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Abstract

Background and Objective: The tomato (Solanum lycopersicum L. Mill) is a major crop in Benin, whose productivity is hampered by the
lack of high-performance varieties adapted to local conditions. The objective of this study was to evaluate the agro-morphological
diversity and bacterial wilt resistance of 11 candidate tomato (So/anum lycopersicum L.) lines in Benin through the analysis of their
qualitative, quantitative and phenological traits under field conditions across two growing seasons. Materials and Methods: Field trials
were conducted over two consecutive growing seasons using a completely randomized block design with three replications. Eleven
tomato (Solanum lycopersicum L.) lines, candidates for registration in Benin, were evaluated. Agro-morphological diversity was assessed
through qualitative, quantitative and phenological traits following standard descriptors. Varietal resistance to bacterial wilt was screened
under natural field infection conditions and disease incidence was recorded throughout the crop cycle. Results: The results reveal
significant variability between lines for traits such as plant height, fruit weight and earliness, with remarkable stability in qualitative
characteristics. Statistical analyses and hierarchical classification identified high-performing genotypes, such as CLN4398M and CLN4018G,
while highlighting season X variety interactions for certain parameters. The lines yielded more than 50 tons/ha, more than eight times
the national average (8 tons/ha). The varietal resistance approach showed that the eleven varieties used in the control of bacterial wilt
of solanaceous crops have an incidence of between 0 and 5% and can be grouped into the class of highly resistant varieties (CLN2498D,
AVTO1955-15, CLN4270F, CLN4398M, CLN4270D, CLN4018G, CLN4270B, CLN4270I, CLN4398D and CLN4270E) and in the resistant variety
class (CLN4066G). Conclusion: These results offer promising prospects for geneticimprovement and the registration of varieties adapted
to Beninese conditions, thereby contributing to food security and agricultural development.
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INTRODUCTION

The tomato (Solanum lycopersicum L. Mill) is a crucial
food and economic resource for many countries, including
Benin, where it plays a major role in vegetable production
systems. However, national production continues to face
major challenges, including a lack of varieties that are adapted
and resilient to local biotic and abiotic constraints, which
significantly limits yields'. To address this issue, genetic
improvement and the introduction of new high-performance
and resilient varieties are essential strategies for ensuring food
security and improving producers’ incomes?3.

In Benin, the registration of new varieties is governed by
strict processes, including the assessment of distinctness,
uniformity and stability (DUS), in accordance with National
and International Guidelines such as those of UPOV>, AVRDCS,
IPGRI” and Bioversity International®. This evaluationisbased on
a detailed agromorphological characterization of candidate
lines, involving the analysis of numerous qualitative,
guantitative and phenological traits. Similar studies have been
conducted on other crops or tomato varieties to assess their
diversity and suitability for breeding programs®''. Lone et a/?
characterized  various  cherry  tomato  accessions,
demonstrating the importance of morphological descriptors
for varietal distinction. Similarly, variability of tomato
germplasm for breeding research'2. Phenological parameters,
such as the length of the vegetative or floral cycle, are also
crucial because they determine a variety’s adaptation to a
given environment and its ability to escape certain
constraints',

This study aims to «carry out a complete
agromorphological characterization of 11 tomato lines that
are candidates for approval in Benin. More specifically, this
second part of the study focuses on the combined analysis of
qualitative, quantitative and phenological traits to assess
phenotypic diversity and group these lines by similarity,
incorporating variables related to resistance to bacterial wilt.
This approach is crucial for identifying high-performing
genotypes and guiding breeding and variety approval
programs.

MATERIALS AND METHODS

Study area: The study was conducted at the Vegetable Crops
Program (PCM) research station, located at the Agonkanmey
Agricultural Research Center (CRA Agonkanmey) of the
National Institute for Agricultural Research of Benin (INRAB), in
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the municipality of Abomey-Calavi (6°24'35" North and
2°19'55" East). This site, located in the Atlantic Department in
Southern Benin, served as an experimental setting for
two growing seasons. The study was conducted in the big
rainy season period in Southern Benin from 21 June to
14 October, 2022 for the first trial and from 28 April to
15 September, 2023 for the second.

Vegetal material: The study focused on 11 tomato lines
(Solanum lycopersicum L. Mill) selected as candidates for
certification, resulting from collaborations between the
World Vegetable Center and national research institutions in
Benin and two control varieties (PADMA (hybrid, East-West
Seed Company) and TLCV15 (variety registered in CaBEV and
distributed by INRAB). These lines represent a range of
genotypes potentially adapted to Benin’s agro-ecological
conditions. All lines except PADMA are open-pollinated and
are listed in Table 1.

Conducting the experiment: The experimental design
consisted of a completely randomized block (CRB) trial with
13 treatments (11 new lines+2 control varieties) and
4 replicates, set up at the Vegetable Crops Program
(PCM)/National Institute for Agricultural Research of Benin
(INRAB) station in Agonkanmey (Southern Benin) over two
seasons (2022 and 2023). Each elementary plot comprised
40 plants in spaced rows (0.8X0.5 m), giving a density of
25,000 plants/ha.

