



Influence of organic and organa-mineral fertilızers on the yield and fruıt qualıty of strawberrıes (fragarıa ×ananassa duch.) under greenhouse condıtıons 


ABSTRACT
This study was carried out during 2022 – 2023 years at the Sultanhisar Vocational School greenhouse to investigate the effects of liquid fertilizer applications with different compositions on plant growth, yield and fruit quality in strawberry varieties. The experiment was set up in randomized complete blocks designs with three replications. For this study, two varietys, cvs. Rubygem and Sabrina were used. Three liquid fertilizers, organo-mineral fertilizers as DNZ (7-7-7) organo-mineral liquid fertilizer, MİKOKS as nanotechnological liquid fertilizer, and Mol as organic fertilizer certified liquid fertilizer were used. The fertilizers were applied to the strawberry plants using the fertigation method at the recommended doses indicated on the labels. In Rubygem and Sabrina varieties, DNZ organo-mineral fertilizer increased yield and also increased fruit weight, fruit width, and fruit length. In Rubygem variety, plant age and dry weight increased with MİKOKS nanotechnological fertilizer, while in Sabrina variety, plant age and dry weight increased with DNZ organo-mineral fertilizer. As a result, strawberry plants fertilized with DNZ organomineral fertilizer yielded better results in terms of fruit yield and quality compared to MİKOKS and MOL liquid fertilizers.
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1. Introduction
Due to the concern caused by today's health problems in people and the increase in scientific findings regarding the fact that these problems are caused by nutrition and nutritional content, consumers who have become aware of this issue have turned to fruits and vegetables produced by natural or near-natural methods. As a result of this, the use of organic inputs in production has gained importance (Geçer, 2020). Organic fertilizers used in production can vary from one another due to their generally slow-release nature and the variable distribution of nutrients that they contain. Instead of chemical fertilizers, the nutrients needed by plants can be combined with organic matter to standardize nutrient content and provide the plant with organo-mineral fertilizers (Leonel et al. 2015; Saygı, 2022). The combined use of organic fertilizers and mineral fertilizers as a soil fertility management strategy in many countries around the world not only improves the quality of fruits but also plays a role in ensuring sustainability in production in the long term (Kumar, et.al, 2018). There are various factors that can affect plant growth, yield, and fruit quality. These factors include genotype (variety), fertilization, climate, and disease management (Dzanagov et al. 2021; Ljavić et al., 2023; Milošević et al., 2018). In terms of genotype, strawberry leaf dry matter content can be variety-specific. For example, in organic strawberry cultivation, where fertilization is achieved with farmyard manure or composted organic matter with variable nutrient content, additional nitrogen application during cultivation may not be necessary, depending on soil type and variety (Daugaard and Lindhard, 2000). Therefore, variety characteristics should be a key consideration when assessing the nutrient requirements of strawberries (Daugaard, 2001). As with any agricultural product, increasing yields, improving fruit quality, and meeting market and consumer needs are the primary goals of strawberry producers. However, these goals are often not achieved for various reasons. This is particularly due to the low physical, chemical, and biological properties and fertility potential of our agricultural soils. The primary cause of this problem is the lack of organic matter in our soils. In our country, as in other agricultural areas, chemical fertilizers are generally preferred for plant nutrition in strawberry cultivation, while the use of natural rock and compounds, pruning waste, green manure, etc., which would increase soil fertility and provide beneficial nutrients for the plant, is discouraged. To raise and maintain the organic matter content of all our soils to at least 3%, 2 billion tons of organic fertilizer are needed once and 800 million tons of organic fertilizer (containing 60% organic matter) annually. According to Gezgin (2018), our current resource requirement is approximately one-eighth of what we need, and there are inadequacies in the management and use of our existing organic matter resources. Therefore, fertilizers that can increase fruit quality and yield, linked to plant development, should be used in strawberry production.
“The chemical fertilizer and biofertilizers trials play a significant role in understanding the complex interactions involving plants, soils, environment and cultural practices. Thus, fertilizer in combination with biofertilizers experiments serve as an important tool to understand the changes in crop production and quality due to intensive cropping and continuous fertilization. Strawberry plants have shallow root system and need effective and balanced nutrient management throughout cropping period” (Chandramohan Reddy and  Goyal, 2020). 
This research was carried out to investigate the effects of liquid fertilizers with different contents on plant growth and fruit quality in Rubygem (Fragaria x ananassa Duch. Rubygem) and Sabrina (Fragaria x ananassa Duch. Sabrina) strawberry varietys.
2. MATERIALS AND METHODS
2.1. Research Area and Location
This research was conducted in a 260 m² plastic-covered greenhouse in the application garden of Aydın Adnan Menderes University's Sultanhisar Vocational School. The research area is located at 27-29° East longitude and 37-38º  North latitude, at an altitude of 73 m above sea level. Sultanhisar district has a Mediterranean climate and exhibits microclimate characteristics. Average annual rainfall is 578 mm and average annual temperature is 20.8 °C. The soil of experimental greenhouse is loamy, with low organic matter content. The pH is slightly alkaline, and the soil is calcareous.
2.2. Plant Material
The study was conducted from year of 2022 to 2023. In the study, plug seedlings of Sabrina and Rubygem varieties, which are short-day varieties and adapted to the Aydın Sultanhisar district, were used. Strawberry plug plants are grown from unrooted runners called tips. The tips are directly rooted into specially designed trays that usually contain a peatbased media (Durner et al.2002).
2.3. Experimental Design and Field Tests
The study was laid out in a randomized complete block design with two factors, namely variety and fertilizer, where each fertilizer application having three replications (4 treatments x 2 varieties x 3 replications). The study investigated five different treatments, including 1) No fertilizer (control), 2) DNZ (organo-mineral fertilizer) 3) MOL (liquid organic fertilizer) 4) MİKOKS (nanotechnologic organic fertilizer).  DNZ is a liquid compound fertilizer containing 7% nitrogen, 7% P and 7% K and 15% organic matter. Mol is a commercially available liquid fertilizer containing humic acid. Mikoks is a nanotechnology-developed organic liquid fertilizer containing thyme oil. DNZ (7N:7P:7K) fertilizer was supplied by MHD Fertilizer, while MİKOKS and MOL (commercial fertilizers) were purchased from fertilizer distributors. Chemical characteristics of chemical composition of organic and organa-mineral fertilizer was presented in Table 1. 
Table 1.  Chemical composition of organic and organa-mineral fertilizer
	Fertilizer
	pH
	N (%)
	P (%)
	K (%)
	OM (%)
	OC (%)
	Application 
Doses
With Drop Irrigation  

