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Abstract

This article presents data from scientists who have studied and are currently studying the morphology and structural features of
cotton peel. Information is provided on the shape, size, and ultrastructure of the seed surface, including the structure and height
of the outer and inner integuments. The studies involved both cultivated varieties and accessions, as well as wild diploid and
tetraploid species and their subspecies from various habitats. During the study, a cross-section of cotton leaves was also
analyzed. The height and dimensions of the various tissues that make up the cotton leaf were determined. As a result, a pattern
was identified that correlates with the tolerance of leaves to pests. And so, if the mesophyll structure has an isolateral type of
structure, then the possibility of tolerance to piercing-sucking parasites increases. The studied representatives have a
dorsiventral type of mesophyll. And this, in turn, does not help protect the leaf from the penetration of the aphid stylet into the
spongy parenchyma and the sucking of nutrients from the sieve tubes of the vascular bundles located closer to the abaxial side
of the leaf, as well as the mesophyll. transport cells rich in metabolic products. The height of the columnar parenchyma in all
studied representatives is quite high, but it is possible that tolerance is influenced not by the thickness of the columnar layer
itself, but by the difference between the thicknesses of the spongy and columnar parenchyma, and the thickness of the spongy
parenchyma should not exceed 98.5 microns. Thus, that among the studied representatives, the most tolerant representatives to
insect pests will be G. herbaceum ssp frutescens 2n=56, A-833 2n=56.
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1. Introduction

The genus Gossypium L. (family Malvaceae) includes  whole variety, only 4 representatives are used in culture and
about 50 species [5, 2, 7] growing on different continents in spread only - tetraploid G. hirsutum, G. barbadense and dip-
subtropical and tropical zones. Most of the representatives loid G. herbaceum and G. arboreum, the so-called cultivated
are wild diploid species (45), the rest are tetraploid. Of the species. Cotton seeds are ovoid or cube-shaped, covered with
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one or two tiers of unicellular hairs (fiber and underbelly),
sometimes completely naked, vary considerably in size and
degree of pubescence. The seed rind is very tough, often
"stony" in wild species.

Morphological features of seeds of plants useful for hu-
mans are not only of scientific, but also of great agrotech-
nical and economic importance. Along with anatomical ones,
they are widely used by botanists as taxonomic ones, in solv-
ing controversial questions of systematics, evolution and
phylogeny of representatives of various taxa [17-19].

In systematics, great importance is attached to the size,
shape, surface character and coloration of the seed, as well as
various appendages. When studying the morphology of cot-
ton seeds, special attention was paid to the shape, degree and
character of pubescence, absence or presence of down, col-
oration, and structure of the hair cover, as these features,
according to many scientists, are considered more conserva-
tive than the size. In the literature on cotton, when character-
izing seeds, the terms - large, medium, small - are more often
used, sometimes the sizes of mature seeds are indicated,
which, as studies have shown, also play an important role in
the diagnosis of taxa of the genus Gossypium L. [20, 21, 26]
In the practice of cotton growing and breeding works, the
main attention is paid to the signs of seed size and weight,
pubescence, coloration and fiber length. There is no infor-
mation about changes in thesize of ovaries and bolls occur-
ring in the process of seed development [32, 31, 34].

A mature cotton seed consists of an embryo and a rind,
and develops from a seed pod. Seed bolls (seed pods), ready
for fertilization, are anatropic, ovoid in shape, and attached
to the placenta by a pedicel. The central part is occupied by
the nucellus, covered with two integuments - external and
internal.

The seed coat protects the embryo from mechanical dam-
age, moisture loss and penetration of various parasites inside
the seed, and plays an important role in germination and seed
viability. It contains a number of valuable chemicals and is
used to produce alcohols, acids, furfural, fodder yeast, pectin
glue, and as coarse fodder for livestock. Seed rinds of flow-
ering plants have attracted the attention of botanists of vari-
ous profiles for more than 100 years, being the object of not
only applied but also fundamental research. There is a huge
number of works by foreign and domestic authors studying
the structure of seed rinds of various plants [33, 36].

Analysis of the literature has shown that in flowering
plants it develops from the integuments of seed pods and
undergoes various structural changes depending on the taxo-
nomic position and ecological conditions. The characters of
morphological and anatomical structure of the seed rind are
widely used by scientists as taxonomic characters and are
used to solve controversial questions of systematics and phy-
logeny. It is these characters that are sometimes of decisive
importance, on the basis of which species are attributed to
certain tribes, families and genera [13].

The structure of the seed rind can also be used to judge the
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level of evolutionary advancement of a particular systematic
group. The multivolume edition edited by Acad. A. L.
Takhtazhdjan [16] includes the results of many years of re-
search by renowned Soviet scientists on a huge number of
representatives of various families of flowering plants. The
interest of domestic and foreign researchers in the anatomy
of mature seeds has not waned in recent decades. There are a
number of works devoted to the study of spermoderm and
ultrastructure of seed surface of representatives of various
families, representatives of taxa of different ranks in connec-
tion with their systematics andphylogeny.

