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Abstract

To determine the effect of irrigation with saline water (15 and 30 mM NaCl) on yield and quality of peppers, plants
were grown hydroponically under greenhouse conditions in perlite, a common growing medium used for commercial
cultivation. Fruits were collected in three states of maturity (green, turning and red states) and the changes in fruit
quality that take place during these maturity stages were studied also, in order to find the optimal harvest time, with
respect to fruit quality. With these moderate salinity levels, there was a linear relationship between NaCl concentration
and reduction of the total yield of pepper. Although the number of marketable fruits was strongly reduced with regard
to the total fruit number, the marketable yield did not decrease in the same proportion due to the increase of mean
marketable fruit weight. Although salinity also reduced the fruit size, the number of marketable fruits was the more
important cause of marketable yield reduction. The climatic conditions of the spring-summer season produced a high
incidence of blossom-end rot, this being the main cause of the marketable yield reduction with the saline treatments.
The red state of pepper fruits was the most appropriate since these fruits had greater firmness than turning or green
fruits when cultivated under moderate salinity, as well as higher total soluble solids values.

Additional key words: blossom-end rot, Capsicum annuum, marketable yield, maturity state, total yield.

Resumen

Efecto de la salinidad en la produccion y la calidad de los frutos y de pimiento cultivado en perlita

Para determinar el efecto del riego con agua salina (NaCl 15 y 30 mM) en la produccion y la calidad de pimiento,
se cultivaron en invernadero plantas de pimiento en perlita, un sustrato utilizado comercialmente. Los frutos se cose-
charon en tres estados de maduracion (verde, en viraje y rojo) y se estudiaron los cambios que tienen lugar durante
estos estados de maduracién en la calidad del fruto, a fin de encontrar el momento 6ptimo de recoleccion. Con estos
niveles de salinidad, se encontrd una relacion linear entre la concentracion de NaCl y la reduccion de la produccion
total de pimiento. Mientras que el nimero de frutos comerciales se redujo drasticamente respecto al nimero total de
frutos, la produccién comercial no disminuy6 en la misma proporcion, debido al aumento del peso medio de frutos
comerciales. Aunque la salinidad también redujo el tamafio del fruto, el nimero de frutos comerciales fue la princi-
pal causa de la reduccion de la produccion comercial. Las condiciones climaticas de primavera-verano produjeron una
alta incidencia de pudricidn apical, siendo la principal causa de la reduccion de la produccidon comercial con los tra-
tamientos salinos. Bajo condiciones de salinidad, el estado de maduracion rojo para los frutos de pimiento fue el mas
apropiado, ya que estos frutos tuvieron mayor firmeza que los verdes o los que estaban virando, ademas de mayores
valores de s6lidos solubles totales.

Palabras clave adicionales: Capsicum annuum, estado de maduracion, produccion comercial, produccion total,
pudricidén apical.
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Introduction

Pepper plants (Capsicum annuum L.) require envi-
ronmental conditions typical of southeastern Spain:
high temperatures and abundant sunlight. The shortage
of rain and the expansion of the area under irrigation
in arid and semi-arid regions decrease the amount of
fresh water and result in the intensive use of low-quality
water to satisfy the increasing demand for irrigation.
Pepper is an important, widespread agricultural crop
in the Mediterranean area, grown commercially in
semi-arid regions where salinity is a potential problem
and farmers are forced to use saline water, this being
the major yield-limiting factor for crops and the cause
of damage to soil physicochemical properties (Biswas,
1993; Flowers, 1999). On the other hand, the market
demand for peppers of high quality throughout the
season has increased the growth of this crop under
greenhouse, soil-less conditions. The physical properties
of the substrate chosen may influence crop production
and fruit quality. Perlite is a common growing medium
for the cultivation of some commercial crops in Spain.
However, the use of this technique for pepper crops,
especially when low-quality waters must be used for
irrigation, has not been studied sufficiently.

