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Abstract. This study investigated the effects of different organic fertilizer applications on yield and quality
of organically grown Albion strawberry variety. The scope of the study covers the use of vermicompost,
farm manure and humic-fulvic acid as fertilizer. The yield per plant (g/plant), fruit weight (g), pH in juice,
water-soluble-solids/acid ratio in juice, plant leaf area and plant nutrition were investigated. The results
indicated that the differences between the applications in yield per plant were statistically significant. The
higher total yields were obtained from vermicompost and humic-fulvic acid fertilizer applications with
190.61 g and 182.92 g per plant, respectively and the lowest yield was from farm manure with 95.30 g per
plant. The biggest fruits were obtained from the vermicompost application (18.81 g). The difference
between applications was not significant for fruit juice pH values. However, the highest total soluble solids
(TSS)/acid ratio was obtained with 9.82 from humic-fulvic acid application. TSS/acid ratio in strawberries
is an important quality criterion in determining the taste. Nitrogen, phosphorus, potassium and magnesium
concentrations were found to be higher in the leaves of strawberry plants fertilized with vermicompost. The
vermicompost fertilizer seems promising in organically grown strawberries nutrition.
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Introduction

Strawberry (Fragaria x ananassa Duch.) has a wide growing area since it can be
grown in different ecological conditions. Likewise, strawberries are also very important
for humans due to health and nutrition benefits. It is fruit rich in minerals and high in
vitamin C. It is one of the fruits with the highest antioxidant activity with high ascorbic
acid, polyphenols, anthocyanins, and flavonols it contains. Strawberry is usually in high
demand by consumers regarding color, taste, aroma, and nutritional facts (Petran et al.,
2017; Pradeep and Saravanan, 2018). The total amount of strawberries produced
worldwide and in Turkey is increasing every year as it is cultivated in different ecological
conditions and yields fruits each year. It has also become an essential part of the food
processing industry and fresh consumption; strawberry provides good profit for the
producer and has a high market share. According to FAO data, strawberry production
worldwide was 7,636,211 tons in 2014 and increased to 8,885,028 tons in 2019. In global
strawberry production, China ranks first with 3,212,814 tons in 2019, followed by the
United States of America with 1,021,490 tons (Anonymous, 2021a). In this case, Turkey,
where strawberry cultivation is possible in almost every region, strawberry production in
the Mediterranean and Aegean regions increases day by day in terms of high yield and
earliness. According to FAO data 2014-2019 strawberry production volume was on the
increase in Turkey. While the total amount of strawberry production was 376,070 tons in
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2014, it rose to 486,705 tons in 2019 (Anonymous, 2021a). Nonetheless, organic
strawberry production in the country is very low compared to conventional strawberry
production. In 2014, the total amount 3809,4 tons; the figure only raised to 5690,2 tons
in 2019 (Anonymous, 2021b). Meanwhile, in 2019, Konya ranked first (4521,3 tons) in
terms of strawberry production, which was followed by Bursa (958,3 tons) (Anonymous,
2021b). Due to the rising of environmental problems resulting from inattentive tillage,
pesticides, and fertilizer use over the years, interest in organic production and products
increased with consumers’ interest in consuming healthy products. Therefore, much
researches have been conducted to increase the production quantity, quality, and market
share of strawberries grown with organic methods (Pokhrel et al., 2015; Esghi and
Garazhian, 2015; Petran et al., 2017; Srivastav et al., 2018; Sharma and Negi, 2019).

This study aims to introduce different organic practices with the potential to increase
yield and fruit quality and contribute to the popularization of organic strawberry
production in Turkey, where organic strawberry production is low. Besides the limited
number of studies on vermicompost applications in organic strawberry production, it is
also a new type of organic fertilizer for our country. Indeed, it was with this particular
study the fertilizer mentioned above was applied in the region for the first time. Therefore,
the effects of different organic fertilizer applications on yield and quality of Albion
variety were investigated in strawberry cultivation.

