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ABSTRACT

The introduction of seeds of new varieties in Algeria will make it possible to
increase the capacities of adaptation of the plants of Capsicum annuum L. to
the variable conditions of their environment having a great influence on the
flowering, the self-fertilization and the fructification. The study of seed
germination was carried out on five varieties: (Ciliegia Piccante Pepper;
Hungaria yellow max hot; Cayenne Pepper; Grueso de Plaza and Largo de
Reus), which begins with the imbibition until obtaining percentages of
accumulated water in the following seed albumens: 91.33; 91.05; 91.09;
91.35 and 91.28. The recorded lag time is variable: 7, 10, 14, 15 to 17 days,
by the mass of albumen and by the tegumentary dormancy due to the
presence of polyphenols in the tegumentary cell walls. The percentage,
speed, vigor and germination index of Capsicum seeds increase with their
density and weight. They are of the order of [(63, 4.5, 2.9); (77, 5, 3.9); (83,
4.7, 4); (90, 5.7, 5.5); (100, 6, 6.8)] % and (0.86, 1.18, 1.21, 1.13, 2.03)
germinated seeds/day. The average germination time decreases with their
density, they are at (22, 20, 21, 17, 17) days. A morphological description of
the plant has been made. This is followed by an anatomical analysis of the
radicle at the level of the root hair region and the cotyledonary leaves
presenting a structure less developed than that of the true leaves later
formed. They provide the metabolites necessary for the first growth stage of
the seedling by photosynthesis.

1. Introduction

Capsicum annuum L., is

one of

2007), is the most widely cultivated in the world,
due to its good adaptation to the dry and hot

the five environment. . The dissemination of this species is

domesticated species of the genus Capsicum (C.
frutescens, C. annuum, C. chinense, C. pubescens
and C. baccatum var pendalum (De Teodoro-Pardo,

ensured by the seeds from sexual reproduction. For
most varieties, flowering starts 40 days after
transplanting. The receptivity of the stigma
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becomes effective from the day of the anthesis and
remains until 2 days after this one. On the other
hand, the pollen grains become fertile one day
before anthesis and are located on the day of
anthesis, which lasts between 5 and 6 hours, while
the day of dehiscence varies between 8 and 11
hours (Rajput and Parulekar, 1998). The flowers of
this species reproduce by self-fertilization with
respect to its preferential autogamy (Chaine-
Dogimont, 1993) or facultative autogamy (Pochard
et al., 1992) or by residual allogamy (De Witt and
Bosland, 1993) through bees, thrips and other
insects at rates of between 7 and 37%, and
between 2 and 78% respectively (Kalloo, 1988).

The fruits, resulting from fertilization, are diverse in
several characteristics including shape, colour,
aroma and sweet (sweet pepper) or hot (chilli)
flavor (Grubben and Denton, 2004; Jarret et al.,
2007). Sweet peppers are distinguished from
chillies by their generally larger and more fleshy
fruits (Ashrafuzzaman et al.,, 2009). Chillies are
generally elongated or ovoid or globular (Csilléry,
2006). The mesocarp wall of the fruit is, firstly,
green in colour, it contains a low amount of
carotenoids with the presence of B-carotene, a-
carotene, crypoxanthin and lutein (Skinner and
Hunter, 2013). Then it changes colour at the
mature stages depending on the variety, namely
red as in Largo de Reus, Grueso de Plaza, Cayenne
pepper and Ciliegia Piccante pepper) or yellow
(Hungaria yellow max hot) (Erard et al., 2002). At
the mature stage, chlorophyll and anthocyanin
disappear and the chloroplasts are converted into
chromoplasts; in parallel additional chromoplasts
appear (Collera-Zuniga et al., 2005).

C. annuum contains varieties that produce fruits
with sweet, non-hot flavors (peppers) and varieties
with hot flavors (chilli) (Menichini, et al., 2009). The
hot taste of chilli is due to the antioxidant
capsaicin, which is synthesized in the placenta and
then excreted in the inner surface of the pericarp
(Tewksbury et al.,, 2008), with the highest
concentration in the vicinity of the seeds
(Messiaen, 1975). In addition, another group of non
-hungry capsaicinoids, called capsinoids, has been
found in the sweet pepper C. annuum CH-19
(Kobata et al., 1998).

