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Effect of adding chemical, organic fertilizers and spraying seaweed ex-
tracts on the availability of NPK and organic material in calcareous soil
Auf Abdul Rahman Saleh and Basem Rahem Bader*

Abstract: A field experiment was carried out in the agricultural season 2021-2022 in one of the farming fields in the region 
of Muqdadiya, Al-Harouniya district, located 40 km northeast of Baquba district of Diyala governorate. (Soil Survey Staff, 
2006). It is located at a longitude of 53° 34' N and latitude of 56° 04° 45° S. The experiment aimed to study the effect of 
adding chemical and organic fertilizers and spraying seaweed extracts on NPKS concentrations and cauliflower yield. 
The investigation included three factors; the first factor was the addition of organic fertilizer (buffalo waste) at three levels 
(0, 5 and 10%) of the terrace size, which M1, M2 and M3 respectively symbolize. It was added at a depth of 0-30 cm a 
month before planting the seedlings in the field. The second factor was the addition of NPK compound chemical fertilizer 
(20:20:20) at two levels (0 and the full fertilizer recommendation is 300 kg H-1 when planted as a feed) and symbolized 
by  C1 and  C2, respectively. The third factor is spraying seaweed extract with three levels (0, 2 and 4) ml L-1 represented 
by A1, A2 and A3. The experiment results showed that adding chemical fertilizer significantly affected the availability of 
organic material in the soil. The 2C treatment (and the full fertilizer recommendation of 300 kg H-1) outperformed and 
reached 2.96 gm kg-1; nitrogen availability in the soil amounted to 2.96 %. As well as the availability of phosphorous in the 
soil, which amounted to 76.28 mg P kg 1-soil, and potassium availability in the soil amounted to 76.28 %. The addition of 
buffalo manure to calcareous soils significantly affected the readiness of the organic material. Also, treatments M2 and M3 
outperformed in soil with a value of 3.34 and 23. 4 g/kg-1, and nitrogen availability in soil amounted to 29.88 and 31.25 mg 
N kg-1-. The M3 treatment also excelled in the availability of phosphorous in soils, which amounted to 86.98 mg P kg-1-soil 
mg M kg-1-soil. The availability of potassium in the soil amounted to 361.33 %. The triple interaction between the studied 
factors significantly affected the availability of organic material in soils. The M2×C2×A3 treatment also excelled in recording 
the highest value, which was 3.85 gm kg-1, nitrogen availability in soil amounted to 37.75 %, phosphorous availability in soil 
amounted to 94.16 mg P kg-1 and potassium availability in soil amounted to 436.42 mg kg-1-soil.
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Introduction
The increasing consumer wealth and concerns about 

food safety have led to the return of consumers' desire for 
organic food as a means to achieve food security. Organic 
farming constitutes an essential source for securing far-
mers, increasing their production of vegetables and filling 
the shortage in them4. Organic farming also encourages 
maximum use of the natural biological processes of farm 
management in terms of soil fertilization and pest control, 
which means no or less use of synthetic fertilizers, pesti-
cides or plant and animal growth enhancers. All of these 
practices increase the diversity of bacteria and insects that 
live in the soil and provide a good food source for pollina-
tors in terms of pollen and nectar5. Many comparisons be-
tween organic and conventional farming also indicate that 
organic farming enhances the quality of food crops and soil 
quality. It is a system known as organic or conservation 
agriculture, as it maintains soil efficiency by increasing the 
percentage of organic material and nutrients in the soil and 
plants. Thus, maintaining human health10, organic farming 
has been adopted as a new and sustainable agricultural 
technology because of its environmentally friendly nature 
and health products. It is an effective technology in reducing 

atmospheric carbon concentration and is more efficient in 
using less energy and providing moisture to the soil. Orga-
nic farming also relies on biosolids and crop rotation, mul-
ching, non-synthetic fertilizers, no-till, integrated nutrients, 
pest management, etc., for crop management and yield8.

