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Tomato (Solanum lycopersicum L.) is one of the most 
economically important vegetables in the world. Mexico 
is considered as its center of domestication and there is 
a large genetic diversity. Grafting in tomato has grown 
for various purposes including the increase of yield. An 
alternative use of native tomato genotypes is as rootstocks 
for grafting improved tomato. The objective of this work 
was to evaluate native accessions of tomato as rootstocks 
to identify outstanding genotypes for their potential to be 
used as rootstocks in tomato production. An experiment 
was conducted for two cropping cycles (2014 and 2015) 
in greenhouse and hydroponic conditions, in a randomized 
complete block design (RCBD) with three replicates 
and 10 plants per experimental unit. Treatments were 
formed by a combination of nine native tomatoes and two 
commercial rootstocks with two hybrids used as scions. 
Twelve traits were recorded and most of the treatments 
were significantly different (P < 0.05) from each other for 
these traits. The accessions LOR-22, LOR-77, LOR-81, 
LOR-84, LOR-95 and LOR-100 with the hybrid ‘El Cid’, 
and LOR-81, LOR-84 and LOR-100 with the hybrid ‘Sun 
7705’, increased significantly yield by 19% and 22%, 
respectively, compared to ungrafted control. Moreover, 
characteristics related to fruit quality were preserved with 
grafting. The best combination scion/rootstock (‘Cid’/100) 
yielded 30% higher than hybrid ‘El Cid’ without grafting 
and 16% higher than the commercial rootstock ‘Multifort’. 
This allowed identifying genotypes of Mexican native 
tomatoes with great potential to be used as rootstocks or 
as source of germplasm for rootstock development.

Key words: Grafting, natives, rootstocks, Solanum 
lycopersicum, yield. 
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INTRODUCTION
Tomato (Solanum lycopersicum L.) is within the three most 
economically important vegetable crops in Mexico, along with 
chili (Capsicum spp.) and potato (Solanum tuberosum L.) In 
2014, 52 000 ha were planted with a production of 2.8 million ton 
(SIAP, 2015). For Mexico, the tomato is particularly important 
because it is considered center of domestication for this species 
(Peralta and Spooner, 2007); which allows having a wide native 
genetic diversity useful for tomato breeding.
	 In recent years, there have been studies about the agronomic 
and morphological diversity of native tomatoes from Mexico 
with the purpose of knowing their genetic variability (Juárez-
López et al., 2009; Crisanto-Juárez et al., 2010; Bonilla-
Barrientos et al., 2014; Estrada-Trejo et al., 2014), their extent 
of exploration and conservation (Chávez et al., 2011; Lobato-
Ortiz et al., 2012) and their use for tomato breeding (Martínez-
Vázquez et al., 2016).  
	 Because of environmental unfavorable conditions in which 
the Mexican native genotypes of tomato have been adapted, 
they have developed tolerance or resistance to biotic and abiotic 
stresses, which may be useful in their genetic improvement; 
as indicated by Flores-González et al. (2012), Estrada-Trejo 
et al. (2014), Sanjuan-Lara et al. (2015), who have reported 
native tomato genotypes with tolerance to salinity. Traditionally, 
Mexican native tomatoes have been used as local varieties in the 
gastronomy of rural communities in different regions of Mexico 
(Chávez et al., 2011) or as a source of germplasm for breeding 
(Martínez-Vázquez et al., 2016).
	 An immediate alternative use of the Mexican native tomatoes 
is as rootstocks; i.e. providing only the abundant radical part 
to take advantage of their characteristics such as their capacity 
to absorb water and nutrients, their salinity tolerance, disease 
resistance, vigor, among others. Cortez (2010) reported that 
resistance to the psyllid Bactericera cockerelli (Sulc.) and 
Liriomyza spp., present in a wild genotype of S. lycopersicum L. 
var. cerasiforme (Alef.) Voss was transferred to the scion using 
this as rootstock.
	 Chronologically, grafting in vegetables was first used to 
control Fusarium in watermelon (Citrullus lanatus (Thunb.) 
Matsum. & Nakai) (Tateishi, 1927). This technique has been 
applied to other crops such as melon (Cucumis melo L.), 
cucumber (Cucumis sativus L.), pepper (Capsicum annuum 
L.), eggplant (Solanum melongena L.) and mainly in tomato 
(Lee, 1994). Currently, grafting purposes have been diversified, 
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and they include: increasing nutrient absorption (Colla 
et al., 2010; Velasco-Alvarado et al., 2016), improving 
the efficiency of irrigation water (Rouphael et al., 2008), 
increasing yield and tolerance to salinity (Colla et al., 
2006) and increasing tolerance to toxic elements (Rouphael 
et al., 2008; Edelstein y Ben-Hur, 2015). 
	 However, despite all the advantages that grafting 
offers, the technique may be unattractive to some tomato 
growers, due to the high cost of grafted seedlings, which 
increases the overall production cost (Rysin et al., 2015). 
Nevertheless, one of the most significant concepts for 
tomato growers is the cost of the rootstock seed, which is 
mostly the F1 generation from interspecific crosses between 
S. lycopersicum L. and S. habrochaites S. Knapp & D.M 
Spooner (King et al., 2010). The seed of these rootstocks 
is expensive because it is imported and marketed by 
multinational companies in USD or Euros, so understanding 
this issue is necessary to identify and produce alternative 
rootstocks at a lower cost to the tomato growers. Thus, 
the objective of this work was to evaluate Mexican native 
tomato collections as rootstocks in order to identify 
genotypes with potential to be used as rootstocks by 
tomato growers to improve yield and maintain or improve 
fruit quality characteristics or as source of germplasm for 
rootstock development.