Pepper fruits can be consumed at different ripening
stages (green, red or not fully-ripe). In the field, they
are harvested commercially at the mature green stage
(Lin et al., 1993), while greenhouse-grown peppers
are harvested at either the green or fully-red ripe stage
(Bakker, 1989). From the point of view of the grower,
a loss of harvest yield could result when immature
fruits are harvested, since fruit growth continues until
harvest and their size will be smaller than more-mature
fruits. Besides that, harvesting fruits in the red state
could be more expensive because greater amounts of
water and fertilisers are needed for cultivation. On the
other hand, physical and chemical attributes change
during maturation and ripening and the resultant effects
on fruit quality have important dietary considerations
that may affect the consumption of different pepper
types (Nielsen et al., 1991; Wall and Biles, 1993; Navarro
et al., 2006). So, if fruits are picked when immature,
they may not develop an acceptable flavour upon
ripening (Boonyakiat et al., 1987) and this may lead
to loss of consumer confidence. So, determining the
optimum maturity will benefit both consumer and grower.

Little information is available on the effects of salt
on greenhouse-grown pepper. It is considered sensitive
(Ayers and Westcot, 1985; Cornillon and Palloix, 1995)

or moderately-sensitive to salt stress (Meiri and
Shalhevet, 1973; Ayers and Westcot, 1985; Rhoades et
al., 1992). Salinity decreases pepper yield (Chartzoulakis
and Klapaki, 2000; Navarro et al., 2002), affecting
primarily the total fruit yield (above 10 mM NacCl),
then the average fresh fruit weight (>25 mM NacCl)
and, finally, the number of fruits per plant (> 50 mM
NaCl) (Chartzoulakis and Klapaki, 2000). The salt
tolerance of pepper plants is cultivar-dependent
(Chartzoulakis and Klapaki, 2000) and new commercial
varieties are more sensitive to salinity than older ones
(Post and Klein-Buitendijk, 1996; Navarro et al., 2002).
In the present study, we examined the response of Orlando
pepper, grown in a medium commonly used for its cul-
tivation, to different salinity levels. Changes that take
place during different maturity stages have been consi-
dered also, in order to improve the management and har-
vesting of this crop, with respect to minimising detri-
mental effects on fruit yield and maximising fruit quality.

Material and methods
Plant material and chemicals

The experiment was carried out in a greenhouse
equipped with an automatic, regulated computer system
for drip irrigation. California pepper hybrid cv. ‘Orlando’
plants obtained from a commercial nursery were trans-
planted (13" December) into 1.2 m-length perlite sacks.
The basic nutrient solutions used for irrigation (pH 5.6)
had the following macronutrient composition (mM):
NO;3, 14; H,PO;, 1.5; S07, 2; Ca*", 4.7; K*, 4.85; Mg*,
2. Micronutrient concentrations were (mg L™): Fe, 1.8;
Mn, 0.7; Zn, 0.12; B, 0.15; Cu, 0.07; Mo, 0.05. The plants
were irrigated according to the demand detected in the
appropriate trays. During the experiment, the greenhouse
temperature ranged from 18 to 30°C, and relative
humidity from 60 to 85%.

The experimental design consisted of three saline
levels: the control, that was the basic nutrient solution,
15 mM NaCl and 30 mM NacCl. Saline treatments were
reached gradually over a period of 3 days by adding
the appropriate amount of NaCl to the basic nutrient
solution. Fifty-four plants were distributed in the three
saline treatments with three randomised blocks each,
and six plants per block (18 plants per treatment). Each
block was considered one replicate. Each replicate
consisted of two sacks of perlite containing three 2 L
h~! emitters about 40 cm apart. The pH and the conduc-
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tivity of the nutrient solution were controlled during
each irrigation period, while the amount of nutrient
solution applied depended on the demand detected in
the appropriate trays.

Yield and fruit quality

Plants were harvested on 25" June. Fruits were
collected at ripening (at the red stage) and the number
of fruits per plant and the weight of each fruit were
determined, to evaluate mean fruit weight and total
fruit yield. Fruits were classified in categories, as
described in Table 1. Rotten fruits and fruits with more
than 20% of blossom-end rot (BER) were not taken
into account for marketable yield.

