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1. Introduction
Obtaining high quality and high yield in plant cultivation 
is determined by many factors, the most important of 
which is fertilizer (Azadi et al., 2022; Lavic et al., 2023). 
While using mineral fertilizers results in a high-yield 
increase, it adversely affects soil’s physical, chemical, 
and biological properties and leads to soil pollution and 
inefficiency (Uyanöz et al., 2004; Jia et al., 2022). Due 
to rapid population growth worldwide and in Türkiye, 
chemical fertilizers are widely and inadvertently used 
to obtain additional yield from the unit area; as a result, 
human health deteriorates, and environmental pollution 
occurs. Considering these drawbacks, the use of fertilizers 
of organic origin for sustainable agriculture has increased 
(Altindag et al., 2006; Channabasana et al., 2008; Erturk et 
al., 2012; Naghman et al., 2023).

Although organic fertilizers contain lower nutrient 
levels compared to commercial ones, they are made up 
of many different nutrients, improve the soil physically, 
chemically, and biologically, protect it against erosion, 
provide a suitable environment for plant growth, and 
improve the water-holding capacity and aggregate 
structure of the soil (Kılıç and Korkmaz, 2012; Asri et 

al., 2013; Gülser et al., 2015; Namlı et al., 2017; Asri et al., 
2023).

Although maize (Zea mays L.) grows in hot climates, the 
plant does not require too much heat. Maize is primarily 
used in human food and as an industrial raw material; 
the leaves of the maize plant are also used in the animal 
feed sector, the paper industry, and straw handicrafts. Its 
other uses include its presence in snack foods and oil and 
biofuel-bioethanol production (Öztürk et al., 2019; Azam 
et al., 2022).

The bean (Phaseolus vulgaris L.) plant has a high 
vegetable protein content and is produced all over the 
world; it is important in terms of nutrition but also 
provides nutrients (N) to the soil by binding free nitrogen 
in the air (Nadeem et al., 2021; Cilesiz et al., 2023).

Soil enzymes play important roles in the nutrient 
cycling and mineralization of organic matter. Because 
determining enzyme activity in soil provides information 
about chemical and biological changes occurring in 
soil, enzyme activities are determined in addition to soil 
chemical and physical parameters (Lemanowicz, 2020).

The amounts and types of enzymes in soil are affected 
by the content and quantity of postharvest plant and 
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animal residues in soil and the various fertilizers added to 
it. In addition to inappropriate pH and temperature, soil 
mismanagement, decreased organic matter content, and 
fertility negatively affect enzymes (Kadalli et al., 2000).

Dehydrogenase enzyme activity (DEA) indicates 
microbial activity because these enzymes are present in all 
living cells. Dehydrogenases are very sensitive to external 
applications. Dehydrogenase enzymes also convert organic 
carbon (Tejada et al., 2008).

The urease enzyme is an extracellular soil enzyme 
adsorbed by organic and inorganic colloids in soil; it 
catalyzes the hydrolysis of urea to carbon dioxide and 
ammonia and is involved in the decomposition of 
nitrogenous compounds in soil and the nitrogen cycle 
(Chen et al., 2004). 

The phosphatase enzyme is involved in converting 
organic phosphorus compounds into inorganic phosphorus 
form. Phosphatases are divided into 2 categories: alkaline 
and acid. The mineralization of phosphorus indicates soil 
biological activity and plant roots can secrete phosphatase 
enzymes (Bielinska et al., 2009).

Many researchers have found that fertilizer 
(organic and chemical) application to soil increases 
the activity of soil enzymes (urease, acid phosphatase, 
alkaline phosphatase, dehydrogenase, L-asparaginase, 
β-glucosidase phosphodiesterase, arylsulfatase, and 
amylase) (Marinari et al., 2000; Laic et al., 2002; Chang et 
al., 2007; Okur et al., 2007; Wang et al., 2008; Srivastava et 
al., 2012; Ergün, 2017; Chen et al., 2018). 

Soil enzymes and microorganisms play an important 
role in plant nutrient cycling, and enzyme activities related 
to C, N, and P nutrient cycling in soil generally increase 
after adding organic fertilizers to soil (Debosza et al., 
1999; Garcia-Gil et al., 2000; Böhme et al., 2005; Bilen and 
Turan, 2022).

This study aimed to determine the effect of organic 
and chemical fertilizers on several physical, chemical, 
and biological properties and several enzyme (urease, 
phosphatase, and dehydrogenase) activities of soils with 
different textures.

