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ABSTRACT

Grafted seedlings has become important agricultural practice in
many parts of the world for the production and protection of
cucurbitaceous crops from biotic and abiotic stress. Salinity is
one of the major abiotic stresses which cause reduction in the
growth and productivity of cucumber in Egypt. This study aims
to investigate the performance of commercial greenhouse
cucumber hybrid (Hesham) grafted onto some genotypes and F1
hybrids rootstocks under salinity stress conditions (Salinity of the
experimental soil and irrigation water were about 70.9 and 2.77
dS/m, respectively), at EI-Anwar Farm, Cairo-Alexandria Desert
Road, during summer seasons of 2020 and 2021under shade
house conditions. This experiment was done in a randomized
complete block design with 3 replicates. The experiment
contained fourteen treatments, consisted of six genotypes
rootstocks in additions to 7 F1 hybrid rootstocks compared to un-
grafted control. The results indicated that grafting cucumber onto
all rootstocks gave a significant improve of plant height, leaves
area, fruit weight, fruit length, fruit diameter, yield and
photosynthesis in both seasons, compared to non-grafted one,
whereas grafted cucumber onto Kalabsha, Lagenaria siceraria Pl
554556, C. maxima, C. moschata, Kalabsha x Pl 534556 and
Lagenaria siceraria Pl 554556 x Lagenaria siceraria Pl 491365
rootstocks had larger internode length than non-grafted plants in
the first season. The highest values of carbohydrates content in
fruits were noticed when cucumber grafted onto C. maxima x C.
moschata rootstock in both seasons, whereas the highest proline
content were estimated in cucumber leaves that grafted onto
kalabsha rootstock in both seasons.

KEYWORDS: Cucumis sativus, salinity stress,
vegetative growth,
nutrients.
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1. INTRODUCTION

Salinity is one of the major abiotic stresses
which cause reduction in the growth and
productivity of the crop. Salinity leads to negative
effects on plant growth, increasing sodium and
chloride ions uptake that cause cytotoxicity and
nutritional imbalance (Isayenkov and Maathuis,
2019). About 25% to 30% of cultivated lands are
salt-affected. The salt-affected soil countries
located in arid and semi-arid regions (Zaman et
al., 2018). Salt-affected land around the world is
about 1125 million hectares, includes about 76
million hectares induced salinization by human.
About 50% of suitable lands for cultivation will
loss if salinization of lands continues in increasing
by 2050.Egypt is one of the significant salt-
affected soil countries (Hossain, 2019).

Cucumber (Cucumis sativus L.) is one of the
most popular cucurbit crops in Egypt. Egypt is one
of the pioneer’s cucumber producing countries.
According FAO statistics, Egypt ranked as the
tenth largest producing country around the world
(http://faostat.fao.org). According to department
of agricultural Statistics in Egyptian Ministry of
Agriculture and Land Reclamation, Egypt’s
production of cucumber in 2020 was 443035 tons,
area cultivated was 46728 feddans, and average
production was 9.4 tons / feddan. Significant
reduction in cucumber seeds germination, plant
growth parameters such as plant height, leaf area
and yield under salinity  conditions
(Chartzoulakis, 1992 and Khan et al., 2013).