	DNZ 7.7.7
	4,5-6,5
	7
	7
	7
	15
	-
	3 kg da-1

	MOL
	4,5-6,5
	1,8
	-
	4
	40
	16
	1,5  kg da-1

	MİKOKS
	4-6
	2
	-
	3
	45
	24
	400 ml da-1



Seedlings of the strawberry varieties Rubygem and Sabrina were planted in prepared growing beds of 30 cm x 30 cm, with a density of 12 plants per m². 
Liquid fertilizers with different organic matter contents were applied to the plants in the pads using drip irrigation at the recommended doses during the 2022-2023 growth period. Control group plants were given only water.
The fertilizers in question were applied to strawberry plants immediately after planting, according to the recommended dosages listed on the label. Fertilizer-containing water was applied to the plants via a drip irrigation system at every irrigation throughout the growing season, except for the control group. The control group received only water.
Leaf count, plant height, plant width, stem diameter, number of branches, root fresh weight, and plant fresh and dry weight were determined for three randomly selected plants from each replicate. Plant height and width were measured with a ruler. Stem diameter was measured at the junction of the root and stem with a digital caliper. After measuring the fresh weight of the stems in terms of dry matter, they were dried in a 65°C oven until they reached a constant weight, and percentage dry matter was calculated (Türemiş and Kaşka, 1995).
As part of the study, weight, width, and length of strawberry fruits collected from a homogeneous sample of varieties from the experimental field were measured using electronic calipers, and their averages were calculated. Fruit flesh firmness was measured using a hand-held penetrometer, and the average was calculated. Soluble solids content, expressed in ºBrix were determined in strawberry fruits using a refractometer, and pH values ​​in fruit juice were determined using a pH meter.
Analysis of variance was applied to the data obtained from the experiment. The Duncan test was used to identify different groups at a 5% significance level.