2. Materials and methods
The experiment was conducted under greenhouse 
conditions using soil samples of different textures 
(coarse, medium, and fine) from the Erzurum plains. It 
was conducted in 81 pots (3 × 3 × 3 × 3 = 81 pots) with 
varying soil textures (coarse, medium, and fine) × 2 types 
of fertilizers (organic, chemical, and control) × 2 types of 
plants (bean, maize, and control) × 3 replications. In the 
experiment, 0.25 g of chemical fertilizer was mixed into 
clay, silty loam, and sandy loam soils with 10 kg N and 
P2O5 per decare, a 40-g pot–1 of matured farm manure 
was mixed into clay and silty loam soil, and a 50-g pot–1 

of matured farm manure was mixed into sandy loam soil 
with 4% organic matter in organic fertilizer pots. After 
adding organic and chemical fertilizers to the pots, 4 bean 
(Phaseolus vulgaris L.) and maize (Zea mays L.) seeds 
were sown in each pot. After 10 days of germination, the 
seeds were thinned, and 2 plants were left in each pot. The 
plants in the experimental pots were harvested 70 days 
after germination by measuring plant height; harvested, 
dried, and dry matter content was also determined (Liu et 
al., 2016). Total nitrogen was determined using the micro-
Kjeldahl method from Kacar and Inal (2008); phosphorus 
was determined with the vanadate-molybdate yellow color 
method in the plant samples subjected to wet digestion 
with a nitric-perchloric acid mixture; other elements 
(K, Ca, Mg, Fe, Mn, Zn, and Cu) were determined with 
an an atomic absorbtion spectroscopy reading after wet 
digestion with a nitric-perchloric acid mixture (Kacar and 
Inal, 2010).
The pH of the soil samples (Hortensius and Welling, 2008 ), 
organic matter content (Bond et al., 2006 ), CaCO3 content 
(Loeppert and Suarez, 1996), total nitrogen (Bremner et 
al., 1965),  available P2O5 content (Jackson, 2005), cation 
exchange capacity (Knudsen et al., 1982), exchangeable 
Ca, Mg, K, and Na content (Udo et al., 2009), electric 
conductivity (EC) (Sonmez et al.,  2008), plant available 
Fe, Zn, Mn, and Cu content with DTPA (Jones, 2001), 
mechanical structure (Gee and Or, 2002), soil enzymes 
urease, acid phosphatase, alkaline phosphatase, and 
dehydrogenase (Tabatabai, 1982) were determined. 
Analysis of variance and Duncan’s multiple comparison 
tests were applied in the statistical analysis of the numerical 
values of soil properties determined according to the soil 
analysis results (SPSS, 2016).

3. Results and discussion
The numerical values of several soil properties of the soils 
used before the experiment are given in Table 1, and the 
changes in several soil properties after the experiment due 
to fertilizer application and plant growth are shown in 
Tables 2 and 3. 

The pH of the experimental soils was slightly alkaline 
and showed a decreasing trend with both organic 
fertilizer and chemical fertilizer application. The electrical 
conductivity of the soils was salt-free and increased with 
fertilizer application. With the fertilizer applications, 
organic matter, available phosphorus, KDK, exchangeable 
Ca+2, Mg+2, K+1, Na+1, and the microelement (Fe+2, Mn+2, 
Zn+2, and Cu+2) contents of the soils were determined to 
have increased. These changes in soil properties were more 
pronounced in the organic fertilizer used.
Effect of fertilizer application on soil enzyme activity
The results of the enzyme activity analysis of the soil 
samples used before and after the experiment, depending 
on fertilizer applications, are given in Tables 1–4.

https://www.tandfonline.com/doi/full/10.1080/00103624.2023.2223657
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 Table 1. Analysis results of the soil textures. 
Sandy loam Silty loam Clay

Sand (%) 53 30 22

Silt (%) 32 44 33

Clay (%) 15 26 45

 Table 2. Changes in various physical, chemical, and biological properties of the noncrop soil samples due to fertilizer applications.
 