The diversity of the fruit's varietal characteristics
plays an important role in food, economy and
medicine. Algeria is one of the largest consumers of
this species. The fruits are used either as a

vegetable-fruit or as a condiment (Marti et al.,
2011). They are, characterized by their abundance
of vitamin C in chillies, especially green ones.
Vitamin A in ripe red chillies (Leung et al., 1968). as
well as vitamin E, antioxidants, alkaloids and
flavonoids that ensure proper functioning of the
body (Eching EI-Ghoraba et al., 2013), promote the
healing process (Topuz and Ozdemir, 2007),
strengthen the immune system, protection against
cancer, cardiovascular diseases and against ageing
(Chuah et al., 2008).

To ensure the needs of the C.annuum fruit market,
nutritional balance and continuity of supply. In
order to broaden the genetic base, it is essential to
introduce new varieties. In this sense, this work
aims to study the morphology of the flower and its
transformation into fruit and seed, followed by a
morphological and histological study of the seeds
according to their variable germination at the intra-
and inter-varietal scale. By calculating the five
germination indices - germination percentage,
germination speed, vigor index, germination index
and average germination time for the varieties
Ciliegia Piccante pepper, Cayenne pepper, Hungaria
yellow max hot pepper, Grueso de Plaza, Largo de
Reus). Finally, we will give a description of the type
of germination with the determination of the first
stages of plant growth via the anatomical
structures of the different organs (root,
cotyledonary leaves and leaves) of C. annuum.

2. Materials and methods

The plant material studied consisted of commercial
seeds of five C. annuum varieties, three of which
originated in Italy, from the Raci Sementi
collection: Ciliegia piccante pepper; Hungaria
yellow max hot pepper and Cayenne pepper, and
the other two from Spain, from the Hortinova
collection: Largo de Reus; Grueso de Plaza. The
choice of varieties was made at random.

2.1. Morphology and anatomy of C. annuum seeds

The morphological study was carried out on fresh
material of flowers, fruits and seeds through
observation with the naked eye and, if necessary,
with a binocular magnifying glass (Hund metzlar).
We employed a classical protocol of morphological
description using the technique of digital
photography with a LUMIX camera with 12 Mega
pixels.

The anatomical description of the seeds was
carried out according to the classical protocol of
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paraffin sections under light microscopy (Langeron,
1949). The double staining, Periodic Acid - Schiff
(PSA) was used. Observations were made using a
Leica DFC 450 microscope equipped with a LEICA
DM 2000 camera.

2.2. Germination of five varieties of C. annuum L.

Seed germination monitoring was conducted on
five batches of 30 seeds each. Length and width
measurements were determined using a caliper,
with statistical analysis of variance using the
Microsoft 2010 t-Student test.

A weight analysis with daily weighing of the seeds
using a Mettler MT5 electronic balance was
performed. Data on the evolution of weights over
time with the degree of error of £ 0.001 mg were
reported.

A daily germination evaluation was carried out over
a period of 26 days. For this, seeds were placed in
batches of 15 per Petri dish on filter paper soaked
in 10 ml of distilled water. The dishes were placed
in an oven at a temperature of 25°C. The seed is
considered to be germinated as soon as it emerges
from the radicle. It is then removed from the lot
and counted. The germinated seeds are recorded
every 24 hours. The progressive passage of
germinated seeds as a function of time allowed us
to evaluate respectively:

Imbibition kinetics: Seeds were weighed every 24 h
for 17 days. The imbibition kinetics curve is
determined by measuring the cumulative
percentage of water absorbed.

The lag time, which is the time from the start of the
germination test until the radicle breaks through
the seed coat of the first seed.

The germination rate is the number of germinated
seeds in relation to the total number of seeds
sown, expressed as a percentage (Mazliak, 1982).

