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Abstract: The purpose of this study is to investigate the effect of strawberry fertilization practices on fruit yield and quality in 
the Loukkos-Gharb region in Morocco. The investigation combined a survey carried out among strawberry growers, and fruit 
laboratory analysis performed on strawberry samples collected from growers’ farms. Our results show that cultivation practices 
are almost similar among growers. However, we have observed that large-scale strawberry growers prefer higher planting density, 
65,000 plants/ha in average compared to 55,000 plants/ha practiced generally by the rest of the growers, and they use the Fortuna 
strawberry variety, an early maturing plant material. We also noticed that early planting of root ball plants of the Fortuna 
strawberry variety in high tunnels, at the beginning of September, allows large-scale strawberry growers to harvest at the start of 
November, a month earlier than the other growers. Again, such strawberry cultivation system set up in the region offers high 
yields for large growers, an average of 60 T/ha compared to 45 and 50T/ha obtained by small and medium growers, respectively. 
Fruit analysis revealed variations in soluble solids concentrations ranging from 6.7 to 11 °Brix, these values are independent of 
variety, category of producer and yield. For the fertilization aspect, several trends of soluble solids concentrations were correlated 
with three elements N, P and K showing respective correlation coefficients of 0.34, 0.35 and 0.48. Only Potassium has shown a 
significant correlation (p=0.05). No significant relationship was found between acidity and the studied nutrients. 
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1. Introduction 

Small red berries sector is one of the most dynamic 
agriculture sector in Morocco, including strawberry, 
raspberry and blueberry, mostly located in the Loukkos and 
Gharb areas, representing about 75% of national production. 
This sector generates a turnover of more than 6 billion Dh 
and more than 17 million working days of which 2/3 in the 
farms and 1/3 in the packaging houses [1], thus contributing 
to the creation of employment in rural areas. 

Strawberry cultivation still occupies a prominent place in 
the red berries sector, representing 29% of the total area of 

red berries in Morocco (11,400 ha) and more than 50% of 
Moroccan red fruit exports [1]. During the 2020-2021 crop 
year, strawberries production has reached 102,000 T of 
which 80% were exported as fresh or frozen fruit, allowing 
Morocco to become the 10th largest strawberry exporter in 
the world. 

It is clear that strawberry crop occupies an important 
socio-economic place, however it is becoming less and less 
profitable with the increase in production costs (labor, 
pesticides and fertilizers products, ridging, plastic mulching, 
tunnels, greenhouses) and sales prices that do not follow this 
evolution, not to mention the fierce competition in the 



 Journal of Plant Sciences 2023; 11(3): 58-63  59 
 

international market that increasingly demands quality [2]. 
To be more competitive on the export strawberry market, it 

is necessary to ensure not only the quantity of fruit, but also 
their quality. Strawberries marketing is essentially based on 
quality parameters, basically sugar content (°Brix), acidity 
and visual appearance characteristics [3-4]. 

In such situation, the segmentation of the market with a 
quality production, and thus with high added value, would 
make the offer of these fruits more attractive, and would 
allow the strawberry growers to differentiate themselves on a 
more qualitative niche, in sensory and nutritional terms 
acceptable by the partners of the sector and the consumers. 

