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Abstract

The aim of the current work was to determine whether grafting could improve salinity tolerance of melon and cucumber,
and whether possible induction of tolerance to salt stress was associated with the protection of the photosynthetic
apparatus. Two greenhouse experiments were carried out to determine gas exchange, mineral composition, growth and
yield of melon (Cucumis melo L. cv. Cyrano) and cucumber (Cucumis sativus L. cv. Akito) plants, either ungrafted or
grafted onto the Cucurbita hybrid rootstocks (Cucurbita maxima Duch. x Cucurbita moschata Duch.), ‘P360’, and
‘PS1313°, respectively. Plants were grown hydroponically and supplied with two nutrient solutions — a nonsalinized
control and a salinized solution which contained 40 mmol L' of NaCl. Salinity induced a smaller decrease in leaf area
index (LAI), in grafted- compared to ungrafted plants. Similarly, the Py and g reduction in NaCl treatment compared to
control were significantly lower in grafted plants (34% and 34%, respectively, for melon and 14% and 15.5%,
respectively, for cucumber) compared to ungrafted plants (42% and 40%, respectively, for melon and 30% and 21%,
respectively, for cucumber). In all grafting combinations, negative correlations were recorded between Na" and CI in
the leaf tissue and Py. Grafting reduced concentrations of sodium, but not chloride, in leaves. Under saline conditions
a smaller reduction in melon and cucumber shoot biomass dry mass and fruit yield were recorded, with positive
correlations between shoot biomass, yield and Py. These results suggest that the use of salt tolerant Cucurbita rootstock
can improve melon and cucumber photosynthetic capacity under salt stress and consequently crop performance.

Additional key words: Cucumis melo; Cucumis sativus; Cucurbita maxima x Cucurbita moschata; grafting; net photosynthetic rate;
salinity.

Introduction

Grafting vegetable, including cucurbits (e.g. cucumber,
melon, and watermelon), is a common practice in Japan,
Korea, the Mediterranean basin, and several European
countries. As with other vegetables, the main purpose of
employing this technology in cucurbits is to control
Fusarium wilt and other soilborne diseases (Crino et al.
2007, Lee et al. 2010). Grafting restricts input of agro-
chemicals against soilborne pathogens and is, therefore,
considered an environment friendly cultivation technique,
which is strongly recommended for integrated crop
management systems (Rivard and Louws 2008). How-
ever, the impact of grafting on cucurbits includes not only
a stronger resistance against pathogens but also a higher
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tolerance to abiotic stress conditions such as salinity,
heavy metal, nutrient stress, thermal stress, water stress,
organic pollutants, and alkalinity (Colla et al. 2010a,b,c,
2011; Rouphael et al. 2008 a,b; Savvas et al. 2009, 2010;
Schwarz et al. 2010).

Salinity continues to be a major factor in reduced crop
productivity and profit in many arid and semiarid regions,
despite the advanced management techniques developed
in recent decades (Edelstein ef al. 2011). Salinity affects
almost every aspect of the physiology and biochemistry
of plants and significantly reduces growth and yield
(Cuartero ef al. 2006). The growth inhibition observed in
many plants subjected to salinity is often combined with
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Abbreviations: EC — electrical conductivity; LA — leaf area; LAI — leaf area index; g; — stomatal conductance; Py — net photosynthetic

rate; R/S — root-to-shoot ratio.
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a decrease in their photosynthetic capacity as a result of
stomatal and/or nonstomatal limitation (Debez et al.
2008). The decrease in net photosynthetic rate induced by
salinity depends also on the plant genotype. In general,
net photosynthetic rate and stomatal conductance in salt-
tolerant genotypes are less affected by salinity than in
salt-sensitive genotypes (Naumann et al. 2007, Zhou
et al. 2007, Lopez-Climent ef al. 2008).

