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ABSTRACT 

The effects of grafting two greenhouse tomato cultivars (Durinta and Valouro F1) 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+2 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.  
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INTRODUCTION 

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-

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 

(Sánchez-Rodríguez et al., 2012; Nawaz et 
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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 (Sánchez-Rodríguez 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 

et al., 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, chlorophyll, 

proline, mineral concentrations, and fruit 

yield, (b) Assess the Total Yield Water Use 

Efficiency (TYWUE), and (c) Determine the 

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
-1

. 

Available soil Na
+
, K

+
, and Ca

2+
 content was 

8.18, 1.18, and 11.6 meq L
–1

, respectively 

(Chapman and Pratt, 1978). The irrigation 

water had an EC value of 1.04 dS m
–1

 and 

Na
+
, Ca

2+
, K

+
, HCO3

-
, Cl

-
, and SO4

-
 content 

of 3.61, 0.76, 0.19, 0.35, 2.39, and 1.82 meq 

L
–1

, respectively. 

Plant Materials, Growth Conditions, 

and Experimental Design 

Two commercial greenhouse tomato 

cultivars (Solanum lycopersicum L. 

‘Durinta’ F1, Western Seed, USA, and 

Solanum lycopersicum L. ‘Valouro’ F1, 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. lycopersicon×S. habrochaites, 

De Ruiter Seeds/Monsanto, Bergschenhoek, 
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The Netherlands) and Spirit (S. 

lycopersicon×S. 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 year, 

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: 

ETc= Ep×Kp×Kc, 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
2
 and contained 2 

plants per m
2
.  

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

+2
, K

+
, and Cl

-
 

(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
-2

). 

The weight values were used to calculate the 

total yield (t ha
-1

). For each irrigation 

treatment, WUE based on total yield 
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(TYWUE) (kg m
-3

) was estimated as the 

ratio between total yield and total amount of 

water used during the whole growing season 

(ET, m
3
 ha

−1
), 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 (Patanè et al., 

2014). The present study indicates that water 

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% ETc), 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, Patanè 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 yield (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
-3 

in 

Spirit to 50.6–52.9 kg m
-3

 in Beaufort 

rootstock-grafted plants, while the overall 

lowest TYWUE value (40.8–40.9 kg m
3
) 

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 yield, 

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 Patanè 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 used tomato rootstocks, 

Beaufort has been identified as more 

resistant against water stress compared to 

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  
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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
+
, Cl

–
, Ca

+2
, 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

+2
, 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 (Sánchez-Rodríguez et al., 

2014). 

The results also showed that the cultivar 

Durinta had significantly higher levels of 

proline and chlorophyll content and Ca
+2

 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 

rootstock showed higher proline, Cl
–
, Ca

+2
, 

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 Cl
–
, Ca

+2
, 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
-1

 fresh weight (fw)) was almost double 

that of plants under the full-Water regime 

(W3) treatment (4.41–4.54 mg g
-1

 fw). 

Proline accumulation was significantly 

higher for Durinta as compared to Valouro 

under different irrigation regimes (Table 4). 

In general, Jureková 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 Cl
–
, 

Ca
+2

, and K
+
. Durinta plants under the full 

water treatment showed the highest Na
+
, Cl

–
, 

Ca
+2

, 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 Cl
–
, Ca

+2
 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
-1

 fw) than that of the non-grafted plants 

(4.6–4.7 mg g
-1

 fw) under the full-water 

regime (W3). However, the plants grafted 

onto Beaufort rootstock under W3 showed 

higher Cl
–
, Ca

+2
, 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 Cl
–
, Ca

+2
, and K

+
 than grafted plants 

(Table 4). The use of Beaufort as a rootstock 

resulted in a higher content of proline and 

Cl
–
, Ca

+2
, and K

+
 when grown under low 

water regime. Hence, the higher proline 

content with increased uptake and 

translocation of Cl
–
, Ca

+2
, 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 Cl
–
, Ca

+2
, and K

+
 in leaf 

tissues.  

Grafted DB and DM plants showed higher 

proline content and Na
+
, Cl

–
,
 

and Ca
+2

 

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
+
, Cl

–
,
 
Ca

+2
 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; Sánchez-

Rodríguez et al., 2014). 

Interaction Effects among Water 

Regimes, Tomato Cultivars, and 

Rootstocks 

The heaviest yield production (295.1–

320.5 t ha
-1

) was recorded in grafted DB 

plants under the full-water regime. The 

highest TYWUE value (63.6–63.8 kg m
-3

) 

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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تاثیر پیونذزدى گوجه فرنگی روی رشذ، بهره وری، و کارآیی هصرف آب در رژین 

 های هختلف آبیاری

ا. . ا. الکاردایی، ه. س. عبذالرزاق، ک. ر. الحربی، ىى، العورام. ا. ر. الحربی، ا. 

 عبادی، و م. ا. سعذ

 چکیذه

ريی سٍ گًجٍ فروگی ( Valouro F1ي  Durinta اثرات پیًوذ زدن دي کًلتیًار گًجٍ فروگی)

% تثخیر 055%، ي 50%، 05( تحت سٍ رشیم آتیاری)Spirit، يBeaufort  ،Maxifortپایٍ )

ذ يترای ایه مىظًر رشذ سثسیىٍ ای، محتًای پريلیه، ،کلريفیل، ي عىاصر (( تررسی شETcيتعرق)

ارزیاتی شذ. تا  (TYWUE)معذوی ترگ ي ویس تًلیذ گًجٍ ي کارآی مصرف آب عملکرد کل 

 TYWUEافسایش تىش آتی، ارتفاع گیاٌ، قطر ساقٍ، ي عملکرد کل کم شذ در حالیکٍ پريلیه ي 

وشان داد. رشذ  Valouroرشذ تیشتری از  Durintaمطالعٍ شذٌ،  افسایش یافت. در میان دي کًلتیًار

Caگیاٌ، پريلیه، 
Kي  2+

+
در گیاَان پیًوذی تیشتر از گیاَان غیر TYWUE، عملکرد میًٌ، ي  

 Valouro% ( در گیاَان غیر پیًوذی، تٍ يیصٌ درETc 05پیًوذی تًد. اثرات مىفی تىش آتی زیاد)

تٍ عىًان پایٍ استفادٌ شذٌ  Beaufortذزدن در مًردی مشاَذٌ شذ کٍ آشکار تًد . یک تاثیر مثثت پیًو

( در تىش آتی متًسط  DBپیًوذ زدٌ شذٌ تًد ) تا سمثل  Beaufortکٍ ريی  Durintaتًد. کًلتیًار 

(75% ETc ٍمىجر ت )( ي %30.8–21.6% صرفٍ جًیی در آب شذ ي عملکرد تیشتر)50TYWUE 

غیر پیًوذی(  Durintaي تیمار شاَذ) یعىی  (ETc %100)از آتیاری کامل (%55.5–55.1)تیشتر

وشان داد. وتایج حاکی تًد کٍ پیًوذ زدن گًجٍ فروگی گلخاوٍ ای ريی پایٍ مىاسة می تًاوذ اثرات 

 مىفی محذيدیت ي کمثًد آب ريی گیاٌ را کاَش دَذ.
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