Research Journal of Science (RJS)
E-mail: res.journal.sci@gmail.com
Website: http://res-journal-sci.net

Editor in chief
Dr. Entessar Mohammad AL JBAWI
Plant breeding and biometrics, Director of Agricultural Extension, MOOR, Damascus,
Syria.

Co-editor in chief
Dr. Eyad Ahmad AL KHALED
Crops Sciences, General Organization of Remote Sensing, Damascus, Syria.

Editorial Board
Prof. Dr. Abd AlMuhsen AlSyed OMAR
Plant physiology, Crops Field Department, Faculty of Agriculture, Aleppo University, Syria.
Prof. Dr. Abdulwahab Abdulrazak AL-KAYSSI
Soil Science and Water Resources, College of Agriculture, Tikrit University, Iraq.
Dr. Ahmed Abdelnabi Mohamed ELSAWAH
Statistics, Beijing Normal University-Hong Kong Baptist University United International College,
China.
Dr. Abdelghani Elmahdaoui REBHI
Biotechnology and Environment, Faculty of Natural and Life Sciences, Ziane Achour University
of Djelfa, Algeria.
Prof. Dr. Abdel Rahman Mohammad Said Al-TAWAHA
Plant Ecophysiology, Department of Biological Sciences, Al Hussein Bin Talal University, Jordan.
Dr. Alya Jameel Ali Alsaad
Food Science, Basrah University, Iraq.
Dr. Batool Mahmod Mohamed AL-ANSARI
Food Science, Basra University, Iraq.
Prof. Dr. Basim ABBAS
Agricultural Mechanization, Faculty of Agriculture, Diyala University. Iraq.
Dr. El-sayed Mohamed El-Sayed Nishawy SALEH
Pomology, Plant Production, National Key Laboratory of Genetic Improvement and National
Center of Plant Gene, Huazhong Agricultural University, Wuhan 430070, China.
Dr. Fadi ABBAS
Plant physiology, GCSAR, Homs, Syria
Dr. Fayez AL-MIKDAD

Socio Economics Studies, GCSAR, Damascus, Syria.
Prof. Dr. Gharibo A. GHARIBO
Agricultural Sciences,V.N. Karazin Kharkiv, National University, Ukraine.
Prof. Dr. Ghalib N.H. AL.SHIMMERY
Horticulture Crops, University of Dyala, Iraq.
Prof. Dr. Hisham AlROUZ
Entomology, Plant Protection Department, Faculty of Agriculture, Damascus University, Syria.
Prof. Dr. Imad Daoud ISMAIL
Plant Viral Diseases, Plant Protection Department, Faculty of Agriculture, Tishreen University,
Lattakia, Syria.
Prof. Dr. Jaoudat FADDOUL
Plant Protection (Mycology and Plant Pathology), Faculty of Agriculture, Damascus University,
Damascus, Syria.
Prof. Dr. Khaled Khalil Ahmed SULEIMAN
Plant Breeding and Genetics, Kirkuk University, Iraq.
Dr. Merfat Taher BEN MAHMOUD
Soil and Water Science, Tripoli University, Libya.
Dr. K.M. Mehedi ADNAN
Agricultural Economics and Management, Sylhet Agriculture University, Bangladesh.
Dr. Moataz Eliw Mostafa AHMED
Agricultural Economics and Policies, Al-Azhar University, Egypt.
Dr. Almoataz Bellah Ali El-Mouhamady Hassan
Genetics, Department of Genetics and Cytology, Genetic Engineering and Biotechnology Division,
National Research Center, Egypt.
Prof. Dr. Mohammad Khair TAHLA
Food Science, Faculty of Agriculture, Damascus University, Syria.
Dr. Mu’ad Abdu-Latif AL_KIYYAM
Horticulture, Field Crops and Plant tissue culture, Jerash University, Jordan.
Prof. Dr. Nasser HABOUB
Agricultural Machinery Engineering, Consultant at Arab Center for Studies of Arid Zones and Dry
Lands ACSAD, Syria.
Dr. Nihad Abdulateef Ali KADHIM
Avian physiology, Department of Animal Production, Faculty of Agriculture, AL -Qasim Green
University, Iraq.
Dr. Omran YOUSSEF
Plant Diseases, University of Hohenheim, Institute of Phytomedicine, Stuttgart, Germany.
Prof. Dr. Prabhu Britto ALBERT
BioMedical Engineering, Founding Editor, IJBST Journal Group. India.
Dr. Shamaail SAEWAN
Food Science, Iraq.
Dr. Shekhmous HUSSEN
Poultry Breeding & Genetics, Duhok University, KR-Iraq.
Dr. Swati Anindita SARKER
Agricultural Economics, EXIM Bank Agricultural University, Bangladesh.
Prof. Dr. Waad SABOUR

Marine Biology and Fisheries, Dept. of Zoology, Faculty of Science, Tishreen University,
Lattakia, Syria.
Prof. Dr. Zahra Ibrahim EL_GALI
Plant Pathology, Faculty of Agriculture, Omer Al-Mukhtar University, Libya.

Reviewers
Dr. Jawad Bulbul Hammood AL-ZAIDAWI
Plant Protection, Baghdad, Iraq.
Dr. Lina Sameer MOHAMMED
Food Science, Agriculture College, Basrah University, Iraq.
Dr. Ebraheem AL-JOURI
Institute of Phytomedicine, Faculty of Agricultural Sciences, University of Hohenheim, Stuttgart,
Germany.

Research Journal of Science (RJS)
E-mail: res.journal.sci@gmail.com
Website: http://res-journal-sci.net

Guidelines
Journal affiliation: Research Journal of Science (RJS) is a scientific refereed journal that is
concerned with creative, original researches and studies of different agricultural sciences (Crops,
Horticulture, Animal Production, Plant Protection, Soil, Irrigation and drainage,
Environment, Economic Studies, Biotechnology, Genetics). The journal welcomes to receive the
scientific and original manuscripts that achieved the scientific quality, long researches (8-12 pages),
or short researches (2-4 pages), short communications (one page), or reviews. The journal issues two
times a year, at the end of June and December.
Languages of publication: The language of publication is English.
Submitting the manuscript: The manuscript (or its content) sent for publication must not been
published before or sent to another periodical for publication. The author must declare also that the
manuscript is original not copied or derived (totally or partly) from any other works, except the
academic thesis (master’s and PhD’s). All the recipient manuscripts will be revised and checked if it
is repeated or faked. If it is, the journal will follow the proper procedures of the International Guide
of Publication Morals. The corresponding author must be clarified besides the approval of the other
authors before submitting the manuscript and after the reviewing.
Manuscript should be submitted online via: res.journal.sci@gmail.com. Upon receipt of manuscript
submission, the corresponding author will be notified within 72 hours. In absence of a confirmation
email, you are advice to contact the journal via its email address.
Peer review: The submitted manuscript is sent to tow referees at least specialized in the subject area.
If the manuscript rejected the corresponding author will be notified, otherwise, the referee notes and
comments are conveyed to the corresponding author so that he can respond to them in order to meet
the publication rules to be at the required scholarly level.
Preparation of manuscript: The manuscript should be typed in English language with no mistakes
and clear and typed single-spaced and all pages numbered. Page size is A4 (29.7 X 21.0 cm). Font
type is Times New Roman (font size is 12), leaving 2 cm margin on all four sides, Only the Arabic
numbers are used (1,2,3,4,5,6,7,8,9), using the proper punctuation marks. Abbreviations are to be
used sparingly and given at first mention of word. Each abbreviation should be spelled out and
introduced in parentheses the first time it is used in the text. A full page should be assigned
including the title, the name of authors and their addresses, the abstract and key words. The length of
the manuscript should not exceed 15 pages. It is preferable to low the numbering within the materials
and methods, and the results.
Manuscript outlines:
In the text, references should be arranged when they are mentioned one after one, first

chronologically (the older first then the most recent), and then further sorted alphabetically if
necessary. The references should be mentioned according to the author’s family name (A, B,
C…..etc). All references should be cited within the text. A reference identified by means of an
author‘s family name should be followed by the date of the reference in parentheses. In case of one
author (Zaid, 2014); in case of two authors (Zaid and Amr, 2014); while in case of more than two
authors (Zaid et al., 2014). According the citation of the reference in the text, the year of publication
in parentheses, for example: "Zaid mentioned (2014) that ??????”. It is preferable to write the full
title of the reference (not abbreviated), to reduce the citation of the academic books; also, the cited
references very related with subject and most recent.
Examples about reference citation in the list reference according the terms of the journal.
Tables and figures should be included sufficient description so that the table or figure is
understandable without reading the text of the manuscript. Each table and figure should include a
title and be comprehensible without reference to the text. Tables adapted abbreviations or symbols
must be clarified in footnote. Each table and figure should be numbered consecutively in Arabic
numerals and supplied with a heading and a footnote. The table should be inserted from right to left
as the text, and kept to a minimum and be designed to be as simple as possible, clear, and accurate
(accuracy rate 300 spot per inch).

Research Journal of Science (RJS)
E-mail: res.journal.sci@gmail.com
Website: http://res-journal-sci.net

Vol 2 No 2 December 2021
Pages
Contents
1-9 - Fungal Bio Fertilizer for Sustainable Agriculture
Entessar M. Al-Jbawi* Abdel Rahman M.S. Al-Tawaha and Adel J. Hussein

10-19 - Estimation of Genetic Variability, Correlation and
Heritability among Forty-nine Genotypes of Chickpea
(Cicer aritinum L.)
Mohammed Ali Hussain* and Jallal Abdulla

20-25 - Genetic Variability and Heritability of Yield and Quality
Traits in Cotton (G. hirsutum L.)
Jamila Dirbas* and Ahmad Aljouma

26-38 - The Response of Sugar Beet (Beta vulgaris L.) to Different
Irrigation Methods and Different Nitrogen Fertilization
Levels in Summer Time
Ammar Mahmoud; Entessar Al Jbawi* Farag Na’om; Abdel Ghani Al-Khaldi
and Bayan Al-Abdallah

39-49 - Regeneration Potential via Somatic Embryogenesis in
Cotton (Gossypium hirsutum L.)
Ahmad Al Jouma; P. Vindhiya Varman; T.S. Raveendran; P. Balasubramanian
and S. Mohan

1

Review Article

Fungal Bio Fertilizer for Sustainable Agriculture
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Abstract:
Plant roots are the main organ that supplies the plant with the
nutrients in the soil, which is reflected on the productivity of the
plant. Some of the microorganisms present in the soil are among the
factors that may contribute to raising the efficiency of plants in
utilizing the nutrients in the soil, therefore there is the need to study
on plant interactions with soil microorganisms. However, care must
be taken when adding these beneficial microorganisms to the soil as
biological fertilizers or pesticides, to reduce the use of chemical
fertilizers and pesticides, and to minimize its harmful effects on
humans and the environment, on the one hand, and on the other
hand, to increase the plant productivity to maintain food security.
With the evolution of omic1 technologies, it became possible to
effectively observe rhizosphere microbial community together with
their effects on plant productivity, thus maintaining sustainable
agriculture. This prompted scientists to discover and develop
microbial species that interact positively with plants (Berruti et al.,
2016).
Key words: Bio fertilizer, AMF inoculation, Plant protection,
Sustain agriculture.
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The branches of science known informally as omics, which are various disciplines in biology whose names end in the
suffix -omics, such as genomics, proteomics, metabolomics, and glycomics (https://en.wikipedia.org/wiki/Omics).
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Introduction:
Agriculture at the present time relies on adding chemical fertilizers in large quantities to
obtain high and abundant production. It also depends on the use of chemical pesticides
that are harmful to humans, animals and the environment alike (Bhardwaj et al., 2014).
Scientists are concern to invest beneficial microbes in agriculture, because of its
important role in obtaining a safe, healthy food without chemicals, on the other hand, it
is safe for the environment and sustainable crop production (Bhardwaj et al., 2014).
An application that has proven to be effective is the use of beneficial and safe microbes,
i.e. the plant growth promoting rhizobacteria (PGPRs), endo- and ectomycorrhizal fungi,
cyanobacteria and many other useful microscopic organisms led to improved nutrient
uptake, plant growth and plant tolerance to abiotic and biotic stress (Bhardwaj et al.,
2014; Igiehon and Babalola, 2018a).
The fungal interactions of rhizobacterial and mycorrhizal have been studied by many
researchers (Song et al., 2015; Rasmann and Turlings, 2016). Also, host interactions
with viruses are similarly important since virus causes different disease conditions
according to the host. This means, that plant interactions with microorganisms could be
positive or negative depending on the species involved (Igiehon and Babalola, 2018).
The positive interactions between plant and microorganisms will be reviewed and light
will also be shed on the various relationships between different hosts and micoorganisms
that can be used as a biological fertilizer in plant nutrition.
Plant-microbial interactions:
So far, this relationship is not clearly understood, therefore, it needs a lot of in-depth
studies to understand it, to benefit from it in sustainable agricultural development
(Igiehon and Babalola, 2018a).
This interaction between plant and microorganisms takes place in an area called “the
Rhizosphere” which can be defined as the zone of soil close to plant roots and has a lot
of microorganisms as well as invertebrates (Philippot et al., 2013; Mendes et al., 2014).
Al JBawi et al., – Research Journal of Science – RJS 2(2): 1-9 December 2021
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Soil organisms that located in huge numbers affect plant growth and productivity
(Philippot et al., 2013; Mendes et al., 2014).
There are many substances that are secreted by the roots and contribute to the regulation
of plant root-microbial interactions i.e. flavonoids, different organic acids and cutin
monomers, besides gene expression of microorganisms. These substances secreted from
the roots send chemical signals to soil microbial organisms to control and develop them,
providing the roots with everything they need (Venturi and Keel (2016).
Many published papers have explained accurately the mechanisms of chemical
communication signals that plays an important role in root-microbial interactions
(Bednarek et al., 2010; Rosier Rosier et al., 2016).
Soil organisms do not live in isolation but rather interact with many hosts, and there are
several forms of interaction namely: virus versus virus, bacterium versus bacterium,
protozoan versus protozoan, fungus versus fungus, bacterium versus fungus, fungus
versus plant or animal, bacterium versus plant or animal, virus versus plant or animal,
protozoa versus plant or animal, bacterium versus fungus versus plant or animal, in
addition to other parasitic and symbiotic associations, that has unique mechanisms that
lead to enhanced host plant growth (Igiehon and Babalola, 2018).
Figure (1) is a good example that explains the parasitic interaction between the
bacterium Pasteuria penetrans and root-knots nematode in the rhizosphere area (FlorPeregrín et al., 2014).
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Figure 1. Parasitic interaction between the bacterium Pasteuria penetrans and root-knots
nematode in the rhizosphere (Flor-Peregrín et al., 2014).