Analyzed soil 
properties

Sandy loam Silty loam Clay

C. O.F. C.F. C. O.F. C.F. C. O.F. C.F.

pH (1:2.5) 7.65 7.49 7.56 7.45 7.39 7.42 7.57 7.54 7.53

EC. dS m–1 0.65 0.74 0.70 0.58 0.64 0.63 0.66 0.74 0.71

CaCO3. % 6.74 6.74 6.74 2.78 2.77 2.77 2.18 2.18 2.18

OM. % 1.28 1.77 1.64 2.14 2.81 2.66 2.18 2.88 2.68

N. % 0.06 0.08 0.06 0.09 0.13 0.10 0.09 0.12 0.13

P2O5. kg/ da–1 6.32 8.12 8.61 7.31 8.94 9.31 7.44 9.12 9.19

K. cmol kg–1 1.96 2.16 2.07 2.73 2.95 2.85 2.93 3.37 3.18

Ca. cmol kg–1 8.20 9.64 8.49 13.1 14.51 14.39 17.1 19.1 11.8

Mg.cmol kg–1 2.65 2.97 2.86 4.45 4.66 4.60 5.75 5.99 5.80

Na. cmol kg–1 0.55 0.47 0.53 0.71 0.66 0.67 0.74 0.55 0.55

KDK. cmol kg–1 14.8 16.8 15.5 22.9 25.3 23.5 28.6 31.4 30.2

Fe. ppm 1.94 2.24 2.16 2.15 2.38 2.18 2.70 2.82 2.76

Mn. ppm 1.70 1.79 1.76 0.65 0.69 0.66 2.11 2.16 2.13

Zn. ppm 0.46 0.87 0.73 0.54 0.98 0.84 0.66 0.97 0.83

Cu. ppm 0.14 0.20 0.17 0.16 0.18 0.17 0.23 0.25 0.23
Urease µg NH4

+ -N 
g soil 2h–1 17.1 24.4 21.8 25.6 32.7 28.8 34.8 46.8 44.0

Acid phosphatase 
µg pNP g soil h–1 8.20 10.0 10.1 9.07 9.91 9.56 7.15 8.09 7.60

Alkaline phosphatase 
µg pNP g soil h–1 12.2 13.2 12.5 17.2 19.3 17.5 14.5 15.7 15.0

Dehydrogenase µg 
TPF g soil 24 h–1 14.5 23.1 17.1 20.0 27.2 26.1 22.1 28.4 25.2

 C.: Control; O.F.: Organic fertilizer; C.F.: chemical fertilizer. 

Effect on urease enzyme activity 
The urease enzyme activities (UEAs) of the soils before 
the experiment are shown in Table 2. According to the 
analysis, the UAEs were determined as 17.1 µg NH4+ – N 
g soil 2h–1 in sandy loam, 25.6 µg NH4+ – N g soil 2h–1 in 
silty loam, and 34.8 µg NH4+ – N g soil 2h–1 in clay soil.  
When the UEAs of the soil samples after the research were 
examined in Tables 2–4, averages of 17.1 µg NH4

+ – N g 
soil 2h–1 in the control (no fertilizer applied and no plant 
grown) samples, 24.4 µg NH4

+ – N g soil 2h–1 in the farm 

manure-applied samples, and 21.8 µg NH4
+ – N g soil 

2h–1 in chemical fertilizer-applied samples in the sandy 
loam soil were determined (Table 2). UEA was 22.9, 28.2, 
and 26.6 µg NH4

+ – N g soil 2h–1 in the control, farmyard 
manure, and chemical fertilizer treatments, respectively 
(Table 3), and 23.9, 28.7, and 27.9 µg NH4

+ – N g soil 2h–1 
in the maize pots (Table 4).

Similar variation in UEA was observed in the silty 
loam soil, with an average of 25.6 µg NH4

+ – N g soil 2h–1 in 
the control (no fertilizer and no cultivation), 32.7 µg NH4

+ 
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– N g soil 2h–1 in the farmyard manure, and 28.8 µg NH4
+ 

– N g soil 2h–1 in the chemical fertilizer-treated samples 
(Table 2). UEA was 29.8, 35.1, and 33.4 µg NH4

+ – N g soil 
2h–1 in the bean, farmyard manure, and chemical fertilizer 
treatments in the silty loam soil, respectively (Table 3), and 
28.7, 37.2, and 35.3 µg NH4

+ – N g soil 2h–1 in the maize 
samples (Table 4).

