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І. INTRODUCTION

Among the  most  characteristic  factors  of  abiotic  stress  are  drought,  high and low
temperatures, soil and air pollution, and others. Salt stress has a multifaceted effect on the
plant organism.

Cucumber (Cucumis  sativus L.)  is  one of  the main vegetable crops  in  greenhouse
vegetable growing in our country. The short growing season, excellent taste qualities and high
economic value of the products make the crop attractive for growing in different production
directions.

High concentrations  of  salts  in  the  root  zone  of  plants  are  a  common problem in
greenhouse vegetable production, leading to reduced yields and obtained deterioration in the
yield.  In  most  cases,  this  is  due  to  a  combination  of  factors  -  monoculture,  strong  soil
evaporation,  the use of  poor  water  quality and/or  prolonged application of  high  doses  of
fertilizers with the inability to wash the salts from the soil with water.

The rapid  growth of  cucumber  plants  and their  early onset  during  fruiting  period
characterize the cucumber as a crop requiring relatively high levels of nutrients compared to
other vegetable crops. A weak root system does not allow the plants to make full use of the
available nutrient reserves in the soil. It is necessary to apply significant amounts of mineral
fertilizers, often in small doses, which is not always observed and leads to an increase in the
level of salts in the soil, which negatively affects the growth, development and productivity of
plants.

The  possibility  of  more  efficient  assimilation  of  food  reserves  from the  soil  and
increasing the resistance of plants to salinity is grafting, which has recently been widely used
in vegetable crops. Grafting as a method offers flexible solutions related to the possibility of
its  use  as  a  means  of  controlling  diseases  and  pests,  in  the  event  of  misuse  of  natural
resources, inappropriate agronomic measures and changes associated with climate change.

Using rootstocks of other species of the Cucurbitaceae family for grafting the species
Cucumis  sativus L.,  new combinations  of  grafted  plants  are  obtained,  which significantly
affect  the  qualities  of  the  grafted  variety.  Identification  of  the  species  diversity  of
Cucurbitaceae crops capable of growing on saline soils is one of the possible ways to solve
this problem.

Identification of the species diversity of cucurbitaceous crops capable of growing on
saline soils is one of the possible ways to solve this problem. The selection and selection of
salinity-resistant genotypes can serve as the basis for the creation of rootstocks to maintain a
stable yield.

ІІ. OBJECTIVE AND TASKS

The aim of the dissertation is  to assess the resistance to salinity of species  of the
family  Cucurbitaceae in  order  to  optimize selection and purposefully create  resistance  to
salinity of rootstock and scion combinations.

To achieve this goal, the following tasks were developed:
1. To  assess  the  effect  of  salinity  with  NaCl  on  the  main  morphological  and

physiological parameters at the initial stages of growth and development of species of the
family Cucurbitaceae;

2. To study the effect of salinity with increased concentrations of nutrient solution
on the germination and development of young seedlings of the Cucumis sativus L. species and
other species of the Cucurbitaceae family;

3. To  investigate the  physiological  response  of  salinity  with  increased
concentrations  of  nutrient  solution  to  the  growth  manifestations  of  cucumber  (Cucumis
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sativus L.) seedlings and species of the Cucurbitaceae family by assessing the morphological,
physiological and biochemical parameters of plants;

4. To analyze the effect of salinity with increased concentrations of the nutrient
solution on the physiological response, morphological and biochemical parameters of grafted
cucumber plants (Cucumis sativus L.) on rootstocks of the Cucurbitaceae family;

5. To determine the economic productivity and fruit quality of grafted cucumber
plants on different rootstocks of species of the Cucurbitaceae family.

ІІІ. MATERIAL AND METHODS
The  plant  material  used  in  the  study  included  various  genotypes  from  the

Cucurbitaceae family, mainly from the gene pool of the Maritsa Institute, Plovdiv, as well as
some genotypes from Turkey and Hungary.

ІІІ. 1. Plant material 
Species of the family Cucurbitaceae:

1. Cucurbita maxima Duch.  х  Cucurbita moschata Duch.  (interspecific  hybrid
‘Carnivor’ F1, Syngenta Ltd.)

2. Lagenaria siceraria (Molina) Standl. (local population) (gourd)
3. Cucurbita moschata Duch. (variety „Muscatna 51-17“) (butternut squash)
4. Luffa cylindrica Roem. (local population) (Luffa sp.)
5. Cucurbita maxima Duch. (variety „Plovdivska 48/4“) (white pumpkin)
6. Cucurbita pepo var. giromontia (variety „Izobilna“) (zucchini)

Cucumber varieties (Cucumis sativus L.):
1. Long parthenocarpic (dutch type) – Кiara F1, Vihra F1

2. Salad type – Gergana, Starozagorski langi
3. Small fruit – Тoni F1, Меrsia F1

ІІІ. 2. Growing conditions
The  research  work  was  carried  out  using  a  series  of  laboratory  and  vegetative

experiments. Most of the experiments were carried out at the Laboratory of Plant Physiology
and at the base of the Institute of Vegetable Crops "Maritsa" - Plovdiv, at the Department of
Plant  Physiology  and  Biochemistry  at  the  Agricultural  University  -  Plovdiv  and  at  the
Department of Horticulture at the Aegean University in Izmir, Turkey.
ІІІ. 2.1. Laboratory experiments

Pre-sorted cucumbers (Cucumis sativus L.)  and other species of the  Cucurbitaceae
family are used. The seeds of the control variants were moistened with distilled water, and all
other variants were moistened with the corresponding concentrations of the nutrient solution
as follows:

Variants:
1. Control - distilled water
2. Nutrient solution with ЕС = 0,93 ± 0,25
3. Nutrient solution with ЕС = 1,86 ± 0,25
4. Nutrient solution with ЕС = 3,72 ± 0,25
5. Nutrient solution with ЕС = 5,58 ± 0,25
We used a  modified  nutrient  solution  containing  all  the  necessary macronutrients,

micronutrients and iron chelate. Seeds were sown and incubated in the dark in a thermostat at
25 ° C ± 1 ° C in four replicates.
ІІІ. 2.2. Vegetation experiments

The experiments were carried out in a vegetation house of IZK "Maritsa" - Plovdiv
with the following environmental parameters: air temperature 21–35 °C and relative humidity
55–85% during the day for the entire experiment period.
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After reaching the cotyledon phase, the plants were transferred into plastic pots with a
capacity of 500 cm3, filled with peat-perlite substrate with components peat and agroperlite in
a  volume ratio  of  1:  1.  Reaching the  seedling  phase,  they were  divided into  groups  and
salinized with increased concentrations of nutrient solution for a period of 7 and 14 days
according to the variants of the experiment as follows:

Variants:
1. Nutrient solution with ЕС = 1,86 ± 0,25 - control
2. Nutrient solution with ЕС = 3,72 ± 0,25
3. Nutrient solution with ЕС = 5,58 ± 0,25
4. Nutrient solution with ЕС = 9,30 ± 0,25
On the 7th and 14th days of application of salt stress, biometric, physiological, and

biochemical analyzes of plants were carried out for each variant.
ІІІ.2.3. Influence of salinity with NaCl on species of the family Cucurbitaceae

Two  separate  experiments  were  carried  out  in  unheated  greenhouses  (Richel,
polyethylene  bitunnel)  at  the  Faculty  of  Horticulture  of  the  Aegean  University  in  Izmir,
Turkey (38 ° 27'16''N, 27 ° 13'17''E) during the autumn-winter period in 2013 – 2014.
ІІІ.2.3.1. Experiment 1

The following genotypes were used: (Cucurbita pepo L. var. giromontia: „Izobilna F1“
(CP-I); Cucurbita moschata Duch.: „Мoscatna 51-17“ (CMo-M); Cucurbita ficifolia Bouché
(CF);  Citrullus lanatus Thunb.: „Sultan F1“  (CL-S), „Nosztalgia F1“ (CL-N), и „Lentus F1“
(CL-L);  Cucumis melo L.:  „Vitalia F1“  (CMe-V),  „ZKİ  1112  F1“  (CMe-Z);  Lagenaria
siceraria Mol.: „Macis” (LS-M); C. maxima L. x C. moschata Duch.: „Tr x 51-17 F1“ (CMM-
B), „RS 841“ (CMM-R) и „Nun 9075“ (CMM-N); Cucumis melo L.: „Ceşme” (CMe-C).

The seeds were sown in peat and grown until the cotyledon phase - the appearance of
the first true leaf in the germination room at a temperature of 25 °C and a relative humidity of
75%. Plants grown in this way were placed in trays filled with a nutrient solution of normal
concentration (Gül, 2008).