During the middle of the harvest period, six uniform
fruits were selected from each replicate (one per plant)
for fruit quality determination. Three ripening stages
were selected: green (completely-green skin), turning
(approximately one-half of skin green and the other
halfred) and ripe (completely-red skin). The six fruits
of each replicate were divided into two subgroups of
three fruits each, having a total of six replicates per
treatment and three fruits per replicate. Fruit pulp
firmness was determined for three discs of the skin
surface in the equatorial area, using a penetrometer
(Bertuzzi FT 011) fitted with an 8 mm diameter probe.
Fruit shape index was defined by the equatorial to
longitudinal length ratio. Each fruit was washed with
deionised water, rinsed free of seeds and cut in two

halves. Pulp thickness was measured on three points
of the equatorial area in one half of each fruit. The
other half was liquefied and frozen at —20°C. For each
replicate, the three fruit extracts obtained from li-
quefying the mesocarp were combined and centrifuged
for measurements of pH, total soluble solids content
(TSS), acidity and reducing sugars. The TSS in the
juice was determined by an Atago N1 refractometer
and expressed as °Brix at 20°C. Acidity was deter-
mined by potentiometric titration with 0.1 M NaOH,
to pH 8.1, using 10 mL of juice. Results are expressed
as a percentage of citric acid in the juice. Maturity
index (MI) was expressed as the soluble solids/acidity
ratio.

Statistical analysis

All data were analysed statistically by ANOVA and
by Tukey’s Multiple Range Test, to determine diffe-
rences between means, using the SPSS software
package (SPSS 7.5.1 for Windows, standard version,
1996).

Results

Total fruit yield per plant decreased significantly
with increasing salinity, due to a reduction in fruit size
(Fig. 1). Although the decrease of marketable yield
observed with salinity was due to decreases in both the

Table 1. Marketable characteristics for red peppers cv ‘Orlando’, for categories Extra, 1, 2, 3,4 and 5

Category Quality Colour Health state Shape Weight (g)

Extra Good Uniform Good Square >225

1 Good Uniform Good Square 225-200
Non-square >225

2 Good Uniform Good Square 200-160

Non-square 225-170

3 Good Uniform Good Square 160-115

Non-square 170-125

4 Good Uniform Good Square 115-90

Non-square 125-100
52 Industry — 0-20% of their surface having BER — <100

Non-marketable Bad — >20% of their surface having BER

or rotten fruits — —

2 These fruits had a least one of the characteristics described. —: these characteristics are not considered for these categories.
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Figure 1. Effect of different salinity treatments (0, 15 and 30
mM NacCl) on yield (g plant™'), mean weight (g fruit ') and num-
ber of total and marketable fruits per plant. Columns with the
same letter represent values that are not significantly different
at the 0.05 level of probability according to the Tukey test. Each
value is the mean + SE (n = 3).

mean fruit weight and the number of marketable fruits,
the number of fruits per plant was the more important
cause of this lower yield (Fig. 1). The salinity application

Table 2. Marketable (Extra, 1, 2, 3, 4 and 5), non-marketable
and blossom-end rot (BER) yield as percentages of the
total fruit weight for plants from the 0, 15 and 30 mM NaCl
treatments. Each value represents the mean of three replicates

NacCl Non-
(mM) Marketable marketable BER
0 87.5 12.5 6.4
15 72.8 27.2 15.4
30 65.6 344 32.3

reduced the percentage marketable yield, with respect
to the total yield of the plant (Table 2). When 30 mM
NaCl was applied, the weights of non-marketable fruits
and fruits with BER were 34% and 32%, respectively,
of the total weight.

For the control plants, the highest percentage of
marketable fruits obtained was due to the greatest
numbers of fruits being from categories 1 and 2 (Table 3),
these being the heaviest fruits; the lowest percentages
corresponded to categories with the lightest fruits (3,
4 and 5). The percentage of these lower categories was
increased at 15 and 30 mM NacCl and, inversely, the
percentages of categories extra, 1 and 2 decreased.

Marketable yield was collected mainly in the first
trusses of the plant (Fig. 2); 90% of the marketable yield
of control plants was obtained from the first 8 trusses,
whereas this percentage of marketable yield was obtai-
ned from the first 7 and 5 trusses, respectively, for 15
and 30 mM NacCl. On the other hand, although fruits
were collected until the 18" truss, all fruits harvested
after the 13™, 9% or 7® truss for control, 15 or 30 mM
NaCl-plants, respectively, were considered non-
marketable since they had a small size or more than
20% of their surface had BER, with a low contribution
to total yield.

