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Tomato Solanum lycopersicurh.) is one of the most important vegetable crapshie world, being
considered the second most important, behind th&tgolncreasing fruit yield and processing quality
remains a central goal for plant breeders; yetseghere multigenic traits that result from the actod
many component analyses of correlation and mdthracters. To dissect this complexity, coefficient
offer biometrical approaches that facilitate thevelepment of effective selection criteria. Genotypi
correlation coefficients in different tomato gerjmeg show that the value is generally higher than
phenotypic correlation coefficient values. Thisigades a strong genetic correlation among traés it
rather stable in the face of environmental chanBgast yield per plant is strongly positively colated
with the number of fruits and clusters per plan72Q phenotypic, 0.737 genotypic), fruit width @53
phenotypic, 0.378 genotypic), fruit firmness (0.3#%enotypic, 0.362 genotypic) and number of fruits
per cluster (0.301 phenotypic, 0.330 genotypic). tba other side, yield was considerably negatively
correlated with Vitamin C (-0.568 phenotypic, -0758enotypic). Although correlation measures the
.01 20 inter-relationships between traits, it is the petiefficient thatanalysis that dissects these relationships
: into direct and indirect effects disclose "the uhdeg" causes of yield. Phenotypically, the numbér
fruits per plant has the highest direct positiveedf on yield (0.876), and pH (0.157pllowed by
average fruit weight (0.306), fruit length (0.1#jects of magnitude are for carotenoids this level,
direct and negative (-0.392) and Vitamin C (-0.14®)the genotypic level, the direct effects alteme
magnitude and pH were the most directly respondidlewed by lycopene content (1.279), fruits per
cluster (1.266) and2.347), and plant heighpulp recovery (0.686). At this level, carotenoiga.§43) (-
0.560) had a significant negative direct contribaitto yield. Also, from effects are highly informag.
Fruit numberselection perspectives, indirect per plant and ayerfruit weight could be used as
important criteria for best parents of tomatoesriprove productivity. The stablehoosing the positive
association of these traits with yield and theghhdlirect effects indicate that breeders should$dbeir
efforts on these variables to develop industdaltivars having good adaptation to both the frewstrket
and processing.
Keywords: Tomato, correlation, path analysis, breeding.

Introduction production and consumption of the vegetables #iier

potato. Due to technological developments, two

and one of the most cultivated vegetable cropsan ategories of tomatoes have developed: those grown
or fresh consumption and those produced for the

major tropical and subtropical staple food worldevid .
It is of the Solanaceae family and originated inuPe Processing industry (Guat al, 2018). Although fresh
omato is the major fresh vegetable eaten arouad th

and Ecuador (Knapp and Peralta, 2016). Id h 80 : I
Accomplishing the transition, it is now second iwttb orld, more than b percent of total tomato

Tomato Solanum lycopersicurh.) is a versatile
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consumption in the world is from processed and soupndian Institute of Horticultural Research (IIHR) i
This industrial products (puree, paste, ketchup, saudgangalore. The research initially involved the
specialization calls for varieties with particulapreliminary evaluation of 220 diverse tomato
chemical characteristics such as high TSS, acidityenotypes using. From this pool, 23 genotypes
viscosity and pulp recovery (Siddiget al, 2015). (comprising advanced breeding lines and cultivars)
Whereas the processing of tomatoes has completelgre shortlisted based on processing quality traits
different demands than products for the fresh nmarkéTable 1). These selected genotypes were evaliated
breeding and selection from both fruit yield ané Randomized Complete Block Design (RCBD) with
processing quality points of view must have beamedo three replications. Standard nursery and crop
Improvement of these traits is difficult as yieldda management practices were followed, including
quality are polygenically inherited influenced kdyet sowing in 98-cell pro-trays and transplanting 25-28
combination of many morphological and biochemicalay-old seedlings morpho-biochemidato field plots
characters component traits. The central objeafve@ with 1m x 0.5m spacing. Twenty-four characters were
breeder is to improve qualitative the success gof adocumented. Key morphological traits included plant
breeding programand quantitative characters inheight, yield parameterdays to 50% flowering and
plants, but depends on the breadth and extent ddys to first fruiting. Fruit included the numbef o
genetic variability held by the germplasm. sucadssffruits per plant, mean fruit weight in grams, leéngif
only if the increase is due to genetic variatidime the fruit and diameter and total yield kg per plarite
latter can be This is why detailed information idbiochemical traits titratable acidity, lycopene apd
required about the genetic architecture fruit yialtl recorded were TSS,

the corresponding associated traits to be able

perform aof reliable selection (Zannat al, 2023). Statistical analysis

The simple correlations among these traits
estimated at both the genotypic (g) and
ypic (p) levels of expression. These coiimiat
efficients were estimated using a formula derived
m the covariance between two characters (x gnd y
d the variance for each character. Manhattars plot
henotypic correlation values were tested for
gnificance by calculating the critical value of at