Material and Method
Material

Turkey is located between 36°- 42° north latitude and 26° - 45° east longitude. It
neighbors Bulgaria, Greece, and Georgia, Armenia in the west, Azerbaijan, and Iran in
the east, finally Iraq and Syria in the south. It is also located in the middle belt of the
northern hemisphere close to the Equator. Temperate climate conditions are prevalent,
and four different seasons are observable. Osmaniye City is in Turkey's southern part and
is located in the east of the Mediterranean Region and Cukurova. Although the city's
climate differs in mountainous and lowland areas, the Mediterranean climate is still
dominant. Although strawberries can be cultivated in almost every region of our country,
this study was carried out within the framework of earliness practice with tunnel
cultivation method in Osmaniye, where the Mediterranean climate prevails (Anonymous,
2021c,d). The study was carried out on the land owned by Osmaniye Korkut Ata
University in 2017-2018. Albion strawberry variety was used in the study. Albion is a
day-neutral variety that adapts well to regions with cool and mild climate conditions. It is
also very resistant to anthracnose, verticillium, and phytophthora (Turemis and Agaoglu,
2013). As organic fertilizers, 1) liquid humic and fulvic acid its trade name “Botanica”,
2) solid vermicompost its trade name “Agrosol” and 3) solid farm manure fertilizer its
trade name “Eco-flora” were used in the experiment.

Liquid humic-fulvic acid fertilizer (Botanica) is rich in water-soluble plant nutrients.
It contains 50% organic matter, 21.3% organic carbon, 3% total nitrogen, and 2.5% water-
soluble potassium oxide (K20), and it is rich with humic-fulvic acid (Anonymous,
2021e). Vermicompost (Agrosol) was obtained from red california culture worms. It
contains 30.33% organic matter, 15.22% total (humic + fulvic) acid, 1.11% total nitrogen,
1.06%, total P2Os, 1.55% water-soluble K.O (Anonymous, 2021f). Farm manure (Eco-
flora) is an organic fertilizer produced by the biological fermentation method of bovine
manure with organic ingredients of vegetable origin. It contains 40% organic matter,
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1.5% N, 28.2% humic and fulvic Acid, 2% K20, 2% P>0s (Anonymous, 2021). Also,
black polyethylene mulch was used as mulch material in the experiment to cover the soil
surface.

Method

Fresh seedlings were used in the experiment, and soil analysis was done before the
experiment. The analysis revealed that the test area's soil was clay-loamy, salt-free, and
low in organic mineral (Table 1). On October 26, 2017, planting pads were prepared, and
a drip irrigation pipe was placed. Following this, the area was covered with black mulch.
Seedlings were planted with a triangle planting method at 30x30 cm intervals on 7
November 2017 (Figure 1). The trail was set up to consider random parcels with 3
repetitions based on the trial pattern and 32 plants per repetition.

Table 1. Features of the trial area soil

Soil Properties Depth (0 — 20 cm) Depth (20-40 cm)
Texture Clay-loam Clay-loam
pH 7.40 7.40
Saliniy (%) 0.02 0.002
Lime (%) 38.68 38.68
Organic Matter (%) 5.87 5.68
P20s (kg/ha) 125.6 109.2
K20 (kg/ha) 712.1 540
Ca (%) 0.0765 0.0728
Mg (%) 0.0533 0.0497
Na (%) 0.0031 0.3327
Fe (mg kg% 0.92 151
Cu( mg kg™ 0.55 0.52
Mn ( mg kg) 4.28 3.74
Zn (mg kg™ 9.79 4.10

Figure 1. General view of the trial area after the planting process

In applying vermicompost and farm manure, which were solid fertilizers, the fertilizer
company's recommended amount per ha was calculated per plant and then placed into the
pits opened as a base fertilizer before planting. The humic-fulvic acid liquid fertilizer was
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applied as top fertilizer with drip irrigation per week. Polyethylene cover sheet was used
as the low tunnel to protect the seedlings from the winter’s cold.