Vigor index: calculates the percentage of vitality of
germinated seeds. It is determined by the following
formula (Jain and Saha, 1971).

Germination index: allows to express the
germination energy responsible for the depletion
of the seed's reserves (Scott et al., 1984).

Kotowski coefficient: gives an overview of the
germination rate of seeds (Kotowski, 1926).

The average germination time (the time after which
50% of the germinated seeds are reached (Come,

1970).

2.3. Anatomical study of some organs of C.
annuum L.

The anatomical description of the root,
cotyledonary leaves and the leaf was carried out on
freehand transverse sections, using the double
methyl green - Congo red staining technique
(Langeron, 1949). The observations were made
with a Leica DFC 450 microscope equipped with a
LEICA DM 2000 camera.

3. Results

3.1. Morphological organization of the flower and
fruiting body of C. annuum L.

The flower of C. annuum originates from the
development of a lateral bud (Figure 1a) which
evolves into a flower bud. At the pre-flowering
stage, the perianth consists of two types of organs:
the calyx is composed of sepals welded together
over a greater or lesser length to form a tube; the
corolla consists of petals welded together at the
base and alternating with the sepals (Figure 1b).
The flowers evolve until they bloom. They are
small, white, hermaphrodite and actinomorphic
(Figure 1(c, d)) pentameric as in Largo de Reus,
Grueso de Plaza, Cayenne pepper, and Hungaria
yellow max hot pepper (Figure 1(c, e)) and
hexametric in Ciliegia Piccante pepper (Figure 1d).
The syncarpous flowers of this species will, after
fertilization, give knotted fruits which end in a
papilla-less stigma (Figure 1f). They continue to
grow and become fruits (berries) without the other
floral parts, only the calyx remains (Figure 1(g, h)).
The thick-fleshed fruits forming 3 to 4 lobes contain
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Figure 1: Morphological organization of the hermaphroditic
flower of C. annuum L. and its transformation into fruit :
Herbaceous plant a ; flower bud: b ; blooming and anthesis
of the flower : (c, d, f ); knotted fruit: f ; fruits of chilli pepper
and sweet pepper (g, h) [ A: androecium; C: corolla; Fl: flow-
er; Fr: fruit; K: calyx; P: petal; ped: pedicel; Rec: receptacle]
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several seeds. They differ in shape and size:
rectangular for Largo de Reus, almost rectangular
for Grueso de Plaza, small and round for Ciliegia
Piccante pepper and long and thin for Cayenne
pepper and Hungaria yellow max hot pepper. The
ripening fruit is characterized by a pericarp that
changes colour from green to yellow or red (Figure
2).
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Figure 2: Diversity of shapes, sizes and colours of C. annuum
L. fruits (sweet pepper (a, b) and chilli pepper (c, d, e) [Ed:
endocarp; Ep: epicarp; K: calyx; Lo: locule ovary; Me: meso-
carp; Ped: peduncle; Pe: pericarp; Pl: placenta; Rec: recepta-
cle; S : seed]

3.2. Morphology of C. annuum seeds

The seeds of C. annuum are small, flat, kidney-
shaped, cream-coloured (Figure 3A (a)). They are
constituted, at maturity of seed coat which is of
maternal origin. They present two faces: the outer
integument, smooth and slightly corrugated and
the smooth inner integument (Figure 3A (a, b).The
longitudinal section of the seed shows the
presence of a coiled embryo in the semi-
transparent aloumen and whitish coloration (Figure
3A (c)). The embryo is intended to produce a new
plant. It consists of three parts (Figure 3A (d)): a
radicle that will later develop into the main root;
the shoot apical Meristem of the seedling that will
build the stem and leaves of the plant; and two
thin, leafy cotyledons wrapped around the
albumen, containing nutrient reserves.

