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Yield and yield components of tomato grafted plants in 
the high Andean region of Colombia
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ABSTRACT

Grafting as a technique is gaining  attention, and the production and demand for grafted vegetable 
plants have increased  worldwide, especially for greenhouse cultivation. This study aimed  to evaluate 
the potential of different scion × rootstock combinations or improving the yield of the tomato crop 
under greenhouse conditions. For this purpose, a scion of tomato cv. Libertador was grafted on two 
commercial tomato rootstock (‘Olimpo’ and ‘Armada’) and cultivated in a greenhouse in a randomized 
complete block experiment design, with four scion-rootstock combinations: vigor and resistance root-
stocks, self-grafting and non-grafted plants. The yield and yield components were evaluated (number 
and weight of the fruits of extra, commercial, and non-commercial quality, weight per cluster, and 
weight per fruit).  Although vigor rootstocks produce less fresh fruit in the first harvests, from the sev-
enth harvest onwards, the vigor rootstocks outperformed the other treatments in the accumulated yield 
by producing 37, 22 and 22% more yield, and 60, 30 and 40% higher number of fruits of extra quality in 
the  resistance rootstock, self-grafted, and non-grafted plants. The fruits plants of vigor rootstock, self-
grafted and non-grafted above 150 g, tend to have a cylindrical shape; however, fruits in the resistance 
rootstock tend to be flattened. The use of a vigor rootstock increased the yield of cv. Libertador, regard-
ing the rootstock with resistance characteristics and controls, self-grafted, and non-grafted plants.
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The tomato (Solanum lycopersicum L.) is one of the 
more important and popular vegetable crops in the 
world, which has generated a large number of studies 
focused on increasing the quality and yield of fruits 
and reducing the effects of different types of stress 
(Geboloğlu et al., 2011; Singh et al., 2017; Milenković 
et al., 2020). Tomato cultivation can be carried out  
in  open fields and under protected conditions, where 
there are both biotic and abiotic limitations that 
affect growth, development, and fruit production 
(Djidonou et al., 2016; Singh et al., 2017). A strategy 
to respond to the demands of the private and pub-
lic sector and overcome these types of limitations is 
grafting, a technique that is gaining full attention. 
The production of and demand for grafted vegetable 
plants have increased  throughout the world, espe-
cially for greenhouse cultivation of vegetable crops 
(Geboloğlu et al., 2011; Reddy, 2016; Kumar and San-
ket, 2017). The grafting process involves the union of 
two parts (a rootstock and scion)  from two different 
plant parts to form a single living plant exhibiting the 
characteristics of both (Gaion et al., 2018; Sen et al., 
2018). Initially, grafting was used widely in vegeta-
ble crops to limit the effects of soilborne pathogens; 
however, the utility of grafting has widened  over the 
years. Grafted plants have been successfully used to 
induce tolerance against salinity (Singh et al., 2020), 

drought (Fullana-Pericàs et al., 2018), flooding (Bhatt 
et al., 2015), temperature stress (Muneer et al., 2016), 
and adverse chemical soil conditions (Martínez-
Andújar et al., 2017), among other purposes. The 
new and improved root system provides tolerance 
through grafting with deep and vigorous root for-
mation (Aloni et al., 2010), improved soil water and 
nutrient uptake (Savvas et al., 2017), increased plant 
vigor and extended economic harvest time (Reddy, 
2016; Kumar et al., 2017; Kumar and Sanket, 2017).

On the other hand, the effect of grafting on the yield 
of tomato plants is unclear, and some studies have 
confirmed  that it increases (Pogonyi et al., 2005; 
Khah et al., 2006; Djidonou et al., 2016; Milenković et 
al., 2020); others  have shown a performance equal to 
their controls and even unfavorable effects on yields 
with certain combinations (Miskovic et al., 2016; 
Milenković et al., 2020). In each production process, 
there are components that condition tomato yield; 
the consideration and quantification of these com-
ponents  estimate yield and facilitate decisions that 
guarantee higher production (Torres, 2017). In gener-
al, the differences in yield when tomato grafted plants 
are used are based on the increase in the size and qual-
ity of the fruits, without an increase in the number of 
fruits; likewise, it is related to the distribution of the 

