Study of the effect of organic fertilizer and Proline on some chemical indicators of strawberry 
Abstract
A study was conducted at the nursery of the Najaf Agriculture Directorate from November 1, 2024, to March 25, 2025. The study aimed to evaluate the effect of adding Anti-Salting fertilizer at a concentration of (0, 5, and 10 ml.L-1) and proline amino acid at (0, 50, and 100 mg.L-1) to the strawberry Var. (Ruby Gem). Certain chemical indicators of strawberry seedlings were studied under the unventilated greenhouses. The experiment was implemented as a factorial experiment using a randomized complete block design. The number of treatments was nine, randomly distributed into three blocks. This resulted in a total of 27 experimental units. Means of vegetative and chemical characteristics were analyzed using GenStat (statistical analysis software). Means were compared using Duncan's multiple range test at the probability of 0.05. Application of the anti-salt fertilizer at the rate of 10 ml.L-1 showed a significant effect on some chemical indicators of strawberry leaves over control treatments. These indicators include superiority in total chlorophyll content, carbohydrate content, nitrogen percentage (N%), and phosphorus percentage (P%). These indicators recorded 40.72 mg.100 g fresh weight -1, 29.8 mg. dry weight -1, 2.822%, and 2.079% respectively. Treating seedlings with proline (an amino acid) at a concentration of 100 mg L-1 increased leaf content of total chlorophyll, leaf content of carbohydrate, phosphorus percentage in leaves, and total sugar content in fruits. These characteristics reached 31.30 mg L-100 fresh weight, 25.06 mg.L-1 dry weight, 1.548%, and 19.45 mg.100 g fresh weight-1, respectively.
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Introduction
“Strawberry (Fragaria × ananassa Duch.) comes under the order Rosales, family Rosaceae and subfamily Rosoideae. More than 45 species of the genus Fragaria are distributed throughout the temperate regions of the world” (Husaini & Neri, 2016). “The present cultivated strawberry is an octoploid hybrid between F. virginiana and F. chiloensis” (Bellamy, 2014). It is a small perennial herbaceous plant bearing hermaphrodite flowers, though in some cultivars only unisexual female flowers are also found.

“Strawberry fruits are appreciated for their sensory qualities, nutritional values and bioactive compounds. They contain mineral elements of calcium, iron, zinc, copper and phosphorus including silicon together with phenolics , flavonoids and vitamin C that results in high antioxidant activity” (Richardson et al., 2019). “Recent studies have reported about human health promotion by them as well as risk reduction towards cardiovascular disease and metabolic diseases” (Charoenwoodhipong et al., 2025).
“Soil fertility and nutrient management are the primary factors that command strawberry growth, yield, and fruit quality. A well-rotted clean organic matter greatly improves soil structure, porosity, available nutrients in the soil besides water holding capacity of the soil thus higher yield with good quality fruits as compared to a system dependent only on inorganic fertilizers” (Badar et al., 2015; Hassan et al., 2010).Organic fertilizers increase humus content of the soil and microbial activity within soils while reducing contents levels concentration values amounts toxic elements aluminum heavy metals noted reported stated found by Lisenbee et al.(2024). “Organic matter also plays a role in ion exchange &nutrient release into rhizosphere supporting root uptake inducing physiological processes important for plant metabolism”(Hassan etal.,2010).
“Proline is a non-essential amino acid. Primarily, it is synthesized from glutamate under conditions of stress. The major functions which have been ascribed to proline include osmotic balance, protein and membrane stability; meanwhile, it also scavenges reactive oxygen species (ROS) formed during abiotic stress”(Kolupaev et al., 2011; Ashraf & Foolad, 2007). “Recent molecular studies identified main genes regulating pathways of proline biosynthesis therefore suggesting genetic pathway manipulations for enhancement plant tolerance towards drought ,salinityand temperature extremes”( Ghosh et al., 2022). “It has recently been proven by scientists that externally applied on plants makes photosynthetic apparatus more efficient delays senescence enhances general vigor expressed even when under stressing environment” (Liang et al., 2020).
Therefore, the organic nutrient management can be integrated with physiological regulators such as proline to develop a sustainable approach for enhanced strawberry productivity and quality improvement besides building its resilience to stresses under changing environmental conditions.
Materials and Methods
Experimental Site
The experiment was conducted at the Nursery of Al-Najaf Agriculture Directorate from November 1, 2024, to March 25, 2025. The first factor studied was the addition of an anti-salinity fertilizer at concentrations of 0, 5 and 10 ml L-1. While, the second factor was the addition of proline (amino acid) at concentrations of 0, 50, and 100ml L-1. Both groups of treatments were applied to the soil three times, 20 days apart. Some chemical indicators were examined in strawberry seedlings (Ruby Gem cultivar) grown in unventilated greenhouses in Najaf Governorate. The experiment consisted of 27 experimental units, each containing five plants. Means of chemical properties were analyzed using the Genestat statistical analysis program, and the results were compared using Duncan's multiple-range test at a 5% probability level. 
The soil sample was analyzed in the laboratory of the Directorate of Agriculture in Najaf Governorate to measure the physical and chemical properties (Table 1).
Table (1) Analysis of some chemical and physical properties of soil.
	Unit of Measurement
	Value
	Soil Properties