The crop was grown according to recommended farming
practices?, with organic-mineral fertilization, integrated pest
and disease management and regular watering, the variables
of which are not considered here. Transplanting took place
21 days after sowing.

Parameters measured: The parameters evaluated and the
methodology for collecting the relevant data during the two
trials were chosen on the basis of three tomato descriptors:
The CaBEV certification and registration procedures manual?,
the UPQV descriptor® and the IPGRI tomato descriptor’s,
Eighteen parameters were evaluated, including nine
qualitative and nine quantitative parameters.

Qualitative variables: Observations focused on characteristics
of the plant, leaves, flowers and fruit. The qualitative
parameters collected are detailed in Table 2. These included
inflorescence type, fruit shape, fruit colorat maturity and other
visual characteristics that distinguish between varieties.
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Table 1: List of tomato lines tested

Varieties names Origin

Observations

CLN2498D
AVTO1955-15
CLN4270F
CLN4066G
CLN4398M
CLN4270D
CLN4018G
CLN4270B
CLN4270I
CLN4398D
CLN4270E
PADMA

TLCV15 INRAB

World Vegetable Center

East-West Seed Company

Varieties eligible for registration with CaBEV

Control varieties currently being distributed

Table 2: Qualitative parameters observed

Qualitative parameter Qualitative parameter specifications

Anthocyanin pigmentation of the stem
Leaf density

External color of immature fruit

Type of inflorescence

Pistil scar shape

Firmness of the fruit

Fruit shape in cross section

Top shape

Longitudinal section shape

Absent/low/medium/high/very high
Low/medium/high

Single-pair/two-pair/multi-pair

Soft/medium/firm
Round/angular/irregular

Point-shaped/star-shaped/linear/irregular

Whitish green/light green/green/dark green/very dark green

Depressed/depressed with flattening/flattening/flattening with pointed tip/pointed
Significantly flattened/flattened/round/oblong/cylindrical/elliptical/heart-shaped/oval/obovate/pear-shaped/obcordate

Quantitative variables: These characteristics were measured
accurately onarepresentative sample of plants. They included
variables such as plant height (cm), number of leaves, stem
diameter (cm), number of flowers per cluster, number of fruits
per cluster, average fruit weight (g), fruit diameter (cm), fruit
length (cm), yield per plant (kg) and yield per hectare (ton/ha).

Phenological variables: These parameters were recorded in
days after transplanting (DAT). They included the number of
days to 50% flowering and the number of days to 50% fruiting.
These variables are crucial for assessing the earliness and
adaptation of the life cycle of the lines.

Measurements on the plants were taken exclusively on
the two central rows of each elementary plot to avoid edge
effects. For each plot, 10 plants were selected at random and
permanently marked: 5 plants on each central row.

The qualitative and quantitative parameters of the fruit
were assessed only once during the experiment, after
harvesting. For each variety and in each block, 10 fruits were
randomly selected to constitute the analysis sample.

Evaluation of the presence of R. so/anacearumin the soil at
the experimentalsite: Before setting up the trial, a composite
sample of 1 kg of soil was taken from nine samples on 15 m?
plots at the experimental site. A total of 52 samples were
obtained. A quantity of 10 g of each homogenized sample was
suspended in 100 mL of sterile water and then left to settle.
After half an hour, 45 mL of the supernatant was collected and
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adjusted to 50 mL in Falcon tubes, then centrifuged at
6000 revolutions per minute (rpm) for 5 min. The supernatant
was then discarded and a stock solution was prepared from
the pellet and 2 mL of sterile distilled water. From this stock
solution, two successive dilutions were made. Petri dishes
containing modified SMSA medium were seeded with 100 pL
of each dilution. The dishes were incubated at 30°C for 48 hrs
before counting the A so/anacearum colonies' (Fig. 1). The
concentration of A. solanacearum inoculum was estimated
using the following formula:

Number of colony of R.solanacearum

C (UFClg) = %100 mL x10?
45 mL
Where:
C Inoculum concentration in the soil
100 mL = Volume of water used for settling

45 mL Volume of supernatant taken for centrifugation

Assessment of the incidence of bacterial wilt: To assess the
incidence of bacterial wilt on the tomato varieties tested,
wilted plants were systematically counted across the entire
plot. A water test was performed each time to check for signs
of bacterial wilt (Fig. 2). The incidence of bacterial wilt (IBW)
was calculated using the following formula:

Number of wilted plantsx

P (%) =
0) Total number of plants
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Exudate specific to R. solanacearum

Fig. 2: Water test for detecting exudate flow caused by Ralstonia solanacearum

Table 3: Classification scale for the incidence of wilting

Plant behavior

Incidence of bacterial wilt (IBW)

Highly resistant (HR)
Resistant (R)

Moderately resistant (MR)
Moderately susceptible (MS)
Susceptible (S)

Highly susceptible (HS)

0%
1-10%
>10-20%
>20-30%
>30-70%
>70%

Source: Mew and Ho'™

The resistance levels of tomato varieties to bacterial
wilt were assessed according to the classification scale of
Mew and Ho' (Table 3).