In terms of cultivation practices, fertilization is particularly 
essential due to its importance in plant nutrition and the 
impact on fruit productivity and quality. Indeed, there is an 
appreciable amount of research works reporting the effect of 
Nitrogen (N), Phosphorus (P), Potassium (K), Calcium (Ca) 
and Magnesium (Mg) on growth, yield and various 
parameters of fruit quality in vegetable crops. Nitrogen is 
considered the most needed nutrient by plants since it is 
strongly involved in all metabolic activities of the plant; it 
serves as a constituent of many plant cell components, such 
as amino acids that make up structural proteins and enzymes 
important for metabolism, nucleic acids, and chlorophyll 
[5-7]. Moreover, it affects fruit quality parameters such as 
fruit total soluble solids (TSS) [8-9] and firmness [10]. On 
the other hand, Phosphorus (P) is one of the essential 
macro-elements for plant growth, it may play important roles 
in regulation of fruit quality due to its functions in energy 
transformation, carbon fixation and photosynthates 
transportation ensuring the normal growth and development 
of plants [11-12]. Moreover, Potassium (K) plays important 
roles in photosynthesis and sugar translocation, plant lodging 
tolerance, cell division and expansion for fruit development 
[13]. It also promotes the production of aromatic substances 
and improves the organoleptic quality of strawberries [14]. 
Potassium deficiency affects metabolism and consequently 
lowers nutritional quality and resistance to pests and diseases 
[15]. In contrast, excessive levels of this nutrient can be toxic 
for the crop [16]. Calcium reacts in cell signaling and plays a 
major role in the plant's defense responses following biotic or 
abiotic stress [17] and has a positive effect on fruit 
appearance and firmness [18]. The role of magnesium in the 
plant remains essential in the processes of photosynthesis, 
respiration, and protein synthesis [19]. According to 
Trejo-Téllez and Gómez-Merino [20] nutrient management 
of strawberry, the macronutrients (nitrogen, phosphorus, 
potassium, sulfur, calcium and magnesium) as well as the 
micronutrients (iron, boron, manganese, zinc, copper, 
molybdenum and nickel) play a crucial role on production 
and fruit quality. 

The objective of this study is to investigate the effects of 
macronutrient fertilization (N, P, K, Ca, Mg) on strawberry 
yield and quality especially sugar and acidity content, 
through field surveys of strawberry growers in 
Loukkos-Gharb region and quality analysis of collected 
fruits. 

2. Material and Methods 

2.1. Site Selection and Sampling 

The surveys involved 30 farms located in four strawberry 
growing areas in the Loukkos perimeter, a coastal region 
between Kenitra and Larache (Table 1). 

The region has a Mediterranean climate characterized by 
the alternation of a wet and cool season from November to 
April (average winter temperature 11°) and a very hot dry 
season from May to October (average summer temperature 
25°). The average annual rainfall is approximately 700 mm, 
almost all of which is concentrated between October 15 and 
April 15 [21]. 

Table 1. Locations of the study area. 

Location GPS point 

Laouamra 35°4'1.744''N 6°5'19. 164''W 
Chouafaâ 34° 56' 34.6''N 6° 10' 32.259''W 
Moulay Bousselham 34° 52' 40. 832''N 6° 17' 38. 673''W 
Dlalha 34°50' 54''N 6° 17' 38.673''W 

The 30 sampled farms were divided into three groups 
according to the area allocated to strawberry: 9 large farms (>10 
ha), 8 medium farms (5 to 10 ha) and 13 small farms (<5 ha). 

2.2. Data Collection 

Data for this study were collected from the sampled 
strawberry growers through questionnaires, as well as 
through the collection of strawberry fruit samples that were 
subjected to fruit quality analysis at the Crop Physiology 
Laboratory of the Department of Plant Production, Protection 
and Biotechnology-Hassan II Institute of Agronomy and 
Veterinary. 

2.2.1. Field Surveys 

The questionnaires were designed to describe the 
cultivation techniques, mainly fertilization practices 
associated with production and quality parameters. The data 
concerned: 

1) General data: area planted with strawberries (ha), yields 
obtained; 

2) Cultivation techniques: soil preparation, crop installation 
(variety, type of plants, planting date, density, type of 
shelter and harvesting date), fertilization (form, quantity 
and timing), irrigation (mode, volume, date, frequency), 
crop care (leaf removal, runner pruning, weeding, 
aeration of tunnels and phytohormones), plant protection 
(product, active ingredient, targeted disease, dose and 
timing). 

