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Abstract  

Safflower (Carthamus tinctorius L.) is one of the oldest cultivated crops, 

known for its adaptability to extreme environmental conditions such as 

high temperatures, drought, and salinity. This study investigates the 

influence of vermicompost, farm manure, and DAP+Urea fertilizers on 

safflower growth and soil enzyme activity under saline and non-saline 

soil conditions. The findings reveal that vermicompost application 

significantly enhanced plant growth, whereas farm manure application 

contributed to more significant soil enzyme activity. Across both soil 

types, plant growth indicators—including plant height, root length, leaf 

count, leaf area, fresh and dry biomass, root fresh weight, and SPAD 

values exhibited notable improvements with these treatments. Soil 

enzyme activities increased by 68.37%, 41.07%, and 25.52% (urease, 

DHG, and CAT, respectively) in non-saline soil, while saline soil 

exhibited corresponding increases of 34.0%, 33.62%, and 25.71%. The 

study underscores the importance of farm manure in mitigating salinity 

stress and improving soil quality. 
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1. Introduction 

Soil salinity is a critical environmental 

constraint that affects agricultural productivity 

by disrupting soil quality and plant health 

(Liang et al., 2005). High salt concentrations 

deteriorate soil properties, reduce microbial 

diversity, and hinder plant development. 

Elevated electrical conductivity compromises 

soil structure by increasing bulk density and 

reducing permeability (Tejada and Gonzalez, 

2005). Furthermore, excessive soil salinity 

suppresses enzymatic processes such as 

benzoyl arginineamide hydrolysis, alkaline 

phosphatase function, and microbial 

respiration (Garcia and Hernandez, 1996). 

Research has also demonstrated that salinity 

negatively influences microbial biomass 

carbon and enzymatic activity (Rietz and 

Haynes, 2003). Organic amendments such as 

farm manure, compost, and vermicompost 

have been widely studied for their role in 

improving soil structure and alleviating 

salinity stress. The addition of organic matter 

facilitates sodium leaching, reduces 

exchangeable sodium levels, enhances water 

permeability, and stabilizes soil structure (El-

Shakweer et al., 1998). Moreover, organic 

inputs enhance microbial biomass and 

enzymatic functions, including urease, alkaline 

phosphatase, and β-glucosidase activities 

(Blagodatsky and Richter, 1998; Liang et al., 

2003). With its deep root system, safflower is 

well-suited for cultivation in saline-prone 

environments (Gholami et al., 2018). Several 

factors-including environmental conditions, 

agronomic practices, and genotype selection-

affect safflower yield and quality (Pasandi et 

al., 2018; Beyyavas et al., 2024). Research has 

shown that optimal fertilization strategies 

significantly enhance safflower production 

(Baljani et al., 2015). However, salinity 

remains a significant challenge that negatively 

impacts plant growth and metabolism (Ahmad 

et al., 2012). This study uniquely evaluates the 

effects of organic and inorganic fertilizers on 

safflower growth and soil enzyme activity 

under saline and non-saline conditions. In 

safflower farming, various environmental 

challenges, particularly soil salinity, have 

emerged as significant concerns on a global 

scale, exerting substantial effects on plant 

development and overall productivity (Ahmad 

et al., 2012). These adverse conditions 

significantly limit crop yields, preventing them 

from reaching their optimal levels (Warraich et 

al., 2011; Abbas et al., 2013). Salinity hinders 

the germination phase, ultimately leading to 

stunted plant growth and lower agricultural 

output (Azzedine et al., 2011; Basiri et al., 

2013). This study presents a novel approach to 

examine safflower plant growth and soil 

enzyme activities under salt stress conditions, 

comparing the effects of organic and inorganic 

fertilizers and analysing comprehensive plant 

physiological and morphological parameters. 

These features are the main factors that 

distinguishing this study from previous similar 

studies. 

The objective of this study was to evaluate 

the effects of vermicompost, farmyard manure 

and DAP+Urea fertilizers on (i) growth 

parameters (plant height, root length, number 

of leaves, leaf area, plant wet weight, plant dry 

weight, root wet weight and plant SPAD value) 

and (ii) soil urease, DHG and CAT enzyme 

activity of safflower under both saline and non-

saline conditions. The study evaluates how 

different fertilization strategies affect plant 

growth and soil health, providing insights into 

the most effective methods to improve 

safflower production and soil enzyme activity. 

 

2. Material and Methods 

2.1. Material 

2.1.1. Experiment design 

This study was conducted between January 

21, 2024, and March 15, 2024, in a semi-open 

greenhouse at Harran University Faculty of 

Agriculture. Safflower was used as the 

experimental plant material, while saline and 

non-saline soil samples were collected from 

Bozyazı village (Harran, Şanlıurfa) and 

Osmanbey Campus, respectively. The soils 

were obtained from a 0–30 cm depth and 

analysed for their characteristics (Table 1). 
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Table 1. Characteristics of soil used in the experiment 
 EC [ds m-1] pH Lime [%] Organic carbon [%] 

Saline soil 3.40 8.0 26.62 0.50 

Non-saline soil 0.88 7.62 10.96 0.60 

 

 

2.2. Methods 

2.2.1. Setting up the experiment 

The study utilized five-kilogram pots (20 

cm height, 10 cm bottom diameter, 20 cm top 

diameter) for plant cultivation. Fertilizers were 

homogeneously mixed into the soil before 

planting. Five safflower seeds were sown in 

each pot, and only one plant was retained after 

germination. The experimental layout 

followed a randomized complete block design 

with three replications. 