Data processing and analysis: The analysis of qualitative
morphological traits was descriptive, aiming to identify
variability and distinct patterns within the 13 lines
(11 new+2 controls). The effect of season, lines and blocks on
the variation in continuous quantitative agromorphological
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parameters was evaluated using mixed linear models applied
to data from the two experimental seasons, considering
season and line as fixed factors and block as a random factor.
Four model structures were compared: The complete model,
therandom intercept model, the random slope modeland the
random intercept and slope model. These analyses were
conducted using the “ImerTest” packages. The selection of
the optimal model was based on minimizing the Akaike
Information Criterion (AIC).
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Phenological data and discrete  quantitative
agromorphological parameters were analyzed using a
generalized linear model of the Poisson family with mixed
effects. Pairwise comparisons of means between the two
seasons were performed using Tukey's post hoc test at a
significance level of 5%. The goodness of fit of the mixed linear
models was assessed by calculating the marginal and
conditional coefficients of determination R?, using the
rsquaredGLMM() function from the MuMin package'’,
which implements the method of Nakagawa and Schielzeth'®,
The marginal R? quantifies the variance explained by fixed
effects alone, while the conditional R? represents the total
variance explained by the entire model (fixed and random
effects).

A Mixed Data Factor Analysis (MDFA) was applied to
simultaneously explore the quantitative parameters measured
at 50% fruiting, quantitative fruit data and categorical growth
and fruiting variables for each growing season. Adjusted mean
values from mixed linear models were used for quantitative
variables.

The observed variability was structured using Ascending
Hierarchical Classification (AHC), using Euclidean distances
and Ward's aggregation method, applied separately to each
season. This approach made it possible to identify and
characterize variety groups for each season. A comparative
analysis of the dendrograms obtained for the two seasons was
conducted to identify similarities and differences in the
structuring of variety groups.

All statistical analyses and visualizations were performed
using R software version 4.3.0, supplemented by Microsoft
Excel 2016 for preliminary data processing.

RESULTS AND DISCUSSION

Diversity of qualitative traits and their stability between
seasons according to the tomato line: Comparative
analysis of the qualitative morphological traits of 13 tomato
lines (11 new+2 controls) over two consecutive seasons
reveals both notable diversity between lineages and
remarkable  stability of traits
(Table 4 and 5).

The phenotypic diversity observed between lines is
mainly manifested through several distinctive morphological
characteristics. The type of inflorescence is the most marked
differentiation criterion, with three distinct modalities: The
uniparous inflorescence observed in lines AVTO1955-15,
CLN4270D, CLN2498D, CLN4398M and TLCV15; the biparous

within  each line
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inflorescence characterizing the lines CLN4018G, CLN4270I,
CLN4066G and CLN4270B and the rarer multiparous
inflorescence found only in CLN4270F and CLN4270E. This
variability is accompanied by notable differences in leaf
morphology, with three lines (AVTO1955-15, CLN4270E and
CLN4270B) distinguished by potato-type leaves, a particular
morphological characteristic that could have important
implications in terms of pathogen resistance or
photosynthetic efficiency, while the other lines have
standard foliage.

The shape of the fruit also offers great morphological
variability, allowing the lines to be clearly differentiated.
Round fruit is observed in CLN4018G, CLN4398D and TLCV15,
distinctive heart-shaped fruits in CLN4398M and CLN42708B,
various oval to obovate shapes in several other lines and the
rare potato shape found in AVTO1955-15 and CLN4270E. This
morphological diversity extends to other distinguishing
characteristics such as style hairiness, which is absent in
CLN4270I, CLN4066G and CLN4270B but present in other
varieties, the peduncle attachment with marked depressions
in certain lines such as CLN4018G, AVTO1955-15 and
CLN4270D and color characteristics varying from light green
to whitish green with different intensities depending on
theline.

Beyond this inter-line diversity, the analysis reveals
exceptional stability in qualitative characteristics for each
line between the two seasons, demonstrating the
remarkable genetic consistency of the plant material studied
(Table 4and 5). The major morphological characteristics show
absolute stability between seasons, particularly the leaf type,
which remains perfectly constant with the AVTO1955-15,
CLN4270E and CLN4270B retaining their potato-type leaves,
while all others maintain their standard foliage. The
inflorescence type also shows remarkable stability, with
only very slight variations that can be explained more by
better characterization in the second season than by actual
morphological changes.

The shape of the fruit shows excellent reproducibility
between seasons, with round-fruited lines maintaining this
characteristic, cordate shapes remaining perfectly consistent
and oval to obovate shapes remaining consistent. This stability
also extends to fruit firmness, which remains very stable with
identical classifications for the vast majority of lines, as well as
to color characteristics, where the external color of the
immature fruit remains consistent for each line and the
intensity of the external color varies slightly but remains within
the same ranges for each line.



