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Abstract

The influence of Ca>" and K* levels on fruit yield and quality of sweet pepper (Capsicum annuum L. cv. Orlando)
plants under hydroponic culture has been investigated. The treatments consisted of three concentrations of Ca?
(1.5, 4 and 8 mmol L!) and K* (2.5, 7 and 12 mmol L) that were imposed separately. Fruit yield parameters and
different fruit quality parameters, as well as dry matter production and mineral composition in individual parts of
the plant, were determined. The increase of Ca?" in the root medium increased the marketable yield from 1.67 to
2.38 kg plant™!, mainly due to an increase in the number of fruits per plant, while higher K* levels decreased
marketable yield from 2.2 to 1.66 kg plant™!, due to decreases in the number of fruits per plant and the mean fruit
weight. With respect to fruit quality, fruit shape index and, therefore, pepper fruit appearance improved with Ca?*
addition to the root medium. Fertilisation with K" increased fruit acidity and decreased maturity index, which could
improve fruit storability. Low Ca?* or high K* levels reduced both root and shoot dry matter. Therefore, an adequate
management of fertilisation with Ca?" and K* could improve the yield and fruit quality of pepper grown in soilless
culture.

Additional key words: Capsicum annuum L. cv. Orlando, greenhouse, Hoagland nutrient solution, hydroponics,
plant nutrition.

Resumen

Rendimiento y calidad de los frutos de pimiento en respuesta a la fertilizaciéon con Ca?"y K*

Se investigd el efecto del Ca?"y del K* sobre el rendimiento y la calidad de los frutos en plantas de pimiento (Cap-
sicum annuum L. cv. Orlando) crecidas en cultivo hidropdnico. Los tratamientos consistieron en tres concentraciones
de Ca?* (1,5,4 y 8 mmol L) y tres de K* (2,5, 7 and 12 mmol L), que fueron comparadas de forma separada. Se de-
terminaron los parametros de rendimiento y la calidad de los frutos, asi como la produccion de materia seca y com-
posicion mineral en la parte aérea, raices y frutos. El aumento de la concentracion de Ca?* en la solucién nutritiva in-
crementd el rendimiento comercial de 1,67 a 2,38 kg planta™!, al aumentar el numero de frutos por planta. La mayor
concentracion de K* ensayada (12 mmol L") disminuy¢ el rendimiento de frutos comerciales de 2,2 a 1,66 kg plan-
ta”!, debido al descenso del niimero de frutos por planta y del peso medio de los frutos. El indice de forma de los fru-
tos, y por tanto, su apariencia, mejord con la adicién de Ca?". Por su parte, el aumento de K™ incremento la acidez de
los frutos y disminuy¢ el indice de madurez, lo que podria facilitar el almacenaje de los frutos. El crecimiento de la
parte aérea y de la raiz disminuy6 con 1,5 mmol L' de Ca?" o con 12 mmol L-'de K*. De esta forma se concluye que
un manejo adecuado de la fertilizacion con Ca** y K* podria mejorar el rendimiento y la calidad de los frutos en pi-
miento crecido en cultivo sin suelo.

Palabras clave adicionales: Capsicum annuum L. cv. Orlando, cultivo hidropoénico, invernadero, nutricion vege-
tal, solucidn nutritiva Hoagland.
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Abbreviations used: BER (blossom end rot), DM (dry matter), EC (electrical conductivity), FSI (fruit shape index), MI (maturity
index), TSS (total soluble solids).
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Introduccion

Pepper is an important horticultural crop in many
regions of the world. In Spain, the half of the horti-
cultural crops (5,000 ha) is being grown in greenhouse
under soilless system (Urrestarazu, 2004), around half
corresponds to rockwool and the other half to perlite,
sand, coir and other minor soilless systems. The study
of the effect of the major macronutrients on fruit yield
and quality under controlled nutrient solution could be
used for improving pepper culture in soilless systems
with maximum efficiency in the use of fertilizers.