Japanese scientist Fukuhara Tatsundo [15] studying the
seed coat of 7 species of the genus Corydalis (mainly Japa-
nese flora) belonging to different sections: Cheilanthifoliae,
Sophorocaphos, Ramoso-Sibiricae, Corydalis, Diplotaber
and 2 species of the genus Dicentra, he distinguished 6 types
of seed rinds, which appeared to be associated with belong-
ing to a particular taxonomic group. Based on the study of
development, growth, and differentiation of the structure of
the integumental layers of seed bracts of representatives of
various families, I. 1. Shamrov [14] proposed a classification
of the ways of integument formation, including types (origin
criteria) and three variations based on a set of criteria. Later,
in his monograph, he presented the data of many authors on
the development and structure of the integuments of the
seedpods of flowering plants of different families. A compar-
ative study of the spermoderm structure of 39 species of the
genus Latyrus allowed M. O. Burlyaeva [3] to establish that
the height and degree of thickening of the epidermal cell
walls and the structure of the seed coat surface are the most
important diagnostic characters. Based on the results ob-
tained, the types were identified and the direction of seed
rind evolution was established. A. V. Bobrov [2] studied the
morphology, anatomy, and ultrastructure of seed coatings of
14 known taxa of Cephalotaxa yew in order to confirm isola-
tion and to clarify the intraspecific system of the genus
Cephalotaxus. The results of the studies confirmed the origi-
nality and significant isolation of Cephalotaxus among coni-
fers. All 14 taxa studied are clearly distinguished from each
other by species-specific characters of seed structure. As the
analysis of literature sources has shown, morphological and
anatomical characters of mature cotton seeds have also been
used in solving controversial issues of systematics and phy-
logeny of representatives of the family Malvaceae and, in
particular, of the genus Gossypium L. Later, Dr. T. Netolitzky
[11], Soomro, A. R. [15], I. A. Raikova and M. S. Kanash [12]
presented data on the development and structure of individu-
al layers of the seed peel of some cotton cultivars of the cul-
tivated species G. hirsutum, G. barbadense, G. herbaceum
and G. arboreum and other representatives of the family
Malvaceae in the middle part of the seed.

Peel of mature seeds of 11 representatives of the genus
Gossypium L. among which 4 are cultivated (G. hirsutum, G.
barbadense, G. herbaceum, G. arboreum.) 4 wild (G. anom-
alum, G. davidsonii, G. harknesii, G. trilobum) and 3 sub-
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species of G. hirsutum L. (ssp. mexicanum, ssp. anomalum,
G. davidsonii, G. harknesii, G. trilobum) and 3 subspecies of
G. hirsutum L. (ssp. mexicanum, ssp. peruvianum, ssp. pur-
purascens) have been studied in sufficient detail by N. N.
Konstantinov [10]. A comparative analysis of the data ob-
tained by the author revealed no significant differences be-
tween wild and cultivated representatives. It should be noted
that the structure of the rind of representatives of the family
Malvaceae, also paid attention in systematic and phylogenet-
ic constructions. As a result of A. S. Dariev's [4] study of
mature seed rinds of 10 genera of the family Malvaceae,
including Gossypium L., 2 genera of the family Bombaca-
ceae, revealed features characteristic of genera and individu-
al species, which allowed the author to judge the direction of
evolutionary changes occurring in the structure of the rind
and to establish features characteristic of the ancestral type,
such as thick spermoderm, multilayered parenchyma of the
external integument and a large number of conductive bun-
dlesin it.

When studying the peels of mature seeds of 9 wild cotton
species belonging to 2 life forms - trees and shrubs (G. rai-
mondii, G. thurberi, G. gossypioides, G. trilobum, G. da-
vidsonii, G. klotzschianum, G. sturtianum, G. australe, G.
bickii), V. P. Klat [8, 9] revealed clear signs of difference and
similarity. The distinctive features, according to the author,
are related to the life form and conditioned by ecological
conditions of habitat in different geographical zones. The
general plan of spermoderm structure and similar features
indicate the monophyletic origin of species.

Thus, studies by V. P. Klyat and 1. A. Berezin [9] on the
structure of integuments of different-aged seedpods of wild
representatives of G. herbaceum (ssp. africanum, ssp. pseudo-
arboreum), G. arboreum (ssp. obtusifolium, ssp. perenne, ssp.
neglectum, ssp. nanking), and G. soudanense revealed distinc-
tive features characteristic of the species. Based on these data,
they found that the Madagascar species G. soudanense, the
taxonomic rank of which is controversial, is close to repre-
sentatives of G. arboreum in terms of the studied characters
and the rate of development of the seed peel integuments and
is obviously, as other researchers believe [6], its species.

The study of seed peel formation in wild representatives of
American, African and Australian cotton species revealed a
positive correlation of mature seed peel thickness and rates
of its formation with early maturity. There is very little in-
formation in the cotton literature on the growth and devel-
opment rates of tissues composing boll integuments, espe-
cially in cultivated varieties. Similarities and differences,
peculiarities of seed peel formation of wild representatives
and cultivated varieties of diploid and tetraploid species of
the genus Gossypium L. have not been determined.