Plants prepared in this way remained for two weeks, after which they were salted.
Plants were grown for a period of 7 days at a salinity of 100 mM and 300 mM, and the
salinity  level  was  gradually  increased  by daily  addition  of  25  mM  NaCl  to  the  nutrient
solution. In the same period, control plants were grown in normal nutrient solution.
ІІІ.2.3.2. Еxperiment 2

The following genotypes were used for the purposes of this experiment:  (Citrullus
lanatus Thunb.: „Sultan’ F1” (CL-S), „Nosztalgia’ F1” (CL-N), „Lentus’ F1” (CL-L); Cucumıs
melo L.: „Vitalia’ F1”  (CMe-V), „ZKİ’ 1112 F1”  (Cme-Z);  Cucurbıta pepo var.  geromontia:
„Izobilna’ F1”  (CP-I); Cucurbıta maxima: „Plovdivska 48/4”  (CMa-P), Cucurbıta moschata
Duch.: „Мoscatna 51-17”  (CMo-M),  Luffa  cilindrica  (LC),  Cucurbita  ficifolia  (CF),
Lagenaria  siceraria Mol.: „Macis”  (LS-M), C.  maxima x  C.  moschata Duch.: „RS 841”
(CMM-R), „TZ 148” (CMM-T),  „Nun 9075” (CMM-N), Cucumis melo L.: „Ceşme” (CMe-
C), „Kırkagaç” (CMe-K).

The plants were grown as an aquatic culture. After the appearance of the second true
leaf, the plants were transferred to 20 L culture vessels. Upon reaching phase 4-5 of a true
leaf, the plants were salted with NaCl until the final concentrations reached 100 mM and 300
mM, respectively.
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ІІІ.2.4. Physiological response of grafted cucumber plants in greenhouse conditions to
salinity with increased concentrations of nutrient solution

The plants used for grafting were grown until the cotyledon phase, the appearance of
the first  true leaf.  Five days  after  sowing of  the  Kiara F1 variety,  seeds  of the following
rootstock species of the Cucurbitaceae family were sown:

 Cucurbita  maxima Duch.  х  Cucurbita  moschata Duch.  (‘Carnivor’  F1,
Syngenta Ltd.);

 Lagenaria siceraria (Molina) Standl.;
 Cucurbita moschata Duchense ex. Lam. („Мuscatna 51-17“).
The plants  were grown in a vegetation house.  Upon reaching the rootstock in  the

cotyledon phase, young cucumber plants were grafted onto the grown rootstocks. A tongue
approach grafting technique was used.

After transplanting, the plants were placed in polyethylene tunnels, in which the air
humidity was maintained at about 65% and the temperature at about 20-25 °C. For the first 1-
2 days they were kept in the dark, covering the polyethylene tunnels with black polyethylene.
Gradually, the plants acclimated by removing the polyethylene coverings, increasing light and
temperature, and decreasing humidity.

After the period necessary for acclimatization (about 30-35 days), the grafted plants,
which reached the stage of 5-6 leaves, were transferred to plastic (PVC) containers with a
volume of 20 liters, filled with a mixture of peat and perlite in a volume ratio of 1: 1 for
growing in greenhouse.

The used experimental  area  was previously cleaned of  plant  residues,  plowed and
leveled.  To drain excess nutrient solution spills,  trenches  were made covered with plastic
wrap.  The plants were planted on May 11-12 according to the scheme 240 + 80 x 45 cm,
sowing density 1.44 plants/m2. The plants allowed the support structure to reach a height of
two meters, and the lateral branches along the central trunk were removed.

Agricultural  techniques  and  plant  protection  measures  adopted  for  this  production
were  applied.  For  irrigation,  a  nutrient  solution  containing  all  the  necessary  macro-  and
microelements was used. The solution was prepared in containers with a capacity of 300 liters
immediately before irrigation, and irrigation was carried out using a drip irrigation system.
Watering was daily and regulated according on weather conditions.

Ungrafted cucumber cultivar  Kiara F1 was used as control plants. The plants were
distributed in a combination of three levels of salinity and four graft combinations (grafted
and non-grafted plants). The variants were divided into four replicates, 8 plants per replicate.
The grafted and control plants were salted after 7-10 days of adaptation after transferring to
plastic containers. The experiments were carried out according to the following scheme:

Variants:
1. Nutrient solution with ЕС = 1,86 ± 0,25 - control
2. Nutrient solution with ЕС = 3,72 ± 0,25
3. Nutrient solution with ЕС = 5,58 ± 0,25
Before the start of salinization, as on the 30th and 60th day of the applied salinity

(reproductive phase), biometric, physiological, biochemical and agrochemical analyzes were
carried out to determine the response of grafted cucumber plants to salinity when grown in
greenhouses. The productivity of plants under conditions of salt stress was also taken into
account.
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ІІІ. 3 Research methods and indicators
ІІІ.3.1. Seed analysis methods

- Germination energy     (  G  Е)   (%) – Reported on the 4th day after planting the seeds. 
- G  ermination     (  G  )   (%) – Reported on the 8th day after planting the seeds.
- Water intake from germinating   seeds   (Wupt) (%)
Calculate the percentage of water intake from germinating seeds over a period of 24 to

48 hours according to Rahman et al. (2008).
- Biometric analyzes of seedlings
Growth was estimated according to Nakagawa (1999).
- Tolerance index   (  I  )   (%)

ІІІ. 3.2. Biometric analyzes
- Growth analysis
Analysis of plant growth was performed according to Beadle (1993).
- Dry mass of plants
The dry weight of whole plants and organs was determined by weight at the beginning

and end of salinization of each variant. Fresh plant material was previously fixed at 105 ° C
for 30 minutes, then dried at 65 ° C until constant weight.

- Leaf area
It  was  determined  using  an  AM  300  sheet  area  meter  (ADC  BioScientific  Ltd.,

England).
- Relative growth rate (RGR) - according to the formula:
RGRpl = (ln DM2 - ln DM1) / Δt, where DM1 and DM2 are the initial and final plant

biomass; Δt is the duration of salinization in days.
- Specific leaf area (SLA)
SLA = LA / DM, where LA is plant leaf area; DM is leaf biomass.

ІІІ.3.3. Photosynthetic activity 
- Content  of  photosynthetic  pigments -  spectrophotometrically,  according  to

Lichtenthaler (1987).
- Leaf gas exchange
The  rate  of  net  photosynthesis  (A),  transpiration  intensity  (E)  and  stomatal

conductivity (gs) were determined with a portable photosynthetic system LCA-4 (Analytical
Development Company Ltd., Hoddesdon, England). The A/E ratio - efficient use of water was
also determined.

-Chlorophyll fluorescence (ChF)
Chlorophyll fluorescence parameters were determined with a portable PEA fluorimeter

(Plant Efficiency Analyzer MK2 Hanzatech Instruments Ltd., UK) after 30 minutes of dark
adaptation.
ІІІ.3.4. Determination of water exchange in plants

- Relative water content (RWC) in leaves - according to Smart and Bingham (1974). 
- Water  potential  of  leaves according  to  Turner  (1988)  with  a  pressure  chamber

ARIMAD 3000 (ELE-international Ltd., England).
ІІІ.3.5. Determination of the functional state of cell membranes

- Electrolyte leakage
Defined in leaves and roots by Fan and Sokorai, (2005).

ІІІ.3.6. Determination of the activity of antioxidant enzymes
The plant material was processed according to the method of Mocquot et al. (1996).
- Guaiacol peroxidase (GPOD) (EC 1.11.1.7) GPOD activity was measured at 436 nm

according to the method of Bergmeyer (1974).
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ІІІ.3.7.Mineral analyzes of plant samples (leaves and roots)
The mineral elements of plant samples (roots and aboveground mass) in the treatment

of different genotypes with NaCl were determined. The elements Na, P, K, Ca and Mg were
determined  by  a  flame  photometer,  and  the  silver  nitrate  titration  method  was  used  to
determine the chlorides.
ІІІ.3.8. Economic productivity of grafted plants and quality of production

The indicators characterizing the economic productivity of the plants were determined
by weekly receipt of the production: early maturity; standard and total yield.

-  Organoleptic evaluation of fruits. Organoleptic analysis was carried out according
to the approved methodology in the Quality Laboratory of the Maritsa Institute. A five-point
system with a step of 0,25 was used (Pevicharova, Velkov, 2007).
ІІІ. 4. Statistical data analysis

Data  were  processed  using  one-way and two-way ANOVA and Duncan's  multiple
range test. The standard computer program SPSS 17 was used. When processing the results,
the values indicated by the same letter have a mathematically unproven difference - a, b, c -
the degree of evidence according to the Duncan method.

ІV. RESULTS AND DISCUSSION
ІV.1.  Study of  the effect  of  salinization through increased concentrations of  nutrient
solution  on  seed  germination  and  parameters  of  young  seedlings  in  species  of  the
Cucurbitaceae family

The used concentrations  did  not  show significant  differences  in  the  percentage  of
germination  of  the  tested  genotypes,  but  a  well-defined  genotypic  differentiation  was
observed with very well proven differences (Fig. 1).

The applied concentrations do not have a significant effect on seed germination in
species - Cucurbita moschata Muscatna 51-17 (CMo-M), Cucurbita pepo Izobilna F1 (CP-I),
Luffa  cylindrica (LuS)  and  Lagenaria  siceraria (LS).  The  greatest  effect  is  exerted  by
Cucurbita  maxima Plovdivska  (CMa-P),  in  which  the  decrease  in  the  percentage  of
germination in comparison with control plants ranges from 33,3% (EC 0,9 mS) to 50% (EC
3,7 mS).

a, b, c - different letters indicate significant differences at P <0.05 (Duncan’s test)
Figure 1. Germination (G%) in 5 genotypes of the Cucurbitaceae family developing at

increased levels of nutrient solution - control (distilled water), 0,9; 1,8; 3,7 and 5,5 mS/cm -1 (±
Sd, n = 25)

The roots of young sprout are the first organ affected to salinity. The results in Table 1
show  the  effect  of  increased  concentrations  of  the  nutrient  solution  on  the  growth
manifestations of young plants.