Non-saline soil control:0 

Saline soil control:0 

Vermicomposting: 50 g-1 pot (Sharifi et al., 

2019) 

Farmyard manure 45 g-1 pot (Hutchison et al., 

2005) 

Dap+ Urea 180 g-1 pot (Beyyavas et al., 2024) 

 

2.2.2. Plant and soil parameters analysed 

➢ Growth parameters: Root and plant height 

were measured in cm and fresh and dry weights 

were weighed and expressed in g. 

Measurement and weighing procedures were 

performed in duplicate. After the wet weights 

were taken, dry weights were found by keeping 

them in an oven at 70°C for 72 hours until they 

reached constant weight (Acar et al., 2011). 

➢ SPAD values: Were measured in each 

replicate (leaf below the youngest leaf) using a 

Minolta SPAD 502 instrument (Johnson and 

Sounders, 2003). For the leaf area, three leaves 

were taken from the middle part of the plant 

and not from the tip and lower parts of the 

plant. The Image-J program determined the 

surface area of the leaf. 

➢ Catalase enzyme activity: Catalase 

activity in the soils was determined 

volumetrically following the method by (Beck, 

1971). Air-dried soils sieved to 2 mm were 

used. The enzyme catalase breaks down 

hydrogen peroxide (H2O2) into water and 

oxygen. The amount of oxygen released during 

this reaction was measured, indicating of 

catalase activity in the soil. 

➢ Urease enzyme activity: Soil samples are 

incubated at 37°C with a 10% urea and sodium 

phenolate solution, and the filtrate is evaluated 

based on color intensity (Hoffman and Teicher, 

1961). 

➢ Dehydrogenase enzyme activity: The 

dehydrogenase enzyme activity of soils will be 

determined by the spectrophotometric 

measurement of the color intensity of TPF 

(triphenyl formazan) at 485 nm after the 

incubation of soil samples treated with TTC 

(triphenyl tetrazolium chloride) solution for 24 

hours at 25 ºC (Tabatabai, 1982). 

 

3. Results 

3.1. Plant height (cm) 

As a result of the analysis of variance, there 

was no significant difference (p<0.01) between 

fertilizer treatments in terms of plant height 

(cm) between saline and non-saline soils. In 

the experiment, the lowest plant height of 

safflower was observed in the soil*DAP+Urea 

fertilizer (68.2.0 cm) interaction and the 

highest plant height was observed in the 

soil*non-saline soil*farmyard manure (80.7 

cm) interaction compared to the control group 

(64.4 cm non-saline soil*control) in non-saline 

soil. In saline soil, compared to the control 

group (44.5 cm; saline soil*control), the lowest 

was observed in the saline soil*vermicompost 

(47.0 cm) interaction, while the highest was 

measured in the saline soil*farmyard manure 

(60.1 cm) application (Figure 1). 

3.2. Root length (cm) 

Based on the variance analysis, a notable 

distinction (p<0.01) was detected among 

different fertilizer applications concerning root 

length (cm) under saline and non-saline 

conditions. During the study, the shortest root 

length of safflower in non-saline soil was 

recorded in the saline soil vermicomposting 

560



Beyyavaş et al. 

 
 

 

(44.4 cm) combination, in contrast the most 

extended root length was observed in the 

treatment of the non-saline soil farmyard 

manure (50.8 cm) compared to the control 

group (40.8 cm, non-saline soil control). Under 

saline conditions, in comparison to the control 

group (35.6 cm; saline soil control), the 

shortest root length was noted in the saline soil 

DAP+Urea (28.8 cm) combination, whereas 

the most extended root length was detected in 

the saline soil farmyard manure (42.1 cm) 

application (Figure 1). 

 

 

 

Figure 1. Effects of different fertilizer applications on plant height, root length and number of leaves in saline 

and non-saline soil conditions 

 

 

 

3.3. Number of leaves (pcs-1 plant) 

As a result of the analysis of variance, a 

significant difference (p<0.01) was found 

between the fertilizer treatments in terms of 

leaf number in saline and non-saline soils. In 

the experiment, the lowest number of safflower 

leaves was observed in the saline 

soil*vermicomposting (37.0 pieces cm) 

interaction and the highest number was 

observed in the non-saline soil*farmyard 

manure (42.3 pieces cm) application compared 

to the control group (31.6 pieces in non-saline 

soil*control). In saline soil, compared to the 

control group (24.0 pieces cm; saline 

soil*control), the lowest was observed in the 

saline soil*vermicomposting (25.0 cm) 

interaction, while the highest was measured in 

the saline soil*farmyard manure (25.6 pieces 

cm) treatment (Figure 1). 

3.4. Leaf area (cm2) 

According to the variance analysis, no 

notable differences (p<0.01) were detected 

among fertilizer applications regarding leaf 

area under saline and non-saline conditions. 

Throughout the study, the smallest leaf area of 

safflower in non-saline soil, relative to the 

control group (35.2 cm², non-saline soil 

control), was recorded in the non-saline soil 

DAP+Urea fertilizer (40.1 cm²) combination in 

contrast, the largest leaf area was identified in 
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the non-saline soil farmyard manure (48.0 cm²) 

application. Under saline conditions, in 

comparison to the control group (34.7 cm²; 

saline soil control), the minimum leaf area was 

noted in the saline soil vermicompost (39.0 

cm²) combination, while the maximum leaf 

area was determined in the saline soil farmyard 

manure (45.9 cm²) treatment (Figure 2). 
 

 

Figure 2. Effects of different fertilizer applications on plant leaf area, plant fresh weight and plant dry weight in 

saline and non-saline soil conditions 

 

3.5. Plant fresh weight (g) 

According to the findings obtained, a 

significant difference (p<0.01) was found 

between the fertilizer treatments in terms of 

safflower plant wet weight between saline and 

non-saline soils. In the experiment, in the non-

saline soil, the lowest plant wet weight was 

observed in the non-saline 

soil*vermicomposting (51 g) interaction and 

the highest was in the non-saline soil*farmyard 

manure (66.2 g) application compared to the 

control group (41.6 g non-saline soil*control). 