Arbuscular Mycorrhizal Fungi (AMF) reciprocates benefits with 80% of plants by
forming a group of roots. This fungus provides the plant with water, nutrients, and
protection from diseases, and in return it obtains photosynthesis products (Berruti et al.,
2016).
Also, there is a direct effect of AM fungi in the soil, which is to improve the soil texture
(Rillig and Mummey, 2006; Leif heit et al., 2014, 2015; Rillig et al., 2015)
The phyllosphere is defined as the part of the plant above the soil surface, precisely the
part around the leaves. Many studies have demonstrated how the underground
interaction (rhizosphere) affects the interaction above ground (phyllosphere) with
herbivores and carnivores (Philippot et al., 2013). For example, the two fungi MF,
Bacillus and Pseudomonas have the ability to stimulate systemic plant immunity against
many diseases caused by soil microorganisms (Zamioudis and Pieterse, 2012; Philippot
et al., 2013). Also, some plants that are attacked by insects excrete Volatile Organic
Al JBawi et al., – Research Journal of Science – RJS 2(2): 1-9 December 2021
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Compounds (VOCs) generated systemically. These compounds travel in the air as
signals to alert other plants to stimulate their immune system to fight these insects,
besides these compounds also travel through plant roots to the rhizosphere. For example,
the common mycelial networks that motivate the transfer of signaling compounds from
the attacked plant to un-infested to be careful of infestation with these insects as shown
in Figure (2).

Figure 2. The attacked plants (left) by aphids secrete volatile organic compound that transmitted
through common mycelial system to prevent aphids attack on other plants (right).

Future Prospects and Conclusions:
-Due to the positive effect of AMF inoculation into the soil, which helps the plant to
take advantage of the nutrients in the soil and prevent many diseases caused by
microorganisms in the rizhosphere, thus increasing plant productivity, without adding
and somtimes reducing the addition of chemicals that harm the environment, human and
Al JBawi et al., – Research Journal of Science – RJS 2(2): 1-9 December 2021
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animal health. For these reasons, it is important to expand thoughtfully by adding these
AMF in agriculture, after implementing a number of field trials and studying the
economic benefit analyses of this technology as presented in Ceballos et al., (2013).
-Since many studies have shown that AMF that existed in each different soil are equally
or even better performing than commercial, it is better for the farmers to produce their
AMF inocula, to make this technology (bio-fertilizers) available, especially for the third
world countries, which need to greatly sustain agriculture.
- There is a need to carry out many studies, as the relationship between plant and
microbial species is not yet clear in many cases, as it has been shown by Babalola and
Glick (2012).
- Understanding what these interactions are may contribute to develop of microbial
inoculants (Babalola, 2010; Alori et al., 2017; Igiehon and Babalola, 2018b). Also, it
will reduce the harmful effects of chemicals.
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Abstract
Forty-nine genotypes of chickpea (Cicer aritinum L.) were evaluated in two
winter seasons in Duhok during seasons 2014/2015 and 2015/2016 using
Randomize Complete Block Design (RCBD) with three replications in order to
estimate genetic variability, correlation and heritability. The results exhibited
highly significant effect for interaction between seasons and genotypes on
1000-seed weight, plant height, seed yield, days to flowering and maturity, first
pod height, and number of pods/plant. The genotype Flipo 7-223c was superior
in the most characters followed by genotypes Flipi 7-245c and Flipo 7-31c. The
highest genetic coefficient was observed for number of pods/plant (23.95),
moderate for seed yield (11.50 gm) and low for the other characters, while the
phenotypic coefficient was high for number of pods/plant (28.68) and moderate
for 1000-seeds weight, seed yield and first pod height with values of (11.15 gm,
18.17 gm and 13.00 cm) respectively, also the result revealed that, the
heritability in broad sense was high for plant height and moderate for 1000seeds weight and number of pods/plant with a value of 0.69 for both characters
.Low heritability was observed for the other characters. The genetic advance
was high for number of pods/plant (35.19) and moderate for 1000-seeds weight
(13.57 gm) and (12.81gm) for seed yield. For this study, the characters were
having moderate to low heritability coupled in high to low genetic advance as
percentage of mean indicated that, the role of non-additive genetic components
control this character, so using selection is ineffective to improve these
characters.
Key words: Genetic variability, Correlation, Chickpea heritability, Genetic
advance.
Introduction:
Chickpea (Cicer arietinum L.) is the most planted grain legume in the world after dry bean and field
pea (Alam et al., 2017). It is cultivated in the arid and semi-arid regions of world (Najm and Ahmed,
2015). Chickpea is a good source of proteins and carbohydrate and minerals for millions of people in
developing countries, it contains 25% proteins, which is the maximum provided by any pulse and 60%
carbohydrate (Gaur et al., 2008), also it is one of pulse using to improve the physical, chemical and
Hussain and Abdullah – Research Journal of Science – RJS 2(2): 10-19 December 2021
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biological properties of soil and also increasing the soil fertility status through biological nitrogen
fixation from the atmosphere (Upadhyaya et al., 2006).
The new genotypes of chickpea can play an important role in producing high yield because different
genotypes respond differently for their genotypic characters, input requirements, growth process and
prevailing environment during growing season. Good quality chickpea genotype produces good quality
seed and good quality seed produces high yield. Genotypes of chickpea vary morphologically and the
variation is distinctly visible at different growth stages, due to inherent characters (Alam et al., 2017;
Peyman et al., 2018).
Genetic variation is important in breeding programs for characters and for selecting desirable
genotypes. It is important in crop yield to evaluate the genetic variability that available in breeding
material and the extent to which the yield components characters are heritable from generation to
generation. The genetic variability can thus be a choice for selecting suitable parents. Analysis of
correlation among parents is essential for determining selection criteria (Yucel et al., 2006). Plant
breeders are continuously trying to improve and increasing production so that need information on
nature and extent of genetic variation regarding quantitative characters and their inter relationship in
population including diverse genotypes, which are pre-requisites for efficient breeding program. The
quantitative characters are prone for environmental influence that necessitates the partitioning of
overall variances are heritable and non-heritable components for efficient breeding program (Allard,
1960). Shanmugan and Kalaimagal, (2019) indicated that the heritability and expected genetic advance
are useful for yield improvement and using the value to know the scope of improvement in the yield of
chickpea genotypes. Therefore, the present study aims to study genetic variability, genetic advance,
genotypic and phenotypic correlation in forty-nine genotypes of chickpea for yield and its components.
Material and Methods:
The experiment site was located in Kurdistan Region, Central Agricultural Research of Duhok. The
experimental materials comprised of 49 genotypes obtained from ICARDA (Table 2). The experiment
was laid out in Randomized Complete Block Design with three replications. The genotypes were sown
in winter seasons 2014/2015 and 2015-/2016 by hand dibbing in each plot by imposing randomization
in each replication along with local variety. The spacing was 30 cm between rows and 10 cm between
plants with 5 m length of rows. The number of rows for each experimental unit consists of four rows.
All recommended package of agricultural practices with necessary plant protection measurements were
followed on time. The data were recorded on ten randomly selected plants in the two middle lines in
each replication for the five characters, i.e., plant height, first pod height, days to maturity, 1000-seeds
weight and seed weight. Analysis of variance was estimated according to Steel and Torri C (1980).
Genotypic and phenotypic coefficients of variation (Gcv and Pcv) were calculated by formula given by
heritability in broad sense, and genetic advance was estimated by formula given by Singh and
Chaudhary (1979).
pσ g
𝐺𝑐𝑣 = 𝑥̅ x 100
𝑃𝑐𝑣 =

pσ g
𝑥̅

𝑥 100

Where: x = grand mean of the character. The classification for genotypic coefficient of variation was as
follows: Low (< 10%), Moderate (10–20%) and High (> 20%).
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Heritability in broad sense is expressed as a percentage of the ratio of the genotypic variance (σ2g) to
the phenotypic variance (σ2p) estimated on genotype mean. It was computed by adopting the formulae
presented by Allard as: Heritability (H2) = σ2g/σ2p)*100, where, H2 =Heritability in broad sense, σ2p =
Phenotypic variance, σ2g =Genotypic variance. Estimate of Genetic advance GA for all characters was
computed as percentage of the mean expected from selection of the best 5% of the genotypes were
estimated as:
Expected genetic advance (G𝑨) = 𝐡² × 𝐤𝛔𝛒
Expected genetic advance as percentage of mean = (GAx100)/𝑥̅
Where, k is a constant value depending on selection intensity of 5% (k = 2.06), σ p: is the phenotypic
standard deviation; h2 is broad sense heritability; and µ is the grand population mean for the trait under
consideration.
Table 1. Name and pedigree of the studied inbred lines of chickpea
Entry
1
2

Name
FLIP05-11C
FLIP05-22C

Pedigree
X00TH 39/FLIP98-29CXS99001
X00TH 21/FLIP98-64CXFLIP98-47C

FAO Status*
U
U

3

FLIP05-156C

X01TH 23/(FLIP98-132CXS99093XFLIP98-9C

U

4
5
6
7
8
9
10
11
12
13
14
15
16

FLIP05-160C
FLIP06-19C
FLIP06-40C
FLIP07-13C
FLIP07-16C
FLIP07-17C
FLIP07-21C
FLIP07-22C
FLIP07-24C
FLIP07-31C
FLIP07-32C
FLIP07-47C
FLIP07-119C

X01TH 24/(S98588XS99093)XS99358
X02TH 21/S00787 X FLIP97-261C
X02TH 39/FLIP97-149C X FLIP98-022C
X03TH138/FLIP98-130CXFLIP9934C
X03TH146/FLIP98-130CXFLIP97-25C
X03TH150/FLIP98-131CXFLIP98-50C
X03TH152/FLIP97-131CXFLIP97-111C
X03TH152/FLIP97-131CXFLIP97-111C
X03TH152/FLIP97-131CXFLIP97-111C
X03TH153/FLIP98-133CXFLIP98-117C
X03TH153/FLIP98-133CXFLIP98-117C
X02TH 61/S99520XLebanes-1
X02TH 76/S99858 X FLIP97-26C

U
U
U
U
U
U
U
U
U
U
U
U
U

17

FLIP07-125C

X03TH-58/[FLIP98-28CXsel01th12124]XFLIP98-22C

U

18

FLIP07-142C

X03TH-59/(FLIP98- 38CXsel01th12179)XFLIP 98-50C

U

19
20
21
22

FLIP07-176C
FLIP07-183C
FLIP07-214C
FLIP07-223C

X02TH107/FLIP98-28CXsel01th 12124
X03TH-138/FLIP98-130CXFLIP99-34C
X03TH148/FLIP97-220CXFLIP98-178C
X03TH185/FLIP98-128CXLebenese -1

U
U
U
U

23

FLIP07-229C

X03TH9/(FLIP97-81CXFLIP97-281C)XFLIP98-22C

U

24

FLIP07-232C

X03TH9/(FLIP97-81CXFLIP97-281C)XFLIP98-22C

U

25
26
27
28
29
30

FLIP07-234C
FLIP07-241C
FLIP07-245C
FLIP07-248C
FLIP07-260C
FLIP07-263C

X03TH137/FLIP98-131CXFLIP98-113C
X03TH150/FLIP98-131CXFLIP98-50C
X03TH153/FLIP98-133CXFLIP98-117C
X03TH153/FLIP98-133CXFLIP98-117C
X03TH176/FLIP98-130CXLebanes-1
X02TH 57/S00787XLebanes-1.

U
U
U
U
U
U

Hussain and Abdullah – Research Journal of Science – RJS 2(2): 10-19 December 2021

13
31

FLIP07-274C

X03TH7/(S00835XFLIP98- 053C)XFLIP97-24C

U

32

FLIP07-275C

X03TH20/(S00784 XFLIP97-281C)XICCV2

U

33
34
35
36
37
38
39
40
41
42

FLIP07-278C
FLIP07-284C
FLIP07-299C
FLIP07-304C
FLIP07-307C
FLIP07-308C
FLIP07-315C
FLIP07-322C
FLIP07-342C
FLIP07-284C

X03TH21/(S00791XFLIP98-23C)XICCV2
X03TH132/FLIP97-185CXFLIP99-47C
X03TH149/FLIP97-116CXFLIP 97-85C
X03TH151/FLIP98-130CXFLIP 97-120C
X03TH151/FLIP98-130CXFLIP97-120C
X03TH151/FLIP98-130CXFLIP97-120C
X03TH153/FLIP98-133CXFLIP98-117C
X03TH153/FLIP98-133CXFLIP98-117C
X02TH 40/FLIP98-28C X FLIP98-079C
X02TH 69/S00792XFLIP98-28C

U
U
U
U
U
U
U
U
U
U

43

FLIP08-23C

X01TH4/(FLIP98-134CXsel99ter85074)XFLIP97-22C

U

44
45

FLIP08-189C
ILC482

X03TH146/FLIP98-130CXFLIP97-25C
Long term check

U
U

46

FLIP 82-150C

X79TH101/ILC 523 X ILC 183 (Improved check)

U

47

FLIP88-85C

X85 TH143/ILC 629 x FLIP 82-144C

U

48

FLIP93-93C

X89TH258/ (FLIP 85-122CXFLIP 82-150C)/FLIP 86-77C

U

49

Local check

-

-

* D = Designated, U = Undesignated

Results and Discussion:
Analysis of variance (Table 2) reveals highly significant differences between genotypes for all
characters under study in the seasons 2014/2015 and 2015-2016, also the same table exhibited that the
years showed high significant effect on all traits except 1000-seeds weight and first pod height, while
the genotypes of chickpea exhibited highly significant effect for all studied characters in both years.
Highly significant differences for interaction between years and genotypes were observed in 1000seeds weight, plant height, yield, days to flowering and maturity, fist pod height and number of
pods/plant. These results are in confirmation with those of Mieso et al., (2018), Sarker et al., (2013)
and Malik et al., (2011). Who reported highly influence of years and genotypes on yield and its
components.
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Table 2. Analysis of variance for the studied traits of chickpea genotypes.
SOV

Mean Square

df
1000-seed
weight
(g)

Plant
height
(cm)

Reps
Genotypes
Error

2
48
96

3.491
34.727**
3.563

254.619
46.558**
6.646

Reps
Genotypes
Error

2
48
96

1.433
36.753**
1.362

10.183
80.676**
2.21

Env.
Reps/Env
Genotypes
Env x gen
Error

1
4
48
48
192

0.746
2.462
62.918**
8.562**
2.462

538.789**
132.401
113.973**
13.261**
4.283

Seed yield
(g)