As a rapid alternative to breeding in combating
problems caused by irrigation with saline water, grafting
of existing elite, commercial cultivars onto selected
rootstocks could be a promising tool (Colla et al. 2010c).

Previous studies on melon (C. melo L.) (Ruiz et al.
1997), and cucumber (C. sativus L.) (Huang et al.
2009a,b; Zhu et al. 2008) suggested that the enhanced salt
tolerance of grafted vegetables has often been associated
with lower Na' and/or Cl” concentrations in the shoot.
However, the above studies have been carried out using
rootstocks such as C. maxima for melon, and C. mos-
chata, C. ficifolia, and Lagenaria siceraria for cucumber,
whereas limited information is available on the physio-

Materials and methods

Plant material, treatments and growth conditions:
Two experiments were conducted, one on melon (Exp. 1)
and one on cucumber (Exp. 2) in a polyethylene
greenhouse situated on the Experimental Farm of Tuscia
University, Central Italy (42°25'N; 12°08'E; 310 m a.s.l.).
Plants were grown under natural light conditions. In both
experiments, the greenhouse was maintained at daily
temperatures between 18 and 33°C, and day/night relative
humidities of 55/85%. In Exp. 1, C. melo L. cv. Cyrano
(SAIS Seed Company, Cesena, Italy) was grafted onto
the commercial rootstock ‘P360° (C. maxima Duch. x
C. moschata Duch.; SAIS Seed Company, Cesena, Italy),
using the procedure of “cleft grafting” described by Lee
(1994), while ungrafted cv. Cyrano was used as a control.
In Exp. 2, C. sativus L. cv. Akito (Enza Zaden, Verona,
Italy) was grafted onto the commercial ‘PS1313’ root-
stock (C. maxima x C. moschata; Peto Seeds, California,
USA) using the ‘tongue approach grafting’ described also
by Lee (1994), whereas ungrafted ‘Akito’ was used as a
control plant. The two Cucurbita rootstocks (‘P360° and
‘PS1313”) were selected as the most representative
commercial rootstocks used in Italy due to their compati-
bility with melon and cucumber cultivars, respectively,
and their resistance to soilborne pathogens. Grafted and
ungrafted melons and cucumbers were transplanted at the
two true leaf stages into pots containing pumice (Exp. 1)
and quartziferous sand (Exp. 2). In both experiments, pots
were disposed in double rows on the greenhouse floor,
with a plant density of 2.1 and 3 plants m * for melon and
cucumber, respectively. Plants were trained vertically
using plastic nets and nylon wires for melon and
cucumber experiment, respectively.

logical response mechanisms of melon and cucumber
grafted onto Cucurbita hybrid (C. maxima Duch. x
C. moschata Duch.) rootstocks to salinity. The Cucurbita
hybrid rootstocks are becoming very popular in Italy due
to their higher compatibility with melon, cucumber and
watermelon cultivars in comparison to the former ones
(Nisini et al. 2002). Thus, investigation aimed at clari-
fying whether the Cucurbita hybrid rootstocks have the
potential to improve the salt tolerance of melon and
cucumber plants is a basic requirement for the continued
success of grafting (Colla et al. 2010c).

In the present study, we exposed ungrafted and
rootstock grafted melon and cucumber plants to two
different salinity levels of nutrient solutions (nonsalinized
control, or 40 mM NaCl) and investigated whether
grafting could improve tolerance to salinity, and whether
the induced tolerance to salt stress was associated with
a protective effect on the photosynthetic apparatus.
Grafted and ungrafted plants were compared in terms of
gas exchange, mineral composition, growth, and yield.

The two experiments were designed as a factorial
combination of two nutrient solutions (nonsalinized
control, or 40 mM NaCl) and two grafting treatments
(ungrafted or grafted). Each experimental unit included
five and eight melon and cucumber, respectively. The
treatments were arranged in a randomized complete block
design with three replicates per treatment.

