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Abstract: The purpose of this research is to investigate the effect of potassium fertilizer source by fertigation on strawberry
productivity and quality parameters. The trial was conducted during 2015-2016 in the experimental greenhouse of the Hassan 11
Agronomic and Veterinary Sciences of Rabat. Strawberry plants of the cultivar ‘Fortuna’ were planted on October 13th in 40 liter
pots equipped with a gravity fertigation system. Tested treatments were (1) Potassium sulfate for the whole growing cycle (PS/PS)
(2) Potassium Nitrate during the vegetative period and Potassium sulfate during the fruit production period (PN/PS) and (3)
potassium Nitrate for the whole growing cycle (PN/PN). An experimental block design with three repetitions was adopted. The
total amounts of applied nitrogen, phosphorus, potassium, magnesium and calcium are identical for all potassium source
treatments. Potassium sulfate has a slightly higher electrical conductivity than potassium nitrate source, 1.9 dS/m and 1.6 dS/m
respectively. While the two solutions have a semilar pH of 6.1. The average yield obtained is 900 g with a slight advantage for the
PN/PS treatment. These differences potassium fertilization source are not statistically significant. The measured parameters of
fruit quality in the normal range for strawberries with an average Brix degree of 5.3, a juice acidity level of 0.35 to 0.65 % and a
dry matter content of 7.8 at 9.0 %. These strawberry quality parameters were not significantly affected by potassium fertilization
source. We concluded that the both sources, potassium sulfate and potassium nitrate, have equivalent effects on strawberry

productivity and quality.
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1. Introduction

In recent years, Morocco has known a considerable
development in red fruit sector (strawberries, raspberries and
blueberries), achieving an estimated turnover of 3.76 billion
Dh with a planted area extending over 11,400 ha [1].

During the 2020-2021 crop year, the overall raspberry area
amounted to 4100 Ha and generated a production of
approximately 45,700 T, mainly intended for export.
Regarding blueberry cultivation, it occupied an area of 3900
Ha and generated a production of nearly 47,000 T [1].

Although the development of blueberries and raspberries is
faster, strawberry cultivation still occupies a prominent place
in the red fruit sector with 29% of the total area cultivated with
red fruits in Morocco (3400 ha) and represents over than 50%
of Moroccan red fruit exports [1]. Indeed, the strawberries

production has reached, during the same agricultural campaign,
102,000 T of which 80% are intended for export in fresh or
frozen state. Due to these statistics, Morocco has become the
10™ largest strawberry exporter in the world.

To be more competitive on the export strawberry market, it
is necessary to ensure not only the quantity of fruit, but also
their quality. Indeed, a strawberry marketing is essentially
conditioned by quality parameters [2], of which sugar content
(Brix), acidity content and visual appearance are the main
determinants [3].

It is recognized that an excess or deficiency of fertilizers
can have important consequences on yield, quality and
profitability of vegetable crops. Strawberry fertilization is
particularly challenging since this crop is one of the most



143 Amal Nakro et al.:

sensitive horticultural plants due to its superficial root system,
pH requirement and sensitivity to nutrient solution salinity
and chlorine [4, 5].

The fertilizers choice, their application timing and the
appropriate doses remain the key factors ensuring good yield
and quality fruits.

Potassium is an essential mineral element for strawberry,
which require large amounts [6] and it plays significant roles
in the production and transfer of proteins and sugars, the
regulation of water movements in the plant and the
improvement of plant tolerance to diseases and pests [7].
Potassium is considered a determining factor in the quality of
strawberries, since sugar and vitamin C levels as well as fruit
acidity tend to increase with the potassium fertilization dose.
In addition, potassium plays an essential role in the transfer
of assimilates to the fruits. A reduction in the transport of
assimilates limits the productivity and quality of strawberries
and is often a consequence of a potassium deficiency [8].