3.3. Anatomy of C. annuum seeds

Anatomical sections of seeds were stained with
Periodic Schiff's Acid (PSA) / Naphthol Blue Black to
visualize that the seeds of the five varieties studied,
vary in size, but they are similar in structure and
shape. The albuminous seeds are formed (Figure 3B

(a, b)): of a protective envelope constituted by: an
outer integument constituted by a base of
uniseriated cells, juxtaposed, rich in polyphenols
(tannins) in the form of small granules and an inner
integument constituted by cells with different
shapes with a smooth wall (Figure 3B (c)).
Observation of this section shows a marked
histological difference between the voluminous
albumen and the embryo, both separated by dead
cells (Figure 3B (d)). The cells of the albumen have
larger visible walls than those of the embryo. They
contain a nucleus and many protein bodies. The
embryonic cells contain a nucleus and are delimited
by a very thin wall.

Figure 3: A/ Structure of the albuminous, hydrated seed and
B/ Anatomical section of the dehydrated seed of C. annuum
(double periodic acid Schiff (APS) / Naphthol Blue Black stain
(Ficher, 1968). [(Al: albumen; C: leafy cotyledon; cd: dead
cells; H: hypocotyl; ii: inner integument; mi: micropyle; oe:
outer integument; Pp: polyphenols; Rd: radicle; RM: root
apical meristem; SC, seed coat; SM: shoot apical meristem.

3.4. Germination of seeds of the five varieties of C.
annuum L.

The study of the biometry of the seeds of the five
varieties is necessary, in order to facilitate the
follow-up of their germination process. Diameter
measurements made on 30 mature and dry seeds
for each variety.

(Figure 4) show that: For sweet pepper: Largo de
Reus seeds are longer and wider than Grueso de
Plaza seeds with an average length of (4.37 and
4.32) mm and an average width of (3.71 and 3.62)
mm. The variance of the length and width of the
seeds of Largo de Reus and Grueso de Plaza is not
significant with (0.05 and 0.03) mm and (0.07 and
0.03) mm respectively.

For chili pepper: Cayenne pepper seeds are longer
and wider than Hungaria yellow max hot pepper
and Ciliegia Piccante pepper seeds, respectively
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Figure 4: Seed diameter of five varieties of C. annuum L.

with an average length of (4.2; 3.94 and 3.92) mm
and an average width of (3.45; 3.26 and 3.23) mm.
The variance of the length and width of the seeds
of the three varieties is not significant, i.e. (0.04
and 0.03) mm, (0.13 and 0.05) mm and (0.10 and
0.07) mm.

The weighing of dry seeds showed that the weight
of Largo de Reus is greater than Grueso de Plaza,
Cayenne pepper, Hungaria yellow max hot pepper
and Ciliegia Piccante pepper. These weights are
respectively: (0.22, 0.21, 0.20, 0.19 and 0.17) mg
(Figure 5). After hydration, the weight of these
seeds increases. They are weighed at the time the
seed coat is pierced by the radicle. The percentage
weights of these seeds, for each variety are
respectively (47.72, 48.80, 51.25, 47.37, 51.47) %
(Figure 8).
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Figure 5: Dry and hydrated weight of seeds of five varieties
of C. annuum L.

Germination is a physiological phase that
corresponds to the transition from the latent life
phase of the dry seed to the development phase of
the seedling. The monitoring of the germination
process of the seeds, placed under favorable
conditions, during a period of 26 days at the
temperature of 25 °C (Figure 6a), and following the
kinetics of water uptake by the seeds, shows that
germination starts with the imbibition of the seed
coat (Figure 6b), causing the swelling and opening
of the micropyle of the seeds (Figure 6c). To ensure
that the observed difference in germination rate
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Figure 6: Germination phases of C. annuum L. [C: leafy coty-
ledon; H: hypocotyl; mi: micropyle; R: root; Rd: radicle; rh:
root hair; rc: root cap; Sc: Seed coat)]
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Figure 7: Evolution of cumulative seed water percentages as
a function of time for the five varieties of C. annuum L.
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Figure 8: Cumulative seed water percentages of five varie-
ties of C. annuum L.