Pulp thickness was significantly decreased by appli-
cation of 30 mM NaCl. Red peppers also had lower

Table 3. Percentages of the number of fruits in marketable categories (Extra, 1, 2, 3, 4 and 5) and of non-marketable fruits,
for plants from the 0, 15 and 30 mM NaCl treatments. Each value represents the mean of three replicates

Marketable
Nal\(/jll Non-marketable
(mM) Extra 1 2 3 4 5
0 2.732 22.382 26.352 11.50 8.15° 6.43 22.75b
15 0.17° 11.87° 17.52b 9.37 6.84° 4.17 49.472
30 0.00° 2.84¢ 6.94¢ 9.71 14.442 6.12 60.032
ANOVA (F values) S50*** 115%** 170%** ns 19%* ns T2HE*

** and *** represent P<0.01 and 0.001, respectively. ns: not significant. Values are the mean of 6 replicates. Values followed by
the same letter within a column are not significantly different at the 0.05 level of probability according to the Tukey test.
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Figure 2. Contribution of each truss to the percentages of a) total fruit and b) marketable yield (fruits from Extra, 1,2, 3,4 and 5
categories) for the three salinity treatments (0, 15 and 30 mM NaCl). Each value represents the mean of three replicates.

pulp thickness than green or turning peppers (Table 4).
The maturation of fruits had different effects on pulp
firmness according to the treatments, since it increased
from the green to the red state for 30 mM NaCl treatment
but it was not modified for 0 and 15 mM NaCl. The shape
index decreased to values near to unity with the 30 mM
NaCl treatment and increased when fruits matured until
the red state, with respect to the green or turning states.

Regarding the chemical quality of the fruit juice,
pH, acidity and TSS were not modified significantly
by salinity (Table 5); they were modified only by
maturation state, that significantly decreased pH and
increased acidity and TSS. A close linear relationship
(r=0.961, P<0.001) was found between TSS and the
total sugars in all fruits pepper selected for quality
measurements (Fig. 3). The response of pH and acidity
to salinity was dependent on the maturity state, since,
for green fruits, salinity increased pH of fruit juice but
a contrary effect was observed in pH and acidity of red
fruits (Fig. 4). The maturity index (MI) was increased
at 30 mM NaCl only in green fruits (Fig. 4) and
decreased significantly with fruit maturation (Table 5).

Discussion

It has been shown that pepper salt tolerance is
cultivar-dependent (Chartzoulakis and Klapaki, 2000)

and new commercial varieties are more sensitive to
salinity than older ones (Post and Klein-Buitendijk,
1996; Navarro et al., 2002). Increasing, but moderate,
salinity (15 or 30 mM NaCl) reduced in a linear manner
the total yield of pepper (18% and 37%, respectively)
(Fig. 1), as Hirota et al. (1999) found previously.
Although plant response to saline water can vary
greatly depending, among other factors, on the specific
characteristics of the plants (Barbieri, 1995), the response
in this experiment of pepper, grown under commercial
conditions, to moderate salinity was similar to those
found in previous studies with pepper grown in nutrient
solution (Navarro et al., 2002).

The number of marketable fruits with regard to the
total fruit number was relatively low (60%) for control
plants and was reduced further by salinity (to 40% and
25% for 15 and 30 mM NaCl, respectively). However,
the marketable yield as a percentage of total yield was
affected less by salinity, the values being 87% for control
plants and 73% and 66% for 15 and 30 mM NaCl,
respectively, since the mean weight of marketable fruits
was increased with regard to total mean weight (24%,
38% and 51% for control, 15 and 30 mM NacCl, respec-
tively). Salinity affected the marketable yield more
than the total yield, with reductions of 32% and 53%
for 15 and 30 mM NacCl, respectively. Salinity reduces
total yield by a fruit size reduction (Chartzoulakis and
Klapaki, 2000; Navarro et al., 2002) or by a decrease
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Table 4. Effects of salinity (0, 15 and 30 mM NaCl) and ma-
turity stage (green, turning and red) on the pulp thickness
(mm), firmness (N mm™) and shape index on pepper fruits.
Each value represents the mean of six replicates