Calcium plays a key role in plant growth and fruit
development and it is involved in many biochemical
and physiological processes (Saure, 2005). Even under
non-saline conditions, significant economic losses of
horticultural crops have been linked to inadequate
calcium nutrition (Grattan and Grieve, 1999). Thus,
calcium-related disorders may occur in plants where
the calcium concentration appears to be adequate as
well as where the calcium content is low (Bernstein,
1975). Potassium is one of the major macronutrients,
contributing up to 6% of plant dry weight (Shabala,
2003) and it is considered to be a key factor for fruit
quality (Hartz et al., 1999). The findings about the
influence of K* on pepper fruit quality are related to
nutritional quality (Flores et al., 2004), while the
findings about the influence of K™ on pepper yield are
related basically to the amelioration of the negative
effects of salinity stress (Kaya and Higgs, 2003) or to
ammonium-potassium interactions (Xu et al., 2002).

The influence of mineral nutrition on quality charac-
teristics, such as soluble solids, acidity and pH, and on
physical characteristics, such as fruit shape index,
firmness and pulp thickness, has been not very much
studied in pepper plants and it is important for both
fresh and processed horticultural crops, as has been
observed in tomato (Solanum lycopersicum L.) by
Cuartero and Fernandez-Muiioz (1999).

The importance of the main nutrient elements re-
garding the yield and quality components of pepper
plants requires further study; this will be necessary
in order to develop a rational fertilisation in soilless
systems. In this respect, there is a scarcity of studies
on pepper plants using concentrations of the nutrients
similar to those used by growers. We hypothesise that
current nutritional equilibriums based on the Hoagland
nutrient solution could be adapted for sweet pepper in
order to improve the yield and fruit quality. Thus, the
aim of this research was to study the effects of different

levels of Ca?" and K* on the fruit yield and quality
parameters of pepper plants grown in hydroponic
culture. The mineral composition of the organs and
plant dry matter production were also measured.

Material and methods
Growth conditions and treatments

The experiments were conducted under controlled-
greenhouse conditions in Murcia (38°6’ N, 1°1° W;
altitude 155 m), Southeast Spain, during the winter-
spring season. The greenhouse of 500 m? is equipped
with cooling system, heating system and fog system.
The climate conditions were computerized, ranging the
relative humidity from 60 to 70% (day) and from 75
to 85% (night), and the air temperature from 25 to 30°C
(day) and from 17 to 23°C (night). Seeds of pepper
plants (Capsicum annuum L. cv. Orlando) were sown
in cell pots (2 X3 x 10 cm) filled with vermiculite. After
the second true leaf appeared, one homogeneous seed-
ling was transferred into each of 40 continuously-
aerated, 120-L capacity containers, covered with black,
hard PVC to exclude light from the roots and to prevent
evaporation. The plant density was 1.66 plant m~ with
0.5 m between plants in the same row and 1.2 m between
rows. Treatments were initiated immediately after
transplanting seedlings into the containers. The basic
nutrient solution (control) consisted of a modified
Hoagland solution (Table 1), which was modified by
elimination of some of the salts or by addition of CaCl,,
NaNO;, K,SO, and NaH,PO, when necessary (Table
1), in order to obtain five different treatments: control,
low calcium (1.5 mmol L' Ca?"), low potassium (2.5
mmol L' K*), high calcium (8 mmol L' Ca?*) and high
potassium (12 mmol L-! K*). The micronutrients were
applied similarly in all the treatments, in the following
form: 25 umol L' H;BOs3, 2 pmol L™' MnSO,.H,0, 2
pmol L' ZnS0,.7H,0, 0.5 umol L' CuS0O,.5H,0, 0.5
umol L' (NH,)s M0,0,4.4H,0 and 20 pmol L' Fe3*-
EDDHA. The experimental design consisted of four
randomised blocks with five treatments. Each treatment
consisted of eight replicates (two per block).

