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The objective of the research was to analyze the main variables related to tomato yield, and to guide the selection 

of materials for the INIAF vegetable breeding program. The experiment was carried out in open field using 9 

tomato lines in the farms of the National Center for Vegetable Seed Production, during the 2018-2019 agricultural 

season. A randomized complete block experimental design was used, with 3 replications and 10 plants per exper-

imental unit. For data analysis, the yield variable was considered as the dependent variable and the variables num-

ber of flowers per inflorescence, number of clusters per plant, number of fruits per plant, fruit weight, equatorial 

and polar diameter as independent variables. Analysis of variance, phenotypic correlations and path coefficients 

were performed. The yield of line L015 was 80.79 t ha-1 higher than lines L014, L019 and Rio Grande. Fruit yield 

was significantly correlated with fruit weight per plant followed by polar diameter, equatorial diameter, number 

of fruits per plant and fruit weight. Path coefficient analysis was that the number of fruits per plant had the highest 

positive direct effect on fruit yield, fruit weight and polar diameter showing significant correlation and direct effect 

on fruit yield emerged as the components with coefficients 0.57, 0.33 and 0.46, respectively. These traits may be 

relevant within the selection criteria in the development of new varieties 
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In  

El objetivo de la investigación fue analizar las principales variables relacionadas con el rendimiento en tomate, y 

orientar la selección de materiales para el programa de mejoramiento de hortalizas del INIAF. El experimento se 

llevó a cabo en campo abierto utilizando 9 líneas de tomate en los predios del Centro Nacional de Producción de 

Semilla de Hortalizas, durante la campaña agrícola 2018-2019. Se utilizó un diseño experimental de bloques com-

pletos al azar, con 3 repeticiones y 10 plantas por unidad experimental. Para el análisis de los datos se considerando 

la variable rendimiento como dependiente y las variables número de flores por inflorescencia, número de racimos 

por planta, número de frutos por planta, peso de fruto, diámetro ecuatorial y polar como variables independientes. 

Se realizó análisis de varianza, correlaciones fenotípicas y coeficientes de sendero. El rendimiento de la línea L015 

fue de 80.79 t ha-1 superior a las líneas L014, L019 y Rio Grande. El rendimiento de fruto tuvo una correlación 

significativa con el peso de fruto por planta seguido por el diámetro polar, diámetro ecuatorial, número de frutos 

por planta y peso de fruto. El análisis de coeficientes de sendero fue que el número de frutos por planta tuvo el 

efecto directo positivo más alto sobre el rendimiento de fruto, peso de fruta y diámetro polar que presentan una 

correlación significativa y un efecto directo sobre el rendimiento de fruto, surgieron como los componentes con 

coeficientes 0.57, 0.33 y 0.46, respectivamente. Estos caracteres pueden ser relevantes dentro de los criterios de 

selección en el desarrollo de nuevas variedades 

 

 

2023. Journal of the Selva Andina Research Society®. Bolivia. Todos los derechos reservados. 

Article ID: 161/JSARS/2022 

Record from the article 
 

Received July 2022. 

Returned October 2022. 

Accepted May 2023. 

Available online August 2023. 

 

Edited by:  

Selva Andina  

Research Society 

Palabras clave: 
 

Coeficientes de sendero, 

componentes de rendimiento, 

líneas. 

 

mailto:gonzalo24052011@hotmail.com
https://orcid.org/0000-0002-7634-5094
https://orcid.org/0009-0000-8074-113X
http://creativecommons.org/licenses/by-nc/4.0
https://crossmark.crossref.org/dialog/?doi=10.36610/j.jsars.2023.140200026x&domain=pdf&date_stamp=2023-08-01


Quispe Choque & Huanca Alanoca                                                                                                                        J. Selva Andina Res. Soc. 

____________________________________________________________________________________________________________ 

27  

Introduction 

 

Tomato (2n=2x=24), belonging to the Solanaceae 

family, is an important vegetable with high nutrient 

content, widely cultivated throughout the world, and 

the second most consumed vegetable after potato1,2. 