	380  g.kg-1
	Sand
	Soil Particles

	308  g.kg-1
	Silt
	

	312  g.kg-1
	Clay
	

	----
	Loam soil
	Soil Texture

	
	6.9
	Ph

	Decimons. M-1
	2.1
	EC

	
	Nil
	CO3

	PPm
	0.261
	Nitrogen (N)

	PPm
	0.245
	Phosphorus (P)

	PPm
	92.2
	Potassium (K)

	millimoles per liter -1
	4
	Calcium (Ca)

	millimoles per liter -2
	9.6
	Magnesium (Mg)

	millimoles per liter -3
	5
	Chloride (Cl)

	millimoles per liter -4
	0.7
	HCO3

	millimoles per liter -5
	0.42
	SO4



Studied indicators 
Five plants were taken from each experimental unit to study the properties as follows:
Leaf content of total chlorophyll (mg.100 g fresh weight-1)
Total chlorophyll pigment in leaves was estimated at the Postgraduate Laboratory / the College of Agriculture/ University of Kufa.
A 0.5 g sample of fully expanded leaves from each treatment was taken. Then, ten ml of 80% acetone was added to the sample and crushed together. The mixture was then filtered to separate the pigment solution from the leaf tissue using Whatman No. 1 filter paper.
The process was repeated to extract the remaining dyes with another 5 ml of acetone until the tissue was bleached. Then the filtrate resulting from the two filtration processes was collected, and the volume was completed to 15 ml using acetone. The solution was moved to the spectrophotometer. The reading of the light absorption was recorded at two wavelengths, including  645 and 663 nanometers (Goodwin, 1976). Then the total amount of chlorophyll was calculated in units of (mg.100g fresh weight-1) by applying the following equation:
Total chlorophyll=20.2 x D (645) +8.02 x D (663) (V/W x1000) x 100
Carbohydrate content in leaves (mg/g dry weight)
Total carbohydrates were estimated by the phenol-sulfuric acid method of Dubois et al. (1956). About 10 mg sample (oven dry leaf powder) was taken in a test tube to which 1 ml 5% phenol solution was added. Later 5 ml concentrated sulfuric acid (H₂SO₄, 80%) was quickly added to the mixture. The reaction mixture was allowed to stand for ten minutes at room temperature so as to develop orange-yellow color due to the formation of carbohydrate-phenol complexes. Absorbance was read at 490 nm using a UV-Visible spectrophotometer against reagent blank. Glucose has been used as a standard for preparing the calibration curve and total carbohydrate content has been calculated in terms of milligrams glucose equivalent per gram dry weight (mg g⁻¹ DW).
2. Estimation of leaf nitrogen content (N) (%)
Nitrogen was estimated using a Micro Kjeldahl as reported by Al-Sahaf (1989). Ten ml of each leaf sample was taken and mixed with 10 ml of 40% sodium hydroxide. The ammonia released was collected in a glass beaker by distillation, containing 20 ml of 2% boric acid with a mixture of red methyl and green bromocresol. The collected ammonia was filtered with hydrochloric acid. After determining the amount of hydrochloric acid released, the total nitrogen was calculated using the following equation:
	100  ×
	Volume of acid consumed by titration × acid molarity× 14 × dilution volume
	Nitrogen=