Grafting is a suitable method to overcome
some abiotic stresses effects in vegetable crops
such as salinity and drought (Colla et al, 2010 and
Thakur and Savita, 2020). First Research on
grafting cucumber began in the late 1920s, while
the commercial use did not start until 1960
(Kubota et al, 2008).Research on grafting
cucumber also started in the late 1920s, but wider
commercial applications did not happen until
1960 (Sakata et al., 2008). Grafting is a promising
practice to increase salinity tolerance in some
vegetable crops plants such as in tomato (Di Gioia
et al, 2013 andSingh et al 2020), in melon (El-
Kafafi et al, 2017 and Ulas et al, 2019) and in
watermelon (Sharf-Eldin et al,2018 and Yanyan et
al, 2018).
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In cucumber, El-Shraiy and Mostafa (2016)
reported that using grafting onto salt tolerant
rootstock  (Shintosa ~ supreme  pumpkin)
significantly enhanced cucumber growth, yield,
relative water content and antioxidant enzymes
activity under salinity conditions, in addition to
increasing chlorophyll, carotenoid, proline and
total soluble protein content and reducing
membrane permeability and malondialdehyde
(MDA) content in leaves. Elsheery et al. (2020)
tested four rootstocks (bottle gourd, pumpkin,
winter squash, and Nubian watermelon) to study
biochemical, and physiological mechanisms of
salinity stress tolerance using grafting and
compared them with self-grafted cucumber cv.
1010 under three levels of salinity (0, 50, 100
mM) of NaCl solution at an early stage. Grafted
plants had better growth and yield parameters than
non-grafted plants, in addition to improve
photosynthetic activity and membrane stability.
Grafting increased plant hormones such as auxin,
gibberellin, cytokinin, and salicylic acid
compared with non-grafted plants, while abscisic
acid was decreased under salinity stress. Soubeih
et al. (2018) evaluated two rootstocks, namely,
Star and Super Shantoza which belongs to
Cucurbita moschata Duch and compared them
with non-grafted cucumber cv. F11101 to
improve cucumber productivity under salt stress.
Star rootstock showed the highest growth, yield
parameters, except shoot/root ratio, Na+ content
and K+/Na+ ratio. Farajimanesh and Haghighi
(2020) tested four rootstocks, namely, Tanbal
(Cucurbita ~ maxima),Ghalyani (Lagenaria
siceraria), Karela (Momordica charantia),
Khoreshi (Cucurbita pepo) and compared them
with non-grafted commercial cucumber cv.
DAVIS Il which used as scion under three
concentrations of salinity (0, 30 and 60 mM).
Karela and Khoreshi rootstocks improved the
physiological ~ parameters  under  salinity
conditions. Khoreshi and Tanbal rootstocks
decreased the transpiration, on the other hand
nongrafted plants had the highest transpiration.
Thus, grafting technology has recently emerged as
a potential and alternative approach to the
comparatively sluggish conventional breeding
procedures for increasing tolerance to abiotic
stressors, soil pathogens, and improving
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production and quality features in fruit vegetables.
Grafting has been wused commercially on
watermelons, muskmelon, cucumbers, tomatoes,
sweet peppers, and eggplants to increase plant
tolerance to a variety of abiotic conditions, such
as soil salinity, drought, waterlogging, high or low
temperatures, and heavy metal toxicity, as well as
to increase vegetable crop output and quality
characteristics (Bahadur et al., 2024) . Generally,
all rootstocks improved fruit quality traits.
Bayoumi et al. (2021) used five rootstocks (Ferro,
Cobalt, VSS-61 F1, Bottle gourd, and Super
Shintoza) and cucumber hybrid Gianco F1 was
used as a scion under combined heat and salinity
and compared them with non-grafted plants to
assess the growth, productivity, physiological,
and mineral composition under stress conditions.
Grafted plants were better than non-grafted plants
in the most studied characters. Plants grafted onto
VSS-61 F1 and Ferro had the highest early and
total marketable yields, also they had the higher
scion vigor, lower flower abortion rates and
higher chlorophyll contents. On the other hand,
the fruit quality and N, P, and K content in the
leaves were a few relevant changes compared with
the non-grafted plants. Furthermore, EI-Aidy et al.
(1996) showed that grafting led to increase in N,
P and K of cucumber leaves. This study was
aimed to investigate the improvements in salinity
tolerance of cucumber in respect to the growth,

Table 1. Chemical composition of irrigation water

yield and fruit quality traits when grafted on
different rootstocks.

2. MATERIALS AND METHODS
2.1.Location and growth conditions:

Thirteen cucurbits genotypes, compared to
control, were evaluated in this study as rootstocks
in summer seasons of 2020 and 2021 under shade
net house conditions, at EI-Anwar Farm, Kilo 75
Cairo-Alexandria Desert Road. Wadi El Natrun,
El-Beheira Governorate, Egypt (Latitude: 30° 24’
59.99" N, Longitude: 30° 19' 60.00" E). Some of
these genotypes were chosen based on previous
results according to their salinity tolerance
(Taffouo et al., 2008; Farajimanesh and Haghighi,
2020). The commercial cucumber cultivar
“Hesham” were used as the scion. The effect of
grafting cucumber onto the previous rootstocks on
plant growth, some physical and chemical fruit
quality traits and productivity under salinity
conditions (Salinity of the experimental soil and
irrigation water were about 70.9 and 2.77 dS/m,
respectively) were studied and compared with
non-grafted cucumber (Cucumis sativus).Water
and soil analyses were carried out before starting
the experiment according to Black et al., (1965)
and Jackson (1973) and the data are shown in
Tables (1 and 2).

lonic concentration (Meqg/l)

CO3s* HCOsz CI SOs%  Ca'?

Mg*  Na* K* pH

EC* N
(ds/m) SAR

0.00 430 1573  6.62 7.42

12.61 1.34 2.77 7.45 5.40

EC means the average electrical conductivity, SAR means sodium adsorption ratio.

Table 2. Some initial chemical and physical properties of the experimental soil.

. P

. CaC Organic K Fe Mn Zn Cu
;2%?;;%'8 (Es(/:r?]) 03 matter (0'2 ) (rl‘:g/ (mg/k (mg/k (mg/k (mg/k  (mglk
(%0) (%0) soil) gsoil) gsoil) gsoil) gsoil) gsoil)

Value 7.80 7090 4.73 1.20 0.006 528.3 70.80 3.50 9.94 0.78 0.60
Physwgl Sand % Silt % Clay % Texture class

properties
Value 79.29 10.21 10.50 Loamy sand
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2.2.Plant materials:

Seeds of four genotypes of Lagenaria
siceraria (L. s. P1534556, L. s. P1491365, L. s. PI
554556 and Local Kalabasha gourd), in addition
to local cultivar of Cucurbita moschata and local
cultivar of Cucurbita maxima were self-
propagated in the period from 15" march 2019 to
the end of August 2019in the greenhouse at
Vegetable Crop Department, Faculty of
Agriculture, Cairo University, Giza, Egypt.
Thereafter, in first week of September 2019 until
end of February 2020. we produced 7 F1 hybrid,
namely, Gourd 1: Lagenaria siceraria (Pl
534556) X Lagenaria siceraria (Pl 491365),
Gourd 2: Lagenaria siceraria (Kalabsha) X
Lagenaria siceraria (Pl 491365), Gourd 3:
Lagenaria siceraria (Pl 534556) X Lagenaria
siceraria (Pl 554556), Gourd 4: Lagenaria
siceraria (Kalabsha) X Lagenaria siceraria (Pl
534556), Gourd 5: Lagenaria siceraria (Pl
554556) X Lagenaria siceraria (Pl 491365),
Gourd 6: Lagenaria siceraria (Pl 554556) X
Lagenaria siceraria (Pl 534556), in addition to
the interspecific hybrid Winter squash 1
Cucurbita maxima x Cucurbita moschata. Seeds
of local genotypes were obtained from the local
source, while all other genotypes seeds were
kindly provided by Stacey Estrada, Gene Bank,
ARS, Geneva, NY., USA.

Grafting process was carried out under
greenhouse conditions, Bader Centre, Behira
Governorate. The compatibility between 13
rootstocks (6 genotypes and 7 Fi hybrids
rootstocks) and the commercial greenhouse
cucumber cv. Hesham was tested in first half of
March. Thereafter, the seeds of these 13
rootstocks were sown on 20" march 2020 in foam
seedling-trays (84 cells). Seeds of the commercial
varity were sown 7 days after the sowing of
rootstock seeds.

Hand grafting process was carried out during
first week of April, slant cut grafting method was
applied at one true-leaf stage. Then the grafted
plants were kept under 90-95% RH and 45%
shading conditions at temperature between 30 to
32 °C for healing in a professional greenhouse for
adaptation. Survival grafted cucumber plants and
non-grafted cucumber were sowing on 10" and
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15" May of 2020 and 2021 seasons, respectively,
in the shade net house (at EI-Anwar Farm, Kilo 75
Cairo-Alexandria Desert Road. Wadi El Natrun,
El-Beheira Governorate, Egypt) in rows at a
distance of 50 cm between plants within the rows.
A completely randomized block design with 3
replicates was used. The area of experimental plot
was 5 m? (5 x 1m?). Each plot contained 20 plants.
Plants were subjected to the common agricultural
practices.

2.3.Determination  of

characters:

plant  growth

After 60 days of transplanting five plants of
each treatment were randomly labeled to
determine plant growth parameters such as plant
height, number of leaves /plant, inter-node length,
chlorophyll content using a SPAD meter (SPAD
502 Minolta Co, Osaka, Japan), and leaf area ( the
6" leaf from meristem tip ) was measured by
portable leaf area meter (Biovis Leaf Av., Expert
Vision Labs Pvt. Ltd., India), Photosynthesis rate,
stomatal conductance, transpiration rate were
measured between 10:30 am and 11:00 am using
Li-1600 Steady State Porometer, LI-COR,USA.

2.4.Determination of fruit yield and fruit
guality traits:

Total yield (kg/m?) was estimated as total
weight of fruits all over the harvesting season.
Fruit quality traits for 10 fruits were recorded at
the fifth harvest to determine the fruit characters
such as weight, length, diameter, TSS% using
Zeiss laboratory refractometer).

2.5.Determination of biochemical
components concentrations:

Totalcarbohydrates of cucumber leaves, 60
days after transplanting, weredeterminedin
ethanol extract according to Cheshire and Mundie
(1966), Proline in cucumber leaves, 60 days after
transplanting, was determined in dry plant
material according to Bates et al., (1973). Macro
(N, P, K, Ca and Mg) and micro (Na, Fe and Zn)
nutrients of cucumber leaves were measured, 60
days after transplanting. Nitrogen was measured
by the modified “Micro Kjeldahl” apparatus of
Parnas and Wagner as described by Pregl (1945).
Phosphorus was determined
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spectrophotometrically by using  stannous
chloride method according to AOAC (1975).
Potassium was determined by flame photometer
according to the method described by Brown and
Lilliland (1964). Calcium (Ca), magnesium (Mg),
sodium (Na), iron (Fe) and zinc (Zn) contents
were measured by Atomic  Absorption
Spectrophotometer (PyeUnicam, model SP-1900,
Cambridge, UK) with air-acetylene fuel according
to Helrich (1990).

2.6.Statistical Analysis:

The statistical analysis of the experimental
data was carried out using ANOVA procedures
with CoStat software. The treatment means were

compared by least significant difference (L.S.D.)
test as given by Snedecor and Cochran (1976) by
used MSTAT-C v. 2.1 (Michigan State
University, Michigan, USA).

