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Objective: Cotton seed quality (Gossypium hirsutum L.), as a fundamental input in crop
production, is a determining factor in field establishment, final yield, and fiber production.
The aim of this study investigates the crucial role of seed morphological characteristics,
particularly seed coat thickness and integrity, as a key factor in determining the seed's
physiological vigor and its resilience to seed processing.

Method: This study was conducted as a systematic review. To collect information,
searches were performed on reputable scientific databases such as ScienceDirect, Scopus,

as well as domestic databases such as SID and Magiran, using keywords such as

"o "o

"cottonseed coat," "seed coat thickness," "seed vigor," "cottonseed processing," and their
English equivalents. The search was conducted on articles published between the years
2000 and 2024.

Results: The seed coat possesses dual characteristics; its optimal thickness is essential for
creating a balance between protection and function. A thicker seed coat provides better
protection for the embryo against mechanical damage, safeguards it during the acid
delinting process, reduces ion leakage, and plays a fundamental role in greater resistance
to pathogens. Furthermore, this type of coat provides a more suitable physical bed for the
formation of higher fiber density. Conversely, an excessively thick seed coat can cause
physical dormancy and, by creating a mechanical barrier to radicle emergence, lead to
delayed and reduced germination rates. On the other hand, seeds with thinner coats,
although exhibiting faster water absorption and germination, are highly vulnerable to
chemical and mechanical damage, resulting in the production of seeds with low vigor and
reduced storability. Harsh seed processing conditions can lead to the formation of micro-
cracks in the seed coat, severely compromising its integrity, which directly causes a
reduction in germination percentage and seed vigor.

Conclusions: In general, achieving high-quality cotton seeds requires an integrated
management approach. This approach includes selecting cultivars with optimal seed coat
morphological characteristics, managing environmental stresses during seed filling, and
modifying the seed processing procedure to minimize seed damage. Future breeding
programs should adopt a dual strategy that simultaneously selects based on beneficial
morphological traits and strong physiological performance to develop resilient cultivars

that ensure sustainable cotton production.
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Highlights

o The cottonseed hull varies among different cultivars.
o The seed hull plays a significant role in achieving seeds with desired vigor.

o In seed processing, the characteristics of the cottonseed hull should be taken into
consideration.

Introduction

Seed morphological characteristics, including size, shape, coat thickness, endosperm health,
and seed structure patterning, are directly linked to germination rate and seedling
establishment. For instance, seeds with a thicker and healthier coat have a greater ability to
protect the embryo from mechanical and microbial damage. Furthermore, endosperm weight
indicates the amount of stored nutrients, which can ensure early seedling growth. Microscopic
studies have shown that seeds with more compact coat cells and higher lignin content exhibited
greater resistance to mechanical damage during processing stages (Elias et al., 2019).

Morphometric analyses indicate that the seeds of the Golestan cultivar, compared to the
Latif cultivar, show a statistically significant superiority in indices such as surface area,
diameter, large-to-small diameter ratio, roundness coefficient, and thousand-seed weight.
However, these two cultivars showed no significant difference in perimeter, length, and width
indices. These morphological differences, stemming from the genetic nature of each cultivar,
play a determining role in the physiological quality and seed vigor.

In general, seed size, as an important morphological criterion, has direct consequences on
seed performance. Smaller seeds, due to having a smaller embryo and limited food reserves,
often produce weaker seedlings with lower vigor. In contrast, larger seeds, with the capability
to be planted at greater depths and abundant food reserves, have a better ability to tolerate
unfavorable environmental conditions and ultimately produce stronger seedlings with higher
establishment capability. In addition to the genetic basis, factors such as plant type, the position
of the seed in the boll, and environmental conditions during the seed filling period also
influence seed morphological traits. Therefore, identifying and selecting cultivars based on
seed morphological characteristics can be considered an effective strategy in breeding and seed
production programs to achieve seeds with strong vigor and higher production potential
(Hashemi and Mousavi, 2023).

In delinting factories, cotton seeds undergo various processes to separate the linters. These
processes include contact with acid, centrifugation, washing, and drying. Each of these stages
can have detrimental effects on the seed structure. Particularly, the centrifugation stage causes
cracking and mechanical damage to the seed coat. Research has shown that a reduction in seed
fracture force at this stage is associated with increased ion leakage and decreased germination
percentage. On the other hand, improper temperature adjustment in cylinder dryers can cause
accelerated seed aging. Therefore, precise control of processing conditions plays a key role in
enhancing seed quality. To enhance seed quality, simultaneous attention to morphological and
physiological characteristics is essential. Although the seed's appearance can somewhat
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indicate its quality, physiological tests such as germination capacity, accelerated aging test, ion
leakage, and vigor index provide more accurate information about seedling establishment
capability. Studies have shown a positive correlation between seed coat health and reduced ion
leakage. Also, seeds with higher endosperm content usually have greater initial root growth, a
characteristic that becomes particularly important under drought stress conditions.

Method

This study was a systematic review aimed at analyzing the role of cottonseed morphological
traits in seed vigor. A comprehensive search was conducted on databases such as
ScienceDirect, Scopus, PubMed, and domestic platforms like SID and Magiran, using

nn nmn

keywords such as "cottonseed coat," "seed coat thickness," "seed vigor," and "cottonseed
processing." Articles published between 2000 and 2024 were included, with selection based on
relevance, methodological quality, and journal credibility. Data on morphometric features,
germination tests, seed vigor, and industrial processing effects were compiled and presented in
tables and qualitative analyses. The manuscript was organized around three key themes: (1) the
effect of seed coat thickness on germination and vigor, (2) the impact of processing methods

like cracking, and (3) the link between morphological traits and fiber quality.

Results

Sustainable agricultural development requires the use of high-quality seeds. Given climate
change and limited water resources, the importance of producing stress-resistant seeds has
increased more than ever. Plant breeding programs should be designed based on identifying the
morphological and physiological characteristics of seeds to ensure the sustainability of
cropping systems while increasing yield. Future studies could investigate the genes responsible
for mechanical and biochemical resistance in cotton seeds and introduce novel biotechnological
tools to enhance seed vigor. The seed coat not only has a protective role; due to the dynamic
nature of the embryo and the environment, it can also play a role in field establishment. The
cotton seed coat is physically hard and semi-impermeable to water and oxygen—a condition
known as "physical dormancy" or "hard seeds." This is a natural evolutionary trait for survival
in harsh conditions and delayed germination. However, in agriculture, excessively hard seeds
delay and reduce germination rates, leading to irregular crop emergence.

Cotton seeds have a hard and relatively thick coat composed of sclerenchyma and
parenchyma layers. Coat thickness varies among different cotton cultivars, and this
characteristic can affect water absorption, germination, and tolerance to chemical treatments
(such as sulfuric acid for delinting).

Conclusions

To produce high-quality cotton seeds, an integrated management strategy is essential. Such a
strategy comprises three key components: (i) the selection of cultivars possessing favorable
morphological characteristics of the seed coat, (ii) effective mitigation of environmental
stresses during the seed filling period, and (iii) optimization of post-harvest seed processing
techniques to reduce physical damage to seeds. In light of these requirements, future breeding
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efforts should pursue a dual-purpose approach. This approach should simultaneously
emphasize advantageous seed coat traits and robust physiological performance, thereby
facilitating the development of resilient cultivars capable of sustaining cotton production under
varying environmental conditions.
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Table 1. Morphometric Characteristics of two

species of cotton seeds (Faghani et al., 2019)
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Figure 2. Cotton seed coat and seed a) Latif variety
b) Golestan variety (Kolahi et al., 2017)
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