3. FINDINGS AND DISCUSSION
3. 1. Effects of Different Fertilizer Applications on Some Vegetative Growth Characteristics in Strawberry Plants
In the Rubygem and Sabrina strawberry varieties, fertilizers were found to have statistically significant effects on the average leaf count, stem diameter, stem count, plant fresh and dry weight, and root fresh weight compared to the control group plants (Table 2). The effects of different fertilizer applications on leaf count, stem diameter, root fresh weight, and plant fresh and dry weight in the Rubygem and Sabrina strawberry varieties were found to be statistically significant (Table 3).
In the t-test performed to compare the effects of different fertilizer applications on the average number of leaves per plant, plant height, plant width, stem diameter, stem number, plant fresh and dry weight and root fresh weight according to the different fertilizer applications among varietys in Rubygem and Sabrina strawberry varietys, it was found that varietys did not obtained any difference not including plant height and plant width. These findings indicate that the varietys presented identical responses to the applied fertilizers. Alsobihi and Saleh (2023) applied nine applications (including control) of different organic and organo-mineral fertilizer combinations resulting from coffee pulp, poultry manures, Bioval biostimulant or chemical NPK fertilizer, alone or in combination, to Charlotte and Camarosa strawberry varietys and found no difference in growth parameters among varietys. However, these factors affected fruit quality. In our study, fertilizer applications with different content in Rubygem and Sabrina strawberry varietys increased leaf number, plant height, plant width, stem diameter, stem number, runner number, plant fresh and dry weight and root fresh weight compared to control plants without fertilizer. Newerthless the results were not significantly different from the ones obtained in Rubygem and Sabrina (Table 2). 
Table 2 Summary of variance analysis and significance levels for mean number of leaves per plant (LN), plant height (SH), plant width (SW), stem diameter (SD), stem number (SN), runner number (RN), plant fresh weight (PFW), plant dry weight (PDW) and root fresh weight (RFW) in strawberries grown using different liquid fertilizers
	
Source of Variation
	Mean Squares

	
	df
	LN
	PH
	PW
	SD
	SN
	PFW
	PDW
	RFW

	Fertilizer (A)
	3
	187,71*
	17,76
	4,00
	307,08*
	1,60
	1148,45*
	219,88*
	84,57*

	Variety (B)
	1
	135,38
	94,01
	140,17
	72,49
	2,04
	399,43
	93,54
	104,88

	Interactions (AxB)
	3
	12,15
	2,62
	41,06
	71,73
	3,15
	63,83
	63,93
	8,82

	Errors
	16
	51
	23,55
	33,29
	34,45
	1,54
	414,30
	66,43
	26,42


* Statistically significant at p≤0.01 level **Statistically significant at p≤0.05 level
Table 3. Average values for leaves number per plant (LN), plant height (PH), plant width (PW), stem diameter (SD), stem number (SN), plant fresh weight (PFW), plant dry weight (PDW) and root fresh weight (RFW) in strawberries grown using different liquid fertilizers.
	TREATMENTS
	LN 
	PH
 (cm)
	PW
(cm)
	SD
(mm)
	SN

	PFW
 (g)
	PDW
(g)
	RFW
(g)

	DNZ (7.7.7)
	21,33 ab
	21,75
	33,33
	25,60 b
	3,33
	52,66 a
	19,77 a
	7,03 ab

	MOL
	15,50 ab
	21,50
	34,33
	24,85 b
	3,00
	30,58 ab
	9,20 b
	5,71 b

	MİKOKS
	24,50 a
	22,00
	35,00
	35,87 a
	3,50
	52,90 a
	18,16 a
	13,22 a

	CONTROL
	13,50 b
	18,33
	33,33
	18,59 b
	2,33
	27,29 b
	5,71 b
	4,97 b

	MEAN
	18,71*
	20,90
	34,00
	26,23 *
	3,04
	40,86*
	13,77*
	7,73 *


Using the Duncan test, no statistical difference was found between means followed by the same lowercase letter in the column and the same uppercase letter in the row, with a 5% probability.
The highest leaf number was obtained from MİKOKS application in Rubygem and Sabrina varieties, the lowest average leaf number was obtained from the control group plants (Table 4).

Table 4. Effect of different fertilizer applications on leaf number in Rubygem and Sabrina strawberry varieties
	TERATMENT
	RUBYGEM
	SABRINA
	MEAN

	DNZ
	17,67 ab
	25,00 a 
	21,33 A

	MOL
	14,00 ab
	21,03 a
	17,50 AB

	MİKOKS
	23,67 a
	25,33 a
	24,50 A

	CONTROL
	10,00 b
	13,00 a
	11,50 B

	MEAN
	16,34 B
	21,09 A
	18,71

	CV %
	27,20
	27,19
	29,89

	Level of signification (P≤0,05)
	ns
	ns
	ns


Using the Duncan test, no statistical difference was found between means followed by the same lowercase letter in the column and the same uppercase letter in the row, with a 5% probability.