2.2.2. Fruits Quality Analysis 

To evaluate the effect of the fertilization practices on 
strawberry quality, fruits quality analyses were performed on 
the sampled fruits. The parameters measured were related to: 

1) Sugar content (°Brix) measured by the refractometer ''HI 
96801, HANNA"; 

2) Acidity content of fruit juice determined by titration 
method using a benchtop pH meter (CONSORT P107), 
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the titrated volume of 0.1 M NaOH was recorded to an 
endpoint of pH 8.1 [22]. 

2.3. Statistical Analysis 

Data collected from respondents in the field were subjected 
to Statistical analysis using SYSTAT software for descriptive 
statistics (means, standard deviations, minimum, maximum 
and frequency distribution for categorical variables) and JMP 
SAS 11 software for Pearson correlations and least squares 
regression. 

3. Results and Discussion 

The interest of this work is to highlight the main trends 
between fertilizing elements (N, P, K, Ca and Mg) and the 
studied parameters in terms of yield and quality of strawberry 
fruits (Sugar and acidity contents), as they do appear and exist 

in the region. 

3.1. Strawberry Cultivation Practices 

The survey data showed that the cultivation operations are 
almost identical among the producers except that the large 
growers are distinguished by a higher planting density, early 
planting (early September), cultivation in high tunnel, and the 
use of root ball for an early production about a month before 
the other growers. This system offers a high yield of 60 T/ha 
on average compared to 45 T/ha and 50 T/ha for small and 
medium growers respectively (Table 2). Indeed, several 
studies have reported that there is a significant effect of the 
cultivation system on strawberry yield, and have demonstrated 
also that high tunnels ensure a better intake of water and 
nutrients [23]. It has been reported that this has a positive 
impact on plant growth [24] and maximizes fruit size and 
weight [25-26] which directly affect production and yield. 

Table 2. Profiles of strawberry growers in the Loukkos-Gharb region. 

Growers 

category 
Shelter type Plants Type 

Density 

(plants/ha) 
Variety Planting date 

Harvest start 

date 
Yield (T/ha) °Brix 

Large 

High tunnel Root ball > 65,000 Fortuna 01-15 Sept 01 Nov > 60 8,5 

Low tunnel Bare root 60,000 
Camarosa 
Sabrina 
Festival 

15 Oct 15 Dèc - 01 Jan 40 to 60 8,5 

Medium Low tunnel 

Root ball 

60,000 

Fortuna 15 Sept 15-30 Nov 60 9 

Bare root 
Camarosa 
Sabrina 
Festival 

15 Oct-01 Nov 15 Jan 30 to 60 9 

Small Low tunnel Bare root 
40,000 to 
60,000 

Camarosa 
Sabrina 
Festival 

01 Nov 01 Fèv 30 to 45 9 

 

The amount of nutrients used by each grower is either 
recommended by the packing houses or is a program developed 
by the farm manager, who in most cases is a trained technician or 
is fairly experienced in strawberry farming. The fertilization is 
provided on a daily basis and mainly through soluble fertilizers 
injected into the irrigation system (fertigation) and small doses as 
a supplement provided in foliar fertilization. 

Table 3 shows that there is no difference between the three 
categories of producers in terms of fertilization practices. It can 
be seen that producers in the region do use, in average, the 
following formula: 1 N, 0.75 P2O5, 1.1 K2O, 0.3 CaO, 0.2 MgO. 

Table 3. Fertilization Practices of strawberry growers considered in this 

survey (Kg/ha). 

Grower's category N P2O5 K2O CaO MgO 

Large 396 310 439 140 77 
Medium 360 311 394 120 140 
Small 398 310 429 130 70 

3.2. Effect of Fertilization Practice on Strawberry Yield and 

Quality Parameters 

According to the results obtained in our study a possible 
effect of nitrogen fertilization on strawberry sugar content 
(°Brix) but not on yield (Figure 1), however this effect is not 
statistically significant. Several studies have been conducted 
on the effect of nitrogen on fruit production and quality. 