MATERIALS AND METHODS
Location
This work was carried out in a greenhouse with 600-grade 
polyethylene cover (80% light transmission), with a 
tunnel-type design with top vent, located in the Campus 
Montecillo (19°30’ N, 98°53’ W; 2250 m a.s.l.), Colegio de 
Postgraduados, Mexico. Two crop cycles were conducted 
during the spring-summer of 2014 and 2015 under 
hydroponic conditions with a mean annual temperature of 
18.2 and 18.6 °C, respectively.

Plant materials and growth conditions
Nine native tomato accessions belong to S. lycopersicum 
were used as rootstocks (Table 1). This genetic material 
was selected from a total of 40 open pollinated (OP) 
genotypes because of their characteristics to be used 
as rootstocks, such as stem diameter, plant height and 
number of leaves, characteristics used as indicators of 
plant vigor. The commercial rootstocks ‘Maxifort’ and 

‘Multifort’ were used as controls. On the other hand, the 
commercial hybrids ‘Sun 7705’ and ‘El Cid’ were used 
as scions. The sowing was carried out in polystyrene 
trays of 128 cavities with Kekkila commercial mixture as 
substrate (Kekkila, Vantaa, Finland). The nine collections, 
‘El Cid’ and ‘Sun 7705’ were sown the same day, and the 
commercial rootstocks 2 d later in order to homogenize 
the stem diameter and improve the engraftment of grafts; 
one seed per cavity was sown and irrigation was applied 
to saturation. For seedlings nutrition the Steiner (1984) 
nutrient solution to 25% was supplied. Grafting was 
carried out using the method of splicing (Lee, 1994) at 28 
days after sowing (das) in seedlings with 9.0 cm height, 
stem diameter between 1.8 and 2.0 mm and four fully 
expanded leaves. The grafted seedlings were placed for 10 
d in a chamber for engraftment (5 m long, 4 m wide and 2.5 
m high). During that period of post-grafting, the chamber 
conditions were 25 °C, 90% RH and 111 μmol·m-2·s-1 in 
the first 5 d post-grafting and 28 °C, 70% RH and 148 
μmol·m-2·s1 in the 5 d after. 
	 The  t r ansp l an t ing  was  ca r r i ed  ou t  38  das  i n 
polypropylene pots (40×40 cm, 12 L) filled with volcanic 
pumice rock (tezontle is the local name of this material) 
of 4 mm in diameter (particle size), planting one plant 
per pot, they were conducted to one stem and trained 
in vertical position all the time. To obtain a population 
density of 2.7 plants∙m-2 (10 clusters each), seedlings were 
transplanted with 35 cm between plants in a row and 2 
m between rows, each row with two lines (double line, 
common commercial system in Mexico). Twenty two 
treatments were established, which were obtained from 
combining nine native collections and two commercial 
checks (‘Maxifort’ and ‘Multifort’) as rootstocks with 
two scions. Also as controls ‘El Cid’ and ‘Sun 7705’ both 
ungrafted and self-grafted were used, in a randomized 
complete block design with three replicates, where the 
experimental unit had 10 plants. For fertilization, the 
universal formula of Steiner (1984) was employed and the 
concentration supplied was according to the phenological 
stage: 0 to 40 d after transplanting (dat) at 50% and 41 dat 
to the end of cycle at 100%. The following products were 
applied: imidacloprid, flonicamid and lambda cyalotrina 
and clorantraniliprol to control whitefly (Bemisia tabaci 
Gennadius) and paratrioza (Bactericera cockerelli); 
captan, copper chloride and metalaxil and clorotalonil for 
the prevention of late blight (Phytophthora infestans). 