Days to
flowering

2014/2015
0.009
6.557
0.108**
12.590**
0.013
1.245
2015/2016
0.001
0.843
0.093**
12.318**
0.027
0.968
Combined analysis
2.659**
2829.06
0.005
3.700
0.148**
14.181**
0.053**
10.727**
0.021
1.106

Days to
maturity

First pod
height (cm)

No. of
plants

1.367
8.658**
0.554

12.170
54.949**
4.451

1261.312
271.030**
47.812

4.251
26.334**
10.064

73.149
78.458**
4.073

16.333
526.819**
6.256

12564.9**
2.809
20.178**
14.814**
5.309

24.000
42.659
84.051**
49.355**
4.262

2326.28**
638.823
704.811**
93.039**
27.035

The means of genotypes for yield and some characters in chickpea in both years are presented in Table
(3). A perusal of the table indicated that the genotypes of chickpea had significant variation for 1000seeds weight, and the genotype (31) gave the maximum value of this trait (41.3 g), followed by
genotypes (3) and (32) with values of (39.95 and 39.00 g) respectively, while the genotype (16)
recorded the minimum value (25.42 g).
The mean performance of forty-nine genotypes in both years, for plant height exhibited that highest
plants among all genotypes were (20,19 and 25) with values of (93.33, 89.16 and 88.83 cm)
respectively, while the shortest plants were recorded in the genotype (46) with a value of 71.00 cm,
Also Table (3) reveals that the highest seed yield (1.55 g) was recorded by genotype (27) followed by
the genotypes (22) and (13) with values of (1.5 and 1.47 g) respectively, while the lowest seed yield
(0.86 g) was recorded by the genotype (20). Concerning the days to flowering and maturity, the
genotype (49) gave the earliest days to flowering (117.33 days), while the genotype (11) recorded latest
days to flowering (123.83 days), whereas the genotypes (44) recorded the earliest days to maturity
(160.66 days), and the genotype (21) gave the latest days to maturity with value of (168.00 days).
Similar results were recorded by several authors like Mieso et al., (2018), Tejbir, (2016); Borate et al.,
(2010); and Saki et al., (2009).
The results in the Table (3) clarifies the first pod height, was attained by the genotype (19) which
produced the maximum value (54.00 cm) and the genotype (2) gave the minimum pod height (37.6
cm). The number of pods/plant was very significant among the chickpea genotypes, where the highest
number of this trait produced by the genotypes (37) and (38) with values of (74.5 and 62.80)
respectively, whereas the lowest number remarked by the genotype (15) with a value of (19.33).
Similar findings related to high variability of genotypes for most of studied characters has reported by
Mieso et al., (2018); Barad et al., (2018) and Tebir, (2016). Results in Tables (1 and 2), showed that
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there is sufficient genetic variation for most of the studied characters in the genetic material for seed
yield. This would help in designing the selection methodology which can further be utilized in breeding
program for improvement seed yield.
Table 3. Means of genotypes for the studied traits of chickpea genotypes

1.10 m-q
1.06 n-q
1.16 k-p
1.29 i-m
1.36 b-j
1.45 a-d

Flowering
(days)
121.33 d-g
121.0 e-i
120.33 g-l
119.83 i-m
118.33 n-q
119.83 i-m

Maturity
(days)
164.33 e-k
166.17 a-g
164.17 c-k
163.0 h-l
164.17 c-i
163.83 e-l

1st pod
height (cm)
46.25 c-g
37.58 q
38.08 q
39.75 o-q
38.33 pq
47.5 b-e

47.67 f-k
37.33 n-q
52.83 d-f
53.83 c-f
57.67 b-d
35.0 p-u

74.33 s-u
85.33 c-g
81.0 k-p
79.33 o-q
83.33 e-k
74.33 s-u
85.67 c-f

1.36 a-j
1.25 e-n
1.35 c-k
1.46 a-d
0.92 qr
0.98 p-r
1.47 a-c

120.67 f-k
120.17 h-k
119.0 l-p
120.0 h-m
123.83 a
123.5 b
118.67 m-q

164.67 c-i
163.67 e-l
161.33 kl
165.33 a-h
167.17 a-d
165.83 e-i
163.83 e-l

45.08 e-i
41.58 l-o
44.75 e-k
43.0 h-n
43.0 h-n
44.08 g-k
43.75 g-m

28.67 u
36.83 n-s
35.5 p-t
56.83 b-e
28.83 u
41 k-p
37.17 n-r

31.90 k-n
36.52 e-g
25.42 p
31.94 k-n
37.36 c-f
33.53 i-k
33.37 i-k

80.33 l-o
81.83 i-n
80.67 k-p
82.67 i-m
85.83 c d e
89.17 b
93.33 a

1.38 a-h
1.17 i-o
1.39 a-g
1.24 e-n
1.23 e-n
1.29 e-m
0.86 r

118.33 n-q
121.5 d-g
119.83 i-m
118.67 m-q
123.17 a-c
119.67 i-n
120.17 h-l

161.17 kl
164.83 a-i
164.83 e-i
164.67 c-j
166.33 a-f
165.67 a-h
167.33 a-c

45.83 d-g
37.58 q
43.58 g-n
48.0 b-d
48.75 bc
54.0 a
54.0 a

37.83 n-q
43.83 h-n
30.17 ut
39.0 m-q
48.83 g-j
50.33 e-h
47.33 g-k

21
22
23
24
25
26
27

38.90 b-d
34.35 h-j
36.70 e-g
36.43 e-h
36.93 e-f
35.76 f-h
31.51 k-o

87.5 c d
80.83 k-p
80.67 k-p
87.33 c b
88.83 b
81.0 k-p
83.0 i-l

1.19 i-n
1.51 ab
1.13 l-p
10.09 n-q
1.42 a-e
1.35 c-k
1.56 a

123.33 ab
122.17 b-e
120.0 h-m
121.33 d-h
121.83 c-f
119.17 k-n
117.83 o-q

168.0 a
163.33 g-l
165.83 e-i
165.5 a-i
161.5 j-l
162.83 h-l
162.5 i-l

45.0 e-k
45.08 e-j
43.5 g-n
45.58 d-i
46.5 d-f
43.5 g-n
43.58 g-n

40.17 l-p
62.67 b
42.83 j-o
52.33 d-g
36.33 o-t
37.83 n-q
38.83 n-q

28
29
30
31
32
33
34

37.22 c-f
29.99 no
36.04 e-h
41.34 a
39.01 b c
32.38 j-m
36.25 e-f

75.83 r-t
80.33 l-o
84.0 d-h
81.67 i-p
80.5 k-p
77.0 qr
82.0 i-o

10.10 m-q
1.36 c-k
1.62 j-p
1.37 a-i
1.23 e-n
1.42 a-e
1.27 c-n

119.83 i-m
119.67 i-n
122.33 b-d
122.17 b-e
118.33 n-q
119.33 j-n
121.17 d-i

164.33 c-k
167.67 b a
166.83 a-d
166.33 a-f
166.0 a-h
163.83 e-k
166.83 a-d

45.58 d-i
49.58 b
48.0 b-d
42.08 l-o
41.08 m-o
56.58 c-e
45.83 e-h

49.5 f-i
60.17 bc
47.83 g-k
33.83 p-u
60.33 bc
37.83 n-q
38.5 n-q

35
36
37
38
39

38.89 b c d
37.99 b-e
32.22 i j k
30.89 l-o
37.0 e-f

79.83 m-p
80.67 k-p
78.83 pq
81.0 k-p
81.33 k-p

1.47 a-c
1.32 i-k
1.43 a-e
1.40 a-f
1.35 e-k

120.83 e-h
121.17 e-h
119.33 j-n
120.5 f-l
120.0 h-m

162.83 h-l
165.67 a-i
162.67 h-l
161.33 kl
165.33 a-i

43.25 h-n
43.5 g-n
44.33 g-l
44.83 e-l
43.0 h-n

32.33 q-t
74.5 a
62.83 b
45.5 h-m
46.83 g-l

Genot
ypes
1
2
3
4
5
6

1000 S W
(g)
32.36 i-m
36.42 e-h
39.95 ab
29.5433 o
31.0 l-o
32.0 k-n

Height
(cm)
85.33 c-g
82.33 i-n
82.5 i-m
85.5 c-f
84.83 c-g
84.33 d-h

7
8
9
10
11
12
13

34.58 h-g
35.84 e-h
35.91 e-h
30.27 m-o
35.98 e-h
33.31 i-k
31.96 k-n

14
15
16
17
18
19
20

Yield (g)
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16
40
41

30.56 m-o
35.76 f g h

79.5 n-q
82.17 i-n

1.24 e-n
1.16 k-n

120.0 h-m
120.33 g-l

163.83 e-l
161.5 j-l

40.0 o-q
42.25 j-n

29.83 tu
52.333 d-g

42
43
44

30.44 m-o
36.86 d-f
33.63 i j k

73.83 tu
86.17 cd
79.83 m-p

1.32 c-i
1.16 l-o
1.18 h-o

120.67 f-j
120.33 g-l
117.83 o-q

163.67 e-l
162.83 h-l
160.67 l

45.5 e-i
33.25 f-l
44.0 f-l

30.83 r-u
43.0 i-n
52.17 d-g

45

34.33 h-j

79.33 opq

1.33 c-k

119.33 j-n

163.5 g-l

38 q

52 d-g

46
47
48

30.49 m-o
32.96 i-l
31.68 k-n

71.0 v
73.0 u v
81.83 i-n

1.08 n-q
1.21 i-o
1.02 o-r

119.67 i-n
117.67 pq
119.33 j-n

163.0 g-l
162.5 i-l
164.33 c-j

42.75 i-n
42.83 i-n
40.75 n-p

50 e-h
46.67 f-k
50.83 d-h

49

30.48 m-o

76.83 q-s

1.39 a-f

117.33 q

164.0 e-j

117.33 b

164 b

Table (4) shows the estimates of genetic parameters for yield and some characters of chickpea in first
year, the result in the same table indicated that the phenotypic variance was higher than the genotypic
variance for all studied characters, indicating more influence of environmental factors. The PCV was
higher in magnitude than GCV for all the characters under study. This indicated the effect of
environment on the expression of these characters. The high values of genotypic coefficient of
variation were reported for number of pods/plant and moderate for seed yield and low for the other
characters. The lowest genotypic coefficient of variation was produced for days to flowering and
maturity. The highest phenotypic coefficient was noted for number of pods/plant and moderate for
1000-seeds weight, seed yield and first pod height (10.29 g, 18.07 g and 10.44 cm) respectively.
Heritability in broad sense was calculated for each character (Table 5). In the first year a high
heritability estimates were recorded for 1000-seeds weight, seed yield, days to flowering, and maturity
and first pod height and moderate for plant height and number of pods/plant with values ranged
between 60 to 82%. In Table (3), the moderate genetic advance as percentage was recorded for number
of pods/plant and seed yield with values 28.49 and 22.55 % respectively, and moderate for 1000-seeds
weight and first pod height and low for the other characters. The highest heritability phenotypic
coefficient and genetic advance percentage indicating that some of the studied characters may
positively respond to phenotypic selection. The current observation is in confirmation with finding of
Mieso et al., (2018) and Malik et al., (2011) who reported similar results in their study on genetic and
analysis of phenotypic and genotypic characters of chickpea.
Table (6) exhibits the estimates of genetic parameters for yield and some characters of chickpea in the
two seasons. The same table showed that the phenotypic variation was more than the genotypic
variation indicating the influence of environment on these studied characters. Phenotypic and genotypic
coefficients were estimated according to Burton (1952), and Table (4) showed that PCV was higher than
GCV for all studied characters. Higher genotypic variation was noted for number of pods/plant (27.91)
and moderate for 1000-seeds yield and first pod height and seed yield with values of 10.02, 11.4 and
10.90 respectively and low for the other characters, while phenotypic coefficient was recorded high
value for number of pods/plant (28.41) and moderate for 1000-seeds weight (10.58), seed yield (16.27)
and first pod height (12.32) and lower values for other studied characters. In the second season highly
heritability was produced for the 1000-seeds weight, plant height, days to flowering, first pod height
and number of pods/plant and the value ranged from 0.79 to 0.96. whereas, it was low for seed yield
and days to maturity. These results were supported by finding of previous authors, who studied
chickpea genotypes by phenotypic and genotypic coefficient (Peyman et al., 2018; Barad et al., 2018
and Tejbir, 2016). For genetic advance as percentage of mean, Table (6) showed that, the higher
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genetic advance was observed for seed yield (22.55) and number of pods/plant (28.49). moderate
genetic advance was observed 1000-seeds weight and first pod height and low for the other characters.
High heritability coupled with low genetic advance, it is an indication of non-additive gene action in
their expression, whilst the characters having high heritability and high genetic advance (as number of
pods/plant) generally indicates that heritability more due to additive gene effect. These results were
recorded this finding with Mieso et al., (2015); Barad et al., (2018); Peyman et al., (2018) and Tejbir,
(2016) on this the basis of these results it was suggested that the number of pods/ plant, 1000-seeds
weight, seed yield maybe give more importance while making selection for higher yield potential of
chickpea genotypes and also the genotype (31) was superior variety among chickpea genotypes and
followed by genotype (3) and genotype (32).
Table 4. Estimation of genetic parameters of the studied traits of chickpea genotypes (combined analysis).
Genetic
parameters
Vg
VE
VgE
Vp
H BS
Sg
Sp
I
Mean
GA
GA%
GCV
PCV

1000 Seeds
Weight (g)
10.076
2.462
2.033
14.571
0.691
3.174
3.817
1.76
34.227
4.646
13.573
9.274
11.153

Height
(cm)
18.265
4.383
2.959
25.609
0.713
4.274
5.060
1.76
81.585
6.353
7.786
5.23841
6.203

Yield
(g)
0.021
0.021
0.011
0.053
0.401
0.145
0.229
1.76
1.265
0.162
12.81
11.501
18.170

Flowering
(days)
2.179
1.106
3.207
6.492
0.336
1.476
2.548
1.76
120.217
1.505
1.25211
1.228
2.119

Maturing
(days)
2.478
5.309
3.168
10.956
0.226
1.574
3.309
1.76
164.312
1.318
0.802
0.958
2.014

1st pod
height (cm)
13.298
4.262
15.031
32.591
0.408
3.647
5.709
1.76
43.884
4.099
9.342
8.309
13.009

pods
number
112.962
27.035
22.001
161.999
0.697
10.628
12.728
1.76
33.377
15.620
35.199
23.950
28.681