In saline soil, compared to the control group 

(19.2 g; saline soil*control), the lowest was 

observed in the saline soil*vermicomposting 

(20.9 g) interaction, while the highest was 

measured in the saline soil*farmyard manure 

(22.3 g) application (Figure 2). 

3.6. Plant dry weight (g) 

According to the data obtained from the 

study, a notable disparity (p<0.01) among the 

fertilizer applications regarding plant dry 

weight in saline and non-saline soils. Within 

the study, the minimum plant root weight was 

recorded in the non-saline soil treated with 

DAP+Urea fertilizer (7.06 g) in contrast, the 

maximum plant root weight was observed in 

the non-saline soil amended with farmyard 

manure (7.46 g), surpassing the control group 

(6.16 g in the non-saline soil control setup). In 

the saline soil conditions, when compared to 

the control group (2.46 g; saline soil control), 

the least plant root weight was found in the 

saline soil treated with DAP+Urea fertilizer 

(2.86 g), whereas the highest root weight was 

documented in the saline soil treated with 

farmyard manure (3.26 g) (Figure 2). 

3.7. Root fresh weight (g) 

The variance analysis detected a 

statistically significant variation (p<0.01) 

among the fertilizer applications regarding root 

wet weight across saline and non-saline soils. 

Within the study, the minimum root wet 

weight was recorded in the non-saline soil 

treated with vermicomposting (23.07 g) in 
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contrast, the maximum root wet weight was 

identified in the non-saline soil supplemented 

with farmyard manure (29.62 g), surpassing 

the control group (16.79 g in the non-saline soil 

control setup). Under saline soil conditions, 

compared to the control group (9.09 g; saline 

soil control), the least root wet weight was 

found in the saline soil treated with 

vermicomposting (15.41 g), whereas the 

maximum was documented in the saline soil 

amended with farmyard manure (19.48 g) 

(Figure 3). 

3.8. Root dry weight (g) 

The variance analysis identified a 

noteworthy difference (p<0.05) among 

fertilizer applications regarding root dry 

weight under saline and non-saline conditions. 

minimum root dry weight was recorded 

throughout the study in the non-saline soil 

vermicomposting (2.7 g) combination in 

contrast, the maximum root dry weight was 

determined in the non-saline soil farmyard 

manure (2.53 g) treatment, relative to the 

control group (1.76 g, non-saline soil control). 

Under saline conditions, in comparison to the 

control group (0.86 g; saline soil control), the 

lowest root dry weight among the treatments 

was noted in the saline soil vermicomposting 

(1.10 g) combination, whereas the highest was 

identified in the saline soil farmyard manure 

(1.26 g) application (Figure 3). 

 

 

 
Figure 3. Effects of different fertilizer applications on plant root fresh weight, root dry weight and SPAD value 

in saline and non-saline soil conditions 

 

3.9. SPAD value 

The variance analysis identified a 

statistically significant variation (p<0.01) 

among the fertilizer applications regarding 

plant SPAD values in saline and non-saline 

soils. Within the study, the minimum SPAD 

value was recorded in the non-saline soil 

treated with vermicompost (38.70), whereas 

the maximum SPAD value was determined in 

the non-saline soil amended with farmyard 

manure (46.30), surpassing the control group 

(38.30; non-saline soil control). Under saline 

soil conditions, relative to the control group 

(28.40; saline soil control), the least SPAD 

value among the treatments was documented 

in the saline soil supplemented with 

vermicompost (32.10), whereas the highest 

was observed in the saline soil enriched with 

farmyard manure (34.10) (Figure 3). 
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3.10. Urease enzyme activity 

As a result of the analysis of variance, a 

significant difference (p<0.01) was found 

between the fertilizer treatments in terms of 

urease enzyme activity value between saline 

and non-saline soils. In the experiment, the 

lowest activity was observed in the non-saline 

soil*DAP+urea (32.97) interaction, while the 

highest activity was measured in the normal 

soil*vermicompost (41.81) application 

compared to the control group (21.28; non-

saline soil*control). In saline soil, the lowest 

activity was observed in the saline 

soil*DAP+Urea (18.46) interaction, while the 

highest activity was measured in the normal 

soil*vermicompost (23.44) treatment 

compared to the control group (15.03; saline 

soil*control) (Figure 4). 

3.11. Dehydrogenase enzyme activity 

As a result of the analysis of variance, a 

significant difference (p<0.01) was found 

between the fertilizer treatments in terms of 

dehydrogenase value between saline and non-

saline soils. In the experiment, DHG activity in 

the non-saline soil was lower in the non-saline 

soil*DAP+urea (16.01) interaction compared 

to the control group (13.61; non-saline 

soil*control), while the highest activity was 

measured in the normal soil*vermicompost 

(23.45) application. In saline soil, the lowest 

activity was observed in the saline 

soil*DAP+urea (18.46) interaction, while the 

highest activity was measured in the normal 

soil*vermicompost (15.43) treatment 

compared to the control group (8.68; saline 

soil*control) (Figure 4). 

 

 
 

Figure 4. Effects of different fertilizer applications on urease, DHG and CAT enzyme activity in saline and non-

saline soil conditions 

 

 

 

3.12. Catalase enzyme activity 

As a result of the analysis of variance, a 

significant difference (p<0.01) was found 

between the fertilizer treatments in terms of 

catalase enzyme activity value between saline 

and non-saline soils. In the experiment, CAT 

activity in the non-saline soil was lower in the 

non-saline soil*DAP+urea (94.60) interaction 

compared to the control group (91.30; non-

saline soil*control), while the highest activity 

was measured in the normal 

soil*vermicompost (114.6) application. In 
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saline soil, the lowest activity was observed in 

the saline soil*DAP+urea (72.3) interaction, 

while the highest activity was measured in the 

normal soil*vermicompost (88.0) treatment 

compared to the control group (70.0; saline 

soil*control) (Figure 4). 