RESUMEN
La injertación es una técnica que ha ido incrementando en todo el mundo, especialmente en el cultivo de tomate 
en invernadero. El objetivo de este trabajo fue evaluar los componentes de rendimiento y el rendimiento de un 
cultivar comercial de tomate injertado sobre diferentes combinaciones de patrones de la región altoandina de Co-
lombia; para ello el cultivar Libertador fue injertado sobre los patrones ‘Olimpo’ y ‘Armada’, y como controles se 
utilizaron plantas auto injertadas y no injertadas del mismo cultivar. Se empleo un diseño de bloques al azar con 
cuatro repeticiones y cuatro tratamientos: patrón vigor (‘Olimpo’), patrón resistencia (‘Armada’), autoinjerto y no 
injertadas. Hubo diferencias significativas entre tratamientos para el rendimiento acumulado. Las plantas de tomate 
injertadas en el portainjerto vigor produjeron 37, 22 y 22% más de peso de fruto, y 60, 30 y 40% más de frutos de 
calidad extra, en comparación con los tratamientos patrón de resistencia, plantas auto injertadas y no injertadas. Se 
observó que, si bien el uso de un patrón de vigor condujo a una menor producción de fruta en las primeras cosechas, 
a partir de la séptima cosecha, este tratamiento fue superior a los demás, en cuanto al rendimiento acumulado. Los 
frutos en el tratamiento vigor, auto injertos y plantas no injertadas que superaron los 150 g tienden a tener forma 
cilíndrica; mientras que, los frutos del tratamiento resistencia tienden a presentar una forma achatada. El uso de un 
portainjerto vigoroso aumentó el rendimiento del cv. Libertador, con respecto a los tratamientos portainjerto con 
características de resistencia y a los tratamientos control, plantas auto injertadas y no injertadas.

Palabras clave adicionales: Solanum lycopersicum; interacción portainjerto-patrón; injertación; vigor; resistencia.
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harvest (Pogonyi et al., 2005; Khah et al., 2006; Dji-
donou et al., 2016; Milenković et al., 2020). Although 
grafting has become a useful tool for enhancing many 
traits in horticultural crops, its role in improving the 
tomato crop performance in the High-Andean region 
is not yet proven. The hypothesis was that the use of 
grafted plants improves tomato fruit yield, promot-
ing the use of this technique for Colombian tomato 
producers. The objective of the present study was to 
evaluate the potential of different scion x rootstock 
combinations or improving the yield of  tomato crops 
under greenhouse conditions.

MATERIALS AND METHODS

This experiment was carried out under greenhouse 
conditions on the El Socorro farm, El Santuario, 
Antioquia, Colombia (6°6’55.8’’ N and 75°13’10.15’’ 
W, an elevation of 2.251 m), which is  in the high- 
Andean region. Properties of the soil used in the ex-
periment were sandy loam-clay-sandy texture, pH 
(5.0), EC (0.06 dS/m), OC (5.8 %), phosphorus (66 
mg kg-1 soil), sulfur (53.2 mg kg-1 soil), Ca (10.6 cmolc 

kg-1), Mg (3.0 cmolc kg-1 ), K (2.47 cmolc kg-1), ECEC 
(16.5 cmolc kg-1), Fe (74 mg kg-1), Mn (9 mg kg-1), Cu 
(9 mg kg-1), Zn (5 mg kg-1) and B (0.2 mg kg-1). Based 
on the  soil condition, tomato plant nutrition was ap-
plied using the chemical fertilization: N (35.3 g), P2O5 
(26 g), K2O (57.3 g), MgO (22.3 g), CaO (33 g), S (14 
g), B (0.4), Cu (0.03 g), Fe (0.04 g), Mn (0.01 g), Mo 
(0.001 g), Zn (0.65 g), and Si (15 g) per plant, applied 

through fertigation and distributed at planting and 
45, 80, and 100 d after planting.