The estimation of genetic parameters for the studied characters of chickpea genotypes in the first and
second seasons was presented in Table (6). The estimates of phenotypic coefficient were higher than
genotypic coefficient for all the characters under study indicating the extent of environmental
influences on these characters. The interaction between genotypes and environment was observed in
number of pods/plant and first pod height with values of (22.00 and 15.03 cm) compared with other
characters. Regarding genetic coefficient, the highest value was observed high for number of
pods/plant (23.95) moderate for seed yield (11.50) and low for the other characters, but the phenotypic
coefficient, also was high for number of pods/plant (28.68) and moderate for 1000-seeds weight, seed
yield and first pod height with a value of (11.15, 18.17 and 13.00) respectively. In terms of heritability
in broad sense, the results revelated that estimates of broad sense heritability was high for plant height
and moderate for 1000-seeds weight and number of pods/plant with a value of 0.69 for both characters,
whereas, low heritability was observed for the other characters. While regarding genetic advance
percentage, higher genetic advance was recorded for number of pods/plant (35.19) and moderate for
1000-seeds weight (13.57) and seed yield (12.81) and low for the others characters. In this study, the
characters were having moderate to low heritability coupled in high to low genetic advance as
percentage of mean indicating the role of non-additive genetic component.
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Table 5. Estimates of genetic parameters for the studied characters of chickpea (season 2014/2015).
Genetic
parameters
VG
VE
Vp
H BS
Sg
Sp
I
Mean
GA
GA%
GCV
PVC

pods
number
10.388
3.563
13.951
0.745
3.223
3.735
1.76
34.176
4.8945
14.323
9.431
10.929

1st pod
height (cm)
13.304
6.646
19.95
0.667
3.647
4.467
1.76
80.231
5.242
6.534
4.546
5.567

Maturing
(days)
0.032
0.013
0.045
0.709
0.178
0.211
1.76
1.169
0.264
22.558
15.223
18.079

Flowering
(days)
3.782
1.245
5.027
0.752
1.945
2.242
1.76
117.115
2.969
2.535
1.661
1.914

Yield
(g)
2.701
0.554
3.255
0.829
1.644
1.804
1.76
157.775
2.635
1.670
1.04172
1.144

Height
(cm)
16.833
4.451
21.284
0.791
4.103
4.613
1.76
44.17
6.422
14.538
9.289
10.445

1000 Seeds
Weight (g)
74.406
47.812
122.218
0.609
8.626
11.055
1.76
41.564
11.845
28.499
20.7532
26.598

Table 6. Estimates of genetic parameters for the studied characters of chickpea (season 2015/2016).
Genetic
parameters
Vg
VE
Vp
H BS
dg
dp
I
Mean
GA
GA%
GCV
PCV

pods
number
11.797
1.362
13.159
0.896
3.435
3.628
1.76
34.277
5.724
16.698
10.020
10.583

1st pod
height (cm)
26.185
2.121
28.306
0.925
5.117
3.320
1.76
82.938
8.662
10.444
6.169
6.415

Maturing
(days)
0.022
0.027
0.049
0.449
0.148
0.221
1.76
1.36
0.1745
12.862
10.906
16.276

Flowering
(days)
3.783
0.968
4.751
0.796
1.945
2.179
1.76
123.319
3.055
2.477
1.5773
1.768

Yield
(g)
5.423
10.064
15.487
0.350
2.329
3.935
1.76
170.85
2.425
1.419
1.363
2.303

Height
(cm)
24.795
4.073
28.868
0.859
4.979
5.373
1.76
43.598
8.122
18.629
11.421
12.324

1000 Seeds
Weight (g)
173.521
6.256
179.777
0.965
13.173
13.408
1.76
47.19
22.777
48.267
27.914
28.413

Conclusion:
The study concluded that the characters were having moderate to low heritability coupled in high to
low genetic advance as percentage of mean indicated that, the role of non-additive genetic components
control this character, so using selection is ineffective to improve these characters.
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Abstract
Cotton in Syria is very important cash and industrial crop. Therefor the study
endeavors to develop this crop via breeding programs and evaluation of genetic
sources. In the present study, fifteen genotypes of cotton namely Fantom,
Millinium, Lider, Cherpan432, Coker139, Aleppo 90, Aleppo124, Raqqa5,
Aleppo118, Niab kiran, Niab 414, Deir EL-zour22, Coker 310, Samarkent 2,
Tashkent 8) were evaluated for detecting genetic variability, heritability and
genetic advance of twelve traits. The experiment was conducted at Hama
Center of Scientific Agricultural Research, General Commission for Scientific
Agricultural Research GCSAR/Syria, during 2019 season according to
randomized complete block design RCBD with three replications. Analysis of
variance showed high significant differences among the genotypes for all
characters. Phenotypic coefficient of variation was higher than genotypic
coefficient of variation for all traits, indicating environmental influence on
these traits. The close agreement was found between phenotypic and genotypic
coefficient of variances for no. of monopodia branch/ plant, earliness %, single
plant yield, no. of symposia branch/ plant, fiber elongation, ginning out turn,
fiber length and fiber strength indicating less environmental influence. High
phenotypic and genotypic coefficients of variation estimates were obtained for
no. of monopodia branch/ plant, earliness %, single plant yield and hence the
best possibilities of improvements could be achieved by selection. High
heritability coupled with high genetic advance were observed for single plant
yield, fiber elongation and no. of bolls opened/plant, indicating additive gene
effects. The quick improvement could well be expected in a short time for these
characters by following simple pure line selection. Based on mean performance,
the genotypes such as Aleppo118, Aleppo124 and Niab 414 recorded the
highest mean values for single plant yield, no. of bolls opened/plant, and fiber
elongation. So, they might be utilized as potential donors for breeding programs
to improve a particular character in crop improvement.
Key words: Cotton, Genotypic Variation, Heritability, Genetic advance.
Introduction:
Cotton is an important fiber crop in the word because of its multiple uses of lint and seed. Gossypium
hirsutum follows Malvaceae and it is planted in more than 80 countries of the world. In Syria, cotton is
Dirbas and Aljoumaa, – Research Journal of Science – RJS 2(2): 20-25 December 2021

21

very important cash and industrial crop because it forms 4% agricultural area, 35-40% irrigated area,
moreover, 18% of people works of its production and textile industry. Therefor we afford to
amendment of cotton specifications via looking for a new genetic source which can be exploited in
breeding programme. Genetic development is effective only when there is significance variability in
the genetic material. As well as knowledge of genetic and environmental variability portion enables to
improvement of different economic traits. Information on nature of inheritance and genetic characters
is indispensable in selecting desirable breeding techniques in crop improvement (Vineela, 2013; Sun et
al., 2017). Identification of genetic variability in plant population is of great significance to explain the
most appropriate breeding methods for the improvement of different parameters (Chandnani et al.,
2017; Hinze et al., 2017). Selection is good breeding tool depends on presence enough magnitude of
variability in the genetic source. Johnson et al., (1955) suggested that heritability estimates in
conjunction with high genetic advance were usually helpful in predicting its resultant effects for
selecting the best individuals. The successful planning to breeding programme bases on understanding
of genetic performance and inheritance of characters.
This study was objected to evaluation the phenotypic, genetic variation, heritability and genetic
advance of earliness indicators, yield, and yield component and fiber quality in (Gossypium hirsutum)
genotypes.
Materials and Methods:
The experiment was conducted at Hama Center for Scientific Agricultural Research, Syria, during
summer cotton season of 2019. Fifteen genotypes namely Fantom, Millinium, Lider, Cherpan432,
Coker139, Aleppo 90, Aleppo124, Raqqa5, Aleppo118, Niab kiran, Niab 414, Deir EL-zour 22, Coker
310, Samarkent 2 and Tashkent 8 were planted in Randomized Complete Block Design RCBD with
three replications. 4 rows for each genotype, distance between plants was 30 cm and 75 cm between
rows. The agricultural operations were done according to national cotton conference conclusion, 2019
(Syria). From each replication, 5 middle plants were randomly selected for examination sixteen
parameters i.e., days to first flower (DFF), days to first boll (DFB), earliness % (E%), nodes to first
sympodial branch (NFSB), number of monopodial branch/plant (NMB), plant height (cm) (PH),
number of sympodial branches per plant (NSB), number of bolls opened/plant (NBO), boll weight (g)
(BW), single plant yield (g) (SPY), Ginning out turn (GOT%), fiber length (inch) (FL), fiber strength
(g/tex) (FS), fiber elongation (FE) and fiber fineness (FF). Analysis of variance was carried out using
Genestate v12 software. The phenotypic (PV) and genotypic variances (GV) were calculated by
utilizing mean sum of square (Lush, 1940). The phenotypic (PCV) and genotypic coefficient (GCV) of
variation were estimated using the approach suggested by Burton (1952) and expressed in percentage.
Heritability (HBS%) and expected genetic advance as mean (GA%) were calculated according to the
formula suggested by Johanson et al., (1955).
Results and Discussion:
The mean performance of studied characters was analyzed and ordered in the Table (1). The results
indicated to existence clear range among the 15 genotypes for all traits. As well, the genotypes such as
Aleppo118, Aleppo124 and Niab 414 recorded the highest mean values for single plant yield, number
of bolls opened/plant and fiber elongation. So, they may be utilized as potential donors for future
breeding programs. Also, the highest performer for particular character can be considered as donor such
as Aleppo118 (7.17g of boll weight), Deir EL-zour 22 (43.67% of GOT), Fantom (25.86 g/tex of fiber
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strength) and Coker 310 (1.23 inch of 2.5% span length). So, these genotypes may be utilized for
crossing programme to improve that particular character in crop improvement. The analysis of variance
showed high significant differences among the 15 genotypes for all studied characters (Table 2). This
indicated that there is a broad range for additional enhancement in these genotypes. Similar
observations were made by Kumar et al., (2019).
The expression of characters is resultant interaction between genetic variability and environment.
Genetic variability is only heritable, so it is necessary to estimate it for plan proper breeding
programme.
Table 1. Range, mean performance, analysis of variance for studied characters of genotypes.
Parameter
Range
Mean varieties Error
Donor
**
DFF
46-65
54.16
52.04
7.52
Fantom, Niab 414, Millinium
Fantom, Samarkent 2, Aleppo118, Millinium,
DFB
90-101
93.53
16.6**
4.3
Niab kiran, Cherpan432
Samarkent 2, Millinium, Aleppo118, Fantom,
E%
3.93-98.11
59.52
714.8**
185.1
Aleppo 90, Raqqa5, Niab 414
**
NFSB
3.67-7.3
5.51
2.06
0.41
Millinium, Fantom, Niab 414
Niab 414, Aleppo 90, Millinium, Fantom,
NMB
0.67-4
1.96
1.27**
0.37
Samarkent 2, Deir EL-zour 22, Coker139,
Cherpan 432, Niab kiran
Niab 414, Aleppo124, Cherpan 432, Raqqa5,
PH (cm)
61.67-103.3
84.51
214.57**
33.85
Samarkent 2
Aleppo118, Niab 414, Aleppo124, Cherpan
NSB
7.667-14
10.45
6.15**
1.06
432
Aleppo124, Aleppo118, Deir EL-zour 22,
NBO
11.33-35
25.85
70.02**
12.23 Niab kiran, Cherpan 432, Lider, Fantom,
Coker 310
**
BW (g)
4.133-7.17
5.6
1.21
0.31
Aleppo118, Cherpan 432, Lider, Aleppo 90
Aleppo118, Aleppo124, Cherpan 432,
SPY (g)
65.4-323
165
7865.9**
947.7
Fantom, Lider, Coker139, Raqqa5, Niab 414
Deir EL-zour 22, Aleppo124, Niab 414,
**
GOT%
33.92-43.67
38.89
10.77
1.05
Aleppo 90, Coker 310, Niab kiran, Coker139,
Cherpan 432
Coker 310, Niab 414, Niab kiran, Samarkent
FL (inch)
1.046-1.23
1.145
3652.1**
547.4
2, Tashkent 8, Aleppo124
Fantom, Tashkent 8, Millinium, Lider,
FS (g/tex)
20.48-26.56
24.26
3.29*
1.22
Aleppo 90
Niab 414, Fantom, Millinium, Aleppo 90,
FE
5.4-11.5
7.91
4.78**
0.49
Deir EL-zour 22, Raqqa5, Lider, Niab kiran
Aleppo118, Tashkent 8, Fantom, Millinium,
FF(Mic)
3.25-5.25
4.38
0.51**
0.10
Aleppo 90, Niab kiran
*, **

significant to 5% and 1%, respectively

In Table (2), the highest phenotypic variance PV and genetic variance GV were recorded by single
plant yield (3253.8, 2306.1), while the lowest values for phenotypic and genotypic variance presented
by fiber fineness (0.2, 0.1). The PCV and GCV were calculated for all the characters under study. The
Dirbas and Aljoumaa, – Research Journal of Science – RJS 2(2): 20-25 December 2021

23

PCV ranged from 3.1 (days to first boll) to 41.9% (number of monopodia branch/ plant). Number of
monopodia branch/plant, single plant yield and earliness % showed high PCV and GCV indicating the
presence of significant genetic variability in this character. Selection pressure can be applied on this
character to separate promising genotypes. This results accordance to reported results by Amanu et al.,
(2020). While number of nodes to first sympodial branch and number of sympodial branch/plant
recorded moderate PCV and GCV. Days to first flower, days to first boll, ginning out turn (GOT, %),
fiber length and fiber strength displayed low PCV and GCV. High PCV coupled with moderate GCV
was recorded in number of bolls opened/plant, but moderate PCV coupled with low GCV presented by
plant height, boll weight and fiber fineness. The close agreement between PCV and GCV for most of
the traits indicating that the obtained variation could largely due to genetic, and there was only less
influence of environmental effects, so may be exercise selection based on the phenotypic performance.
Parameter
DFF
DFB
E%
NFSB
NMB
PH (cm)
NSB
NBO
BW (g)
SPY (g)
GOT%
FL (inch)
FS (g/tex)
FE
FF(Mic)

