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Effect of Various Mg Concentrations in Nutrient Solution on Growth and Nutrient Uptake
Response of Strawberry (FragariaxAnanassa Duch.) “Seolhyang” Grown in Soilless Culture
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Abstract: The effect of the variation of Mg concentration (MgC) 0, 0.5, 1, 2, 4 and 6 meq.L ™" in the Nutrient
Solution (NS) on strawberry (Fragariaxananassa Duch.) “Seolhyang” growth was evaluated at 120 days after
transplantation of runners. The effect of Mg-deficiency, first seen by the appearance of necrosis in the old
leaves. On young leaves a spotted brown or brown area developed on the interveinal area with spotted marginal
browning or marginal necrosis. The greatest application of 6 meq.L ™" of Mg in NS caused a reduction in
pigmentation and suppressed plant growth severely. The MgC 2 meq.L.™" resulted in the relatively highest
vegetative growth with a favorable Electrical Conductivity (EC) and pH, for a better growth and nutrients
uptake. The Dry Weight (DW) and Fresh Weight (FW) were weakly correlated with variation of MgC (R* = 0.024
and 0.16, respectively). The response to the variation of MgC on the EC and pH were also, weakly correlated
(R*=0.15 and 0.21, respectively). The MgC 2 meq..”'compounded initially by 5 K', 5 Ca® 2 Mg 1 Na', 10
NO,, 250,/7, 1 H,PO,” with a pH 6.5, EC =2.2 d3 m™', K'/(Ca”+Mg*) = 0.71 and Zcations = Zanions {13
meq.L.™") was improved by decreasing a pH, by adding NH," in NS and by adjusting the ratio cited to around
0.61. Depending of the results of this study, the new solution improved is compounded by 5 Ca”™, 45 K",
23Mg", 253 NH,', 5NQ,~, 2.380, and | H,PO,“with Zcations = Xcations (14.3 meq..™"), a pH6 and EC = 2.3

dSm™.
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INTRODUCTION

Strawberry (Fragariaxananassa Duch.)
“Seolhyang” used m this experiment 1s 1ssued by the
crossing of the Akihime (M) and Read Pearl (F)
(Kim ef al., 2004); the cultivation area of this variety has
grown rapidly. It reaches more than 60% of the total
strawberry cultivation in Korea (Choi et al, 2011a).
Because, this variety has vigorous growth habits and
very high productivity. In the other hand, it has unique
nutrient uptake characteristics compared to other
varieties. Regarding soil cultivation of this variety m a
greenhouse, the pH in the root rhizosphere drops to 4.6,
whereas in other varieties it is maintained at around 5.2
(De Kreyj et al., 1999) to 6 (Choi et al., 2011b).

Magnesium 18 the fourth most abundant element in
plants, after N, K and Ca (Epstein and Bloom, 2005). Tt is
an essential nutrient for plant growth as it helps activate
more than 300 enzymes and synthesis of organic
molecules required by plants for growth (Stys, 1995;
Croteau et al., 1987, Liet al,, 2001; Sirijovski et al., 2008).
Tts total levels in plant vary from 0.3 to 1% and therefore,

considerable Mg uptake occurs(Hammond et al., 2003).
During chlorophyll synthesis, it is actively inserted into
the chlorin ring through a chelatase enzyme action
(Ankele ef al., 2007). In the other hand, the chlorophyll
level was found to correlate with Mg and N levels
(Hermans et al., 2004, Dreyer et al., 1994, Vrataric et al.,
2006, Parvizi et al, 2004, Neves ef ai, 2005,
Richardson et al., 2002, Scheepers et al, 1992;
Shaahan et al., 1999). Tt also, plays a major part in the
constitution of chlorophyll; base of photosynthesis
(Wollman and Diner, 1980; Shaul, 2002; Tomonou and
Amao, 2002; Paul and Pellny, 2003; Axelsson ef al., 2006).
Mg is possibly involved in phloem loading because it is
an allosteric activator of protein complexes (Cowan, 2002).