Nutrient solution management: In both experiments the
saline treatments were initialized 10 days after trans-
planting. The basic (control) nutrient solution used in
both experiments was a modified Hoagland and Arnon
formulation. All chemicals used were of analytical grade,
and composition of the melon basic nutrient solution was:
13.6 mM N-NO;, 2.0 mM S, 1.4 mM P, 6.0 mM K,
5.2 mM Ca, 2.0 mM Mg, 1.0 mM Na, 1.0 mM CI, 20 uM
Fe, 9 uM Mn, 1.5 pM Cu, 3 pM Zn, 20 puM B and
0.3 uM Mo, whereas the composition of the basic
nutrient solution in the cucumber experiment was:
14.0 mM NO;—-N, 1.0 mM NHs—N, 1.5 mM S, 1.5 mM P,
6.0 mM K, 5.0 mM Ca, 1.5 mM Mg, 1.0 mM Na, 1.0 mM
CL 20 uM Fe, 9 uM Mn, 0.3 uM Cu, 1.6 uM Zn, 20 uM B,
and 0.3 uM Mo. Both basic nutrient solutions had an
electrical conductivity (EC) of about 2.0 dS m™'. The
saline nutrient solutions had the same basic composition
plus an additional 39 mM of NaCl, giving an average EC
value of 6.3 dS m'. The pH of the nutrient solution for
all treatments was 6.0 + 0.3. All nutrient solutions were
prepared by using deionized water.

In both experiments, nutrient solution was provided
from independent tanks to each experimental unit through
a drip irrigation system, with one emitter per plant and an
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emitter flow rate of 2 L h™'. Irrigation scheduling was
performed using electronic low tension tensiometers
(LT Irrometer; Riverside, CA, USA) that controlled irri-
gation based on substrate matric potential (Norrie et al.
1994). In each treatment, four tensiometers were installed
and located in different pots to provide representative
readings of the moisture tension. Tensiometers were
connected to an electronic programmer that controlled the
beginning (-5 kPa) and end (—1 kPa) of irrigation, which
correspond to the high and low tension set points for the
major part of the media (Kiehl ez al. 1992). Five to seven-
teen fertigations were applied per day, each of 1-3 min
duration. Timing of the irrigations was increased to have
at least 35% of the nutrient solution draining from
the pots.

Yield and growth measurements: In both experiments,
fully mature fruits were harvested from 3 June to 21 July
(Exp. 1), and from 4 April to 1 June (Exp. 2), and the
number of fruits, mean fruit mass, and total yield were
determined for each experimental plot. At final harvest
122 and 64 days after transplanting in Exps. 1 and 2,
respectively, plants were separated into stems, leaves, and
roots and their tissues were dried in a forced-air oven at
80°C for 72 h. Shoot biomass was equal to the sum of
aerial vegetative plant parts (leaves + stems). Root-to-
shoot ratio (R/S) was calculated by dividing root dry
mass by the sum of leaf and stem dry masses. Leaf area
(LA) was measured using an electronic area meter
(LI-COR Model 3100, Delta-T Devices Ltd., Cambridge,
UK). LAI was computed as green leaf area divided by
ground area.

Net photosynthetic rate and stomatal conductance
measurements: One week before the final harvest, leaf
net photosynthetic rate (Pn) and stomatal conductance
(gs) were determined using portable photosynthesis
systems (LI-6200; LI-COR Inc., Lincoln, NE, USA).
Those measurements were made on the most recent fully
expanded leaves between 10:00 and 12:00 h on sunny