3. RESULTS
3.1.Plant growth of cucumber plants:

The study examined the response of cucumber
plants to grafting into different rootstocks, under
salinity stress conditions in both seasons. As
shown in Table 3 vegetative growth
characteristics were statistically influenced by all
rootstocks in comparison to the control plants in
both seasons.

Table 3. Effect of grafting onto some genotypes and F1 hybrids of cucurbit rootstocks on
cucumber growth parameters (plant height, number of leaves, internode length and
leaf area) at 60 DAT, during 2020 and 2021 seasons

Plant height Internode Leaves area
(@) No. of leaves length (cm?)
Rootstocks g (cm)

2020 2021 2020 2021 2020 2021 2020 2021
Control 17270 17970 3800 4000 7.83 867 2685 28.16
C. maxima X C. moschata 212.30 217.70 41.67 48.33 7.73 8.17 33.65 35.35
k@l)fégf: 534556 X L.s. Pl 10870 20270 4000 4800 7.83 807 39.84 41.23
Kalabsha X L.s. P1 491365  202.00 206.00 4000 4567 747 7.83 38.06 39.30
'géjégé 534556 X L.s. Pl 197.00 20670 38.67 4033 7.93 833 3436 36.76
Kalabsha X L.s. P1 534556  183.00 19570 4033 47.00 860 9.03 3873 39.31
széf'sepz': 554556 X L. s. Pl 103.00 21070 42.67 4567 867 900 4087 45.45
'5-3'45556,: 554556 X L. s. Pl 106.00 20730 4333 4333 783 817 4349 4508
L. s. Pl 534556 202.00 20670 48.67 49.00 823 883 3807 39.75
L.s. Pl 491365 10200 19670 4133 4233 817 867 37.04 39.27
Kalabsha 202.00 20930 49.00 50.33 877 887 4064 44.87
L.s. Pl 554556 10230 19670 39.00 4033 877 900 3758 39.31
C. maxima 208.00 21470 4467 50.67 890 903 4153 4553
C. moschata 20170 209.00 47.00 48.67 7.70 890 42.37 46.12
LSD 0.05 408 426 160 211 044 043 229 241
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In this regard, grafted plants onto all
rootstocks significantly improved plant height and
leaves area of cucumber in both seasons, as
compared with non-grafted cucumber. The
highest plant height were recorded when
cucumber grafted onto the rootstock resulted from
hybridization between Cucurbita maxima X
Cucurbita moschata, whereas the highest leaves
area were observed with the rootstock of
Lagenaria siceraria PI1554556 X Lagenaria
siceraria P1534556 in the first season and with C.
moschata rootstock in the second season. On the
other hand, except grafting onto the hybrid
rootstock of Lagenaria siceraria Pl 534556 X
Lagenaria siceraria Pl 554556 and Lagenaria
siceraria Pl 554556 rootstock, all rootstocks
exhibited a significant increase in cucumber
number of leaves in both seasons, as compared
with non-grafted plants. Grafting cucumber onto
Kalabsha, Lagenaria siceraria Pl 554556, C.
maxima, C. moschata, Kalabsha x Pl 534556 and
Lagenaria siceraria Pl 554556 X Lagenaria
siceraria Pl 491365 rootstocks had larger
internode length than non-grafted plants in the
first season, while those rootstocks as well as
grafting onto Pl 534556 and P1 491365 rootstocks
in the second season did not show any significant
differences with compared to control as result to
increase the internode length of control plants. In
contrast, grafting cucumber onto Kalabsha x Pl
491365 rootstock in the first season as well as
grafting onto C. maxima x C. moschata, Pl
534556 x Pl 491365, Kalabsha x P1 491365 and
Pl 554556 x Pl 534556 rootstocks in the second
season significantly decreased internode length as
compared to control plants.

3.2.Chlorophyll, photosynthesis, stomatal
conductance, transpiration of
cucumber plants:

The relative chlorophyll content SPAD and
photosynthetic measurements  such as
photosynthesis rate, stomatal conductance and
transpiration rate were estimated for all grafted
and non-grafted plants in both seasons (Table 4).
Cucumber plants grafted onto C. maxima, C.
moschata, C. maxima x C. moschata, Pl 534556 x
Pl 491365 and Kalabsha rootstocks in both
seasons as well as P1 534556 rootstock only in the
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second season had a significant increment of
chlorophyll SPAD readings when compared with
the control plants. Moreover, all rootstocks
significantly improved photosynthesis rate in the
two seasons as compared with control plants. The
highest values of photosynthesis rate were
recorded when cucumber grafted onto C. maxima
rootstock in the first season as well as Pl 534556
x P1491365 rootstock in the second season.On the
other hand, except grafted cucumber onto
Kalabsha x P1 534556 and Pl 491365 rootstocks
in the first season, all rootstocks significantly
increased stomatal conductance of cucumber in
both seasons, compared to non-grafted plants. The
highest values of stomatal conductance were
noticed in cucumber grafted onto C. maxima
rootstock in the first season as well as Pl 554556
x Pl 534556 rootstock in the second season.
Furthermore, using Kalabsha x Pl 491365, PI
534556 x Pl 554556 and Pl 554556 x Pl 534556
as rootstocks in both seasons as well as Pl 554556
x Pl 491365, Pl 554556, C. maxima and C.
moschata as a rootstocks only in the second
season gave a significant increase in transpiration
rate, compared to non-grafted cucumber.
Generally the lowest transpiration rate was
recorded when cucumber grafted onto Kalabsha
rootstock in the first season as well as Pl 534556
x P1 491365 rootstock in the second season.