In a hydro mineral solution mtended for the plants,
the concentrations must be adapted to ionic balance
(Sonneveld, 2000; Savvas, 2001). Because, most tissue
Mg® resides in the vacuole contributes to turgor
generation and charge balancing of anions (Maathus,
2009). An excess or a deficiency can disturb the uptake of
others elements (Mengel and Kirby, 1987; Millero et al.,
2008) and effects shoot biomass yield, chlorophyll
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content and photosynthesis rat (Ding et al., 2008),
because the competition between Mg*, Ca™ and
K*(Appenroth et al, 1999, Reimann ef af, 2002;
Appenroth and Gabrys, 2003, San Bautista ef al., 2009).

The optimal ratio K"/{Ca™+Mg™) around 0.67 (Choi
and Latigui, 2008), according to the species, contributes,
with an adequate pH, 1n a sigmficant way to the uptake of
all other minerals. An excess of K" and Ca® causes Mg
deficiency (Mengel and Kirby, 1987, De Kreij et al., 1999).
Because, Mg’'/Ca*ratio is a consequence of cation
interactions in many plants (Kamel, 2002).

Strawberries have several overlapping stages in a
single floral stalk for a periodical distnibution of
physiological stages (Risser and Navatel, 1997; Chot and
Latigui, 2008). This makes the determination of Mg
concentration according to K' and Ca®™ to meet all
physiological stages difficult. Therefore, to further
mvestigate the importance of nutrient balance on the
mcidence on growth and nutrient uptake response of
‘Seolhyang” strawberry in this experiment, we maintained
the levels of Ca® and K in the NS constant and varied
only Mg(: 0, 0.5, 1, 4and 6 meq.I.~". Tt will also, enable us
symptoms induced by relatively high
concentration 6 meq.L.'of Mg and those induced by a
total deficiency O meq. 1.~ of this cation.

to see the

The experiment was carried out during 120 days after
planting the runners; period of growth stage prior to
flowermg m soilless crop system. This duration is
sufficient to know the balance of combination:
plant/vegetative stage/NS (Choi et al, 201la). For
understanding the real effect of uptake and assimilation,
plants need to be grown in nutrient solutions (Darnell and
Stutte, 2001). Then, according to the results we unprove,
these solutions for better absorption of all nutrients
through the introduction of a new ionic equilibrium value.

MATERIALS AND METHODS

Plant material and growth conditions: This experiment
took place in the same culture conditions, with the same
procedure and variety than those made by Choi et al.
(2010) on Nitrogen, by Choi et al. (2011a) on ammonium
to nitrate ratios and by Choi et al. (2013) on Phosphorus.
It was carried out in the controlled environment of a
glasshouse located in Daejeon (36°20' N, 127°2¢' E),
Korea. The mean day and night temperatures inside the
glasshouse were 24 and 15°C, respectively, during the
experimental period. The relative humidity was 60-70%
15 h with a

2

and the average photoperiod was
photosynthetic photon flux density of 330-370 pmol m™
S
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Runners *Seolhyang” strawberry at the three true-leaf
stage were planted mto plastic pots with a volume of
1600 mL of a 1:1 mixture of coarse and perlite.

The plants were wrigated with distilled water for the
first 45 days after planting to decrease the tissue nutrient
levels. Older leaves were removed, leaving only 3 newly
formed leaves per plant as the baseline measure. This
operation avolds any nutrients redistribution issued by
catabolism from old leaves to the future younger. The
plants were then, fertilized with the different Mg solutions
2 to 3 times per week; depending to physiological stages
of plant, luminosity and temperature. During each
fertigation, the leaching percentage was controlled at 30
to 40%. This operation allows avoiding salt accumulation
in the root media (Munoz et al., 2008; Munns, 2002).

The crop growth as influenced by the treatment
solutions was checked 120 days after planting by
measuring the Number of Teaves (NL), Plant Height (PH),
Leaf Length (LL), Leaf Width (W), Petiole Length (I.1.),
Crown Diameter (CD), Fresh Weight (FW) and Dry
Weights (DW). The determination of the crop growth
followed the methods described by Chot et al. (2000).