 

4. Discussions 

The application of earthworm, farm-based, 

and DAP+Urea fertilizers to both saline and 

non-saline soils led to a notable rise in plant 

height, root elongation, leaf count, leaf surface 

area, fresh biomass, dry biomass, root fresh 

weight, root dry weight, and SPAD values of 

safflower across different soil conditions. 

Among the three treatment types, the most 

substantial enhancement was detected in 

farmyard manure applications. 

The buildup of salts within the soil 

diminishes the water availability within the 

soil matrix. It negatively impacts the 

movement of water through plant tissues and 

their overall moisture retention capacity 

(Munns, 2002). Excessive salt levels in saline 

soils further lower the water availability in the 

soil matrix, creating challenges for plant roots 

in absorbing moisture from the substrate, 

ultimately leading to "osmotic stress" (Akram 

et al., 2002). Salinity restricts plant 

development by reducing water intake and 

disrupting nutrient absorption. Nonetheless, 

incorporating farmyard manure, which is 

abundant in organic material, enhances soil 

composition (Cevheri et al., 2021), boosts 

water-holding capacity, and mitigates the 

adverse impacts of salinity by fostering 

microbial activity, thereby contributing 

positively to plant growth. 

In saline conditions, root growth is 

restricted due to osmotic stress. Farmyard 

manure promotes root elongation by increasing 

soil fertility and water availability so that 

plants access water and nutrients more 

efficiently (Ullah et al., 2021). Fertilizer 

increases nutrient availability by providing 

nutrients necessary for leaf development and 

increases the number of leaves despite salt 

stress. Salinity negatively affects leaf area due 

to osmotic stress and limited water uptake. 

However, farmyard manure reduces the effects 

of salinity and increases leaf area by improving 

soil structure and microbial activity (Irin and 

Hasanuzzaman, 2024). Saline soils reduce 

water uptake and biomass production. 

Fertilizer enhances soil fertility, alleviating the 

stress caused by salinity and improving wet 

weight. The dry weight of plants in saline soils 

is reduced due to limited nutrient uptake and 

osmotic stress (Ouni et al., 2014). Farmyard 

manure alleviated this situation by increasing 

nutrient availability and improving soil 

structure. In saline conditions, roots experience 

stress due to it's osmotic effects and their 

limited growth. 

Salt stress negatively impacts leaf water 

dynamics, including relative leaf moisture 

levels, hydraulic potential, osmotic balance, 

and turgor pressure, leading to diminished 

growth characteristics and developmental 

stagnation in safflower (Jabeen and Ahmad, 

2012). Farmyard manure enhanced the plant’s 

ability to withstand salinity stress, promoting 

improved development. A decline in growth 

can be interpreted as a potential mechanism for 

sustaining long-term energy reserves, 

facilitated by incorporating farmyard manure 

and preserving carbohydrates, contributing to 

enhanced post-stress recovery. Under such 

conditions, exposure to high salinity may 

induce continued root elongation, despite its 

potential to suppress leaf and stem expansion 

(Spollen et al., 1993). This phenomenon could 

be associated with ion toxicity. 

Farmyard manure increases root biomass by 

improving soil structure and water retention. In 

saline soils, plant growth is stunted due to 

reduced nutrient uptake and water stress. 

Manure alleviates this stress by increasing 

nutrient availability, improving soil porosity 

and increasing dry weight (Hussain et al., 

2019; Bello et al., 2021). SPAD value is a 

parameter that measures photosynthetic 

capacity by chlorophyll content (Zhang et al., 

2022). In saline soils, chlorophyll production is 

reduced due to osmotic stress and nutrient 

imbalances (Shah et al., 2017). On the other 

hand, farmyard manure reduces chlorophyll 
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loss by increasing soil fertility, which leads to 

an increase in SPAD value. 

The excessive uptake of specific ions is a 

primary factor leading to toxicity-related 

stress, significantly contributing to growth 

restriction under saline stress conditions 

(Chinnusamy et al., 2005). An overabundance 

of sodium ions (Na+) triggers toxicity and 

disrupts plant metabolic functions, whereas 

potassium ions (K+) play a crucial role in 

counteracting Na+ toxicity by modulating 

osmotic balance and preserving ionic stability. 

Research has demonstrated that elevated Na+ 

levels harm foliage more than roots (Munns, 

2005), with leaf scorching being a distinctive 

symptom (Zhu, 2003). In this study, the 

incorporation of farmyard manure enhanced 

plant growth in saline environments, 

presumably due to its potassium-rich 

composition. 

Under saline soil conditions, an excessive 

accumulation of Na⁺ and Cl⁻ ions in the root 

zone disturbs the nutrient equilibrium in 

safflower, primarily as a result of their strong 

interactions with essential minerals, including 

potassium (K), calcium (Ca), nitrogen (N), 

phosphorus (P), magnesium (Mg), iron (Fe), 

manganese (Mn), copper (Cu), and zinc (Zn). 

Sodium (Na⁺) functions as the dominant toxic 

ion in safflower, limiting potassium uptake, 

disrupting stomatal function, and triggering 

dehydration along with tissue necrosis (Siddiqi 

et al., 2011). 

Researchers have increasingly focused on 

alternative biological fertilizers such as 

organic manure (Aira et al., 2002). Beyond 

converting nutrients into plant-available forms, 

biological fertilizers have improved seed 

germination, growth and development. Taleshi 

et al. (2012) found that organic fertilizer 

application increased seed yield and yield 

components under water stress. Applying of 

farmyard manure to both saline and non-saline 

soils positively affected the growth parameters 

of safflower. The effects are more pronounced 

in non-saline soils, but fertilizer can reduce 

stress and improve plant growth even in saline 

conditions. 