Indeed, Els et al. [27] showed that optimizing nitrate 
fertilization before and during flowering influences floral 
initiation and thus affects fruiting. Few authors have shown 
that excess N causes a decrease in sugar content [28-30]. 
However, Miner et al. [31] found that soluble solids content 
was not affected by N treatments, but increased as the 
harvesting period progressed. 

Figure 1 shows a possible effect of phosphate fertilization 
on yield and °Brix. This effect was also not found statistically 
significant. Phosphorus can be limiting in strawberry 
production because it maintains a pH around 6.5 and thus 
provides the best conditions for root absorption [32]. Several 
references have shown the positive effect of P on yield [33]. 

The distribution of points of calcium and magnesium 
according to the degree Brix and yield is very random. This 
result shows that in our study there is no effect of these two 
fertilizing elements on the parameters of production and 
quality studied (Figure 1). Indeed, Calcium rather plays a role 
in fruit firmness and cell wall structure, in addition to effects 
on growth and response to salinity stress [34]. Regarding 
magnesium, few studies have been conducted on its effect on 
strawberry, but its role in photosynthesis and protein synthesis 
processes remains essential in the plant [19]. 

In our study, the effect of fertilization was not detected for 
acidity of the sampled strawberry fruits as the distribution of 
points was random and did not follow any trend for the five 



 Journal of Plant Sciences 2023; 11(3): 58-63  61 
 

nutrients studied. However, we mention that many researchers 
have observed the influence of potassium fertilization on fruit 
acidity [35-37]. 

The effects of fertilization on strawberry quality were 
statistically insignificant for all nutrients (N, P, Ca and Mg) 
except for potassium (K). Indeed, Figure 1 shows a linear 

relationship of °Brix as a function of potassium fertilization. 
Although this effect on °Brix level is significant, the regression 
coefficient remains low. Notably, our results are in agreement 
with Vago et al. [38] who reported that potassium is a 
determinant of strawberry quality when sugar content, vitamin C 
content and acidity increase with potassium fertilization rate. 

 

 
Figure 1. Simple regression analysis of the studied parameters according to the nutrients. Stars indicate significant at p <0.01, ns: non-significant. 
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A highly significant correlation is detected for °Brix with 
potassium fertilization (R²= 0.48), followed by insignificant 
correlations with phosphorus and nitrogen fertilization with 
0.36 and 0.34 respectively (Table 4). Our results are in 
agreement with Vago et al. [38] who reported that potassium 
is a determinant of strawberry quality when sugar, vitamin C 
and acidity contents increase with the potassium fertilization 
rate. Tagliavini et al. [40] and Macit et al. [41] also showed 

that Nitrogen-Potassium have a significant impact on yield 
and quality of strawberry fruits. Lester et al. [39] also 
established that among the many plant mineral nutrients, 
potassium stands out as a cation with the strongest influence 
on quality attributes of many plants and that soil and 
environmental factors often limit its uptake in amounts 
sufficient to meet fruit requirements during development. 

Table 4. Correlation matrix between fertilizing elements and studied parameters. 

Variables N (Kg/ha) P (Kg/ha) K (Kg/ha) Ca (Kg/ha) Mg (Kg/ha) 
Sugar content 

(°Brix) 

Acidity 

content (%) 

Yield 

(g/plant) 

N (Kg/ha) 1        
P (Kg/ha) ,712** 1       
K (Kg/ha) ,897** ,707** 1      
Ca (Kg/ha) ,555** ,537** ,468** 1     
Mg (Kg/ha) ,620** ,609** ,598** ,607** 1    
Sugar content (°Brix) ,344 ,358 ,480** -,031 -,015 1   
Acidity content (%) ,163 ,287 ,231 -,016 -,028 ,458* 1  
Yield (g/plant) ,100 ,343 ,058 -,073 -,042 ,068 -,074 1 

** Correlation highly significant at the 0.01 level. 
* Correlation significant at the 0.05 level. 

4. Conclusion 

This work has analyzed the effect of fertilization practices 
on strawberry yield and quality parameters in the 
Loukkos-Gharb region in Morocco among a group of thirty 
strawberry growers. The results obtained in this study, show 
that potassium nutrient is positively correlated with 
strawberry fruit quality (°Brix). Further research in the region, 
mainly as experimental trials, is needed to better evaluate the 
effect of potassium fertilization on strawberry production and 
quality. 