Pulp . Shape
thickness Firmness index
NaCl (mM)
0 6.81° 4.34 1.20°
15 6.56% 4.55 1.16%
30 6.25° 4.57 1.122
Maturity stage
Green 6.83° 4.43 1.092
Turning 6.48® 4.59 1.102
Red 6.31° 4.44 1.28°
Salinity X maturity stage
0 mM NaCl
Green 6.97 4.61® 1.11
Turning 6.68 4.47% 1.17
Red 6.78 3.942 1.31
15 mM NaCl
Green 7.07 4.32° 1.08
Turning 6.69 4.72% 1.09
Red 5.92 4.61% 1.29
30 mM NacCl
Green 6.45 4.36° 1.07
Turning 6.08 4.58% 1.05
Red 6.23 4.76° 1.25
ANOVA (F values)
Salinity 5% ns 5*
Maturity stage 5* ns 44x%*
Salinity X Maturity stage ns 4% ns

* and *** represent P <0.05 and 0.001, respectively. ns: not sig-
nificant. Values are the means of 6 replicates. Values followed
by the same letter within a column are not significantly diffe-
rent at the 0.05 level of probability according to the Tukey test.

in both the number and size of fruits (Meiri and
Shalhevet, 1973; Gomez et al., 1996). In this experiment,
both fruit size and the number of fruits reduced marke-
table yield when salinity treatments were applied,
although the lower number of fruits was the main cause
of this reduction. In this way, the highest number of
fruits in the control treatment corresponded to cate-
gories 1 and 2, whereas saline treatments produced a
higher contribution of lighter fruits (from lower catego-
ries) and a lower contribution of the heaviest fruits
(Table 3).

The incidence of BER in fruits was the primary
cause of marketable weight reduction with regard to

the total yield (Table 2). Pepper has been described as
very susceptible to BER (Bruce et al., 1980), with even
more incidence of BER than tomato (Post and Klein-
Buitendijk, 1996). Although a local deficiency of Ca
during the initial stage of fruit development is widely
accepted to play an important role in the induction of
BER (Morley, 1996; Marcelis and Ho, 1999; Ho and
White, 2005), it has also been related directly, in tomato,
with the accelerated growth rate of fruits (Westerhout,
1962; Wiersum, 1966) and with light and temperature
(Ho et al., 1993). The high incidence of BER in the
control treatment (Table 2) could have been due to the
climatic conditions of the spring-summer season of
this experiment (high temperatures and high transpi-
ration rates of the whole shoot). This could have caused
calcium deficiency in the fruits by a decrease of the
calcium influx into low-transpiring organs (Krug et
al., 1972), since the xylem volume flow is directed to
the high-transpiring organs (Wiersum, 1966; Ho et al.,
1993). In this way, even supplemental Ca?" does not
reduce BER incidence since it does not reach the fruit
but is directed with the xylem flow to the high-transpiring
organs (Navarro et al., 2005). We found that 90% of
the marketable yield was obtained in the first trusses
(Fig. 2), growing in April-May, whereas the latest
trusses had high BER incidence since these fruits
(growing in June-July) suffered higher temperatures
and light intensity. The increase in the BER incidence,
and consequently in the number of unmarketable fruits,
with the saline treatments was probably due to the
additive effects of the climatic conditions of the expe-
riment and a calcium deficiency in the fruits caused
by salinity, as shown by Adams and Ho (1992) and Ho
et al. (1995).

Salinity had no effect on fruit firmness of peppers
(Table 4) as we found in previous studies with salinity
levels similar to those used in this experiment (Navarro
et al., 2002). Some authors have found an increase of
fruit firmness with fruit age (Gu et al., 1999; Tadesse
etal.,2002); however, we observed a similar increase
with maturation only for saline treatments and a
decrease with maturation for control fruits. This must
be taken into account when selecting the optimum
maturation stage of the peppers for harvest, since, if
saline water has been used for irrigation, red peppers
are more appropriate than green ones from the point
of view of better post-harvest conservation and preven-
tion of injury by manipulation.

The responses of pH and acidity to salinity depended
on the maturity state (Fig. 4). Salinity decreased pH
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Table 5. Effects of salinity (0, 15 and 30 mM NaCl) and maturity stage (green, turning and red) on the pH, acidity (mg ci-
tric acid per 100 mL fruit juice), total soluble solids (TSS) (°Brix) and maturity index (MI) on the juice of pepper fruits.