The average air temperature was 19.8°C, and the ab-
solute minimum and maximum temperatures were 
10.1 and 43.4°C; on the other hand, the average rela-
tive humidity was 77%, with a maximum and mini-
mum of 89 and 65%. The maximum air temperature 
was above the maximum threshold (35°C) in the 
middle of the days of the experiment period, while 
the minimum temperature was always above the 
base temperature for the tomato crop (10°C) (Fig. 1). 
The volume of water and frequency of tomato irriga-
tion are shown in figure 2. The irrigation of the crop 
was carried out with  drip irrigation, applying a total 
volume per plant of 243.2 L, and the average daily 
amount of water per plant was 1.42 L.

A randomized complete block experiment design 
was used, with four (4) treatments and four (4) rep-
etitions. The treatments consisted of a single com-
mercial tomato scion grafted on different rootstocks 
combination: vigor rootstock, resistance rootstock, 
self-grafting, and non-grafted plants. Each experi-
ment plot consisted of 32 tomato plants, spread over 
four rows of eight plants each, for an area of 15.84 m2.

The genotype (S. lycopersicum L.) used as a scion was 
a tomato Chonto cultivar Libertador, and the  root-
stock was two commercial materials: ‘Olimpo’ as 
vigorous rootstock and ‘Armada’ as disease resistant 
rootstock. The grafting methods were the tongue 
approach grafting, as described Lee et al. (2010) that 

Figure 1.	 Daily mean temperature (Mean), maximum (Max), minimum (Min), and relative humidity (RH) in greenhouse between 
04/23/2019 to 10/25/2019.
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consists in removing the growing point of the root-
stocks and cutting the rootstock in a downward di-
rection and the scion cut in an upward direction at an 
angle perpendicular axis,  deep enough to allow the 
fusion of tongue insertion. After the graft is complet-
ed, specially designed clips are placed to fix the graft 
position. The non-grafted and grafted plants were 
transplanted to the greenhouse on April 29, 2019, 
each  with the third leaf on the main shoot folded, 
corresponding to  stage 103 on the BBCH scale pro-
posed by Feller et al. (1997). The field planting dis-
tance was 1.1 m between rows and 0.45 m between 
plants, and the management allowed  the first lateral 
shoot to grow below the first inflorescence in order 
to have two stems per plant, for a density of 20,200 
plants/ha and 40,400 stems/ha. The growth of the 
tomato plants was allowed until the ninth fruit clus-
ter’s emission on the main stem and seventh fruit 
cluster on the lateral stem, for a total of 16 fruit clus-
ters emitted throughout the life cycle.

The harvest was carried out between 07/21/2019 to 
10/28/2019, with a  total of twelve harvests until the 
emission of the ninth cluster (C9) of fruits on the 
main stem (1) and the seventh cluster (C7) of fruits 
on the lateral stem (2), for a total of 16 fruit clusters 
emitted in the two stems (1C1, 1C2, 2C3, 1C4…, 
2C15, 1C16) throughout the whole tomato life cycle. 
In each cluster, the number of fruits was determined 
for each cluster, and for each fruit, the parameters 
weight (g), equatorial diameter and longitudinal di-
ameter were determinate. Finally, the number of 

fruits and fruit yield per cluster for the extra (>80 g), 
commercial (50 - 80 g) and non-commercial (<50 g) 
qualities, and total accumulated yield were estimated 
as the total accumulated weight of fruits.

One-way analysis of variance (ANOVA) was per-
formed to reveal differences within each treatment 
(scion/rootstock combinations) for all measured pa-
rameters. For the mean comparison, an Honestly Sig-
nificant Difference-HSD Test was applied, using the 
R project “agricolae” package (R Core Team, 2017). 
For the number of fruits and yield per cluster, a com-
bined analysis by scion x rootstock combinations was 
performed. The variables longitudinal and equato-
rial diameter of tomato fruits and their relationship 
with weight per fruit were analyzed after regression 
analysis using  Statgraphics (5.1). The dependent 
variables were LD and ED (DV), and the two inde-
pendent variables were weight and treatment (VI). 
The procedure consisted of obtaining the least-qua-
dratic equation that best expressed the relationship 
between the DV and VI and estimated the quality of 
the regression equation obtained using the coefficient 
of determination. 