The average UEA was 34.8 µg NH4
+ – N g soil 2h–1 in 

the control (no fertilizer and no plant cultivation) samples 
in clay soil, 46.8 µg NH4

+ – N g soil 2h–1 in the farmyard 
manure, and 44.0 µg NH4

+ – N g soil 2h–1 in the chemical 
fertilizer (Table 2). In the controls of the soil samples 
in which beans were grown in clay soil, urease activity 
averaged 41.5 µg NH4

+ – N g soil 2h–1, 47.9 µg NH4
+ – N g 

soil 2h–1 in the farmyard manure, and 45.6 µg NH4
+ – N g 

soil 2h–1 in the chemical fertilizers. In Table 4, 6 µg NH4
+ – 

N g soil 2h–1 (Table 3), 40.5 µg NH4
+ – N g soil 2h–1, 46.9 µg 

NH4
+ – N g soil 2h–1, and 44.9 µg NH4

+ – N g soil 2h–1 levels 
can be seen in the control pots where maize was grown; 
therefore, farmyard manure and chemical fertilizers were 
applied. The changes in UEAs of the experimental soils 
depending on fertilizer applications are clearly seen in 
Figure 1.

These results showed that soil texture, plant cultivation, 
and fertilizer application increased the UAE of the soils. 
The highest proportional increase was observed in the 
sandy loam soil (40%). This was followed by clay soil (35%) 
and silty loam soil (28%) (Tables 2–4). Similar increasing 
results were observed in the cultivated samples and 
fertilizer application. The UAE was higher in the organic 

Table 3. Changes in various physical, chemical, and biological properties of bean soil samples due to fertilizer applications.

Analyzed soil 
properties

Sandy loam Silty loam Clay

C. O.F. C.F. C. O.F. C.F. C.  O.F. C.F.

pH (1:2.5) 7.60 7.45 7.55 7.43 7.38 7.40 7.54 7.53 7.52

EC. dS m–1 0.66 0.73 0.71 0.57 0.63 0.63 0.67 0.74 0.74

CaCO3. % 6.73 6.73 6.74 2.77 2.78 2.77 2.18 2.19 2.18

OM. % 0.98 1.41 1.34 1.65 1.72 1.65 1.70 2.00 1.90

N. % 0.04 0.06 0.06 0.07 0.05 0.03 0.08 0.06 0.08

P2O5. kg da–1 4.30 5.24 5.38 4.71 5.24 4.82 5.10 5.27 5.15

K. cmol kg-1 1.95 2.15 2.11 2.58 2.62 2.61 2.71 2.99 2.82

Ca. cmol kg-1 7.87 8.08 8.07 13.73 13.24 13.14 17.20 18.52 18.45

Mg.cmol kg-1 2.57 2.88 2.77 4.29 4.38 4.39 5.64 5.87 5.85

Na. cmol kg-1 0.42 0.34 0.44 0.56 0.54 0.54 0.54 0.53 0.52

KDK. cmol kg-1 14.8 16.7 15.2 22.8 25.2 23.9 28.3 31.0 29.6

Fe. ppm 1.83 2.20 2.11 2.13 2.33 2.25 2.52 2.59 2.54

Mn. ppm 1.68 1.76 1.74 0.63 0.67 0.64 2.09 2.14 2.11

Zn. ppm 0.40 0.66 0.58 0.44 0.73 0.72 0.62 0.90 0.80

Cu. ppm 0.12 0.18 0.15 0.15 0.16 0.15 0.20 0.20 0.19

Urease µg NH4
+ -N g 

soil 2h–1 22.9 28.2 26.6 29.8 35.1 33.4 41.5 47.9 45.6

Acid phosphatase µg 
pNP g soil h–1 9.42 11.6 12.2 9.42 10.1 9.74 8.17 8.41 8.29

Alkaline phosphatase 
µg pNP g soil h–1 12.8 14.2 13.1 17.9 18.8 17.9 14.8 15.9 15.9

Dehydrogenase µg 
TPF g soil 24 h–1 16.4 24.5 18.2 21.5 28.6 28.3 23.6 29.4 26.2

C: Control; O.F.: Organic fertilizer; C.F.: Chemical fertilizer 
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Figure 1. The changes in urease enzyme activity of soils by fertilizer applications 
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 Figure 1. Changes in urease enzyme activity of soils due to fertilizer applications.

fertilizer application. Many researchers have suggested 
that organic and chemical fertilizer applications added to 
the soil increase its enzyme activity, and organic fertilizers 
are more effective in this increase (Debosza et al., 1999; 
Bilen et al., 2011; Islam et al., 2011; Liang et al., 2014; 
Jabborova et al., 2021).