The application of fertilizers of organic 

origin to the soil is very important for the 

effects of organic management on soil health, 

which is determined by soil physical, chemical 

and especially biological parameters (van 

Diepeningen et al., 2006; Kılınçoğlu et al., 

2024). Farmyard manure increases plant height 

in non-saline soils by improving soil structure 

and fertility. Increased nutrient availability 

leads to better growth. The organic matter in 

manure increases soil porosity by stimulating 

microbial activity, which leads to longer and 

healthier roots. Nutrient richness stimulates 

leaf growth, so plants produce more leaves. 

Furthermore, the fertilizer promotes 

photosynthetic activity by increasing leaf area. 

Wet weight increases as soil conditions 

improve under fertilizer, producing higher 

biomass. Dry weight also increases with 

fertilizer application, because the increase in 

nutrients and organic matter promotes plant 

growth. Farm fertilizer increases root wet 

weight by promoting root development. 

Furthermore, fertilizer increases dry weight by 

improving nutrients and soil structure. Finally, 

the SPAD value strengthens photosynthetic 

capacity by increasing chlorophyll production. 

Excessive use of chemical fertilizers 

reduces the organic matter content of soils, 

while applying farmyard manure increases this 

content. Continuous and excessive use of 

chemicals adversely affects the soil's physical, 

chemical and biological properties, leading to 

a decrease in soil quality (Gross and Glaser, 

2021). Therefore, soil organic matter is an 

essential indicator of soil health (Sakin et al., 

2024). Appropriate organic matter 

management strategies must be developed to 

mitigate growing concerns about the 

sustainability of soil health. Farmyard manure 

effectively increases soil organic matter (Angst 

et al., 2019; Gross and Glaser, 2021; 

Ramazanoglu et al., 2024). 

In non-saline soils, organic matter increases 

microbial populations producing 

dehydrogenase, and catalase enzymes. These 

enzymes help in soil nitrogen cycling, organic 

matter decomposition (Sakin et al., 2024), and 

antioxidant defense (Farooqi et al., 2023). 
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Salinity in saline soils stresses soil 

microorganisms and plants (Shabaan et al., 

2022). The addition of vermicompost helps 

reduce salinity's effects by improving soil 

structure and moisture retention and helps soil 

microorganisms thrive (Tammam et al., 2023; 

Manzoor et al., 2024). As a result, enzyme 

activities increase in non-saline soil, while in 

saline soil, they may be somewhat limited by 

the severity of salinity (Alharbi et al., 2023). 

The increase in enzyme activity is the 

improvement in microbial health and soil 

structure facilitated by vermicompost. 

In non-saline soils, FYM supports an active 

microbial community capable of degrading 

organic matter. During the microbial activity, 

decomposition and fragmentation result in the 

release of some nutrients (Farooqi et al., 2023) 

and stimulate enzyme activities, especially 

urease and DHG, which play an important role 

in nitrogen and carbon cycling, and catalase, 

which are indicators of oxidative stress 

responses (Chettri et al., 2021). In saline soils, 

microbial populations are low due to high salt 

concentrations. Still, organic fertilizers applied 

to the soil help offset salinity's harmful effects 

by providing organic carbon and buffering pH 

levels (Yang et al., 2024). This can lead to 

some improvement in enzyme activities, but 

the effect is not as strong as in non-saline soils. 

This is due to adding organic matter and 

nutrients through FYM, which enhances 

microbial growth and metabolic activity. 

DAP + Urea application enhances plant 

growth in non-saline soils by providing 

essential nutrients. However, direct effects on 

soil microbial enzymes may be limited because 

the fertilizer lacks organic material to promote 

long-term microbial activity (Adnan et al., 

2017; Chhabra et al., 2021). DAP+urea applied 

to the soil improves plant growth parameters, 

resulting in a good below- and above-ground 

plant biomass (Singh et al., 2023). Increased 

plant biomass creates energy sources for 

microorganisms. Enzyme activities may not 

directly increase significantly with this 

application, and in some cases an imbalance in 

nutrient availability may reduce microbial 

diversity and enzyme production. The 

combination of nitrogen and phosphorus from 

DAP and Urea on saline soils can exacerbate 

salinity stress. The high soluble salt 

concentrations in the fertilizers can further 

increase soil salinity. This leads to a decrease 

in microbial activity, reducing the production 

of urease, dehydrogenase and catalase 

enzymes (Rietz and Haynes, 2003). 

 

5. Conclusions 

Vermicompost and farmyard manure on 

non-saline and saline soils generally improve 

urease, dehydrogenase and catalase activities 

in soils in both soil environments, with a more 

pronounced effect in non-saline conditions. On 

the other hand, DAP and Urea fertilizers 

impact enzyme activities, especially in saline 

soils, as they do not meet the organic matter 

needs of the soil and can contribute to salinity 

stress. Therefore, using organic amendments to 

improve soil health and enzyme activities is 

very important, especially in saline soils where 

microbial life is often compromised. 

This study shows that earthworm, farm and 

DAP+Urea fertilizers positively affected 

safflower in non-saline and saline soils. The 

treatments caused significant increases in 

growth parameters such as plant height, root 

length, number of leaves, leaf area, plant wet 

and dry weight, root wet weight and plant 

SPAD values. In particular, among these three 

fertilization methods, farmyard manure 

application was observed to provide higher 

yields in both soil environments. These 

findings emphasize the effects of organic and 

inorganic fertilizers on safflower plant 

depending on soil structure. Farmyard manure 

stands out as a more practical option for 

promoting plant growth. These results may be 

helpful in determining fertilization strategies 

suitable for soil characteristics in safflower 

cultivation. 