Higher concentrations of the nutrient solution have been proven to result in a stronger
reduction in root growth in Lagenaria siceraria (LS) and Cucurbita pepo Izobilna F1 (CP-I).

0

20

40

60

80

100

120

a

a

a

ab

a

a

a

a

b

a

a

a
a

a

a

a

a

a

b

a

a

a
a

b

a

Control

ЕС – 0,9 mS

ЕС – 1,8 mS

ЕС – 3,7 mS

ЕС – 5,5 mS

G
er

m
in

at
io

n,
 (

%
)

6



Cucurbita maxima Plovdivska (CMa-P) has the weakest root growth. A larger size of the root
system was observed in the genus  Cucurbita moschata (CMo-M) with a root length from
132,60 to 149,56 mm, followed by Lagenaria siceraria (LS) by 104,70 to 140,14 mm. The
increase compared to control plants is greatest for  Cucurbita moschata (CMo-M), ranging
from 25,7 (EC 5,5 mS) to 41,8% (EC 1,8 mS).

Table 1. Influence of salinity with increasing nutrient solution concentration on growth
manifestations in species of the Cucurbitaceae family. number of measured plants - 20, I% -
tolerance index (%)

Different letters indicate significant differences at P <0.05 (Duncan’s test)

The longest  shoot  length  has the  Luffa  cylindrica genotype,  reaching  values  from
103,01 to 138,94 mm. However, in percentage terms, the increase in growth compared to
control plants is the highest in the species  Cucurbita moschata (CMo-M) and ranges from
10,1 to 60,1%. The cumulative effect of salinity is expressed in the total length of the plants
(Table 1). The applied salinity significantly affects this indicator in Cucurbita pepo Izobilna
(CP-I)  and  Lagenaria  siceraria (LS),  in  which  the  decrease  reaches  19,5  –  28,9%  in
comparison with control plants. The genotype  Cucurbita moschata (CMo-M) has a positive
effect, in which the total length increases by 21,5 – 43,5%.

ІV.2. Study of the influence of salinity by increasing the concentration of nutrient
solution on seed germination and parameters of young seedlings of cucumber (Cucumis
sativus L.)

In the results presented in Figure 2, no differences in the percentage of germination
were  observed  at  the  tested  concentrations  of  the  nutrient  solution,  but  were  observed
differences between the tested genotypes.

The  germination  ability  of  the  seeds  is  not  significantly  affected  by  the  applied
concentrations of the nutrient solution in Cucumis sativus - Kiara F1, Gergana, Starozagorski
langi, Toni F1 and  Mersia F1.  Only  Cucumis sativus Vihra  F1 (CS-V) reacts with a strong
decrease  in  the  tolerance  index of  33,8% at  a  concentration  of  the  EC 5,5  mS (Fig.  2),
although the values of the remaining concentrations in percentage terms increase by 10,8 –
14,9% (EC 0,9 – 3,7 mS) compared to the control variant.
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a, b, c - different letters indicate significant differences at P <0.05 (Duncan’s test)

Figure  2.  Germination  (G%) in  6  genotypes  of  cucumbers  (Cucumis  sativus L.)
developing at increased levels of nutrient solution - control (distilled water), 0,9; 1,8; 3,7 and
5,5 mS/cm-1 (± Sd, n = 50)

In Table 2 shows the results of the effect of increased concentrations of the nutrient
solution on the growth development of young plants. With an increase in EC values, there is a
tendency to a decrease in root length in all genotypes, except for Gergana (CS-G), which
responds with increasing root length in the EC 0,9 and 1,8 mS, reaching 16,7 – 18,2 % higher
than the controls expressed by the index of tolerance.

Тable 2. Influence of salinity with increasing nutrient solution concentration on growth
in six cucumber (Cucumis sativus L.). I% - tolerance index (%)

Different letters indicate significant differences at P <0.05 (Duncan’s test)
An increase in sprouts was observed in most of the studied genotypes. An exception is

observed in Vihra F1 (CS-V), where we report a decrease in the size of the sprout at all tested
concentrations (Table 2). A strong increase in sprout growth was registered in Gergana (CS-
G), which, expressed by the tolerance index, reached values from 26,6 to 140,2% above the
control measurements.
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Table 3. Biometric parameters in genotypes of the family  Cucurbitaceae - on the 7th day of salinization  with  increasing  levels of nutrient
solution. L - length/plant (cm), LA - leaf area/plant (cm2), FW - fresh weight (g), DW - dry weight (g)

a, b, c... – Duncan’s multiple range test (p < 0.05
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The established changes in the germination of the treated seeds and the growth rate of
the embryonic organs of the sprout indicate their high viability. It is difficult to distinguish the
sensitive from the tolerant species from the performed experimental formulations.

This is probably due to the type of salinity used and the fact that the young plant is still
extracting  nutrients  from  the  reserve  nutrients  accumulated  in  the  seed.  Based  on  the
morphological  analyzes  carried  out,  the  cultivar  Cucumis  sativus Gergana  (CS-G)  is
determines as weakly resistant to the applied type of salinization, and Vihra F1 (CS-V) - as
more sensitive, followed by Starozagorski langi (CS-Stl).

ІV.3. Physiological response of species of the family Cucurbitaceae to salt stress in
the seedling phase

The  average  results  of  biometric  measurements  made  at  the  7-day  salinity  are
presented in Table 3. The genotype of Cucurbita moschata Muscatna 51-17 (CMo-M) reacted
with  strongest  decrease  in  plant  height  from  9,07  to  26,98%  compared  to  the  control
measurements  (EC 1,8  mS).  Cucurbita  maxima Plovdivska  (CMa-P)  responded  with
increased growth at  all  tested concentrations,  reaching 52,49% (EC 3,7 mS) compared to
control plants.

The species  Cucurbita  pepo Izobilna  F1 (CP-I)  and  Cucurbita  maxima Plovdivska
(CMa-P) stand out for the highest registered values of fresh and dry weight of the stem, as the
increase is in the range of 3,68 – 54,49% for the fresh and 22,70 – 74,23% for the dry matter
(EC 3,7 – 9,2 mS) (Table 3). Of all the tested samples, Cucurbita maxima Plovdivska (CMa-
P) responds with an increase in both wet and dry weight during the 7-day salinity, which is a
consequence of the stronger development of plants of this genotype.

The results of our study show a decrease in the rate of plant growth with an increase in
the duration of salinity due to reduced vegetative growth. In percentage terms, the largest
reduction in the number of leaves was observed in the species Cucurbita maxima x Cucurbita
moschata Carnivor F1 (CMM-C) at both salinity levels (Table 4).

The effect of salinization is more pronounced on the dry weight of leaves than on
stems and roots, which is reflected in a decrease in leaf area in the tested genotypes. The dry
weight of plants as an indicator allows us to see changes in tissue hydration under conditions
of salinity. The registered decrease in fresh weight is reflected in a decrease in dry weight of
the leaves, which is most pronounced in Lagenaria siceraria (LS).

The leaf area characterizes the assimilation surface of crops. Our data show a strong
decrease in leaf area in the studied genotypes, and a stronger reducing effect of the applied
concentrations  is  manifested  at  14-day salinity.  The largest  leaf  area  in  our  experimental
formulations is formed by the plants of the species Cucurbita maxima Plovdivska (CMa-P),
which moves 738 - 966 cm2 (Table 4). There was a strong decrease in leaf area in Luffa sp.
(LuS) and Lagenaria siceraria (LS), followed by Cucurbita maxima Plovdivska (CMa-P).

A decrease in leaf area in our studies is probably associated with a decrease in the
turgor potential, a shortening of the area of cell elongation, which leads to a decrease in the
intensity of leaf growth. There is a stronger suppression of vegetative growth in all tested
genotypes and applied concentrations of nutrient solution after 14 days of salinity (Table 4 ).
Cucurbita maxima Plovdivska (Cma-P) showed a decrease in plant height at this salinity level
from  12,00  to  33,85%  compared  to  control  plants,  followed  by  Cucurbita  maxima x
Cucurbita moschata Carnivor F1 (CMM-C) by 4,48 to 30,65% at the salinity level of EC 3,7 –
9,2 mS.
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Table 4. Changes in the accumulation and distribution of biomass over the organs of young plants of the Cucurbitaceae family subjected to 14-
day salinization through increased levels of nutrient solution . L - stem length (cm), FW - fresh weight (g), DW - dry weight (g), LA - leaf area
per plant (cm2)

a, b, c... – Duncan’s multiple range test (p < 0.05)
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The sample  Luffa sp.  (LuS) responds with strong vegetative growth, surpassing all
other genotypes by 1 – 1,5 times. Our data confirm the negative effect of salinity on the
growth of the plants and the genotypic specificity of their response.