During the growth period, the volume of the nutrient
solutions was maintained by adding deionised water
daily. All solutions were analysed weekly and readjusted
to initial concentrations when necessary. The pH was
kept within the range of 5.5-6.0 by adding 1 mol L'
H,SO, or 0.5 mol L-! KOH. Each plant was trained into
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Table 1. Concentration of macronutrients (mmol L™') and electrical conductivity (EC, dS m™)
in the nutrient solution of the treatments

Nutrient source Control Low Ca?  High Ca** Low K* High K*
KNO; 6 5 0 2.5 5
Ca(NO;),.4(H,0) 4 1.5 7 4 4
NaNO; 0 6 0 3.5 1
K,SO, 0 0 3 0 3
MgSO0,.7(H,0) 1 1 1 1 1
NaH,P0,.2(H,0) 0 0 1 1 0
KH,PO, 1 1 0 0 1
KCl 0.05 0.05 0.05 0.05 0.05
CaCl,.6(H,0) 0 0 1 0 0
EC 2.0 1.9 2.3 1.8 2.3

two main stems and at each internode only three leaves In the extract obtained by liquefying the mesocarp of

were left attached. The experiment was terminated 196 each fruit, TSS in juice was determined by an Atago

days after transplanting. N1 refractometer and expressed as °Brix at 20°C. Ten
millilitres of juice were assayed by potentiometric
titration with 0.1 mol L~ NaOH to pH 8.1. Results were

Fruit sampling expressed as a percentage of citric acid in the juice.
Maturity index was expressed as the soluble solids/

Fruits were usually harvested weekly according to acidity ratio.

the time of ripening, starting on day 114 after transplan-

ting, until the end of the experiment. Yield was deter-

mined by counting and weighing all fruits on each plant. Mineral composition and dry matter

In addition, length and diameter were also recorded for ~ determinations

all fruits. Only marketable yield, based on marketable

characteristics for red California pepper (Navarro et At the end of the experiment, plants were separated
al., 2002), was taken into account for the experiment. into roots, stems and leaves. Each plant organ was
Fruits with more than 20% of blossom-end rot (BER), washed with deionised water, dried in a forced oven at
rotten fruits and fruits of fresh weight lower than 100 g~ 70°C for 48 h and weighed, to determine shoot (leaf +
were not taken into account for marketable yield. stem) and root dry matter (DM). The mineral compo-

sition was determined in all plant organs and fruits.
Mineral composition of leaf and stem was expressed
Fruit analysis as shoot mineral composition. The extraction of K*,
Ca?" and Mg?* from the plant tissues was performed by
Fruit firmness, fruit shape index (FSI) and pulp a HNO;-HCIO, (2:1) digestion: K* was determined by
thickness were determined in two selected fruits per atomic emission and Ca?" and Mg?' by atomic absorp-
plant (16 per treatment) with intact skin and uniform tion with a Perkin-Elmer 5500 spectrometer. Nitrate
colour, from the 2" and 3™ trusses. Fruit pulp firmness was extracted with water and determined by ion chro-
was determined on three sides of each fruit, in the matography, using conductivity detection (Dionex DX-
equatorial area, using a penetrometer (Bertuzzi FT 100), an Tonpac AG12A guard column and an Ionpac
011) fitted with an 8-mm diameter probe. Fruit shape AS12A analytical column. The mobile phase was 2.7
index (FSI) was defined by the equatorial to longitu-  mmol L™ Na,C0O5/0.3 mmol L' NaHCO;.
dinal length ratio. The selected fruits were then cut and
pulp thickness measured.
Chemical fruit quality was determined in the same  Statistical analysis
16 fruits used for the physical analyses. The fruits were
liquefied and filtered for pH, total soluble solids content Analysis of variance was performed to assess the
(TSS), acidity and maturity index (MI) determinations. significance of treatment effects. Differences between



Fertilisation and pepper yield 173

treatment means were compared by using Tukey’s
multiple range test at the 0.05 probability level. Levels
of significance are represented as follows: *P <0.05;
*¥*P<0.01; ***P<0.001; NS, not significant.