Results

Leaf gas exchange: In the melon experiment, LAI was
significantly affected by salinity; the highest values were
recorded in the nonsaline treatment in comparison to
plants treated with NaCl, whereas, in the cucumber
experiment the highest LAI was observed in both grafting
combinations receiving non saline nutrient solution,
followed by grafted plants treated with NaCl, and finally
on ungrafted plants treated with NaCl (Table 1). Under
normal growth conditions, grafting did not have any
significant effect on leaf gas exchange of melon and
cucumber, as similar Py and g; were found in ungrafted
and grafted plants, while, high concentrations of NaCl
(40 mM) decreased the Py and g, in both grafting
combinations. However, the grafted plants showed a
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days, using six replicate leaves per treatment. The
LI-6200 was equipped with a well stirred 2.5 x 10> m’
leaf chamber with constant area inserts (1.2 x 10> m?)
and fitted with a variable intensity red source (Model
QOBI1205LI1-670, Quantum Devices Inc. Barneveld, WI,
USA) (Tennessen et al. 1994). Leaf temperature within
the chamber was 30 + 2°C, vapour pressure difference
between the leaf and air was 2.6 = 0.3 kPa, and CO,
concentration was 365 + 10 pul L™'. During the measure-
ments, the air temperature was 27.1 + 0.5 °C, air relative
humidity was 70 £ 1.0 %, and photosynthetic active
radiation was 689 + 68 umol m * s ' in the greenhouse.

Mineral analysis: Dried plant tissues (leaf and root) were
ground separately in a Wiley mill to pass through a
20-mesh screen, then 0.5 g of the dried plant tissues were
analyzed for the following macro and micronutrients: N,
P, K, Na, and Cl. N concentration in the plant tissues was
determined after mineralization with sulfuric acid
according to the Kjeldahl method (Bremner 1965); P, K,
and Na concentrations were determined by dry ashing at
400°C for 24 h, dissolving the ash in 1:20 HNO;, and
assaying the solution obtained by using of an inductively
coupled plasma emission spectrophotometer (ICP Iris;
Thermo Optek, Milano, Italy) (Isaac and Johnson 1998).
Chloride ion concentrations were also determined by dry
ashing at 400°C for 24 h, dissolving the ash in 1:20
HNO;, and by titration with AgNO; in the presence of
K,CrO4 (Eaton et al. 1995).

Statistical analysis: All data were statistically analyzed
by applying ANOVA using the SPSS software package
(SPSS 10 for Windows, 2001, Chicago, IL, USA).
Duncan’s multiple range test was performed at p=0.05 on
each of the measured significant variables. In both experi-
ments, regression analysis was conducted to identify
relationships between the measured parameters (Py, Na"
and Cl concentration in leaf tissue, shoot biomass, dry
mass, and yield).

smaller decrease compared to the ungrafted plants. The
relative reduction of Py and gy in the NaCl treatment,
with reference to control, were significantly lower in
grafted plants (34% and 34%, respectively, for melon and
14% and 15.5%, respectively, for cucumber) than in
ungrafted plants (42% and 40%, respectively, for melon
and 30% and 21%, respectively, for cucumber). Finally,
the data showed an inverse linear relationship between Py
and leaf Na" and leaf CI concentrations for both melon
and cucumber plants (Fig. 1).

Mineral composition: The data indicating the impact of
grafting combination and salinity on the macro- and
microelements concentration of melon and cucumber
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Table 1. Effects of NaCl concentration and grafting combination on leaf area index (LAI), net photosynthetic rate (Py), and stomatal
conductance (g;) of melon and cucumber plants. Values are the means of three replicate samples. Different letters within a column
indicate significant differences (p<0.05, LSD test).Ns, *, ** *** _nonsignificant or significant at p<0.05, 0.01 or 0.001, respectively.