Taking into account all the above-mentioned and the fact
that there are about 50 species in the genus Gossypium L.,
most of which have not been studied yet, consider it relevant
to conduct studies involving in the experiment not only wild
representatives, but also poorly studied intraspecific diversity
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of G. herbaceum, G. arboreum, G. hirsutum, G. barbadense,
cultivated varieties and varieties obtained on their basis. The
obtained new data will considerably complete the characteri-
zation of species and contribute to the knowledge of biology,
anatomy, systematics and evolution of the studied representa-
tives of the genus Gossypium L.

2. Materials and Methods

Thus, in the literature on cotton there is information about
the existence of a relationship between a set of anatomical
characteristics (thickness of the cuticle, lower epidermis and
spongy layer, as well as the number, length and type of leaf
hairs) and damage to various insect pests [27]. Such studies
are of not only scientific but also practical interest.

The research material was

1. G. herbaceum ssp. pseudoarboreum f. harga 2n=52

2. G. herbaceum ssp pseudoarboreum 2n=56

3. G. herbaceum ssp frutescens 2n=56

4. G. herbaceum ssp africanum 2n=56

5. A-833 2n=56

G. Experimental studies were carried out in the conditions
of plot experiments and on the photoperiodic site of the la-
boratory of systematics and introduction of cotton at the In-
stitute of Genetics and Experimental Plant Biology of the
Academy of Sciences of Uzbekistan. For anatomical analysis,
real leaves were fixed (in 70% ethanol). Measurements were
taken and preparations of transverse and paradermal sections
of real leaves were prepared. To analyze the paradermal and
cross-section of the leaf, cuttings with an area of 1 cm? were
made from the central zone (on both sides of the main vein
of the leaves of the middle formation). Morphometric pro-
cessing of the collected material was carried out, photo-
graphs were taken, tables were compiled.

Anatomical studies were performed according to accepted
methods [24, 23, 30, 32, 1]. During the research, a trinocular
microscope XSP-500SM (7 inch screen with the ability to
connect to a PC), a measuring device MOV-15 and a portable
digital microscope UMO039 were used.

3. Result

Transverse leaf analysis.

There is an opinion that only the combination of most of
the anatomical characteristics of the leaf structure will give
results of resistance to insect pests - aphids and spider mites
(Figure 1). Also, individual anatomical features have diag-
nostic value in clarifying the details of generic and species
differences [22]. Signs can be divided into two groups - sta-
ble and variable. Stable ones include the nature of pubes-
cence and the type of stomatal apparatus [25]. Variables in-
clude the thickness of the plate, the structure of the meso-
phyll, the height of the palisade and the presence of a lower
layer, i.e. isolateral type of leaf structure, number of epider-
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mal cells and stomata, number of hairs [28, 29, 35]. Includ-
ing such signs as dense leaf pubescence and the presence of a
thick cuticle, which is an indicator of advancement.

The higher the height and thickness of the walls of the ep-
idermal cells of the abaxial side of the leaf, the lower the
aphid infestation of the plant and should be at least 20.0 pm;
these conditions, among the studied representatives, corre-

spond to G. herbaceum ssp pseudoarboreum, G. herbaceum
ssp frutescens. (Figure 1).

The height of the spongy parenchyma should be no more
than 98.5 microns, since the greater the height of the spongy
parenchyma, the looser it becomes. G. herbaceum ssp fru-
tescens, G. herbaceum ssp africanum, A-833 are distin-
guished by the least loose leaf parenchyma.

Figure 1. Piercing pests are sucking pests of cotton.

A - cotton aphid
B — spider mite

For resistance to aphids (Aphis gossypii Glov.) and spider mites (Tetranychus urticae), the cuticle of a cotton leaf must be at

least 0.85 microns. [29, 37-40].

In the studied polyploids, the cuticle height is more than 0.85 pm, but the highest value is in G. herbaceum ssp. pseudoarbo-

reum f. harga. (Table 1, Figure 2)

Potassium

upper epidermis

columnar
parenchyma

Epidermal

accumulations

spongy
parenchyma

Figure 2. Fragments of transverse sections of leaves from the studied representatives.
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Table 1. Dimensions of some leaf cross-section structures.

Height

Height of leaf

Ne blade of the upper of columnar of spongy lower
cuticle epidermis parenchyma cuticle epidermis
1 328,1#1,3 8,840,9 25,1409 247,948,6 133,749,3 12,529 10,140,9
2 425,847,5 5,640,2 25,6+1,4 198,447,2 155,244,8 27,4407 7,940,1
3 274,548,9 9,620, 10,640,2 125,8+11,0 92,9+12,3 26,8404 8,840,2
4 225,147 .4 5,54),6 7,542 107,1445 89,8+17,8 8,540,9 6,740,1
5 276,846,5 3,740,9 20,940,8 157,3#4,9 81,3+7 4 9,940,3 3,740,1
1. G. herbaceum ssp. pseudoarboreum f. harga 2n=52
2. G. herbaceum ssp pseudoarboreum 2n=56
3. G. herbaceum ssp frutescens 2n=56
4. G. herbaceum ssp africanum 2n=56
5. A-8332n=56
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