This study included total yield per plant, fruit weight, pH in juice, water-soluble-
solids/acid ratio in juice (Kaska et al., 1986; Ozdemir et al., 2001; Adak et al., 2003) were
investigated. In May, in order to investigate plant nutrition status, leaf analyzes for the
concentrations of nitrogen (N) (Kacar, 1995), phosphorus (P) (Kacar, 1984), potassium
(K), calcium (Ca), magnesium (Mg), iron (Fe), manganese (Mn), zinc (Zn) and copper
(Cu) (Kacar, 1972) were performed for 15 young leaves randomly selected from each
parcel. Three plants were chosen randomly from each parcel for the leaf area analyses,
and Digimizer version 5.3.5 was used for measurements. MSTAT-C package program
was used in the statistical analysis of the data obtained from the research and the
difference between the averages was determined according to LSD.

Results and Discussion
Total Yield and Average Fruit Weight per Plant

The results indicated that the differences between the applications in yield per plant
were statistically significant. In Table 2, the higher total yield was obtained from
vermicompost and humic-fulvic acid fertilizer applications with 190.61 g and 182.92 g
per plant, respectively and the lowest yield was from farm manure fertilizer application
with 95.30 g per plant. Berk (2013) reported that among the varieties “Camarosa, Kabarla,
Festival, Cal Giant 3, Whitney and Sweet Charlie”, with farm manure and seaweed
application during the growing season, the highest amount of yield was obtained in the
first year for Kabarla variety with 189.06 g/plant while it was for Camarosa in the second
year with 94.42 g/plant. Eshgi and Garazhian (2015) reported the highest yield of Paros
strawberry variety (150 g/plant) in humic acid application. Cay and Kaynas (2016)
showed that the yield per plant was higher in the Albion strawberry cultivar with
leonardite application (in the first harvest, 189.745 g/plant; in the second harvest,
176.37 g/plant).Weber et al. (2018) stated that applying a mixture of seaweed and SiO>
increases the total yield during applied the inflorescence and early fruit formation stage
of the strawberry. In the study conducted by Srivastav et al. (2018), it was stated that the
yield of organic fertilizer applications (farm manure, poultry manure, vermicompost,
Azotobacter, phosphorus solublizing bacteria) in the Chandler strawberry variety was
higher than the control (untreated); however, the highest two yields were obtained from
the mix of all treatments (287 g/plant) and vermicompost alone (270 g/plant). Soni et al.
(2018), stated that the highest yield in Sweet Charlie strawberry variety was obtained in
the combined application of vermicompost, poultry manure, and Azotobacter
(144.77 g/plant). While in the study of Gecer (2020) it was humic acid application yield
per plant in Albion strawberry variety (146.44 g/plant), and he reported that it was higher
than the control application (123.39 g/plant). The results obtained in this study are also
similar to the current studies. Besides, Yadav et al. (2020) reported that the yield of
Camarosa strawberry variety was 94 g/plant in farm manure application, 97 g/plant in
vermicompost application, and 85 g/plant in control. In this study, the yield values were
higher than some values reported above. Therefore, results showed that yield values per
plant in strawberry vary according to cultivars, applications, and ecology of the place
where it is grown.
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Table 2. Effects of organic fertilizer applications on strawberry yield per plant (g/plant) and

average fruit weight

Applications Yield per Plant (g/plant) Average Fruit Weight (g)
Humic-fulvic acid (liquid) 182.92 a 16.16
Vermicompost (solid) 190.61 a 18.81
Farm manure (solid) 95.30b 17.53
Mean 156.28 17.50
LSDo.0s 25.44 N.S

The averages that differ significantly at the 5% level according to the LSD test are shown in different
letters. N.S, Not Significant