RESULTS AND DISCUSSION 

The weight and number of fruits for each harvested 
order of cluster are presented in figure 3. The weight 
per cluster (P>0.05) and the number of fruits for 
each cluster (P>0.05) were not significantly affected 

Figure 2.	 Frequency of drip irrigation, and daily volume and accumulated volume of water applied by tomato plant between 
04/23/2019 to 10/11/2019.
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by the scion x rootstock combinations, while the 
order of emission of the cluster significantly affect-
ed the weight and number of fruits. On the other 
hand, the yield and the number of fruits among the 
16 clusters, independent of the grafting treatments,  
was observed that the weight and number of fruits 
decrease with the order of emission, being the first 
clusters (1C1 and 1C2) of higher weight and number 
of fruits, values that decrease until the eighth cluster 
(1C8) and from it up to the cluster 1C16, the clusters 
generally present similar values in the number and 
weight of the fruits (Fig. 3). 

Pogonyi et al. (2005) found that grafting improved 
yields per cluster (eight clusters) when compared to 
non-grafted plants because  of the production of a 

higher quantity of fruits and greater weight and that 
the first clusters produce more significant quantities 
than the last ones, both in grafted and non-grafted 
plants. 

For the total number of fruits for each tomato qual-
ity, significant differences were found between the 
different scion x rootstock combinations for the extra 
quality (P=0.0216). In contrast, for the commercial 
(P=0.388) and non-commercial qualities (P=0.989), 
there were no significant differences. The use of 
a vigor rootstock provided 38% more fruit of extra 
quality than the resistance rootstock and 28% more 
than self-grafted and non-grafted plants; on the other 
hand, the resistance rootstock, self-grafted, and non-
grafted plants did not differ from each other for the 

Figure 3.	 Weight and number of fruits for each tomato cluster for the different scion × rootstock combinations. Vigor rootstock 
(VR), resistance rootstock (RR), self-grafting (SELF), and non-grafted plants (NG). Error bars indicate the standard er-
ror. *Significant difference at the 5 % level according to Honestly Significant Difference (HSD).
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number of extra quality fruits (Tab. 1). The number 
of tomato fruits for the extra quality represented 
74% (vigor), 56% (resistance), 64% (self-grafted), and 
62% (non-grafted plants) of the total fruits harvested 
in each treatment. On average, fruits of commercial 
quality represented 14% of the total fruits, while the 
non-commercial quality was 19% for all treatments 
(Tab. 1). For  the weight per fruit, no differences were 
observed in each of the fruit qualities nor in the total 
number of fruits because of different scion × root-
stock combinations (Tab. 1).

For the accumulated yield, the resistance rootstock 
and the self-grafted and non-grafted plants produced 
significantly more fresh fruit (first five harvests) 
than rootstock vigor; however, from the eighth har-
vest onwards, the rootstock vigor was  significant 
(P=0.00143), exceeding by 21% the self-grafted and 
non-grafted plants treatments and having 36% more 
than the resistance rootstock (Fig. 4). Other authors 
observed similar results; the tomato yield under 
greenhouse conditions was higher in the self-grafted 
and non-grafted plants; however, in the end, the use 

Figure 4.	 Accumulated tomato fruit yield for the different scion × rootstock combinations. Vigor rootstock (VR), resistance 
rootstock (RR), self-grafting (SELF), and non-grafted plants (NG). Harvest was performed between 07/21/2019 and 
10/28/2019. Error bars indicate the standard error. Means with different letters indicate significant differences ac-
cording to Honestly Significant Difference (P<0.05).

Table 1. 	 The total number and weight of tomato fruits per qualities under different scion × rootstock combinations. 

Treatment
Fruit number per plant

NC C E Total

VR 9.6 ± 1.82 a 16.4 ± 1.87 a 72.5 ± 4.57 a 98.54 ± 4.57 a

RR 19.5 ± 5.07 a 21.4 ± 4.18 a 52.9 ± 4.14 b 93.8 ± 6.10 a

SELF 15.5 ± 2.37 a 17.5 ± 1.76 a 58.9 ± 0.92 b 91.3 ± 3.14 a

NG 12.3 ± 0.93 a 22.1 ± 0.69 a 56.5 ± 1.64 b 90.9 ± 2.93 a

Treatment
Fruit weight by commercial quality (g)