Treatments solutions: Six treatment solutions S1, S2, S3,
34, 85 and 36 differentiated by MgCs: 0, 0.5,1, 2, 4 and
6 meq.L™' respectively were tested in this experiment
(Table 1). Hence, these Mg different concentrations gave
different K*/(Ca”+Mg"). The composition of other
elements was the same for the 6 solutions. Tt was for
macro nutrients (meq.I.”") 5 K', 5 Ca®, 10 NO,™, 250,77,
1 H,PO, and the micrenutrients (mg.I.”' of solution):
1.81 MnCl,-4H,0, 2.86 H,BO,, 0.22 ZnSO,7H,0, 0.08
CuS0,-5H,0, 0.09 HMoO,-H,0 and 0.79 Na, FeEDTA.
Except Na™ and Cl™ that was tied with NaH,PQ,, Na,SO,
and CaCl,. It should be noted, that the variation from O to
5 and from 1 to 3 meq.L.™', respectively for Cl'and Na"in
the different NS had no significant effect on growth and
development of plants (Keutgen and Keutgen,
2003; Babu et al., 2005). Because, these elements and in
these concentrations plays a minor role m nutrient plant
compared with the other nutrients (Hopkins, 2003;
Munns, 2002). In the other hand, Ca* and K" inhibited Na"
uptake in growth temperature under 32°C (Quintero et al.,
2008; Rubio ef al., 2003). While, our experiment was
conducted at a temperature between 15 and 24°C. Each
treatment was repeated 4 tunes. The standard stock
solution was prepared using Ca(NQO,),, KNO,, NaH,PQ,,
MgSO,, Mg(NO,),, NaNO,, Na,30, and CaCl,. They were
mixed in separate tanks to prevent salt precipitation.

Nutrients analysis: The differences in plant growth was
investigated 120 days after planting by measuring the NL,
PH, LL, LW, PL, crown diameter (CD) and fresh weight
(FW) and dry weights (DW).
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Table 1: Composition of NS used to investigate the effect of MgC

NH,' K catt Mo Na* NO;~ S04 H,PO,-  CF KACa™ Mg

NS (meg.L.)

S1 0 5 5 0 3 10 2 1 0 1

S2 0 5 5 0.5 2.5 10 2 1 0 0.90

83 0 5 5 1 2 10 2 1 0 0.83

sS4 0 5 5 2 1 10 2 1 0 0.71

85 0 5 5 4 1 10 2 1 2 0.55

56 0 5 5 6 3 11 2 1 5 0.45

“Micronutrients (mg L~ solution): MnCl,-4I,0, 1.81; H;B0s,2.86; ZnS 04 7H,0, 0.22; CuSQ,5H,0, 0.08; H,Mo04- H,0, 0.09 and Na,FeEDTA, 0.79

The tissue of entire above-ground plant parts were
harvested for elemental analysis. The collected samples
were washed with diluted detergent in distilled water,
quickly rinsed in a bath of distilled water and oven dried
at 70°C for 48 h. Dried tissue samples were ground, ashed
and analysed using the procedure described by Fonteno
and Nelson (1990).

Peticles of fully grown young leaves were also
collected 120 days after planting and cut inte 1 mm long
segments for analysis. Samples were put mto vial with
distilled water (1:10 w/w). Vials were gently shaken for 30
min to allow the electrolytes to leak out from the petiole
sections. After filtering with a Whatman No. 2 filter paper,
the solutions were used for NO,-N analysis following the
procedures of Cataldo ef al. (1975).

The instrument used for nitrogen analysis was
Kjeldahl digestion and distillation unit (VELP Scientifica,
Model UDK 132). Inductively Coupled Plasma (ICP)
Optical Emission Spectrometer (Thermo Elemental Traces
can, UUSA) was used for K, Ca, P, Mg, Fe, Mn, Zn and Cu.
The NO,” from petiole section was analysed by using
spectrophotometer Model CE 5001 (Cecil, England).

Soil solution was also analysed 120 days after
planting. Tt was extracted by the method of Warncke
(1986).The pH and EC were measured by a pH meter
(Model 900A, Orion) and an EC meter (Model 122, Orion),
respectively.