For a yield of 60 tonnes/ha of strawberries, potassium
requirements in the Loukkos region amount to approximately
300 kg K,O/ha [9]. In this region, strawberry fertilization is
conducted by fertigation throughout the cycle, as it is a
technique that maximizes productivity by reducing
environmental impact [10] and increases fertilizer use
efficiency [11]. The available sources of potassium to
strawberry growers and usable in fertigation are Potassium
chloride (PC), Potassium Nitrate (PN) and Potassium Sulfate
(PS). The choice of the adequate potassium source used in
strawberry fertigation depends on several factors including in
particular its solubility, salinity index, action on the soil pH,
the effect of the anion accompanying potassium (Cl-, SO,*
or NOj3) and its price per unit of supplied potassium. The
Potassium chloride source is not recommended for
strawberries because of their high sensitivity to salinity due
to chlorine. The other two sources of potassium fertilizers
(PS and PN) are the most widely used by strawberry growers
in Loukkos [12]. Strawberry growers favor the PN source
during the first part of the cycle when the average
temperature is low and the PS source from flowering.

This research work aims to study the effect of the potassium
fertilization source on the productivity and quality of
strawberries through a pot test in an experimental greenhouse.

2. Material and Methods

2.1. Experimental Site and Substrate

Agronomic trial was conducted in the experimental
greenhouse of the Hassan II Institute of Agronomy and
Veterinary Sciences in Rabat during the 2015-2016
agricultural campaign. The substrate used is a mixture of an
equal volume of sandy soil, collected from coastal areas, and
commercial peat. The growing substrate has a grain size
dominated at 78% by fine sand, such as strawberry cultivation
areas in Morocco (Table 1). Substrate pH is slightly acidic and
moderately rich in organic matter and mineral macro-elements
(Table 1).
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Table 1. Physico-chemical characteristics of the trial culture substrate.

Parameter Sandy soil Prepared substrate
Granulometry

Clays % 5,5 6,6
Fine silts % 2,4 1,7
Coarse silt % 6,2 0,5
Fine sands % 72,1 78,2
Coarse sands % 13,8 13
Chemical characteristics

pH 7.8 6,2
Electrical conductivity mmhos/cm 1,1 1,8
Total limestone % 0 1,6
Organic matter % 0,4 4.6
Ammonium mg/kg 10,9 13,7
Nirate mg/kg 9,0 151,8
Assimilable phosphorus mg/kg 43,6 72,8
Assimilable potassium mg/kg 36,0 172

2.2. Plant Material and Potassium Source Treatments

Five plug plants of the 'Fortuna' variety were planted in
40-liter pots, equipped with a drip fertigation system.
Originally from Florida, it is one of the three strawberry
cultivars widely adopted in the Loukkos region [13].

The experimental potassium fertilization treatments tested
combine the potassium fertilizer source (PN or PS) and the
period of its application:

(1) PS/PS: Potassium sulfate during the whole cycle;

(2) PN/PN: Potassium nitrate during the whole cycle;

(3) PN/PS: Potassium nitrate during the vegetative period
and potassium sulfate during the fruit production period
(Practice of strawberry farmers in Loukkos).

An experimental block design was adopted with three
experimental treatments replicated thrice making a total of
nine experimental objects. Each treatment consisted of a
pot containing five strawberry plants fertilized once a
week. The total nitrogen, phosphorus, potassium,
magnesium and calcium application dose was identical for
the all potassium fertilizer source treatments (160 kg/ha N,
165 kg/ha P,0s, 300 kg/ha K,0, 55 kg/ha CaO and 14
kg/ha MgO).

2.3. Fertigation Management

The pots were equipped with fertigation tanks, drip
irrigation systems and drains with taps to collect the drainage
and allow fertigation management.

Fertigation solutions were applied daily by adjusting the
irrigation dose based on the drained water volume which is
maintained between 10 and 20% of the supplied water volume
[14] and by measuring the pH and electrical conductivity of
the nutrient solutions and drainate which should meet the
specific requirements of strawberry'.