was not due to a difference in water uptake,
cumulative water was measured over time. The
imbibition curve (Figure 7) shows that water
initially passes rapidly through the micropyle into
the seed. Then comes another phase that ends
with the exit of the radicle (Figure 6d). It is
characterized by slow absorption until the
percentage of accumulated water in the seed
albumen reaches (91.28; 91.35; 91.09; 91.05:
91.33) (Figure (7, 8)). Analysis of (Figure (6, 7))
reveals that seeds from all five lots first go through
a latent period during which no seeds germinate.
The radicle breakthrough is long for all varieties.
Largo de Reus germinates faster than Grueso de
Plaza, Cayenne pepper, Hungaria yellow max hot
pepper and Ciliegia Piccante pepper, which
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Figure 9: [Germination rate, germination speed (kotowski
coefficient), and germination index]% of seeds of five varie-
ties of C. annuum L.
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Figure 10: Germination index of seeds of five varieties of C.
annuum L.
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Figure 11: Mean germination time of five varieties of C.
annuum L.

germinate at (7, 10, 14, 15 and 17) days
respectively.

The germination percentage,, germination speed
and vigor index (vitality percentage) of seeds of
Ciliegia Piccante pepper, Hungaria yellow max hot
pepper, Cayenne pepper, Grueso de Plaza and
Largo de Reus for an energetic period of 26 days
increase with seed density by (63, 4.5 and 2.9), (77,
5 and 3.95), (83, 4.7 and 4), (90, 5.7 and 5.5) and
(100, 6 and 6.8)] % respectively (Figure 9). The
germination index, which expresses the energy of
germination responsible for the depletion of seed
reserves, and the average time of germination,

which corresponds to the time required for the
germination of 50% of the seeds of Largo de Reus,
Grueso de Plaza, Cayenne pepper, Hungaria yellow
max hot pepper and Ciliegia Piccante pepper, are
respectively (2.03 ; 1.13; 1.21; 1.18 and 0.86)
(germinated seeds /days) and (17, 17, 21, 20, 22)
days (Figure(10,11) respectively.

The results obtained show us that each batch of
grains of the five varieties has its own
characteristics (weight, germination percentage,
germination index, germination speed). These
indices depend closely on the size of the seeds.
Seeds with a larger diameter absorb a higher
amount of water quickly. The absorption is thus
influenced by the mass of albumen of the seed and
probably by a light tegumentary dormancy.

3.5. Epigeal germination of C. annuum L.

Plants of chili and sweet pepper begin, after
germination, their growth by the development of
the radicle into a root (Figure 12 (a, b, c, d). The
radicle elongates and the root hair region bearing
the absorbing hairs appears (Figure 12 (e)), first in
the two sweet pepper varieties Largo de Reus and
Grueso de Plaza, then in the three pepper varieties:
Cayenne pepper, Hungaria yellow max hot pepper
and the Ciliegia Piccante pepper.

C. annuum seedlings develop: the radicle
elongates, the leafy cotyledons remain enclosed
within the seed coat (Figure 12(f)).At this stage
they do not feed the embryo. This embryo feeds on
the reserves of the albumen existing in the seed
(Figure 12 (g)). The cotyledonary leaves, still
protected by the seed coat, are lifted above the
substrate by the growth of the hypocotyl axis of the
seedling (Figure 13 a). At the stage when the

albumen is exhausted, the opposite leafy
W
,-‘ I g " "we. S
sl
¥
’ e -
a « " f x
A i D fe it e
A | !
N = o " {
- . (s was,
b 4
- Corminaion e _ Cavenr -

Figure 12: Chronological sequence of development of the
embryo of C. annuum L. [ Al: albumen ; C: leafy cotyledon;
H: hypocotyl; mi: micropyle; R: root ; rc: root cap; Rd: radi-
cle; rh: root hair ; SC: Seed coat ]
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Figure 13: Growth and development of the seedling into a
plant of C. annuum L. [Abs: Abaxial side; Ads: Adaxial side;
C: leafy cotyledon; cl: collar; E; epicotyl; H: hypocotyl; L: leaf;
mv: main vein; R: root; Ra: adventitious root; Rs: secondary
root; SC: Seed coat; SM: shoot apical meristem; SR: root
system; st: stem, sv: secondary vein]

cotyledons, lanceolate in shape, with central main
vein and inconspicuous secondary veins, bloom in
the air, green up, spread out and develop
significantly. The leafy cotyledons contribute to the
nutrition of the seedling through chlorophyll
assimilation (Figure 13 (b, c)).