Acknowledgements 

The authors gratefully acknowledge Mr. Driss Chouijra 
and Mr. Laarbi Ezaari, technicians of the Department of 
Production and Plant Biotechnologies, for their support and 
invaluable help during the field surveys. 

 

References 

[1] Interproberries Maroc: Moroccan Interprofessional Federation 
of Red Fruits. 

[2] Hlayba, H. (2014). Evaluation des effets de la technologie du 
traitement physique de l'eau d'irrigation, par un champ 
magnétique statique, sur la production et la qualité de la fraise 
dans le périmètre de Loukkos. 

[3] Darbellay, C., Carlen, C., Azodanlou, R., & Villettaz, J. C. 
(2002). Measurement of the organoleptic quality of 
strawberries. Proceedings of the Fourth International 
Strawberry Symposium, 1-2, 819-822. doi: 
10.17660/actahortic.2002.567.181. 

[4] Sadat, T., Ebrahimzadeh, H., Rahemi, A., Babalar, M., & Ebadi, 

A. (2006). The effect of nitrate: ammonium ratios on fruit 
quality of the strawberry cultivar “Selva”. Acta Horticulturae, 
708, 313-318. 

[5] Roussis, I., Kakabouki, I., Beslemes, D., Tigka, E., Kosma, C., 
Triantafyllidis, V., Mavroeidis A., Zotos A., & Bilalis, D. 
(2022). Nitrogen Uptake, Use Efficiency, and Productivity of 
Nigella sativa L. in Response to Fertilization and Plant Density. 
Sustainability, 14 (7), 3842. doi: 10.3390/su14073842. 

[6] del Padre, A. C., López, E. M., Ocampos, F. V., Casuriaga, O. 
C., Oviedo, M. D. S., Niz, A. S., Resquín A. L., & Ávalos, D. L. 
(2022). Effect of nitrogen and potassium fertilizers on melon 
plant productivity. African Journal of Food, Agriculture, 
Nutrition and Development, 22 (5), 20566-20580. doi: 
10.18697/ajfand.110.19805. 

[7] Taiz, L., Zeiger, E., Møller, I. M., & Murphy, A. S. (2015). 
Plant Physiology and Development, 6th ed.; Sinauer Associates, 
Inc.: Sunderland, MA, USA. 

[8] Purquerio, L. F. V., & Cecílio Filho, A. B. (2005). Nitrogen 
concentration in nutrient solution and number of fruits on 
quality of melon fruits. Horticultura Brasileira, 23 (3): 831-836. 

[9] Xiang, Y., Zou, H., Zhang, F., Wu, Y., Yan, S., Zhang, X., Tian, 
J., Qiang, S., Wang, H., & Zhou, H. (2018). Optimization of 
controlled water and nitrogen fertigation on greenhouse culture 
of Capsicum annuum. Scientific World Journal, 2018: 9207181. 
doi: 10.1155/2018/9207181. 

[10] Castellanos, M. T., Cabello, M. J., Cartagena, M. C., Tarquis, A. 
M., Arce, A., & Ribas, F. (2012). Nitrogen uptake dynamics, 
yield and quality as influenced by nitrogen fertilization in ‘Piel 
de sapo’ melon. Spanish Journal of Agricultural Research, 10, 
756. doi: 10.5424/sjar/2012103-437-11. 