Each value represents the mean of six replicates

pH Acidity TSS MI
NaCl (mM)
0 5.41 2.46 7.21 3.05°
15 5.34 2.54 7.34 3.11°
30 5.39 2.40 7.56 3.48°
Maturity stage
Green 5.78¢ 1.317 5.182 4.02¢
Turning 5.25% 2.62° 7.65° 2.95%
Red 5.112 3.49¢ 9.27¢ 2.67°
Analysis of variance (F values)
Salinity ns ns ns [1x%*
Maturity stage 315%** 672%** 397*** 107***
Salinity X Maturity stage [1%** 4x* ns Sk

** and *** represent P<0.01 and 0.001, respectively. ns: not significant. Values are the means of 6 replicates.

and increased acidity of the fruit juice for red fruits,
but the contrary was observed with green fruits although
the decrease of acidity was not significant. The lower
pH values for NaCl-treated versus control plants found
in red peppers could be due to an increase in organic
acid concentrations, probably due to a higher ratio of
inorganic cation/anion uptake (Davies, 1964).

An important increase of TSS was found with fruit
maturity (Table 5), probably due to accumulation of
sugars, since a close, positive correlation between TSS

90

8o Total sugars =-23.7 + 9.8 TSS o
r? = 0.924 ® .

Total sugars (g L™)

10 T T T T T T
4 5 6 7 8 9 10 11
TSS
Figure 3 Relationship between total soluble solids (TSS) and
total sugars found in fruits pepper grown with 0, 15 and 30 mM
NacCl and harvested at three maturity stage (green, turning and
red). Each point represents one replicate.

and soluble sugars, described previously for other species
(Mendlinger et al., 1992), was found in this experiment
(Fig. 3). The carbohydrate metabolism in growing fruit
tissue is important in the partitioning of photosynthe-
tically-fixed carbon in the plant, and the developing
fruit is a major sink for assimilates in sweet pepper
plants (Hall, 1977). Ripening physiology has considerable
implication for the pattern of sugar accumulation in
the fruits (Schaffer ez al., 1989; Bognar et al., 1990),
being different in the three phases of pepper fruit
development (Nielsen et al., 1991). Pepper fruits could
be harvested in the green, turning or red state, so the
harvest time is crucial for fruit quality since hexose
sugars are accumulated during ripening (Nielsen ef al.,
1991; Tadesse et al., 2002) and free sugars play an
important role in the flavour characteristics of fruits.

Unlike in other species, such as cucumber, melon
or tomato fruits (Adams and Ho, 1989; Schafferer al.,
1989; Navarro et al., 1999), salinity did not increase
the TSS, probably due to the fruit respiration observed
when the ionic strength of the nutrient solution increases
(Tadesse et al., 1999). Previous studies on pepper fruits
have found similar results for similar salinity levels
(Navarro et al., 2002).

Although maturation increased both the TSS and
acidity of pepper juice, red peppers had a lower MI
than green ones, since the proportion of sugars with
respect to the organic acids decreased with maturation.
The salinity levels of this experiment produced no
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same letter represent values that are not significantly different at the 0.05 level of probability according to the Tukey test. Each
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differences with regard to Ml in turning or red peppers
but increased it for peppers collected in the green state.

To summarise, we can conclude that the growth of
the pepper ‘Orlando’ during the spring-summer period,
using perlite as substrate, produced a significant decrease
of pepper yield, mainly due to the high BER incidence.
The use of waters of moderate salinity (15 or 30 mM
NacCl) in these conditions increased the incidence of
this affliction. Moderate salinity (15 mM NaCl) caused
a 32% reduction in marketable yield, that could be
acceptable economically in certain Mediterranean
areas where only water of low quality is available.
Doubling the salinity of the irrigation water, to 30 mM
NacCl, resulted in a 53% reduction in marketable yield,
which is considered economically unacceptable. From
the point of view of the optimum harvest time, the red
state is best since these peppers had the highest TSS
values and the lowest maturity index; in addition, when
irrigated with saline waters, they had the highest
firmness values.
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