LOR-22 	 Ecatlán 	 Jonotla, Puebla	 20°00’	 97°36’	   725	 Kidney
LOR-77	 La Ceiba 	 Xicotepec, Puebla	 20°13’	 97°45’	 1470	 Kidney
LOR-81	 Altepexi	 Altepexi, Puebla	 18°24’	 97°15’	 1240	 Square
LOR-84	 Altepexi	 Altepexi, Puebla	 18°24’	 97°15’	 1240	 Square
LOR-95	 Tehuacán 	 Tehuacán, Puebla	 18°37’	 97°14’	 1600	 Square
LOR-100	 Santa Cruz Xitla	 Santa Cruz Xitla, Oaxaca	 16°17’	 96°37’	 1800	 Kidney
LOR-117	 Necaxa	 Juan Galindo, Puebla	 20°12’	 97°57’	 1400	 Kidney
LOR-119	 La Ceiba	 Xicotepec, Puebla	 20°13’	 97°45’	 1470	 Kidney
LOR-120	 Huauchinango	 Huauchinango, Puebla	 20°07’	 97°55’	 1600	 Kidney

Table 1. Mexican native tomato collections used as rootstocks and their geographical origin.

Collections
Latitude

N
Longitude

W
Altitude 

mLocality TypeMunicipality
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Traits measurements and statistical analysis
The number of days to flowering (DF) was recorded when 
the plants started anthesis in the first flower; the number 
of days to ripening (DR) was recorded when the color of 
the fruit changed from green to red (at first cluster). Plant 
height (PH) was measured from the stem base to the apex 
of the plant at 100 dat; stem diameter (SD) was measured 
with a digital vernier (Mitutoyo, Aurora, Illinois, USA) at 
the mid part of plant height at 100 dat. The number of fruits 
per plant (NF) was also counted and the yield was the total 
marketable fruit weight per plant. From a sample of five 
fruits per plant, average fruit weight (AFW), length (FL) 
and width (FW) of fruit in mm, fruit shape (S; FL/FW) were 
obtained. As well as, fruit firmness (FIR) measured with a 
universal force gage (Force Five, model VSF-30, Wagner 
Instruments, Greenwich, Connecticut, USA), with a plunger 
head of 0.8 mm, and total soluble solids (TSS) content were 
measure with a digital refractometer (PA-mark 1, Atago, 
Tokyo, Japan).
	 The statistical analysis of data was performed with the 
Statistical Analysis Systems (SAS; 9.0) General Linear 
Model (GLM) procedure (SAS Institute, 2002). A combined 
ANOVA for cropping cycles and a Tukey test (α = 0.05) for 
all pair-wise mean comparisons were performed.