Table 2. Components of variance for studied characters of genotypes.
PV
GV
PCV (%) GCV (%)
HBS%
22.4
14.8
8.7
7.1
66.4
8.4
4.1
3.1
2.2
48.9
361.7
176.6
32.0
22.3
48.8
1.0
0.6
17.7
13.5
57.7
0.7
0.3
41.9
28.0
44.6
94.1
60.2
11.5
9.2
64.0
2.8
1.7
15.9
12.5
61.6
31.5
19.3
21.7
17.0
61.2
0.6
0.3
13.9
9.8
49.7
3253.8
2306.1
34.6
29.1
70.9
4.3
3.2
5.3
4.6
75.6
1582.3
1034.9
3.5
2.8
65.4
1.9
0.7
5.7
3.4
36.0
1.9
1.4
17.5
15.1
74.3
0.2
0.1
11.1
8.4
57.4

GA%
11.9
3.1
32.1
21.1
38.5
15.1
20.2
27.4
14.2
50.5
8.3
4.7
4.2
26.8
13.1

Heritability refers to magnitude of genetic variation in heritance trait, and considered as measurement
of selection efficiency. The high heritability was registered in the traits viz Ginning Out Turn (GOT,
%), Fiber elongation, single plant yield, days to first flower, plant height, fiber length, number of
sympodial branch/ plant and number of bolls opened/plant. Dirbas, (2018) observed high heritability
for several traits.
Moderate heritability was recorded in the traits viz no of node to first sympodial branch, fiber fineness,
boll weight, days to first boll, earliness % and number of monopodial branch/ plants, whereas low
heritability was shown in fiber strength.
However, based on heritability alone is not enough for exercise selection because it does not give an
idea about expected genetic gain in the next generation, but it has to be considered in conjunction with
genetic advance. Hence it is necessary to estimation of genetic advance.
Genetic advance as mean (GA %) ranged between 50.5 (single plant yield) and 3.1 (days to first boll).
High GA was noticed in characters such as single plant yield, number of monopodial branch/plant,
earliness %, number of bolls opened/plant, fiber elongation and number of node to first sympodial
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branch, whereas moderate GA was noticed in plant height, boll weight, fiber fineness and days to first
flower. Low GA was noticed in ginning out turn, fiber length, fiber strength and days to first boll.
As result, high heritability associated to high GA was recorded for single plant yield, fiber elongation
and number of bolls opened/plant, this clearly indicated to control of additive genes in the expression
of these traits. This suggested that improvement could well be expected in a short time for these
characters by following simple pure line selection. Similar results were reported by Dhivya et al.,
(2014). High heritability coupled with low to moderate genetic advance as percent of mean was
observed for fiber length, ginning out turn, days to first flower and plant height, and this clearly
indicated the characters are mainly under the control of non-additive genes. This suggested that the
improvement cannot be expected by resorting to simple selection procedures for these characters.
These characters could well be exploited by resorting to hybrid breeding. Low heritability coupled with
low genetic advance was observed in fiber strength which showed that although there was some
improvement in the characters, they are still to a greater extent influenced by the environment and
controlled by a non-additive gene, hence they need further confirmation and evaluation for their
fixation and that could be possible through recurrent selection in the succeeding generations.
Conclusion:
From the results of the present study, among the study material some of the genotypes were identified
as potential donors for the improvement of different characters. The direct selection could be done for
most of the yield contributing traits which exhibited high genetic variability and high range of
variation. A high PCV over GCV for the characters studied indicated that environment influences the
expression of these characters under study. High heritability combined with genetic advance was
recorded for single plant yield, fiber elongation and number of bolls opened/plant indicated that simple
pure line selection could be followed to improve these characters in the future crop improvement
programmes.
Based on mean performance, the genotypes such as Aleppo118, Aleppo124 and Niab 414 recorded
highest mean values for single plant yield, number of bolls opened/plant, number of bolls opened/plant
and fiber elongation. So, they might be utilized as potential donors for breeding programs to improve a
particular character in crop improvement.
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Abstract
The study was conducted at Taizin Research Station for irrigation, Hama
Agricultural Research Center, General Commission for Scientific Agricultural
Research (GCSAR), during summer time, the growing season of 2020/2021, to
study the effect of four irrigation methods (sprinkle, foggy, drip and furrow)
and four levels of nitrogen fertilizer (0, 200, (+25%) 250 and (-25%) 150 kg
N/hectare) on some yield and quality traits of sugar beet monogerm variety
(Dita). The experiment was laid according to the randomized complete block
design (RCBD) arranged in split plot, where the main plots occupied by
irrigation methods, while the sub plots allocated with fertilization levels, with
three replications. The results showed that the use of drip irrigation saves water
consumed by 34.4% and increases the number of plants by 5%, and does not
negatively affect the qualitative traits (Brix, sucrose and purity), while reducing
the yield of roots by about 17% and 8% of the top yield, and 16% of sugar
yield, compared to furrow irrigation. The statistical analysis exhibited that
there was no significant effect on the quality traits; brix, sucrose, and purity
percentages (20.92, 14.57 and 69.61%) respectively, while the nitrogen levels
affected significantly the yield traits and plant density, which were the highest
at the addition of 250 kg N/hectare (102.8, 50.4, 153.3 and 3.79 ton/hectare,
respectively). The highest value of plant number per hectare was (80.74
thousand plant/hectare) at a level of 250 kg N/hectare of nitrogen fertilization.
These results assure the importance of the nitrogen fertilizer to enhance the
plant's photosynthesis efficiency and dry matter accumulation.
Keyword: Sugar beet, Irrigation methods, Nitrogen fertilizer, Quality traits,
Production traits.
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Introduction:
Beta vulgaris L. belongs to the family Chenopodiaceae and is a biennial herbaceous plant that
completes its life cycle in two years. It grows vegetatively in the first year, where the root is formed at
the maximum size, and sugar and other nutrients are stored in it, and the stem is a disc. In the second
year, if the roots are left in the field, the plant completes its life cycle, so the stems will elongate and
bear a large number of flowers, which turn to fruits (Al Jbawi et al., 2015).
The cultivated area and production of sugar beet crop ranged between 2002 and 2013 at about 32.562
hectares, with a production of 1437.921 tons in 2006, and 26014 hectares and a production of 1805184
tons, for the year 2011, respectively (Ministry of Agriculture and Agrarian Reform (2002-2013).
Sugar beet is grown in the Syrian Arab Republic in several dates:
Autumn time: it starts from October 15 to November 15, and is planted in the governorates of Hama,
Idlib, Aleppo, Raqqa, and Deir Ezzor.
- Winter: starts from January 15 to February 15, and is grown in the governorates of Hama, Idlib,
Aleppo, and Raqqa (Al Jbawi and Al Zubi, 2016).
- Summer: it starts from July 15 to August 15 (Al-Jbawi et al., 2015).
It is a new planting date that avoids high temperatures that deteriorate the sucrose stored in the roots
and allows the application of a crop rotation that contributes to a better investment of agricultural lands
and extends the operating period of the sugar factory for a longer period in the governorates of Raqqa
and Deir Ezzor.
Water is a valuable natural resource, both renewable and non-renewable, while maintaining its
sustainability (Sarkera et al., 2019). Also, water supply, in almost all regions of the world, is the main
limiting factor that is most important for crop production, due to the demand of water for the rapid
industrial sector and high population growth. Water is the main element in economic growth and
poverty reduction (Jha et al., 2017; Eba and Seyoum, 2018; Islam et al., 2019). Agriculture is the
largest freshwater user on the planet (Gan et al., 2013).
The use of water in irrigation must be rationalized and methods should be adopted that increase yields
and improve the quality of production (Kassam et al., 2007). The development of irrigation methods
and techniques and rationalization of water use has become an urgent necessity that must be taken as
one of the main priorities in developing irrigated agriculture and improving its production (Levidow et
al., 2014).
Davidoff and Hanks, (1989) indicated that the water requirement of sugar beet ranges between 550-750
mm. They added that irrigation increases root yield but reduces sucrose.
Furrow irrigation of sugar beet crop causes many problems because of water gatherings such as the
spread of diseases and available nitrogen leaching (Dunham, 1993), so soil moisture is a determining
factor for the productivity of this plant (Abd El-Tawwab et al., 2007), especially since surface
irrigation does not provide a homogeneous distribution of water to a large extent, and from here it is
necessary to control and manage the available water to control this problem, reduce irrigation water
losses and raise the efficiency of its consumption (Badawy et al., 2001).
The nitrogen element is one of the major elements needed by the plant and determined for production
in sugar beet (Hergert, 2010). It is very important in the mineral nutrition of the plant, because of its
importance in the formation and composition of proteins, and in the synthesis of nucleic acids. It is also
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included in the synthesis of photosynthetic chlorophyll pigments, so it is an important and necessary
component of photosynthesis and respiration (Marinkovic et al., 2010).
El-Geddawy and Makhlouf (2015) confirmed that increasing the nitrogen fertilization of sugar beet
increases root dimensions (length and diameter), the percentage of impurities (Brix), the production of
the shoot and the actual sugar yield, and in return it reduces the percentage of sucrose. Several studies
in Egypt showed that adding nitrogen fertilizer between 214 and 262 kg N/ha in clay or sandy soils
gives the best productivity indicators of roots, actual sugar yield and qualitative traits (Hassanin and
Alayan, 2000; Moustafa and Darwish, 2001; Abo El-Wafa, 2002; Hilal, 2005).
The study of Pytlarz-Kozicka, (2005) showed that the increase in nitrogen fertilization rate from 90 to
180 kg N/ha increased insignificantly the root production, while it decreased the sucrose percentage in
the roots.
Sharaf (2012) and Masri et al. (2015) exhibited that the positive effect of increasing nitrogen
fertilization rate is on leaf area index, root weight of the plant, the percentage of impurities, root
production and actual sugar yield, while the percentages of sucrose and purity were negatively affected.
In the absence of previous studies, on the recommendations for cultivating sugar beet in Syria in
summer time, in Hama governorate, and where studies were limited to determining the dates of
planting and harvesting, it was necessary to implement this research to find out the best agricultural
treatments that contribute to improving the properties of soil and increasing yields regarding
maintaining a high percentage of sugar for this crop in Syria, taking into consideration irrigation
method and nitrogen fertilization.
The research aims to study the effect of irrigation method and nitrogen fertilization rate on some
qualitative characteristics (percentage of Brix, sucrose and purity %) and productivity characteristics
(number of plants, root shoot, and biological yields and actual sugar yield) of genetically monogerm
sugar beet.
Materials and Methods:
Site of experiment:
The experiment was carried out at Taizin Irrigation Research Station, Hama Research Center, General
omission for Scientific Agricultural Research, Syria. The center is located within the first stability
zone, at longitude of 35.9º and latitude of 36.52º and its height above sea level is 270 m, with an
average rainfall of 400 mm/year.
Variety:
The study was carried out on a variety of genetically monogerm hybrid of sugar beet, this variety is
called Dita, which is recommended for cultivation in autumn, winter and summer dates, and its source
is the General Commission for Scientific Agricultural Research GCSAR. Table (1) shows its most
important productive and technological characteristics.
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Table 1. Productive and technological characteristics of the studied variety.
Characteristics

Dita (monogerm)
Belgium
N
16.74
74.23
Triploid

Seeds source
Type of variety
Sucrose %
Root yield (ton/ha)
Ploidy

Planting method:
The land was prepared for cultivation, with a first plowing at a depth of 30 cm and a second plowing at
a depth of 20 cm. Then, organic fertilizers were added at a rate of 5 m3. dunums-1, at a rate of 13.33
tons/ha. Then the land was plowed with a cultivator, and it was leveled, and the soil was planned,
taking into account the following:
Experimental plot length (row length): (6 m), width: (3 m), and area: (18 m2), while the distance
between rows: (50 cm), between plants: (20 cm), and between replicates: (1.5 m).
The planting was done manually during summer time (beginning of September) at a depth of 2-3 cm
and at a rate of 2 seeds in each hole, in order to allow the process of thinning and replanting to obtain
the required plant density. The number of irrigation times throughout the agricultural season (6 times).
Thinning and replanting were also done before the plant reached the stage of the second pair of true
leaves, with manual hoeing of for weeding, at a rate of 3 times during the growing season. The nitrogen
fertilizer was added according to the studied rates for two times, in each time half the studied amount
of the three fertilizer rates, the first before planting, specifically between the second and third plowing
according to the soil analysis, and the second was added during the period of emergence of the second
pair of true leaves (the fourth true leave).
Table 2. Soil analysis of the experiment site at Taizin Research Station in Hama
Chemical analysis

Mechanical analysis

Calcium
carbonate
CaCo3

Electrical
conductivity
(ds.m-1)