The high input of synthetic fertilizers on the land has 
led to environmental pollution, continuous changes in the 
soil environment, and physical and chemical conditions. 
This has led to a significant reduction in the natural soil fer-
tility hampered agricultural productivity and human health. 
Bio-based nutrient sources such as marine algae are also 
considered complete nutrients for agriculture9. due to their 
antioxidant properties and their content of various bioactive 
chemicals, secondary metabolites, dietary fibers, vital ami-
no acids, phytochemicals, vitamins, polyunsaturated fatty 
acids and other minerals. They can be used as nutrients 
and fertilizers12.

The research aims to know the effect of adding chemi-
cal and organic fertilizers and spraying seaweed extracts on 
the availability of NPK and organic material in calcareous 
soil. 
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Materials and methods 
A field experiment was carried out in the agricultural 

season 2021-2022 in one of the farming fields in Muqdadi-
ya, Al-Harouniya village, located 40 km northeast of Baquba 
district of Diyala governorate. (Soil Survey Staff, 2006) It is 
located at longitude 33°53'34N and latitude 04°4556'S. The 
experiment also aimed to study the effect of adding chemi-
cal and organic fertilizers and spraying seaweed extracts 
on NPKS concentrations and organic material in calcareous 
soil. The investigation included three factors; the first factor 
was the addition of organic fertilizer (buffalo waste) at three 
levels (0, 5 and 10%) of the terrace size, which M1, M2 and 
M3 respectively symbolize. It is also added at a depth of 
0-30 cm a month before planting the seedlings in the field. 
As for the second factor, the addition of the compound che-
mical fertilizer NPK (20:20:20) at two levels (0 and the full 
fertilizer recommendation is 300 kg H-1 when planting as a 
feed) and its symbol is C1 and C2, respectively. A sample 
was taken randomly from different locations and mixed to 
be a composite 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 diameter of 2 
mm to perform the physical and chemical analyses shown 
in Table 1. Soil preparations were carried out for cultivation, 
including plowing, smoothing and leveling. It was divided 
into three sectors, each containing 9 coefficients and the 
dimensions of the experimental unit (3 * 2). Also, each ex-
perimental unit includes 3 lines, the number of plants in the 
experimental unit is 18. The distance of each irrigation line 
from the edge of the terrace is 60 cm. The distance between 
one irrigation pipe and another is 70 cm, and between one 
seedling and another is 50 cm. As well as the number of 
seedlings in the experimental unit is 18 plants. A distance of 
1 m will be left between the replicates, as well as a distance 
of 0.5 m between the experimental units, i.e., the number of 
experimental units is 54 experimental units. The data were 
analyzed according to the Duncan test. The analyses were 
carried out in the Laboratory of Soil and Water Resources 
Sciences, College of Agriculture, Diyala University, and the 
following characteristics were studied:

Organic material (gm kg-1)
Estimation was performed using potassium dichroma-

te, concentrated sulfuric acid, phosphoric acid and diphen-
ylamine, then sintered with ammoniac ferrous sulfate accor-
ding to the Walkley and Black method mentioned in (11).

Concentrations of ready nitrogen in the soil (mg N kg 
1- soil)

The estimation was done by extracting the soil with po-
tassium chloride (2N), adding magnesium oxide and con-
verting nitrogen from nitrate to ammonium by adding Devar-
de alloy as a reducing substance. It was estimated using a 
microclad device using the method mentioned in (3).

Ready phosphorous concentrations in soil (mg/kg-1 soil)
It was estimated using sodium bicarbonate (0.5M) at 

PH8.5. Ammonium molybdate and ascorbic acid are added 
until a blue color develops. A spectrophotometer is used at 
wavelength 882, as stated in (11). 

Ready potassium concentrations in soil (mg Kkg-1 soil)
The determination of ammonium acetate was carried 

out by using a flame photometer, as stated in (11).

