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HONEY BEE (Apis mellifera L.) PRODUCTS AND COMPREHENSIVE USAGE AREAS
Sadettin CELIK*

1Bingal University, Geng Vocational School, Forestry Department, 12500, Bingél, Tiirkiye

Abstract:
Article info Honeybees (Apis mellifera L.) play a crucial role in cross-pollination, enhancing genetic
Received: 12.20.2024 variation in plants and supporting their propagation through seed formation. This vital
Accepted: 12.24.2024 ecological function contributes to sustainable agriculture and global biodiversity. In addition to
Published: 12.31.2024 pollination, honeybees provide various products with significant applications in medicine,

alternative therapy, and diverse industries. Honey, a nutrient-rich substance with antimicrobial
and healing properties, has been used since ancient times for nutritional and therapeutic
! : i purposes. Propolis, composed of resins, wax, essential oils, and phenolic compounds, exhibits
Article type: Review A ! oY) - ) : S h
antimicrobial, antioxidant, and wound-healing properties and finds applications in
pharmaceuticals, cosmetics, and food preservation. Royal Ijelly, rich in proteins, vitamins, and
unique fatty acids like 10-HDA, demonstrates antimicrobial and anti-inflammatory effects and
Keywords: is widely used for health enhancement. Bee venom, containing bioactive peptides such as
Apis mellifera, pollen, beeswax, | melittin and apamin, has therapeutic applications in conditions like arthritis and skin treatments
royal jelly, bee venom, Propolis | but requires careful handling due to its allergenic potential. Beeswax, composed of complex
organic compounds, is utilized in cosmetics, pharmaceuticals, and biofuel production due to its
chemical stability and waterproofing properties. Lastly, bee pollen, a nutrient-dense superfood,
is known for its high protein and vitamin content and is used in treating cardiovascular diseases,
cancer, and diabetes. These diverse applications underscore the ecological and economic
importance of honeybee products

Citation: Celik (2024). Honey Bee (Apis mellifera L.) Products and Comprehensive Usage Areas. Journal of BinBee- Apicultural and
Natural Products (JBANP), 4(2), 1-11

BAL ARISI (Apis mellifera L.) URUNLERI VE YAYGIN KULLANIM ALANLARI

Ozet:
Makale bilgileri Bal arilari (Apis mellifera L.), yabanci tozlasmada 6nemli bir rol oynar. Bitkilerdeki genetik
Gelis Tarihi: 20.12.2024 cesitliligi artirir ve tohum olusumu yoluyla yayilmalarini destekler. Bu ha{ati ekolojik islev,
Kabul Tarihi: 24.12.2024 surdardlebilir tarima ve kiresel biyocesitlilige katkida bulunur. Tozlasmaya ek olarak, bal arilari
Yayin tarihi :31.12.2024 tip, alternatif terapi ve cesitli endustrilerde énemli uygulamalara sahip cesitli riinler saglar.

Antimikrobiyal ve iyilestirici 6zelliklere sahiﬁ besin agisindan zengin bir madde olan bal, eski
Makale tiirti: Derleme gaglardan beri beslenme ve tedavi amach kullaniimaktadir. Regineler, mum, ugucu yaglar ve

enolik bilesiklerden olusan Eropolis, antimikrobiyal, antioksidan ve yara iyilestirici 6zellikler
gosterir ve ilaclarda, kozmetiklerde ve gida korumada uygulamalar bulur. Proteinler, vitaminler
ve 10-HDA gibi benzersiz yag asitleri agisindan zengin olan ari sutl, antimikrobiyal ve anti-

Anahtar kelimeler inflamatuar etkiler gosterir ve tipta kullaniimasi yaninda alternatif tip olarak igin yaygin olarak