pH

Available
K
ppm

13.5

0.66

6.8

320

Available
P
ppm

Available
N
ppm

Organic
matter
)%(

Soil
texture

Clay

Salt

Sand

17.3

6.5

1.56

Clay

64

18

18

The following studied quantities of fertilizers were added according to the soil analysis:
- Phosphorous fertilizer: Triple super phosphate (46% P2O5) was not added, because the soil has a good
content of this element.
- Potassium fertilizer: Potassium sulfate fertilizer (50% K2O) was added at a rate of 80 kg.ha-1, which is
equivalent to 40 kg K2O/ha.
- Boron fertilizer: (10% effective boron) was added at a rate of 2 kg/ha.
Studied variables:
Irrigation methods (sprinkle, foggy, drip and furrow):
A- Furrow irrigation: Six rows were planted for each treatment in each replicate, where the distance
between lines is 50 cm, and 20 cm between plants on the same row.
B- Sprinkler Irrigation: It consists of 8 sprinklers for three repetitions, the distance between the
sprinklers is 12 x 6 m, with a discharge of 1.25 m3/h at a pressure of 3 bar, the sprinkler radius is 6 m
on a stand with a height of 75 cm.
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C- Surface drip irrigation: the irrigation rows are spaced 50 cm apart, and the experimental plot
consists of six rows.
D- Foggy irrigation: drain sprinklers of 50 l/h, where the spacing of sprinklers (mine sprinklers) is 3 m,
the pressure is 1 bar, and the sprinkler radius is 3 m on a stand of 30 cm.
Irrigation was carried out every 5 days according to the amount of evaporation from the glass basin.
The area of the experimental plot is 9 m2.
The total area of the experiment: (9 * 12) * 3 + the distances between the factors and the replicates =
1291 m2.
Nitrogen fertilizer: It was noticed from the soil analysis (Table 2) that the soil content of available
nitrogen is low, and urea fertilizer (effective N 46%) was used at four rates: (no addition, 200, +25%
(250) and -25% (150) kg/ha) as a pure unit of nitrogen, which is equivalent to (0, 434, 445, 326 kg
urea/ha).
Studied traits:
Experiment plants were lifted at the harvest time (middle of March) after about 195 days, and samples
of the crop (3 plants) at the stage of full maturity of the roots were taken from each experimental plot
from each of the replicates of the experiment, and after topping (removal of the foliage), the roots were
taken to the Beet Lab at Al-Ghab Research Center to estimate each of:
1-Quality traits:
1-1-Brix percentage (Total Soluble Solids - T.S.S%):
This is done by using the Refractometer, which is a device used to measure the specific density of
liquids and thus the percentage of total soluble solids (T.S.S) by measuring the refraction index of the
material.
1-2- Sucrose percentage (%): It was calculated using a Polarimeter according to (Le Docte, 1927).
1-3- Purity percentage (%):
Purity (%): It was calculated from the following equation according to (Carruthers and Oldfield, 1961):
Purity (%) = (Brix (%) / Sucrose (%)) X 100
2- Productive traits:
The roots of the plants were manually lifted for the middle rows (the two inner rows) from each
experimental plot. After topping the plants, the shoots and roots were weighed in kilograms/m 2. Then
the following indicators were calculated per unit area as follows:
2-1-Number of plants per hectare (thousand plants/ha).
2-2-Root yield (tons/ha).
2-3- Top yield (tons/hectares).
2-4-Biological yield (tons/ha).
2-5-Sugar yield (tons/ha):
Which is calculated from the following equation:
Sugar yield (tons/ha) = root yield (tons/ha) X sugar percentage % X purity %
Experiment design and statistical analysis:
The field experiment was carried out according to a randomized complete block design with three
replications. The sources of variance (ANOVA) were analyzed for the main factors and their
interaction according to (Gomez and Gomez, 1984), the least significant difference (L.S.D) was
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estimated at 5% level of significance, and coefficient of difference (C.V%) was calculated using the
statistical program Genestat v.12.
Results and Discussion:
1-Effect of irrigation methods and nitrogen fertilization rates on the qualitative characteristics:
1-1-Brix (total soluble solids - TSS%):
Table (3) shows that there is no significant effect of the irrigation method on this trait, which means
that it is possible to save irrigation water by following one of the irrigation methods that save water
resources without affecting the qualitative characteristics of sugar beet roots (Badawy et al., 2007).
Also, Table (3) exhibits an existence of non-significant effect of irrigation methods on this trait, also,
the results of the statistical analysis shows that there are significant differences (p≥0.05) on Brix
percentage, between nitrogen fertilization levels (Table 3). In general, it was observed that this trait
increased with the increase of nitrogen fertilization up to the rate of N2, then this trait began to
decrease with the increase of nitrogen fertilization. Nitrogen is the imbalance in the distribution of
photosynthetic products between the leaves and the root system, which leads to a decrease in sugar
content and an increase in the percentage of soluble solids, and consequently, a decrease in purity.
Zalat and Youssif, (2001) and El-Kholy et al., (2006) and Manlou et al., (2008) showed that increasing
nitrogen fertilization increases the percentage of soluble solids that hinder sugar extraction.
Table 3. Effect of irrigation methods and nitrogen fertilization rates on TSS (%) of sugar beet.
Irrigation
method (M)
Furrow
(control)
Drip
Foggy
Sprinkle
Mean
LSD0.05
CV%

N0

Nitrogen fertilizer (N)
N1
N2

N3

Mean

20.92

22.62

21.65

22.12a

22.03
22.72
20.37
21.51b

22.89
23.32
21.54
20.92
22.46
22.23
20.87
23.10
23.33
b
a
21.83
23.04
22.19ab
M=1.0ns, N=1.0*, M*N=1.95ns
5.5

22.45a
22.08a
21.92a
22.14

23.27

* Means that there are significant differences at 0.05 level of probability, ns means that there are no significant
differences at 0.05 level of probability.

1-2-Sucrose (%):
Table (4) shows that there is no significant effect of the irrigation method on this trait, which means
that it is possible to save irrigation water by following one of the irrigation methods that save water
resources without affecting the qualitative characteristics of sugar beet roots (Badawy et al., 2007). The
results of the statistical analysis showed that there were significant differences (p≥0.05) on sucrose
percentage between nitrogen fertilization levels (Table 4). In general, it was observed that this trait
increased with the increase of nitrogen fertilization up to the rate of N2, then this trait began to
decrease with the increase of nitrogen fertilization.
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Table 4. Effect of irrigation methods and nitrogen fertilization rates on sucrose (%) of sugar beet.
Irrigation
method (M)
Furrow
(control)
Drip
Foggy
Sprinkle
Mean
LSD0.05
CV%

N0

Nitrogen fertilizer (N)
N1
N2

N3

Mean

14.57

15.30

13.467

14.73a

15.33
15.70
15.40
15.25a

15.47
14.63
13.467
14.23
14.07
14.167
15.23
14.87
14.300
a
a
15.06
14.78
13.85b
M=0.54ns, N=0.45**, M*N=0.89**
3.6

14.73a
14.54a
14.95a
14.74

15.57

* , ** Means that there are significant differences at 0.05 and 0.01 levels of probability, ns means that there are no
significant differences at 0.05 level of probability.

1-3-Purity (%):
Table (5) shows that there is no significant effect of the irrigation method on this trait, which means
that it is possible to save irrigation water by following one of the irrigation methods that save water
resources without affecting the qualitative characteristics of sugar beet roots (Badawy et al., 2007). The
results of the statistical analysis showed that there were significant differences (p≥0.05) on purity
percentage between nitrogen fertilization levels (Table 5). In general, it was observed that this trait
increased with the increase of nitrogen fertilization up to the rate of N2, then this trait began to
decrease with the increase of nitrogen fertilization. Nitrogen is the imbalance in the distribution of
photosynthetic products between the leaves and the root system, which leads to a decrease in sugar
content and an increase in the percentage of soluble solids, and consequently, a decrease in purity.
Zalat and Youssif, (2001) and El-Kholy et al., (2006) and Manlou et al., (2008) showed that increasing
nitrogen fertilization increases the percentage of soluble solids that hinder sugar extraction.
Table 5. Effect of irrigation methods and nitrogen fertilization rates on purity (%) of sugar beet.
Irrigation
method (M)
Furrow
(control)
Drip
Foggy
Sprinkle
Mean
LSD0.05
CV%

N0

Nitrogen fertilizer (N)
N1
N2

N3

Mean

69.61

67.68

65.02

67.30ab

69.74
69.24
75.64
71.06a

67.68
62.75
62.71
68.05
62.66
63.72
73.06
64.39
61.28
69.12a
64.17b
63.18b
M=2.31ns, N=2.27**, M*N=4.34ns
4.0

65.72b
65.92b
68.59a
66.88

66.87

** Means that there are significant differences at 0.01 level of probability, ns means that there are no significant
differences at 0.05 level of probability.

2-Effect of irrigation methods and nitrogen fertilization rates on the Productive characteristics:
2-1-No. of plants per hectare (plant/ha):
Table (6) shows that there is a significant effect of irrigation methods factor on the number of plants,
and it reached the highest value significantly (78148 plant/ha) with the application of drip irrigation
compared with other irrigation methods, it may be due to the preservation of soil moisture with drip
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irrigation method (Abd El-Tawwab et al., 2007) and most importantly that this method reduces water
waste and increases the efficiency of its consumption (Badawy et al., 2001).
The analysis of variance (Table 6) shows a significant effect of the rate of nitrogen fertilizer addition
on the number of plants per hectare, where the highest value in the treatment (N1 = 250 kg N/ha) was
(80.74 thousand plants per hectare), and in contrast the lowest value was (68.89 thousand plants/ha)
(Table 6). These results did not agree with what was found by Pytlarz-Kozicka, (2005), which is that
there was no significant effect of nitrogen fertilization rate on the number of plants per hectare.
Table 6. Effect of irrigation methods and nitrogen fertilization rates on plant densities (plant/ha)
of sugar beet.
Irrigation
method (M)
Furrow
(control)
Drip
Foggy
Sprinkle
Mean
LSD0.05
CV%

N0
68889
71111
62222
67407
67407b

Nitrogen fertilizer (N)
N1
N2
80741

70370

N3
76296

77037
82963
81481
81481
79259
78518
70370
73333
72593
77407a
76481a
77222a
M= 1432.9** , N= 2993.2** , M*N= 5298.3**
4.8

Mean
74074b
78148a
75370b
70926c
74629.5

**Means that there are significant differences at 0.01 level of probability.

2-2-Root yield (ton/ha):
Table (7) shows that there is a significant effect of irrigation factor methods on yield of roots, and it
reached the highest value (83.89 tons/hectare) significantly when following surface irrigation compared
with other irrigation methods. Davidoff and Hanks, (1989) showed that surface irrigation increases root
yield. But it was also not recommended (Abd El-Tawwab et al., 2007), to follow this method in
irrigating sugar beet crop, as it does not achieve a homogeneous distribution of water in the field to the
plants.
It is noted from Table (7) that there are highly significant differences between nitrogen fertilization
rates for root yield, where the treatment (N2 = 250 kg/hectare) gave the highest value for root weight
(102.8 tons/hectare) significantly than the other treatments, and the lowest value was when no addition
of nitrogen fertilizer (69.7 tons/ha). It could be concluded that high nitrogen fertilization to a certain
extent leads to a significant increase in root yield. These results are in agreement with those of Ismail,
(2002) and El-Sayed, (2005).
Zalat and Youssif, (2001) and El-Kholy et al., (2006) Manlou et al., (2008) explained that the reason
for the increase in root yield as a result of the increase in nitrogen fertilization is because of the
increase in the size and number of leaves, and thus the increase in leaf area, which increases the rate of
photosynthesis and positively reflects on plant growth.
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Table 7. Effect of irrigation methods and nitrogen fertilization rates on root yield (ton/ha) of
sugar beet.
Irrigation
method (M)
Furrow
(control)
Drip
Foggy
Sprinkle
Mean
LSD0.05
CV%

N0

Nitrogen fertilizer (N)
N1
N2

N3

69.7

81.0

82.1

59.1
34.6
44.3
51.93c

102.8

61.0
95.5
63.3
85.6
75.0
72.7
56.0
65.3
42.0
b
a
70.90
84.66
65.03b
M= 12.71**, N= 9.47**, M*N= 19.44**
16.5

Mean
83.89a
69.74b
66.97b
51.92c
68.13

** Means that there are significant differences at 0.01 level of probability.

2-3-Top yield (ton/ha):
Table (8) shows that there is no significant effect of the irrigation factor methods on top yield, so it
could used the method that save water with no native effect on top yield.
The analysis of variance table (Table 8) shows that there is a significant effect of increasing the
nitrogen fertilization rate in increasing the value of this trait compared with the no-addiction treatment
(N0 =no addition) (22 tons/hectare), where the highest value of the treatment was (N2 = 250 tons).
N/ha) (50.4 t/ha) but with apparent differences from treatments N1 and N3 (43 and 40.4 t/ha)
respectively (Table 8). This was confirmed by both Ouda, (2002) and Osman, (2005) that the increase
in nitrogen fertilization leads to an increase in the production of the vegetative growth.
Table 8. Effect of irrigation methods and nitrogen fertilization rates on top yield (ton/ha) of sugar
beet.
Irrigation
method (M)
Furrow
(control)
Drip
Foggy
Sprinkle
Mean
LSD0.05
CV%

N0

Nitrogen fertilizer (N)
N1
N2

N3

22.0

43.0

40.4

20.3
15.1
27.6
21.25c

50.4

39.6
48.7
34.5
55.1
40.0
35.9
34.1
39.1
29.2
a
a
42.95
44.55
35.00b
M= 7.66ns, N= 7.77**, M*N= 14.78**
25.7

Mean
38.97a
35.78a
36.51a
32.49a
35.94

** Means that there are significant differences at 0.01 level of probability.

2-4-Biological yield (ton/ha):
Table (9) shows that there is a significant effect of the irrigation factor methods on the biological yield,
and it reached the highest value (122.9 tons/ha) significantly when following surface irrigation
compared with other irrigation methods, and the sprinkler irrigation method gave the lowest value (84.4
tons/ha) when sprinkler irrigation was followed.
The analysis of variance (Table 9) shows that there are significant differences between the nitrogen
fertilization treatments with regard to biological production, which expresses the total root and
vegetable production. The highest value in the treatment was (N2 = 250 kg N/ha) (153.3 tons/ha) with
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significant differences with the other treatments, and the treatment without addition (N0) gave the
lowest value (91.7 tons/ha).
This was demonstrated by Duval et al., (2003) that the increase in nitrogen fertilization rates
contributes to an increase in the root growth rate, the percentage of biomass and the rate of crop
growth, as they showed that the nitrogen fertilization rate of 250 kg/ha led to an increase in top yield
and an increase in the efficiency of the plant in the composition of dry matter, and a greater investment
in the nitrogen stored in leaves, as the percentage of nitrogen in leaf tissue decreased compared to the
increase in the percentage of dry matter in it.
Table 9. Effect of irrigation methods and nitrogen fertilization rates on biological yield (ton/ha)
of sugar beet.
Irrigation
method (M)
Furrow
(control)
Drip
Foggy
Sprinkle
Mean
LSD0.05
CV%

N0

Nitrogen fertilizer (N)
N1
N2

91.7

123.9

122.5

122.9a

79.4
49.7
71.9
73d

100.7
144.2
97.8
140.7
114.9
108.7
90.1
104.5
71.1
113.9b
129.2a
100.0c
M=18.1**, N=13.4**, M*N=27.5**
15.2

105.5ab
103.5b
84.4c
104.1

153.3

N3

Mean

** Means that there are significant differences at 0.05 level of probability.

2-5-Sugar yield (ton/ha):
Table (10) shows that there is a significant effect of irrigation factor methods on yield of sugar, and it
reached the highest value (2.78 tons/hectare) significantly when following surface irrigation compared
with other irrigation methods. This might be as a result to the increase in root yield (Davidoff and
Hanks, 1989). While the lowest value (1.71 tons/ha) by using sprinkle irrigation.
Based on the analysis of variance (Table 10) it is clear that there are significant differences in the
different rates of nitrogen fertilizer addition in relation to sugar yield, as the highest value in the
treatment was (N2 = 250 kg N /hectare) (3.73 tons /hectare), and the reason may be due to the high root
yield as shown in Table (7) and the high percentage of sucrose and purity which are shown in Tables (4
and 5), given that sugar yield is the product of the three mentioned indicators.
Table 10. Effect of irrigation methods and nitrogen fertilization rates on sugar yield (ton/ha) of
sugar beet.
Irrigation
method (M)
Furrow
(control)
Drip
Foggy
Sprinkle
Mean
LSD0.05
CV%