According to the results of the study on the effects of different organic fertilizer
applications, the highest yield (190.61 g) and the biggest fruits (18.81 g) for the Albion
strawberry variety were obtained with the application of vermicompost fertilizer
(Table 2). However, there was no statistical difference between the total yields obtained
from vermicompost and humic-fulvic acid applications with 190.61 g and 182.92 g per
plant, respectively and the lowest yield was from farm manure fertilizer application with
95.30 g per plant (Table 2). Shehata et al. (2011) found that the weight of
compost+mineral fertilizers applied fruits was larger (11.98 g) while Sener and Turemis
(2017) observed the fruit weight of the organically grown Albion strawberry variety as
18.03 g. Petran et al. (2017) reported the fruit weight as 14.05 g for the strawberries grown
in the low tunnels in the city of St Paul and as 18.25 g for the ones in the city of Morris.
Soni et al. (2018) reported that in Sweet Charlie strawberry cultivar, the maximum fruit
weight was obtained by applying vermicompost, poultry manure, and azotobacter
together (11.83 g). Cabiloski et al. (2014) reported no difference among applications in
terms of fruit weight in their study. Strawberry fruit size is a kind of feature, besides the
fertilizers environmental conditions, day and night temperature differences could also be
effective.

pH in Strawberry Fruit

Fruit juice pH values are given in Table 3 below. The difference between applications
was not statistically significant regarding organic fertilizer applications, as fruit juice pH
values varied between 3.55 and 3.65. Gulbag and Ilgin (2016) reported that in organic
strawberry cultivation pH values of fruit varied in the range of 3.21 and 3.37. Sener and
Turemis (2017) reported that the pH values of organic fertilizer applications Monterey,
Albion, Aromas, Camarosa, Sweet Charlie strawberry varieties varied between 3.59 and
3.83. Hoehne et al. (2018) reported the pH value of the Camarosa strawberry variety
varied between 3.59 and 3.95. The difference among the applications in terms of pH
values of fruits is reported to be insignificant (Berk, 2013; Gecer, 2020).

Total Soluble Solids (TSS)/ Titratable Acidity Ratio in Strawberry Fruit

TSS/acid ratios of different organic fertilizer applications were statistically significant.
The highest TSS/acid ratio was obtained with 9.82 in humic-fulvic acid liquid fertilizer
application. TSS/acid ratio values obtained in the experiment varied in the range of
8.79-9.82 (Table 3). In Sonata strawberry variety, as a result of two solid and two liquid
fertilizer application, TSS/acid ratio (8.5-9.0 at 56"-day harvest; 10.7-11.3 at 76™-day
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harvest) was higher than inorganic application (8.5 at 56" day; 10.5 at 76"-day harvest)
(Pokhel et al., 2015). The findings obtained in this study are in accordance with the study
mention above. TSS/acid ratio in strawberries is an important quality criterion in
determining the taste. Regarding the applications, the highest taste content was obtained
in the humic-fulvic acid liquid fertilizer application. The high TSS/acid value in the study
may have been due to the slower progression of the fruit ripening process in low tunnel
cultivation conditions with humic-fulvic acid liquid fertilizer application's positive effect.

Table 3. Effects of organic fertilizer applications on strawberry fruit pH and total soluble
solids (TSS) / titratable acidity

Applications pH TSS/Titratable acidity
Humic-fulvic acid (liquid) 3.55 9.82a
Vermicompost (solid) 3.63 8.79b
Farm manure (solid) 3.65 8.96Db
Mean 3.61 9.19
LSDg.05 N.S 0.61

The averages that differ significantly at the 5% level, according to the LSD test, are shown in different
letters. N.S, Not Significant, humic-fulvic acid was applied to vermicompost and manure applications
from above

Plant Nutrient Analysis in Strawberry Leaf

Macro nutrients as nitrogen, phosphorus, potassium, calcium, and magnesium amount
of different organic fertilizer applications were provided in Table 4. The concentrations
of nitrogen and potassium in the leaf was statistically significant, while it was not the case
for the amount of phosphorus, calcium, and magnesium. The nitrogen concentration
(2.01%) of strawberry leaves of the vermicompost was higher than other applications.

