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ABSTRACT

The effects of grafting two greenhouse tomato cultivars (Durinta and Valouro F;) onto
three tomato rootstocks (Beaufort, Maxifort, and Spirit) under different irrigation
regimes [(50%, 75%, and 100% crop EvapoTranspiration (ETc)] were studied by
evaluating the vegetative growth, proline, chlorophyll, and mineral content of the leaves
as well as fruit yield and Total Yield Water Use Efficiency (TYWUE). Plant height, stem
diameter, leaf area, and total yield decreased, whereas proline and TYWUE increased,
with increasing water stress. Between the two tested cultivars, Durinta showed more
vigorous growth than Valouro. Plant growth, proline, Ca*?> and K* concentrations, fruit
yield, and TYWUE were higher in grafted plants than in non-grafted plants. Adverse
effect of high water stress (50% ETc) was evident in the non-grafted plants, particularly
in Valouro. A positive effect of grafting was observed when Beaufort was used as the
rootstock. Durinta grafted onto Beaufort (DB) under moderate irrigation regime (75%
ETc) exhibited water savings (25%) and higher yield (21.6-30.8%) and TYWUE (55.1-
55.5%) than fully irrigated (100% ETc) control (non-grafted Durinta). The results
indicated that grafting onto appropriate rootstock could alleviate some of the negative
effects of water limitation on greenhouse tomato plants.

Keywords: Abiotic stress, Beaufort rootstock, Durinta cultivar, Total yield, Water
productivity.

INTRODUCTION yielding genotypes under stress conditions
by grafting them onto appropriate rootstocks
(Schwarz et al., 2010; Kumar et al., 2017).
Choosing the right combination of scion and
rootstock may become an important practice
for commercial tomato production, to
overcome abiotic stresses (Nilsen et al.,
2014). Grafting is widely used to increase
production and improve crop quality,
especially under stressful  conditions
(Sanchez-Rodriguez et al., 2012; Nawaz et

The ecosystem of Saudi Arabia is
impoverished by scarcity of water resources.
Practices that increase Water Use Efficiency
(WUE) and reduce irrigation frequency are
important for water conservation. Thus,
grafting may play a vital role in water
conservation as it has been reported to
minimize losses in production of high-
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al., 2016). By selecting the appropriate
rootstock, grafting can manipulate scion
morphology and manage biotic stresses like
soil-borne pathogens and nematodes; induce
tolerance to abiotic environmental stresses
such as salinity, thermal stress, organic
pollutants, and drought/waterlogging; and
increase nutrient and WUE (Schwarz et al.,
2010; Semiz and Suarez, 2015; Kumar et al.,
2015a; 2017).

Tomato (Solanum lycopersicum L.) is one
of the most important greenhouse vegetables
worldwide, even in semi-arid areas, where
water scarcity is common. Therefore, it is
necessary to determine if grafting is an
effective strategy to enhance water stress
tolerance (Sanchez-Rodriguez et al., 2014).
Finding the right combination of commercial
cultivars and vigorous rootstock cultivars
through grafting techniques could provide a
tool for adapting tomato to drought
conditions.  However, more  tomato
rootstocks must be first tested for their
ability to reduce the adverse effects of water
stress. Moreover, phenotypic screening of
various rootstock-scion combinations is
crucial to determine the most water-
conservative and highest-output
combinations for tomato production (Nilsen
etal., 2014).

Developing  water-saving  agricultural
practices, creating effective irrigation
schedules, and improving WUE are
prerequisites for increasing the sustainability
of agriculture and water resources and
overcoming drought problems (Zhang et al.,
2017). Several breeding programs have been
directed at improving water stress tolerance
in tomato, but with limited commercial
success (Nilsen et al., 2014). One solution to
this problem could be grafting commercial
tomato cultivars onto appropriate rootstocks.
Therefore, the objectives of this study were
to: (a) Investigate the effects of grafting two
commercial greenhouse tomato cultivars
onto three tomato rootstocks under three
water regimes on plant growth, chlorophyill,
proline, mineral concentrations, and fruit
yield, (b) Assess the Total Yield Water Use
Efficiency (TYWUE), and (c) Determine the
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best grafting combination for increasing
water stress tolerance.

MATERIALS AND METHODS

Two greenhouse experiments were carried
out in two consecutive seasons during 2013—
2014 and 2014-2015, at the College of
Agriculture Experimental Station (24° 39' N,
46° 44' E), 40 km southwest of the Riyadh
region, Saudi Arabia, where greenhouse
tomato is an economically important
vegetable crop.