	
	Volume of sample taken at distillation × Weight of digested sample × 1000
	



Estimation of phosphorus ion percentage (P%) in leaves:
Phosphorus was determined according to Al-Sahaf (1989) method. The prosses started by taking 10 ml of the digested sample and placing it in a 50 ml volumetric flask. The volume was made up to the mark by adding distilled water. Then, 10 ml of the previous solution was taken for further tests. 0.1 g of ascorbic acid and 4 ml of ammonium molybdate were added to the above sample. The flask containing the mixture was heated to a boil until the solution turned blue. The contents of the flask were transferred to another 100 ml volumetric flask, and the volume was made up to the mark with distilled water. The samples were measured using a UV-Visible Spectrophotometer at a wavelength of 420 nm.
Total sugar content of fruits (g/100g fresh weight)
It was measured using a Digital Refract Meter, model DR201-95, manufactured by Kruss, Germany (Moldovan et al., 2015).
Results and discussion:
The addition of anti-salt fertilizer at the rate of 10 ml. L-1 increases value for the leaf indicator, including total chlorophyll, carbohydrate content, percentage of nitrogen (Table2), and percentage of phosphorus (table3). It recorded 40.72 (mg.100g fresh weight-1), 29.8 (mg.g dry weight-1), 2.822%, and 2.079% compared to the control treatment, which gave the lowest value of 22.46 (mg.100g fresh weight-1), 12.86 (mg.g dry weight-1), 1.993%, and 0.386% respectively (Table 2 and 3). Proline at a concentration of 100 mg.L-1 was superior compared with other Proline concentrations in several characteristics, including leaf content of total chlorophyll, leaf content of carbohydrates, percentage of phosphorus, and fruit content of total sugars. It resulted in 31.30 mg.100 g FW-1, 25.06 mg.g DW-1, 1.548%, 19.45 g.100 g FW-1 compared to the comparison treatment that gave the lowest value of 26.57 mg.100 g FW-1, 18.27 mg.g DW-1, 0.715%, 16.80 g.100 g FW-1 respectively (Table 2).
The interaction between adding anti-salting fertilizer at a rate of 10 ml. L-1 and proline at a concentration of 100 mg.L-1 showed a significant effect on the chemical growth characteristics. These included leaf content of total chlorophyll, leaf content of carbohydrates, percentage of nitrogen (Table2), percentage of phosphorus, and fruit content of total sugars (Table3). The values recorded were 46.65 mg.L-1 FW, 37.46 mg.L-1 DW, 2.949%, 3.049%, 22.50 g.100g-1 FW compared to the control treatment, which gave the lowest value of 20.29 mg.L-1 FW, 11.42 mg.L-1 DW, 1.796%, 0.222%, 17.73 g. 100g-1 FW, respectively.
Table (2) The addition of (Anti-salt) fertilizer, proline, and their interaction on the vegetative growth indicators of the strawberry plant.
	Treatments
	Total chlorophyll content of leaves (mg/100 g fresh weight-1)
	Carbohydrate content of leaves (mg/g dry weight)
	Leaf nitrogen (N) (%)

	Proline
(mg L-1)
	Anti-Salt (ml L-1)

	
	0
	5
	10
	Average
	0
	5
	10
	Average
	0
	5
	10
	Average

	0
	20.29 a
	24.79 ab
	34.63 ab
	26.57
 a
	11.42 a
	17.80 ab
	25.58 ab
	18.27
 A
	1.796 a
	2.168 ab
	2.701 ab
	2.221
 a

	50
	22.47 ab
	27.25 ab
	40.90 ab
	30.21 
ab
	13.33 a
	18.86 ab
	26.36 ab
	19.52
 ab
	2.039 ab
	2.407 ab
	2.817 ab
	2.421 
a

	100
	24.62 ab
	22.64 b
	46.65 b
	31.30 
b
	13.82 a
	23.90 ab
	37.46 b
	25.06
 B
	2.146 ab
	2.476 ab
	2.949 b
	2.523 
a

	Average
	22.46 a
	24.89 ab
	40.72 b
	
	12.86 a
	20.19 ab
	29.8 b
	
	1.993 a
	2.350 b
	2.822 b
	


Values are means of 3 replications, where means followed by different letter(s) within a column or average rows are significantly different according Duncan's multiple range tests (P≤0.05)  