Asian J. Plant Sci,, 24 (3): 208-221, 2025

1INJJ 3Y) JO SSBUULIIS :44 PUE 2INJJ S JO JOJOD [BUISIXS 31 JO ANSUSIU] :3D] ‘UNIJ 9Y1 JO JO|OD [BUIDIXF 143D Juswydelle spunpad ay) 1e bulgary :dyD “4eds sid sy jo adeys :dD4 ‘adeys [euondas-ssold ;14 ‘Unij syl jo dol ayi e
adeys :54 quawypene apunpad ay3 4o uoissaidaq :dy ‘@deys uopdas [euipn}buo 154 ‘9dA) aduadsalolu| 1| | ‘@ouadsagnd 31A1S :Sd ‘Ugey Jea] :4d ‘adAl jea 4] ‘Asuap yea :4q ‘/A1020dAY 4o 93UadsNJ :Hd 10|03 |K1020dAY JO ANsuaul dD)

w4 w4 w4 wnipay w4 wnipay wnipaw w4 w4 w4 w4 Hos wnipay 44
wnipap wnipap buons wnipap 9104 Mo buons wnipspy buons buons wnipap Mo wnipap ED)|
usa16 3617 usaIbIybI]T  usAB ysIym  usaub ysiypy  usaubiybil  usaibaybiy uaa1b b usa163ybI7  uaaub ysIym usaIbybr]  usaibyblT U4 YSIIYM uaa.1b ysniym 4D
eam AIan eam AIan Neam Kian eam AIan eam AIan eam AIan eam AIan eam AIan Neam Kian
10 1UasqQy 10 UasqQy 10 uasqy 10 UdsqQy Mo 10 U3sqQy 9|qred 10 UasqQy Mo 10 UasqQy 10 UdsqQy 10 uasqy Mo dvD
paiulod paiulod pa1ulod paiulod paiulod paiulod pa1uiod paiulod paiulod paiulod pajulod pa1uiod Jejnbaul| dd4
punoy punoy lejnbuy punoy punoy punoy punoy punoy punoy punoy punoy punoy Jenbuy 104
paiulod payulod paiulod paiulod paiulod paiulod paiulod paiulod payulod pauaney
011e[4 pauane|4 011e|4 pauane|4 011e[4 011e[4 pauane|4 011e[4 011e[4 011e[4 011e[4 011e|4 01 passaidag [
yeam Kian Yeam Kian Yeam Kian Yeam Kian Yeam Kian yeam Kian yeam Kian yeam Aian
10 JU3sqQy 10 JU3sqQy MO 10 JU3sqQy Mo 101u3sqy Mo 10 JU3sqQy 10 JU3sqQy Mo 10 JU3sqy 10 JUdsqY Mo dva
QuLIOyIpIOD) [eAQ 91eA0q0 punoy  awlioyIpioD 21eA0qQ |eAnQ 21eA0qQ 21eA0qQ 21eA0qQ 21eA0qQ punoy punoy 754
Jred-om] Jred-nnpy Jred-om| 1ied-31buis Jed-om]  Jied-91buis Jred-31buls Jred-om| 1ied-31buis 1ied-31buis Jred-inpy Jred-om| Jred-om] 1L
doup jjeH doup jjeH doip jjeH doup jjeH doup jleH doup jjeH doup jjeH doup jjeH doup jjeH doup jjeH doup jjeH doup jjeH doup jjeH 4d
JVENY] JVENeY] [uasqy 1U3S3Id JVENY] JVENY] 1U3sald JVENeY] 1UdSId 1UdS3Id JVENeY] 1U3sald 1UdS3Id Sd
91191 9P WIWOJ  9.19) 3P SWIWOg piepueis piepueis piepueis piepueis plepueis piepueis plepuels 91191 9p SWWOd piepueis piepueis piepueis 41
1U3sId 1U3s3Id JVELCIR 1U3s3Id 1U3s3Id 1U3sAId 1U3s3ld 1U3sAId 1U3sAId 1U3SAId 1U3SAId AVELCTR 1U3sAUd Hd
Mo MO Mo wnipap Mo JVENeY Mo MO Mo pVENeY Mo Mo Mo vdl
1U3SId 1U3S3Id JU3sald 1U3S3Id 1UdS3Id AVENeY] 1U3sqy 1UdsId 1UdSId JVENeY] 1U3S3Id 1U3sald 1U3S3Id vd
40LTYNTD 30£Z¥NTD SLADIL W86EYNTD 40/Z¥NTD  H990¥N1D ds6rINTD aoLZYNTD VIavd G1-5S6L01AY [2474\}b] ds6eEYNTD O8LOYNTD Jspeleyd
UOSeas puodas 3yl bulnp saul| UBI3YIP Y3 JO SDNSLRIRIRYD [edIBojoydiow aAneenD :§ 3|qe]
punoy punoy pauanelq Buo|qo Buo|qo 21eA0q0 punoy 21eA0q0 buojqo 21eA0q0 21eA0q0 punoy punoy adeys uo129s |euipnibuo’
pausane|4  pauane|4 paudliely o) passaidag  pausneld pauane|4 paiulod pauane|4 pajulod pajujod oliel4  pajuiod 01 1el4 paiulod pauanel4 pauanel4 adeys doj.
punoy punoy Jejnbuy punoy punoy punoy punoy punoy Jenbuy punoy punoy punoy punoy u011235 55042 U| adeys 1ini4
w4 w4 wnipay w4 wnipay wnipapy w4 w4 w4 w4 w4 1Jos wnipay 1INJJ 9Y1 JO SSBULIIS
Jed-nny Jred-om| Jred-om | Jred-om | Jled-3buis  Jied-s)buls Jred-om| Jred-a1bulg Jred-om| Jred-91buis Jred-ninpy sed-om]  Jied-s|buls adeys Jeds |sid
padeys-10q padeys-1eis Jeinbauy  padeys-1og Jeinbau)  padeys-leys  padeys-ieis padeys-10q padeys-10q padeys-10q  padeys-10q padeys-iels  padeys-10Q Qduadsalopul Jo adA|
uaa161ybi7 uaalb b usab ysiym  uaaib b usalb ysimypy  usalb by usaub b uaaibybr]  udaub ysym  udub ysiyp,  uaaibybr]  udaib ysiypm  usa46 3ybi 1Ny anjewil JO 400D [euIIXT
wnipap wnipap wnipapy wnipapy wnipay Mo auuakop a|qte4 2104 Mo wnipap wnipay wnipay Ausuap Jea
wia1s 3y} Jo
Mo Mo Mo Mo wnipay JVENY] Mo JVENY] Mo Mo Mo Mo Mo uonejuawbid uuefooyiuy
10£ZPNTD  90LZYPNTD O8LOYNTD  dOLZPNTD W86EVNTD ~ D990PNTD ~ J0LZPNTD  §1-S56LOLAY SLAD1L VWNAVd  30ZZ¥NT1D d86EPNTD  d86¥INTD 1910eIRY)