Soil and Irrigation Water Analyses

Soil samples were collected from the
experimental site (depth up to 30 cm) for
analysis of their physical and chemical
properties. In addition, some chemical
properties of the irrigation water were
determined. The soil texture was sand
(86.32% sand, 8% silt, and 5.68% clay) with
an average pH= 8.09, Organic Matter
(OM)= 0.16%, and Electrical Conductivity
of saturated soil paste (ECe)= 2.39 dS m™.
Available soil Na*, K*, and Ca®* content was
8.18, 1.18, and 11.6 meq L™, respectively
(Chapman and Pratt, 1978). The irrigation
water had an EC value of 1.04 dS m™* and
Na*, Ca*, K*, HCOy, CI', and SO, content
of 3.61, 0.76, 0.19, 0.35, 2.39, and 1.82 meq
L, respectively.

Plant Materials, Growth Conditions,
and Experimental Design

Two commercial greenhouse tomato
cultivars  (Solanum  lycopersicum L.
‘Durinta’ F;, Western Seed, USA, and
Solanum lycopersicum L. ‘Valouro’ Fy, Rijk
Zwaan, De Lier, The Netherlands) were
used as scions. Both scion cultivars were
grafted onto three commercial interspecific
tomato hybrid rootstocks, Beaufort and
Maxifort (S. lycopersiconxS. habrochaites,
De Ruiter Seeds/Monsanto, Bergschenhoek,
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The  Netherlands) and  Spirit  (S.
lycopersiconxS. pimpinellifolium, Nunhems
Seeds, Nunhem, The Netherlands). Non-
grafted plants of two tomato -cultivars,
Durinta and Valouro, were used as the
control. Rootstock seeds were sown five
days earlier (November 28, 2013 and
November 22, 2014) than the seeds of the
scion (December 1, 2013 and November 26,
2014, for the first and second Vyear,
respectively) to ensure similar stem diameter
at the time of grafting, due to the differences
in growth vigor (Khah et al., 2006). As
rootstock cultivars tend to germinate and
emerge slower than scion cultivars
(Djidonou et al., 2013). Tomato rootstocks
and scion seedlings at similar growth stages
and with identical stem diameter were
selected for grafting. Tube grafting
technique was used to graft the plants
because it is easy to adopt in Solanaceous
crops (Lee et al., 2010). A slant cut was
made in the stem of rootstocks as well as in
scions and a plastic tube was placed on the
cut end of the rootstock, and the cut end of
the scion was then placed into the tube in
direct contact with the rootstock. Grafted
seedlings were kept for 7 days under
controlled conditions (24-26°C, 90-95%
RH, and 45% shade) for their better survival
(Khah et al., 2006). Healthy seedlings of
grafted and non-grafted tomato of uniform
size were transplanted at the four-leaf stage
on January 1, 2014 (first season) and
December 25, 2014 (second season), into a
fiberglass greenhouse.

For both experiments, a split-split-plot
system in a randomized complete block
design with three replicates was used. Three
irrigation regime levels designed as low
(50%), moderate (75%), and full-water
regime  (100%)  based on  crop
EvapoTranspiration (ETc) were established
in the main plots and the two tomato
cultivars, Durinta and Valouro, were located
in the sub-plots. The crop
EvapoTranspiration (ETc) in greenhouse
was assessed through a pan evaporation
method (Al-Omran et al., 2013). The ETc
was calculated using the following equation:
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ETc= EpxKpxKc, where Ep is daily
Evaporation from class A pan in mm, Kp is
pan coefficient (ranging between 0.70-0.88),
and Kc the crop -coefficient (ranging
between 0.50-1.20). Grafting combinations
DB (scion Durinta and rootstock Beaufort),
DM (scion Durinta and rootstock Maxifort),
DS (scion Durinta and rootstock Spirit), and
D (non-grafted Durinta, as control), as well
as VB (scion Valouro and rootstock
Beaufort), VM (scion Valouro and rootstock
Maxifort), VS (scion Valouro and rootstock
Spirit), and V (non-grafted Valouro as
control) were set up in the sub-sub-plots. A
single plot area was 10 m? and contained 2
plants per m?.