Apis mellifera, polen, bal kullanilmaktadir. Melittin ve apamin gibi biyoaktif peptitler iceren ari zehri, artrit ve cilt tedavileri
mumu, ari sutd, ari zehri, gibi durumlarda terapdétik uygulamalara sahiptir ancak alerjenik potansiyeli nedeniyle dikkatli
Propolis bir sekilde kullaniimasi gerekir. Karmasik organik bilesiklerden olusan balmumu, kimyasal

kararlligi ve su gecirmezlik 6zellikleri nedeniyle kozmetik, ilag ve biyoyakit tiretiminde kullantlir.
Son olarak, besin agisindan yogun bir stiper gida olan ari poleni, yiiksek protein ve vitamin
icerigiyle bilinir ve kardiyovaskiler hastaliklar, kanser ve diyabet tedavisinde kullanilir. Bu
cesitli uygulamalar, bal arisi trtinlerinin ekolojik ve ekonomik 6nemini vurgular.

Atif: Celik (2024). Honey Bee (Apis mellifera L.) Products and Comprehensive Usage Areas. Journal of BinBee- Apicultural and Natural
Products (JBANP), 4(2), 1-11

1 *Sorumluyazar, Sadettin CELIK, Bingdl University, Geng Vocational School, Forestry Department, Bingél, Tiirkiye, sadettincelik@bingol.edu.tr,
ORCID: 0000-0002-0588-1391.
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Introduction

The honeybee (Apis mellifera L.) contributes to cross-pollination in plants through sexual
reproduction [1, 2, 3], thereby increasing genetic variation in plants and supporting the continuation of
plant species by enabling the formation of new seeds. By ensuring sustainable agricultural production
[4], honeybees maintain ecological balance and provide large-scale contributions to the economy. With
their products and their role in pollination, they are regarded as the most important insect worldwide [5,
6, 7]. Honeybees are highly adaptable insects studied extensively by scientists, capable of thriving in a
wide range of habitats—from semi-arid and arid regions to semi-temperate and temperate zones, from
high mountains to rainforests. They also offer alternative medical solutions to people living in
impoverished areas where modern medical facilities are inaccessible [8].

Honey

Honey generally consists of 15-17% water and contains 15 types of sugar carbohydrates, primarily
fructose and glucose, making up 80-85% of its composition [9, 10, 11]. A honey sample typically
includes nutrients such as magnesium (Mg), calcium (Ca), potassium (K), phosphorus (P), iron (Fe),
copper (Cu), silicon (Si), aluminum (Al), cobalt (Co), nickel (Ni), and chromium (Cr). Additionally, honey
contains 17 different amino acids, and the protein content varies between 0.4% and 1%, depending on
the source of the honey [9, 10, 11]. The most valuable components of honey are its enzymes: diastase,
invertase, and catalase. Honey also contains 13 different organic acids, including formic acid (CH,0O.),
malic acid (C4H605), oxalic acid (C.H:0.), lactic acid (CsHeO3), and citric acid (CeHsO7). Moreover,
honey is rich in vitamins, including K, E, C, B1, B4, B2, B3, B5, and B6 [10, 12, 13, 14, 15, 16, 17].

In a study by Chua et al. [18] using ICP-MS (Sciex Elan 6100, Perkin Elmer, USA), a honey sample
was found to contain 26 nutrient elements: titanium (Ti), calcium (Ca), lead (Pb), cobalt (Co), vanadium
(V), gallium (Ga), uranium (U), beryllium (Be), arsenic (As), lithium (Li), iron (Fe), barium (Ba),
magnesium (Mg), cesium (Cs), aluminum (Al), indium (In), chromium (Cr), cadmium (Cd), manganese
(Mn), silver (Ag), zinc (Zn), strontium (Sr), rubidium (Rb), arsenic (As), selenium (Se), and copper (Cu).
Bogdanov [19] reported that an acceptable pH range for honey is between 3 and 4.