RESULTS AND DISCUSSION
There was a significance (p < 0.05) between cycles, 
treatments and Cycle × Treatment interaction for most traits 
except for NF and S in cycles, for FW in treatments and 
for FL and S of fruit in the interaction (Table 2). Although 
the work was carried out under greenhouse conditions, 
significant differences for treatment throughout cycles were 
observed, while a significant interaction between genotypes 
and cycles was also reported by Bonilla-Barrientos et 
al. (2014) in tomato native genotypes evaluated under 
greenhouse conditions in two crop cycles. In this study, 

cycle one (C1) was more lateness by 6 d than cycle two 
(C2), according to the averages of DF and DR. For yield, 
C1 outperformed significantly to the C2, which was related 
to a higher AFW, since in C2 the AFW was significantly 
lower (Table 2).
	 Some native collections used as rootstocks increased 
significantly tomato fruit yield (Table 3); the ungrafted 
commercial hybrid ‘El Cid’ (6.6 kg) was surpassed 
significantly by combinations with collections 22 (7.6 
kg), 77 (8.4 kg), 81 (7.6 kg), 84 (7.7 kg), 95 (7.7 kg) and 
100 (8.7 kg) and the commercial rootstock ‘Multifort’ 
(7.7 kg), confirming the advantage of using rootstocks 
to increase yield performance (Turhan et al., 2011). The 
outstanding combination (‘Cid’/100) surpassed 30% the 
yield of ungrafted ‘El Cid’, representing this an increase 
of 2.0 kg plant-1; on average these six native collections 

Table 2. ANOVA mean squares of twelve traits in tomato grafted onto nine native collections and two commercial rootstock, and 
comparison of means between cycles.

SV: Source of variation; Treat: treatments; Cycle × Treat: cycle per treatment interaction; CV: coefficient of variation; ȳC1 and ȳC2: average for cycle one and 
two (mean values with the same letter are nonsignificantly different (Tukey, P = 0.05); YLD: fruit yield per plant (kg); NF: number of fruits per plant; AFW: 
average fruit weight (g); FL: fruit length (mm); FW: fruit width (mm); S: fruit shape (FL/FW); FIR: firmness (N); TSS: total soluble solids (°Brix); DF: days 
to flowering; DR: days to ripening; PH: plant height (cm); SD: stem diameter (mm); DF: degrees of freedom.
ns, **, *: nonsignificant or significant at P ≤ 0.01 y P ≤ 0.05, respectively.

SV Cycle

YLD	 15.11**	 3.46**	 1.65**	 0.144	 5.46	 7.26a	 6.63b
NF	 16.02ns	 186.26**	 31.11**	 29.23	 6.14	 64.2a	 63.6a
AFW	 8674.78**	 128.53**	 93.46*	 54.73	 6.27	 124a	 110b
FL	 19.74*	 11.04**	 6.36ns	 4.77	 3.28	 66.3a	 67.0a
FW	 23.61**	 3.32ns	 6.66**	 2.58	 3.0	 53.1a	 54.0a
S	 0.002ns	 0.005**	 0.003ns	 0.002	 4.29	 1.3a	 1.2a
FIR	 1858.17**	 25.81*	 31.16**	 14.56	 17.22	 2.6a	 1.9b
TSS	 37.51**	 0.46**	 0.17**	 0.05	 5.99	 3.3b	 4.3a
DF	 1303.85**	 39.50**	 19.67**	 1.84	 5.39	 28.0a	 22.2b
DR	 1869.23**	 55.70**	 23.89**	 2.25	 1.69	 91.7a	 84.8b
PH	 112217.02**	 2700.66**	 749.18**	 264.06	 6.18	 290a	 236b
SD	 7.15**	 1.62**	 1.42*	 0.78	 7.83	 11.5a	 11.1a
DF	 1	 25	 25	 100			 

Treat ȳC1Cycle × Treat ȳC2Error CV (%)

Table 3. Mean comparisons for yield and yield components 
in grafted tomato with native collections and commercial 
rootstocks.