Fresh (FW) and dry (DW) stem weights, has more pronounced decrease in 14-day
salinity (Table 4). The largest decrease was observed in Cucurbita moschata (CMo-M) and in
Lagenaria  siceraria (LS).  Suppression  of  growth  processes  in  these  genotypes  is  a
prerequisite for their greater sensitivity to the studied concentrations of the nutrient solution.
Cucurbita pepo Izobilna F1 (CP-I) has the highest percentage of dry stem weight - from 1,08
(EC – 5,5 mS) to 15,47% (EC – 3,7 mS).

The effect of increased concentrations of the nutrient solution on the amount and ratio
of  photosynthetic  pigments  in  pumpkin  seedlings  was observed on the 7 and 14 days  of
salinity.  The decrease in the synthesized photosynthetic  pigments  in  the genotypes  of  the
Cucurbitaceae family is more pronounced at 14-day salinity, increasing with an increase in
the concentration of the solution to EC 9,2 mS (Table 5).

Table 5. Photosynthetic pigment content (mg g-1 dry weight) in leaves of plants of the
family Cucurbitaceae during the seedling phase on the 14th day of salinity with an increased
level of nutrient solution. The presented values are the average of 3 parallel samples.
a, b, c... – Duncan’s multiple range test (p < 0,05)

The  increased  concentration  of  the  nutrient  solution  resulted  in  a  decrease  in
chlorophyll a, are most pronounced in Cucurbita moschata (CMo-M), reaching 37,55% (EC
9,2 mS) compared to control plants, followed by Lagenaria siceraria (LS). An exception was
observed for  Cucurbita maxima x  Cucurbita moschata Carnivor  F1 (CMM-C), where  the
amount of chlorophyll a increased with increasing solution concentration.

The  obtained  results  show a  general  tendency a  decrease  in  the  concentration  of
chlorophyll b, reaching 42.84% compared to control plants, which is most pronounced in the

12



species Cucurbita moschata Muscatna 51-17 (CMo-M) (EC – 9,2 mS). A similar downward
trend in carotenoids was again observed for all genotypes, with the exception of  Cucurbita
maxima x Cucurbita moschata Carnivor F1 (CMM-C), where an increase was recorded at all
tested concentrations compared to control.

The studied genotypes responded with a decrease in the chlorophyll  a/b ratio, which
was more pronounced in EC 9,2 mS on the 14th day of the applied salinity. The genotypes
Lagenaria siceraria (LS) and  Cucurbita pepo  Izobilna F1 (CP-I) respond by increasing the
concentration of photosynthetic pigments at EC concentrations of 3,7 and 5,5 mS. In other
tested genotypes, a decrease in the concentration of photosynthetic pigments was observed in
the EC of 9,2 mS, we have a stronger degradation of pigments in comparison with their
biosynthesis.

The results of the measurements at stationary leaf gas exchange on the 14th day of the
applied salinization (Table 6) show significant differences in the response of plants of the
studied genotypes, which we used as scion.

There is a a tendency between the degree of salinity and the rate of photosynthesis.
The largest decrease was found in the genotype  Cucurbita moschata (CMo-M), where the
decrease compared to control plants reached 34,94% at 3,7 mS in the EC and 44,98% at 5,5
mS in the EC. This could be due to both stomatal and non-stomatal factors.

Table  6.  Leaf  gas  exchange  in  control  and  saline  plants  of  genotypes  of  the
Cucurbitaceae family exposed to salinity with increased levels of nutrient solution (14-day
salinity)

a, b, c... – Duncan’s multiple range test (p < 0,05)
A - net photosynthetic rate (μmol СО2 m-2 s-1);
E - transpiration rate (mmol Н2О m-2 s-1);
gs – stomatal conductance (mol Н2О m-2 s-1).

A slight excess was observed in Cucurbita maxima x Cucurbita moschata Carnivor F1

(CMM-C), in which the rate of photosynthesis was 7,98% higher than in control plants. In this
cultivar, a threefold increase in the concentration of the nutrient solution led to a decrease in
the rate of photosynthesis by only 2,58%. 

A strong decrease in the intensity of transpiration (E) was again observed in Cucurbita
moschata (Cmo-M), reaching percentages from 26,89 to 45,97% compared to the control (EC
– 3,7 – 5,5 mS).  This  can be explained by a decrease in the volume of the root  system,
creating a water deficit in the leaves of the studied species. 

The decrease in the values of stomatal conductance (gs) is greater, as in  Cucurbita
moschata Muscatna 51-17 (Cmo-M) (EC – 3,7; 5,5 mS), a decrease from 33,33 to 58,33%.
The maximum intensity of transpiration and stomatal conduction - 3.49 mmol H2O m-2 s-1 and
0,110 mol H2O m-2 s-1, respectively, was recorded in Cucurbita maxima x Cucurbita moschata
Carnivor F1 (CMM-C) plants, which exceed the control values by 22,03 - 30,95% (table 6).
The  A/E  ratio,  reflecting  the  efficiency  of  water  use  in  photosynthesis,  shows  a  slight
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tendency to increase with increasing solution concentration in Cucurbita moschata (Cmo-M).
Usually, under stressful conditions, this indicator increases.

ІV.4.  Physiological  reaction  of  cucumbers  of  different  varieties  to  salt  stress  in  the
seedling phase

As a result of the applied salinization, a significant change in the biometric parameters
of plants was recorded, which was expressed in the inhibition of the growth in almost all
tested samples (Tables 7, 8).

Vegetative  growth  of  plants  is  is  inhibited  by  increasing  the  concentration  of  the
nutrient solution. The strongest decrease in plant height - from 8,79 to 37,91% compared to
control plants with a EC of 1,8 mS, is observed in the cultivar Cucumis sativus Toni F1 (CS-T)
(EC 3,7 – 9,2 mS.) followed by Vihra F1 (CS-V) with a decrease from 17,6% (EC – 3,7 mS)
to 25,8% (EC - 9,2 mS) (Table 7). In other varieties, the concentration of EC – 3,7 and 5,5 mS
stimulates  the  growth  of  vegetative  mass  to  12%  -  Cucumis  sativus Gergana  (CS-G),
Starozagorski  langi  (CS-St),  Mersia F1 and Vihra F1 (CS V).  As the concentration of the
nutrient solution increases in terms of fresh and dry weight of the stem, we again observe a
general tendency to decrease. Two cultivars -  Cucumis sativus Vihra F1 (CS-V) and Toni F1

(CS-T) - are distinguished by a stronger decrease in biomass (EC 3,7 – 9,2 mS) (Table 7).
Under the influence of a two- fold, three- and five-fold increase in the concentration of

the nutrient solution, the measured values of the fresh and dry weight of the leaves decrease.
The  cultivars  Cucumis  sativus Vihra  F1 (CS-V)  and  Toni  F1 (CS-T)  showed  the  highest
sensitivity in the studied plant materials with a decrease from 34,26 to 53,18% at  EC 9,2 mS.
The data obtained show a strong decrease in leaf area in the cultivar Cucumis sativus Toni F1

(CS-T), reaching 50,92% with an increase in salinity, followed by Vihra F1 (CS-V) by 39,1%
(EC -  9,2  mS)  (Table 7).  Gergana  (CS-G)  and  Starozagorski langi  (CS-St)  stand  out  as
cultivars with the lowest percentage of reduction in total leaf area. But this cultivar has 3-5
times less leaf area than other tested cucumber cultivars, this is probably a breeding trait. The
largest leaf area is formed by Cucumis sativus Kiara F1 (CS-K) - within 1061-1319 cm2.

Cucumis sativus Vihra F1 (CS-V) and Toni F1 (CS-T) react with plant death at the
highest EC concentration of 9,2 mS, which makes them highly sensitive (table 8). Fresh and
dry stem weights showed a slight increase in 14-day salinity. Cucumis sativus Kiara F1 (CS-K)
(1440,79 – 1550,56 cm2) is distinguished by the most developed leaf mass for all types of
salinity. Cucumis sativus Gergana (CS-G) has the least developed leaf mass (table 8).

Applied 14-day salinization reduced the number of leaves in Cucumis sativus Kiara F1

(CS-K) to 12,73% (EC 9,2 mS). The indicators of fresh and dry weight of the leaves show a
tendency to decrease depending on both the duration of salinization and the concentration of
the solution and the studied varieties. A more pronounced effect on the applied salinity is
observed for the fresh and dry weigth of the leaves in comparison with the same in the roots
and stems of the tested varieties.

The decrease in leaf area in our studies increases with the application of increased
concentrations of the nutrient solution. EC 9,2 mS leads to a strong decrease in leaf area,
reaching 53,49% of control measurements in Cucumis sativus Kiara F1 (CS-K), determining it
as more sensitive to this concentration, followed by Cucumis sativus Gergana (CS-G) with a
decrease of 21,32%. A visual change in the leaf blade is also observed, mainly associated with
a decrease in cell division, which prevents the normal growth of leaves.
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Тable 7.  Biometric parameters in varieties of the species  Cucumis sativus L.- on the 7th day of salinization  with  increasing  levels of nutrient
solution. L - stem length (cm), FW - fresh weight (g), DW - dry weight (g), LA - leaf area per plant (cm2)

a, b, c... – Duncan’s multiple range test (p < 0,05)
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Table 8. Changes in the accumulation of biomass of young plants in varieties of the species Cucumis sativus L. subjected to 14-day salinization
through increased levels of nutrient solution . L - stem length (cm), FW - fresh weight (g), DW - dry weight (g), LA - leaf area per plant (cm2)

a, b, c... – Duncan’s multiple range test (p < 0,05)
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The reduction of the leaf area limits the capture of photosynthetically active radiation,
which limits the processes of photosynthesis and the growth of young leaves (Table 8).