Data Recording and Statistical Analysis

Two months after transplantation, random
samples of three plants from each sub-sub-
plot were chosen to measure vegetative
growth characteristics, including plant
height, stem diameter, and leaf area, using a
Portable Area Meter (LI-COR model
3000A). Leaf chlorophyll content was
estimated for five plants per treatment (two
leaves per plant), 60 days after
transplantation, by a portable colorimeter
apparatus (CCM-200 Chlorophyll Meter,
Opti-Sciences, Inc. NH, USA) and
expressed as CCM-200 units. Extraction and
estimation of proline content (based on the
reaction of proline with ninhydrin solution)
in the fresh leaf samples was then performed
(Bates et al., 1973). Samples from the upper
young leaves (4 or 5 clusters) were
detached, washed in distilled water, and
dried at 70°C inside a forced air-oven, to a
constant weight. The dried leaf samples
were ground and used to determine the
concentrations of Na*, Ca*?, K, and CI
(AOAC, 2000). Total fruit yield was
recorded based on ripe fruits, which were
gently hand-picked at intervals and taken to
the lab, where they were weighed (kg m™).
The weight values were used to calculate the
total yield (t ha™). For each irrigation
treatment, WUE based on total vyield
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(TYWUE) (kg m®) was estimated as the
ratio between total yield and total amount of
water used during the whole growing season
(ET, m* ha"), as described by Lovelli et al.
(2007). Statistical analysis was performed
using the SAS System for Windows
statistical software version 8.1 (SAS
Institute, 2008). Differences among the
means were compared using a revised Least
Significant Difference (LSD) test at the 0.05
probability level (Steel and Torrie, 1980).

RESULTS AND DISCUSSION

Vegetative Growth, Total Fruit Yield,
and TYWUE

The best vegetative growth (plant height,
stem diameter, and leaf area) traits and the
highest fruit yield were recorded under the
most favorable moisture conditions of the
full-water regime (W3, 100% ETc).
However, the poorest vegetative growth and
the lowest fruit yield were obtained under
the most severe stress conditions of the low-
Water regime (W1, 50% ETc) (Table 1).
Full water conditions lead to higher water
and nutrient uptake, which can increase
growth of aerial plant parts (Kakita et al.,
2015). Generally, water stress induced
reduction in the yield of fruit produced. The
percent increase in total yield under W3 was
34.1-38.6% higher than under W1. This
could be attributed to the reduction in flower
development under water stress conditions
(Shamim et al., 2014).

By contrast, TYWUE significantly
increased under the low-Water regime (W1),
and its value was maximum with the
minimum water supply (50% ETc). This
finding is in agreement with Lovelli et al.
(2007), who reported that TYWUE in
eggplant showed a general increment with
increasing water stress. These results
suggest that the crop does not benefit from
the application of water at a full level (100%
ETc) and that it is possible to save irrigation
water and improve WUE (Patane et al.,
2014). The present study indicates that water
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should be applied to the crop throughout the
growing season, even at a moderate level
(75% ETc), in order to achieve an
acceptable yield. This finding supports a
recent study by Zhang et al. (2016), which
found that compared with a full irrigation
level (100% ETCc), the yield at 80% ETc was
not significantly affected, implying that an
appropriate decrease in the irrigation rate
and ETc may not decrease fruit yield. In
addition, Patané et al. (2014) suggested that
irrigation should be applied throughout the
growing season, even at a low rate (50%
ETc), to achieve a satisfactory yield,
particularly in arid areas that face water
scarcity.

Variations in plant growth and fruit yield
owing to irrigation treatment levels were
also observed between tomato cultivars.
Durinta had higher vegetative growth and
fruit yield than Valouro (Table 1). The
differences in plant growth performance and
fruit yield between both cultivars could be
attributed to the genetic makeup of the
individual cultivars. Similar results were
obtained by Nahar and Ullah (2011). In
addition, Durinta showed significantly
higher TYWUE values than Valouro (Table
1). Regarding the response of tomato
cultivars to WUE, Mahadeen et al. (2011)
also reported higher Irrigation Water Use
Efficiency (IWUE) values for the TY-
DANA tomato cultivar than the GS12
cultivar, depending on the irrigation
treatments (50 or 100% pan Evaporation,
Ep). In general, tomato farmers can increase
crop WUE; however, data on cultivar
characteristics can also help them select the
best cultivars to increase crop performance
under water stress conditions.