Mean fruit weight (g)
NC C E

VR 39.3 ± 1.60 a 66.4 ± 0.94 a 125.7 ± 0.92 a 104.9 ± 3.69 a

RR 38.5 ± 0.94 a 65.4 ± 1.41 a 118.9 ± 3.04 a 89.3 ± 4.85 a

SELF 37.8 ± 0.17 a 64.4 ± 0.61 a 121.9 ± 4.97 a 97.2 ± 3.95 a

NG 39.4 ± 1.09 a 68.3 ± 3.15 a 121.4 ± 1.00 a 96.0 ± 2.76 a

Extra (E), commercial (C), non-commercial (NC), vigor rootstock (VR), resistance rootstock (RR), self-grafting (SELF), and non-grafted plants (NG). Bars indicate the 
standard error. Means with different letters indicate significant differences according to Honestly Significant Difference (P<0.05).
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of rootstocks of resistance and vigor significantly ex-
ceeded the yields (Pogonyi et al., 2005; Khah et al., 
2006). According to Khah et al. (2006), this results 
because  grafted plants present stress from  the union 
of the parts (scion-rootstocks), which delays the ma-
turity of the fruits and their harvest.

The tomato yield varied significantly between the 
treatments for the extra (P=0.0000626), commer-
cial (P=0.00011) and non-commercial qualities 
(P=0.000000948); likewise, the total yield per plant 
and area (P=0.00118) was significantly affected by 
the different grafting combinations. For  contribu-
tion to total production, the extra (E) quality fruits 
represented 86% (9.7 kg/plant) of the yield of plants 
grafted on rootstock vigor, which was statistically 
different from 75% (6.01 kg/plant), 81% (7.4 kg/
plant) and 77% (7.1 kg/plant) of the contribution 
in resistance rootstock, self-grafted, and non-grafted 
plant treatments, respectively. The highest weight 
of commercial-grade (C) fruits was observed in the 
non-grafted plant treatment (1.5 kg/plant), while the 
highest yield in non-commercial (NC) quality was 
observed in the resistance rootstock combination 
(0.73 kg/plant) (Fig. 5).

For  total yield by area, it was determined that, when 
the scion was grafted on a vigorous rootstock, the 
yield was 40% higher than when it was grafted on 
a disease-resistant rootstock and 20% higher than  
both control treatments (self-grafted and non-grafted 
plants) (Fig. 5). The difference between the yield for 
each treatment vigor (43.9 kg m-2), resistance (32.0 
kg) self-grafted (36.0 kg) and non-grafted (35.9 kg) 
plants, was explained by the more significant num-
ber of fruits and extra quality yield produced in the 
vigor treatment, which was  60, 30 and 40% more 
than the  resistance rootstock, self-grafted, and non-
grafted plant treatments, respectively (Fig. 5).

A higher yield of tomato plants depends on the proper 
selection of both the scion and the rootstock (Ntatsi 
et al., 2014; Hossain et al., 2019). The results  in sev-
eral studies  are not precise; some indicate that the 
use of grafted plants increases yield; however, other 
authors have reported an adverse effect of  grafting 
on the performance of the commercial scion.

Adverse effects on performance were reported by 
Hossain et al. (2019) when comparing grafted plants 
with non-grafted and self-grafted controls; grafting 
reduced yield by 10% by area and 15% by  plant. Mis-
kovic et al. (2016), when grafting tomato cultivar ‘Jer-
emy’ on eggplant rootstock cv. Madona, observed an 
adverse effect of the eggplant rootstock by reducing 
the yield of cv. Jeremy by 43%. Ntatsi et al. (2014), 
when grafting the commercial cv. Kommeet on the 
rootstock LA 1777, observed a significant reduction 
in yield  concerning the non-grafted and self-grafted 
controls. Finally, Riga (2015) evaluated the grafting 
of a commercial stem on nine different rootstocks 
and their respective controls (non-grafted and self-
grafted) and, although the yield,  number of fruits 
per area, and  average weight of the fruits they did 
not show statistical differences, observed that  the 
rootstocks tended to be detrimental to the quality 
parameters.