Results
Fruit yield and quality

The increase of Ca*" in the root medium from 1.5 to
8 mmol L'resulted in a significant increase of marke-
table fruits (39.5%) (Fig. 1a). From 1.5 to 4 mmol L!
Ca?, this increase was due to a rise in both the weight
and number of fruits per plant (Figs. 1b and 1¢), whereas
the increase in marketable fruit from 4 to 8 mmol L!
Ca?" was a result of the increase in the number of fruits
per plant (11% above the control).

At the high K*level (14 mmol L"), marketable fruit
yield was reduced (by 25%) compared to the low and
medium K™ levels, as a result of a decrease in both the
number of fruits per plant and the mean fruit weight
(Figs. 1d, 1e and 1f). There were no significant diffe-
rences in yield components between the low and control
K" levels (2.5 and 7 mmol L) (Figs. le and 1f).

The percentages of non-marketable fruits in all
treatments were very low (data not shown) and there
were no significant differences among treatments. Fruit
quality parameters were affected by the different treat-
ments (Table 2). Fruit shape index increased with the
highest Ca?" concentration in the root medium. In addi-
tion, the lowest Ca?* level decreased the TSS and increased
the pH. Acidity increased gradually with increasing K*
level through the studied range of 2.5 to 14 mmol L™,
and a significant decrease in the maturity index with
increased K* level in the root medium was observed.
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Figure 1. Effects of calcium and potassium treatments on marketable fruit yield (g plant™),
mean fruit weight (g) and number of fruits per plant. Each column represents the mean of eight
replicates. Columns with different letters indicate significant differences at P<0.05 between

treatments, according to Tukey’s test.
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Table 2. Effects of Ca?" and K" treatments on constituents and quality parameters of pepper fruits grown in hydroponic culture

Concen- Fruit Pul Acidity
T . Firmness S TSS (g citric acid Maturity
reatment tration shape I thickness pH P a1 .
1 . (N cm™) (°Brix) 100 mL index
(mmol L) index (mm) ..
juice)
Calcium 1.5 0.732 4.49 7.00 5.45° 8.62° 0.22 40.09
0.80? 4.47 6.95 5.26° 9.00° 0.21 42.36
8 0.96° 4.43 7.28 5.25% 9.18° 0.23 40.75
ok NS NS * HE NS NS
Potassium 2.5 0.78 4.63 7.42 5.28 8.90 0.20? 44.432
7 0.80 4.47 6.95 5.26 9.00 0.212 42.36%
14 0.77 4.73 6.91 2.27 9.10 0.24° 38.22°
NS NS NS NS NS ok E ok

* ** and ***: significant differences between means at 0.05, 0.01 and 0.001 level of probability, respectively. NS: non-significant.
Different letters indicate significant differences between treatments according to Tukey’s test. Values are means of 16 fruits.

Shoot-root dry matter and mineral
composition

Shoot and root dry matter were significantly lower
at low Ca®" and at high K* levels in comparison with
the other treatments (Figs. 2a, 2b, 2c and 2d). The de-
creases in shoot and root dry matter (about 26%) were
similar for the low Ca?" and high K* treatments with
respect to the control.

Shoot, root and fruit Ca?" concentrations were
increased by addition of Ca*" to the root medium

Calcium

(Table 3). The increase of Ca?" in the root medium from
1.5 to 8 mmol L' increased root Ca?" concentration 6
times more than shoot Ca?" concentration. The con-
centrations of K* in shoots and fruits were not affected
by the Ca?" treatments, whereas root K* concentration
decreased when the Ca?" level increased from 4 to 8
mmol L', The Mg?* concentration in shoot and root
decreased as the Ca?' levels in the root medium in-
creased. Root NOj concentration was decreased signi-
ficantly by increasing Ca?" concentration in the root
medium.