Grafted tomato plants showed a
significantly higher vegetative growth, fruit
yield, and TYWUE than the non-grafted
plants (Table 1). Beaufort rootstock was
found to be superior in these traits, followed
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by Maxifort rootstock. Di Gioia et al. (2010)
reported similar results using tomato
rootstocks Beaufort and Maxifort to increase
the leaf area of greenhouse heirloom tomato
Cuore di Bue. In addition, tomato plants
grafted onto the Beaufort and Maxifort
rootstocks showed 34.1-45.0% and 19.4-
26.2% higher fruit yield, respectively, than
non-grafted plants. Similarly, Djidonou et
al. (2013) reported that grafting tomato
cultivar Florida 47 onto Beaufort and
Multifort rootstocks led to higher WUE and
significantly higher vyield (by 30%) than
non-grafted plants. These authors indicated
that the higher yield of grafted tomato was
because of the vigorous root system of the
interspecific rootstocks. In the present study,
TYWUE ranged from 48.8-49.0 kg m* in
Spirit to 50.6-52.9 kg m® in Beaufort
rootstock-grafted plants, while the overall
lowest TYWUE value (40.8-40.9 kg m?)
was found in non-grafted plants (Table 1).

Interaction Effects

The results presented in Table 2 show that
the cultivar Durinta is more tolerant to water
stress than Valouro. This is reflected in its
higher vegetative growth and vyield,
especially under the high water stress.
TYWUE variation between cultivars in
response to different water regimes was
more apparent in Durinta, whose TYWUE
under the low-Water regime (W1) was
greater by 50.0-56.0% and 56.1-65.8% than
that for Durinta and Valouro, respectively,
under the full-Water regime (W3). Similar
findings were reported by Patané et al.
(2014), who observed that the difference in
WUE in response to deficit irrigation was
more evident in processing tomato cultivar
Season. WUE of this cultivar at 50% ETc
was 60% greater than that at 100% ETc. All
these results confirm that tomato used
irrigation water more efficiently under stress
conditions (Lovelli et al., 2017).

Among the wused tomato rootstocks,
Beaufort has been identified as more
resistant against water stress compared to
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Maxifort and Spirit due to the higher
performance which it represented in the
measured vegetative growth and yield
parameters. This reaction of grafted plants is
primarily associated with both the genetic
structure and root characteristics of
rootstock, and rootstock/scion compatibility
(Lee, 1994; Oztekin and Tuzel, 2011). Thus,
Beaufort rootstock is more appropriate for
water deficit condition and showed more
tolerance to water stress under our
experimental conditions.

In the present study, a higher TYWUE
value was also recorded in tomato plants
grafted onto Beaufort than those grafted
onto the other rootstocks and non-grafted
plants, under the low-Water regime (W1).
Moreover, non-grafted plants growing at W1
showed the lowest plant growth, yield, and
TYWUE (Table 2). These results support the
findings of Schwarz et al. (2010) that, to
reduce losses in crop yield under water
stress conditions in high-fruit yielding
genotypes like tomato, they should be
grafted onto the appropriate rootstock, to
decrease the effect of water regime on plant
growth.

Durinta and Valouro cultivars performed
better in term of growth and yield when
grafted onto Beaufort than onto the other
rootstocks (Table 2). Oztekin et al. (2009)
also found that the leaf area of Durinta was
significantly higher in plants grafted onto
Beaufort rootstock under an open soilless
growing system. It is interesting to observe
that grafted DB plants exhibited higher
TYWUE values than Valouro plants grafted
onto different rootstocks or non-grafted
plants, particularly under the low-water
regime treatment. In this case, Durinta was
able to tolerate suboptimal water conditions
better than Valouro, particularly when
grafted onto the Beaufort rootstock. Plants
grafted onto an appropriate rootstock are
able to uptake more water and nutrients from
the root zone as compared to non-grafted
plants because grafted plants have a stronger
and denser root structure, which increases
the amount of internal plant hormones and,
consequently, the photosynthesis rate, which


https://dorl.net/dor/20.1001.1.16807073.2018.20.6.11.3
https://jast.modares.ac.ir/article-23-20094-en.html

JAST

Grafting of Tomato and Water Use Efficiency

TAAR] SO0 1 WAIPIP APUEIIUTIS 10U 2V UOSTAS YIUD UL I AUBS A £Q PIMO] [0 SURI |,

cLoor OFtECl CI16E9l 65Tl 2 ECGIT reLor 001°EE] EINLOTE] 0972l 2 E6ETT (parjead-uoN)