Declaration of Author Contributions 

The    authors    declare    that    they    have 

contributed equally  to  the  article.  All authors 

declare that they have seen/read and approved 

the article's final version ready   for 

publication. 

 

567



Beyyavaş et al. 

 
 

 

Declaration of Conflicts of Interest 

All authors declare no conflict of interest 

related to this article. 

 

References 

Abbas, G., Saqib, M., Rafique, Q., ur-Rahman, 

M.A., Akhtar, J., ul-Haq, M.A., Nasim, M., 

2013. Effect of salinity on grain yield and 

grain quality of wheat (Triticum aestivum 

L.). Pakistan Journal of Agricultural 

Sciences, 50: 185-189. 

Acar, R., Ünver, A., Arslan, D., Özcan, M.M., 

Güneş, A., 2011. Effect of plant parts and 

harvest period on rutin, quercetin, total 

phenol contents and antioxidant activity of 

buckwheat (Fagopyrum esculentum 

Moench.) cultivated in Turkey. Asian 

Journal of Chemistry, 23(7): 3240-3242. 

Adnan, M., Shah, Z., Fahad, S., Arif, M., 

Alam, M., Khan, I.A., Nasim, W., 2017. 

Phosphate-solubilizing bacteria nullify the 

antagonistic effect of soil calcification on 

bioavailability of phosphorus in alkaline 

soils. Scientific Reports, 7(1): 16131. 

Ahmad, K., Saqib, M., Akhtar, J., Ahmad, R., 

2012. Evaluation and characterization of 

genetic variation in maize (Zea mays L.) for 

salinity tolerance. Pakistani Journal of 

Agricultural Sciences, 49: 521-526. 

Aira, M., Monroy, F., Domínguez, J., Mato, S., 

2002. How earthworm density affects 

microbial biomass and activity in pig 

manure. European Journal of Soil Biology, 

38(1): 7-10. 

Akram, M., Hussain, M., Akhtar, S., Rasul, E., 

2002. Impact of NaCl salinity on yield 

components of some wheat 

accessions/varieties. International Journal 

of Agriculture and Biology, 1: 156-158. 

Alharbi, K., Hafez, E.M., Omara, A.E.D., 

Osman, H.S., 2023. Mitigating osmotic 

stress and enhancing developmental 

productivity processes in cotton through 

integrative use of vermicompost and 

cyanobacteria. Plants, 12(9): 1872. 

 

Angst, G., Mueller, K.E., Eissenstat, D.M., 

Trumbore, S., Freeman, K.H., Hobbie, S.E., 

Chorover, J., Oleksyn, J., Reich, P.B., 

Mueller, C.W., 2019. Soil organic carbon 

stability in forests: Distinct effects of tree 

species identity and traits. Global Change 

Biology, 25(4): 1529-1546. 

Azzedine, F., Gherroucha, H., Baka, M., 2011. 

Improvement of salt tolerance in durum 

wheat by ascorbic acid application. Journal 

of Stress Physiology & Biochemistry, 7: 27-

37. 

Baljani, R., Shekari, F., Sabaghnia, N., 2015. 

Biplot analysis of trait relations of some 

safflower (Carthamus tinctorius L.) 

genotypes in Iran. Crop Research, 50(1-3): 

63-73. 

Basiri, H.K., Sepheri, A., Sadeghi, M., 2013. 

Effect of salinity stress on the germination 

of safflower seeds (Carthamus tinctorius L. 

cv. Poymar). Technical Journal of 

Engineering and Applied Sciences, 3(11): 

934-937. 

Beck, T.H., 1971.  The determination of 

catalase activity in soils. Journal Plant 

Nutrition Soil Science, 130:68–81. 

Bello, S.K., Alayafi, A.H., Al-Solaimani, S.G., 

Abo-Elyousr, K.A., 2021. Mitigating soil 

salinity stress with gypsum and bio-organic 

amendments: A review. Agronomy, 11(9): 

1735. 

Beyyavas, V., Dogan, L., 2022. Yield, yield 

components and oil ratios of irrigated and 

rainfed safflower cultivars (Carthamus 

tinctorius L.) under semi-arid climate 

conditions. Applied Ecology and 

Environmental Research, 20(2): 1807-

1820. 

Beyyavas, V., Ramazanoglu, E., Sakin, E., 

Cevheri, C. İ., Dogan, L., 2024. Variations 

in physiological and yield-related attributes 

of safflower (Carthamus tinctorius L.) 

varieties grown under irrigated and rainfed 

environments. Journal of Plant Nutrition, 

47(19): 3514-3525. 

 

568



Beyyavaş et al. 

 
 

 

Blagodatsky, S.A., Richter, O., 1998. 

Microbial growth in soil and nitrogen 

turnover: a theoretical model considering 

the activity state of microorganisms. Soil 

Biology and Biochemistry, 30(13): 1743-

1755. 

Cevheri, C.İ., Sakin, E., Ramazanoglu, E., 

2021. Effects of different fertilizers on some 

soil enzymes activity and chlorophyll 

contents of two cotton (Gossypium 

hirsutum L.) varieties grown in a saline and 

non-saline soil. Journal of Plant Nutrition, 

45(1): 95–106. 

Chettri, D., Sharma, B., Verma, A.K., Verma, 

A.K., 2021. Significance of microbial 

enzyme activities in agriculture. In: 

Microbiological Activity for Soil and Plant 

Health Management, 351-373. 

Chhabra, R., Chhabra, R., 2021. Nutrient 

Management in Salt-affected Soils. In: Salt-

affected Soils and Marginal Waters: Global 

Perspectives and Sustainable Management, 

349-429. 

