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Local pepper (Capsicum annuum L.) landraces represent an important source of genetic diversity,
particularly for traits related to seed germination and early seedling development. This study aimed to
evaluate emergence behavior and cotyledon morphological traits in nine Tunisian hot pepper landraces
under controlled conditions. Emergence parameters, including days to emerge, emergence percentage,
and mean emergence time, were recorded, while cotyledon colour, shape, length, and width were assessed
at the cotyledon stage. Significant differences were observed among landraces in days to emergence and
mean emergence time, indicating variation in germination kinetics and early seed vigor. Cayenne, D’hirat,
Baklouti, and Kairouan exhibited faster and more synchronized emergence, whereas Semmene, Beldi,
and Nabeul showed delayed emergence. Despite these differences, germination percentage remained high
across all landraces (95-100%), reflecting good seed viability. Cotyledon colour and shape were uniform,
with all landraces displaying green, lanceolate cotyledons; however, cotyledon length and width varied
significantly, highlighting genetic diversity in early seedling morphology. These results demonstrate that
germination dynamics and cotyledon traits are effective indicators of early vigor and morphological
variation among local pepper landraces, providing useful criteria for germplasm characterization,
conservation, and breeding programs.
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Introduction

Hot pepper (Capsicum annuum L.) is one of the most
economically and nutritionally important vegetable crops
worldwide, valued for its culinary, medicinal, and
industrial uses. In Tunisia, pepper cultivation plays a
central role in horticultural production and agri-food
systems, with numerous local landraces maintained
through traditional farming practices. These landraces
represent a valuable reservoir of genetic diversity,
particularly for traits related to seed quality, early growth,
and adaptation to local agro-climatic conditions. Seed
germination is a critical stage in the plant life cycle,
directly influencing seedling establishment, crop
uniformity, and final yield.

Seedling emergence traits such as days to emergence,
emergence percentage, and mean emergence time are
widely used indicators of seed vigor and physiological
quality and are commonly employed to evaluate seed
performance among pepper genotypes.

These parameters are strongly affected by genetic
factors, seed dormancy, metabolic activity, and
environmental adaptation, leading to considerable

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0).

variation among pepper genotypes. Understanding such
variability is essential for optimizing nursery management
and selecting landraces with superior early performance
(Dzib-Ek et al., 2025; Liu et al., 2025).

Early seedling morphology, particularly cotyledon
characteristics, also provides important insights into plant
vigor and developmental strategies. Cotyledon traits such
as length and width are genetically controlled and have
been associated with early photosynthetic capacity,
nutrient reserves, and seedling establishment. Although
qualitative traits like cotyledon colour and shape are often
conserved within Capsicum annuum, quantitative variation
in cotyledon size can reflect underlying genetic diversity
and adaptation to specific growing environments. These
traits are therefore useful descriptors in germplasm
characterization and breeding programs (Alvares Bianchi
et al., 2020).

Despite the importance of emergence and early
seedling traits, limited information is available on the
variability of these characteristics among Tunisian hot
pepper landraces. Therefore, the objective of this study was
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to evaluate emergence behavior (days to emergence,
emergence percentage, and mean emergence time) and
cotyledon morphological traits (colour, shape, length, and
width) in nine local pepper landraces. The results aim to
contribute to a better understanding of early growth
diversity in local Capsicum germplasm and to support its
conservation and utilization in breeding and sustainable
horticultural production.

Materials and Methods

The study utilized nine hot pepper landraces: Dhirat,
Semmane, Jerid, Mahdia, Cayenne, Baklouti, Nabeul,
Kairouan and Beldi, which were selected and maintained
by the Laboratory of Horticultural Crops at the National
Agricultural Research Institute of Tunisia. Sowing took
place in plug-seedling trays during May 2025, and
seedlings were treated against Pythium spp. using 150 mL
hL™! Previcur Energy 840 SL (Bayer, Leverkusen,
Germany). Seeds were sown under controlled nursery

conditions at a temperature of 25-28°C and relative
humidity of 70-80%. Days to emergence was defined as the
number of days from sowing until emergence. The
emergence percentage of pepper seeds refers to the
proportion of seeds that successfully sprout and develop
into seedlings under given conditions. It is a key measure
of seed viability. It is calculated at the end of the test
period. Mean Emergence Time shows the average time
needed for seeds to emerge and was calculated by using
daily emergence data and the formula: MET = X (n x d) /
> n, where n is the number of seeds germinated on day d
and d is the number of days from sowing.

At the cotyledon stage, cotyledon leaf colour and shape
were  determined  visually  following  standard
morphological descriptors, while cotyledon leaf length and
width (cm) were measured using a digital caliper (Figure
1). Statistical analyses were performed using IBM SPSS
Statistics software (version 25.0). Mean comparisons were
conducted using the least significant difference (LSD) test
at a significance level of P < 0.05.
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Figure 1. Seedling appearance and cotyledon development of different pepper landraces
Table 1. Emergence behavior of different pepper landraces.