2.4. Agronomic Measurements

In order to evaluate the effects of potassium fertilizer source
and the timing of its application in fertigation on production
and quality of strawberry fruit, parameters related to the

1 EC=1 a2 dS/m et pH=5,5 46,5 [15-16].
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growth, production and quality of hand harvested strawberries
were measured every week.

The parameters recorded were:

1. Flowering dynamics consisted of counting the number of
flowers per plant;

2. Fruit yield measured through the cumulative weight of
strawberry production during the whole harvest period
which lasted 14 weeks;

3. Sugar content in fruit (°Brix) measured by placing 1 to 2
drops of clear juice fruit on the prism of a digital
refractometer (HI 96801, HANNA). The prism of the
refractometer was washed with distilled water and dried
between samples;

4. Titratable acidity of fruit juice determined by titration
method using a benchtop pH meter (CONSORT P107),
the titrated volume of 0.1 M NaOH was recorded to an
endpoint of pH 8.1 [17];

5. Dry matter content of strawberries of which the sampled
fresh fruits were weighed and then oven dried at 80 deg
C temperature for 48 hours before being weighed their
dry weight [17].

2.5. Statistical Analysis

The obtained data were statistically analyzed using
SYSTAT 13 statistical software. The analysis of variance
(ANOVA) was performed for each parameter studied to
assess significant differences at the 5% level in treatments for
all parameters.

Comparison of the treatment means was performed using
the Newman-Keuls test at significance level of 5%
probability.

3. Results and Discussion

3.1. Electrical Conductivity and PH of Fertigation Solutions

Electrical conductivity (EC) and pH were regularly
measured for irrigation water, fertigation solutions, as well as
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the drained water. The PN fertigation program of the stock
solution has a high EC of 6.1 dS/m and an acidic pH of 4.8
(Table 2). PS solution has a slightly higher EC and a more
acidic pH than PN.

In this trial, the electrical conductivity of the
fertigation solution was around 1.7 dS/m for the both
treatments PS and PN (Table 1). The nutrient solution pH
for these treatments was on the order of 6. These values
are in the range of strawberry plants requirements which
are 1 to 2 dS/m for electrical conductivity and 5.5 to 6.5
for pH [15, 16].

In fertigation, the electrical conductivity of the nutrient
solutions impacts the productivity and quality of the
strawberry fruits. Indeed, electrical conductivity values above
our values reduce strawberry yield due to its high sensitivity
to salinity [18] and a properly managed electrical
conductivity electrical conductivity of the fretigation
solutions allow to obtain a better fruit quality [19].

Table 2. Electrical conductivity and pH of irrigation water, fertigation
solutions and drained water for each potassium fertilizer source treatment.

Treatment Electrical conductivity (dS/m) pH
Irrigation water 0,50 8,07
. PN 6,10 4,81
Stock solution PS 8.70 321
fertigation PN 1,56 6,05
solution PS 1,87 6,12
Drained water PN 21 742
PS 2,14 7,45

PN: Potassium Nitrate, PS: Potassium Sulfate.
3.2. Flowering Dynamics

In our study, the number of flowers had evolved in several
periods of flowering during the strawberry cycle with a
maximum of 16 flowers per pot (Figure 1). The two salient
peaks in flower production were observed in mid-November
and mid-March. During the cycle, each strawberry plant
produced a total of about 25 flowers.
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Figure 1. Evolution of the number of flowers produced during the strawberry cycle for all potassium fertilizer source treatments.
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Figure 2. Average daily outdoor temperature from September 1", 2015 at the trail site in Rabat.