The use of honey by humans dates back approximately 5,500 years, making it as old as human
history itself [20]. Throughout history, honey has been utilized for both nutrition and healing purposes.
In regions where modern medical facilities are unavailable, honey has served as a healing agent, while
in developed and developing countries, it is used as an alternative medicine to avoid the side effects of
pharmaceutical drugs. Honey has been actively used in treating a wide range of ailments, including
wound healing, cancer, eye diseases, stomach ulcers, eczema, hemorrhoids, hiccups, throat allergies,
hepatitis, constipation, intestinal worms, tuberculosis, asthma, fatigue, thirst, dizziness, and stomach
bloating [21].

Good-quality honey typically has a pH value between 3.2 and 4.5, contributing to its antibacterial
properties [22]. James et al. [10] found that the pH of honey samples ranged from 3.0 to 4.0, while
Meechai et al. [23] reported a pH range of 3.7 to 3.8. The energy value of honey is approximately 300
kcal per 100 grams. Kek et al. [24] recorded energy values between 266.7 and 327.5 kcal per 100 grams
in honey samples, while Larson et al. [25] reported an energy value of 450 kcal per 100 grams for high-
quality honey. Additionally, studies indicate that the low water content and hydrogen peroxide production
in honey inhibit microbial activity [26, 27, 28].
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Propolis

Types of propolis vary depending on the botanical composition of the pollens collected, the physical
and chemical properties of the plants, and the geographical location [29].In medicine and the
pharmaceutical industry, it is used for wound healing and skin protection, oral health, respiratory health,
strengthening the immune system, treating stomach issues such as infections caused by Helicobacter

pylori, as an antifungal and antibacterial agent, and in the treatment of chronic diseases [32,33].

Tablo 1. The content of propolis, its quantities, and the properties of these components.

Content of propolis | Quantities (%) | Properties of these components
Resins and Balsams 50-60% Antibacterial, antifungal, and wound-healing properties
[30,31]
Pollen 5% Nutritional value and low allergenicity [30,31]
Essential Oils 5-10% Antimicrobial and aromatic effects [30,31]
Beeswax 30-40% Structural functionality and protective barrier roles [30,31]
Phenolic Compounds | 10-20% Strong antioxidants (flavonoids, phenolic acids, etc.)
Flavonoids 5-10% Antioxidant, antimicrobial, and anti-inflammatory properties
Aromatic Acids 5% Plays a role in antimicrobial activities
Amino Acids in trace amounts Building blocks of proteins
Vitamins in trace amounts B-derivatives, Vitamin C, and Vitamin E
Minerals in trace amounts Zinc, iron, magnesium, calcium, etc.

In cosmetics and personal care, it is utilized in anti-aging products, acne treatments, moisturizers, and
lip protection [34,35].In the food and beverage industry, it is employed for the development of dietary
products, the production of functional foods, and extending shelf life by protecting foods against bacteria
and fungi [36,37].In the livestock sector, it aids in wound healing in animals, promotes bee health, and
is used in alternative medicine practices such as apitherapy and aromatherapy [29,38].In agriculture, it
prevents diseases and pests from damaging plants [39,40], while in the wood industry, it is used for
protective purposes [41].Additionally, it plays a role in cancer research [42] and in combating certain
antibiotic-resistant bacteria [43,44].

Phenols

Alkaloids

OH

N
“CH,
CH,

Alcohols

R—OH

Figure 1. The chemical composition of a propolis sample and the chemical structures of components
[45].



Journal of BinBee-Apicultural and Natural Products, 2024, 4(2)

|[Extract. SeDaration>

&

Bee Resin Crude propolis Purified propolis

1. Feed additive . j’
2. Health supplement loaded phase

" sample
3. Immune booster L S
4. Preservative f Application — stationary interactions

sample

phase resolved

weaker bands

interactions
—

1. Antibacterial
2. Antioxidize

3. Anti-inflammatory ﬁ()

4. Anticancer

5. Cardiovascular 0| ftractons |0 1] e |®

. o/ collection || |6/ molecules |g|
protection '
6. Regulation of the ///j

endocrine system /l '
1)