The average plant height of the Rubygem and Sabrina strawberry varieties was higher than the control plants. The highest average stem height was obtained in the Rubygem strawberry variety with the MİKOKS treatment, while the Sabrina variety was obtained with the DNZ treatment. The lowest average plant height was achieved in the control group plants with Rubygem and Sabrina (Table 5).

Table 5. Effect of different fertilizer applications on plant height in Rubygem and Sabrina strawberry varieties
	TERATMENT
	RUBYGEM
	SABRINA
	MEAN

	DNZ
	19,33 a
	24,17 a
	21,75 a

	MOL
	19,33 a
	23,67 a
	21,50 a

	MİKOKS
	21,00 a
	23,00 a
	22,00 a

	CONTROL
	16,00 a
	20,67 a
	18,33 a

	MEAN
	18,92 B
	22,88 A
	20,90

	CV %
	11,08
	6,77
	8,24

	Level of signification
	ns
	ns
	ns


Using the Duncan test, no statistical difference was found between means followed by the same lowercase letter in the column and the same uppercase letter in the row, with a 5% probability.
The average stem width of the Rubygem variety under the MİKOKS application compared to the control plants, it was increased. The average stem width of the Sabrina variety was incerased under the DNZ application. According different fertilizer, the lowest average stem width was obtained in the Rubygem variety under the DNZ application, while the lowest average stem width was obtained in the Sabrina variety under the MOL application (Table 6).
Table 6. Effect of different fertilizer applications on plant width in Rubygem and Sabrina strawberry varieties
	TERATMENT
	RUBYGEM
	SABRINA
	MEAN

	DNZ
	28,33 a
	38,33 a
	33,33 a 

	MOL
	34,33 a
	34,23 a
	34,33 a

	MİKOKS
	34,67 a
	35,33 a
	35,00 a

	CONTROL
	29,00 a
	37,42 a
	33,33 a

	MEAN
	31,58 B
	36.33 A
	34,00 

	CV %
	10,71
	5,17
	2,41

	Level of signification p ≤ 0,05
	ns
	ns
	ns


Using the Duncan test, no statistical difference was found between means followed by the same lowercase letter in the column and the same uppercase letter in the row, with a 5% probability.
In the Rubygem and Sabrina varieties, MİKOKS application increased stem diameter compared to other treatments. (Table 7).
While MİKOKS application was effective on stem number in Rubygem, DNZ application was effective in Sabrina. While the lowest average stem number in Rubygem was obtained from MOL application, in Sabrina it was obtained from the control group plants (Table 8).
Table 7. Effect of different fertilizer applications on stem diameter in Rubygem and Sabrina strawberry varieties.
	TERATMENT
	RUBYGEM
	SABRINA
	MEAN

	DNZ
	21,40 b
	29,81 b
	25,60 b

	MOL
	19,64 b
	30,06 ab
	24,85 b

	MİKOKS
	37,31 a
	34,43 ab
	35,87 a

	CONTROL
	19,62 b
	17,57 b
	18,59 b

	MEAN
	24,49 B
	27,97 A
	26,23

	CV %
	35,06
	25,91
	27,28

	Level of signification p ≤ 0,05
	0,00
	ns
	0,002


Using the Duncan test, no statistical difference was found between means followed by the same lowercase letter in the column and the same uppercase letter in the row, with a 5% probability.
Table 8. Effect of different fertilizer applications on stem number in Rubygem and Sabrina strawberry varieties
	TERATMENT
	RUBYGEM
	SABRINA
	MEAN

	DNZ
	2,67 a
	4,00 a
	3,33 ab

	MOL
	3,00 a
	4,00 a
	3,50 a

	MİKOKS
	3,33 a
	3,67 a
	3,50 a

	CONTROL
	2,00 a
	1,67 a
	1,83 b

	MEAN
	3,50 ns
	3,34 ns
	3,04

	CV %
	29,59
	33,58
	26,67

	Level of signification p ≤ 0,05
	ns
	ns
	ns


Using the Duncan test, no statistical difference was found between means followed by the same lowercase letter in the column and the same uppercase letter in the row, with a 5% probability.
While MİKOKS application was effective on plant fresh weight in Rubygem, DNZ application was effective on Sabrina. The lowest plant dry weight was obtained from plants of the control group Rubygem and Sabrina (Table 9).
Table 9. Effect of different fertilizer applications on plant fresh weight in Rubygem and Sabrina strawberry varieties
	TERATMENT
	RUBYGEM
	SABRINA
	MEAN