No significant difference was found between the potassium
fertilizer source treatments. The flowering dynamics of our
strawberry plants seem to be more influenced by the effect of
temperature than the source of potassium fertilization [20-22].
This dependence of flowering on temperature is supported by
the parallelism between daily mean temperature (Figure 2)
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and flower production (Figure 1). The total number of flowers
produced during the first and second period of strawberry
cycle as well as total number of flowers produced during the
whole cycle, are in the same order for all potassium fertilizer
source treatments (Figure 3).
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Figure 3. Number of flowers produced per pot and per period of the strawberry cycle for all potassium fertilizer source treatments.

3.3. Strawberries Yield

Strawberry harvesting began two months after planting and
was carried out once a week throughout the 14-week
production period. The average yield obtained for all
treatments is 900 g/pot (Figure 4). The potassium fertilization
source did not significantly affect total fruit yield (Figure 5). It
should be noted that at this level, the source of potassium
fertilization is the only difference between the experimental
treatments. The fertilization doses of nitrogen, phosphate,
potassium, magnesium and calcium were strictly identical
between all potassium source treatments.

The application of PN during the vegetative period
followed by PS during the fruit production period had a
slightly better effect on yield, compared to the application of
the PN or PS source alone throughout the cycle. Our results
corroborated those reported by Hochmuth and Hanlon [23]
and Lester et al. [24], who confirmed that there is a little

significant effect of the potassium fertilization source on crop
yield, in contrast to the potassium fertilizer dose, which
generally and significantly increases yield. Indeed, strawberry
production was improved with potassium fertilization

regardless of the source [25].
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Figure 4. Cumulative strawberries yield for all potassium fertilizer source
treatments.
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Several studies have shown that there is little or no effect of
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potassium fertilization source on strawberry yield [26, 27] and
on other fruit and vegetable crops such as tomato [28, 29],
potato [30, 31], and citrus [32, 33].

3.4. Strawberries Sugar Content

The average Brix degree recorded in our trial is 5.3 with a
variation interval of 3.5 to 7 (Figure 5). The sugar content of
strawberries generally ranges from 4.6 to 11.9% [34, 35].

Throughout the production period, the average Brix degree
(°Brix) of the PS/PS, PN/PN and PN/PS treatments is 5.7, 5.8
and 5.3, respectively. The PS or PN source of potassium
fertilization had a slightly higher °Brix level than their
alternating combination (PN/PS) (Figure 5). However, these
differences in Brix degree between the potassium fertilization
source treatments are not statistically significant.

6 57 58 -
S
=
L 4
FH
& 3
g
w 2
o
a 1
0
PS/PS PN/PN PN/PS

Figure 5. Sugar content of strawberry fruits under all potassium fertilizer
source treatments.

Potassium is an essential mineral element that significantly
influences many fruit and vegetable quality compounds
[36-38] determining their market value and thus consumer
preferences [24-39]. Indeed, Davies and Winsor [40] and
Dorais et al. [41] had observed the positive impact of
potassium on tomatoes acidity, sugar content and organoleptic
quality of. In strawberries, the results obtained by Ebrahimi et
al. [42], Maldonade et al. [43] and Rodas et al. [44], showed
that potassium fertilization improved sugar content. However,
Locascio et al. [28] reported that the potassium fertilizer
source had a little effect on fruit sugar content.

In an experimental trial comparing potassium fertilizers
sources, it was observed that potassium sulfate (PS) improved
sugar content of strawberry fruits more than potassium
chloride (PC) [27].

3.5. Strawberries Acidity Content

The titratable acidity of strawberry fruits juice measured
throughout the production period for all potassium
fertilization sources ranged from 0.35 to 0.65 % (Figure 6).
These values are within strawberry acidity standards ranging
from 0.5 to 1.8 % [34-45].

In our trial, the potassium fertilizer form did not
significantly affect the acidity content of strawberry fruit.
According to Ahmad et al. [46], potassium fertilization could
increase the fruits acidity in parallel with the sugar content.