uoseas 151l 3y} buLINp Saul| JUBISHIP S JO SONsLIdeIRYD [ed160joydIow aANEY[END i d|qe ]

213



Asian J. Plant Sci,, 24 (3): 208-221, 2025

Table 6: Effect of factors on growth parameters

Variable Factor Num DF  Den DF F value Pr(>F) Marginal R2  Conditional R?
Height (cm) Season 1 40 430.72 <2.2e-16%** 0.5121 0.5850
Variety 12 37 3.75 0.00096***
Season: Variety 12 39 1.45 0.1859
Diameter at the collar (mm) Season 1 936 0.01 0.9078 0.0230 0.0230
Variety 12 936 0.87 0.5828
Season: Variety 12 936 1.09 0.362
Pedicel length (mm) Season 1 3 76.35 0.00331** 0.1764 0.1863
Variety 12 72 4.04 8.85e-05***
Season: Variety 12 72 1.78 0.0683
Length of pedicel from the abscission zone (mm) Season 1 3 3.42 0.1607 0.2507 0.4420
Variety 12 34 6.83 4.3e-06***
Saison: Variety 12 34 1.50 0.172
Length between nodes at 50% fruiting (mm) Season 1 3 527 0.10718 0.1228 0.3693
Variety 12 34 2.28 0.02897*
Season: Variety 12 32 0.65 0.78495
DF Chi? Pr(>Chi?)
Number of branches Season 1 229.15 0.172 0.3561 0.3569
Variety 12 208.29 <2.2e-16***
Season: Variety 12 111.62 0.227

The results of this study reveal marked phenotypic
diversityamongthe 11 tomato lines candidate for registration
in Benin, in terms of both qualitative and quantitative
phenological characteristics. This variability is essential for
responding to local agronomic challenges, particularly
adaptation to biotic and abiotic constraints'. The stability of
qualitative traits between the two seasons, such as
inflorescence type and fruit shape, confirms the genetic
robustness of the lines, a key criterion for variety approval®.
These observations are consistent with the work of
Figas et a/?, which highlights the importance of
morphological stability for varietal distinctness.

Agromorphological characterization of tomato lines:
Inter-seasonal comparison: Analysis of quantitative traits
also revealed significant phenotypic variability among the
13 tomato lines.

Variability and stability of growth characteristics: The highly
significant variety effect (F = 3.75, p = 0.00096) reveals
significant genetic variability between lines in terms of
plant height (Table 6). The PADMA had the greatest height
(71.16 cm), followed by CLN4270E (67.85 cm) and CLN4270B
(65.55 ¢cm), while TLCV15 had the lowest height (49.12 cm).
Thisvariation range of 22.04 cmindicates substantial selection
potential for this architectural trait (Fig. 3a). The insignificant
season Xvariety interaction (p = 0.1859) indicates high
phenotypic stability. The variety hierarchy is maintained
between seasons, ensuring the predictability of performance
for this architectural trait.

The absence of a significant varietal effect (F = 0.87,
p = 0.5828) indicates low genetic variability between lines
for collar diameter. Values range from 9.03 mm (CLN4066G)
to 10.85 mm (CLN4398M), suggesting relative genetic

214

homogeneity for this trait. The non-significant season X variety
interaction (p=0.362) confirms excellent phenotypic stability,
making this trait highly predictable between environments.

The highly significant varietal effect (Chi? = 208.29,
p<2.2e-16) demonstrates marked genetic variability in the
number of branches (Table 6). The CLN4398M has the highest
number of branches (8), followed by CLN4398D and TLCV15
(7 each), while CLN4270D and CLN4270E have the lowest
number (4) (Fig. 3b). The non-significant season Xvariety
interaction (p = 0.227) ensures high architectural stability,
maintaining the varietal hierarchy between seasons.