Statistical analysis: Data from the growth measurements,
tissue analysis, soil solution pH and EC were subjected to
a randomized complete block analysis of variance. The
treatment means were separated via 1.SD test. Data were
also subjected to a polynomial regression analysis using
the CoStat program (CoHort Software version 6.3,
Monterey, CA).

RESULTS

Effect on growth characteristics: The number of leaves
(Table 2) is not affected by the variation of MgC. The
same results were found by Vrataric er al. (2006) and
Kristek et al. (2000) on soybean and sugar beets. By cons,
Rao and Rajput (2011) on oregano (Origanum vulgare ssp.
hirtum) and Cakmak et al. (1994) on bean plant found that
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MgC varation has an effect on number leaves. It
decreases when deficiency was mduced.

The higher PH was obtained by 33 and 54 (Table 2).
(Pritts, 1998; Marschner, 1995; Mengel and Kirkby, 2001)
showed that the variation of MgC had a significant
effect on PH and chlorophyll. However, the CD was not
affected by the Mg variation. Because, according to
(Tabatabaei et al., 2008, Maroto et al., 1996), it is affected
only by plant densities.

The DW of the whole above ground plant tissue was
weakly correlated (Fig. 3) and not influenced (Table 2) by
the variation of MgCs in NS. The FW is also not
influenced (Table 2) and weakly correlated with the
variation of MgC (Fig. 4). These correlations concerned
specially the concentrations 0.5, 1, 2 and 4 meq.L. ™"
(Azuma et al., 2010; Keutgen and Pawelzil, 2008, Suarez,
2011) showed that the decrease in LW 1s concomitant with
the reduced photosynthesis caused by an inappropriate
MgC (Ding et al., 2008). In the same condition, Choi and
Latigui (2008) found that the high quantity of chlorophyll
1in “seolhang™ 13 obtained by an MgC varying between 1.4
and 2.8 meqL™". While, in sugar beet (Hermans ef af.,
2006) and in broad beans (Hariadi and Shabala, 2004;
Chou et al., 2011), the studies demonstrated that plant
biomass is not effective for diagnosis of Mg deficiency in
this vegetative stage. Furthermore, no difference was
observed by the variation of Mg in DM. Because,
according to Tei et al. (2002) is not affected by the
irrigation practices.

The 33 and 34 gave the higher area of leaf (Table 2)
represented by LI and WL in this experiment. However,
the deficiency of Mg in S1 and S2 reduced leaf. This is
due, according to Assuero ef al. (2004) to the reduction in
the meristematic zone where the rate of cell production
became lower. The important elevation of Mg in 36 gave
lower leaf area. Azuma et al. (2010), Kchaou et al. (2010),
Perez-Tornero et al. (2009), Suarez (2011) and Razavi et al.
(2008) showed that ligh Salimity generally inhibits the
development of leaf area and decreases the leaf fresh
weight and chlorophyll content.

The visible effects of MgC variations: The effect of Mg-
deficiency in S1, after 120 days of the treatment, first seen
by the appearance of necrosis in the old leaves (Fig. 1).
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Deficient plant Progress of deficiency symptom

Fig. 1: Induced magnesium deficiency symptoms in “Seolhyang’ strawberry

Mg (meg.L %)

Fig. 2. Dafferences in crop growth of “Seolhyang’ strawberry at 120 days after transplanting as mfluenced by elevated

MgC in NS

Table 2: Influence of elevated MgC in NS on growth characteristics of ‘Seolhyang’ strawberry at 120 days after transplanting
NL PH LL LW cm PL CD FWgPp! DwW

NS§ ({cm) g P!
S1 6.20+= 0.6 8. 8.0 11.¢¢ 1.01* 27.8% 7.25°
S2 7.00° 2953 10.6 8.0r 17.1° 9.40° 25.3° 6.82°
S3 771 352 12.3* 9.4 20.7% 1.12* 357 8.93¢
S4 757 36.3 11.7% 9.3 22.6* 1.05° 37.6* 7.82°
S5 7.29% 34.4% 11.4* 9.2¢ 20.6% 1.01* 33.6% 7.88
S6 7.200 38 10.8 8.3 18.5% 1.05° 32.4% 7.33®
Linear NS NS NS ik * NS NS NS
Quadratic NS sesfest R sesfest R NS * NS