Potassium
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Figure 2. Effect of calcium and potassium treatments on dry weight (DW) of shoot and root at
the end of the experiment. Columns with different letters indicate significant differences at
P <0.05 between treatments, according to Tukey’s test.
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Table 3. Macronutrient concentrations (mmol kg~! DM) in shoot, root and fruit at the end of the experiment, as affected by
Ca?" treatments

Ca™ . . . .
Part of plant (mmol L) Potassium Calcium Magnesium Nitrate
Shoot 1.5 1,302 558¢ 250° 477
4 1,401 678" 215° 493
8 1,320 885" 201° 506
Roots 1.5 1,397° 132¢ 219 1,207°
4 1,288" 254> 201 1,069°
8 1,048° 845° 174° 771¢
*% *ok ok * *kk
Fruits 1.5 572 15.4° 46.3 ND
593 16.0° 48.1 ND
8 586 23.7* 47.3 ND
NS ook NS

Values are the means of eight replicates. ND: non-detectable. *, ** and ***: significant differences between means at 0.05, 0.01
and 0.001 level of probability, respectively, according to analysis of variance. NS: non-significant. Different letters indicate
significant differences between treatments according to Tukey’s test.

The K* concentrations in the different plant organs Fruit mineral composition was not affected by the K*
showed similar values; except for the fruits, where the treatments.
K" concentration was approximately half of that in the
other parts of the plant (Table 4). Decreasing K* in the
root medium from 7 to 2.5 mmol L-! decreased signifi- Discussion
cantly shoot and root but not fruit K™ concentrations.

In shoots, Ca?" concentrations were increased signifi- Effect of calcium

cantly at the low K" level in the root medium, compared

to the high K* level, whereas root Ca** concentrations Fruit marketable yield responded positively to the
were reduced significantly by high K* in the medium. increase of Ca?" supply, which increased the number

Table 4. Macronutrient concentrations (mmol kg™ DM) in shoot, root and fruit at the end of the experiment, as affected by
K* treatments

K+

Part of plant (mmol L) Potassium Calcium Magnesium Nitrate
Shoot 2.5 1,203° 757* 225 454
7 1,401 678 215 493
14 1,4092 658° 199 470
Roots 2.5 1,145 279 219 1,034
7 1,288 2542 201 1,069
14 1,298 160° 190 961
* ok NS NS
Fruits 2.5 596 14.4 45.5 ND
7 593 16.0 48.1 ND
14 593 14.6 47.5 ND
NS NS NS

Values are the means of eight replicates. ND: non-detectable. *, ** and ***: significant differences between means at 0.05, 0.01
and 0.001 level of probability, respectively, according to analysis of variance; NS: non-significant. Different letters indicate
significant differences between treatments according to Tukey’s test.
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and weight of the fruits (Fig. 1). Alexander and Clough
(1998) observed an increase of pepper marketable yield
due to increased Ca?" supply, mainly because of an
increase in extra large marketable fruits and a decrease
in BER-affected fruits. Our results indicate that Ca?
improved total yield (data not shown), since the percen-
tage of non-marketable fruits was similar in all treat-
ments and the incidence of BER was very low, possibly
due to the high relative humidity maintained throughout
the experiment. Several studies have shown a reduction
in BER severity in tomatoes under conditions of low
vapour pressure deficit (Bradfield and Guttridge,
1984; Adams and Holder, 1992). On the other hand, in
our experiment, it is necessary point out that the lower
fruit yield obtained in comparison with yields (by 4 kg
plant™) of industry pepper was due to our experimental
period was from December-May while in the commer-
cial greenhouses the plant are kept until August or
September.

The fruit shape index (FSI) is an important charac-
teristic of California peppers, since this, together with
the weight, determines the fruit category (Navarro
et al., 2002). In our experiment, the increase in
Ca?" level in the root medium tended to increase FSI,
fruits with high shape quality being obtained in the 8
mmol L' Ca?" treatments. In addition, greater Ca?" in
the root medium decreased pH and increased TSS
in the fruit.