The length of the pedicel shows a highly significant
varietal effect (F = 4.04, p<0.0001). The PADMA has the
greatest length (2.81 mm), followed by TLCV15 (2.75 mm),
while AVTO1955-15 and CLN4398D have the lowest values
(2.27 mm) (Fig. 3c). The seasonXvariety interaction tends
toward significance (p 0.068), suggesting moderate
stability with possible differential sensitivity of genotypes
to environmental conditions. For pedicel length from the
abscission zone, the highly significant variety effect (F = 6.83,
p<0.000001) reveals high genetic variability. The TLCV15 and
CLN4066G had the highest values (1.32 and 1.31 mm,
respectively), compared to 0.79 mm for AVTO1955-15
(Fig. 3d). The non-significant seasonXvariety interaction
(p =0.172) guarantees high phenotypic stability, allowing for
reliable predictions of variety ranking.

The significant variety effect (F = 2.28, p = 0.02897)
indicates moderate genetic variability for internode length at
50% fruiting. The PADMA has the maximum value (4.53 mm),
while TLCV15 has the minimum value (3.31 mm) (Fig. 3e).
The non-significant season Xvariety interaction (p = 0.785)
confirms  exceptional phenotypic stability for this
architectural trait.
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Bars with the same letter are not significantly different at the 5% threshold according to Tukey’s test

Quantitative traits, such as plant height and fruit
weight, show significant variability, offering potential for the
selection of high-performing genotypes. For example, the
CLN4398M and CLN4018G lines, with high fruit weight
(approximately 100 g), could be favored for breeding
programs aimed at increasing vyields. However, the
significant season Xvariety interaction for certain traits,
such as fruit length, indicates environmental sensitivity,
requiring multi-location evaluations to confirm their
adaptation?.
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Variability and stability of production characteristics: The
highly significant varietal effect (F = 14.65, p<2.2e-14) reveals
high genetic variability for fruit length (Table 7). The
CLN4066G has the maximum length (64.89 mm), followed by
PADMA (59.73 mm), while CLN4398D has the minimum length
(48.96 mm) (Fig. 4a). However, the highly significant
season Xvariety interaction (p = 2.13e-05) indicates low
phenotypic stability. Variety ranking can be significantly
altered depending on seasonal conditions, requiring
multi-environment evaluations.
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Fig. 4(a-c): Variation in average length, average width and average number of locules of fruits according to tomato line,
(a) Mean values of fruit length according to tomato line, (b) Mean values of fruit width according to tomato line and

(c) Mean values of number of locules according to tomato line
Bars with the same letter are not significantly different at the 5% threshold according to Tukey's test

Table 7: Effect of factors on yield parameters

Variable Factor Num DF Den DF F value Pr(>F) Marginal R? Conditional R?
Fruit length (mm) Season 1 6 233.50 5.32e-06*** 0.6585 0.7149
Variety 12 70 14.65 1.03e-14%**
Season: Variety 12 70 4.56 2.13e-05***
Fruit width (mm) Season 1 6 279.24 2.91e-06*** 0.6725 0.7254
Variety 12 71 15.08 4.25e-15%**
Season: Variety 12 71 244 0.01004*
Fruit weight (g) Season 1 6 711.89 0.172 0.7721 0.7895
Variety 12 71 35.11 <2.2e-16%**
Season: Variety 12 71 14.87 0.595
Potential yield (ton/ha) Season 1 3 233.53 0.00061*** 0.9089 0.9589
Variety 12 3 4.98 0.0144*
Season: Variety 12 69 3.31 0.1008
DF Chi? Pr(>Chi?)
Number of locules Season 1 1.85 0.1737 0.1892 0.1892
Variety 12 248.86 <2e-16***
Season: Variety 12 9.25 0.6817

The highly significant varietal effect (F = 15.08, p<2.2e-15)
demonstrates excellent genetic variability for fruit width.
CLN4018G dominates (58.96 mm), followed by CLN4398M
(58.35 mm), while AVTO1955-15 has the minimum width
(4226 mm) (Fig. 4b). The significant seasonXvariety
interaction (p = 0.01004*) reveals moderate stability with
differential sensitivity of genotypes to environmental
variations.
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The highly significant varietal effect (Chi? = 248.86,
p<2e-16) reveals considerable genetic variability in the
number of locules. CLN4018G and CLN4398M have the
maximum (5 locules), followed by CLN4398D (4 locules), while
several lines (AVTO1955-15,CLN4270D, CLN4270F, CLN4270I)
have the minimum (2 locules) (Fig. 4c). The insignificant
season Xvariety interaction (p = 0.682) confirms the high
stability of this architectural trait between environments.
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The significant varietal effect (F = 4.98, p = 0.0144)
reveals exploitable genetic variability for potential yield. The
PADMA dominates (43.21 ton/ha), followed by CLN4018G
(39.14 ton/ha), while CLN42701 has the lowest yield
(26.31 ton/ha) (Fig. 5a). The non-significant season X variety
interaction (p = 0.1008) ensures satisfactory stability in the
variety ranking despite significant seasonal variations.