Results

Readiness of organic material in calcareous soils (g/kg-1)
The results of Table (2) showed that the addition of che-

mical fertilizers had a significant effect on the readiness of 
organic material in the soil, as the treatment C2 excelled in 
recording the highest value and amounted to 2.96 gm kg-1, 
compared to the comparison treatment which amounted to 
2.73 gm kg-1, with an increased rate of 42.8.                                                                           

The addition of buffalo manure to calcareous soils had 
a significant effect on the availability of organic material in 
soils, as the two treatments, M2 and M3, excelled in recor-
ding the highest value, which was 3.34 and 23. 4 g kg-1, 
compared to the comparison treatment, which amounted to 
1.79 g kg-1, with an increased rate of (06.91%).                                                                  

The addition of seaweed extracts led to no significant 
effect on the availability of organic material in the soil.

The interaction treatment between chemical fertilizer 
and organic fertilizer led to a significant increase in the avai-
lability of organic matter in the soil, as the M2×C2 treatment 
excelled in recording the highest value, which amounted 
to 3.57 gm kg-1, compared to the C1M1 treatment, which 
amounted to 1.76 gm kg-1.
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Table 1. Shows the analysis of organic matter. Table 2. Showing analysis of marine algae extracts.
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The interaction treatment between organic fertilizer 
and seaweed extracts led to a significant increase in the 
availability of organic material in the soil, as the treatments 
M2×A1, M2×A2, M2×A3, M3×A1, M3×A2, M3×A3 excelled 
in recording the highest value of the availability of the mate-
rial. The organic material in the soil amounted to 3.24,3.21, 
3.57,3.33,3.58, and 3.33 g kg-1 compared to the treatments 
M1×A1, M1×A2, M1×A3, and it amounted to 1.62, 1.89, 
1.85 g kg-1.                                                                         

The bilateral interaction between chemical fertilizers 
and seaweed extracts led to a significant increase in the 
availability of organic material in the soil. As the treatments 
A1×C2, A2×C2, 3A×C2, and A3×C1 excelled in recording 
the highest value, which amounted to 2.94,3.01, 2.93, 2.90 
g kg-1, compared to treatment A1 x C1 and it was 2.52 g kg-1.                                                      

The triple interaction between the studied factors had a 
significant effect on the availability of organic material in the 
soil, as the treatment M2×C2×A3 excelled in recording the 
highest value, which amounted to 3.85 g/kg-1, compared to 
the treatment M1×C1×A1 which amounted to 1.34 g/kg-1. 

Nitrogen availability in calcareous soils (mg N kg 1 – soil)
Table (5) shows that adding chemical fertilizer signifi-

cantly affected the nitrogen availability in the soil. Treatment 
C2 excelled in recording the highest value and amounted 
to 31.43 %, compared to treatment C1, which amounted to 
26.25 %, with an increased rate of 73.19%.                                                                                            

The addition of buffalo manure to the soil had a signi-
ficant effect on the nitrogen availability in the soil, as the 
two treatments, M2 and M3, recorded the highest values, 
which were 29.88% and 31.25 %, compared to treatment 
M1, which amounted to 25.40 %, with an increased rate of 
03.23%.                

The addition of seaweed extracts led to a significant 
effect on the nitrogen availability in the soil, as the two treat-
ments, A2 and A3, were superior in recording the highest va-
lue, which amounted to 29.13% and 30.60 % compared to 
treatment A1, which was 26.80 %, with an increased rate of 
17.14%.          

The interaction treatment between chemical fertilizer 
and organic fertilizer led to a significant increase in nitrogen 
availability in the soil, as the M2×C2 and M3×C2 treatment 

outperformed in recording the highest value, amounting 
to 32.25 and 34.38 % compared to the treatment M1×C1 
which amounted to 23.12 %.                                                                      

The interaction treatment between the organic fertilizer 
and seaweed extracts also led to a significant increase in 
nitrogen availability in the soil, as the M3×A3 treatments ex-
celled in recording the highest value and amounted to 33.36 
% compared to the two treatments, M1×A1, M1×A3, which 
amounted to 24.14, 25.36 mg N kg-1 soil.                                          

The bilateral interaction between chemical fertilizer and 
seaweed extracts led to a significant increase in nitrogen 
concentration in calcareous soils, as the treatment A2×C2 
excelled in recording the highest value, amounting to 32.69 
%, compared to treatment A1×C1 which amounted to 23.13 
%.      