Chinnusamy, V., Xiong, L., Zhu, J., 2005. Use 

of genetic engineering and molecular 

biology approaches for crop improvement 

for stress environments. In: Abiotic 

Stresses: Plant Resistance through Breeding 

and Molecular Approaches. Food Product 

Press, New York. 

El‐Shakweer, M.H.A., El‐Sayad, E.A., Ewees, 

M.S.A., 1998. Soil and plant analysis as a 

guide for interpretation of the improvement 

efficiency of organic conditioners added to 

different soils in Egypt. Communications in 

Soil Science and Plant Analysis, 29(11-14): 

2067-2088. 

Farooqi, Z.U.R., Qadir, A.A., Alserae, H., 

Raza, A., Mohy-Ud-Din, W., 2023. Organic 

amendment–mediated reclamation and 

build-up of soil microbial diversity in salt-

affected soils: fostering soil biota for 

shaping rhizosphere to enhance soil health 

and crop productivity. Environmental 

Science and Pollution Research, 30(51): 

109889-109920. 

Garcia, C., Hernandez, T., 1996. Influence of 

salinity on the biological and biochemical 

activity of a calciorthird soil. Plant and Soil, 

178: 255-263. 

Gholami, M., Sabaghnia, N., Nouraein, M., 

Shekari, F., Janmohammadi, M., 2018. 

Cluster analysis of some safflower 

genotypes using a number of agronomic 

characteristics. Journal of Crop Breeding, 

10(25): 159-166. 

Gross, A., Glaser, B., 2021. Meta-analysis on 

how manure application changes soil 

organic carbon storage. Scientific Reports, 

11(1): 5516. 

Hoffmann, G., Teicher, K., 1961. Ein 

kolorimetrisches Verfahren zur 

Bestimmung der Ureaseaktivität in Böden. 

Zeitschrift für Pflanzenernährung, 

Düngung, Bodenkunde, 95(1): 55-63. 

Hussain, S., Shaukat, M., Ashraf, M., Zhu, C., 

Jin, Q., Zhang, J., 2019. Salinity stress in 

arid and semi-arid climates: Effects and 

management in field crops. Climate Change 

and Agriculture, 13: 201-226. 

Hutchison, M.L., Walters, L.D., Avery, S.M., 

Munro, F., Moore, A., 2005. Analyses of 

livestock production, waste storage, and 

pathogen levels and prevalence in farm 

manures. Applied and Environmental 

Microbiology, 71: 1231–1236. 

Irin, I.J., Hasanuzzaman, M., 2024. Role of 

organic amendments in improving the 

morphophysiology and soil quality of 

Setaria italica under salinity. Heliyon, 

10(19). 

Jabeen, N., Ahmad, R., 2012. Improvement in 

growth and leaf water relation parameters of 

sunflower and safflower plants with foliar 

application of nutrient solutions under salt 

stress. Pakistan Journal of Botany, 44: 

1341–1345. 

 

 

 

569



Beyyavaş et al. 

 
 

 

Johnson, J.R., Saunders, J.R., 2003. Evaluation 

of Chlorophyll Meter for N Management in 

Cotton. (Ed: North Mississippi Research 

and Extension Center). Annual Report 2002 

of the North Mississippi Research and 

Extension Center, Mississippi Agriculture 

and Forestry Experiment Station Bulletin, 

398, s. 162-163. 

Kilinçoğlu, N., Cevheri, C.İ., Ramazanoglu, 

E., Beyyavas, V., Sakin, E., Karaman, A., 

2024. Physiological and biochemical 

responses of cotton (Gossypium hirsutum 

L.) to manure and chemical fertilizer on 

saline and non-saline soils. Journal of Soil 

Science and Plant Nutrition, 1-9. 

Liang, Y., Si, J., Nikolic, M., Peng, Y., Chen, 

W., Jiang, Y., 2005. Organic manure 

stimulates biological activity and barley 

growth in soil subject to secondary 

salinization. Soil Biology and Biochemistry, 

37(6): 1185-1195. 

Liang, Y., Yang, Y., Yang, C., Shen, Q., Zhou, 

J., Yang, L., 2003. Soil enzymatic activity 

and growth of rice and barley as influenced 

by organic manure in an anthropogenic soil. 

Geoderma, 115(1-2): 149-160. 

Manzoor, A., Naveed, M.S., Ali, R.M.A., 

Naseer, M.A., Maqsood, U.H., Saqib, M., 

Farooq, M., 2024. Vermicompost: A 

potential organic fertilizer for sustainable 

vegetable cultivation. Scientia 

Horticulturae, 336: 113443. 

Munns, R., 2002. Comparative physiology of 

salt and water stress. Plant Cell and 

Environment, 25(2): 239–250. 

Munns, R., 2005. Genes and salt tolerance: 

bringing them together. New Phytologist, 

167(3): 645–663. 

Ouni, Y., Ghnaya, T., Montemurro, F., 

Abdelly, C., Lakhdar, A., 2014. The role of 

humic substances in mitigating the harmful 

effects of soil salinity and improving plant 

productivity. International Journal of Plant 

Production, 8(3): 353-374. 

 

Pasandi, M., Janmohammadi, M., Abasi, A., 

Sabaghnia, N., 2018. Oil characteristics of 

safflower seeds under different nutrient and 

moisture management. Nova 

Biotechnologica et Chimica, 17(1): 86-94. 

Ramazanoglu, E., Beyyavas, V., Cevheri, C.İ., 

Sakin, E., Yılmaz, S.N., 2024. Effects of 

farmyard manure and chemical fertilizer 

application rates on soil biology, cotton, and 

fiber yield. Notulae Botanicae Horti 

Agrobotanici Cluj-Napoca, 52(3): 13838-

13838. 