A significant variability in the amount of pigments in the studied varieties was found
both in the control variants after 14 days of plant salinity. Vihra F1 (CS-V) and Toni F1 (CS-T)
cultivars, as already noted, died at an EC 9,2 mS, which makes them more sensitive to the
applied salinity. Kiara F1 (CS-K) responded with increased chlorophyll a values from 5,37
(EC – 3,7 mS) to 29,72% (EC - 5,5 mS) compared to control measurements. The given values
at  an EC concentration of 9.2 mS decreased by 54,97%, which indicates  the presence of
degradation processes during the synthesis of this pigment.

Table 9. Photosynthetic pigment content (mg g-1 dry weight) in leaves in varieties of
the species Cucumis sativus L. during the seedling phase on the 14th day of salinity with an
increased  level  of  nutrient  solution.  The  presented  values  are  the  average  of  3  parallel
samples.

The  observed  disorders  of  the  photosynthetic  apparatus  are  most  pronounced  in
Cucumis  sativus Starozagorski  langi (CS-St),  reaching a  decrease  in  the  concentration  of
photosynthetic pigments by about 30% (EC - 3,7; 5,5 mS). It is likely that this cultivar has not
demonstrated its adaptability or the duration of salinity affects its response, determining its
greater sensitivity to the applied increased concentrations of the nutrient solution.

In contrast to the Vihra F1 (CS-V), in which 14 days of salinity results in an increase in
the measured photosynthetic pigment values, the Toni F1 (CS-T) responds with a 20-22%
decrease  in  the  measured  values.  Measurement  data  show that  the  response  of  plants  to
applied salinity is not one-sided. Of all the studied samples, the cultivars  Cucumis sativus
Toni F1 (CS-T) are more sensitive to the applied salinity, followed by Vihra F1 (CS-V) and
Starozagorski lang (CS-St). Cucumis sativus Kiara F1 (CS-K) is defined as more tolerant.
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ІV.5. Influence of NaCl salinization on species of the family Cucurbitaceae
Experiment 1

The applied salinization caused a decrease in height in the plants treated with 100 mM
and in plants treated with 300 mM, since the genotypic differences compared to control plants
were greater at high concentrations. When salinized with 300 mM NaCl, the reduction in stem
height ranged from 13,64 to 78,15% (Table 10).

Table 10. Influence of salinity with NaCl on plant height (cm) in genotypes of the
Cucurbitaceae family

a, b, c... – Duncan’s multiple range test (p < 0,05)

Of all studied genotypes  Citrullus lanatus "Nosztalgia" F1 (CL-N) showed the best
growth  at  both  salinity  levels.  The  most  sensitive  to  the  applied  salinity  is  the  species
Cucurbita ficifolia (CF), in which the decrease in plant height ranges from 60,40% at salinity
of 100 mM NaCl to 78,15% at salinity of 300 mM (Table 10).

Membrane permeability is a physiological indicator of plant tolerance to salinity and is
recommended as a selection criterion in breeding programs. In turn, it is a sensitive indicator
of changes in lipids and membrane proteins. In sensitive genotypes, membrane permeability is
more influenced than in salt tolerant species, varieties or lines.

Table  11.  Influence  of  salinity  with  NaCl  on  electrolyte  leakage  (%)  in  leaves  of
genotypes of the Cucurbitaceae family

a, b, c... – Duncan’s multiple range test (p < 0,05)

It was found that the values of membrane permeability depend on the level of salinity
and genotypic affiliation. In our studies, the membrane permeability varied from 47,6% for
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Cucumis melo 'ZKİ' 1112 F1 (CMe-Z) to 115,3% for  C. maxima x  C. moschata 'Nun '9075'
(CMM-N) in salinization with 100 mM NaCl (Table 11).The membrane permeability values at
salinity of 300 mM NaCl vary from 188,9% in the species Cucumis melo 'ZKİ' 1112 F1 (CMe-
Z) to 30,9% C. maxima x C. moschata 'RS 841' (CMM -R) (Table 11).

Relative  water  content  is  an  indicator  of  plant  resistance  to  salt  stress.  In  our
experiment, when treated with 100 mM NaCl, its values increased to 293,8% in the species
Cucumis melo "ZKİ" 1112 F1 (Cme-Z) compared to the control (Table 12). After the addition
of 300 mM NaCl, an increase in the relative water content was observed in all tested samples,
with the greatest differences among the species Cucumis melo L. (Table 12).

Table 12. Influence of salinity with NaCl on the relative water content (RWC) (%) in
genotypes of the Cucurbitaceae family

a, b, c... – Duncan’s multiple range test (p < 0,05)

ІV.5. Influence of NaCl salinization on species of the family Cucurbitaceae
Experiment 2

Salinity applied caused a decrease in plant height in both 100 mM and 300 mM treated
plants, and the differences compared to control and treated plants were greater at the higher
dose. The decrease in plant height ranges from 3,4 to 35,3% in plants exposed to salinization
with a dose of 100 mM NaCl (Table 13).

Тable 13.  Influence of salinity with NaCl on plant height (cm) in genotypes of the
Cucurbitaceae family

a, b, c... – Duncan’s multiple range test (p < 0,05)
Cucumıs  melo 'Vitalia'  F1 (Cme-V),  Cucumis  melo 'ZKİ'  1112  F1 (CMe-Z)  and
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Cucurbıta maxima 'Plovdivska' 48/4 (CMa) stand out among the studied genotypes with the
strongest increase in salinity at 100 mM, in which the increase is 4,9 – 14,2% higher than the
control  measurements.  The  decrease  in  the  growth  rate  at  100  mM  salinity  was  most
pronounced in Cucurbita ficifolia (CF) plants. Salinization with 300 mM NaCl resulted in a
noticeable decrease in  height in  all  experimental species.  The genotypes  C. maxima x  C.
moschata RS 841 (CMM-R) and Cucurbita ficifolia (CF) showed high sensitivity to salinity
with 300 mM NaCl (87,6% and 87,1% compared to the control, respectively), and the most
the weak Lagenaria siceraria 'Macis' (LS-M) recorded a 28,4% decrease.

Another indicator of plant resistance to salt stress is the relative water content (Table
14). It reflects the share of available water as a percentage of the content and at full turgor.
Due to the increased loss of water from cells due to salinity, a decrease in the relative water
content (RWC) was observed, which was more pronounced in salinity with 300 mM NaCl.

Table 14.  Influence of salinity with NaCl on relative water content (RWC) (%) in
genotypes of the Cucurbitaceae family

a, b, c... – Duncan’s multiple range test (p < 0,05)

Salinity with 100 mM NaCl in ten out of 16 studied genotypes caused an increase in
RWC - from 1% in Luffa cilindrica (LuS) to 28,3% in Cucurbita ficifolia (CF) compared to
the corresponding control samples. In other samples, the values of relative water content are
close to the control. When salted with 300 mM NaCl, Luffa cilindrica (LuS) stood out with
the lowest values – 44,05%, and Cucumis melo ‘ZKI’ 1112 F1 (CMe-Z) was 41,9% lower than
the control values.  Lagenaria siceraria 'Macis' (LS-M) stands out with the highest values,
exceeding the control by 125,3%.

The presence of NaCl in the root zone causes significant changes in the concentration
of  Na+ and  Cl- ions.  The  content  of  Cl  ions  in  the  roots  and aerial  parts  of  the  studied
genotypes is shown in Figure 3. At salinity of 100 mM NaCl, the weakest accumulation of
chlorine  ions  was  observed  in  Lagenaria  siceraria 'Macis'  (LS-M),  followed  by  an
interspecific hybrid C. maxima x  C. moschata RS 841 (CMM-R),  Cucumis melo cv. Cesme
(Cme- () and Cucumis melo cv. Kırkagaç (Cme-K) (Fig. 3).

In the species  Cucurbıta maxima ‘Plovdivska’ 48/4 (Cma-P), both at salinity of 100
mM and 300 mM NaCl, there is a tendency for the accumulation of more chlorine ions in the
roots as compared with their aboveground part. However, in the species Cucurbıta moschata
Muscatna  51-17  (CMo-M)  and  Luffa  cilindrica (LuS),  a  higher  NaCl  dose  causes  the
accumulation of more Cl ions in aerial parts than in plant roots (Fig. 3).
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Figure  3.  Content  of  Cl- ions  in  roots  and  leaves  in  species  of  the  family
Cucurbitaceae after salinization with 300 mM NaCl

The genotypes  Cucurbıta maxima 'Plovdivska'  48/4 (CMa-P) and  Citrullus lanatus
'Nosztalgia' F1 (CL-N) have the greatest difference in the content of chlorine ions both in the
root part and in their above ground part during salinity with 300 mM. Salinization with 300
mM leads to the accumulation of a larger amount of Cl ions in the aerial  parts of melon
genotypes, since its content in the  Cucumis melo cv.  Kırkagaç (Cme-K) reaches the highest
values (9,45 g/100 g dry weight).