SR L6189 BETELR] cl'sl 2 6C89C LOL'8F 166°L91 P60OLESL orst PO EETSET idg

ELERY £0T6Ll 65719161 FTCl 2RITLE OFt'or SI9'RLI FPIEOBLI £C°Cl 200°LST HOXBN L onEA
996 oL T0T LOOIFTE F091 9 808 12108 TTIT LBTLI0T TLEL qe L9°LLT ojneag

HOR" 1+ FROC61 6RFEE9] 09°¢l PYETET Loy e 90T 9£769CEl L9TI P EGLYT (parjei3-uoN)

vIR'or LER'CET  TO'9TEBI FIcl ITFTLT SER'BY LH)E1T 9I'lLELl 09°¢1 P2 OT9ET dg

9£9°08 9rl'6ET SHENEG] FTel 4 80°18C L6L 6 [TE°LFE 9E908 81 EF9l I+'6924 UOJIXEL L muungg
Ore'1e L o EETICETT 6891 " RETLRT let'ss EO0F"B6T FEBLLOT 08°El B FLEHT Uojneag

6El'TE CTE'061 9E"RETH] £0rI JESELT LOR'TE 9r196] 6L9ETLI SO 3 CH'RYT (payeas-uoN)

FIILE THR'61T SErallt CREl 2 EE90E Fl6E HETET 6508161 06°¢1 201'+0E idg (LA %001)
OrT'RE E9P'ECT TOELRIT €991 qeRElE woeor TO6'SET LY FERGI S191 q L6'60E HOJIXEIN EM
FLTOF SI6FT 150055 86°LL B E0'0zE 109°1¢ 9£9°¢ T £e'LLOET 00°LL BIRTIE Hojneag

RIR'6E 1ET°LL] §T9965] Tl 386'TIT RBlt'6E 100°681 PLEROFI 0Tl TOL9ET (payesz-uoN) 3
CLO0S CZI'E0T  FLITRLI 08¢l 2TL0RT ERT6F LELFOT LGTIRI ERCI FS69LT g (214 %eL) N
CRIT08 LEP'ECT  BLGLTRI LEE 2 TEERT SLOGY 16L70TT BOEFTLI S6E FELTIRT HOPXEN ™
9E6'08 9E0r6ET [rvigic £F91 POTT6C L¥L'0S CSEEST TE°E100T 091 P St'6RT Uojnea g

CER'08 PIROF1 cTPI6F] 29 f8To0z 656’61 TCLEE] 08'TROE] 01l A S0e0T (paryeIa-uoN)

OEL'GE CEreal ORIl 1Tovic 910°8e LBO"99] BF°LROC] CLTI AgLoze 1nds (2LH %08)
LBE'09 BOTLLI BLTOORI Brrl UTL0LT BIE™RE CBYRRI 18°97L9] SR foevie HOJIXEN M
LLE09 6HYOIT  B¥'TRIOCT RECl 30r 11T 699 OBLEYT LY 6ETO] LOE] W O8"LET Lojnea g

LOL'SE O89°9IT  THERSOT 18°Cl 9 +5'96L HET'RE OFtr 66l CL9rl6l 8ECl 9 89°e6L ECTEN (2LH %001)
PO8"8E 060' 9T £1°0501% £C91 B re0le GLY'BE E91'ELT 1568861 86°¢1 B 10°s0E ' muung EM
6LILY FEG'TRI TOTITRLL POO1LE FLlI'LY FEROBI O LBILI cLFl PTI'LYT ETE (OLH %EL)
1EL"8Y 00&"02T SLRITRI 2 S06LT L6S'LY L1T8¥ B60L9R] SE°61 201°8LL 1] muung [\
0ss°LE N | LE°LTTI £6el JESOTT 6lt9s LY ST cTOre9l £6El Jeeaig ' o1gEA (314 %08)
ETTRE LIT'ER] TrR6TLI 06°El 2 B90ET 09 IP9TIT E9GLELI 1EFI 2 06°9TC 1] muung M
(. 3y) (.2q) (o) (wo) awerp (W) jyday  (wdy) (g1 (;wa2) (u2) (wa) siuauean dxyg
M PRIk o], eam jua] walg ey M Pl (Mo, eaaejea  Iapwep wag  ydey juepg SI) HWoU0IE