In the same context, some studies had been carried out to
compare different forms of potassium fertilizers on fruit

acidity, they showed that potassium fertilization improved the
acidity content of banana fruits [47], kiwifruit [48] and guava
[49]. He [48] also observed that potassium sulfate (PS)
improved the acidity content of fruits more than potassium
chloride (PC).
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Figure 6. Strawberry acidity content under all potassium fertilizer source
treatments.

3.6. Strawberries Dry Matter Content

The average dry matter content of strawberries harvested in
our trial during the crop cycle varied from 7.8 to 9.0% (Figure
7). Strawberry fruit dry matter content usually varies within a
range of 7 to 11% depending on the variety [50] or the
fertilization programs [51].
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Figure 7. Dry matter content of strawberry fruits for all potassium fertilizer
source treatments.

Potassium fertilization improved the dry matter of many
crops such as apple [52], guava [53], lychee [54], papaya [55],
pepper [56], as well as other vegetables [57]. In our study, the
potassium fertilization source treatments including potassium
sulfate (PS/PS and PN/PS) generated a dry matter rate slightly
higher than that with potassium nitrate alone (PN/PN) (Figure
7). Similar results were obtained from experiments comparing
potassium fertilizer sources applied to the soil, they showed
that the application of potassium sulfate (PS) improved dry
matter of pepper more than potassium nitrate [56] and of
vegetables more than potassium chloride [57].

4. Conclusion

The potassium fertilizer source to be used in fertigation
depends on several factors, including its solubility, salinity
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index, effect on soil pH, effect or need for the accompanying
anion of potassium, and its price per unit of potash supplied.

For strawberry, a crop sensitive to salinity and chlorine, the
choice of the potassium fertilizer source must be chosen
wisely.

Results of this research work indicate that with the same
overall N-P-K-Mg-Ca fertilization rate in strawberry
fertigation, the two potassium fertilizer sources, potassium
sulfate (PS) and potassium nitrate (PN), are identical in terms
of their effects on production and quality parameters of
strawberries grown under fertigation.

Acknowledgements

The authors gratefully acknowledge the members of the Soil
and Water Analysis Laboratory of Hassan II Institute of
Agronomy and Veterinary Sciences for their support during the
accomplishment of analysis of substrate prepared for the trial.

References

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

[2] 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. DOLIL:

10.17660/actahortic.2002.567.181.

[3] 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.

[4] Martinez Barroso, M. C., & Alvarez, C. E. (1997). Toxicity
symptoms and tolerance of strawberry to salinity in the
irrigation water. Scientia Horticulturae, 71, 177-188.

[5] Swuarez, D. L., & Grieve, C. M. (2013). Growth, yield and ion
relations of strawberry in response to irrigation with
chlorine-dominated waters. Journal of Plant Nutrition, 36,
1963-1981. DOI: 10.1080/01904167.2013.766210.

[6] Khayyat, M., Tafazoli, E., Eshghi, S., Rahemi, M., & Rajace S.
(2007). Salinity, Supplementary Calcium and Potassium
Effects on Fruit Yield and Quality of Strawberry (Fragaria
ananassa Duch.). American-Eurasian Journal of Agricultural &
Environmental Sciences, 2, 539-544.

[7] Johnston, A. E. (2003). Understanding potassium and its use
in agriculture. European Fertilizer —Manufacturers
Association.

[8] Anac,D., & Martin-Prével, P. (1999). Improved crop quality by
nutrient management. Kluwer Academic Publishers. DOI:
10.1007/978-0-585-37449-9.

[9] Chamekh, A. (2009). Etude de la conduite culturale du fraisier,
du framboisier et du myrtilier et contribution a I'étude du
marché d'exportation des petits fruits. Mémoire de fin d'étude.
Study of strawberry, raspberry and blueberry cultural
management and contribution to the study of small fruits export
market. Graduation project. Institut Agronomique et
Vétérinaire Hassan II, Rabat.