N0

Nitrogen fertilizer (N)
N1
N2

2.14

2.79

2.458

2.78a

1.99
1.23
1.39
1.69c

2.17
3.27
1.835
2.55
2.36
2.292
1.80
2.25
1.400
b
a
2.33
2.91
2.00bc
M=0.39*, N=0.37**, M*N=0.69ns
19.0

2.32b
2.11b
1.71c
2.23

3.73

* Means that there are significant differences at 0.05 level of probability.
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3-Water consumption (m3/ha) provided to sugar beet in summer time using four irrigation
methods:
Table (11) shows that the water consumption of beet planted in summer time was high when following
surface irrigation with a value of (5350 m3/ha), while it decreased by 28% in sprinkle irrigation, 32%
when following foggy irrigation, and by 34.5% in drip irrigation, this means that the percentage of
savings water provided to the crop was the highest when using drip irrigating, followed by foggy
method and finally the sprinkle irrigation method.
Table 11. Water consumption (m3/ha) of sugar beet under four irrigation methods
Date
3/9
6/9
10/9
13/9
16/9
22/9
29/9
4/10
8/10
12/10
15/10
20/10
Total

Sprinkle
180
326
350
298
349
450
562
369
267
281
160
251
3843

Irrigation method
Foggy
Drip
171
164
310
297
332
319
243
272
331
318
428
411
534
513
351
337
253
243
267
257
152
147
238
229
3610
3507

Furrow
500
400
400
450
450
500
500
400
400
450
400
500
5350

Conclusions:
- The use of drip irrigation saves water consumed by 34.4% and increases the number of plants by 5%,
and does not negatively affect the qualitative traits (Brix, sucrose and purity), while reducing the yield
of roots by about 17% and 8% of the top yield, and 16% of sugar yield, compared to furrow irrigation.
- The nitrogen fertilization level of 250 kg N/ha significantly increased root, top and biological
production and sugar yield, which indicated the importance of nitrogen fertilization in increasing the
efficiency of plant in the photosynthesis process and increasing the percentage of dry matter
accumulation, while the fertilization rates did not affect significantly the qualitative indicators.
Recommendations:
The experiment recommends continuing the implementation of this experiment for another season to
confirm the results before generalizing them due to the importance of these factors on the qualitative
and productive traits of sugar beet.
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Abstract
Agrobacterium–mediated transformation and regeneration via somatic
embryogenesis remains the method of choice for regenerating of transgenic
cotton plants. Cotyledon and hypocotyl explants of three cotton genotypes viz.,
MCU 12, Coker 201 and Coker 310 were cultured on different callus induction
media. CIM2 medium containing 0.1 mg/l of 2, 4-D and 0.5 mg/l of kinetin
recorded maximum callus induction frequency. Regeneration potential via
somatic embryogenesis was found to be highly genotype dependent. Coker 310
and Coker 201 were able to produce somatic embryos, whereas MCU 12 did
not evoke somatic embryogenesis. SEM8 medium containing an additional
supplement of KNO3 (1.9 g/l) recorded the highest frequency of somatic
embryogenesis irrespective of explant types used in Coker genotypes. However,
cotyledon was more responsive to somatic embryogenesis than hypocotyls.
Between the Coker genotypes, Coker 310 recorded higher frequency of
embryogenic calli induction (92.7 %), somatic embryo induction (76.7 %) and
somatic embryo maturation (43.0 %). The best regeneration response was
observed on PRM3 medium containing 0.1 mg/l of GA3 and 1.0 mg/l of IAA.
Coker 310 recorded the highest regeneration frequency of 42.7% with
cotyledon explants. The complete protocol for successful regeneration of Coker
genotypes through somatic embryogenesis was optimized in this study.
Key worlds: Cotton, Plant regeneration, Somatic embryogenesis, Coker
genotypes.
Introduction:
Cotton (Gossypium spp.) is a miracle of nature. It is a fiber, feed and food crop. Cotton is the most
world's important source of natural fiber and the second largest oilseed crop in production. It is playing
a vital role in the economic, political and social affairs of the world (Kumria et al., 2003). It has been
estimated to contribute US $ 15-20 billion to the world's agricultural economy with over 180 million
people depending on it for their livelihood (Bendict and Altman, 2001). It is growing in more than 80
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countries with an annual production of 20 million tones (Li et al., 2004). Many factors can be
attributing for the low yield and among them biotic and abiotic are the most important. For the past few
decades, plant breeders have developed numerous varieties/hybrids with excelling yield, fiber quality
and pest and disease resistance by exploiting the naturally available variability, but it appears that a
Figureau has almost been reached and routine breeding methods may not be useful to break the impasse
due to lack of genetic variation and practical problems like ploidy differences facing the utilization of
wild species. Thus, for any kind of genetic improvement led to develop transgenic plants with
agronomy traits, an effective regeneration system of the crop is a pre-requisite. Plant regeneration can
be achieved either via somatic embryogenesis or organogenesis. Regeneration through somatic
embryogenesis is preferred over organogenesis because regenerants have a probable single cell origin
and the somatic embryos have no vascular connection with the maternal tissue, indicating that they are
more amenable to in vitro manipulation (Shoemaker et al., 1986).The first significant work in cotton
somatic embryogenesis was reported by Price and Smith (1979), who successfully induced embryoids
from Gossypium klotzschianum, although complete plants could not be regenerated. Davidonis and
Hamilton (1983) first described plant regeneration from two-year-old callus cultures of G. hirsutum L. Then
comprehensive studies led to plant regeneration via somatic embryogenesis from several cultivars using
various explants and growth regulators combinations (Trolinder and Goodin, 1987; Trolinder and
Goodin, 1988 a,b; Trolinder and Xhixian, 1989; Firoozabady and DeBoor, 1993). After these initial
reports, several cotton workers succeeded in regenerating cotton plants through somatic
embryogenesis. In vitro regeneration of cotton has been a difficult goal to achieve, because morphogenic
response is genotype dependent and most of the elite cultivars are recalcitrant to genetic manipulation.
The recalcitrance of cotton to the tissue culture has not only slowed the development of transgenic
cotton but has also narrowed their genetic base. Therefore, identification of additional regenerable
commercial cultivars of cotton would be highly beneficial to accelerating the development of
transgenic cotton plants.
With the above background, the present study was undertaken to develop an efficient regeneration
protocol via somatic embryogenesis in cotton which can be used to screen cultivated varieties for
widening the scope of biotechnological manipulation in cotton improvement.
Materials and methods:
This investigation on somatic embryogenesis and plant regeneration of cotton was carried out in the
Centre for Plant Breeding and Genetics, Tamil Nadu Agricultural University, Coimbatore, India
according Randomized Completely Blocks Design with three replications. Acid–delinted seeds of three
cotton genotypes MCU12, Coker310 and Coker201 were used. The seeds were surface sterilized with
70 % ethanol for 2 min and then washed three times with sterile distilled water. They were again
surface sterilized with 0.1 % mercuric acid for 10 min followed by three washes with sterile distilled
water. The sterilized seeds were germinated on half strength MS (Murashige and Skoog, 1962) and
supplemented with 1% (w/v) sucrose and 0.8 % (w/v) agar. The pH of the medium was adjusted to 5.7
- 5.8 prior to autoclaving.
Explants from 5 to 7 day old seedlings were used for inducing callus. Both hypocotyl (4-6 mm) and
cotyledonary leaf (16 mm2) sections were Figured onto callus induction medium supplemented with
different concentrations and combinations of plant growth regulators to identify a medium that would
produce, proliferate and maintain the callus (Table 1).
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Table 1. The different media compositions tried to test their effect on callus induction
medium
CIM1
CIM2
CIM3
CIM4
CIM5
CIM6
CIM7
CIM8
CIM9
CIM10
CIM11
CIM12

compositions
MS+0.1mg/l 2,4-D+0.1 mg/l Kinetin
MS+0.1mg/l 2,4-D+0.5 mg/l Kinetin
MS+0.1mg/l 2,4-D+ 1 mg/l Kinetin
MS+0.5mg/l 2,4-D+0.1 mg/l Kinetin
MS+0.5mg/l 2,4-D+0.5 mg/l Kinetin
MS+0.5mg/l 2,4-D+ 1 mg/l Kinetin
MS+0.1mg/l 2,4-D+0.1 mg/l 2-ip
MS+0.1mg/l 2,4-D+0.5 mg/l 2-ip
MS+0.1mg/l 2,4-D+1 mg/l 2-ip
MS+0.1 mg/l Kinetin+0.1 mg /l NAA
MS+0.5 mg/l Kinetin+0.1 mg /l NAA
MS+1 mg/l Kinetin+0.1 mg /l NAA

medium
CIM13
CIM14
CIM15
CIM16
CIM17
CIM18
CIM19
CIM20
CIM21
CIM22
CIM23

compositions
MS+0.1 mg/l Kinetin+0.5 mg /l NAA
MS+0.5 mg/l Kinetin+0.5 mg /l NAA
MS+1 mg/l Kinetin+0.5 mg /l NAA
MS+0.5 mg/l Kinetin+1 mg /l NAA
MS+1 mg/l Kinetin+1 mg /l NAA
MS+0.5 mg/l Kinetin+2 mg /l NAA
MS+1mg/l Kinetin +2 mg/l Kinetin
MS+0.1mg/l Kinetin +0.2 mg/l Picloram
MS+0.5mg/l Kinetin +0.2 mg/l Picloram
MS+1mg/l Kinetin +0.2 mg/l Picloram
MS+0.1mg/l 2,4-D+0.1 mg/l Kinetin+0.1 mg/l NAA

All media were supplemented with MS salts, B5 vitamins and 30 g/l glucose and solidified with 0.8 %
agar.
After two months, the calli were separated from the explants and were transferred onto a hormone free
MS basal medium to allow them for maturation. The calli were maintained on the same medium for
about two months before transferring onto the somatic embryo induction medium. After the maturation
of calli on callus maturation medium, they were transferred onto different media (Table2).
Table 2. The different media compositions for the induction of somatic embryogenesis
medium
SEM1
SEM2

medium
SEM6
SEM7

compositions
MS+1.65 g/l NH4NO3
½ MS +1.65 g/l NH4NO3

SEM8

MS+1.9 g/l KN03

SEM4

compositions
MS basal
MS +0.1 mg/l Zeatin
MS +0.1 mg/l Zeatin + 2.0 g/l
Activated charcoal
MS + 0.5 mg/l Zeatin

SEM9

SEM5

MS + 1 mg/l Zeatin

SEM10

½ MS + 1.9 g/l KN03
MS +0.3 mg/l picloram +0.1 mg/l
Kinetin+400mg/lhaemoglobin

SEM3

All media were supplemented with MS salts and 30 g/l maltose and solidified with 0.4% phytagel.
The observations on embryogenic calli induction and somatic embryo induction were recorded after
six and seven months of culture respectively, while the somatic embryo maturation was assessed after
eight months of culture. The bipolar torpedo stage and cotyledonary stage somatic embryos (more than
5 mm) with well-developed cotyledons or with just an apical dome and with or without root system
were transferred to regeneration medium for shoot elongation and root development (Table 3). When
the plantlets attained adequate growth by producing 4-6 leaves with sufficient root system, they were
removed from the jam bottles and washed in running tap water carefully to remove the media adhering
to roots. They were subsequently transplanted in pots containing sterilized soil. The plants were
covered with polyethylene bags and kept in the culture room. After 15 days, the polyethylene bags
were removed and well-established plants were transferred to green house.
Table 3. Different media compositions tried to regenerate complete plantlets
Medium

Compositions

Medium

Compositions

PRM1

MS + 0.05 mg/l GA3

PRM3

MS + 0.1 mg/lGA3+1.0 mg/l IAA

PRM2

MS + 0.05 mg/l GA3+0.1 mg/l IAA

PRM4

MS + 0.1 mg/lGA3+1.0 mg/l Kinetin
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All media were supplemented with MS salts, B5 vitamins and 30 g/l sucrose and solidified with 0.4%
phytagel.
Data were analyzed by analysis of variance and significant difference between treatment means were
determined by Duncan’s Multiple Range Test (DMRT) using statistical software Statgraphics Centurian
version XV (www. statgraphics.com).
Results and discussion:
Highly significant difference was observed for callus induction due to media composition, genotype
and explant types used. The interaction effect between media composition and genotypes was highly
significant. Similarly, media composition and explant types showed high significant interaction effect.
However, the interaction effect between the genotypes and explants was not significant for callus
induction (Table 4).
Table 4. Analysis of variance for callus induction in cotton genotypes with different explants and
media compositions
Source of Variance
Main effects
A : Medium
B : Genotype
C : Explant
Interaction effects
AB : Medium x Genotypes
AC : Medium x Explants
BC : Genotypes x Explants
ABC: Medium x Genotypes x
Explants
Error

Degrees of
freedom

Mean square

F- ratio

P-value

22
2
1

845.23
1120.36
14274.8

53.12**
70.42**
897.19**

0.00
0.00
0.00

44
22
2

61.15
74.77
10.99

3.84**
4.70**
0.69NS

0.00
0.00
0.502

44

28.73

1.81*

0.002

276

15.91

*, ** Significant and High Significant at 5 and 1 % levels respectively; NS – Non significant at 5% level.