TLOZT/E 10T UOSES puosag

FLOT/E 10T Uoswas 18114

SUOSEIS FTULMOID)

o suepd omwor jo sien snwouosde

DUOS UG SYIHSI00L ELUOTXEIRATND 0100 U ©SY 20081000 09 o] pue xD._._.__meh Jaqem uot _dmm_t_ ‘smanna -:._._t_._._-zx_.ﬁ._...__me A2 _._S_udmm_t_ UDDMIN S13a]Ja UONIRINU] T Ipqe ],

[ £0-50-20z uo Jr-Je'saepow-ise| wouy pepeojumod ]

[£TT'9°02'8T02'€20.089T T TO0T 0Z :HOA ]


https://dorl.net/dor/20.1001.1.16807073.2018.20.6.11.3
https://jast.modares.ac.ir/article-23-20094-en.html

[ Downloaded from jast.modares.ac.ir on 2024-05-03 ]

[ DOR: 20.1001.1.16807073.2018.20.6.11.3 ]

Al-Harbi et al.

in turn promotes plant growth and fruit
development (Lee, 1994; Oztekin and Tuzel,
2011).

Chlorophyll, Proline, and Leaf Mineral
Composition

The results presented in Table 3 show a
significant increase in the proline content of
leaves under water stress conditions,
whereas the leaf chlorophyll content
decreased with increasing water stress. Leaf
chlorophyll content is a physiological
characteristic influenced by abiotic stress
and it differs among tomato genotypes
(Poudyala et al., 2015). The concentrations
of Na', CI, Ca*, and K* in leaf tissues
decreased with increasing water stress
(Table 3). These results support the findings
of Nahar and Gretzmacher (2002), who
reported a trend toward decreasing
concentrations of several minerals, including
Na*, Ca*, and K*, in tomato leaf tissues
with increasing water stress. Generally,
water stress resulted in reduction not only in
nutrient uptake by the plant root system but
also in nutrient transfer from the root to the
shoot. This is the result of factors such as
limited transpiration rate, lower active
transport, and decreased = membrane
permeability (Sanchez-Rodriguez et al.,
2014).

The results also showed that the cultivar
Durinta had significantly higher levels of
proline and chlorophyll content and Ca*? and
K* concentrations in the leaves than
Valouro. Na* and Cl levels were higher in
Durinta leaves, but the difference was not
significant (Table 3). These results were in
accord with those of Nahar and Gretzmacher
(2002), who reported significant and
insignificant variations in K" and Na’
concentrations, respectively, among four
tested tomato cultivars.

Plants grafted onto Beaufort and Maxifort
rootstocks showed significantly higher
chlorophyll content than those grafted onto
Spirit rootstock and non-grafted plants.
Furthermore, plants grafted on Beaufort

1234

rootstock showed higher proline, CI", Ca*,
and K* concentrations than those grafted
onto Maxifort and Spirit rootstocks and non-
grafted plants (Table 3). This might be due
to the higher rate of absorption of water and
minerals from the soil, by roots of the
Beaufort rootstock, which could improve the
uptake of CI', Ca*, and K* (Khah et al.,
2006). On the other hand, tomato plants
grafted onto the three rootstocks showed
higher Na* uptake than non-grafted plants.
This finding suggests that the rootstocks can
modulate Na* accumulation and partitioning
within the shoot (Albacete et al., 2015).

Interaction Effects

Proline content of Durinta leaf tissues
under the low-Water regime (W1) (8.5-8.7
mg g™ fresh weight (fw)) was almost double
that of plants under the full-Water regime
(W3) treatment (4.41-454 mg g* fw).
Proline accumulation was significantly
higher for Durinta as compared to Valouro
under different irrigation regimes (Table 4).
In general, Jurekova et al. (2011) showed
that proline content was affected by tomato
genotype and water deficiency. Leaf tissues
of Valouro plants under low Water regime
(W1) had the lowest concentrations of CI,
Ca™, and K*. Durinta plants under the full
water treatment showed the highest Na®, CI,
Ca*, and K* concentrations. However,
insignificant differences were observed in
Na® concentration between tomato cultivars
under the low and moderate water regimes
(Table 4). The variations in these mineral
concentrations indicated the strength of
uptake of CI", Ca™ and K* under W1 and for
Na® by Durinta under W3 in comparison
with Valouro.