. = s 5 N
7. Regulation of jFunchonal actlwtyf [* /\
[0}
Flavonoid compounds

mmmune function
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Royal Jelly

Royal jelly is a highly important bee product obtained from bees. It has the ability to provide energy
to the consumer, with natural sugars like fructose and galactose ranging from 2.3% to 7.8% and 3.4%
to 7.7% respectively [48]. It contains unique fatty acid 10-HDA, which has antimicrobial and anti-
inflammatory properties [48], a water content of 60-70% [48], and a protein content of 9-18% [48]. It also
contains trace amounts of vitamins B1, B2, B3, B5, B6, B7, B9, B12, and some vitamin C [48, 50, 51].
The amino acid content, which forms the building blocks of proteins, is 7.9% [48, 52, 53]. Additionally, it
contains trace amounts of minerals such as Calcium (Ca), Magnesium (Mg), Potassium (K), Sodium
(Na), and Zinc (Zn); phenolic compounds in trace amounts; and both RNA and DNA nucleotides and
enzymes [48, 51, 54, 55, 56].

Bee Venom

Melittin, dry honey bee venom is composed of 40-60% of the main 26 amino acid peptides, which
have anti-inflammatory and antimicrobial properties but can also cause pain and inflammation [57]. The
hyaluronidase enzyme found in bee venom is used in various medical fields, including dermatology,
oncology, surgery, internal medicine, orthopedics, ophthalmology, and gynecology [58]. Additionally, the
phospholipase A2 enzyme, which makes up 10-12% of the venom, can break down cell membranes
and trigger allergic reactions [59,60]. Apamin, which constitutes 2-3% of dry honey bee venom, contains
18 amino acids of a neurotoxin peptide [61,62]. The anti-inflammatory and analgesic effects of Adolapin
are present at levels of 1-2%, while the mast cell degranulation peptide (MCDP) is also found at 1-2%
and can activate histamine release, triggering allergic reactions [63,64,65,66]. Bee venom also contains
trace amounts of carbohydrates, lipids, and amino acids, with histamine, a component that causes
nausea, itching, and swelling, present at 0.1% [67,68].

Bee venom has a neutral to slightly acidic pH range (pH: 4.5-5.5) [69,70]. Despite being present in
very small amounts, it has toxicity due to its more than 40 bioactive components and can affect the
immune and nervous vascular systems, ranging from mild pain to allergic reactions. It is also used in
apitherapy applications, and bee venom has been shown to treat diseases like arthritis, rheumatism,

4
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and multiple sclerosis. Additionally, it improves skin elasticity and reduces wrinkles in skin treatments.
Bee venom can act both as a potent therapeutic agent and an allergenic factor [71,72,73].

Beeswax

The chemical composition of beeswax includes over 300 components, including fatty acid esters,
hydrocarbons, alcohols, and free fatty acids, as well as complex organic compounds [74, 75]. Beeswax
also plays a key role in the honeybee colony, helping to recognize nestmates, establish characteristic
chemical content, and facilitate chemical communication among bees in the hive [76, 77, 78]. Beeswax
is used in the food industry as the additive E901, and due to its melting temperature of 70-90°C, it is
also utilized in the cosmetic and pharmaceutical industries [79, 80, 81]. Hydrocarbons, responsible for
the water-repellent properties of beeswax, make up 12.3-17.8% of its composition [82]. The most
abundant hydrocarbon in Amellifera beeswax is C27 alkane (heptacosane), which constitutes 6.2% of
the total components of the wax (Aichholz and Lorbeer [83]). Subsequent analyses by Maia and Nunes
[84] revealed a higher presence of heptacosane, with the C27 content in the total beeswax reaching
13%. They also found the proportions of honacosane (C29) and hentriacontane (C31) hydrocarbons to
range between 9.9% and 16.8%. In content analysis of European honeybee beeswax, Tulloch [85]
identified 11 major components: 14% hydrocarbons, 35% monoesters, 14% diesters, 3% triesters, 8%
hydroxyl polyesters, 1% acid esters, 1% acid polyesters, 12% free acids, 1% free alcohols, and 6%
unidentified components. Beeswax in nature is categorized into three types: plant-based, animal-based,
and mellifera bee species (which is typically honeybee wax). Its structure primarily consists of long ester
chains formed between fatty alcohols and fatty acids. These long ester chains can be converted into
fatty acid methyl esters (FAMES) through the transesterification process, enabling the production of
biodiesel fuel [86, 87].