	DNZ
	44,19 ab
	61,13 a
	52,66 a

	MOL
	29,46 ab
	31,70 a
	30,58 ab

	MİKOKS
	50,73 a
	55,07 a
	52,90 a

	CONTROL
	22,73 b
	31,85 a
	27,28 b

	MEAN
	36.78 B
	44,94 A
	40,86 

	CV %
	35,12
	34,27
	33,86

	Level of signification p ≤ 0,05
	ns
	ns
	0,046


Using the Duncan test, no statistical difference was found between means followed by the same lowercase letter in the column and the same uppercase letter in the row, with a 5% probability.
While MİKOKS application was effective on plant dry weight in Rubygem, DNZ application was effective on Sabrina. The lowest plant dry weight was obtained from plants of the control group Rubygem and Sabrina (Table 10).
Table 10. Effects of different fertilizer applications on plant dry weight in Rubygem and Sabrina strawberry 
	TERATMENT
	RUBYGEM
	SABRINA
	MEAN

	DNZ
	12,93
	26,61 a
	19,79 a

	MOL
	9,34
	9,06 a
	9,20 b

	MİKOKS
	17,49 
	18,83 a
	18,16 ab

	CONTROL
	7,44
	8,48 a
	7,96 b

	MEAN
	23,6 A
	15,75 B
	19,68

	CV %
	60,70
	54,99
	46,34

	Level of signification p ≤ 0,05
	ns
	ns
	0,046


Using the Duncan test, no statistical difference was found between means followed by the same lowercase letter in the column and the same uppercase letter in the row, with a 5% probability.
MİKOKS application was effective on plant root fresh weight in Rubygem and Sabrina varieties. The highest average plant root fresh weight was determined in Rubygem than Sabrina. The lowest root fresh weight was obtained from plants of the control group Rubygem and Sabrina varieties (Table 11).
Table 11. Effects of different fertilizer applications on root fresh weight in Rubygem and Sabrina strawberry varieties
	TERATMENT
	RUBYGEM
	SABRINA
	MEAN

	DNZ
	4,08 ab
	9,97 a
	7,03 ab

	MOL
	4,76 ab
	8,28 a
	6,52 b

	MİKOKS
	12,07 a
	14,36 a
	13,22 a

	CONTROL
	1,64 b
	6,66 a
	4,17 b

	MEAN
	5,64
	9,82
	7,74

	CV %
	79,66
	33,77
	49,91

	Level of signification p ≤ 0,05
	ns
	ns
	ns


Using the Duncan test, no statistical difference was found between means followed by the same lowercase letter in the column and the same uppercase letter in the row, with a 5% probability.
Accordingly, strawberry plants treated with DNZ, MİKOKS, and MOL liquid fertilizers containing organic matter showed increased vegetative growth compared to control plants. Significant effects of different organic and organamineral fertilizer applications have been found to have positive effects on root length, root thickness, stem diameter, and root and shoot dry matter in many garden and field plants have been reported by several investigators  (Balcı, 2012; Kılıç et al. 2023). Increased vegetative growth and yield can be increased by applying organic and amino acid compounds, particularly depending on the composition of these compounds. Amino acids and other elements that enhance metabolic processes can contain many amino acids essential for plant growth and yield in plant tissues (Shalby and El-Ramady, 2014). Organic and organo-mineral fertilizers, unlike chemical fertilizers, contain total amino acids, which are sources of amino acids. Amino acids can be defined as the fundamental units responsible for the formation of protein molecules. Whether in free form or as components of proteins, they play a crucial role in many biotic processes; their importance and effectiveness manifest at different stages of plant growth (Bakqir et al. 2019). They have significant potential to improve plant growth (Zhou et al. 2022). Fertilization type can affect the growth, yield, and nutritional quality of food crops (Kouam et al. 2024). This his regulatory effect was observed in strawberry plants treated with fertilizer compared to the control group plants. Rosa had obtained the best performance in height and number of leaves in passion fruit seedlings of application different fertilizer doses as with 30% FOG (Fertilizer Granule Organomineral) and 90% FOL (Fertilizer Organomineral Liquit) at different times. Srivastava et al (2011) reported that when they applied vermicompost and NPK-containing chemical fertilizer together to onion (Allium cepa L.) plants in order to promote organic agriculture and restrict the excessive use of mineral fertilizers, the vegetative growth of onions, the number and length of tillers per bulb, the fresh weight of onions and the biochemical properties of onion tillers/leaves (total chlorophyll, carotenoids, protein and total sugar content) increased significantly and higher plant growth was achieved. 