Table 4. Effects of organic fertilizers on nitrogen (N), phosphorus (P), potassium (K), calcium
(Ca) and magnesium (Mg) concentarions of strawberry leaves (%)

Applications N P K Ca Mg
Humic-fulvic acid (liquid) 1.85ab 0.50 0.65b 0.96 0.65
Vermicompost (solid) 2.01a 0.73 1.36a 1.16 0.74
Farm manure (solid) 1.72b 0.60 0.75b 1.20 0.67
Mean 1.86 0.61 0.92 1.10 0.68

LSDo.0s 0.18 NS 0.10 NS NS

The averages that differ significantly at the 5% level, according to the LSD test, are shown in different
letters. NS, Not Significant

Sener and Tiiremis (2016), in their study on organic strawberry cultivation, found that
the nitrogen concentration of the Albion strawberry variety was 2.54%, Pritts (2015)
found that the nitrogen adequacy concentration in the leaf was between 2.0-2.8%.
Tagliavini et al. (2004) stated that the limit concentration of nitrogen in the leaf is between
0.9-2.02%. Findings in our study also show that nitrogen concentration is sufficient.

The study observed that the leaf phosphorus concentration was between 0.50-0.73%.
Hassan (2015), in a study investigating the effects of organic, inorganic, and biofertilizer
applications in different ratios in Sweet Charlie strawberry variety, reported that the
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phosphorus value in 100% compost application was 0.56% in 2011/2012 and 0.51% in
2012/2013. Jones et al. (1991) stated that the leaf's phosphorus adequacy level was
between 0.25-1.00%. The phosphorus concentration of the fertilizers applied in this study
is within the limits of sufficiency and is similar to the findings of Jones et al. (1991).

The highest potassium concentration was detected in leaves (1.36%) applied to
vermicompost fertilizer. In our study, the leaf potassium value was between 0.65-1.36%.
Sener and Turemis (2016) found the potassium concentration of Albion strawberry
variety as 1.50%, Jones et al. (1991) stated that the leaf's potassium adequacy level is
between 1.30-3.00%. Considering the data obtained, the concentration t of potassium was
found to be sufficient in the application of vermicompost (1.36%), while it was inadequate
in humic-fulvic acid liquid fertilizer (0.65%) and farm manure fertilizer application
(0.75%).

Leaf calcium concentration in present study was found to be in the range of
0.96-1.20%. Pritts (2015) found that the calcium adequacy concentration in the leaf was
between 0.7-1.7%. The calcium concentration of fertilizers applied in this study is also
within the limits of sufficiency.

In Table 4, it is seen that the total magnesium values in the leaf are in the range of
0.65-0.74%. Jones et al. (1991) stated that the leaf's magnesium adequacy concentration
is between 0.25-1.00%. In this study, it can be said that the total magnesium concentration
of the leaves is sufficient.

In Table 5, differences regarding the concentration of iron and zinc in the leaf were
statistically significant, while it was statistically insignificant for the concentration of
manganese and copper. The highest concentration of iron was measured on the leaves of
strawberries with solid farm manure (127.67 ppm), and the lowest was on the leaves of
strawberries with vermicompost with 70 ppm. Jones et al. (1991) reported that the
concentration of leaf iron in strawberries was sufficient between 50-200 ppm. The leaf
iron concentration we obtained in the study is sufficient.

Table 5. Effects of organic fertilizers on iron (Fe), manganese (Mn), zinc (Zn), and copper
(Cu) concentarions of strawberry leaves (mg/L)

Applications Fe Mn Zn Cu
Humic-fulvic acid (liquid) 92.33 ab 54.00 16.00 a 3.67
Vermicompost (solid) 70.00 b 37.00 13.00b 2.67
Farm manure (solid) 127.67 a 63.00 13.67b 2.67
Mean 96.67 51.33 14.22 3.00

LSDo.0s 44.44 NS 1.20 NS

The averages that differ significantly at the 5% level, according to the LSD test, are shown in different
letters. NS, not significant

The highest concentration of zinc was obtained from a humic-fulvic acid liquid
fertilizer application (16 ppm). It is determined that the total concentration of zinc in the
leaf is 13 ppm-16 ppm. In his study, Jones et al. (1991) reported that the leaf's zinc
adequacy concentration was between 20 ppm and 200 ppm. The total zinc value in the
leaf we obtained in this study was insufficient in all applications.