Its morphology is the subject of interest in basic stud-

ies, plant organ development, determinants for culi-

nary purposes, market value and utilization of the 

harvested product. Growers demand highly profita-

ble tomatoes, which correlates with their size3,4. 

Yield potential is a complex trait, which is influenced 

by yield components (RCs), and these are controlled 

by many genes whose expression is strongly influ-

enced by the environment5,6. The CRs in tomato in-

clude characters such as fruit weight, number of 

fruits per plant, fruit length and fruit diameter7,8, the 

correlation between these and yield is important in 

the indirect selection of genotypes for improvement, 

a significant and positive correlation between 2 char-

acters suggests that both can be improved simultane-

ously in a selection program, and this of one of them, 

translates into the selection and improvement of the 

other9,10. However, selection based solely on the cor-

relation coefficient can lead to erroneous results, 

since it only measures the degree of association be-

tween two variables, without taking into account the 

causes9. 

Path coefficient analysis provides an effective means 

of discovering the direct and indirect causes of the 

association that allows a critical examination of the 

specific forces acting to produce a given correlation, 

and measures the relative importance of each causal 

factor11. Thus, path coefficient analysis is a statistical  

analysis capable of recognizing cause and effect re-

lationships11 by displaying the correlation coefficient  

 

 

on the direct and indirect effects of independent var-

iables on a dependent variable, which provides an ob-

vious understanding of their association with fruit 

yield. Ultimately, this type of analysis could help to 

improve, design selection strategies for fruit yield 

and nutritional value12. 

The National Vegetable Project (PNH) of the Na-

tional Institute for Agricultural and Forestry Innova-

tion (INIAF) has been identifying genotypes with 

high fruit yield, quality and tolerance to adverse abi-

otic and biotic factors, evaluating a large number of 

variables to explain the yield components by means 

of a simple model, analyzing their numerical compo-

nents, such as the number of fruits per plant (NFP), 

which is determined by the number of flowers (NF) 

that are fertilized and their final weight. The objec-

tive of this work was to analyze the main variables 

related to tomato yield, and to guide the selection of 

materials for the INIAF vegetable breeding program. 

 

Materials and methods 

 

INIAF, located in the municipality of Sipe Sipe, 

Quillacollo province, Department of Cochabamba. It 

is located at 17°26'24.4" south latitude; 66°20'38.9" 

west longitude and at an altitude of 2505 meters 

above sea level (m.a.s.l.) during the 2018-2019 agri-

cultural season. 

For the development of the work, 7 experimental 

lines of tomato were used, and 2 control varieties (Lía 

and Río Grande) were added to this material to com-

pare the superiority or inferiority of the materials in 

terms of productivity. 
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Table 1 Origin and agronomic characteristics of tomato experimental lines analyzed during the 2018-2019 growing 

season at the National Center for Vegetable Seed Production of INIAF, Cochabamba, Bolivia 

 

N° Experimental Line Provenance Fruit Cycle 

1 L014 PNH (INIAF) Oblongo Precoz 

2 L015 PNH (INIAF) Ovoide Semi precoz 

3 L027 PNH (INIAF) Redondo Semi precoz 

4 L031 PNH (INIAF) Redondo Semi precoz 

5 L019 PNH (INIAF) Oblongo Semi precoz 

6 AVTO1003 AVRDC (Taiwán) Oblongo Semi precoz 

7 AVTO1007 AVRDC (Taiwán) Cuadrado Semi precoz 

Cultivars    
8 Rio Grande  CNPSH (INIAF) Piriforme  Precoz 

9 Lía (Testigo) Sakata Piriforme Precoz 

PNH Proyecto Nacional de Hortalizas, INIAF, Cochabamba, Bolivia, AVRDC Centro Asiático de Investigación y Desarrollo de Vegetales.  

Shanhua, Taiwán. CNPSH Centro Nacional de Producción de Semilla de Hortalizas, INIAF Cochabamba, Bolivia. 

  

The seeds were sown in multi-cell trays of 128 cells, 

containing rice husks, slats and topsoil as substrate. 

