the H1 treatment, which amounted to 
17.05 mg kg-1, with an increase of 47.39%. As for the effect 
of the interaction, the C3H3 treatment, which amounted to 
42.08 mg kg-1, showed the highest value and the lowest va-
lue, when C1H1 treatment, which amounted to 11.79 mg 
kg-1, and an increase of 256.91%. 

Potassium availability in the soil (mg kg-1)  
Table 4 shows that the addition of NPK compound ferti-

lizer and humic acid had a significant effect on the average 
concentrations of potassium availability in the soil, as the C2 

and C3 two transactions were significantly superior, which 
two reached the highest average of 198.01, 224.90 mg kg-1, 
respectively compared to treatment C1 which amounted to 
181.69 mg kg-1, with an increased rate 8.98% and 23.78%. 
As for the effect of adding humic acid, the average H3 treat-
ment, which amounted to 209.39 mg kg-1, was significantly 
superior to the H1 treatment, which amounted to 194.83 mg 
kg-1, with an increase of 7.47%. As for the effect of the inte-
raction, the C3H3 treatment, which amounted to 232.70 mg 
kg-1, showed the highest value and the lowest value when 
the C1H1 treatment amounted to 174.00 mg kg-1 and an 
increase of 33.73%.

Nitrogen availability in the soil (mg kg-1)
Table 5 shows that the addition of NPK compound ferti-

lizer and humic acid had a great effect on the average con-
centrations of Nitrogen availability in the soil, as the C2 and 
C3 two transactions were significantly superior, which two 
reached the highest average of 20.79,27.17 mg kg-1 com-
pared to C1 treatment, which amounted to 14.16 mg kg-1, 
respectively with an increase of 46.82 and 91.87 %, As for 
the effect of adding humic acid, as the H2 and  H3 treatment 
two transactions were significantly superior which two rea-
ched the highest average of 20.69,22.86 mg kg-1, was sig-
nificantly superior to H2 and H1 treatment, which amounted 
to 18.58mg kg-1, respectively with an increase of 11.35 and 
23.03%, As for the interaction effect, C3H3 treatment which 

The effect of adding compound fertilizer of NPK and Humic acid on the availability of NPK soil and cabbage yield

Table 2. Effect of adding NPK and Humic acid fertilizers and the interaction between them on nitrogen concentrations in 
soil in the pre-emergence of the head stage (mg kg-1).

Table 3. Effect of adding NPK compound fertilizer and humic acid and their interaction on phosphorous concentrations in 
the soil in the pre-emergence of the head stage (mg kg-1).
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amounted to 30.00mg kg-1 showed the highest value and 
the lowest value when C1H1 treatment which amounted to 
11.63mg kg-1, and an increased rate of 157.95%.

Phosphorous availability in the soil (mg kg-1)
Table 6 shows that the addition of NPK compound fer-

tilizer and humic acid had a significant effect on the ave-
rage concentrations of Phosphorous availability in the soil, 
as the C2 and C3 two transactions were significantly supe-
rior, which two reached the highest average of 21.58,36.92 
mg kg-1 compared to C1 treatment which reached 12.49 
mg kg-1, respectively with an increased rate of 72.77% and 
195.59%, As for the effect of adding humic acid, as the H2 
and H3 two transactions were significantly superior which 
two reached the highest average of 23.69,27.91 mg kg-1 
was significantly superior to H1 treatment which amounted 
to 19.40mg kg-1, respectively with an increase of 22.11 % 
and 43.86%, As for the interaction effect, C3H3 treatment, 
which amounted to 45.49 mg kg-1 showed the highest value 
and the lowest value when C1H1 treatment, which amoun-
ted to 11.50 mg kg-1, and an increase of 295.56%.

Potassium availability in the soil (mg kg-1)
Table 7 shows that the addition of NPK compound ferti-

lizer and humic acid had a significant effect on the average 
Potassium availability in the soil, as the C2 and C3 two tran-
sactions were s significantly superior, which two reached 
the highest average of 189.81, and 208.69 mg kg-1 com-
pared C1 treatment, which amounted to  169.90 mg kg-1, 

respectively, with an increase of 11.71 and 22.83%, As for 
the effect of adding humic acid,as the H2 and H3 two tran-
sactions were s significantly superior which two reached the 
highest average of189.48,197.11mg kg-1 was significantly 
superior to H1 treatment which amounted to 181.81 mg kg-

1, respectively, with an increase of 4.21% and 8.41%, As for 
the interaction effect, the C3H3 treatment which amounted 
to 220.26 mg kg-1, showed the highest value and the lowest 
value for C1H1 treatment which amounted to 162.74 mg kg-

1, and an increase of 35.34%.