The triple interaction between the studied factors also 
had a significant effect on nitrogen availability in soils, as 
the M3×C2×A3 treatment excelled in recording the highest 
value, which amounted to 37.75 %, compared to the treat-
ment M1×C1×A1, which was 20.56%. 

Readiness of phosphorous in calcareous soils
The results of Table (6) showed that the addition of che-

mical fertilizers had a significant effect on the availability of 
phosphorous in soils, as treatment C2 excelled in recording 
the highest value and it reached 76.28% compared to treat-
ment C1, which amounted to 52.98% with an increased rate 
of(71.114 and 04.156%).                                            

Adding buffalo manure to calcareous soils significantly 
affected the phosphorous concentration in soils, as the M3 
treatment recorded the highest value and reached 86.98% 
compared to an increase of (33.97%).                                       

The addition of seaweed extracts significantly affec-
ted the availability of phosphorous in soils, as treatments 
A1 and A3 excelled in recording the highest value, 66.97% 
and 65.30 %. In contrast, treatment A2 recorded the lowest 
value, 61.62 %.                                

The interaction treatment between chemical fertilizers 
and organic fertilizers led to a significant increase in the 
availability of phosphorous in soils, as the M3×C2 treatment 
excelled in recording the highest value, which amounted to 
92.49 %, compared to the treatment M1×C1, which amoun-
ted to 11.75 %.                                                                                      

The interaction treatment between the organic fertilizer 
and seaweed extracts also led to a significant increase in 
the phosphorous concentration in the soil, as the M3×A2 
treatment excelled in recording the highest value and rea-
ched 88.74%. While the treatments M1×A1, M1×A2, M1×A3 
scored 34.56, 33.18, and 34.17%. The bilateral interaction 
between chemical fertilizers and seaweed extracts led to 
a significant increase in soil phosphorous availability. The 
treatment A2×C2 excelled in recording the highest value 
and reached 80.15%, while the treatment A1×C1 recorded 
the lowest. The value amounted to 61.78 %.

The triple interaction between the studied factors signi-
ficantly affected phosphorus availability in soils. The treat-
ments 2M×C2×A1, 2M×C2×A2, and 2M×C2×3A excelled 
in recording the highest value, which amounted to 93.92%, 
94.45%, 94.16 %, compared to the treatments. M1×C1×A1, 
M1×C1×A2, M1×C1×A3 amounted to 10.89, 11.84, 12.51 
%.

Potassium availability in calcareous soils (%)
The results of Table (7) showed that the addition of che-

mical fertilizer had a significant effect on the availability of 

Effect of adding chemical, organic fertilizers and spraying seaweed extracts on the availability of NPK and organic material in calcareous soil

Table 3. Some chemical and physical properties of the 
study soil before planting.
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potassium in the soil, as treatment C2 excelled in recording 
the highest value and reached 341.98 %, compared to treat-
ment C1 which amounted to 250.30 %, with an increased 
rate of (62.36%).                                                                                    

The addition of buffalo manure to calcareous soils had 
a significant effect on the availability of potassium in the 
soil, as the M3 treatment recorded the highest value, which 
amounted to 361.33 mg K kg-1, compared to treatment M1, 
which amounted to 204.60 %, with an increased rate of 
(60.76 and 61.57).                                                                                                  

The addition of seaweed extracts led to a significant 
effect on the availability of potassium in the soil. The two 
treatments, A2 and A3, excelled in recording the highest va-
lues, 310.72% and 310.00 %, while treatment A1 recorded 
267.69 %, with an increased rate of (15.80%).                       