Seedlings were transplanted 36 days after sowing 

(dds) in open field conditions, using a planting den-

sity of 20000 pl ha-1. The plants were trellised when 

they reached 15 cm in height, and the lower leaves 

were defoliated once the fruits of the first bunch were 

formed. Drip irrigation was used, separated at 20 cm, 

with 2 daily irrigations of 20 min each, applying per 

plant approximately 1.13 L day-1. Fertilizers were 

applied by fertigation with direct aspiration through 

a Venturi, the daily doses were according to the phe-

nological stage of the crop, the total applied was: 260 

N-330 P-330 K. Fruit harvesting began 75 days after 

transplanting (ddt), by hand, once a week. 

A randomised complete block design (RCBD) was 

used, with 9 treatments (experimental lines) and 3 

replications. The experimental unit (EU) consisted of 

10 plants distributed in 2 rows, 80 cm apart and 2 m 

long each. For harvesting purposes, 5 plants were 

taken per EU. Variables associated with yield com-

ponents of second bunch fruit were evaluated on 5 

individual plants per plot, in free competition. Table 

2 describes the name of the response variables, sym-

bol and units of measurement; these were evaluated 

according to the International Plant Genetic Re-

sources Institute's manual of descriptors for tomato 

(Solanum lycopersicum L.)13 and the International 

Union for the Protection of New Varieties of Plants 

guide for tomato14. 

 

 

 

Table 2 Fruit yield response variables and their components of the genotypes analysed during the 2018-2019 growing 

season at the National Vegetable Seed Production Centre of INIAF, Cochabamba, Bolivia 

 

N° Variable Symbol Units of measurement Measuring instrument 

1 Number of flowers per inflorescence NFI unid count 

2 Number of bunches per plant NRP unid  count 

3 Number of fruits per cluster NFR unid count 

4 Equatorial diameter DE mm vernier 

5 Polar diameter DP mm vernier 

6 Fruit weight PF g precision balance 

7 Number of fruits per plant NFP unid count 

8 Fruit weight per plant PFP kg precision balance 

9 Performance RTO t ha-1 precision balance 
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The data of the 9 variables evaluated were subjected 

to analysis of variance (ANVA), considering the gen-

otypes as fixed effects after observing the assump-

tions of homogeneity of variance and residual nor-

mality. When significance levels were p ≤ 0.05, av-

erages were calculated and the Least Significant Dif-

ference (LSD) test was applied. Phenotypic correla-

tions (r) between variables were calculated using 

Pearson's correlation coefficient, using the agrico-

lae15 package, and plotted using the corrplot16 pack-

age in R17 software. Path coefficient analysis was 

performed, considering fruit yield as the dependent 

variable and yield components as independent varia-

bles, using the R17 software. 

 

Results 

 

The ANVA mean squares values for the traits PF, 

DE, DP, PFP, NFP and RTO under study, revealed 

highly significant differences (p≤0.01) and for NRP 

and NFR significant differences (p≤0.05), among the 

lines studied (Table 3). These results indicate that the 

differences are due to the intrinsic genetic conditions 

of each cultivar. The low coefficients of experimental 

variation (< 27 %) reveal the existence of experi-

mental precision. 

 

Table 3 Analysis of variance (ANVA) for nine quantitative traits evaluated in nine experimental tomato lines during 

the 2018-2019 cropping season 

 

FV GL 
Medium Square 

NFI NRP NFR PF DE DP PFP NPF RTO 

Blq 2 .78* .70** .44ns 271.47* 1.46ns 1.18ns .21ns 110.70* 57.07ns 

Line 8 .75ns .28* 1.58* 1856.87** 46.48** 70.73** 4.12** 448.54** 969.68** 

E. Exp. 16 .94 .25 .78 205.80 6.32 4.46 .97 101.37 143.33 

CV %  15.90 13.37 15.56 18.43 5.08 3.43 26.68 20.67 20.17 

Number of flowers per inflorescence (NFI), Number of clusters per plant (NRP), Number of fruits per cluster (NFR), Fruit weight (FP), Fruit equatorial diameter (ED),  

Fruit polar diameter (DP), Fruit weight per plant (PFP), Number of fruits per plant (NFP), Fruit yield per plant (RTO). 