3.3.Quality parameters of cucumber fruits:

Cucumber  fruits quality traits were
significantly impacted by grafting onto various
rootstocks (Table 5). Fruit quality parameters,
such as fruit weight, fruit length, fruit diameter
and TSS percentage, displayed significant
variation between the grafted cucumber and
control plants in both seasons. Generally, all
rootstocks caused a significant improvement of
fruit weight, fruit length, fruit diameter, as
compared to controlplant in both seasons. The
maximum fruit weight (64.92 and 69.67 g), fruit
length (15.07 and 15.63 c¢cm) and fruit diameter
(1.97 and 2.00 cm) were observed during grafting
onto C. maxima rootstock in the two seasons,
respectively. Contrariwise, the highest TSS
percentage were observed in cucumber fruits that
grafted onto C. maxima x C. moschata rootstock
in both seasons as compared to non-grafted
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Table 4. Effect of grafting onto some genotypes and F1 hybrids of cucurbit rootstocks on
chlorophyll SPAD content, photosynthesis rate, stomatal conductance and
transpiration rate of cucumber at 60 DAT, during 2020 and 2021 seasons.

Photosynthesis Stomatal Transpiration
Chlorophyll

SPAD rate conductance rate
Rootstocks content (%) (pumol CO2 m- (mmol coO2 (mmol H20

2 5-1) m-2 S-1) m-2 S-1)
2020 2021 2020 2021 2020 2021 2020 2021
Control 4487 4720 35370 37400 6.830 7.500 1748 1711
C. maxima X C. moschata ~ 50.23 51.03 431.30 469.00 9.197 10240 1.822 1.769
';éfég; 534556 XL.s. Pl 5000 5140 45070 481.00 7.627 10.000 1.668 1.695
Kalabsha X L. s. Pl 491365 4527 48.17 44870 469.00 7.493 8527 2044 1.993
;éjége: 534556 XL.s. Pl 4350 4607 43830 45470 9703 10520 2.016 1.924
Kalabsha X L. s. Pl 534556 45.17 48.30 44330 47670 6.890 8.693 1757 1871
Iiéfég; 554556 X L.s. Pl ys 33 4767 44300 45470 8200 8.697 1708 1.942
'géjsgé 554556 X L.s. Pl 1150 4703 438.00 45830 9500 10.670 2.113 1.990
L.s. Pl 534556 47.23 52.67 44030 468.00 8.097 9670 1872 1.903
L.s. P 491365 4377 4983 43670 45230 7.243 8597 1853 1.922
Kalabsha 49.83 51.30 462.30 47470 8343 9980 1633 1.759
L. s. Pl 554556 4450 48.23 44330 45500 7.770 8507 1941 1.979
C. maxima 51.53 5277 468.30 47500 9.840 10.360 1.901 1.939
C. moschata 5117 51.03 456.70 466.00 8910 9.803 1.911 1.979
LSD 0.05 327 316 806 748 0501 0557 0249 0212

cucumber, whereas using Pl 534556 x Pl 491365,
Kalabsha x Pl 491365, Pl 534556 x Pl 554556,
Kalabsha x P1 534556, Pl 554556 x P1 491365, PI
534556 and P1 554556 in both seasons as well as
C. moschata in the first season as a rootstocks
caused a significant reduction of TSS percentage
as compared to control plants.

3.4.Yield of cucumber plants:

The results in Table 5 clearly illustrate that
cucumber plants grafted onto all rootstocks
showed a significant increment of total yield per
m? in the two seasons, compared to non-grafted
cucumber. The maximum yield per m? were
recorded with grafting cucumber onto Kalabsha
rootstock in the first season (15.83 kg) and onto
C. maxima rootstock in the second season (16.21

kg).
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3.5.Mineral content in cucumber leaves:

The results in Table 6show that macronutrient
concentrations, such as nitrogen (N), phosphorus
(P), potassium (K), calcium (Ca) and magnesium
(Mg), of grafted cucumber leaves significantly
influenced according to the type of rootstock in
both seasons, as compared to non-grafted
cucumber. Except grafting onto Kalabsha x Pl
534556 rootstock in the first season in the case of
N% or grafting onto the same rootstock in both
seasons in the case of K%, all rootstocks
experienced a marked increase in N% and K%
compared to the control plants. Generally, the
highest N and K concentrations were observed in
cucumber leaves that grafted onto Pl 534556 x Pl
491365 rootstocks in both seasons. On the other
hand, all rootstocks, except C. maxima x C.
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Table 5. Effect of grafting onto some genotypes and F1 hybrids of cucurbit rootstocks on
cucumber yield and fruits quality (fruit weight, fruit length, fruit diameter and TSS
%), at fifth harvest date, during 2020 and 2021 seasons.