According to the results of the analysis of variance 
and Duncan multiple comparison tests of the UAE values 
obtained, fertilizer application, soil texture, plant type, and 
plant cultivation were found to be very significant (p < 
0.01) on the UAE of the soils, and the averages were found 
to be different (Tables 5 and 6). 
Effect on acid phosphatase enzyme activity
When the acid phosphatase enzyme activity (AcdPEA) 
of the experimental soils before the experiment was 
examined from Table 2, it was 8.20 µg pNP g soil h–1 in 
sandy loam soil, 9.07 µg pNP g soil h–1 in silt soil, and 7.15 
µg pNP g soil h–1 in clay soil. 

The AcdPEA of the soils is shown before the 
experiment in Table 2. According to the analysis results, the 
phosphatase enzyme activities of the soil were determined 
at 8.20 µg pNP g soil h–1 in the control (no fertilizer applied 
and no plant cultivated) samples in sandy loam soil, 10.00 
µg pNP g soil h–1 in the farm fertilizer-applied samples, 
and 10.10 µg pNP g soil h–1 in the chemical fertilizer-
applied samples.

The AcdPEA of the soil samples in which beans were 
grown in the control, farmyard manure, and chemical 
fertilizer treatments were 9.42 µg pNP g soil h–1, 11.60 µg 
pNP g soil h–1, and 12.20 µg pNP g soil h–1, respectively 
(Table 3), while in the pots in which maize was grown, 
averages of 9.29 µg pNP g soil h–1, 11.40 µg pNP g soil h–1, 
and 11.60 µg pNP g soil h–1 were observed (Table 4).

The AcdPEA in the silty loam soil after the research 
is shown before the experiment in Tables 2–4. According 
to the results, average phosphatase enzyme activities were 
determined as 9.07 µg pNP g soil h–1 in the control (no 
fertilizer application and no plant cultivation), 9.91 µg pNP 
g soil h–1 in the organic fertilizer applications, and 9.56 µg 
pNP g soil h–1 in the chemical fertilizer applications (Table 
2).

The AcdPEA of the soil samples of bean cultivated 
plants was 9.42 µg pNP g soil h–1 in the control, 10.10 µg 
pNP g soil h–1 in the farm manure treatments, and 9.74 µg 
pNP g soil h–1 in the chemical fertilizer treatments (Table 
2). In Table 3, the amount is shown as 74 µg pNP g soil h–1, 
while in pots in which maize was grown, the average was 
9.37 µg pNP g soil h–1 in the controls, 10.10 µg pNP g soil 
h–1 in the farmyard manure treatments, and 9.30 µg pNP g 
soil h–1 in the chemical fertilizer treatments (Table 4).

The AcdPEA of the clay soil was determined as 7.15 µg 
pNP g soil h–1 in the control (no fertilizer applied and no 
plant grown), 8.09 µg pNP g soil h–1 in the farmyard manure, 
and 7.60 µg pNP g soil h–1 in the chemical fertilizer (Table 
2). The AcdPEA was 8.17 µg pNP g soil h–1 in the control 
pots, 8.41 µg pNP g soil h–1 in the farmyard manure, and 
8.29 µg pNP g soil h–1 in the chemical fertilizers (Table 2). 
In Table 3, the amounts correspond to 29 µg pNP g soil h–1, 
8.01 µg pNP g soil h–1, 8.52 µg pNP g soil h–1, and 8.49 µg 
pNP g soil h–1 in pots without fertilizer, farmyard manure, 
and chemical fertilizer, respectively (Table 4). The changes 
in the AcdPEA of the experimental soils depending on 
fertilizer applications are shown in Figure 2.

According to the results obtained from the experiment, 
soil texture, plant cultivation, and fertilizer applications 

https://www.sciencedirect.com/science/article/pii/S0048969715303855
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increased the AcdPEA of the soils. The highest 
proportional increase was observed in the sandy loam 
soil (25 %). This increase was around 10–15 % in the silty 
loam and clay-textured soils (Tables 2–4). Similar results 
in terms of increase were observed in the samples in which 
plants were grown and in the fertilizer application. The 
AcdPEA was higher in the organic fertilizer application. 
Numerous researchers have suggested that organic and 
chemical fertilizers added to the soil increase AcdPEA 
enzyme activity, and organic fertilizers are more effective 
in this increase. (Kandeler et al., 1999; Böhme et al., 2005; 
Bilen et al., 2011; Giacometti et al., 2014; Islam et al., 2011; 
Liang et al., 2014). 