Callus induction:
The frequency of callus and plant regeneration influenced by several factors, including composition of
the culture medium, explant sources and genotypes (Shengwei and Jingson, 2000). In the present study,
callus induction was observed on all media compositions with both explants cultured (Figure 1: A and
B). The best callusing response was obtained on CIM2 medium containing 0.1 mg/l of 2, 4-D and 0.5
mg/l kinetin followed by CIM3 (0.1 mg/l of 2,4-D and 1.0 mg/l of kinetin) medium in all three
genotypes (Figure 1: C and D). On CIM2, higher callus induction frequency was observed in hypocotyl
explants (98.3 %) and it was 93.3 % for cotyledon explants (Table 5).
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Table 5. Effects of plant growth regulators and explant types on callus induction of genotypes
Frequency of callus induction (%)
Medium
CIM1
CIM2
CIM3
CIM4
CIM5
CIM6
CIM7
CIM8
CIM9
CIM10
CIM11
CIM12
CIM13
CIM14
CIM15
CIM16
CIM17
CIM18
CIM19
CIM20
CIM21
CIM22
CIM23

MCU 12
Cotyledon leaf
49.7±0.2i
80.7±0.8ab
87.3±0.6a
59.3±0.9gh
59.0±0.5h
59.3±0.2gh
75.3±0.8bc
70.0±0.5c-f
61.3±0.8f-h
84.7±0.8a
81.3±0.3ab
72.0±0.5c-e
74.3±0.3bc
71.7±0.8c-e
68.3±0.7c-f
69.7±0.4c-f
68.0±0.5c-g
64.7±0.8d-h
63.67±3e-h
73.7±0.9b-d
69.7±0.8c-f
68.3±0.3c-f
82.3±0.2ab

Coker 201
Hypocotyl
70.3±0.9gh
97.7±0.8a
93.3±0.6ab
70.0±0.7gh
78.0±0.5e-g
65.0±0.3h
88.7±0.3b-d
86.7±0.7b-d
83.3±0.4c-e
88.7±0.8b-d
91.0±0.7a-c
87.0±0.5b-d
84.0±0.2c-e
81.3±0.4d-f
80.3±0.4d-f
76.7±0.8e-g
75.3±0.6fg
76.7±0.4c-g
75.0±0.5fg
84.0±0.6c-e
84.0±0.5c-e
84.3±0.3c-e
88.3±0.2b-d

Cotyledon leaf
55.7±0.3j
93.3±0.6a
91.3±0.8a
68.3±0.4f-h
70.3±0.8d-h
66.3±0.3g-i
80.3±0.9bc
74.7±0.4c-f
72.0±0.7d-g
84.7±0.6b
79.3±0.6bc
77.3±0.1cd
67.3±0.9f-h
69.3±0.7e-h
68.0±0.5f-h
67.7±0.6f-h
65.3±0.4g-i
65.7±0.4g-i
60.0±0.8ij
76.0±0.5c-e
71.0±0.5d-h
64.3±0.7hi
77.3±0.8cd

Coker 310
Hypocotyl
76.3±0.4j
98.3±0.3a
95.3±0.7ab
82.7±0.8e-i
84.0±0.5d-g
76.0±0.7j
92.3±0.6bc
89.3±0.6cd
87.3±0.6c-f
88.0±0.9c-e
87.7±0.7c-f
83.3±0.7d-h
85.7±0.3d-f
88.7±0.8c-e
86.0±0.9d-f
79.0±0.5g-j
76.3±0.8j
78.0±0.9h-j
78.7±0.7g-j
81.7±0.6f-j
81.7±0.6f-j
77.0±0.5ij
92.0±0.9bc

Cotyledon leaf
63.3±0.2jk
93.3±0.2a
92.3±0.7ab
74.7±0.8e-h
73.7±0.8f-h
74.0±0.9f-h
80.0±0.7c-f
77.3±0.8c-h
72.0±0.5gh
84.3±0.4bc
83.7±0.8cd
81.3±0.8c-e
78.3±0.3c-h
72.0±0.9g-h
70.7±0.7h-j
70.0±0.5ij
74.0±0.8f-h
59.7±0.3k
60.3±0.9k
74.7±0.5e-h
81.3±0.4c-e
84.3±0.9bc
79.7±0.8c-g

Hypocotyl
83.7±0.3ef
97.7±0.3a
97.0±0.5a
87.7±0.2b-d
87.3±0.7b-d
85.7±0.3b-d
86.3±0.9b-d
90.0±0.8b
85.7±0.7b-d
89.0±0.6bc
87.3±0.7b-d
84.3±0.3c-e
83.7±0.8ef
86.3±0.7b-d
87.7±0.1b-d
86.7±0.3b-d
84.3±0.2c-e
83.3±0.8ef
79.7±0.8f
87.0±0.6b-d
87.3±0.5b-d
87.7 ± 0.4b-d
95.0±0.5a

Values represent the mean ± standard error of three replications. In a column, means followed by same letters are not significant
at 5% level by DMRT

Most of the published works have also reported MS based medium containing 2,4-D (auxin) and
kinetin (cytokinin) for callus induction (Kumria et al., 2003; Choudhary et al., 2003; Haq and Zafar,
2004; Haq, 2005; Tohidfar et al., 2005; Zhao et al., 2006; Qayyum et al., 2006; Koukou el al., 2007;
Zouzou et al.,2008; Rajeswari.,2010 Ge et al., 2018 and N’guissan et al., 2020). The auxin 2, 4-D is
more effective than NAA in producing a high-quality callus. Moreover, low levels of 2, 4-D induced
callus quickly and readily, whereas NAA required a longer time to produce significant callus. Callus
selection is an important step in cotton tissue culture considering diverse nature of callus morphologies
and characteristics, such as colour, texture, friability and size play a major role in the successful
regeneration of cotton via somatic embryogenesis. In the present investigation, the callus characteristics
differed significantly depending on the media compositions and explants used. Treatment containing 2,
4-D and kinetin produced smooth, friable medium sized callus rapidly and the calli were of yellowish
green or light brown to creamy in colour. This type of callus was also reported by Gawel et al., (1986),
Shoemaker et al., (1986), Firooxabady et al., (1987) and Kumria et al., (2003). On the other hand, hard,
compact, non-friable, large and dark green callus produced in treatment containing NAA as auxin and
kinetin or 2ip as cytokinin sources. Similar observations were also reported by Nobre et al., (2001).
Treatment containing 2,4-D and 2ip produced hard, compact and yellowish green callus with varying
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degrees of friability, whereas the treatment containing picloram and kinetin produced white or brown
callus which were smooth, friable and medium sized. After induction of callus, its maturation appeared to
be a prerequisite for regeneration. This meant that any young callus line needed to become mature
enough. After two months of culture on callus induction media, the calli were subcultured on MS basal
medium lacking plant growth regulators for about two months. During this stage, the calli became smooth and
turned black in colour (Figure 1: E and F). These results were in accordance with Finer (1988) and Kumar
and Tuli (2004).
Somatic embryogenesis:
The matured calli obtained from different callus induction media were cultured on ten different media
compositions to induce embryogenic callus in MCU 12 genotype. However, browning and later drying of
the calli were regularly observed on embryogenic induction media. Recalcitrance to regeneration through
somatic embryogenesis in Indian cultivars like MCU 7, MCU 11, MCU 5, SVPR2, MCU13, G. Cot.10,
BC-68-2 was reported by Kumar and Pental (1998), Kumar et al., (2003), Raeswrai et al., (2010) and
Kumar et al., (2013). The effect of different somatic embryo induction media on somatic
embryogenesis of Coker genotypes was studied in this investigation (Tables 6 and 7). The results
showed that the highest frequency of embryogenic calli induction (92.7%), somatic embryo induction
(76.0%) and somatic embryo maturation (43.0%) was obtained on SEM8 medium containing MS salts
with extra quantity of KNO3 (1.9 g/l) in cotyledon of Coker 310 genotype followed by SEM9 medium
containing half strength MS salts with extra quantity of KNO3 (1.9 g/l). These results are in agreement
with the findings of Davidonis and Hamilton (1983), Trolinder and Goodin (1988b), Haq and Zafar
(2004) and Nandini and Soumitra (2016). Nitrogen has a key role in plant growth and development
because it has direct effect on rate of cell growth, differentiation and totipotency.
Table 6. Effect of media compositions on induction and maturation of somatic embryos of Coker 201
Frequency of embryogenic calli
Frequency of somatic embryo
Frequency of somatic embryo
induction (%)
induction (%)
maturation (%)
Medium
Cotyledonary
Cotyledonary
Cotyledonary
Hypocotyls
Hypocotyls
Hypocotyls
leaf
leaf
leaf
SEM1
0
0
0
0
0
0
SEM2
0
0
0
0
0
0
SEM3
0
0
0
0
0
0
SEM4
0
0
0
0
0
0
SEM5
0
0
0
0
0
0
SEM6
25.3±0.8c
17.7±0.8c
0
0
0
0
SEM7
16.0±0.8d
11.7±0.3c
0
0
0
0
SEM8
81.0±0.1a
76.3±0.4a
37.7±0.8a
28.3±0.4a
19.0±0.7a
14.0±0.9a
SEM9
68.3±0.7b
61.3±0.3b
26.7±0.9b
18.7±0.4b
14.0±0.2b
8.7±0.1b
SEM10
0
0
0
0
0
0
Values represent the mean ± standard error of three replications. In a column, means followed by same letters are
not significant at 5% level by DMRT. Number of explants in each case – 100.
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Table 7. Effect of media compositions on induction and maturation of somatic embryos of Coker
310
Medium
SEM1
SEM2
SEM3
SEM4
SEM5
SEM6
SEM7
SEM8
SEM9
SEM10

Frequency of embryogenic
calli induction (%)
Cotyledonary
Hypocotyls
leaf
0
0
0
0
0
0
0
0
0
0
17.0±0.6d
14.3±0.7c
26.3±0.7c
20.3±0.2c
92.7±0.8a
88.0±0.4a
80.0±0.3b
71.0±0.7b
0
0

Frequency of somatic
embryo induction (%)
Cotyledonary
Hypocotyls
leaf
0
0
0
0
0
0
0
0
0
0
0
0
0
0
76.7±0.3a
65.0±0.5a
66.3±0.2b
53.3±0.1b
0
0

Frequency of somatic
embryo maturation (%)
Cotyledonary
Hypocotyls
leaf
0
0
0
0
0
0
0
0
0
0
0
0
0
0
43.0±0.1a
26.0±0.5a
36.3±0.7b
18.3±0.4b
0
0

Values represent the mean ± standard error of three replications. In a column, means followed by same letters are not significant
at 5% level by DMRT. Number of explants in each case – 100.

The addition of 1.9 g/l of KNO3 to MS medium appears to have some beneficial effect on embryo
development in cotton. Besides increasing the frequency of conversion to embryogenic calli (Figure 1: J
and K), doubling the quantity of KNO3 produces somatic embryos in short time. However, full strength or
half strength MS basal medium with 1.65 g/l of NH4NO3 did not evoke somatic embryogenesis.
Moreover, with the addition of NH4NO3, the rate of the cell growth in embryogenic calli was
considerably affected, it was observed that cells were almost dying. Out of the two types of explants
used in the present study, cotyledon explants were found to be more responsible for the production and
maturation of somatic embryos than the hypocotyl explants irrespective of media compositions and
genotypes studied. The callus induction was more in hypocotyl explants than cotyledon explants
indicating that the callus induction frequency had no direct relation to somatic embryogenesis
frequency. Between the genotypes, Coker 310 showed higher embryogenic potential than Coker
201.Variation among genotypes for response to embryogenesis was reported by Trolinder and Xhixian
(1989) and Zhang et al., (2000)). In the present study, characteristics of embryogenic calli of Coker
genotypes were yellowish green, light yellow or creamy, highly friable, vigorous, granular and loose.
While non-embryogenic calli could be distinguished by dark green colour, non-friable, hard and slow
growing nature. These characteristics were also reported by Rajasekaran et al., (1996) and Sakhanokho et
al., (1998). The non-embryogenic calli were also found to occur along with embryogenic calli (Figure
1: H). It was noticed that the existence of embryogenic calli significantly affected the embryogenic
nature by rendering them into non embryogenic calli. Therefore, during the sub-culturing, the nonembryogenic calli were removed from the cultures then and there only embryogenic calli were allowed
to proliferate on SEM8 medium. Sakhanokho et al., (2001) observed the co-existence of embryogenic
calli and non-embryogenic calli in the cotton cultures. The accumulation of small amount of
anthocyanin was observed in callus and embryo cultures (Figure 1: I). It may be a good indicator of
regeneration because the embryogenic calli under stresses of KNO3 converted into somatic embryos
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with the development of anthocyanin (Mishra et al., 2003). Therefore, biochemical screening of local
cotton genotypes for anthocyanin content may give some indication on their regeneration ability.
Plantlet regeneration:
Among the different media tried, the best regeneration response was observed on PRM3 (0.1 mg/l of
GA3 and 1.0 mg/l of IAA). Upon transfer, the mature somatic embryos at torpedo and cotyledonary
stage were found to initiate root growth within one week and shoot growth within 10 to 12 days. The
roots produced were either of a taproot or adventitious roots. The elongation of shoot and root
development took place simultaneously resulting in the normal plantlet regeneration (Figure 1: L).
Similar results were also observed by Zhang et al., (2000) and Kumria et al., (2003). The regeneration
frequencies of 42.7% and 27.1 % were achieved from cotyledon explants of Coker 310 and Coker 201
respectively. With hypocotyl explants, the regeneration frequencies were 20.3 % and 18.0 %
respectively for Coker 310 and Coker 201(Table 8). The regenerated plantlets produced 4-6 leaves and
sufficient root system were maintained in the culture room for about 15 days to allow for gradual
acclimatization (Figure 1: M and N) before their transfer to the green house for seed production (Figure
1: O).
The regenerated plants showed normal growth, morphology, flowering and boll setting as compared to
seed derived cotton plants. With this protocol, the period from callus induction to establishment of plants
will be about 10 months. From this study, it can be concluding that the tissue culture protocol of Coker
genotypes for regeneration through somatic embryogenesis was standardized. Among the different media
compositions tried for callus induction, CIM2 medium was superior in callusing response irrespective of the
genotypes studied. The highest callus induction frequency was recorded for hypocotyls in Coker 201.
SEM8 medium containing 1.9 g/l KNO3 was the best for embryogenic calli induction, somatic embryo
induction and maturation. The genotype MCU 12 did not produce embryogenic calli when cultured on
different embryogenic induction media Coker 310 recorded higher frequency of embryogenic calli
induction, somatic embryo induction and somatic embryo maturation. The complete protocol for successful in
vitro regeneration of Coker genotypes through somatic embryogenesis was optimized and can provides
technical support that will facilitate Agrobacterium-mediated transformation of Coker genotypes and
screening local genotypes for regeneration ability.
Table 8. Regeneration frequency in Coker genotypes
Genotype (s)
Coker 201
Coker 310

Number of explants
cultured
Cotyledon
Hypocotyl
leaf
85
50
96
64

Number of plants
regenerated
Cotyledon
Hypocotyl
leaf
23
9
41
13

Regeneration frequency
(%)
Cotyledon
Hypocotyl
leaf
27.1
18.0
42.7
20.3

Number of
plants
survived
24
38
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Figure 1. Somatic embryogenesis in Coker genotypes.
A: Cotyledon explants (16mm2), B: Hypocotyl explants (4-6mm), C: Induction of callus from cotyledon, D: Induction
of callus from hypocotyl, E and F Maturation of calli , G: Embryogenic calli, H: Co-existence of embryogenic calli
and non-embryogenic calli in culture, I: Embryogenic calli showing red pigmentation (anthocyanin), J: somatic
embryos, K: Development and maturation of somatic embryos, L: Regenerated plantlet, M and N: Hardening of
regenerated plantlets in culture room, O: Hardening and establishment of regenerated plants in the green house.
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