Fruit

Fruit weight  Fruit length diameter TSS Yield
Rootstocks (9) (cm) (cm) (%) (kg/m2)

2020 2021 2020 2021 2020 2021 2020 2021 2020 2021
Control 4569 47.35 1047 11.20 123 130 397 387 553 587
C. maxima X C. 5720 5921 1310 1373 167 177 407 403 1218 13.35
moschata
L.s. PI 534556 X L.
T 55.65 6255 13.67 14.27 167 187 310 307 1158 14.98
fgal'gg;hax'-'sp' 50.80 60.07 13.00 14.60 1.63 1.80 327 333 11.26 1311
L.s. Pl 534556 X L.
PP 56.60 6278 12.50 14.97 177 193 350 337 1307 15.20
;ﬂggghax"s'm 5155 67.76 1173 1510 1.60 1.83 3.37 343 1190 1574
L.s. Pl 554556 X L.
e 52.80 57.55 12.10 13.80 167 180 337 330 1088 12.85
L.s. Pl 554556 X L.
PPy 5361 60.80 11.87 1340 1.60 1.80 400 397 1227 14.25
L. s. Pl 534556 54.83 60.24 1240 1423 163 183 360 350 11.90 14.85
L.s. Pl 491365 5228 56.33 1173 1390 163 177 393 390 11.38 12.38
Kalabsha 60.65 6500 1420 1503 177 1.93 393 390 1583 1595
L. s. Pl 554556 50.30 65.95 14.33 14.97 180 197 350 343 1395 16.11
C. maxima 64.92 69.67 1507 1563 197 200 400 397 1428 1621
C. moschata 5853 6355 13.97 1510 177 197 383 390 1424 16.03
LSD 0.05 239 425 098 066 012 013 013 014 097 1.22

moschata, Kalabsha x Pl 534556 and Pl 554556 exhibited a significant increase in Mg% of
and Pl 534556 rootstocks in both seasons as well cucumber leaves as compared with control plants.
as Pl 534556 and Pl 554556 or Pl 534556 Concerning the impact of rootstocks on the
rootstocks in the first season, showed a significant ~ concentration of micronutrients in cucumber
improvement in P concentration of cucumber leaves (Table 7), there no significant differences
leaves compared to non-grafted plants. were observed between grafted cucumber and
Additionally, all grafted cucumber, except that  non-grafted one of Na% in cucumber leaves in
grafted onto Kalabsha x Pl 534556 rootstock in both seasons. Otherwise, grafting cucumber onto
the first season, had a significant increment of P1 534556 x Pl 491365, Pl 534556, Kalabsha, PI
Ca% of leaves in both seasons as compare to non- 554556 and C. moschata rootstocks in both
grafted cucumber. On the contrary, only grafted seasons as well as grafting onto Kalabsha x Pl
cucumber onto Pl 534556 x Pl 491365 and 491365, PI 491365 and C. maxima rootstocks in
Kalabsha x Pl 491365 rootstocks in the first  the second season gave a significant increment of
season as well as grafted cucumber onto all Fe concentration in cucumber leaves compared to
rootstocks, except Pl 534556, Kalabsha and C. non-grafted plants.
moschata rootstocks, in the second season
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Table 6. Effect of grafting onto some genotypes and F1 hybrids of cucurbit rootstocks on
macro-nutrients, N, P, K, Ca and Mg, percentages of cucumber leaves at 60 DAT

during 2020 and 2021 seasons.

N (%) P (%) K (%) Ca (%) Mg (%)
Rootstocks

2020 2021 2020 2021 2020 2021 2020 2021 2020 2021
Control 331 334 025 025 315 315 214 215 057 054
C. maxima X C. 363 372 028 029 326 331 244 251 060 062
moschata
L.s. Pl 534556 X L.
s Pl 491365 409 418 036 037 363 371 258 260 0.69 0.70
Kalabsha X L. s. Pl
491365 3.77 384 034 034 359 361 252 258 0.66 0.68
L.s. P1 534556 X L.
s Pl 554556 375 384 033 035 359 366 253 258 0.62 0.69
Kalabsha X L. s. Pl
534556 336 347 030 031 315 323 217 228 059 0.62
L.s. Pl 554556 X L.
s Pl 491365 372 389 034 036 357 362 254 259 063 0.69
L.s. Pl 554556 X L.
s Pl 534556 354 365 031 034 357 361 249 257 059 0.63
L.s. Pl 534556 367 377 032 035 360 363 242 260 060 0.61
L.s. Pl 491365 3.70 380 034 035 347 367 254 256 0.61 0.63
Kalabsha 396 410 035 037 357 364 251 255 059 0.61
L.s. Pl 554556 381 413 037 037 361 365 258 260 061 0.62
C. maxima 386 403 037 038 358 371 255 260 059 0.64
C. moschata 371 382 033 035 364 370 252 256 059 0.61
LSD 0.05 0.05 007 007 009 005 0.09 009 011 0.05 0.07
Likewise, grafting cucumber onto Pl 534556 3.6. Carbohydrates and proline

x P1 491365, Kalabsha x P1 491365, Pl 534556 x
Pl 554556 and Kalabsha rootstocks in the first
season as well as grafting onto all rootstocks in the
second season, except grafting onto Kalabsha x Pl
534556 rootstock, significantly improved Zn
concentrations in cucumber leaves compared to
control plants.