According to the results of the analysis of variance and 
Duncan’s multiple comparison tests of the AcdPEA values 
obtained in the study, the effect of fertilizer application, 
soil texture class, and plant cultivation on the AcdPEA of 
the soils was found to be very significant (p < 0.01); the 
averages were different, while the effect of fertilizers and 
plant species was found to be insignificant (Tables 5 and 
6).
Effect on alkaline phosphatase enzyme activity
In the initial soil samples, the alkaline phosphatase enzyme 
activity (AlkPEA) of the sandy loam soil was 12.20 µg pNP 
g soil h–1, the silty loam soil was 17.20 µg pNP g soil h–1, 
and the clay soil was 14.50 µg pNP g soil h–1 (Table 2). 

According to Tables 2–4, in estimating the AlkPEA of 
soils after the experiment, the activity was 12.20 µg pNP g 
soil h–1, 13.20 µg pNP g soil h–1, and 12.50 µg pNP g soil 
h–1 in the soil sample taken from the control (no fertilizer 
applied and no plants grown) pots in the sandy loam soil 
(Table 2). The AlkPEA in the bean-cultivated samples 

was determined as 12.80 µg pNP g soil h–1, 14.20 µg pNP 
g soil h–1, and 13.10 µg pNP g soil h–1 in the control, 
farmyard manure, and chemical fertilizer-applied samples, 
respectively (Table 3), and 12.80 µg pNP g soil h–1, 14.30 
µg pNP g soil h–1, and 13.20 µg pNP g soil h–1 in the corn-
cultivated samples (Table 4).

In the silty loam soil, the AlkPEA was similar and 
averaged 17.20 µg pNP g soil h–1 in the control, 19.30 µg 
pNP g soil h–1 in the farmyard manure, and 17.50 µg pNP g 
soil h–1 in the chemical fertilizer treatments (Table 2). The 
AlkPEA was 17.90 µg pNP g soil h–1, 18.80 µg pNP g soil 
h–1, and 17.90 µg pNP g soil h–1 in the bean grown control, 
farmyard manure, and chemical fertilizer treatments, 
respectively (Table 3), and 17.70 µg pNP g soil h–1, 19.10 
µg pNP g soil h–1, and 17.60 µg pNP g soil h–1 in the maize-
grown sample (Table 4).

The average AlkPEA of the clay soil was 14.50 µg pNP 
g soil h–1 in the control samples, 15.70 µg pNP g soil h–1 
in the farmyard manure treatments, and 15.00 µg pNP 
g soil h–1 in the chemical fertilizer treatments (Table 2). 
The average AlkPEA of the control samples in which bean 
plants were grown was 14.80 µg pNP g soil h–1, 15.90 µg 
pNP g soil h–1 in the farm manure, and 15.90 µg pNP g 
soil h–1 in the chemical fertilizers. In Table 3, the amounts 
are 90 µg pNP g soil h–1, 14.70 µg pNP g soil h–1, 15.80 µg 
pNP g soil h–1, and 14.90 µg pNP g soil h–1 in the maize-
grown controls, farmyard manure, and chemical fertilizer 
treatments, respectively (Table 4 and Figure 3).

According to the findings, soil texture, plant cultivation, 
and fertilizer applications increased the AlkPEA of the 
soils. The proportional increase in AlkPEA was highest 
in the sandy soil (10–15%), 10–12 % in the silty soil, and 
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Figure 2. Changes in acid phosphatase enzyme activity of soils caused by fertilizer applications.
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Figure 3. The changes in alkaline phosphatase enzyme activity of soils caused by fertilizer 
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Figure 3. Changes in alkaline phosphatase enzyme activity of soils caused by fertilizer applications.

5–10 % in the clay soil (Tables 2–4). An increased change 
was also observed in the cultivated samples and fertilizer 
applications. AlkPEA was higher in the organic fertilizer 
application.  Many researchers have reported that organic 
and chemical fertilizer applications added to soil increase 
AlkPEA, and organic fertilizers are more effective in this 
increase. (Garcia-Gil et al., 2000; Böhme et al., 2005; Bilen 
et al., 2011, Islam et al., 2011; Giacometti et al., 2014; Liang 
et al., 2014).