3.2. Effect of Different Fertilizer Applications on Fruit Quality Characteristics in Strawberry Plants
The effects of different fertilizer applications on some fruit quality traits in strawberry plants are given in Table 12.
Table 12. Summary of variance analysis and significance levels for fruit width (FW), fruit length (FL), fruit flesh firmness (FFF), total solids soluble solids (SSS), fruit acidity (pH) and titratable acidity (TEA) in strawberries grown using different liquid fertilizers.
	
	Mean Squares

	
Source of Variation
	S.D.
	ME
	MB
	MES
	TSEM
	pH
	TEA

	Fertilizer (A)
	3
	1,889
	201,544**
	0,855**
	0,901**
	0,23
	0,024

	Variety (B)
	1
	20,905*
	26,316*
	0,020
	0,430
	     0,009**
	0,011

	Interactions (AxB)
	3
	1,589
	0,337
	0,24
	0,011
	   0,012*
	0,011

	Errors
	16
	2,905
	6,012
	0,031
	0,176
	  0,003
	0,015


* Statistically significant at p≤0.01 level **Statistically significant at p≤0.05 level
While the effect of different fertilizer applications on fruit width, fruit flesh firmness and TSEM was found to be statistically significant, average fruit width, fruit length and fruit juice pH differed among varieties (Table 13).
Table 13. Effects of different fertilizer applications on some fruit quality traits of Rubygem and Sabrina strawberry varieties.
	TREATMENT 
	Fruit Width (mm)
	Fruit Lenght (mm)
	Fruit Flesh Firmness (kg/meyve)
	TSS (%)

	DNZ (7.7.7)
	31,11 a
	41,95
	1,06
	8,25

	MOL
	29,16 ab
	40,43
	1,04
	8,29

	MİKOKS
	28,68 b
	38,41
	,98
	7,82

	CONTROL
	26,58 c
	37,23
	,93
	7,80

	MEAN
	28,91*
	39,51*
	1,00*
	8,04


Using the Duncan test, no statistical difference was found between means followed by the same lowercase letter in the column and the same uppercase letter in the row, with a 5% probability.
The highest fruit length was measured in Sabrina. The shortest fruit width was obtained from plants of the control group Rubygem and Sabrina varieties. DNZ application was effective on average fruit width in Rubygem and Sabrina varieties. The lowest fruit width was obtained from plants of the control group Rubygem and Sabrina varieties (Table 14).
Table 14. Effect of different fertilizer applications on fruit width in Rubygem and Sabrina strawberry varieties.
	TERATMENT
	RUBYGEM
	SABRINA
	MEAN

	DNZ (7.7.7)
	31,39 a
	30,84 a
	31,11 A

	MOL
	30,20 ab
	28,33 ab
	29,26 AB

	MİKOKS
	28,36 ab
	29,01 ab
	28,68 B

	CONTROL
	26,82 b
	26,35 b
	26,58 C

	MEAN
	29,19 A
	28,63 B
	28,91

	CV %
	6,90
	2,10
	6,45

	Level of signification p≤0,005
	ns
	0,035
	0,001


Using the Duncan test, no statistical difference was found between means followed by the same lowercase letter in the column and the same uppercase letter in the row, with a 5% probability.
DNZ application was effective on fruit length in Rubygem and Sabrina varieties (Table 15). 
Table 15. Effect of different fertilizer applications on fruit lenght in Rubygem and Sabrina strawberry varieties
	TERATMENT
	RUBYGEM
	SABRINA
	MEAN

	DNZ (7.7.7)
	39,08 a
	44,81 a
	41,95 A

	MOL
	37,66 ab
	43,19 a
	40,43 AB

	MİKOKS
	35,69 ab
	41,15 a
	38,41 BC

	CONTROL
	33,99 b
	40,48 a
	37,23 C

	MEAN
	36,61 B
	42,41 A
	39,51

	CV %
	6,09
	4,65
	5,32

	Level of signification p ≤ 0,05
	ns
	ns
	ns


Using the Duncan test, no statistical difference was found between means followed by the same lowercase letter in the column and the same uppercase letter in the row, with a 5% probability.
DNZ application was effective on fruit flesh firmness in Rubygem and Sabrina varieties. The lowest flesh firmness was obtained from plants of the control group Rubygem and Sabrina varieties (Table 16). MOL fertilizer as an organic fertilizer increased fruit flesh firmness in Sabrina. DNZ and MİKOKS fertilizers affected fruit flesh firmness to the same extent.
Table 16. Effects of different fertilizer applications on fruit flesh firmness (kg/fruit) in Rubygem and Sabrina strawberry varieties
	TERATMENT
	RUBYGEM
	SABRINA
	MEAN