Melon varieties  Cucumıs  melo ‘Vitalia’ F1 (Cme-V),  Cucumis  melo ‘ZKİ’ 1112 F1

(CMe-Z),  Cucumis melo cv. Cesme (Cme-C) and Cucumis melo cv. Kırkagaç (Cme-K) both
in the roots and in the aerial parts contain higher levels of Na+ ions.

Salinity with 300 mM NaCl leads to the accumulation of less Na+ ions in the aerial
part than in the roots of Cucurbita ficifolia (CF) in comparison with interspecific hybrids (Fig.
4).

The studied content of Na+ ions has large recorded differences in the root and aerial
parts, which indicates the possible retention of Na+ ions in the roots of experimental plants,
associated with the activation of defense mechanisms. The exception is melon varieties, where
the amount of Na+ ions both in the roots and in the above ground mass is maintained at both
levels of treatment.

Figure  4.  Content  of  Na+ ions  in  roots  and  leaves  in  species  of  the  family
Cucurbitaceae after salinization with 300 mM NaCl

Stronger retention of Na+ ions was found in interspecific hybrids  C. maxima x  C.
moschata,  as  well  as  in  Cucurbita  ficifolia (CF).  All  interspecific  hybrids  are  defined as
tolerant.  They  do  not  significantly  affect  the  formation  of  plant  biomass.  They react  by
limiting the entry and uptake of Na+ and Cl- ions from roots to leaves. The species Cucurbıta
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pepo var. giromontia ‘Izobilna’ F1 (CP-I) is sensitive to the applied stress.

ІV.6.  Determination  of  the  physiological  response  of  grafted  cucumber  plants  to
salinization grown in greenhouse conditions with increased concentrations of nutrient
solution.

The applied salinity leads to a significant change in the biometric parameters of the
studied plants, which is reflected in the growth retardation during the period of vegetative
development throughout the years of the experiment (Tables 15, 16 and 17).

Table  15.  Biometric  parameters  of  ungrafted  and  grafted  cucumber  plants  in  the
reproductive period (2013, 30 and 60 days after transplantation)

a, b, c... – Duncan’s multiple range test (p < 0,05)

Growth analysis showed variation in salinity response depending on salinity levels and
used genotypes in grafted combinations. There is a decrease in root length, decreasing with
increasing EC of the solution .The stimulating effect is exerted by the concentration of EC -
3.7 mS in the grafting combination Kiara/Lagenaria siceraria (K/LS), where the increase in
root systemt in percentage terms reaches 13.7% compared to the measured control values. In
this  combination,  the  largest  root  system  of  the  tested  variants  is  formed  at  different
concentrations.

The results on the 60th  day after transplanting show a tendency towards a decrease in
the length of the root with an increase in the concentration of the solution (Table 15). The
decrease in the root system reached 45,8% compared to control plants in Kiara/Cucurbita
moschata Muscatna  51-17  (K/CMo-M)  (EC  -  5.5  mS)  and  Kiara/Cucurbita  maxima x
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Cucurbita moschata Carnivor F1  (K/CMM-C) with 35,0%. An exception is observed in the
combination Kiara/Lagenaria siceraria (K/LS), in which the root length in percentage terms
reaches 38,7-60,8% (EC – 3,7; 5,5 mS) above the control measurements.

The obtained results for the root length in the experimental years 2014 and 2015, on
the whole, follow the general decreasing trend with increasing concentration of the nutrient
solution. In 2014, the strongest decrease in this indicator was found in the Kiara F1 variety,
from 43,8% (EC 3,7 mS) to  61,6% (EC 5,5 mS),  followed by Kiara/Lagenaria siceraria
(K/LS) with a decrease of 45,7% (EC 3,7 mS) (Table 16). There is a general tendency to
reduce the  length  of  the root  in  Kiara F1 and  Kiara/Cucurbita  moschata  Muscatna 51-17
(K/CMo-M)  throughout  the  entire  study  period,  more  pronounced  on  the  60th day  after
transplantation.

Table  16.  Biometric  parameters  of  ungrafted  and  grafted  cucumber  plants  in  the
reproductive period (2014, 30 and 60 days after transplantation)

a, b, c... – Duncan’s multiple range test (p < 0,05)

The increased concentration of the nutrient solution negatively affected the growth of
the test grafting combinations in all three experimental years. The change in plant height on
the 60th day after transplantation is more pronounced. The strongest decrease in plant height
was observed in 2013 and ranged between 26,8 – 39,7% compared to the control plants in
Kiara/Cucurbita moschata Muscatna 15-17 (K/CMo-M) (EC 3,7; 5,5 mS, 60 day), and this
trend continues in 2015 (Table 17).
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Growth  analysis  showed  a  stronger  decline  in  plant  height  for  Kiara/Cucurbita
moschata Muscatna 51-17 (K/CMo-M) (EC 3,7; 5,5 mS, 30 days), reaching 25,2-28,3% in
2014 and, respectively, 18,1 – 19,4% in 2015 (Table 16, Table 17). The applied salinization
caused a decrease in the average length of internodes on the 30th and 60th  day  for the all
experimental period.

Reducing  the  number  of  leaves  is  a  common  feature  of  plants  growing  under
conditions of salt stress. The results of our study in 2013 show an ambiguous change in the
measured indicator. The most pronounced decrease in the number of leaves was observed in
Kiara/Cucurbita  moschata Muscatna  51-17  (K/CMo-M)  in  2014  and  2015  for  both
measurement dates with increasing solution concentration. In the 2013 experimental year, the
number of leaves in Kiara F1 on the 30th day decreased.

Table 17.  Biometric  parameters  of  ungrafted  and  grafted  cucumber  plants  in  the
reproductive period (2015, 30 and 60 days after transplantation)

a, b, c... – Duncan’s multiple range test (p < 0,05)

Our results show a decrease in leaf area with an increase in solution concentration,
more pronounced on the 60th day after  transplantation.  In 2013, the largest  leaf  area was
formed  by  plants  from  the  grafting  combination  Kiara/Cucurbita  maxima x  Cucurbita
moschata Carnivor F1 (K /  CMM-C) - in all  saline plants (60th day), as well  as in  Kiara/
Cucurbita moschata Muscatna 51-17 (K/CMo-M) – 21117,9 cm2 (Table 15). With a strong
reduction in the leaf area, grafted plants Kiara/Cucurbita moschata Muscatna 51-17 (K/CMo-
M) (30th and 60th days) and Kiara F1 (30th days), in which the reduction reaches 42, 7 (53,9%)
- 56,7% compared with control plants at a high dose of salinity (EC – 5,5 mS).

In the 2014 experimental year, Kiara F1 stands out with a stronger reduction in leaf
area  in  the  range  34,6  –  62,2%,  followed  by Kiara/Cucurbita  moschata Muscatna 51-17

24



(K/CMo-M) 29,3 – 59,1% (EC – 5,5 mS) (Table 16). A similar trend is observed in 2015 for
the same combinations.

The concentration of the nutrient solution and the duration of salinity lead to a change
in the fresh biomass of the roots in the tested grafting combinations. The strongest decrease
on the 30th day in 2013 was recorded in Kiara/Lagenaria siceraria (K/LS) - up to 65,3% (EC
5,5 mS), followed by Kiara F1 with a decrease of 43,4 - 52,4% at EC 3,7 and 5,5 mS (Table
15). On the 60th day, a decrease in the mass of fresh roots was observed, most pronounced at a
concentration of EC solution of 5,5 mS for the combinations of Kiara F1 and Kiara/Cucurbita
moschata Muscatna 51-17 (K/CMo-M), reaching from 54,7 to 71,3% compared to control
plants (Table 15). A similar trend is observed for both combinations in 2014 and 2015 again
on the 60th day (Tables 16, 17). An exception was observed for Kiara/Lagenaria siceraria
(K/LS) (EC - 5.5 mS), where the excess compared to the control reached to 25,2%.

In  the  fresh  mass  of  the  stem,  there  was  a  tendency  to  decrease  in  all  tested
combinations  in  2013  on  the  30th and  60th days,  especially  pronounced  at  a  higher  EC
concentration – 5,5 mS. The tendency for a stronger decrease in the fresh weight of the above
ground mass in varieties Kiara F1 and Kiara/Cucurbita moschata Muscatna 51-17 (K/CMo-
M) persists with an increase in the concentration of the solution on both reporting dates. In
percentage terms, the largest decrease was recorded for Kiara/Cucurbita moschata Muscat 51-
17 (K/CMo-M), ranging from 47,1 to 51,1%, followed by Kiara F1 from 31,6 to 35,8 % on the
30th and 60th days (EC – 5,5 mS). This suggests that a stronger inhibition of growth processes
is directly related to the greater sensitivity of the selected breeding materials.

The primary reaction of plants subjected to salinization is associated with a decrease in
the water potential (Ψ), which, in turn, is associated with a decrease in the osmotic and water
potential of the soil (Fig. 5).