The shoot apical meristem (SM), ensures the
growth of the epicotylated stem which constitutes
the leafy stem above the cotyledonary leaf and
gives a late birth, after two months of sowing to
the first leaves, simple with smooth edge in
alternation (Figure 13 (c, d)) and this, with
differences of some days between the five
varieties. The seedlings of thefive varieties continue
their development and growth by building
herbaceous plants. (Figure 13 e). The root system
of chili and sweet pepper is initially taproot,
yellowish-brown in color, from which the
secondary roots branch out. The adventitious roots
originate laterally on the part of the stem buried in
the soil. They act as a complement to lateral
rooting to prevent the plant from bending. (Figure
13f).

3.6. Anatomical study of some organs of C.
annuum L.

3.6.1. Anatomy of the radicle at the root hair
region

The cross section made in the root hair region of
the seedling shows that this zone has a primary
structure (Figure 14 a). It is composed of: - root
hairs which are formed at the level of the root hair
region, they make it possible to supply the
seedlings with water and mineral elements (Figure
14 b).. - The cortical parenchyma and endodermis
transport the captured water towards the central

cylinder limited by a base of cells, the pericycle.
This cylinder contains the conductive tissues, the
xylem which carries the raw sap to the
cotyledonary leaves where photosynthesis takes
place. The phloem conducts the elaborated sap,
rich in carbohydrates, from the cotyledonary leaves
to the other organs, which will allow the
development and growth of the epicotyl axis (stem
and leaves) (Figure 14c).

Figure 14: Cross section of the root hair region of the radicle
of five varieties of C. annuum L. [cor : cortex; ; En ; endo-
dermis; Mxy : metaxylem; pe : pericycle ; Ph :phloem laire;
Pxy: protoxylem; Rd: radicle; rep: root epidermis; rh: root
hair; rhc: root hair -cell;] Note: Anatomic structure of the
radicle at the level of the root hair region is similar among
the five varieties of C. annuum.

3.6.2. Anatomy of the cotyledonary leaves and the
leaves

Observation of the cotyledonary leaves and the
leaves (Figure 15 (a, b)), which have dorsoventral
symmetry, gives us some anatomical differences:
the cotyledonary leaf is similar to the leaf, except
that it does not have collenchyma and the main
veins do not develop secondary xylem and phloem
structures. Both types of leaves are composed of
an upper and lower epidermis covered with cuticle,

Figure 15: Cross section of the [a: cotyledonary leaf; b: of the
1st formed leaf; c: stomata of the lower epidermis] of five
varieties of C. annuum L. [Abs: Abaxial side; Ads: Adaxial
side; col: collenchyma; Cu: Cuticle; Ip: lacunar parenchyma :

lep : épiderme inférieur; MS: mesophyll;, mv: main vein;
pp : palisading parenchyma; ph: phloem; s: stomata, , sc :
sclérenchyme; sv: secondary vein; uep : épiderme supéri-
eur ; xy: xylem. Note: Anatomic structure of the radicle at
the level of the root hair region is similar between the five
varieties of C. annuum.
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more numerous stomata on the abaxial side and a
green Heterogeneity tissue called mesophyll, which
is the main seat of photosynthesis

4. Discussion

The behavior of seeds of five C. annuum L. varieties
was evaluated for different  parameters
(morphological, anatomical and germination). After
obtaining the young plants at the stage of a few
leaves, anatomical sections at the level of the
cotyledonary leaves, leaves and radicles at the level
of the root hair region were made.