[11] Wu, S., Li, M., Zhang, C., Tan, Q., Yang, X., Sun, X., Z. Pa., X. 
Deng, & Hu, C. (2021). Effects of phosphorus on fruit soluble 
sugar and citric acid accumulations in citrus. Plant Physiology 
and Biochemistry, 160, 73-81. doi: 
10.1016/j.plaphy.2021.01.015. 



 Journal of Plant Sciences 2023; 11(3): 58-63  63 
 

[12] Wei, F., Shi, Z., Wan, R., Li, Y., Wang, Y., An, W., Ken, Q., Cao, 
Y., Chen, X., Wang, X., Yang, L., Dai, G., & Feng, J. (2020). 
Impact of phosphorus fertilizer level on the yield and 
metabolome of goji fruit. Scientific reports, 10 (1): 1-11. 

[13] Mirza, R., Kirchner, D. B., Dobie, R. A., & Crawford, J. (2018). 
ACOEM Task Force on Occupational Hearing Loss.. 
Occupational noise-induced hearing loss. Journal of 
occupational and environmental medicine, 60 (9): e498–e501. 
doi: 10.1097/JOM.0000000000001423. 

[14] Mengel, K. (2008). Nutrition and metabolism of the plant. 
Gustav Fischer. Publishing House, Stuttgart. 

[15] Armengaud, P., Sulpice, R., Miller, A. J., Stitt, M., Amtmann, 
A., & Gibon, Y. (2009). Multilevel Analysis of primary 
metabolism provides new insights into the role of potassium 
nutrition for glycolysis and nitrogen assimilation in arabidopsis 
roots. Plant Physiology, 150 (2): 772-785. doi: 
10.1104/pp.108.133629. 

[16] Silva E. N. da, Silveira J. A. G., Fernandes C. R. R., Dutra A. T. 
B., & de Aragão R. M. (2009). Ion uptake and growth of physic 
nut under different salinity levels. Revista Ciência Agronômica, 
40 (2): 240-246. 

[17] Benhamou, N. (2011). Réactions de défense des plantes: notes 
de cours. Université Laval, Québec. 

[18] Martinsson, M., Kwast, A., Cieslinski, G., & Treder, W. (2006). 
Impact of production systems and fertilizer application on yield 
and quality of strawberries. Acta Horticulturae, 708: 59-64. 

[19] Maschner, P. (2012). Mineral nutrition of higher plants. 
Academic press elsevier San Diego. 

[20] Trejo-Tellez, L. I., & Gomez-Merino, F. C. (2014). Nutrient 
management in strawberry: effects on yield, quality and plant 
health. In Strawberries: Cultivation, Antioxidant Properties and 
Health Benefits: 239-268. 

[21] ORMVAL (2016). Office Régionale de Mise en Valeur 
Agricole du Loukkos-Maroc. 

[22] OECD (2009). Guidance on Objective Tests to Determine 
Quality of Fruits and Vegetables and Dry and Dried Produce. 

[23] Sturm, K. Koron, D., & Stampar, F. (2003). The composition of 
fruit of different strawberry varieties depending on maturity 
stage. Food Chemistry, 83: 417-422. doi: 
10.1016/S0308-8146(03)00124-9. 

[24] Reiss, E., Both, A. J., Garrison, S., Kline, W., & Sudal, J. 
(2004). Season extension for tomato production using high 
tunnels. Acta Horticulturae, 659: 153-160. doi: 
10.17660/ActaHortic.2004.659.18. 

[25] Cantliffe, D., Shaw, J. N. Jovicich, E. Rodriguez, J. C. Secker, 
I., & Karchi, Z. (2001). Passive ventilated high-roof 
greenhouse production of vegetables in a humid mild winter 
climate. Acta Horticulturae, 559: 515-520. doi: 
10.17660/ActaHortic.2001.559.28. 

[26] Qureshi, K. M., ul Hassan, F., ul Hassan, Q., Qureshi, U.S., 
Chughtai, S., & Saleem, A. (2012). Impact of cultivation 
systems on growth and yield of strawberry. Pakistan Journal of 
Agricultural Research, 25: 129-135. 