Figure 5. Influence of 30th and 60th day salinization on the water potential index (Ψ) in
ungrafted and grafted cucumber plants during the reproductive period

From the average results  on the indicators of water exchange in grafted cucumber
plants, it can be seen (Fig. 5) that the decrease in the water potential (Ψ) decreases with an
increase  in  the  concentration  of  the  solution.  The  obtained  negative  values  of  the  water
potential with an increase in the salinity level indicate a decrease in water intake due to an
increased concentration of the solution. During the experimental period, on the 30th and 60th

day, the Kiara F1 showed the strongest decrease in water potential, reaching in the EC 5,5 mS,
-4,03 bar and -5,03 bar, respectively. The decrease in the water potential is 5-6 bar, indicating
a  weak  water  stress,  which  is  fully  consistent  with  small  changes  in  biometric  and
physiological parameters in saline plants.

The  water  status  of  plants  is  very  sensitive  to  salinity  and  is  usually  defined  as
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dominant in plant response to salt stress. The results obtained for the RWC indicator in our
studies  in  individual  years  are  ambiguous,  following  a  decreasing  trend  with  increasing
solution concentration (Table 18). On the 30th day, the decrease in  RWC is stronger than on
the  60th.  The  response  of  plants  to  salinity  changes  with  a  decrease  in  RWC in  leaves
compared to the tested genotypes, decreasing less in more tolerant genotypes.

The results show that salt stress negatively affects the water exchange of the grafted
combinations.  The  averaged  data  show  that  Kiara  F1 on  day  30th and  Kiara/Lagenaria
siceraria (K/LS) on day 60th responded with an increase in RWC frequency over the entire
study period. 

Table 18. Influence of 30 and 60 day salinization on the relative water content (RWC
%) in non-grafted and grafted cucumber plants

a, b, c... – Duncan’s multiple range test (p < 0,05)

Another indicator that gives an idea of the degree of influence of salinity is the yield
per unit of plant production. It is a key indicator of production efficiency. The standard yield
is the main component of the total yield. Figure 6 shows the standard yield of grafted and
ungrafted cucumber plants of the Kiara F1 variety on rootstocks of the Cucurbitaceae family.

In the experimental 2013 year, the standard yield decreased by 20 - 28% in all tested
grafted combinations at an EC solution concentration of 3,7 mS. The applied salinity from the
EC — 5,5 mS significantly reduces the standard yield in all combinations, which is most
pronounced in the Kiara F1 variety, reaching a reduction of 53,37% compared to the control.
The  reported  standard  yield  of  the  used  grafted  combinations  was  higher  than  that  of
ungrafted control  plants  of  Kiara  F1 at  all  tested  nutrient  concentrations.  The  grafted
combination Kiara/Cucurbita maxima x Cucurbita moschata Carnivor F1 (K/CMM-C) stands
out with the strongest excess yield with values of 35,12%, 48,74% and 61,90% (EC — 1,8;
3,7; 5,5 mS) relative to ungrafted control plants.

In 2014, the strongest decrease in standard yield was recorded in the Kiara/ Cucurbita
moschata Muscatna 51-17 (K/CMo-M) grafting combination, as the percentage was 49,54%
(EC 3,7 mS). up to 67,21% (EC – 5,5 mS) due to test concentrations. In 2015, this grafting
combination showed the weakest effect of the standard yield on the applied nutrient solution
concentrations, as the yield decline ranged from 15,04% to 21,63% (respectively in the EC
3,7  and  5,5  mS)  relative  to  the  standard  concentration  of  the  solution  (Fig.  6).
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Kiara/Cucurbita  maxima x  Cucurbita  moschata Carnivor  F1 (K/CMM-C)  also  had  the
weakest effect this year, with increases over untreated controls ranging from 25,58%, 24,07%
and 63,93 % (EC – 1,8; 3,7, 55 mS).

Figs.  6.  Standard  yield  and  on  average  for  the  period  2013-2015.  Grafted  and
ungrafted greenhouse cucumbers of the Kiara F1 variety on rootstocks of the Cucurbitaceae
family.

The results obtained in 2015 confirm the downward trend in yield due to increased
salinity, and is most pronounced in the EC – 5,5 mS. The lowest standard yield was found in
the  Kiara/Cucurbita  moschata Muscatna  51-17 (K/CMo-M) graft  combination,  where  the
values compared to control were 44,99%, 35,47% and 18,52%, respectively in EC – 1,8; 3,7;
5,5 mS) (Fig. 6).

The average results show that the standard yield was most strongly affected in the EC,
at 5,5 mS for all grafted and ungrafted cucumbers. A less negative salinity effect was observed
in  Kiara/Cucurbita maxima x  Cucurbita moschata Carnivor F1 (K/CMM-C). Plants grafted
onto Kiara/Cucurbita maxima x Cucurbita moschata Carnivor F1 (K/CMM-C) and the three
tested salt concentrations had higher standard yields, respectively 17,06%, 19,69% and 42,21
% (EC – 1,8; 3,7, 5,5 mS) relative to ungrafted plants.

During the reporting period, physiological, biometric and biochemical studies and salt
tolerance tests were carried out for cucumbers of the Kiara F1 variety, grafted on three types of
rootstocks of the  Cucurbitaceae family -  Cucurbita moschata, a hybrid  Cucurbita maxima
Duchesne  x  Cucurbita  moschata Duchesne  Carnivor  and  Lagenaria  siceraria. Grafting
combinations Kiara/Lagenaria siceraria (K/LS) and Kiara/Cucurbita maxima  x  Cucurbita
moschata Carnivor  F1 (K/CMM-C) are  resistant  to  applied  stress,  while  Kiara  F1 and
Kiara/Cucurbita  moschata Muscatna 51-17  are  sensitive.  Cucurbita  maxima x  Cucurbita
moschata Carnivor F1 (K/CMM-C), followed by Lagenaria siceraria (K/LS), proved to be the
most suitable rootstocks.
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V. CONCLUSIONS
1. Increased concentrations of the nutrient solution (EC 0,9; 1,8; 3,7; 5,5 mS) have no

significant effect on seed germination in species of the  Cucurbitaceae family -  Cucurbita
moschata Muscatna 51-17 (CMo-M),  Cucurbita pepo Izobilna F1 (CP-I),  Luffa cylindrica
(LuS) and  Lagenaria siceraria (LS). The negative effect of salinity is most pronounced in
Cucurbita maxima Plovdivska (Cma-P), where germination is 33,3% lower (0,9 mS EC) -
50% (3,7 mS EC) relative to control plants.

2. Salt stress, achieved by increasing the concentration of the nutrient solution (EC
3,7; 5,5 and 9,2 mS), has a smaller effect on the parameters of germination and growth of
young cucumber (Cucumis sativus L.) seedlings than the genotype. The growth of the shoot
parts is less suppressed compared to the roots.

3.  In  the  seedling  phase,  the  genotypes  Cucurbita  maxima x  Cucurbita  moschata
Carnivor  F1 (CMM-C),  Cucurbita  pepo Izobilna  F1 (CP-I),  and  Lagenaria  siceraria (LS)
seem to be resistant to increased concentrations of the nutrient solution. They can be used as a
genetic  material  when  used  as  a  rootstock  as  well  as  in  the  selection  of  saline-tolerant
interspecific rootstocks. Sensitivity to the applied salinity in the seedling phase demonstrate
the genotypes Luffa sp. (LuS), Cucurbita moschata Muscatna 51-17 (CMo-M) and Cucurbita
maxima Plovdivska (Cma-P).

4.  Salt  stress in the seedling phase leads to  changes in  the parameters of leaf gas
exchange and the content of photosynthetic pigments, more pronounced in 14-day duration of
salinization. In the species  Cucurbita moschata Muscatna 51-17 (CMo-M) were found very
limited  values  of  net  photophynthesis  (A),  transpiration  intensity  (E)  and  stomatal
conductivity (gs).

5.  Cucumis  sativus Tony F1 (CS-T) and Vihra F1 (CS-V)  stand out  as  susceptible
cultivars at the seedling stage, in which EC concentration of 9,2 mS was lethal after 14 days
of salinization. This concentration can be used as a physiological threshold for screening in
salt tolerant cucumber varieties.

6. From the tested genotypes of Cucurbitaceae family to salinization with NaCl (100
and 300 mM) in the early stages of plant development, the interspecific hybrid C.maxima x
C.moschata 'Tr  x  51-17'  (CMM-B),  Lagenaria  siceraria 'Macis'  (LS-M),  the  watermelon
genotypes  Citrullus lanatus 'Nosztalgia' F1 (CL-N) and  Citrullus lanatus 'Lentus' F1 (CL-L)
and the melon  Cucumis melo 'Vitalia' F1 (Cme-V) and  Cucumis melo 'Ceşme' (Cme-C) are
tolerant.

7.  Established  tolerance  of  interspecific  hybrids  to  salinization  with  NaCl  is
determined by their ability to limit the uptake of Na+ and Cl- ions from the roots to the leaves.
They can be used successfully in breeding programs to create varieties tolerant to salinization
with NaCl. Sensitivity to the applied stress was shown by the species  Cucurbıta pepo var.
giromontia ‘Izobilna’ F1 (CP-I).

8.  In  terms  of  early  maturity,  the  concentration  of  the  solution  has  the  strongest
negative  effect  on  the  graft  combination  Kiara/Cucurbita  maxima x  Cucurbita  moschata
Carnivor F1 (K/CMM-C). The least affected variety Kiara F1. The early maturity is highest in
the graft combination Kiara/Lagenaria siceraria (K/LC).