Landraces Days to emergence (days) Emergence (%) Mean Emergence Time (days)
D’hirat 8 10040.00a 11.02+2b
Semmene 15 98+0.03a 17.77+1a
Beldi 15 99+0.03a 17.2+2a
Nabeul 15 95+0.03a 16.13%1a
Jerid 13 100+0.01a 15.15+2a
Baklouti 8 100+0.00a 11.5+1b
Kairouan 10 99+0.02a 11£1b
Mahdia 12 100+0.00a 13.46+1ab
Cayenne 7 100+0.00a 10.8+1b

Table 2. Cotyledon morphological traits of different pepper landraces

Landraces | Cotyledon leaf colour Cotyledon leaf shape Cotyledon leaf length (cm) Cotyledon leaf width (cm)
D’hirat Green Lanceolate 3+0.33a 0.97+0.18a
Semmene Green Lanceolate 3+0.09a 0.87+0.04b

Beldi Green Lanceolate 2.5+0.11b 0.73+0.04c¢
Nabeul Green Lanceolate 2+0.07b 0.73+0.04c¢

Jerid Green Lanceolate 2.27+0.16b 0.67+0.09¢
Baklouti Green Lanceolate 2.240.13b 0.734£0.11¢
Kairouan Green Lanceolate 3.8+0.27a 1£0.13a

Mahdia Green Lanceolate 2.634+0.04b 0.83+0.04b
Cayenne Green Lanceolate 2.134+0.02b 0.5+0.07d
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Results and Discussion

Days to emergence differed among the landraces (table 1),
indicating variation in the onset of germination. Cayenne,
D’hirat, and Baklouti exhibited the earliest emergence (7-8
days), reflecting faster germination responses, whereas
Semmene, Beldi, and Nabeul required the longest time (15
days), showed delayed in germination. These differences
highlight genotypic variability in early seed vigor and
germination kinetics among the studied landraces. Days to
emergence vary among pepper landraces due to genetic
differences, seed dormancy, metabolic activity, and
adaptation to local environmental conditions (Bomireddy et
al., 2024; Zeng et al., 2025). Seed quality and storage can also
influence germination speed (Zeng et al., 2025).

Mean emergence time (MET) and emergence percentage
varied among the landraces (table 1), reflecting differences in
germination dynamics. Landraces with early germination,
such as Cayenne, D’hirat, Baklouti, and Kairouan, exhibited
significantly lower MET values (10.8-11.5 days), indicating
faster and more synchronized germination, while Semmene,
Beldi, and Nabeul showed higher MET values (>16 days),
consistent with delayed germination. Despite these
differences, the emergence percentage remained uniformly
high across all landraces (95-100%), suggesting overall good
seed viability and that observed variations were mainly related
to germination speed rather than final germination capacity.

Local pepper varieties differ in both germination time and
germination percentage due to a combination of genetic,
physiological, and environmental factors. Genetically, each
variety possesses specific traits controlling seed dormancy,
metabolic activity, and embryo development, which influence
how quickly seeds germinate and how many seeds
successfully sprout (Fu et al., 2024). Physiologically,
differences in dormancy strength, seed coat thickness, and
hormonal balance affect both speed and success of
germination (Lopez-Espafia et al., 2017; Zeng et al., 2025).
Environmentally, local adaptation to temperature and
moisture conditions further modulates germination behavior,
with some varieties requiring higher or more consistent
temperatures for optimal germination. Additionally, seed
quality, maturity, storage conditions, and pre-sowing
treatments can influence germination outcomes. Together,
these factors explain why some local chili varieties germinate
faster and more uniformly, while others take longer and
achieve lower germination percentages (Lopez-Espaiia et al.,
2017 ; Zeng et al., 2025).

All the studied pepper landraces exhibited green
cotyledons, indicating uniform chlorophyll development in
the first leaves across varieties, which is typical for Capsicum
annuum and suggests normal early photosynthetic capacity.
Regarding cotyledon shape, all landraces had lanceolate
cotyledons, reflecting a common early leaf morphology
despite differences in cotyledon size; this uniformity in shape
indicates that variation among these local varieties is more
pronounced in quantitative traits (length and width) than in
qualitative traits such as color or shape (table 2).

The cotyledon leaf length varied significantly among the
pepper landraces (table 2), with Kairouan, D’hirat and
Semmane showing the longest cotyledons (~3.8, 3, and 3 cm,
respectively), while others like Beldi, Jerid, Baklouti, Mahdia,
Cayenne, and especially Nabeul exhibited shorter lengths (~2-
2.6 cm). Cotyledon leaf length varies among pepper landraces

primarily due to genetic differences and inherent phenotypic
diversity. These differences reflect distinct early growth
strategies, with some varieties producing longer cotyledons to
support initial seedling vigor. Environmental adaptation and
local cultivation history may also influence cotyledon size,
making it a useful trait for germplasm characterization and
breeding (Pessoa et al., 2019a; Pessoa et al., 2019b; Alvares
Bianchi et al., 2020).

The measured cotyledon leaf width differs significantly
among the landraces (table 2), with Kairouan and D’hirat
exhibiting the widest cotyledons (~1.0-0.97 cm), while
Cayenne has the narrowest (~0.5 cm), and the other landraces
fall between these extremes (~0.67-0.87 cm). This variation
reflects genotypic differences in early leaf development and
seedling morphology, which are influenced by both genetic
control and early growth dynamics.

Cotyledon size traits, particularly width and length, show
significant variability among Capsicum genotypes and are
closely linked to seedling vigor and early growth. Wider
cotyledons enhance early photosynthetic capacity and may
improve nutrient storage, supporting better seedling
establishment. These traits are also strongly correlated and
genetically controlled, making cotyledon width a useful
morphological marker for evaluating diversity within
germplasm collections (Sari et al., 2021).

Conclusion

This study revealed significant variability among Tunisian
hot pepper landraces in emergence behavior and early
seedling morphology. Differences in days to emergence and
mean emergence time highlighted genotypic variation in
germination kinetics, while the uniformly high emergence
percentages confirmed good seed viability across all
landraces. Although cotyledon colour and shape were
conserved, marked differences in cotyledon length and width
reflected genetic diversity and contrasting early growth
strategies among landraces. Together, these traits can
therefore serve as practical indicators for evaluating early
seedling performance and may assist in the selection of
promising germplasm for breeding programs and sustainable
pepper production.
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