According to the analysis of variance and Duncan’s 
multiple comparison tests of the AlkPEA values obtained 
from the research, the effect of fertilizer application soil 
texture class on the AcdPEA of the soils was found to be 
very significant (p < 0.01). The averages were different, and 
the effect of plant and type was insignificant (Tables 5 and 
6). 
Effect on dehydrogenase enzyme activity
The DEA of the soil samples before the experiment was 
14.50 µg TPF g soil 24 h–1 in the sandy loam soil, 22.10 µg 
TPF g soil 24 h–1 in the silty loam soil, and 22.20 µg TPF 
g soil 24 h–1 in the clay soil. When the DEA of the soils 
after the experiment is examined in Tables 2–4, it shows 
variance according to the structure of the soil samples; it 
was 14.50 µg TPF g soil 24 h–1 in the sandy loam soil in 
the control group, 23.10 µg TPF g soil 24 h–1 in the farm 
manure treatments, and 17.1 µg TPF g soil 24 h–1 in the 
chemical fertilizer treatments (Table 2). DEA increased 
with the cultivation of the plant at levels of 20.00 µg TPF g 
soil 24 h–1, 27.00 µg TPF g soil 24 h–1, 27.00 µg TPF g soil 24 
h–1, and 27.00 µg TPF g soil 24 h–1 in the control, farmyard 
manure, and chemical fertilizer treatments, respectively 
(Table 2). In Table 2, 20 µg TPF g soil 24 h–1, 26.10 µg TPF 
g soil 24 h–1, 22.10 µg TPF g soil 24 h–1, 28.40 µg TPF g soil 

24 h–1, and 25.20 µg TPF g soil 24 h–1 in the maize grown 
can be observed (Table 4).

When the DEA of the soils after the research is 
examined in Tables 2–4, it was found that the average was 
20.00 µg TPF g soil 24 h–1 in the control group (no fertilizer 
application and no plant cultivation) samples, 27.20 µg 
TPF g soil 24 h–1 in the farm manure-added samples, and 
26.10 µg TPF g soil 24 h–1 in the chemical fertilizer-added 
samples in the silty loam-textured soil (Table 2). Similar 
changes were also observed in the soil samples in which 
beans were grown, and 21.50 µg TPF g soil 24 h–1, 28.60 
µg TPF g soil 24 h–1, and 28.30 µg TPF g soil 24 h–1 levels 
were found in the control, farmyard manure, and chemical 
fertilizer treatments, respectively (Table 3), while 21.50 µg 
TPF g soil 24 h–1, 28.60 µg TPF g soil 24 h–1, and 28.30 µg 
TPF g soil 24 h–1 levels were found in maize (Table 4).

The DEA in the clay soil was 22.10 µg TPF g soil 24 h–1 
in the control group (no fertilizer application and no plant 
cultivation), 28.40 µg TPF g soil 24 h–1 in the farmyard 
manure application, and 25.20 µg TPF g soil 24 h–1 in the 
chemical fertilizer application (Table 2). The DEA of the 
soil samples in which beans were grown was 23.60 µg TPF 
g soil 24 h–1 in control pots, 29.40 µg TPF g soil 24 h–1 in 
farmyard manure, and 26.20 µg TPF g soil 24 h–1 in chemical 
fertilizers. In Table 3, 20 µg TPF g soil 24 h–1, 23.80 µg TPF 
g soil 24 h–1, 30.10 µg TPF g soil 24 h–1, and 26.30 µg TPF g 
soil 24 h–1 in pots without fertilizer, farmyard manure, and 
chemical fertilizers can be observed, respectively (Table 4 
and Figure 4).

According to the research findings, soil texture, plant 
cultivation, and fertilizer applications increased the 
DEA of the soils. Among the enzymes examined in the 
experiment, the highest increase in activity was observed in 
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Figure 4. Changes in dehydrogenase enzyme activity of soils caused by fertilizer applications.

the DEA. The highest increase in DEA was observed in the 
sandy soil (50–55%), followed by silty soil (35–40%) and 
clay soil (25–30%) (Tables 2–4). Similar increasing results 
were observed in the cultivated samples and fertilizer 
application. DEA was higher in organic fertilizer-applied 
samples than in chemical fertilizer-applied samples. Many 
researchers have suggested that organic and chemical 
fertilizers added to the soil increase DEA enzyme activity, 
and organic fertilizers are more effective in this increase. 

(Marinari et al., 2000; Dodor and Tabatabai, 2003; Böhme 
et al., 2005; Bilen et al., 2011; Islam et al., 2011; Liang et al., 
2014; Jabborova et al., 2021 ).

According to the results of the analysis of variance 
and Duncan’s multiple comparison tests of the DEA 
values obtained in this study, it was found that the effect 
of fertilizer application and soil structure on the DEA of 
soils was very significant (p < 0.01), the effect of plant and 
plant type was significant (p < 0.05), and the averages were 
different (Tables 5 and 6).