The extremely significant varietal effect (F = 35.11,
p<2.2e-16) indicates exceptional genetic variability for fruit
weight. The CLN4398M (100.35 g) and CLN4018G (100.31 g)
had the highest weights, while AVTO1955-15 had the lowest
weight (49.02 g) (Fig. 5b). This range of 51.33 g offers
remarkable potential for improvement. The insignificant
season X variety interaction (p =0.595) guarantees exceptional
phenotypic stability, ensuring the commercial predictability of
this economically crucial trait.

Phenological diversity: Phenological observations revealed
significant differencesin the duration of developmental stages
between the lines studied.

Days to 50% flowering: The time to 50% flowering
ranged from 23 days (CLN4398M) to 32 days (CLN2498D)
after transplanting, a difference of 9 days between the
earliest and latest lines. This variability in flowering
precocity indicates significant genetic differences in the
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initiation of the reproductive phase. The lines CLN4398M
(23 days) and CLN4270B (24 days) stand out as the
earliest, while CLN2498D (32 days after transplanting) has
the latest flowering (Table 8)

Days to 50% fruiting: The period to 50% ripe fruit
showed variability from 36 days (PADMA) to 49 days
(CLN4270F) after transplanting, representing a difference
of 13 days (Table 8). This range reveals contrasting
production cycles, with PADMA having the shortest cycle
(36 days) and the CLN4270F (49 days) and CLN4270E
(48 days after transplanting) lines having the longest
cycles. It is noteworthy that despite differences in floral
precocity, several lines converge towards similar fruiting
times (43-46 days for the majority)

Early-maturing varieties such as CLN4398M and PADMA
could be preferred for short growing seasons or challenging
climatic conditions, while longer-maturing varieties could offer
advantages in terms of yield or fruit quality.

The observed phenological variability, particularly the
differences in the number of days to 50% flowering and
fruiting, suggests that certain lines (such as CLN4398M and
PADMA) could be suited to short growing cycles, a valuable
characteristic in environments subject to climatic stress?. In
contrast, longer-cycle lines may be suitable for more intensive
production systems.
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Table 8: Variability of phenological traits among tomato lines

Line

Average number of days before 50% flowering (DAT)

Average number of days before 50% fruiting (DAT)

AVTO1955-15 28
CLN2498D 32
CLN4018G 25
CLN4066G 26
CLN4270B 24
CLN4270D 25
CLN4270E 26
CLN4270F 25
CLN4270I 27
CLN4398D 26
CLN4398M 23
PADMA 28
TLCV15 26
Pr(>Chi?) 0.07387

43
43
43
43
46
47
48
49
48
46
45
36
44
0.02176

Hierarchical structuring of tomato lines

Stability between seasons: Figure 6illustrates the hierarchical
classification of tomato lines for two distinct seasons in
order to assess the stability of their groupings. Analysis of the
clusters delineated by the colored rectangles reveals notable
stability for certain lines, while others show sensitivity to
seasonal variations.

Perfect stability is observed for the group of two lines,
CLN4399M and CLN4018G, which remain associated in both
seasons. In addition, several lines consistently rank separately,
notably CLN4056G, TLCV15 and CLN2498D, suggesting
that their profiles are intrinsically distinct and robust to
environmental conditions.
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However, other groupings show significant instability.
The CLN4270 lineage group (E, I, F, B and D), which is
associated with the CLN4399D lineage in season 1 (Fig. 6a),
separates from the latter in season 2, where CLN4399D
becomes anisolated group (Fig. 6b). This separation indicates
that the similarity relationships between these lineages are
not fixed and are influenced by seasonal factors, which alters
their classification.

Thus, the hierarchical classification of tomato lines is
partially stable from one season to the next. While some lines
maintain consistent similarity profiles, others exhibit
phenotypic plasticity that is reflected in variable group
composition?'.
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Table 9: Concentration of R, solanacearum inoculum in the soil at the experimental site

Block 1

Block 2 Block 3 Block 4

Average concentration of A solanacearum inoculum (CFU/g)

37,022.22

48,622.22 27,977.78 39,066.67

Table 10: Effect of bacterial wilt incidence on tomato varieties

Variety Incidence of bacterial wilt (%) Classification according to Mew and Ho'®
TLCV15 16.882 MR
CLN4066G 0.63° R
CLN4398D 0.00° HR
CLN42708B 0.00° HR
CLN4018G 0.00° HR
CLN4270D 0.00° HR
CLN4398M 0.00° HR
CLN4270F 0.00° HR
AVTO1955-15 0.00° HR
PADMA 0.00° HR
CLN4270E 0.00° HR
CLN4398D 0.00° HR
CLN2498D 0.00° HR
Probability (Pr) <0.001 -

Inthe same column, averages marked with the same letter are not significantly different at the 5% threshold according to Tukey's test, HR: Highly resistant, R: Resistant

and MR: Moderately resistant

The hierarchical classification showed partial stability in
groupings between seasons, reflecting both the genetic
consistency of certain lines and the phenotypic plasticity of
others. This observation is consistent with the conclusions of
Kouam et a/?, who emphasize the importance of considering
genotype X environment interactions in breeding programs.