The Capsicum genus multiplies by sexual
reproduction. After fertilization, the ovary develops
into a fruit and both fertilization of the egg cell
(oosphere) and triple fusion with the polar nuclei
are necessary for seed formation (Reiser and
Fischer, 1993; Goldberg et al., 1994). The sizes of
the seeds formed in a fruit within each Capsicum
variety are variable. Belleti and Quagliotti (1988)
explained that this variability is due to the
conditions under which the seeds ripen: The
general environment of the mother plant, the
position of the berry on it, the time of harvest, the
number of seeds per fruit and the time of their
extraction from the fruit. One gram has about 140
(Purseglove, 1984) to 150 seeds (Chaux and Foury,
1994). Vertucci and Farrant (1995) reported that
the seeds, while developing in parallel with the rest
of the fruit, nevertheless have a unique structure
and metabolism, entirely focused on acquiring
tolerance to desiccation and accumulating reserves
for germination. Longitudinal and anatomical
sections of the marketed seeds of the five varieties,
which differ in diameter, allowed us to observe that
they have the same structure. They consist of a
coiled embryo in the albumen which is well formed
and protected by the integuments. These tissues
are of different origins: the embryo and the reserve
tissue (albumen) are of fertilization origin and the
protective envelopes (integuments) are of maternal
origin (COme and Corbineau, 1998). During seed
development, the three tissues evolve together
with more coordination between the albumen and
the embryo (Dumas and Rogowsky, 2008).
Hehenberger et al. (2012) have shown that the
development of the albumen and in particular its
cellularisation has a strong influence on the
development of the embryo. Primary dormancy
(eventual dormancy) (Bewley and Black, 1994) is
established during seed formation and maturation.
This phase is crucial as it determines the seed's
storability, i.e. its longevity (Rajjou and Debeaujon,

2008).

Freshly prepared C. annuum seeds have a
spontaneously high level of dormancy during the
storage period (Dorworth and Christensen,
1968).The preservation capacity of seeds is one of
their major adaptive advantages (Dickie and
Pritchard, 2002). This is made possible by the fact
that most seeds tolerate intense dehydration of up
to 5% of their water content, and that this intense
desiccation is associated with a massive slowdown
in cellular metabolism. C. annuum seeds are
classified as microbiotic seeds (Ewart, 1908). They
can retain 50% of their viability for 03 vyears.
According to (Oladiran and Ogunbiade, 2000), this
retention only delays their ageing and loss of
germination capacity. The preserved C. annuum
seeds are used as a propagation unit. They will be
used to ensure the sustainability of the species.
(Heller et al., 2000 ; Miransari and Smith, 2009)
reported that the seed is considered mature when
all its constituent parts are fully differentiated
morphologically and when starch, proteins, lipids,
and nutrients through enzyme activity and specific
pathways are available to the seed embryo. Seeds
of C. annuum, which are subjected to germination
tests at 25 °C, go through a dormancy, which is a
period of latency, during which no seeds
germinate. The latency period is (7, 10, 14, 15 and
17) days for Largo de Reus, Grueso de Plaza,
Cayenne pepper, Hungaria yellow max hot pepper
and Ciliegia Piccante pepper respectively. This
delay in germination is therefore due to the seed
itself.

Anatomical sections of the seeds of the five
varieties showed the presence of polyphenols
(tannins) in the form of small brown dispersed
granules. They are trapped in the vacuoles of some
seed coat cells and are located in the wall of the
seed coat cells, acting as a chemical barrier by
trapping oxygen. Li et al. (2010) confirmed that
phenolic compounds are present in two forms in
the cell: insoluble in the wall and soluble in the
vacuoles. They will later play a role in inhibiting
seed germination. Several authors (Khanbabaee
and Van Ree, 2001; Mc Sweeney et al., 2001) have
reported that tannins are polyphenols naturally
produced by plants. They act as antagonists of
gibberellin, which is known to activate germination
(Briggs, 1992). Furthermore, in the same batch,
some seeds acquire the ability to germinate early
and others develop a transient blockage of
germination. Begon and Mortimer (1981) point out

199



Meliani et al., South Asian J Exp Biol; 12 (2): 192-202; 2022

that the existence of this dormancy heterogeneity
within a batch is a predictive strategy. It (dormancy
heterogeneity) provides a means of spreading
germination over time (Baskin and Baskin, 2004),
and thus allows for better adaptation to fluctuating
climate (Donohue et al., 2010).