The interaction treatment between chemical and orga-
nic fertilizers led to a significant increase in phosphorous 
availability in calcareous soils. The M3×C2 treatment ex-
celled in recording the highest value, which amounted to 
420.42%, compared to the treatment M1×C1, which amoun-
ted to 180.82 %.                                                                                

The interaction treatment between organic fertilizer and 
seaweed extracts also led to a significant increase in potas-
sium availability in the soil, as the M3×A2 treatment exce-
lled in recording the highest value and reached 371.57 %. In 

comparison, M1×A1 treatments recorded the lowest value 
and reached 187.05 %.                                                                                               

The bilateral interaction between chemical fertilizer and 
seaweed extracts led to a significant increase in potassium 
availability in soil, as the treatments A2×C2,3 A×C2 exce-
lled in recording the highest value, amounting to 355.12 and 
364.20 %. In contrast, the treatment A2×C1 recorded the 
lowest value. It amounted to 266.34 %.                                                 

The triple interaction between the studied factors also 
significantly affected potassium availability in calcareous 
soils. The treatments 2M×C2×A2 and 2M×C2×3A excelled 
in recording the highest value, amounting to 406.20% and 
436.42 %, while the treatments M1×C1 recorded A1 × the 
lowest value, which was 172.64 %.   

Discussion
The results of Tables 2, 3, 4 and 5 showed that adding 

chemical fertilizer significantly affected the availability of or-
ganic material, potassium, nitrogen and phosphorus in the 
soil. This may be because adding organic material to the 
soil led to its accumulation in the soil and an increase in its 
readiness. This is consistent with the findings of (18). As for 
the concentration of ready nitrogen, adding organic fertili-

Table 4. Effect of adding chemical and organic fertilizers and spraying seaweed extracts and their interaction on the 
availability of organic material in soils.
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zers increased the percentage of ready nitrogen in the soil. 
The reason may be due to the role of organic fertilizers in 
improving the chemical and biological characteristics. The 
decomposition products of this substance increase the avai-
lability of ready nitrogen in the rhizosphere and increase the 
activity of organisms in the soil, such as nitrogen-fixing or-
ganisms. This is consistent with (15,22). Organic fertilizer is 
a nitrogen source, increasing its percentage in the soil. As 
for phosphorus, the addition of organic fertilizers had signifi-
cant effects on increasing the concentration of ready-made 
phosphorous in the soil solution. The reason is the possibili-
ty of decomposing the organic fertilizer and releasing amino 
and organic acids that dissolve the precipitated phosphate 
compounds and increase its readiness. It contains phospho-
rous and is continuously supplied to the soil solution. This 
agrees with (24,25). As for the ready potassium, organic fer-
tilizers reduce the loss of nutrients due to the increase in the 
positive ionic exchange capacity, which agrees with (23). It 
also works to liberate or release potassium from minerals by 
producing organic acids that release potassium-containing 
mineral compounds in the soil and turn them into a ready 
form. These results are consistent with (20). that organic 
fertilizer is a good source for preparing potassium in the gr
ound.                                                                     

The results of Tables 2, 3, 4 and 5 indicated that adding 
chemical fertilizers significantly increased the soil's readi-

ness of organic material, nitrogen, phosphorous, and potas-
sium. This may be because chemical fertilizers significantly 
increase the availability of nutrients and thus improve soil 
ecosystem services. The appropriate use of nutrients can 
enhance biomass production, increase soil organic mate-
rial, and improve soil health13.               

The results of Tables 2, 3, 4 and 5 also indicated that 
adding seaweed extracts significantly increased the avai-
lability of nitrogen, phosphorus and potassium in the soil. 
This may be due to its antioxidant properties and its content 
of various biologically active chemicals, secondary meta-
bolites, dietary fibers, vital amino acids, phytochemicals, 
vitamins, polyunsaturated fatty acids, and a high range of 
elements and nutrients12. 

Conclusions
Adopting organic fertilizer (10% of the size of the terra-

cing) led to a significant increase in all the studied traits.The 
use of chemical fertilization in soil fertilization for its signifi-
cant superiority in all the studied traits. Using seaweed ex-
tracts at concentrations (2 and 4 mmol.L-1) for its significant 
superiority in most studied traits.  

Table 5. Effect of adding ch.emical and organic fertilizers and spraying seaweed extracts and their interaction on nitrogen 
availability in calcareous soils.

Effect of adding chemical, organic fertilizers and spraying seaweed extracts on the availability of NPK and organic material in calcareous soil
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Table 6. Effect of adding chemical and organic fertilizers and spraying seaweed extracts and their interaction on phos-
phorous availability in calcareous soils.
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