Results of screening new tomato varieties for bacterial wilt
Evaluation of the presence of R. solanacearum at the
experimental site: The isolation of AR solanacearum in the
laboratory showed that the average inoculum concentration
in the soil at the experimental site varies between blocks.
The inoculum concentration is highest in block 2 with
48,622.22 CFU/g of soil, followed by block 4 with
39,066.67 CFU/g of soil and blocks 1 and 3 with average
concentrations of 37,022.22 CFU/g of soiland 27,977.78 CFU/g
of soil, respectively (Table 9). These results confirm the
presence of the bacterium in all four (04) blocks.

Effect of bacterial wilt on tomato varieties: The results of the
evaluation of the effect of bacterial wilt on the varieties tested
are presented in Table 10. Overall, the incidence of bacterial
wilt varied between 0 and 16.88% for all 13 varieties tested.
Analysis of variance showed that there is a significant
difference (p<0.001) between the 11 new tomato varieties
currently being introduced and the susceptible control
variety TLCV15. In fact, the rate of wilting of plants due to
R. solanacearum varied from 0 to 0.63% for the new varieties,
while it was 16.88% for the TLCV15 variety. Furthermore, no
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difference was recorded between the resistant control PADMA
and the new tomato varieties (Table 10).

Based on the classification of Mew and Ho' the results
showed that the majority of the 11 varieties tested were highly
resistant to bacterial wilt, as was the resistant control variety
(PADMA). Only the CLN4066G variety was resistant, with a
significantly equal incidence rate of 1% (Pr <0.001).

Evaluation of the performance of tomato varieties
developed by WorldVeg revealed that under the conditions
of the experiment, of the eleven varieties tested, varieties
CLN2498D, AVTO1955-15, CLN4270F, CLN4398M, CLN4270D,
CLN4018G, CLN4270B, CLN4270I, CLN4398D and CLN4270E,
as well as the PADMA control, showed no signs of wilting,
while the CLN4066G variety and the TLCV15 control did wilt.
However, the distribution of IFB frequencies reveals no
significant difference between the eleven varieties and the
resistant PADMA control, with bacterial wiltincidence varying
between 0 and 5%. The wilting observed in the CLN4066G
variety could be genetic in nature. Indeed, the level of
resistance to the disease varies depending on whether or not
the variety possesses one or both of the main bacterial wilt
resistance genes Bwr-12 and Bwr-62324,

The results obtained made it possible to distinguish two
classes of varieties (highly resistant varieties and resistant
varieties) among the 11 tested. Similar results were obtained
by Zohoungbogbo et a/?, who identified during experiments
conducted in controlled environments and in the field that
several F5 lines (AVTO and CLN) developed by WorldVeg
showed high levels of resistance to bacterial wilt with good
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yields. This resistance to bacterial wilt observed in the eleven
varieties tested (including 10 highly resistant individuals) is
also comparable to the results of Ganiyu et a/%, who observed
individuals highly resistant to bacterial wilt among the AVTO
tomato lines. This result also confirms the work of Laeshita and
Arwiyanto?, according to which the AVTO and CLN lines
developed by WorldVeg are derived from the F1 hybrid variety
“Servo”, whichisrecognized in Indonesia forits high resistance
to bacterial wilt caused by A. solanacearum.

The results of this study confirm the ability of the PADMA
variety to resist R. solanacearum in soil’®* when screening
tomato varieties to identify cultivars resistant to bacterial wilt.
Similarly, Burnham et a/'” also observed that the PADMA
variety maintained its resistance 28 days after inoculation
with R, solanacearum in a controlled environment, with zero
incidence. The TLCV15 variety, known for its susceptibility to
wilt caused by R. solanacearum, showed moderate resistance.
This behavior could be explained by the action of
environmental factors, particularly temperature. Indeed,
comparing theresults of theinoculation test carried out under
conditions similar to those of our study (28.3°C) and the
results of a natural infestation at 31.2°C, Dossoumou et a/'*
concluded that the virulence of the bacterium decreases
with temperature. Similarly, Caruso et a/*° reported that
R. solanacearum loses its virulence at low temperatures.

CONCLUSION

This study provided an in-depth characterization of
11 tomato lines that are candidates for approval in Benin,
highlighting their phenotypic diversity and inter-seasonal
stability. The results show that several lines, such as CLN4398M
and CLN4018G, have promising agronomic traits, including
high fruit weight and good phenotypic stability. However, the
environmental sensitivity of certain traits highlights the need
for further evaluation in various agroclimatic contexts. The
lines identified as early-maturing or high-yielding could help
improve tomato productivity in Benin, thereby meeting
farmers’ needs and market demands. The eleven varieties
developed by WorldVeg would be very useful for market
gardeners in the major tomato-producing areas of Southern
Benin, particularly in the Ouémé Valley, where tomato
production has been abandoned due to bacterial wilt. This
work provides a solid basis for breeding and certification
programs, while highlighting the importance of an integrated
approach combining morphological evaluation, genetic
stability and environmental adaptation.
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