Pollen

Bee pollen is a very powerful and healthy food source, often referred to as a superfood. It has been
shown that bee pollen can meet 60-70% of daily nutritional requirements due to its high fiber and protein
content [88]. Bee pollen generally contains 10-40% protein, 13-55% carbohydrates, 1-13% lipids, 0.3-
20% crude fiber, and 2-6% ash [89]. It also contains B1, B2, B3, B5, B6, B9, B12 vitamins, as well as C,
D, E, and K vitamins, essential minerals, all essential amino acids and fatty acids, free amino acids,
carotenoids, and flavonoids [90, 91]. The main sugars in bee pollen are fructose, glucose, and sucrose,
while the remaining sugars make up 1% and include turanose, trehalose, ribose, melizitose, isomaltose,
and arabinose [92, 93]. Additionally, it is a product with a very powerful nutritional content that
strengthens the immune system and provides natural energy. This high nutritional value is used in
dietary applications to help individuals lose weight [94]. Bee pollen is used in the treatment of diseases
such as cardiovascular diseases, infectious diseases, cancer, and diabetes. Bee pollen, which consists
of flower nectar, enzymes, flower pollens, and honeybee secretions, contains secondary metabolites
including proteins, carbohydrates, fatty acids, vitamins, polyphenols, phytosterols, co-enzymes,
enzymes, and carotenoid pigments. These components give bee pollen antibacterial, antioxidant,
anticancer, antiallergic, antifungal, immunomodulatory, hepatoprotective, and chemopreventive effects
[96].

Conclusion and Recommendations

While honeybees collect pollen from plants to produce honey and other bee products, they also
facilitate cross-pollination. As bees land on most plants, they drop both the foreign pollen they carry and
the plant's own pollen, ensuring fertilization. This enables the plant to benefit from both cross-pollination
and self-pollination. The greatest source of variation desired by plant breeders comes from honeybees.
Through functions such as cross-pollination and seed formation, plants play an active role in maintaining
ecological balance and supporting sustainable agricultural practices.

As a result of this study, it has been found that bee products such as honey, propolis, royal jelly,
bee venom, beeswax, and pollen have very high nutritional values. In addition to their use in industries
like medicine, food, and cosmetics, they are also utilized as alternative medicine in regions where
modern medical facilities are not available.

Itis recommended to reduce the use of agricultural chemicals harmful to honeybees, combat natural
5



Journal of BinBee-Apicultural and Natural Products, 2024, 4(2)

enemies that threaten bees, protect bee populations and their habitats, and increase their populations
and genetic diversity. Furthermore, efforts should be made to standardize the use of bee products in
alternative medicine, enhance genetic diversity in plant cover, protect clean water sources, and conduct
research to uncover the therapeutic effects and biological properties of bee products.
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Abstract:

. The experiment was achieved to study the influence of the bee pollen on broiler (cob 500)
breast and thigh muscles, pH value cooling and freezing losses after using bee pollen in
amounts (T1 1000 mg/kg, T2 2000 mg/kg, T3 3000 mg/kg, T4 4000 mg/kg, T5 5000 mg/kg).
The findings mentioned that the value of pH value of broiler breast and thigh muscles after
45 minutes, 2, and 24 hours after slaughtering have significant (P<0.05) between treatment
flocks. The pH value was higher in the treatment flock than control, except T1 and T2 after
45 minutes and 2 hours and there was no significant (P<0.05) between flocks after 24 hours.
However the cooling and freezing loss was greater and treatment flocks camper to control,
also there were found significant (P<0.05) between the flocks. They found significant
differences (P<0.05) between control and treatment flocks in the freezing loss. The using of
bee pollen has a positive effect on broiler meat pH value and cooling and freezing loss.
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DONDURMA KAYIPLARINA ETKISI