	 kg	 g	 kg	 g
Non-grafted	 6.6f-i	 70.2ab	 110.6b-d	 5.7j	 60.5c-g	 106.6d
Self-grafted	 6.4h-j	 70.3ab	 111.4b-d	 5.7j	 59.7d-g	 111.2b-d
LOR-22	 7.6c-e	 71.2ab	 119.6a-d	 6.5g-j	 57.2g	 114.5a-d
LOR-77	 8.4ab	 68.8a-c	 119.8a-d	 6.2ij	 60.7c-g	 109.5cd
LOR-81	 7.6c-e	 69.7ab	 124.3a-c	 6.8e-i	 58.7e-g	 119.8a-d
LOR-84	 7.7bc	 67.2a-d	 121.1a-d	 7.3c-g	 59.7d-g	 120.5a-d
LOR-95	 7.7b-d	 68.8a-c	 117.4a-d	 6.4h-j	 58.2fg	 112.5b-d
LOR-100	 8.7a	 71.5ab	 128.2a	 7.1c-h	 59.3d-g	 116.0a-d
LOR-117	 7.5c-f	 67.3a-d	 120.5a-d	 6.4h-j	 58.5fg	 117.7a-d
LOR-119	 7.0c-i	 63.0b-g	 125.4ab	 6.4g-j	 58.0fg	 119.1a-d
LOR-120	 6.8d-i	 66.0a-f	 122.8a-c	 6.4h-j	 56.8g	 114.7a-d
‘Maxifort’	 7.3c-f	 70.7ab	 113.6a-d	 6.4g-j	 58.5fg	 116.2a-d
‘Multifort’	 7.7bc	 72.3a	 113.3a-d	 6.3h-j	 58.3fg	 110.8b-d

Distinct letters in the column indicate significant differences according to 
Tukey’s test (P ≤ 0.05). 
Yield: Fruit yield per plant (HSD: 0.83); NF: number of fruit per plant (HSD: 
8.6); AFW: average fruit weight (HSD: 15.1); HSD: honest significant 
difference.  

NF AFWYieldRootstocks 

‘El Cid’ ‘Sun 7705’

NF AFWYield
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increased 19% the yield, while the commercial rootstock 
‘Multifort’ increased it by 16%, demonstrating these results 
the potential of native tomato genotypes for their use as 
rootstocks.
	 With respect to the hybrid ‘Sun 7705’ (5.7 kg), three 
native collections used as rootstocks produced higher 
yield; the collections 81 (6.8 kg), 84 (7.3 kg) and 100 (7.1 
kg) had an average yield increase of 22% compared to 
plants without grafting. In this case, the most outstanding 
combination was ‘Sun’/84, with an increase of 1.5 kg 
per plant, which represented a 26%, outperforming this 
combination to the commercial rootstock ‘Multifort’ that 
yielded 6.3 kg per plant.
	 Yield increases were mainly due to an increase in 
number of fruits (NF; r = 0.65) and the average fruit weight 
(AFW; r = 0.40); however, only the combination ‘Cid/100’ 
exceeded the fruit weight of the ungrafted plants, since this 
combination improved AFW by 16% (18 g per fruit). The 
increase in yield of grafted plants is attributed to various 
characteristics of the rootstock in comparison with non-
grafted plants, such as greater absorption of water and 
nutrients that allows a more efficient fertilization and an 
increased cytokinin levels (Lee, 1994; Leonardi y Giuffrida, 
2006), and a major resistance or tolerance to diseases (Oda, 
2002) and abiotic factors (Colla et al., 2010).
	 Non-grafted plants (‘El Cid’ and ‘Sun 7705’) yielded 
significantly equal to self-grafted plants; this means that the 
grafting process had no effect on this variable (Table 3).
	 The increase in yield per plant is reflected in the total 
production per hectare; in Figure 1 native genotypes with 
the greatest potential for use as rootstocks are shown. 
According to the population density in this study (2.7 
plants·m-2), with ‘El Cid’, the collection 100 (‘Cid’/100) had 
a significant yield increase of 54 t·ha-1, and on average three 
native genotypes (84, 77 and 100) increased the yield up to 
44 t·ha-1, surpassing the yield increase of the commercial 
rootstock ‘Multifort’ (‘Cid’/‘Multifort’), which increased 
yield only in 28 t·ha-1. 