Mean separation by Duncan’s multiple range test at p<0.03. Values followed by the same letter within columns are not significantly different WS: # #% #*%Non
significant or significant at p<0.05, 0.01 and 0.001, respectively

Because, tlus deficiency decreased chlorophyll Hermans et al, 2004, Cakmak and Kukby, 2008;
concentrations, photosynthetic activity and soluble Ding et al., 2008; Marschner, 1995; Mengel and Kirkby,
protein (Cakmak et al., 1994; Ericsson and Kahr, 1995; 2001; Paul and Pellny, 2003; Pritts, 1998) by the
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phenomenon of photosynthates redistribution to phloem-
fed tissues (Hermans et al., 2005) and to young immature
leaves (Hermans ef al., 2006, White and Broadley, 2009)
which are the sink (Bonmemain, 1964) in this case. In the
other hand, Mg is mobile in plants and can be
transported to developing organs meristems, buds and
flowers (Shaul, 2002).

The Fig. 1 shows, also on young leaves a spotted
brown or brown area developed on the interveinal area
with spotted marginal browning or marginal necrosis. By
cons, 1n other varieties, the characteristic symptom of Mg
deficiency 1s only, intervemal chlorosis (Bennett, 1997).
These leaves eventually dried and withered.

The application of 6 meq L™ of Mg in NS (Fig. 2)
caused a reduction in pigmentation. (Cambrolle et al,
2011; Chakraborty et al., 2012), on Arabidosis, explained
that this depigmentation is caused by a reduction of K,
Ca’ and Mg®" However, $3 and 34 induced a relatively
optimal growth.

Effect on tissue nutrient contents

Macronutrients: An optimal Mg content on shoots,
where Mg™ is usually measured (Mengel and Kirby, 1987)
1s between 0.30-0.50% mmany varieties (Marschner, 1995)
and 0.04% on vantana strawberry (Palencia et al., 2010)
depending of culture condition. ITn our experiment
(Table 3), excepted for 36 where the content 1s relatively
high, all solutions gave the acceptable rate. Whle
Chou et al. (2011) found, in rice that Mg deficiency
resulted in a decrease in MgC in shoot and roots.
Because, according to (Perez-Tomero et al, 2009,
Razavi et al., 2008), the Mg analysis remains the most
accurate tool to diagnose Mg deficiency. The elevated
MgC mn NS and magnesium concentrations content of the
whole above ground plant tissue (Fig. 3) and in petiole
sap (Fig. 4) are highly correlated However, those on
changes in dry weight and magnesium content of the
whole above ground plant tissue (Fig. 3) is leakely
correlated. In the other hand, the response of MgC in
fresh weight (Fig. 4) of the whole above ground plant
tissue was also leakely correlated.

The concentration of P (Table 3) obtained by S4 and
S5 18 near to the optimum 0.32 % noted by Palencia et al.
(2010). The ligh content 1s obtained by S6. By cons, in
olive tree the levels of K' and Mg*+ in leaf and fruit
remained relatively constant with respect to the different
salinity treatments (Vigo ef al., 2005).

Potassium 18 the nutrient absorbed at the highest
rates followed by Ca and N. Tt is absorbed at similar rates
than Mg and P (Tagliavini et al., 2005). The increases of
K* (Table 2) in all treatments were proportional to
increasing to those of Mg™ in input sclutions. This
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@ Dry weight: y = 7.2806+0.6064x-0.1023x’, R* = 0.0240***
W Mg content: y = 0.0367+0.1150x, R* = 0.7568%**

r 0.8

Dry weight (g plant™)
T
g
(=2}

T
N
o

T
=3
'
Mg content (% fo dry weight)

Mg (meq.L™)

Fig. 3: Effect of elevated MgC in the N3 on changes in
dry weight and magnesium content of the whole
above ground plant tissue of ‘Seolhyang’

@ Fresh weight: y = 26.6097+5.739x-0.8316x°, R* = 0.1648***
W Mg content: y = 3.3541+0.124189x, R’ = 0.7568***
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Fig. 4: Effect of elevated MgC in the NS on changes in
fresh weight of above ground plant tissue and
MgC in petiole sap of ‘Seolhyang’ strawberry at
120 days after transplanting

explains the synergisms P/K, P/Mg and P/N (Leikam et af.,
19%83; Falade, 2006, Watanabe et al., 2007). The lowest
percentage of major elements studied was recorded by the
treatment S1. In other hand, the Concentration of Na* was
found for all treatments under the toxic level 0.2%
(Bernstein, 1975).