Proline content in tomato plants grafted
onto the Beaufort rootstock under low water
regime was significantly higher (8.3-8.5 mg
g™’ fw) than that of the non-grafted plants
(4.6-4.7 mg g fw) under the full-water
regime (W3). However, the plants grafted
onto Beaufort rootstock under W3 showed
higher CI", Ca*?, and K* concentrations than
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those grafted onto Maxifort and Spirit
rootstocks or non-grafted plants. In general,
non-grafted plants under the low-water
regime tended to have lower concentrations
of CI, Ca™ and K* than grafted plants
(Table 4). The use of Beaufort as a rootstock
resulted in a higher content of proline and
Cl, Ca™, and K* when grown under low
water regime. Hence, the higher proline
content with increased uptake and
translocation of CI, Ca™, and K* to the
plant shoot might be one of the reasons for
the higher water stress tolerance in tomato
grafted onto Beaufort rootstock. This finding
agrees with Altunlu and Gul (2012) who
showed that drought resistance of grafted
tomato plants onto rootstock Beaufort was
due to improved osmoregulation, partially
induced by higher proline content, and
relative water content in tomato scion under
water stress. Hence, Beaufort rootstock
could increase proline content and improve
absorption, upward transfer, and
accumulation of CI', Ca™, and K* in leaf
tissues.

Grafted DB and DM plants showed higher
proline content and Na*, CI, and Ca™
concentrations than DS and D plants, as well
as grafted VB, VM, and VS combinations
and V plants. However, K* concentration in
the leaf tissues was higher in DB, followed
by the VB combination, than plants with the
other grafting combinations and non-grafted
plants (Table 4). These results confirmed the
suggestion of Goto et al. (2013) that the
differences in leaf nutrient concentrations
were related to the combination of the
rootstocks and scions. Hence, DB grafted
plants can absorb and transport nutrients
(e.g., Na*, CI', Ca™ and K") to the leaves
more efficiently, resulting in higher
concentration of minerals in the scion
leaves. This supports the vigorous growth
and higher yield of DB plants in comparison
with other grafted- or non-grafted plants.
This, along with disease resistance, is one of
the main reasons for the prevalent use of
grafted rootstocks in fruiting vegetable
production (Lee et al., 2010; Sanchez-
Rodriguez et al., 2014).

1237

Interaction Effects among Water
Regimes, Tomato Cultivars, and
Rootstocks

The heaviest yield production (295.1-
320.5 t ha') was recorded in grafted DB
plants under the full-water regime. The
highest TYWUE value (63.6-63.8 kg m™)
was also recorded in DB plants, but under
the low-water regime (Table 5). These
results indicated that DB plants might use
water more efficiently than other grafting
combinations and non-grafted plants.
Similarly, Semiz and Yurtseven (2010)
reported that grafted tomato plants showed
higher WUE than non-grafted plants.
Grafted DB plants under a moderate water
regime (75% ETc) showed higher yield
improvement (13.6-27.3%) than non-grafted
Durinta (control) plants. Although this yield
improvement was relatively lower in value
than that for DB plants under the full-water
regime (31.2-44.3%), it saved
approximately 25% of the irrigation water
(which is one of the main objectives of
study). Moreover, Grafted DB plants under a
moderate water regime (75% ETc) showed a
TYWUE higher than not only non-grafted
Durinta (by 55.06-55.54%), but also grafted
DB plants under the full-water regime
(26.1-26.5%). Thus, in the DB graft
combination, the vigorous root system of
Beaufort rootstock can efficiently absorb
water so that less-frequent irrigation may be
applied (Kumar et al., 2015b).

CONCLUSIONS

Grafted tomato plants exhibited higher
vegetative growth and yield under different
water regimes than non-grafted plants.
Using Beaufort as a rootstock resulted in
higher fruit yield and TYWUE under water
stress conditions. Beaufort seems to be a
more compatible rootstock with
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both commercial  tomato  cultivars,
particularly with the Durinta cultivar than
Maxifort or Spirit rootstocks. Grafting
Durinta scion onto a Beaufort rootstock
(DB) could increase water savings owing to
higher yield and TYWUE. Thus, grafting
tomato plants could be a useful means of
alleviating the negative effects of water
stress on tomato plants. In addition,
choosing the right combination of rootstock
and scion could increase the benefit of
grafting tomato plants, under water stress
conditions.
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