Melon Cucumber
NaCl [mM] Grafting LAl Py gs LAI Py gs
combination [umol(CO,) m?s'] [mmolm?s™] [umol(CO,) m?s']  [mmolm?s™]
0 Ungrafted 221 224 211.0° 2.67*  23.0° 197.4
Grafted 233 23.7% 228.2° 2.55*  23.9% 202.4
Mean 22% 231 219.6 2.61 23.5 199.9°
40 Ungrafted 1.19  12.8° 127.3° 1.44° 16.1° 155.4
Grafted 123 15.6° 149.9° 159" 20.5° 170.9
Mean 121° 142 138.6 152 183 163.2°
Signiﬁcance kKK *k kKK kK Hokk
NaCl concentration (S) -
Graft combination (G) NS i - NS i NS
S % G NS * * * * *
35
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Fig. 1. Relationship between net photosynthetic rate (Py) and (4) leaf Na' concentration, and (B) leaf CI~ concentration in melon
grafting combinations, and (C) leaf Na" concentration, (D) leaf Cl~ concentration in cucumber grafting combinations.

leaves and roots are displayed in Tables 2 and 3, respecti-
vely. In both experiments, the concentrations of N, P, and
K in leaves and roots were significantly affected by
salinity where the highest values were recorded in the
nonsalinized treatment in comparison to plants treated
with NaCl. The K concentrations in melon and cucumber
leaves exhibited highly significant differences by salinity
x grafting combination interactions with values recorded
for grafted plants (22.1 and 25.8 g kg' for melon and

cucumber, respectively) being higher than ungrafted
plants (16.3 and 16.2 g kg for melon and cucumber,
respectively) under saline conditions (Tables 2, 3).

The Na' concentrations in melon and cucumber
leaves and roots increased as the salinity level in the
nutrient solution was raised (Tables 2, 3). The relative
accumulation of Na" in melon and cucumber leaf tissues
of plants treated with NaCl, with reference to control,
were significantly lower in grafted plants (981%, and
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Table 2. Effects of NaCl concentration and grafting combination on mineral concentration of leaves and roots in melon plants. Values
are the means of three replicate samples. Different letters within a column indicate significant differences (p<0.05, LSD test). NS, *,
** *** _nonsignificant or significant at p<0.05, 0.01 or 0.001, respectively.

NaCl [mM]  Grafting N[gkg'(DM)]  P[gkg ' (DM)] K[gkg'(DM)]  Na[gkg'(DM)] Cl[gkg ' (DM)]
combination Leaves Roots Leaves Roots Leaves Roots Leaves Roots Leaves Roots
0 Ungrafted 36.7 24.5 47 6.6 35.0¢ 26.1 1.9¢ 14.7 353 349
Grafted 37.1 23.1 4.4 6.5 38.6° 24.2 1.6° 16.2 409 370
Mean 36.9° 23.8°  4.5° 6.5% 36.9 25.2° 1.8 15.4° 38.1°  36.0°
40 Ungrafted 28.9 12.8 4.1 4.6 16.3° 13.3 26.1° 326 101.7 853
Grafted 29.5 15.0 3.1 53 22.1° 17.4 157° 350 123.6 819
Mean 29.2° 1396 3.6° 4.9° 19.2 154> 209 33.8°  112.7*  83.6°
Significance
Nacl Concentration (S) EX TS kK * * ok * ::* :** skokok EX T
Graft combination (G) NS NS NS NS NS NS NS NS
SxG NS NS NS NS ) NS ) NS NS NS

Table 3. Effects of NaCl concentration and grafting combination on mineral concentration of leaves and roots in cucumber plants.
Values are the means of three replicate samples. Different letters within a column indicate significant differences (p<0.05, LSD test).
NS, *, ** *** _ nonsignificant or significant at p<0.05, 0.01 or 0.001, respectively.

NaCl [mM]  Grafting N[gkg'(DM)]  P[gkg ' (DM)] K[gkg'(DM)]  Na[gkg'(DM)]  Cl[gkg (DM)]
combination Leaves Roots Leaves Roots Leaves  Roots Leaves Roots Leaves Roots
0 Ungrafted 416 263 6.7 11.7 34.6° 16.7 0.6° 1.5¢ 20.6 15.2
Grafted 40.6 282 6.3 18.5 32.2° 24.2 0.5° 3.9° 23.9 10.8
Mean 41.1*  27.2a 6.5" 15.1% 33.4 20.4* 0.4 2.7 22.3° 13.0°
40 Ungrafted  33.1 13.6 5.4 9.4 16.2° 10.4 14.4° 8.8° 58.8 45.6
Grafted 355 141 5.7 14.9 25.8° 11.0 43" 20.2° 543 425
Mean 343°  14.3c 5.5° 12.2° 21.0 10.7° 94 14.5 56.6° 44.0°
Significance
NaCl concentration (S) ’ " ” :** * :* :: - - -
Graft combination (G) NS NS NS . - " NS NS
SxG NS NS NS NS - NS - NS NS