	 On the other hand, in combinations with ‘Sun 7705’, the 
collection 84 (‘Sun’/84) improved yield performance up 
to 41 t ha-1, and on average three collections (81, 100 and 
84) increased the fruit production by 35 t ha-1. It is known 
that grafted seedlings in tomato and other horticultural 
crops increases the production cost (Djidonou et al., 2013). 
However, the use of these native accessions like rootstock 
can reduce the high cost, because this seed is cheaper than 
commercial rootstocks seeds, besides their yield increases 
are similar or even superior than them.
	 In this study, NF for ‘El Cid’ was significantly 
higher (P ≤ 0.05) than for ‘Sun 7705’ in ungrafted 
plants. However, there was no effect of the rootstock 
for this trait, as all combinations (rootstock/scion) were 
significantly (P ≤ 0.05) similar to ungrafted plants with 
each scion (Table 3). The results of previous investigations 
on this variable was found to depend on the rootstock/scion 
combination; for example, Ibrahim et al. (2001) used eight 
rootstocks of wild relatives of Solanum and found significant 
differences in number of fruits using S. integrifolium and 
crosses from S. melongena × S. integrifolium. Meanwhile, 
Leonardi and Giuffrida (2006) found differences for this 
variable with the rootstock ‘Beaufort’, but not with ‘PG3’ 
and ‘Energy’, using the hybrid ‘Rita’ as scion. 
	 For traits such as FL, FW and S there were nonsignificant 
differences (P ≤ 0.05) between grafted and ungrafted 
plants for both scions; this indicates that fruit proportions 
and shape were maintained for these rootstocks and two 
scions (Table 4). This result contrasts with those of Turhan 
et al. (2011), who reported changes in fruit shape in the 
tomato ‘Yeni Talya’, ‘Swanson’ and ‘Beril’ grafted on the 
rootstocks ‘Beaufort’ and ‘Arnold’.  
	 The alteration in fruit firmness in grafted plants depends 
on the rootstock/scion combination (Flores et al., 2010). 
In the present study, nonsignificant differences (P ≤ 0.05) 
were found between treatments, which means that the 
combinations of ‘El Cid’ and ‘Sun 7705’ with the native 
genotypes and commercial rootstocks did not affect this 

Figure 1. Yield per hectare of tomato grafted on three Mexican native accessions and the most outstanding commercial rootstock, 
using ‘El Cid’ and ‘Sun 7705’ scions.

Different letters on bars indicate significant differences between ungrafted plants (*) and different 
rootstocks according to Tukey test (P < 0.05). Vertical bars correspond to standard error. 
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trait, which can be interpreted as a positive performance. 
In the same way, Khah et al. (2006) reported nonsignificant 
differences in fruit firmness between grafted and non-
grafted plants using ‘Heman’ and ‘Primavera’ as rootstocks 
and ‘Big Red’ as a scion. With regard to TSS content, there 
is no consensus on the effect of grafting on this variable; 
some studies have reported a negative effect on this trait 
(Khah et al., 2006; Turkmen et al., 2010), which may be a 
disadvantage for the rootstocks used in those works due to 
that TSS content is one of the most important characteristics 
for fruit flavor (Saltveit, 2005). In the present study, none 
of the Mexican native tomato rootstocks reduced the TSS 
content when ‘El Cid’ was used as scion, which represents 
an advantage over the commercial rootstocks (‘Maxifort’ 
and ‘Multifort’), which had values of 3.2 and 3.1 °Brix, 
respectively, being a reduction of 14% and 16%, in the 
same order, compared to ungrafted plants. The same trend 
was observed in combinations with ‘Sun 7705’, where 
numerically the lowest average values of TSS were also for 
the commercial rootstocks; however, all treatments were 
significantly similar (Table 4). Similarly, Pogonyi et al. 
(2005) found a decrease of TSS content in plants grafted of 
the tomato hybrid ‘Lemance’ on the rootstock ‘Beaufort’. 
On the other hand, some researchers as Flores et al. (2010) 
indicated that fruit quality, like TSS content can also be 
increased using rootstocks that yield higher °Brix.