	DNZ (7.7.7)
	0,95 a
	1,16 a
	1,06 a

	MOL
	0,79 a
	1,30 a
	1,04 a

	MİKOKS
	0,79 a
	1,16 a
	0,98 a

	CONTROL
	0,72 a
	1,14 a
	1,00 a

	MEAN
	0,81 B
	1,19 A
	1,00

	CV %
	12,03
	6,21
	4,50

	Level of signification p ≤0,05
	ns
	ns
	ns


Using the Duncan test, no statistical difference was found between means followed by the same lowercase letter in the column and the same uppercase letter in the row, with a 5% probability
In Rubygem and Sabrina varieties, TSEM value was not found to be statistically significant according to the fertilizers applied but was found to be statistically significant according to cultivars (Table 17). 
Table 17. Effect of different fertilizer applications on fruit TSEM (%) in Rubygem and Sabrina strawberry varieties
	TERATMENT
	RUBYGEM
	SABRINA
	MEAN

	DNZ (7.7.7)
	8,38 a
	8,12 a
	8,25 a

	MOL
	8,48 a
	8,10 a
	8,29 a

	MİKOKS
	8,03 a
	7,60 a
	7,82 a

	CONTROL
	8,03 a
	7,57 a
	7,80 a

	MEAN
	8,23
	7,85
	8,04

	CV %
	3,87
	2,85
	3,31

	Level of signification p ≤ 0,05
	ns
	ns
	ns


Using the Duncan test, no statistical difference was found between means followed by the same lowercase letter in the column and the same uppercase letter in the row, with a 5% probability
While the highest TSEM in Rubygem variety was obtained from MOL application, in Sabrina variety was obtained from DNZ application. With MİKOKS application, fruits with lower TSEM values were obtained in both Rubygem and Sabrina varieties compared to DNZ and MOL fertilizers. Pakyürek et al. (2020) reported that the water soluble solids content value in strawberry plants fed with different doses of Albion seaweed was between 7.05-7.46%. Geçer et al. (2018) reported that although no statistically significant difference was observed between the varieties in terms of total water soluble solids content (TSEM) in Albion, Sweet Charlie, San Andreas and Monterey strawberry varieties grown in Merzifon conditions, the highest TSEM content was determined in the Monterey variety with 9.81%. Watson et al. (2002) stated that the total water-soluble solids content of strawberry fruits is significantly affected by environmental conditions. When comparing the application of conventional chemical fertilizers to organic fertilizers, strawberry plants grown with organic fertilizers produced fruits with significantly higher TSEM and glucose contents, while fruit firmness and vitamin C levels decreased (Kılıç et al. 2021). In strawberry cultivation, humic acid applications increase the total sugar content of fruits (Özkan and Güleryüz, 2016). Long-term humic acid applications, particularly in organic cultivation studies, increase the sugar content of fruits (Neri et al. 2002). In our study, TSEM and fruit flesh firmness increased in the Rubygem variety compared to the Sabrina variety and the control group. Murtić et al. found that the TSEM value of raspberry (Rubus idaeus L.) Meeker variety grown in organic and conventional cultivation systems increased in organic farming (12.99) while decreasing in conventional farming (11.63).
3.3. Effect of Different Fertilizer Applications on Fruit Weight and Total Yield in Strawberry Plants
While the effect of different fertilizer applications on fruit weight in Rubygem and Sabrina strawberry varieties was found to be statistically significant at p ≤ 0.05 level, the variety*application interaction was not statistically significant at p ≤ 0.05 level. (Table 18).