860%, respectively) in comparison with that estimated for
ungrafted plants (1,374%, and 2,400%, respectively).
Finally, the concentration of CI” in melon and cucumber
tissues was significantly affected by salinity, but not by
the grafting combination (Tables 2, 3). The concentration
of Cl' increased as the salinity level in the nutrient
solution was raised. The highest Cl" concentrations were
observed in the leaves (Tables 2, 3).

Growth and yield: In the melon experiment, the shoot
dry mass decreased (avg. from 1.67 to 0.98 t ha™') and
R/S increased (avg. from 0.07 to 0.11) in response of
nutrient solution salinity, the shoot dry mass was
significantly higher in grafted (avg. 1.44 t ha') than
ungrafted melon plants (avg. 1.20 t ha™"). In the cucumber
experiment, the highest shoot dry mass was observed in
both grafting combinations receiving nonsaline nutrient
solution (avg. 2.80 t ha'), followed by grafted plants
treated with NaCl (avg. 1.73 t ha'), and finally on
ungrafted plants treated with NaCl (avg. 1.50 t ha™).
When averaged over grafting combinations the root dry
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mass decreased (avg. from 0.25 to 0.20 t ha') and R/S
increased (avg. from 0.09 to 0.13) in response to nutrient
solution salinity.

In grafted and ungrafted plants, total yield, fruit mean
mass, and number of melon and cucumber fruit decreased
in response to an increase of salinity concentration in the
nutrient solution (data not shown). The lowest yield
observed in melon and cucumber plants treated with
NaCl as compared with the control treatment was mainly
attributed to a reduction in both the average fruit mass
and the number of fruit per plant (data not shown). In the
melon experiment, the increase of the nutrient solution
salinity significantly reduced the total yield (avg. from
48.2 to 26.8 t ha'). Moreover, the total melon yield was
significantly higher by 13% in grafted (avg. 39.7 t ha')
than in ungrafted plants (avg. 35.2 tha ™).

In the cucumber experiment the highest total yield
was observed in both grafting combinations receiving
nonsalinized nutrient solution (avg. 114.1 t ha™), fol-
lowed by the grafted plants treated with NaCl (avg. 72.4
tha™'), and finally on ungrafted plants treated with NaCl
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Fig. 2. Relationship between net photosynthetic rate (Py) and (4) shoot biomass, and (C) fruit yield in melon grafting combinations,
and (B) shoot biomass, and (D) fruit yield in cucumber grafting combinations.

(avg. 64.9 t ha'). Finally, the current data showed
a positive linear relationship between Py and shoot

Discussion

Growth inhibition observed in many plants subjected to
salinity is often associated with a decrease in their
photosynthetic capacity (Chartzoulakis 2005, Stepien and
Klobus 2006, Zuccarini 2008, He et al. 2009). The
reduction in photosynthesis caused by increased salinity
can be due to several factors, including lower stomatal
conductance and depression in specific metabolic proces-
ses linked to carbon uptake, or a combination of these
factors (Yeo et al. 1985, Flexas et al. 2004, Zhang et al.
2009). Py of both grafted and ungrafted plants decreased
with the increase of salt concentration, but the extent of
the decrease was larger in ungrafted than in grafted
plants. These observations suggest that melon and
cucumber plants grafted onto the Cucurbita hybrid
rootstocks ‘P360° and ‘PS1313°, maintained a higher
production potential by sustaining photosynthetic process
via better management of stomatal parameters (Table 1).
This is in agreement with previous findings that rootstock
grafting improves the photosynthesis performance of
plants under salinity (Moya et al. 2002, Massai et al.
2004, Colla et al. 2006, He et al. 2009). A previous study
suggested that mild- to severe salt stress levels

biomass dry mass or total yield for both melon and
cucumber plants (Fig. 2).