The total yield of the plant Mg ha-1.
Table 8 shows that the addition of the NPK compound 

fertilizer and humic acid had a significant effect on the ave-
rage total yield of the plant, as the C2 and C3 two tran-
sactions were significantly superior, which two reached the 
highest average of 57.88, 68.23 Mg ha-1 compared to the 
treatment C1 which amounted to 33.77 Mg ha-1, respecti-
vely with an increased rate 71.39 and 102.04%, As for the 
effect of adding humic acid, as the H2 and H3, two transac-
tions were significantly superior, which two reached the high 
est average of 54.29,57.53 Mg ha-1, showed a significant 
superiority over H1 treatment, which amounted to 48.06 Mg 
ha-1, respectively, with an increase of 12.96 and 19.70%, As 
for the effect of the interaction, the C3H3 treatment which 
amounted to 70.61Mg ha-1 showed a value and the lowest 
value for C1H1 treatment which amounted to 26.11 Mg ha-1, 
and an increase of 170.43%. 

Table 4. Effect of adding NPK and humic acid fertilizer and the interaction between them on potassium concentrations in 
the soil in the pre-emergence of the head stage (mg kg-1)

Table 5. Effect of adding NPK and humic acid fertilizer and the interaction between them on nitrogen concentrations in the 
soil at the stage of full maturity of the head (mg kg-1). 
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Table 6. Effect of adding NPK compound fertilizer and humic acid and the interaction between them on phosphorous 
concentrations in the soil at the stage of full maturity of the head (mg kg-1).

Table 7. Effect of adding NPK and humic acid fertilizer and the interaction between them on potassium concentrations in 
the soil in the stage of full maturity of the head (mg kg-1).

Table 8. Effect of adding NPK and humic acid fertilizer and the interaction between them on the concentrations of the total 
yield of the plant(Mg ha-1).

Discussion
The results in tables 2,3,4,5 and 6,7,8 show that the 

compound fertilizer NPK and humic acid had a role in all the 
characteristics mentioned in the above tables, as the use of 
compound fertilizer NPK at the level of 300 kg ha-1. This led to 

an increase in the availability of Nitrogen, phosphorous and 
Potassium ready in the soil. This may be attributed to adding 
the compound fertilizer, which leads to the rapid release of 
the elements and an increase in their readiness 15-21.

The results of Tables 2, 3, 4,5,6,7,8 the superiority of 
humic acid significantly in the above-studied traits. Humic 

The effect of adding compound fertilizer of NPK and Humic acid on the availability of NPK soil and cabbage yield
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acid may be a source of nutrients. It may also be attributed 
to the role of humic acid in holding water in the soil, which 
helps to maintain soil moisture and thus encourages the in-
crease of root branches and thus helps in the absorption of 
nutrients it may be attributed to the role of humic acid, which 
helps to release the nutrients associated with minerals and 
salts available in the soil, Humic acid works to reduce the 
degree of soil reaction, which leads to reducing the proces-
ses of loss and sedimentation. As it attracts nutrients and 
helps dissolve them slowly and continuously, this positively 
reflects on increasing soil productivity and plant yield7,22-25.

The combined application of the compound fertilizer 
NPK and humic acid led to a more significant increase in the 
availability of the elements compared to their effect26-29. And 
its combination with organic fertilizers leads to a rise in soil 
productivity beyond what can be achieved with a single use.

Conclusions
Adding NPK compound fertilizer 300 kg ha-1 led to an 

increase in the efficiency of the elements in the soil, its abi-
lity to supply the plant with what it needs, and an increase 
in the residual effect.

The addition of humic acid 30 kg ha-1 led to an increase 
in the concentrations of Nitrogen, Phosphorous, and Potas-
sium and the total yield of the plant, thus meeting the plant's 
needs for these nutrients.  
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