9.Salinization  during  the  reproductive  period  adversely  affects  the  productivity  of
nongrafted  and  grafted  cucumber  plants,  the  reduction  is  greatest  at  higher  nutrient
concentrations.  With  the  highest  values  are  total  and  standard  yields  at  Kiara/Cucurbita
maxima x  Cucurbita moschata Carnivor F1 (K/CMM-C) in all salinity levels, respectively,
from 17,06%, 19,69% and 42,21% (EC – 1,8; 3,7, 5,5 mS) above the control. The plants from
this  combination  show a  higher  viability,  less  deviations  in  biometric,  physiological  and
biochemical parameters, which characterize them as a tolerant genotype.

10. The genotype factor has a stronger influence on the sensory characteristics of the
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fruits  in  the  tested  types  of  rootstocks.  All  signs  of  the  tasting  evaluation  are  greatly
influenced  by  the  combinations  used,  ranging  from  30,24%  to  44.,43%;  the  strongest
manifestation is registered in the appearance, color of the fruit and aroma (44,43%; 43,23%;
40,35%).  The  concentration  of  the  nutrient  solution  has  a  weaker  effect  on  the  tasting
qualities, ranging from 6,19% to 29,81%; the weakest manifestation is found in the texture,
bitterness of the fruit and the taste of the fruit (6,19%; 8,12%; 9,97%).

VІ. SCIENTIFIC AND APPLIED CONTRIBUTIONS
1. A large-scale study was carried out to assess the tolerance to salinity of species of

the family Cucurbitaceae. For the first time in Bulgaria, the effect of salinity with increased
concentrations  of  nutrient  solution  (EC  3,7;  5,5  and  9,2  mS)  was  studied  on  biometric,
physiological,  biochemical  and  productive  parameters  of  rootstock  and  scion material  of
cucumbers (Cucumis sativus L.) and other species of the Cucurbitaceae family and on grafted
plants at different stages of their development.

2. The reaction of different genotypes of the family Cucurbitaceae and cultivars of the
species Cucumis sativus L. to salinity with increased concentrations of nutrient solution in the
seedling phase of plant development was established.

3. The reaction to short-term and long-term salinization with NaCl (100 and 300 mM)
of genotypes of the Cucurbitaceae family of various origins, used as a rootstock, was studied.
Tolerance of genotypes from of the Institute of Vegetable Crops Maritsa between interspecific
and direct rootstocks used in the cultivation of greenhouse cucumbers was studied.

4.  The  reaction  of  cucumbers  variety  Kiara  F1 -  ungrafted plants  and  grafted  on
rootstocks  Cucurbita  maxima x  Cucurbita  moschata Carnivor  F1 (K/CMM-C),  Cucurbita
moschata Muscatna  51-17 (K/CMo-M) and  Lagenaria siceraria (K/LS) -  was studied,  to
salinity with increased concentrations of nutrient solution in the reproductive phase of plant
development.  Information  on  the  biological  characteristics  of  the  tested  combinations  of
rootstocks and grafts was enriched and their resistance to the applied salinity was assessed.

5.The effect of salinity with increased concentrations of nutrient solution (EC 3,7 and
5,5  mS)  on  the  yield  of  greenhouse  cucumbers  and  overcoming  the  negative  effect  of
salinization by grafting was evaluated.

6. Based on a complex of biometric, physiological and biochemical parameters, the
most suitable combinations were established between the Kiara F1 variety and the rootstocks
of  Cucurbita maxima x  Cucurbita moschata Carnivor F1 (K/CMM-C),  Cucurbita moschata
Muscatna 51-17 (K/CMo-M). and Lagenaria siceraria (K/LS) in salinization with increased
nutrient  concentrations  during  the  reproductive  phase  of  plant  development.  most  clearly
manifested is registered in the appearance, color and aroma of the fruit (44,43%; 43,23%;
40,35%). The concentration of the nutrient solution has a weaker effect on taste: from 6,19%
to 29,81%; the weakest manifestation is found in the consistency, bitterness and taste of fruits
(6,19%; 8,12%; 9,97%)
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Assessment of salt tolerance in species of Cucurbitaceae family

Summary

The  purpose  of  the  thesis  is  to  assess  the  tolerance  to  salinity  of  species  of
Cucurbitaceae family, optimization of choice and purposeful creation of tolerant  to  salinity
grafted plants.

Experimental work was carried out in the period 2013-2016. During this period, seven
separate  experiments  were  performed  (laboratory and vegetation)  to  assess  the  impact  of
increased concentrations of the nutrient solution - increasing all nutrient contents (macro and
micro),  as  well  as  with  NaCl,  on  biometric,  physiological,  biochemical,  sensory  and
productive  index of  rootstock, scion and grafting material from cucumber (Cucumis sativus
L.) and other species of the  Cucurbitaceae family, as well as on grafted plants in different
phases of their development.

On the basis of the obtained results the following conclusions were made:

1. Increased concentrations of the nutrient solution (EC 0.9; 1.8; 3.7; 5.5 mS) have no
significant effect on seed germination in species of the  Cucurbitaceae family -  Cucurbita
moschata Muscatna 51-17 (CMo-M),  Cucurbita pepo Izobilna F1 (CP-I),  Luffa cylindrica
(LuS) and  Lagenaria siceraria (LS). The negative effect of salinity is most pronounced in
Cucurbita maxima Plovdivska (Cma-P), where germination is 33.3% lower (0.9 mS EC) -
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50% (3.7 mS EC) relative to control plants.
2. Salt stress, achieved by increasing the concentration of the nutrient solution (EC

3.7; 5.5 and 9.2 mS), has a smaller effect on the parameters of germination and growth of
young cucumber (Cucumis sativus L.) seedlings than the genotype. The growth of the shoot
parts is less suppressed compared to the roots.

3.  In  the  seedling  phase,  the  genotypes  Cucurbita  maxima x  Cucurbita  moschata
Carnivor  F1 (CMM-K),  Cucurbita pepo Izobilna F1 (CP-I),  and  Lagenaria siceraria (LS)
seem to be resistant to increased concentrations of the nutrient solution. They can be used as a
genetic  material  when  used  as  a  rootstock  as  well  as  in  the  selection  of  saline-tolerant
interspecific rootstocks. Sensitivity to the applied salinity in the seedling phase demonstrate
the genotypes Luffa sp. (LuS), Cucurbita moschata Muscatna 51-17 (CMo-M) and Cucurbita
maxima Plovdivska (Cma-P).

4.  Salt  stress in the seedling phase leads to  changes in  the parameters of leaf gas
exchange and the content of photosynthetic pigments, more pronounced in 14-day duration of
salinization. In the species  Cucurbita moschata Muscatna 51-17 (CMo-M) were found very
limited  values  of  net  photophynthesis  (A),  transpiration  intensity  (E)  and  stomatal
conductivity (gs).

5.  Cucumis  sativus Tony F1 (CS-T) and Vihra F1 (CS-V) stand out  as susceptible
cultivars at the seedling stage, in which EC concentration of 9.2 mS was lethal after 14 days
of salinization. This concentration can be used as a physiological threshold for screening in
salt tolerant cucumber varieties.

6. From the tested genotypes of Cucurbitaceae family to salinization with NaCl (100
and 300 mM) in the early stages of plant development, the interspecific hybrid C.maxima x
C.moschata  'Tr  x  51-17'  (CMM-B),  Lagenaria  siceraria 'Macis'  (LS-M),  the  watermelon
genotypes  Citrullus lanatus 'Nosztalgia' F1 (CL-N) and  Citrullus lanatus 'Lentus' F1 (CL-L)
and the melon  Cucumis melo 'Vitalia' F1 (Cme-V) and Cucumis melo 'Ceşme' (Cme-C) are
tolerant.

7.  Established  tolerance  of  interspecific  hybrids  to  salinization  with  NaCl  is
determined by their ability to limit the uptake of Na+ and Cl- ions from the roots to the leaves.
They can be used successfully in breeding programs to create varieties tolerant to salinization
with NaCl. Sensitivity to the applied stress was shown by the species  Cucurbıta pepo var.
giromontia ‘Izobilna’ F1 (CP-I).

8.  In  terms  of  early  maturity,  the  concentration  of  the  solution  has  the  strongest
negative  effect  on  the  graft  combination  Kiara/Cucurbita  maxima x  Cucurbita  moschata
Carnivor F1 (K/CMM-K). The least affected variety Kiara F1. The early maturity is highest in
the graft combination Kiara/Lagenaria siceraria (K/LC).

9.Salinization  during  the  reproductive  period  adversely  affects  the  productivity  of
nongrafted  and  grafted  cucumber  plants,  the  reduction  is  greatest  at  higher  nutrient
concentrations.  With  the  highest  values  are   total  and standard  yields  at  Kiara/Cucurbita
maxima x  Cucurbita moschata Carnivor F1 (K/CMM-K) in all salinity levels, respectively,
from 17.06%, 19.69% and 42 to 21% (EC – 1,8; 3,7, 5,5 mS) above the control. The plants
from this combination show a higher viability, less deviations in biometric, physiological and
biochemical parameters, which characterize them as a tolerant genotype.
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