Effect of Potassium Fertilization Source on Strawberry Yield and Quality

[10] Hagin, J., Sneh, M., & Lowengart-Aycicegi, A. (2002).
Fertigation: Fertilization through irrigation. Basel: IPI. 81 p.

[11] Kafkafi, U., & Tarchitzky, J. (2011). Fertigation: a tool for
efficient fertilizer and water management. Paris: [IFA/IPI. 141 p.

[12] Tanji, A., Benicha, M., & Mamdouh M. (2014). Techniques de
production du fraisier. Bulletin de Transfert de Technologie en
Agriculture, Maroc. Strawberry production techniques.
Technology Transfer Newsletter in Agriculture, Morocco
n°201: 1-6. Available online:
https://www.agrimaroc.net/bulletins/btta_201.pdf (accessed on
10 March 2016).

[13] Berjamy, I. (2015). Etude du profil variétal du fraisier
(Fragaria vulgaris) dans le périmétre du Loukkos. Mémoire de
fin d’études. Study of the strawberry (Fragaria vulgaris)
varietal profile in the Loukkos area. Graduation project. Institut
Agronomique et Vétérinaire Hassan II, Rabat.

[14] Coquelet, C., Izard, D., Navatel, J. C., Poncet, M., & Taussig, C.
(2003). La fraise en culture suspendue. Strawberry in
suspended culture. APREL-SEFRA, France, pp 1-4.

[15] Atwood, J. (2005). Strawberry fertigation: Future issues.
Journées Horticoles Régionales du MAPAQ. Regional
Horticultural Days of MAPAQ. Available online:
https://www.agrireseau.net/petitsfruits/documents/jhrpfjohnat
wood.pdf (Accessed on 19 October 2015).

[16] Izard, D. (2010). La fraise en culture sur substrat. Strawberry
in substrate culture. APREL-SEFRA (France) 6p.

[17] OECD (2009). Guidance on objective tests to determine quality
of fruits and vegetables fresh and dry and dried produce.
Available online: https://www.oecd.org/tad/code/19515719.pdf
(accessed on 01 November 2015).

[18] Sarooshi, R. A., & Cresswell, G. C. (1994). Effects of
hydroponic solution composition, electrical conductivity and
plant spacing on yield and quality of strawberries. Australian
Journal of Experimental Agriculture, 34, 529-35. DOI:
10.1071/ea9940529.

[19] Bidaki, S., Tehranifar, A., & Khorassani, R. (2019). Temporary
increase of the concentration of nutrient solution in soilless
culture improves strawberry quality. Journal of Plant Nutrition,
42,1505-1515. DOI: 10.1080/01904167.2019.1628979.

[20] Le Micre, P, Hadley, P., Darby, J., & Battey, N. H. (1996). The
effect of temperature and photoperiod on the rate of flower
initiation and the onset of dormancy in the strawberry (Fragaria x
ananassa Duch.). Journal of Horticultural Sciences, 71, 361-371.

[21] Le Miére, P., Hadley, P., Darby, J., & Battey, N. H. (1997).
Prediction of cropping in Junebearing strawberry. Proc. Third
International Strawberry Symp. Acta Horticulturae, 439.

[22] Darnell, R. L., Cantliffe, D. J., & Kirschbaum, D. S. (2003).
The physiology of flowering in strawberry. Horticultural
Reviews, 28, 325-349. DOI: 10.1002/9780470650851.ché.

[23] Hochmuth, G., & Hanlon, E. (1999). A Summary of N and K
research with strawberry in Florida. Soil and Water Science
Department, Institute of Food and Agricultural Sciences (IFAS).
Available online: http:/edis.ifas.ufl.edu/pdffiles/CV/CV22900.pdf
(Accessed on 10 January 2016).

[24] 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. DOI: 10.1007/s11104-009-0227-3.