The seed begins to germinate by imbibing the
dehydrated seed. To explain this phenomenon, Mc
Entyre et al. (1998) used the nuclear magnetic
resonance (NMR) technique to follow the entry of
water into the grain. This technique showed that
the water first passes through the micropyle. As
the upper layers are hydrated first, this water then
migrates to the aleurone and endosperm. The
absorption of water by the heavier seeds, with the
larger diameters tend to absorb water faster than
the lighter seeds is rapid for the first few hours and
then becomes slow. When it reaches its maximum,
itis (91.28; 91.35; 91.09; 91.05; 91.33) for Largo de
Reus, Grueso de Plaza, Cayenne pepper, Hungaria
yellow max hot pepper and Ciliegia Piccante
pepper. (Morgan et al., 1983) mentioned that the
rate of water intake depends on the structure of
the grain (variety, size, stiffness of the protein
networks) but also on the water temperature.

The results obtained reveal that the germination
percentage is correlated to the results of the vigor
index and germination index of Capsicum sp.
increase with their density. The higher the vigor
index and the germination index, the higher the
final germination rate. Bartee and Krieg (1974) and
Abdul-Baki (1980) confirmed that the seeds that
showed better germination and produced the most
vigorous seedlings were those that contained the
most reserves. This suggests that high-density
seeds may be of better quality depending on the
extent of their nutrient reserves. Khademi et al.
(1993) indicated that the amount of soluble protein
seems to be responsible for the differences in vigor
observed in primrose seeds of different densities.
Corme (1993) reported that seed species, variety,
size, weight and age are genetic factors that can
influence seed germination quality. Capsicum
seedlings continue to grow. It is characterized by a
resumption of water uptake and increasing
respiratory activity due to the development of the
radicle (Mazliak, 1982). The radicle with positive
gravitropism grows first and sinks into the soil. This
is followed by the slow elongation of the hypocotyl,
which lifts the leafy cotyledons, enclosed in the
seed coat, above the soil. De La Mensbruge (1966)
mentioned that leafy cotyledon are common in

plants with epigeal germination but do not provide
food for the embryo. After the albumen has been
exhausted and the seed coat detached from the
pepper seed, the cotyledons, which are in the
foliaceous form, develop and turn green after
exposure to light and contribute to the nutrition of
the young plant through chlorophyll assimilation.
This leads to a transition from a heterotrophic
embryo to a young autotrophic plant. This
phenomenon has also been defined by (Binet and
Brunel, 1968). The first two true leaves appear late,
and then in the course of time other leaves appear
along the epicotyl axis of the plant. (Autran and
Traas, 2001) revealed that the cauline apical
meristems continuously build organs during the
development of the aerial apparatus and that the
cauline apical meristem maintains the presence of
proliferating cells, while ensuring the
differentiation of the lateral organs of the plant.

5. Conclusion
The study showed us that:

- Seed germination and plant growth are affected
by seed size.

- the two sweet pepper varieties (Largo de Reus,
Grueso de Plaza) performed well compared to the
three pepper varieties (Cayenne and Ciliegia
Piccante pepper, Hungaria yellow max pepper).

Based on these results, the sweet pepper varieties
should be grown in areas where the temperature is
around 25°C. For all three sweet pepper varieties, it
is very important to determine the optimal
temperature and sowing period for the
development and growth of these plants

Algeria has a Mediterranean climate that favors a
good development of chili fruits. Particular
attention must be paid to the planting of this plant
which presents a rich genetic diversity. A study of
this species should be conducted to highlight the
most interesting varieties and ensure their
regeneration from one crop year to another.
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