Rietz, D.N., Haynes, R.J., 2003. Effects of 

irrigation-induced salinity and sodicity on 

soil microbial activity. Soil Biology and 

Biochemistry, 35(6): 845-854. 

Sakin, E., Yanardağ, H.İ., Fırat, Z., Çelik, A., 

Beyyavaş, V., Cun, S., 2024. Some 

indicators for the assessment of soil health: 

A mini review. MAS Journal of Applied 

Sciences, 9(2): 297-310. 

Shabaan, M., Asghar, H.N., Zahir, Z.A., 

Zhang, X., Sardar, M.F., Li, H., 2022. Salt-

tolerant PGPR confer salt tolerance to 

maize through enhanced soil biological 

health, enzymatic activities, nutrient 

uptake, and antioxidant defense. Frontiers 

in Microbiology, 13: 901865. 

Shah, S.H., Houborg, R., McCabe, M.F., 2017. 

Response of chlorophyll, carotenoid and 

SPAD-502 measurement to salinity and 

nutrient stress in wheat (Triticum aestivum 

L.). Agronomy, 7(3): 61. 

Sharifi, P., Shorafa, M., Mohammadi, M.H., 

2019. Comparison of the effect of cow 

manure, vermicompost, and Azolla on 

safflower growth in a saline-sodic soil. 

Communications in Soil Science and Plant 

Analysis, 50(12): 1417–1424. 

Siddiqi, E.H., Ashraf, M., Al-Qurainy, F., 

Akram, N.A., 2011. Salt-induced 

modulation in inorganic nutrients, 

antioxidant enzymes, proline content and 

seed oil composition in safflower 

(Carthamus tinctorius L.). Journal of the 

Science of Food and Agriculture, 91(15): 

2785-2793. 

570



Beyyavaş et al. 

 
 

 

Singh, Y.P., Arora, S., Mishra, V.K., Singh, 

A.K., 2023. Rationalizing mineral gypsum 

use through microbially enriched municipal 

solid waste compost for amelioration and 

regaining productivity potential of degraded 

alkali soils. Scientific Reports, 13(1): 

11816. 

Spollen, W., Sharp, R., Saab, I., Wu, Y., 1993. 

Regulation of cell expansion in roots and 

shoots at low water potentials. In: Water 

Deficits: Plant Responses from Cell to 

Community, BIOS Scientific Publishers, 

Oxford. 

Tabatabai, M.A., 1982. Soil Enzymes. (Ed: 

A.L. Page, R.H. Miller, D.R. Keeney). 

Methods of Soil Analysis, ASA, SSSA, 

Publisher, Madison, WI, s. 903-947. 

Tabatabai, M.A., Bremner, J.M., 1972. Assay 

of urease activity in soils. Soil Biology and 

Biochemistry, 4(4): 479-487.  

Taleshi, K., Shokoh-far, A., Rafiee, M., 

Noormahamadi, G., Sakinejhad, T., 2012. 

Safflower yield response to chemical and 

biotic fertilizer under water stress 

conditions. World Applied Sciences 

Journal, 20(11): 1472–1477. 

Tammam, A.A., Rabei Abdel Moez Shehata, 

M., Pessarakli, M., El-Aggan, W.H., 2023. 

Vermicompost and its role in alleviation of 

salt stress in plants–I. Impact of 

vermicompost on growth and nutrient 

uptake of salt-stressed plants. Journal of 

Plant Nutrition, 46(7): 1446-1457. 

Tejada, M., González, J.L., 2005. Beet vinasse 

applied to wheat under dryland conditions 

affects soil properties and yield. European 

Journal of Agronomy, 23(4): 336-347. 

Ullah, N., Ditta, A., Imtiaz, M., Li, X., Jan, 

A.U., Mehmood, S., Rizwan, M., 2021. 

Appraisal for organic amendments and 

plant growth-promoting rhizobacteria to 

enhance crop productivity under drought 

stress: A review. Journal of Agronomy and 

Crop Science, 207(5): 783-802. 

Van Diepeningen, A.D., de Vos, O.J., 

Korthals, G.W., Van Bruggen, A.H., 2006. 

Effects of organic versus conventional 

management on chemical and biological 

parameters in agricultural soils. Applied 

Soil Ecology, 31(1-2): 120-135. 

Waraich, E.A., Ahmad, R., Ashraf, M.Y., 

2011. Role of mineral nutrition in 

alleviation of drought stress in 

plants. Australian Journal of Crop 

Science, 5(6): 764-777. 

Yang, X., Zhang, K., Chang, T., Shaghaleh, H., 

Qi, Z., Zhang, J., Hamoud, Y.A., 2024. 

Interactive effects of microbial fertilizer 

and soil salinity on the hydraulic properties 

of salt-affected soil. Plants, 13(4): 473. 

Zhang, R., Yang, P., Liu, S., Wang, C., Liu, J., 

2022. Evaluation of the methods for 

estimating leaf chlorophyll content with 

SPAD chlorophyll meters. Remote Sensing, 

14(20): 5144. 

Zhu, J.K., 2003. Regulation of ion homeostasis 

under salt stress. Current Opinion in Plant 

Biology, 6(5): 441–445. 

 

 

 

 

To Cite 

Beyyavaş, V., Cun, S., Sakin, E., Ramazanoğlu, E., Karacan, Ç., 2025. The Effects of 

Vermicompost, Farm Manure, and DAP+Urea Fertilizers on Safflower (Carthamus tinctorius 

L.) Growth and Soil Enzyme Activity in Saline and Non-Saline Soils. ISPEC Journal of 

Agricultural Sciences, 9(2): 558-571. 

DOI: https://doi.org/10.5281/zenodo.15239548. 

 

 

  

571