To deal with this complexity, the breeders havﬁ/ere
adopted the correlation coefficient analysis. Thi henot
biometrical technique quantifies the relationshi
among different plant characters and shows which
the component characters contribute most towar A
enhancing yield (Bhattarat al, 2018). Correlation P
shows what type of relationship exists between twg
traits and the degree to which these are assodktiad n-1) degrees of the estimation of dirdetedom. Path
each other, enabling the breeder to grasp h

lati lection f . . h efficient analysis was conducted for and indirect
correlation sejection for one trait can improve otherSqo g of 23 independent characters (componeits)tra
Nevertheless, simple analysis could be misleadng

, ; ; 6n total yield per plant as the dependent variabiés

the deference that it cannot give a complete VIBOUR o4 “introduced by Wright its direct a921),

tg?] valude of d|:ect2((e)f2fgct "f‘rnd indirect effectfoalqr']_ reliably decomposes the correlation coefficientoint
E) eézo et I?" )]; ohcomp?n§ate hqrht IS;indirect parts. Magnitudes of path coefficientsehsn
reeders make use of path analysis, which IS 35 and Misra (1973) were categorized as follows:

statistical tool that Wright invented in 1921. Th'%/ery small (0.00-0.09), small (0.10-0.19), large3(e

approach allows for straightforward decompositidn % 99) and verv large foderate (0.20-0 29) >1.00
the correlation direct and indirect effects. Inmipso, ) y large tn © -29),>1.00).

path analysiscoefficient into reveals the "cause" of Results and Discussion

yield expression that is, in turn, a foundation for  Results of the present study show that genotypic
breeders to recognize which trait(s) contributorrelation coefficients were, in general, higheart
primarily and yield via their association with othe phenotypic correlation coefficients, indicatingteoag
which exert secondary influence on characters. Thusenetic association between traits that is relbtive
understanding the interrelationship between frietdy stable under different environmental conditionsh{€a
and its component traits through both correlatiod a2 and 3). The single most important finding for
path analysis is critical for developing superiam&to productivity is the association between component
cultivars. traits and plant yield. The number of fruits pearl
Materials and Methods exhibited the highest positive and significant
correlation with yield (0.721 at the phenotypic dev

The GStluo'V on correlation a;‘d path a”j"VSiSd IBnd 0.737 at the 0.362), fruit width (pgenotypic
tomato Golanum lycopersicuni.) was conducte . Besides. fruit firmne ~ 0.355 0= 0.3d5
during the 2019-20 and 2020-21 seasons at the ICAIISye ). Besides, fruit firmness (p= 0.355, g= 0.3¢
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0.378) and fruits per cluster (p= 0.301, g = 33I0) aneeds of the fresh market as well as the processiag
exhibited significant positive association with Igie aimed at addressing market.
On the other hand, the content of Vitamin C shoaed In the path analysis study, plant yield was studied

significant negative association with yield permlé o5 5 gependent variable in relation to twenty-three

0h'568 p_hfln%typic, '3'58; genotypic)_, Iigdicztingtthalndependent component characters, and their relativ
there might be a trade-oif between yield an asscort:importance was established (Tables 4 and 5). The

acid concentration. findings emphasize that the size and sign of these
The inter-trait associations also gave additiona&ffects are frequently reversed between phenogymic
perspectives on the trade-offs and synergies amogenotypic levels, indicating that the genetic
traits in tomato genetic architecture. A majoarchitecture is number of fruits per plant (0.876)
physiological trade-off between the number of Buitcomplex. At the phenotypic level, the showed more
per plant and mean fruit weight was detected, with positive direct effects on yield, followed by avgea
significant negative relationship (-0.545 phenatypi fruit weight (0.306), fruit length (0.178) and pHlue
0.565 genotypic). This inverse correlation implibat (0.157). Negative straight effect then in Vitamin(-C
the more fruits a plant bears, on average, thelamal0.149), andwas the strongest in carotenoids (-0.392),
and lighter each of its fruits is likely to be. Mefuit days to first fruit ripening (-0.112). As we movéal
weight was itself strongly and positively correthte the genotypic level, the maximum positive diredeetf
with fruit width (p=0.690, g=0.773), locule numkser was repaid by pH (2.347), followed by lycopene
fruit (p=0.667, g=0.736), as well as with core siae content (1.2799), number of fruits per cluster §5)2
cross section of cross-section (p=0.617, g = 0.699ulp recovery (0.686) and fruit size of core cross-
These findings are consistent with other studies Isgection (0.563). The direct effect of carotenoids (
Donoso and Salazar (2023), Faret al (2024), 2.843), plant height (-0.5606) and shelf life (4bp
Destianiet al (2025) and Hossaiet al. (2025). In have also been shown to be significant negativectsf
terms of biochemical traits, a very highly signéfit on genotypes. These results follow the findings of
favorable correlation was observed between lycopefi@dapaet al (2016), Rajolliet al. (2017), Kaushatt al
and total carotenoids (0.963 phenotypic, 0.97@017) and Singlet al (2018). These values suggest
genotypic) and both were significantly positivelythat several characters are highly correlated wiihd,
correlated with pH (p= 0.610, g= 0.710). Theseltesubut their actual contribution may be depressed or
align with those of Tsagayet al (2022), Celiket al increased due to association with other components.
(2023) and Sharmat al (2024). Intriguingly, the pulp