predominantly affect the diffusion of CO, in leaves
through a decrease of stomatal and mesophyll con-
ductances, but it does not affect the biochemical capacity
to assimilate CO, (Flexas et al. 2004). In the present
study, stomatal limitation seemed also to play an impor-
tant role in the reduction of photosynthetic rate in both
grafted and ungrafted plants under NaCl stress. This is
indicated by the decrease of g; under NaCl salinity
conditions. Moreover, in both grafting combinations, Py
significantly correlated with both the dry shoot biomass
and the fruit yield (Fig. 2), thereby indicating that plant
growth is directly linked to photosynthesis (Sharma
et al. 2005).

Excessive accumulation of Na" and Cl is toxic and
may disrupt the integrity of the photosynthetic apparatus
(Yeo et al. 1985, Bethke and Drew 1992, Aghaleh ef al.
2009). It has been proposed that the reduction of leaf gas
exchange in response to salinity is due to increase in leaf
Na“ concentration (Garcia-Legaz et al. 1993, Walker
et al. 1993). However, other authors ascribed reductions
in photosynthetic capacity to high tissue concentrations of
CI'" (Bafiuls et al. 1997, Garcia-Sanchez et al. 2002). In
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our experiments, the highly significant correlation
between Py and foliar concentrations of Na' and Cl°
suggests that toxic effects of the accumulated ions could
be involved in the reduction of photosynthesis and
stomatal conductance since significant positive correla-
tions existed between Py and g; (Ma ef al. 2006). This is
in agreement with the findings of Martinez-Ballesta et al.
(2004) and Colla ef al. (2006) in pepper and watermelon,
respectively. In addition to the reduction of net photosyn-
thetic rates, LAI decreased in response to salinity
especially in ungrafted plants treated with NaCl (Table 1).
Restriction of leaf area may be the result of the sup-
pressed net photosynthetic rates; since the latter effect
reduces the available assimilates for leaf growth.

It is well known that high ion concentrations of Na"
and Cl" in the soil or water may depress nutrient ion
activities and produce extreme ratios of Na'/Ca®',
Na'/K', Ca®'/Mg*, CI/NO;, and SO, /Mg”. As a
result, the plant becomes susceptible to specific-ion (e.g.,
Na', CI) injury as well as to nutritional disorders that
may result in reduced growth and yield (Grattan and
Grieve 1999). In the present study, the concentration of
Na' in the aerial parts was leser in grafted than in
ungrafted plants, suggesting that grafting of melon and
cucumber plants onto Cucurbita rootstocks limits Na*
concentrations in leaves (Tables 2, 3). Two mechanisms
could explain the decrease in shoot Na" concentrations in
plants grafted onto Cucurbita hybrid rootstocks: (/) Na
exclusion by the Cucurbita roots; and (2) Na™ retention
and accumulation within the Cucurbita hybrid rootstock
as reported by Edelstein et al. (2011). The sodium
exclusion hypothesis was supported by Romero et al.
(1997), Fernandez-Garcia et al. (2002), Colla et al.
(2006), and Huang et al. (2009b) who observed Na' ion
exclusion in grafted tomato, melon, watermelon, and
cucumber, respectively. The concentration of Na' in
leaves of grafted and ungrafted cucumber exposed to high
external NaCl levels was lower [4.3 and 14.4 g kg (DM),
respectively] than those recorded in melon [15.7 and
26.1 g kg '(DM), respectively]. These results point to
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