Generally, the highest concentrations of Fe
(205.00 and 205.30 ppm) and Zn (62.41 and 65.66
ppm) were obtained from cucumber leaves that
grafted onto Pl 534556 x Pl 491365 rootstock
compared to control in both seasons.
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concentrations of cucumber leaves:

Table 7 illustrates the effects of rootstocks on
carbohydrates concentration of cucumber leaves
and proline content of cucumber leaves. In this
respect, all rootstocks in both seasons, except Pl
491365 and C. moschata rootstocks in the second
season, significantly enhanced the accumulation
of carbohydrates in cucumber leaves compared to
control plants. The maximum values of
carbohydrates concentration of cucumber leaves
were observed with grafted cucumber onto C.
maxima x C. moschata rootstock in both seasons,
whereas grafted cucumber onto Pl 491365 and C.
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Table 7. Effect of grafting onto some genotypes and F1 hybrids of cucurbit rootstocks on micro-
nutrients (Na, Fe and Zn) concentrations, carbohydrates and proline concentrations
at 60 DAT of cucumber leaves during 2020 and 2021 seasons.

Carbohydrates Proline
Na (%) Fe (ppm) Zn (ppm) concentration concentration
Rootstocks (mg/g) (mmoles/g)
2020 2021 2020 2021 2020 2021 2020 2021 2020 2021
Control 0.10 0.09 188.80 191.60 5251 50.79 1091 1142 0.36 0.33
C.maximaXC. 515 012 10100 19470 53.98 5658 2028 1899 058  0.65
moschata
L.s. P1 534556 X
L s Pl 491365 0.10 0.11 205.00 205.30 6241 6566 1283 1643 0.31 0.38
Kalabsha X L. s.
P| 491365 0.10 0.11 19440 199.30 58.62 60.62 12.45 9.50 1.05 0.84
L. s. Pl 534556 X
L s Pl 554556 0.09 0.11 19260 194.00 5842 62.88 1399 16.04 0.82 1.01
Kalabsha X L. s.
Pl 534556 0.12 0.10 185.80 189.90 52.04 5262 1861 12.83 1.07 1.02
L. s. Pl 554556 X
L s Pl 491365 0.09 0.10 189.20 190.50 56.33 6040 1348 1681 081 0.64
L. s. Pl 554556 X
L s Pl 534556 0.11 0.10 186.30 190.70 55.61 56.93 12.83 13.09 094 0.77
L.s. Pl 534556 0.11 0.11 196.40 202.30 5457 60.82 13.86 11.81 0.59 0.56
L.s. Pl 491365 0.10 0.12 19190 199.00 5598 63.24 1219 1052 017 0.24
Kalabsha 0.11 0.10 19460 197.70 58.29 6243 11.17 1591 1.97 1.15
L. s. Pl 554556 0.10 0.10 19480 19850 5296 59.87 11.94 13.22 1.32 0.80
C. maxima 0.12 0.12 19420 197.10 56.88 60.71 1450 15.14 058 0.53
C. moschata 0.11 0.12 199.30 200.50 54.33 61.87 11.16 10.01 0.22 0.20
LSD 0.05 N.S. N.S. 5.67 3.44 4.18 2.74 0.15 0.12 0.07 0.07

moschata rootstocks in the second season showed

a significant decrease of carbohydrates
concentration in cucumber leaves compared to
non-grafted  cucumber.  Furthermore,  all

rootstocks, except PI 534556 x P1 491365 in both
seasons as well as Pl 491365 and C. moschata
rootstocks in the first season, exhibited significant
excess of proline concentration compared to
control. The highest proline concentration was
estimated in cucumber leaves that grafted onto
kalabsha rootstock in both seasons, whereas
grafted cucumber onto Pl 491365 and C.
moschata rootstocks in the first season showed
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significant reduction in proline concentration of
cucumber leaves compared to control plants.

4. DISCUSSION

The dramatic global obstacle all over the
world that threaten agricultural production and
expansion is salinity and salination. The effect of
salinity on plant growth found in dual edges;
osmotically which short-term effect and ionic,
nutritional imbalance effect, in which later the
long termed effect. The negative impacts of
salinity on the productivity and quality of plants
due to increasing sodium and chloride ions uptake
which causes cytotoxicity and nutritional
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imbalance (Isayenkov and Maathuis, 2019).
Based on our observations, grafting onto various
rootstocks have the potential to enhance the
tolerance of salinity stress in plants. As a result,
this study was conducted to examine whether the
hybrids of rootstocks were more successful than
the individual effects of each in terms of
increasing salinity tolerance and productivity in
cucumber plants. In the current study, we
observed that the growth parameters of cucumber
plants are significantly decreased under salinity
stress. These findings are agreement with those
reported by Chartzoulakis, 1992 and Khan et al.,
2013. However, grafted cucumber onto all
rootstocks significantly raised the growth
characteristics of plants in both seasons. These
increases in plant growth parameters have been
linked to improve macro and micronutrient uptake
(Tables 6 and 7). Furthermore, these results also
may be attributed to the increasing of
photosynthetic activity and membrane stability or
increased plant hormones (Elsheery et al. 2020).
In contradiction, the reduction of internode length
when cucumber grafted onto Pl 534556 x PI
491365 rootstock may be due to decreasing of
proline concentration of cucumber leaves (Table
7).