The concentration of manganese in the leaf varies between 37 ppm and 63 ppm. Jones
et al. (1991), Pritts (2015) stated that the leaf's manganese proficiency concentration is
between 50 ppm and 200 ppm. When the data obtained were evaluated, the concentration
amount of manganese in the leaf was found sufficient in humic-fulvic acid liquid fertilizer
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(54 ppm) and solid farm manure (63 ppm) and insufficient in vermicompost (37 ppm).
The study determined that the leaf's total copper concentration was in the range of
2.67 ppm-3.67 ppm. Jones et al. (1991) reported that the copper proficiency concentration
was between 6 ppm and 50 ppm. When the data obtained were evaluated, the
concentration of copper was insufficient in all applications.

Effects of Organic Fertilizer on Leaf Area (cm?/plant)

Leaf area results are given in Table 6, and it was observed that the effect of all
applications on leaf area was found statistically insignificant. Leaf area values were
between 529.10 and 649.10 cm?/plant. Eshghi and Garazhian (2015) reported that in the
Paros strawberry variety, the maximum leaf area in the humic acid application they
applied at different rates through the leaf and the soil was 533.4 cm?/plant as a result of
the leaf application (900 mg/L™). Alkharpotly et al. (2017) reported that the leaf area
varied between 2959 cm?/plant-566.6 cm?/plant in 2014/2015 and between
311.2 cm?/plant - 614.2 cm?/plant in 2015/2016 in different doses of humic acid and
seaweed applications in Festival strawberry variety. Srivastav et al. (2018) reported that
in the Chandler strawberry variety, organic and bio-fertilizer applications (farm manure,
poultry manure, and vermicompost) yielded higher leaf area compared to control
(untreated). The widest leaf area was obtained in the combined application of
vermicompost and biofertilizers. The leaf area values in this study are close to the leaf
area values of the studies above. However, strawberry leaf area varies based on the
cultivars, different types of applications, and the place's ecology where it is grown.

Table 6. Effects of organic fertilizers on strawberry plant leaf area (cm?/plant)

Applications Leaf area
Humic-fulvic acid (liquid) 649.10
Vermicompost (solid) 529.10
Farm manure (solid) 595.89
Mean 591.36
LSDo 05 NS

The averages that differ significantly at the 5% level according to the LSD test are shown in different
letters. N.S, Not Significant

Conclusion

Strawberry is a very popular fruit. The organic nature of the strawberry becomes much
more attractive and is in high demand by the consumer.

It has been determined that vermicompost and humic-fulvic acid fertilizers are
effective in organic strawberry cultivation to obtain high yield. The largest fruits were
detected from the vermicompost application. The total soluble solids/ titratable acidity
ratio was higher in the humic-fulvic acid application. Considering plant nutrient analysis,
it was seen that the amount of nitrogen, phosphorus, calcium, magnesium, and iron was
sufficient while the amount of zinc and copper was insufficient in all three different
organic fertilizers, namely; vermicompost, humic-fulvic acid liquid fertilizer, and farm
manure. While the potassium amount was found to be sufficient in the application of
vermicompost, it was found insufficient in humic-fulvic acid liquid fertilizer and farm
manure.
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The vermicompost fertilizer seems promising in organically grown strawberries
nutrition. In future studies, it is recommended to use solid and liquid forms of
vermicompost fertilizers together to increase organic yield and product quality in
strawberries, and apply the liquid form via dripping or on the foliage, and try with new
biofertilizers.
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