	 Earliness in grafted tomato plants is affected due to the 
time required for the vascular reestablishment after grafting 
and environmental conditions in the post-grafting phase, 
mainly by temperature and luminosity (Oda et al., 2003). As 
it was expected, ungrafted hybrids were earliest for days to 
flowering (DF) with 18 dat, these were significantly earlier 
than the self-grafted plants, with differences of 6 and 4 d for 
‘El Cid’ and ‘Sun 7705’, respectively. When comparing our 
native rootstocks with two commercial rootstocks, most of 
them had very similar earliness (Table 4). The post-grafting 
phase in this work was 10 d, which coincided with the 
increase in days to flowering in later combinations (‘Cid’/84, 
‘Sun’/117). A similar behavior for earliness was observed 
in days to ripening (DR), since ungrafted plants were 
significantly (P ≤ 0.05) earlier than grafted plants for both 
hybrids (‘El Cid’ and ‘Sun 7705’), except the combination 
‘Cid’/119. This result is in agreement with those of Godoy 
et al. (2009), who reported that the harvest was 1-wk earlier 
in non-grafted plants than in plants grafted on the rootstock 
‘Maxifort’, pointing out that the grafting technique retards 
the initial development of the plant and consequently days 
to flowering and ripeness are increased. 
	 For plant height, the effect of native and commercial 
rootstocks was only significantly higher than in self-
grafting with ‘Sun 7705’ scion and was not with ‘El Cid’, 
which means that the effect on plant vigor depends on the 

Table 4. Mean comparisons for nine traits in grafted tomato with native collections and commercial rootstocks.

Distinct letters in the column indicate significant differences according to Tukey’s test (P ≤ 0.05).
FL: fruit length; FW: fruit width; S: fruit shape (FL/FW); FIR: firmness; TSS: total soluble solids; DF: days to flowering; DR: days to ripening; PH: plant 
height; SD: stem diameter; HSD: honest significant difference; CV: coefficient of variation. 