[27] Els, D., Loes, V., & Ward, B. (2008). Optimisation of nitrogen 
fertilization prior to and during flowering process on 

performance of short day strawberry «Elsanta» In Book of 
Abstracts VI International Strawberry Symposium. 
Horticultura, p. 248. 

[28] Neuweiler, R. (1997). Nitrogen fertilization in integrated 
outdoor strawberry production. Acta Horticulturae, 439: 
747-751. doi: 10.17660/ActaHortic.1997.439.125. 

[29] Dorais, M., Papadopoulos, A. P., & Gosselin, A. (2001). 
Greenhouse tomato fruit quality. Horticultural review. 2000, 26, 
pp. 239-319. doi: 10.1002/9780470650806.ch5. 

[30] Guérineau, C. (2003). La culture du fraisier sur substrat. Ctifl et 
Ciref, p. 165. 

[31] Miner, G. S., Poling, E. B., Carroll, D. E., Nelson, L. A., & 
Campbell, C. R. (1997). Influence of fall nitrogen and spring 
nitrogen-potassium applications on yield and fruit quality of 
'Chandler' strawberry. Journal of the American Society for 
Horticultural Science, 122: 290-295. doi: 
10.21273/JASHS.122.2.290. 

[32] Ellis, M. A. (2006). The midwest strawberry production guide. 
The Ohio university state extension. 2006. 

[33] May, G. M., & Pritts, M. P. (1993). Phosphorus, zinc, and 
boron influence yield components in 'Earliglow' strawberry. 
Journal of the American Society for Horticultural Science, 118 
(1): 43-49. doi: 10.21273/JASHS.118.1.43. 

[34] Easterwood, G. W. (2012). Calcium's role in plant nutrition. 
Fluid journal. 2012. 

[35] Wuzhong, N. (2002). Yield and quality of fruits of solanaceous 
crops as affected by potassium fertilization. Better Crops 
International, 16: 6 p. 

[36] Yagmur, B., Okur, B., & Ongun, B. (2004). Effects on 
enhanced potassium doses on yield quality and nutrient uptake 
of Tomato. IPI regional workshop on Potassium and Fertigation 
development in West Asia and North Africa. Rabat. Morocco, 
pp. 24-28. 

[37] Ahmad, H., Sajid, M., Ullah, R., Hayat, S., & Shahab, M. 
(2014). Dose optimization of potassium (K) for yield and 
quality increment of strawberry (Fragaria ×ananassa Duch) 
Chandler. American Journal of Experimental Agriculture, 4: 
1526-1535. doi: 10.9734/AJEA/2014/10989. 

[38] Vago, I., Tolner, L., & Loch, L. (2009). Effect of Chloride 
Anionic Stress on the Yield Amount and Some Quality 
Parameters of Strawberry (Fragaria × ananassa). VIII 
Alps-Adria Scientific Workshop, 37: 1-4. 

[39] Lester, G. E., Jifon J. L., & Markus D. J (2010). Impact of 
potassium nutrition on food quality of fruits and vegetables: a 
condensed and concise review of the literature. Better crops, 94: 
18-21. 

[40] Tagliavini, M., Baldi, E., Nestby, R., Raynal-Lacroix, C., 
Lieten, P., Salo, T., Pivot, D., Lucchi, P. L., Baruzzi, G., & 
Faedi, W. (2004). Uptake and Partitioning of major nutrients by 
strawberry plants. Acta Horticulturae, 649: 197-200. doi: 
10.17660/ActaHortic.2004.649.36. 

[41] Macit, I., Koc, A., Guler, S., & Deligoz, I. (2007). Yield, 
quality and nutritional status of organically and 
conventionally-grown strawberry cultivars. Asian Journal of 
Plant Sciences, 6: 1131-1136. 

 