*Significant at p<0.05, **Significant at p<0.01, ns not significant. 

 

Table 4 Comparison of LSD means for nine quantitative traits evaluated in nine experimental tomato lines during the 

2018-2019 cropping season 

 

Line NFR PF  DE  DP  PFP NFP RTO 

L015 5 bc 130.94 a 52.16 b 72.45 a 5049.7 a 41 bc 80.79 a 

AVTO1003 6 ab 71.97 c 44.49 d 60.43 cde 2346.7 dc 33 c 37.54 dc 

Lía (Testigo) 5 bc 97.51 b 57.77 a 65.72 b 4789.0 a 50 abc 76.62 a 

Rio Grande 6 abc 67.09 c 49.68 bc 58.13 de 4240.3 a 63 a 67.84 a 

L031 5 c 81.82 cb 51.03 bc 60.24 cde 3616.7 abc 44 bc 57.86 abc 

AVTO1007 7 a 61.15 c 46.77 cd 57.45 e 1927.0 d 33 c 30.83 d 

L014 6 abc 65.47 c 46.25 cd 61.39 cd 4618.7 a 60 ba 73.89 a 

L027 5 bc 58.67 c 47.92 bcd 62.24 bc 2767.3 bcd 50 abc 44.27 bcd 

L019 5 bc 61.44 c 48.76 bcd 57.02 e 4025.0 ba 65 a 64.40 ab 

Number of fruits per bunch (NRP), Fruit weight (FP), Fruit equatorial diameter (ED), Fruit polar diameter (DP), Fruit weight per plant (PFP), 

Number of fruits per plant (NFP), Fruit yield per plant (RTO). 

Table 4 shows the results of the mean test. 

AVTO1007, AVTO1003, L014 and Rio Grande had 

the highest NFR. While L015, Lía, L027 and L019, 

expressed the lowest amounts. For the FP variable, 

line L015 was superior and L027 presented the low 

est data. The most outstanding lines in RTO were 

L015, Lía, L014 and Rio Grande. 

Phenotypic correlations between variables were cal-

culated using Pearson's correlation coefficient. Such 

correlations constitute a measure of the magnitude 
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of the linear association between 2 variables without 

considering cause and effect between them inde-

pendently of the units. In Figure 1, the values of the 

simple correlations obtained between pairs of varia-

bles are presented. Among the performance compo-

nent variables, the highest correlation corresponded 

to the PF with the DP (r=0.80**), these variables, in 

their order, are highly correlated with the PF and DP 

(r=0.68** and r=053**). The positive correlations of 

NFI with NRP (r=0.92**), and DE (r=-0.42**) indi-

cate that plants tend to have a greater development 

of these characteristics causing fruits of smaller di-

ameter. 

 

Figure 1 Correlogram of the degree of association between fruit yield and its components in experimental lines of 

tomato, evaluated during the 2018-2019 cropping season 

 

 

Among the variables that are highly correlated with 

the RTO in fruit, are the PF per plant (r=0.93**), av-

erage PF (r=55**), DE of the fruit (r=0.63**) and DP 

of the fruit (r=0.47*). Indicating that lines with 

higher DE and polar development tend to have higher 

fruit weights. 

Figure 2 shows the plot of the estimated path coeffi-

cients (PC) of the direct and indirect effects of the 

variables evaluated on the RTO in tomato, according 

to the path analysis. The main positive direct effect 

was exerted by NFP (CS=0.57). In addition, the other 

variables that exerted a relevant positive direct effect 

were PF (CS=0.46) and DP (CS= 0.33), together with 

a highly significant correlation with fruit yield. The 

main positive indirect effects on RTO were exerted 

by DE via PF (CS=0.72) and PFP via NFP 

(CS=0.63). Other positive indirect effects on RTO 

were exerted by DE via NFP (CS=0.22). On the other 

hand, the following variables exerted a negative in-

direct effect on RTO: NFR via DP (CS=-0.16) and 

DE via DP (CS=-0.37). 
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Figure 2 Plot of the path analysis indicating the direct and indirect effects of yield components on the yield of tomato 

experimental lines, evaluated during the 2018-2019 cropping season 

 