FL

	 mm	 mm	 N	 °Brix	 d	 d	 cm	 mm
‘El Cid’	 69.9a	 54.1a	 1.5a	 2.2a	 3.7b-d	 17.8e	 84.5ij	 284.3ab	 11.3a
‘Cid’ self-graf.	 67.6a-c	 53.7a	 1.3ab	 1.8a	 4.1ab	 23.7cd	 90.3b-e	 258.0b-f	 11.9a
‘Cid’/22	 67.6a-c	 54.7a	 1.3ab	 2.3a	 3.7b-d	 27.2ab	 94.0a	 290.7ab	 12.1a
‘Cid’/77	 66.8a-c	 53.0a	 1.3ab	 2.2a	 3.6de	 25.5bc	 91.2a-d	 287.2ab	 11.9a
‘Cid’/81	 68.7ab	 53.6a	 1.3ab	 1.9a	 3.9b-d	 26.8ab	 89.0c-g	 264.3a-f	 10.7a
‘Cid’/84	 66.7a-c	 53.6a	 1.2ab	 2.0a	 3.8b-d	 28.5a	 91.3a-c	 273.3 a-d	 11.1a
‘Cid’/95	 67.2a-c	 52.9a	 1.3ab	 1.9a	 3.6de	 26.5a-c	 92.3ab	 274.2a-d	 10.7a
‘Cid’/100	 68.0a-c	 53.9a	 1.3ab	 2.3a	 3.6c-e	 26.3a-c	 89.2b-g	 278.7a-c	 11.9a
‘Cid’/117	 66.8a-c	 52.0a	 1.3ab	 2.2a	 3.6c-e	 26.5a-c	 90.0b-f	 265.2a-f	 11.0a
‘Cid’/119	 67.6a-c	 53.4a	 1.3ab	 2.3a	 3.7b-d	 26.7ab	 87.7e-i	 267.3a-f	 10.9a
‘Cid’/120	 67.1a-c	 52.9a	 1.3ab	 2.2a	 3.8b-d	 25.3bc	 89.2b-g	 259.5a-f	 11.2a
‘Cid’/‘Maxifort’	 66.8a-c	 52.6a	 1.3ab	 2.2a	 3.2e	 25.0bc	 91.0a-d	 294.2a	 11.6a
‘Cid’/‘Multifort’	 67.2a-c	 52.7a	 1.3ab	 2.1a	 3.1e	 25.8a-c	 92.3ab	 292.5ab	 11.7a
‘Sun 7705’	 65.5a-c	 54.5a	 1.4ab	 2.3a	 4.0a-d	 17.5e	 80.0k	 269.7a-e	 11.3a
‘Sun’ selfgraf.	 65.6a-c	 52.8a	 1.2ab	 2.3a	 4.4a	 21.3d	 83.7j	 208.7g	 10.3a
‘Sun’/22	 66.1a-c	 54.0a	 1.2ab	 2.5a	 3.8b-d	 25.7a-c	 88.0d-h	 263.0a-f	 12.0a
‘Sun’/77	 63.6c	 53.3a	 1.1b	 2.5a	 3.8b-d	 26.0a-c	 87.7e-i	 264.0a-f	 11.6a
‘Sun’/81	 66.2a-c	 54.9a	 1.2ab	 2.3a	 4.0a-d	 26.2a-c	 87.5e-i	 232.3fg	 10.9a
‘Sun’/84	 67.0a-c	 54.3a	 1.2ab	 2.3a	 4.1a-c	 26.2a-c	 85.2h-j	 237.7e-f	 10.7a
‘Sun’/95	 63.8c	 53.5a	 1.1b	 2.2a	 4.0a-d	 25.8a-c	 87.0f-i	 243.3c-f	 10.9a
‘Sun’/100	 66.0a-c	 54.2a	 1.2ab	 2.5a	 3.8b-d	 24.8bc	 89.3b-f	 268.7a-e	 11.9a
‘Sun’/117	 66.5a-c	 53.5a	 1.3ab	 2.6a	 4.1a-c	 27.3ab	 87.7e-i	 236.3e-f	 11.1a
‘Sun’/119	 67.0a-c	 54.4a	 1.2ab	 2.4a	 4.0a-d	 25.2bc	 85.5h-j	 238.8d-f	 10.8a
‘Sun’/120	 66.4a-c	 53.5a	 1.3ab	 2.6a	 4.0a-d	 25.0bc	 86.0g-j	 239.7d-f	 10.8a
‘Sun’/‘Maxifort’	 65.6a-c	 53.4a	 1.2ab	 2.3a	 3.7b-d	 24.7bc	 87.3e-i	 262.7a-f	 11.9a
‘Sun’/‘Multifort’	 64.8bc	 52.2a	 1.3ab	 2.2a	 3.7c-e	 26.2a-c	 88.2c-g	 278.2a-c	 11.7a
HSD	 4.7	 3.5	 0.26	 0.86	 0.49	 2.9	 3.3	 35.5	 1.9
CV, %	 3.3	 3	 4.3	 17.2	 5.9	 5.4	 1.7	 6.2	 7.8

FW S FIR TSS DF DR PH SD
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rootstock/scion combination, as indicated by numerous 
investigations. ‘Sun 7705’ reduced its height when it was 
self-grafted, but when rootstocks were used this effect was 
compensated. The vigor in grafted plants may be increased, 
reflected this in characteristics such as a greater plant height 
and stem diameter (Khah et al., 2006). For stem diameter, 
nonsignificant differences (P ≤ 0.05) were observed in the 
rootstock/scion combinations used in the present study. 
Both PH and SD had a positive correlation with fruit yield, 
r = 0.49 and r = 0.39, respectively (not shown data), which 
mean that rootstocks able to increase the plant vigor, may 
also increase fruit yield. 

CONCLUSIONS
This study has identified Mexican native tomato accessions 
with potential for rootstocks, as some of them were 
superior to the commercial rootstocks and increased yield 
and maintained fruit quality characteristics. The most 
outstanding collections were LOR-22, LOR-77, LOR-81, 
LOR-84, LOR-95 and LOR-100 in combination with ‘El 
Cid’, while collections LOR-81, LOR-84 and LOR-100 
with ‘Sun 7705’. The most outstanding combinations on 
each scion were ‘Cid’/100 and ‘Sun’/84, as they exceeded 
30% and 26% of the yield of ungrafted plants, respectively. 
So these genotypes of native tomato may be used as 
rootstocks by tomato growers in the short term or as a 
source of germplasm for rootstock development. 
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