[25]

[26]

[27]

[28]

[29]

[30]

[31]

[34]

[33]

[36]

[37]

[38]

[39]

Journal of Plant Sciences 2022; 10(4): 142-149

Schwarz, K., Vilela-Resende, J. T., Pierozan-Junior, C.,
Tauffer-de Paula, J., Baier, J. E. (in memorian), Ligia, de
Souza-Silva, M., & Brendler-Oliveira, F. (2018). Yield and
nutrition of greenhouse-grown strawberries (Fragaria X
ananassa (Duchesne ex Weston) Duchesne ex Rozier. cv.
Camarosa) as affected by potassium fertilization. Acta
Agronomica, 67, 114-119. DOI: 10.15446/acag.v67n1.59553.

Locascio, S. J., & Saxena, G. K. (1967). Effects of potassium
source and rate and nitrogen rate on strawberry tissue
composition and fruit yield. Proceedings of the Florida State
Horticultural Society, 173-176.

Wang-Keun, Oh. (1986). The Effect of strawberry compound
fertilizer, potassium chloride, potassium sulfate and
ammonium nitrate on the yield and quality of strawberry. Korea
Society of fertilizers, 19, 9-13.

Locascio, S. J., Hochmuth, G. J., Olson, S. M., Hochmuth, R.
C., Csizinsky, A. A., & Shuler, K. D. (1997). Potassium source
and rate for polyethylene-mulched tomatoes. Horticultural
Science, 32, 1204-1207. DOI: 10.21273/HORTSCI.32.7.1204.

Csizinszky, A. (1999). Yield response of polyethylene mulched
tomato to potassium source and rate on sand. Journal of Plant
Nutrition, 22, 669-678. doi: 10.1080/01904169909365662.

Kelling K. A., Panique E., Speth P. E., Stevenson W. R. (2002).
Effect of potassium rate, source and application timing on
potato yield and quality. Idaho Potato Conference 2002,
139-152.

Manolov, 1., Neshev, N., Chalova, V., & Yordanova, N. (2015).
Influence of potassium fertilizer source on potato yield and
quality. Proceedings of 50" Croatian and 10" International
Symposium on Agriculture, 363-367.

Koo, R. C. J., & Reese R. L. (1972). A comparison of potash
sources and rates for citrus. Florida State Horticultural Society,
1-5.

Quaggio J. A, Junior D. M., & Boaretto R. M. (2011). Sources
and rates of potassium for sweet orange production. Scientia
Agricola, 68, 369-375. DOI: 10.1002/9780470650585.ch8.

Kader, A. A. (1991). Quality and its maintenance in relation to
the postharvest physiology of strawberry. The strawberry in the
21% centery: 145-152.

Perkins-Veazie, P. (2010). Growth and ripening of strawberry
fruit. Horticultural Reviews, 17, 267-297.

Usherwood, N. R. (1985). The role of potassium in crop quality.
In:  Munson RS (ed) Potassium in  Agriculture
ASA-CSSA-SSSA.  Madison, WI, 489-513. DOL
10.2134/1985.potassium.c21.

Marschner, H. (1995). Functions of mineral nutrients:
macronutirents. In: Marschner H (ed) Mineral nutrition of
higher plants, 2™ edn. Academic, N. Y, 299-312.

Cakmak, I (2005). The role of potassium in alleviating
detrimental effects of abiotic stresses in plants. Journal of Plant
Nutrition and Soil Science, 168, 521-530. DOI:
10.1002/jpIn.200420485.

Trejo-Tellez, L. 1., & 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.

[40]

[41]

[42]

[43]

[44]

[49]

[50]

[51]

[52]

[53]

[54]

148

Davies, J. N., & Winsor, G. W. (1967). Effect of nitrogen,
phosphorus, potassium, magnesium and liming on the
composition of tomato fruit. Journal of the Science of Food and
Agriculture, 18, 459-466. DOI: 10.1002/JSFA.2740181005.

Dorais, M., Papadopoulos, A. P., & Gosselin, A. (2001).
Greenhouse tomato fruit quality. Horticultural Reviews, 26,
239-319. DOI: 10.1002/9780470650806.chS5.