Table 18. Effect of different fertilizer applications on fruit weight in Rubygem and Sabrina strawberry varieties
	Source of Variation
	Mean Squares

	
	df
	Fruit Weight
	Total Yield

	Fertilizer (A)
	3
	33,39 *
	759689,09 *

	Varietys (B)
	1
	4,92 *
	368,09

	interactions (AxB)
	3
	0,55
	107053,17

	Errors
	16
	7,18
	50213,24


*Statistically significant at p≤0.05
MİKOKS application was effective on fruit weight in Rubygem, while DNZ application was effective on Sabrina. 
DNZ application was effective on total fruit yield in Rubygem and Sabrina. 996.98 g of fruit were harvested in DNZ application in Rubygem, while 1358.99 g were harvested in Sabrina. The lowest yields were obtained from control plants in Rubygem and Sabrina (Figure 2). Balcı et al. (2008) reported that the per-plant yield from farmyard manure application was higher in Camarosa (461.66 g/plant) and Sweet Charlie (395.18 g/plant) compared to control plants. The primary reason for the increase in fruit weight with organamineral fertilization compared to other organic fertilizers is that higher nutrient levels lead to higher photosynthesis rates, resulting in greater carbohydrate transport to the plant's storage areas, resulting in increased fruit weight (Toledo et al. 2017). 	Chagas et al. 2018, reported that organomineral fertilization with equal amounts of cattle manure and NPK mineral fertilizer resulted in more fruits per plant, an increase in average fruit weight per plant, and yield in strawberry plants. Merzlaya et al. (2021) reported that organomineral fertilizers increased crude protein content in winter and spring wheat, winter rye, and oat grains subjected to crop rotation, while reducing nitrate levels in potato tubers and increasing starch content. Yields in plants treated with 9 t/ha of fertilizer increased by 15% compared to those in the organic system. Kıpçak Bitik (2025) reported that the combination of chemical and organic fertilizer types and combinations of chemical fertilizer (25%) + vermicompost (75%), organomineral fertilizer (75%) + vermicompost (25%), and organomineral fertilizer (25%) + vermicompost (75%) increased fruit weight and yield in tomato plants (6.77 kg, 6.51 kg, and 6.10 kg, respectively, and 13534 kg da-1, 13012 kg da-1, and 12203 kg da-1). Murtić et al. comparing the yield and fruit quality of the raspberry (Rubus idaeus L.) variety "Meeker" grown in organic and conventional cultivation systems, reported that organic farming in the study region improved raspberry quality but reduced yield compared to conventional farming. Adequate levels of nitrogen, phosphorus, and potassium in fertile soils significantly increase strawberry yield, as well as important quality traits such as strawberry size, shape, and weight, as well as flavor, aroma, and color (Medeiros et al. 2015). DNZ, as an organo-mineral fertilizer, had a positive effect on yield and was also effective in flavor development (Kılıç et al. 2020)


Figure 1. Change in fruit weight (g) according to treatments in Rubygem and Sabrina strawberry varieties.

Figure 2. Change in cumulaative yield values ​​according to applications in Rubygem and Sabrina strawberry varieties (g)
[bookmark: _GoBack]Significant effects of organa-mineral and organic fertilization on vegetative growth, flowering traits, nutritional quality and yield on strawberry plants have been reported by several researchers (Kozlova, 2018;  Zeneli et al. 2024; Quddus et al. 2025; Kouam et al. 2025 ). “Amino acids of organic and organomineral fertilizers influence metabolic processes in plant tissues and can directly or indirectly influence the physiological activities of the plant and involved in the enzymes responsible for the structural photosynthesis process” (Ibrahim, 2007). 
4. CONCLUSIONS
Differences in plant nutrient inputs and varietal characteristics affect strawberry yield and quality. The experiment showed that organo-mineral fertilizers yielded more positive results than organic fertilizers on yield and fruit weight. Aas seen in previous studies, per-plant yield in strawberry plants can vary depending on variety, fertilizer application, and ecology.
As a result, application of organo-mineral fertilizers containing combinations of organic matter and chemical fertilizer can increase sustainability in yield and quality by meeting the nutrient needs of plants.
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Çeşit	DNZ	MOL	MİKOKS	KONTROL	Rubygem	DNZ	MOL	MİKOKS	KONTROL	17.646999999999998	15.57133333333333	14.30666666666667	12.462999999999999	Sabrina	DNZ	MOL	MİKOKS	KONTROL	19.352666666666671	15.82	15.244999999999999	13.19166666666667	
Avarage  Fruit  Weight (g)



Gübre	
Rubygem	Sabrina	DNZ	Rubygem	Sabrina	1047.186666666667	1358.9866666666669	MOL	Rubygem	Sabrina	802.91333333333318	500.53	MİKOKS	Rubygem	Sabrina	606.59666666666658	730.37333333333345	KONTROL	Rubygem	Sabrina	397.86333333333289	295.99999999999937	
Cumulative yield  g/bitki





		