The increase of Ca?" concentration from 1.5 to 4
mmol L'increased root and shoot dry weight, however,
a further increase from 4 to 8 mmol L-! slightly,
but non-significantly, affected root growth (Fig. 2).
Although leaf Ca** concentration (data not shown) was
within the normal range of concentrations described
in the literature (Bergman, 1992), it is clear that the
1.5 mM Ca?" treatment gave rise to a Ca deficiency
since it limited root growth. At 1.5 mmol L' Ca?*, only
5% of the total Ca?* content of the whole plant was in
the root, while with 8 mmol L' Ca?*, 20% was in the
root. This different pattern of Ca?* distribution within
the plant as a function of the concentration in the root
medium could be the cause of the differences observed
in vegetative growth, which affected the fruit weight
and number. The beneficial effects of Ca?" supply on
root dry matter and yield could be a consequence of
the close positive correlation between membrane stabi-
lity and maintenance of cell integrity and calcium
content in plant tissues (Epstein and Bloom, 2005). On
the other hand, although increasing Ca?* decreased
significantly the shoot and root Mg?" concentrations

and the root K" and NO; concentrations, the concen-
trations of these nutrients were within their normal
ranges, indicating that the small variations of these
nutrients were not responsible for the effects of Ca?*
on yield and growth.

Effect of potassium

The highest biomass production and marketable
yield were obtained with 2.5 and 7 mmol L' K*. The
higher K* concentration (14 mmol L) reduced
biomass and marketable yield by about 26%. In pepper
plants grown on recycled solution, Xu ef al. (2002)
found that low K* concentration (0.5 mmol L)
produced high early fruit yield, while Johnson and
Decoteau (1996) found that at least 6 mmol L™' K* is
required for optimum fruit production. In perlite,
pepper production is not affected in the range between
2.75 and 6 mM of K in the nutrient solution (Garcia-
Lozano ef al., 2005). In our experiment, the negati-
ve response of plant growth and marketable yield
to increasing K* could be due, at least in part, to the
interaction between K* and Ca?* at the uptake level
(Marschner, 1995). The Ca?" concentrations in shoots
and roots at 14 mmol L' K* were similar to those found
at the lowest Ca?" level (1.5 mmol L), which was
related with the lower plant growth and fruit yield.

High K* levels increased fruit acidity and decreased
maturity index. Titratable acidity reached 0.24% of
citric acid at 14 mmol L' K*. A specific role of K* in
controlling fruit acidity has been found in tomato
(Adams, 1991). These effects of K" on fruit could enhance
storage and also extend their shelf-life (Usherwood,
1985).

It can be concluded that yield could be increased
and fruit quality optimised by modifying the concen-
trations of Ca?* and K* present in the modified Hoagland
solution used as the control nutrient solution. In the
studied ranges of Ca?" and K* concentrations, the
highest pepper yields were obtained with 8§ mmol L™
Ca?" and 2.5 mmol L' K. Therefore, higher Ca*" and
lower K* concentrations than those commonly used
(Johnson and Decoteau, 1996; Bar-Tal et al., 2001;
Navarro et al., 2002) can be recommended for pepper
culture. It would be interesting to investigate the effect
of a modified nutrient solution that combines high Ca?
with low K*. In addition, further studies are required
to test our results in other season and with different
substrates.



Fertilisation and pepper yield 177

Acknowledgments

José Salvador Rubio Asensio is arecipient of a FPU
fellowship from Ministerio de Educacion y Ciencia
(Spain). Dr. Francisco Garcia-Sanchez is funded by
a post-doc contract from the program «I3P» bellow
the Consejo Superior de Investigaciones Cientificas
(Spain).This work was funded by the proyect AGR/18/
FS/02 (Fundacién Séneca, CARM).

References

ADAMS P, 1991. Effects of increasing the salinity of the
nutrient solution with major nutrients or sodium-chloride
on the yield, quality and composition of tomatoes grown
in rockwool. J Hortic Sci 66, 201-207.

ADAMS P, HOLDER R., 1992. Effects of humidity, Ca and
salinity on the accumulation of dry-matter and Ca by the
leaves and fruit of tomato (Lycopersicon-esculentum).
J Hortic Sci 67, 137-142.

ALEXANDER S.E., CLOUGH G.H., 1998. Spunbonded
rowcover and calcium fertilization improve quality and
yield in bell pepper. HortScience 33, 1150-1152.