Micronutrients: Excepted for the T-N, P, Fe and Cu
(Table 3), the analysis of variance showed mghly
significant effects of different treatments MgC on the NS
based on the DW of the above-ground tissue.

The results showed that for Mn, Zn and Cu no
significant differences were recorded for all treatments.
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Table 3: Influence of elevated MgC in NS on tissue nutrient contents of ‘Seolhyang’ strawberry based on whole above ground plant tissue

TN P K Ca Mg Na Fe Mn Zn Cu

Treatments (%) (mgkg™

S1 1.41= 0.297® 1.57° 0.85° 0.27° 0.011° 193.52 440,32 44, 5 12,3
S2 1.32% 0.2420 2.05% 0.39° 0.03¢ 0.004° 129.2° 267.4 34.2¢ 9.5
83 1.39° 0.381= 2.07® 0.58° 0.07% 0.005 193.4° 415.92 44, 5 11.7
sS4 1.52% 0.267 2.33 0.45° 0.20% 0.004° 153.6° 140.0 27.6¢ 11.4*
85 1.46° 0357 2.36° 1.06° 0.46° 0.054¢ 671.3" 164.8¢ 35.8 12,07
S6 1.31* 0.364* 2.40¢ 1.31 0.74% 0.000* 82.9 61.0F 29,30 9.(¢
Quadratic NS NS ** HHE HHE *kk NS HHE NS NS

“Mean separation by Duncan’s multiple range test at p=0.05. Values followed by the same letter within columns are not significantly different. NS, *, #%,

#*#¥Non significant or significant at p<0.03, 0.01 and 0.001, respectively

® pH: y=7.1658+0.0718x-0.0223x’, R’ = 0.2155%*
B Mg content: y = 2.2604+0.1107x, R* = 0.1584%**

1
v
W

T
»
(=3

Electrical conductivity (ds m™")

T
e
n

0 1 2 3 4 5 6
Mg (meq.L™")

Fig. 5: Effect of elevated MgC in the NS on changes in
pH and EC in soil solution of root media at 120
days after transplanting of ‘Seolhyang’ strawberry

However, the 52 gave the greatest and optimal weight of
Fe found by Palencia et al. (2010). The values of Zn and
Cu found in plants of 51 and 32 are similar to those found
by the same authors whom are 40 and 39 mg kg™,
respectively. By cons, the value of Mn is much higher
than that found by the same authors. So, the
concentrations of this element used in NS must be
decrease (Table 1) to the ideal 0.64 mg L™ (Blanc, 1987).
Because according to Palencia et al. (2010), the values of
7Zn and Cu had to be 40 and 39 mg kg™, respectively.

Effect on EC and pH: The standard parameter for EC of
strawberry crop is between 1.5 to 2.5 dS.m ™" (Saied ef al.,
2005; D’ Anna et al., 2003; Carusoa et al., 2011) which is
in accordance with the results obtained in S1, 82, S3and
34 (Fig. 5). While in S6, 1t 1s so higher. EC superior to
2.2mS cm ' results in the reduction of plant biomass and
leaf area (Klamkowski and Treder, 2008). In other hand
and in our experiment, the response to the variation of Mg
on the EC (Fig. 5) was leakely correlated.

Excepted in S4 and 36, the pH was superior to 7
(Fig. 5). This elevated pH is caused by the absence of
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NH," (Mengel and Kirkby, 2001) inall NS. An alkaline pH
in NS does not allow the uptake of micronutrients. By
cons, slight acidity, fewer than 6.5 i3 beneficial to
absorption of all trace micronutrients (Babiker ef al., 2004,
De Paz and Ramos, 2004; Albregts and Howard, 1980). In
our experiment, the response to the variation of Mg on the
PH was weakly correlated.