The findings also illustrated that grafting
process tended to increase chlorophyll
concentration, photosynthesis rate and stomatal
conductance of cucumber leaves. These results
attributed to the ability of rootstocks to increase
the macro and micronutrients uptake, especially
Mg and Zn, that play an essential role in
chlorophyll formation and also Synthesis of
amino acid tryptophan that involved of hormones
formation. Similar results were observed by El-
Shraiy and Mostafa (2016); Elsheery et al. (2020);
Farajimanesh and Haghighi (2020).In contrast,
grafted cucumber showed a reduction in
transpiration rate as compared with control plants.
These results are compatible with those found by
Farajimanesh and Haghighi (2020).

According to the results, yield and fruit
quality traits are changed due to salinity stress.
However, harvested cucumber fruits from all
grafted plants showed a high values of total yield,
fruit weight, fruit length and fruit diameter in both
seasons compared to the un-grafted cucumber
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(Table 5). In contradiction, grafted cucumber onto
C. maxima x C. moschata rootstock had the
highest TSS percentage in both seasons as
compared to non-grafted cucumber, whereas
grafting cucumber onto the rootstocks of PI
534556 x Pl 491365, Kalabsha x Pl 491365, PI
534556 x Pl 554556, Kalabsha x Pl 534556, PI
554556 x P1 491365, P1 534556 and P1 554556 in
both seasons as well as C. moschata in the first
season caused a significant reduction of TSS
percentage as compared to control plants. These
results illustrated due to the increase of leaf area
in grafted cucumber under saline conditions that
participated in increasing of photosynthesis rate
and may be also return to increasing the
absorption of micro — and macro elements by the
vigor roots of rootstocks. Similar results were
obtained by Soubeih et al. (2018); Elsheery et al.
(2020); Farajimanesh and Haghighi (2020). On
the other hand, the results of Bayoumi et al. (2021)
showed that fruits quality of grafted cucumber did
not have changes compared with the non-grafted
plants.

Under salinity stress, the un-grafted plants
displayed the lowest content of nutrients including
N, P, K, Ca, Mg, Na, Fe and Zn in both seasons
(Tables 6 and 7). In contrast, the results obtained
from grafted cucumber showed better absorption
of minerals under saline conditions in both
seasons. These results are agreement with those
recorded by EI-Aidy et al. (1996).Also, in this
respect, some rootstocks did not effect on the
accumulation of minerals in the leaves of plans
like in the case of N, K and Ca% when cucumber
grafted onto Kalabsha x Pl 534556 rootstock as
well as when cucumber grafted onto Pl 534556,
Kalabsha and C. moschata rootstocks in the case
of Mg%. Also, no significant differences were
observed between grafted and non-grafted
cucumber on Na% in leaves in the two seasons.
These results are in agreement with those reported
by Bayoumi et al. (2021).

Moreover, all rootstocks enhanced the
accumulation of carbohydrates in cucumber
leaves compared to un-grafted plants. Grafted
cucumber onto C. maxima x C. moschata
rootstock has the highest value of carbohydrates
concentration of cucumber fruits, whereas grafted
cucumber onto Pl 491365 and C. moschata
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rootstocks in the second season showed a
significant decrease of carbohydrates
concentration. These results are agreement with
those recorded by Farajimanesh and Haghighi
(2020); Bayoumi et al. (2021) who reported that
grafting cucumber onto the all rootstocks
enhanced the carbohydrate concentration of
cucumber leaves.

Moreover, except grafting cucumber onto
P1 534556 x Pl 491365 in both seasons as well as
P1 491365 and C. moschata rootstocks in the first
season, all rootstocks exhibited significant excess
of proline concentration compared to un-grafted
cucumber. In this regard, EI-Shraiy and Mostafa
(2016) found that grafted cucumber increased
proline concentration, as compared with un-
grafted plants under salt stress conditions. These
results were in agreement also with those found
by Elsheery et al. (2020).

5. CONCLUSION

Under salinity stress, the grafted cucumber
plants onto different rootstocks was confirmed as
an acceptable method to increase yield, especially
in shade house conditions. Generally, the
rootstocks that gave a high yield under salinity
stress showed high concentrations of proline,
macro- and microelements, high values of leaf
area and photosynthesis rate, whereas they
exhibited low values stomatal conductance and
transpiration.
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