BAR-TAL A.,ALONI B., KARNI L., OSEROVITZ J., HAZAN
A., ITACH M., GANTZ S., AVIDAN A., POSALSKI I,
TRATKOVSKI N., ROSENBERG R., 2001. Nitrogen
nutrition of greenhouse pepper. 1. Effects of nitrogen
concentration and NOj : NHj ratio on yield, fruit shape,
and the incidence of blossom-end rot in relation to plant
mineral composition. HortScience 36, 1244-1251.

BERGMAN W., 1992. Nutritional disorders of plants. De-
velopment, visual and analytical diagnosis. Gustav Fisher
Verlag Jena, Stuttgart, New York. 350 pp.

BERNSTEIN L., 1975. Effects of salinity and sodicity on
plant growth. Annu Rev Phytopathol 13, 295-312.

BRADFIELD E.G., GUTTRIDGE C.G., 1984. Effects of
night-time humidity and nutrient solution concentra-
tion on the calcium content of tomato fruit. Sci Hortic 22,
207-217.

CUARTERO J., FERNADEZ-MUNOZ R., 1999. Tomato
and salinity. Sci Hortic 78, 83-125.

EPSTEIN E., BLOOM A.J., 2005. Mineral nutrition of plants:
principles and perspectives. 2™ ed, Sinauer Associates,
Inc, Sunderland, MA, USA.

FLORES P, NAVARRO J.M., GARRIDO C., RUBIO J.S.,
MARTINEZ V., 2004. Influence of Ca*", K* and NO5
fertilisation on nutritional quality of pepper. J Sci Food
Agr 84, 569-574.

GARCIA LOZANO M., ESCOBAR 1., BERENGUER 1.J.,
2005. Green-pepper fertigation in soilless culture. Proc
IS on Soilless Cult and Hydroponics (Urrestarazu Gavilan
M., ed). Acta Hort 697, 543-547.

GRATTAN S.R., GRIEVE C.M., 1999. Salinity mine-
ral nutrient relations in horticultural crops. Sci Hortic
78,127-157.

HARTZ T.K., MIYAO G., MULLEN R.J.,, CAHN M.D.,
VALENCIA J., BRITTAN K.L., 1999. Potassium requi-
rements for maximum yield and fruit quality of processing
tomato. ] Am Soc Hortic Sci 124, 199-204.

JOHNSON C.D., DECOTEAU D.R., 1996. Nitrogen and
potassium fertility affects jalapefio pepper plant growth,
pod yield, and pungency. HortScience 31, 1119-1123.

KAYA C., HIGGS D., 2003. Supplementary potassium
nitrate improves salt tolerance in bell pepper plants.
J Plant Nutrition 26, 1367-1382.

MARSCHNER H., 1995. Mineral nutrition of higher plants,
2" ed. Academic, London.

NAVARRO J.M., GARRIDO C., CARVAJAL M., MARTINEZ
V., 2002. Yield and fruit quality on pepper plant under
sulphate and chloride salinity. J Hortic Sci Biotech 77,
52-57.

SAURE M.C., 2005. Calcium translocation to fleshy fruit:
its mechanism and endogenous control. Sci Hortic 105,
65-89.

SHABALA S., 2003. Regulation of potassium transport
in leaves: from molecular to tissue level. Ann Bot 92,
627-634.

URRESTARAZU M., 2004. Tratado de cultivo sin suelo. Ed
Mundi-Prensa, Madrid, Spain. 928 pp. [In Spanish].

USHERWOOD N.R., 1985. The role of potassium in crop
quality. In: Potassium in agriculture (Munson R.S., ed).
ASA-CSSA-SSSA, Madison, WI, USA. pp. 489-513.

XU G., WOLF S., KAFKAFI U., 2002. Ammonium on po-
tassium interaction in sweet pepper. J Plant Nutrition 25,
719-734.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile ()
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /ESP <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [566.929 822.047]
>> setpagedevice