For positive effects on tomato yield in different sci-
on x rootstock combinations, different results have 
been reported. ‘Yanki F1’ and ‘Esin F1’ scions grafted 
onto 11 rootstock combinations showed an increase 
in yield when compared with self and non-grafted 
plants, up to 32.73% (Geboloğlu et al., 2011). Qary-
outi et al. (2007)  found that the fruit yield increased 
between 12 and 38% when grafting the cv. Cecilia on 
the ‘He-Man’ and ‘Spirit’ rootstocks. Djidonou et al. 
(2016) found a positive effect on the performance of 
the cultivar ‘Florida 47’ when it was grafted on the 

Figure 5.	 Tomato fruit yield for the scion × rootstock com-
binations. Noncommercial (NC), Commercial (C), 
and Extra (E) fruit quality. Vigor rootstock (VR), 
resistance rootstock (RR), self-grafting (SELF), 
and non-grafted plants (NG). The harvest was 
performed between 07/21/2019 and 10/28/2019. 
Means with different letters indicate significant 
differences according to Honestly Significant Dif-
ference (P<0.05).
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‘Beaufort’ or ‘Multifort’ rootstocks when compared 
to the non-grafted and self-grafted controls. Hossain 
et al. (2019), when comparing grafted plants with the 
self-grafted and non-grafted controls, found that the 
use of a rootstock improved the yield by area by 50% 
and by  plant by 56%. According to Rahmatian et al. 
(2014), the yield per plant increased significantly by 
27% in  grafted plants when compared to their self-
grafted and non-grafted plants.

The increase in yield in the grafted plants was due to 
several factors, including  a higher quantity of  extra 
and commercial quality fruits (Qaryouti, et al., 2007; 
Geboloğlu et al., 2011) and an increase in the total 
number of fruits (Turhan et al., 2011), in the number 
of fruits per cluster (Ntatsi et al., 2014), in the weight 

of fruits (Rahmatian et al., 2014; Djidonou et al., 
2016) and the yield per plant (Rahmatian et al., 2014). 
In addition, the increase in yield in the grafted plants 
was also attributed to a higher functional relation-
ship between the rootstock and the stem in terms of 
hormones, proteins and other metabolites (Aloni et 
al., 2010; Ntatsi et al., 2014), as well as a higher ca-
pacity for absorbing water and minerals through  a 
more vigorous root system because of  the use of the 
rootstock (Pogonyi et al., 2005).

The linear regression model was significant 
(P=0.0000) for the fruit weight as a function of the 
equatorial and longitudinal diameter, with a signifi-
cant regression coefficient for the two diameters in 
all treatments. Figure 6 shows the linear regressions 

Figure 6.	 Linear regression models for equatorial diameter (ED) and longitudinal diameter (LD) depending on fruit weight be-
tween the different scion × rootstock combinations. Vigor rootstock (VR), resistance rootstock (RR), self-grafting 
(SELF), and non-grafted plants (NG).
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of fruit weight as an independent variable, and the 
respective equatorial diameters (ED) and longitudinal 
diameters (LD) as weight-dependent variables. 

Figure 6 shows that the equatorial and longitudinal 
diameters reached an approximate value of 6 cm 
when the fruits had a weight close to 150 g, indi-
cating that tomato fruits have a circular or round 
shape. However, an increase in the longitudinal and 
equatorial diameters was observed for the resistance 
rootstock treatment at values higher than 150 g, 
which indicated that the fruits that exceeded this 
weight tended to have a flatter shape than in  the 
other treatments. In the vigor rootstock, self-grafted, 
and non-grafted plants,  the increase in both diam-
eters was similar, indicating that the fruits tended to 
have a round shape. When the Yeni Talya, Swanson, 
and Beril cultivars were grafted on the Beaufort and 
Arnold standards, the fruits became more flattened 
with any combination of grafting than in  the non-
grafted control (Turhan et al., 2011).

CONCLUSION

The vigorous rootstock increased the tomato yield 
of the cv. Libertador because of  the higher yield and 
number of extra quality fruits, as compared to the  
controls self-grafted and non-grafted plants. The sci-
on x resistance rootstock combination affected toma-
to yield, as compared to the self-grafted plants. The  
cv. Libertador fruits grafted on resistance patterns 
presented a flattened shape after 150 g of weight, 
while the shape of the fruit in plants grafted on vigor 
rootstock, self-grafted and non-grafted plants pre-
sented a round shape.
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