o . The consideration of indirect effects offers
recovery also showed a significant and negati

; : . Vﬁerspectives on selection schemes for crop
correlation Vl”th carote_nmds (p=-0.784, g_:-O.SOE)ja improvement. In theadditional phenotypic model, for
lycopene (p=-0.780, 9=-0.794), complicating effats example, plant height indirectly affected yieldairgh
improving external fruit color together with indrat average fruit weight (0.137) and firmness (0.0&d)t
recovery by breeders. at the genotypic level, its indirect effects were
The results of this study highlight that theremarkably higher through pH (0.396) and lycopene
associations between characters in tomato are ynainluster exerted a significar{0.276). The number of
due to linkage and pleiotropic effects. The highdruits per concentration positive indirect effect through
genotypic correlation values revealed for theséstrathe number of fruits per plant (0.376). The resfilthe
suggest that inheritance of these traits is predated path analysis also indicated that fruit width has a
by additive gene effects and relatively less infleed  indirect on yield through average fruit weight (D12,
by environmental conditions; therefore, phenotypiand lycopene had vergffect high indirect genotypic
selection would be very effective. The resulteffects through pH (1.6582). The number of fruiés p
demonstrate that fruits per plant, fruit width onifs plant and average fruit weight all have stablehhig
per cluster are the three most reliable paramdters direct effects and favorable indirect associatighsy
increasing yield and breeding programs targetimgeh should be the most important selection criteria for
traits will increase total tomato yields. The inditm improving tomato vyields. These findings were
relationship between physical fruit features and thsupported by the results of Moeli al (2013), Kaushal
underlying biochemical characteristics, howevegt al (2017) and Singhkt al (2018), Joget al (2018).
makes pairwise selection conditions a delicate
compromise. These correlation studies provide a
roadmap towards selecting elite genotypes to bd use
as parents in hybridization programs that the speci
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Conclusion (like fruit number and width) to which total
Tomato fruit yield is a typical quantitative trait,productivity is positively related. In addition, tha

which was largely influenced by the combination O(r:oeﬁ|g|ent analy3|s s an important technique for
multiple morphological and biochemicalreveal'ng the dlrect'_an'd |nd|r_ect effects of_these
characteristics. The genotypic correlations areallysu _chare_lcters and partitioning thelr_ total corre_latmm
greater than the phenotypic, indicating more geneffjent'fy true contrlbut_ors to yield. Selection _for
relationships that are relatively stable to fluting charag:ters W'Fh Iar_ge _dlrect eﬁe.CtS can be effecth
substantial environments. Correlation analysis [€€ding  high-yielding  cultivars  of  tomato.
important for determining the component characters

Table 1: List of parental lines/genotypes used for study

Sl. No. Genotype Source
1 IHR-2957 IIHR-Bengaluru
2 IIHR-2411-2 IIHR-Bengaluru
3 IIHR-2833 IIHR-Bengaluru
4 IIHR-2273 IIHR-Bengaluru
5 IIHR-2834 IIHR-Bengaluru
6 IIHR-2327-1 IIHR-Bengaluru
7 IIHR-2847 IIHR-Bengaluru
8 IIHR-2955 IIHR-Bengaluru
9 IIHR-2821 IIHR-Bengaluru
10 IIHR-2698 IIHR-Bengaluru
11 IIHR-2784 IIHR-Bengaluru
12 TLBER-7-4-11-34 IIHR-Bengaluru
13 IIHR - Sel.19 IIHR-Bengaluru
14 IIHR - Sel.22 IIHR-Bengaluru
15 IIHR - Sel.57 IIHR-Bengaluru
16 IIHR - Sel.41-1 IIHR-Bengaluru
17 Arka Ashish IIHR-Bengaluru
18 Arka Ahuthi IIHR-Bengaluru
19 Pusa Early Dwarf IARI-New Delhi
20 CLN3916C AVRDC-Taiwan
21 CLN3916D AVRDC-Taiwan
22 Arka Apeksha IIHR-Bengaluru
23 Arka Vishesh IIHR-Bengaluru
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