 

 

Discussion 

 

The ANVA (Table 3) shows differences between 

lines for the variables related to the RTO, probably 

due to the expression of these characters during their 

development, which have had genetic and environ-

mental influence. The low experimental coefficients 

of variation (< 27 %) reveal the existence of experi-

mental precision, which guarantees the validity of the 

conclusions drawn. According to the comparison of 

means (Table 4), the differences in FP values be-

tween the genotypes are due to the genetic constitu-

tion of each line and the influence of the environ-

ment18. Lines L015, Lia, Rio Grande and L014 are 

statistically equal (p<0.05) and superior to lines 

AVTO1003, AVTO1007, L027 and L019 in RTO 

values. The presence of this difference is important, 

because success for any crop improvement depends 

on variation and, to a greater extent, on the parameter 

that is heritable19-21. 

On the other hand, highly significant positive pheno-

typic correlations were observed for the variables 

recorded (Figure 1). This relationship is generally 

due to the presence of linkage and pleiotropic effect 

of different genes. It was also found that the NFP is 

associated with morphological parts and the NFI, so 

that the number depends to a large extent on the type 

of inflorescences that the cultivars have, whether 

they are simple or compound22. The correlation iden-

tified between FP with fruit PD corroborates similar 

results reported by Kaushik & Dhaliwal23. However, 

Escalante24 indicated that the larger the fruit size, the 

lower the number of fruits. This is corroborated by 

the characteristics of each cultivar since the photo-

synthates assimilated by the plant in some cases in-

crease the number of fruits and in others increase 

their size. The negative correlation between FP and 

NFI is related to what was reported by Antonio25, 

who, by increasing the FP, reduced the number of 

fruits per plant, and there was a negative correlation. 

Cancino26 pointed out that fruit size (closely related 

to FP) depends on 3 to 5 pairs of genes, an aspect that 

agrees with Ashcroft et al.27, in which fruit size is 

controlled by genetic factors, as well as physiological 

factors, such as ripening, stalking and defoliation. Ti-

wari & Upadhyay28 reported that plant height, fruit 

diameter and fruit length were directly responsible 
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for the determination of fruit RTO in tomato. Haydar 

et al.29 also observed that FP exerted a high positive 

and direct effect on RTO of fruit per plant. 

Path analysis is a reliable statistical technique, de-

signed by Wright11, that helps to determine the traits 

that contribute to performance and is therefore useful 

in indirect selection. It predicts possible explanations 

for the observed correlations between a dependent 

variable and a number of independent variables, sep-

arating the direct effects of one variable on another 

and the indirect effects of one variable on another via 

one or more independent variables and helps the 

breeder to determine the components of perfor-

mance. In this regard Singh & Chaudhary30, indicated 

that being positive (both direct effects and correlation 

coefficients), the correlation explains the true rela-

tionship between these traits and a direct selection 

through these traits will be effective. The path analy-

sis coefficients in Figure 2 indicated that PF, NFP 

and DP had maximum direct contribution along with 

highly significant correlation with fruit yield. The 

traits exhibiting high direct effect on RTO per plant 

indicating that direct selection could be effective in 

improving RTO based on selection of these traits. 

Similar results were obtained by Monamodi et al.21, 

who evaluated 6 lines of determinate habit tomato 

and observed that RTO per plant was positively cor-

related with NFR (r=0.59), NRP (r=0.87), NFP (r= 

0.90), fruit weight per bunch (r=0.59). Souza et al.31 

also reported that fruit yield per plant was positively 

related to the variables NFP (r=0.94), average fruit 

weight (r=0.53), NRP (r=0.72) and NFR (r=0.82). 

Path coefficient analysis was that the number of fruits 

per plant had the highest positive direct effect on fruit 

yield, fruit weight and polar diameter which have sig-

nificant correlation and direct effect on fruit yield 

emerged as the components with coefficients 0.57, 

0.33 and 0.46, respectively. These traits may be rele-

vant within the selection criteria in the development 

of new varieties. 
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