Ebrahimi, R., Souri, M. K., Ebrahimi, F., & Ahmadizadeh, M.
(2012). Growth and yield of strawberries under different
potassium concentrations of hydroponic system in three
substrates. World Applied Sciences Journal, 16, 1380-1386.

Maldonade, 1. R., Guedes, I. M. R., Michereff, Filho M., &
Ferreira, N. A. (2012). Effect of N: K molar ratio in fertigation
on quality of greenhouse grown strawberries in Brazil. Proc.
XXVII™ THC-IS on Greenhouse 2010 and Soilless Cultivation.
Acta Horticulturae, 927, 291-294. DOLI:
10.17660/actahortic.2012.927.33.

Rodas, C. L, Pereira da Silva, 1., Toledo-Coelho, V. A.,
Guimaraes-Ferreira, D. M., de Souza, R. J., & Guedes de
Carvalho, J. (2013). Chemical properties and rates of external
color of strawberry fruits grown using nitrogen and potassium
fertigation. Idesia (Arica), 31, 53-58. DOL:
10.4067/s0718-34292013000100007.

Manning, K. (1996). Soft fruits, in Biochemistry of fruit
ripening, p. 347-377.

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

Suresh, C. P., & Hasan, M. A. (2002). Fruit quality of Dwarf
Cavendish banana (Musa sp.) as influenced by nitrogen and
potassium nutrition. Research on Crops, 3, 398-402.

He, Z. J., Zhang, G. L., Zhang, G. W., Ma, L., & Tong, Y.
(2002). Effect of potash application on the output and quality of
kiwifruit in loess area. Journal of fruit science, 19, 163-166.

Dutta, P. (2004). Foliar potassium spray in improving the
quality of Sardar guava (Psidium guajava L.). Orissa Journal of
Horticulture, 32, 103-104.

Voca, Sa., Dobricevi¢, N., Dragovi¢-Uzelac, V., Duralija, B.,
Druzié, J., Cmelik, Z., & Babojeli¢, M. S. (2008). Fruit quality
of new early ripening srawberry cultivars in Croatia. Food
Technology & Biotechnology, 46, 292-298.

Chelpiiiski, P., Skupieil, K., & Ochmian, I. (2010). Effect of
fertilization on yield and quality of cultivar Kent strawberry
fruit. Journal of Elementology, 15, 251-257.

Attala, E. S. (1998). Effect of potassium fertilization on Anna
apple trees grown in sandy soils of Egypt. Egyptian Journal Of
Agricultural Research, 76, 709-719.

Ke, L. S., & Wang, W. D. (1997). Effects of nitrogen,
phosphorus and potassium fertilizer levels on yield and quality
of guava (Psidium guajava L.). Journal of the Agricultural
Association of China, 179, 15-29.

Ashok, K., & Ganesh, K. (2004). Effect of foliar applications of
water-soluble fertilizer ‘Multi-K’ on yield and quality of litchi
(Litchi chinensis Sonn.) cv. Rose Scented. Advances in Plant
Sciences, 17, 519-523.



149 Amal Nakro et al.:  Effect of Potassium Fertilization Source on Strawberry Yield and Quality

[55] Ghosh, S. N., & Tarai, R. K. (2007). Effect of NPK on yield annuum L.). Folia Universitatis Agriculturae Stetinensis,
and quality of papaya in laterite soils. Indian Journal of Agricultura, 95, 109-113.

Fertilisers, 3, 47-49.
[57] Ni, W. Z., Liang, J. S., & Hardter, R. (2001). Yield and quality

[56] Golez, A., Kujawski, P., & Politycka, B. (2004). The influence responses of selected solanaceous vegetable crops to potassium
kind of fertilizer potassium on yielding hot pepper (Capsicum fertilization. Pedosphere, 11, 251-255.