Table3. Effect of (Anti-salt) fertilizer, proline, and their interaction on strawberry leaf content of phosphorus (%) and fruit content of total sugars
	Treatments
	phosphorus ion in leaves P %
	Total sugar content of fruits (g/100g fresh weight)

	Proline
(mg L-1)
	Anti-Salt (ml L-1)

	
	0
	5
	10
	Average
	0
	5
	10
	Average

	0
	0.222 a  
	0.686 a
	1.237 ab
	0.715 a
	   17.73 ab
	 17.07 ab
	 15.97 ab
	16.80 a  

	50
	0.251 a  
	0.872 ab
	 1.952 ab
	1.025 b
	 16.60 ab
	 20.23 ab
	 18.30 ab
	18.38 ab  

	100
	0.685 a  
	 0.911 ab  
	 3.049  b
	1.548 b
	16.67 ab
	 19.20 ab
	 22.50 b
	19.45 b

	Average
	0.386 a
	0.823 ab
	2.079 b
	 
	17.01 a
	18.83 a
	18.92 a
	 


Values are means of 3 replications, where means followed by different letter(s) within a column or average rows are significantly different according Duncan's multiple range tests (P≤0.05)  
Organic acids, such as humic acid, fulvic acid, and tartaric acid, play a major role in plant growth. They are carbonaceous compounds that can build plant tissues (Francesco and Michele, 2009; Shafeek et al., 2012). These compounds can be absorbed by plant roots, and their ions are quickly transported to other parts of the plant to be utilized by the plant to participate in physiological processes. Thus, it compensates the plant with the energy needed for absorption, especially in critical stages of its growth (Hassan et al., 2010). In addition, Fawzi et al. (2010) indicated that the use of organic fertilizer increased the leaf content of chlorophyll and N, P, K, and Mg in pears. Adding organic fertilizer to grape plants increased the leaf content of N, P, and K (Eman et al., 2008). Hassan et al. (2010) stated that spraying pears with organic fertilizer (Aminofert) increased the content of chlorophyll, nitrogen, and potassium in leaves.
Furthermore, amino acids provide plant cells with a direct source of nitrogen, which can be taken up by the cells more quickly than organic nitrogen. This could be due to their role in reducing the activity of the urease enzyme, which increases nitrogen metabolism (Al-Mohammadi, 2009). On the other hand, spraying amino acids has a physiological role in changing the osmotic potential within the plant tissue, as they reduce the water potential, which increases the cell's ability to absorb water and dissolved nutrients. This is positively reflected in increasing the vegetative growth of the plant (Amini and Ehsanpour, 2005). This is also shown in increasing the absorption of nutrients such as nitrogen, phosphorus, and potassium. Spraying the plant with proline led to an increase in plant growth, which led to an increase in the leaf content of chlorophyll and carbohydrates, as well as an increase in the percentage of elements (N-P-K) (El-Quesni et al., 2010).
Conclusion
Based on the results of this experiment anti-salt fertilizer at 10 mL L⁻¹ ,ten milliliters per liter, enormously enhances growth and physiological activities plus productivity in strawberry,( Fragaria × ananassa) .It improves the soil properties by reducing salinity stress ,nutrient availability and healthy root development that makes better plant growth where it increases vegetative parameters -chlorophyll content-yield components over un treated control.
Similarly, foliar application of the amino acid proline at a concentration of 10 mg L⁻¹ was determined as an optimum treatment for the alleviation of negative impacts caused by salt stress. Proline dramatically increased photosynthetic efficiency, osmotic adjustment, and enzymatic antioxidant activity reflected in increases of all studied morphological and physiological parameters. Therefore, there is a dramatic effect found due to organics together with amino acids that imply integrated nutrient management and stress management practices can highly influence strawberry growth under saline or low fertile soil conditions.
Recommendation
Anti-salt fertilizer soil amendment and proline application can be recommended to strawberry farmers in moderately saline soils. This integrated practice enhances the tolerance of plants against abiotic stress, sustainability of soil health, and fruit quality. Therefore, further studies are hereby suggested for long-term effects on microbial community structure in the soil under field conditions with different biochemical compositions within fruits together with economic viability analysis.
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