Table 5. Multiple comparison test results of urease, acid phosphatase, alkaline phosphatase, and dehydrogenase enzyme activity values 
of the experimental soils for fertilizer applications and cultivation (with and without plants) conditions.

Variation 
Source

Urease Acid 
phosphatase Alkaline phosphatase Dehydrogenase

Mean ± 
S.Error Mean ± S.Error Mean ± S.Error Mean ± S.Error

Soil
Sandy 
loam 24.66 ± 3.63c 10.45 ± 1.33a 13.19 ± 0.69c 19.33 ± 3.56b

Silty loam 31.88 ± 3.68b 9.68 ± 0.34b 17.77 ± 2.15a 25.72 ± 3.34a

Clay 43.70 ± 3.98a 8.08 ± 0.43c 15.30 ± 0.53b 26.17 ± 2.63a

Application
Control 29.45 ± 7.88c 8.67 ± 0.78b 14.99 ± 2.10b 20.11 ± 3.26c

Org. 
manure 36.48 ± 8.56a 9.80 ± 1.23a 16.30 ± 2.18a 27.23 ± 2.49a

Che. 
fertilizer 34.30 ± 8.48b 9.73 ± 1.46a 14.97 ± 2.42b 23.88 ± 4.23b

Plant
Nonplant 30.72 ± 9.56b 8.85 ± 1.08b 15.27 ± 2.32a 22.74 ± 4.48b

Bean 34.59 ± 8.41a 9.73 ± 1.40a 15.74 ± 2.07a 24.12 ± 4.44a

Corn 34.92 ± 7.80a 9.63 ± 1.22a 15.25 ± 2.53a 24.36 ± 4.44a
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4. Conclusion and suggestions
This study investigated the effects of farmyard manure 
and chemical fertilizer applied to soils of different textures 
on some soil properties, soil urease, and phosphatase and 
dehydrogenase enzyme activities. 

Organic and chemical fertilizers applied to the soils 
positively affected the physical and chemical properties of 
the soils and increased the activity of soil enzymes. Farm 
manure was more effective in the soils’ chemical properties 
and enzyme activities.

Both farm manure and chemical fertilizer applications 
decreased the pH value of the soils. Farm manure and 
chemical fertilizer applications increased the EC value of 
the soils. The effect of fertilizer applications on the lime 
content of soils of different textures used in the experiment 
was insignificant. The organic matter content of the soils 
increased with farmyard manure and chemical fertilizer 
applications. The highest increase in organic matter was 
observed in the clay-textured soil and farmyard manure. 
The useful phosphorus content of the test soils increased 
with fertilizer applications. This is a natural result of 
organic fertilizer and chemical (compound 20:20:0 NP) 
fertilizer applications. 

Although the microelement contents (Fe, Cu, Zn, Mn) 
of the soils showed unstable increasing and decreasing 
changes with farm manure and chemical fertilizer 
applications, the changes were generally increased and 
more pronounced in the farm manure applications. This is 
due to the content of the farm manure. 

The effect of the fertilizers applied to the soil on soil 
enzyme activity was significant, and an increase was 
observed. This increase in soil enzyme activity was more 
significant in the farm manure. The fact that the increase 
was more pronounced in the farm manure can be explained 

by the fact that organic fertilizers more significantly 
increase soil enzyme activities in the N, P, and S cycles. 
The highest proportional increase in UAE was observed 
in the sandy loam soil, followed by clay and silty loam soil. 
AcdPEA and DEA were highest in the sandy loam soil. An 
increase in enzyme activity in the soil increases the soil’s 
nutrient content. An increase in soil nutrient availability 
can be considered an indicator of soil fertility.

The study results show that farm and chemical 
fertilizer applications affected soil properties and soil 
enzyme activity. In evaluating the results of the research 
and analysis, farm fertilizer was found to be more effective 
than chemical fertilizer, and soil texture was effective in 
the efficiency of the fertilizers.

Applying organic matter to the soil improves its 
physical and biological properties and increases its fertility 
and productivity and, thus, overall quality. Chemical 
fertilizers increase soil fertility and productivity by adding 
nutrients to the soil. 

The fertilization of soils, especially with organic 
materials, will reduce chemical fertilizer costs, increase 
profitability in crop production, and ensure sustainability 
in agricultural production by improving soil quality in 
farming areas, thus increasing crop production and quality.
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