DISCUSSTION
This study amms to determine the optimal
concentration of Mg to de Strawberry

(Fragariaxananassa Duch.) “Seolhyang” growing in
soilless culture. In the same growing conditions and
with the same variety, previous works has been done by
Choi et al. (2010) on N, by Choi et al. (2011a) on NH4™ to
NO, ™ ratios and by Choi et al. (2013) on P. The mg uptake
is depending to the optimal concentration of K and Ca*
in NS. Because, when Ca2+, Mg” and K' concentrations
are m the adequate range, they have a significant impact
on yield, even without vegetative signs of deficiency
(Brennan et al., 2007, Paranjpe et al, 2008; Murillo-
Amador et al., 2006).

The all results on growth characteristic, on tissue
nutrient contents had shown that the solution 54 would
allow the relatively best uptake of nutrients and a normal
growth of plants. However, its ratio K*/ACa*+Mg") = 0.71
can create a nutritional imbalance during the evolution of
strawberry physiological stages. This ratio must be
according to Latigui (1992) and Choi et al. (2013) around
0.61. The relatively best pH, less than 7 allowing the best
uptake of micronutrients 1s obtained, also by 34. The high
pH for all solution is due to the absence of NH," in NS.
Because, According to (Britto and Kronzuker, 2002;
Kotsiras et al., 2002; Klamkowski and Treder, 2007), the
use of the two forms NO,™ and NH,” is necessary for a
normal growth. Tn this fact, Tt must be introduced the NH,"
in NS (Choi et al., 2010, Choi et of., 201 1a).

The S4 compeunded initially by 5 K*, 5 Ca™ 2 Mg™,
1 Na', 10NO,~, 2 30,7, 1 H,PO, witha pH 6.5, EC = 2.2,

K'/(Ca"+Mg”) = 071 and Zcations = Zcanicns
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(13 meq.I.™") must be improved by decreasing a pH and
adjusting this ratio to around 0.61. In this fact, it is
necessary to introduce in NS 2.5 meq.L.™" of NH," in place
to Na. Mengel and Kirkby (2001) showed that 20% NH,"
m total N ensures m most cases, the best possible
balance.

Other changes in the levels of K', Ca*and Mg
allowed K+/(Ca™+Mg™) to be equal to 0.61 which is ideal
as regards the ionic balance at this stage of development.
Depending of results of this study, the new solution
improved would be compounded by 3Ca*, 4.5 K,
2.3 Mg*, 2.5 NH,, 5 NO,~, 2.380, and 1 H,PO,with
Ycations = Xanions (14.3 meq.L.™"). Because, the main tool
to balance the total cation-to-anion uptake ratio
appearing to be beneficial to the plant (Sonneveld, 2002;
Klamkowski and Treder, 2007).

CONCLUSION

This experiment complements the works already done
on Nitrogen, ammomnium and Phosphorus. Tt was
conducted by the same authors in the same conditions on
the same variety Strawberry (Fragariaxananassa Duch.)
“Seolhyang” growing in soilless culture. Tt showed that,
the MgC , meq.L.™" in the NS resulted in the relatively
highest vegetative growth with a favorable EC and pH for
a better growth and nutrients uptake. This solution
compounded initially by 5K, 5 Ca* 2 Mg®, 1 Na', 10NO;
, 280,51 HPO,with a pH6.3, EC = 2.2, K'(Ca**+Mg™) =
0.71 and Zcations = Zanions (13 meq.L.”") has been
improved by decreasing a pH and adjusting the ratio cited
to around 0.61. Depending of the results of this study, the
new solution improved is compounded by 5 Ca™ 4.5 K,
2.3 Mg*, 25 NH,", 5NO;; 2.3 30, % and 1 H.,PO, with
Fcations = Zanions (14.3 meq..7"), a pH6 and EC = 2.3
dS.m™.

This new configuration would allow, according to
several authors, a relatively best nutrients uptake allowing
thus, a best growth and higher fruits yield.
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