Ozet

Bu deneme, ari poleninin etlik pilic (kogan 500) gogus ve uyluk kaslari tzerindeki etkisini,
ari poleni kullanimindan sonra pH degeri soguma ve donma kayiplarini (T1 1000 mg/kg, T2
2000 mg/kg, T3 3000) incelemek amaciyla yapildi mg/kg, T4 4000 mg/kg, T5 5000 mg/kg).
Bulgular, kesimden 45 dakika, 2 saat ve 24 saat sonra etlik pilic gégus ve but kaslarinin pH
degerinin tedavi surdleri arasinda énemli (P<0.05) bir fark oldugunu ve pH degerinin tedavi
surtistinde kontrole gére daha yiiksek oldugunu ortaya koymustur. 45 dakika ve 2 saat sonra
T1 ve T2 ve 24 saat sonra siruler arasinda 6nemli bir fark (P<0.05) goértilmemistir. Bununla
birlikte sogutma ve donma kaybinin daha fazla oldugu ve uygulama surulerinin kontrole
kampcilik yaptigi, ayrica siriler arasinda da énemli (P<0.05) bulunmustur. Donma kaybi
acisindan kontrol ve uygulama sirileri arasinda énemli (P<0.05) farklilik bulunmustur. Ari
poleni kullanimi pili¢ eti pH degeri ile sogutma ve donma kaybina olumlu etki yapmaktadir.

Citation: Elimam ve vd. (2024)., Alternatif diyet olarak polenin kazan eti pH'si ile sogutma ve dondurma kayiplarina (2024)
. Journal of BinBee - Apiculturaland Natural Products, 2024, 4(2) 12-17.

*Corressponding author: https://orcid.org/0000-0003-4334-8149, , Faculty of animal production, University of East Kordofan —

Sudan,

12


https://orcid.org/0000-0003-4334-8149

Journal of BinBee-Apicultural and Natural Products, 2024, 4(2)

Introduction

The poultry industry always is searching to improve product and meat quality to meet the request
of an increasing poultry yield, distinction and consumption public. For that reason, many components
have been used in poultry diets, in recent years [1]. It is declared that supplemental benefits can be
acquired by poultry additional diets, particularly the use of bee pollen as supplemental additives. Bees
gather pollen by secretion sugars from nectar to hold the grains together and then transfer them to the
beehive by hind legs [2]. The role of bee pollen in the sustenance of the beehive cannot be overrated,;
this bee pollen is saved by beekeepers as bee bread [3]. Pollen is also used as an alternative diet for
humans and recodes in the literature regarding the antioxidant activity of bees gathering the pollen [4,
5, 6]. The corollary of this persuasion is that low glycogen standard at slaughter will restrain the normal
postmortem rise in meat reflectance and so on leaving muscles, as in the live animal. Three biophysical
mechanisms have been proposed to demonstrate how a low pH causes raised reflectance [7, 8, 9]: 1):
denaturation of the sarcoplasmic proteins, 2.Increasedthe surface reflectance from myofibrils,
3.Increasedthe refraction through myofibrils. Meat quality is impacted, to a major extent, by the ratio of
pH decrease in the muscles after slaughter and by the ultimate pH [10, 11]. The ratio of the pH decline
is a good foreteller of the color and drip loss of the meat [12, 13]. The recent treatment was aimed to
study the impact of additional bee pollen in broiler feed mixture on broiler chickens (cob 500) breast and
thigh muscles pH values relation and cooling and freezing losses.

Material and Methods

The treatment has been done in the poultry farm of the University of East Kordofan South Kordofan
State, Sudan. The temperatures were between 26°C and 32°C, in the summer the temperature reached
43C. The GPS coordinates of South Kordofan State, Sudan. Latitude: 11.2667 Longitude: 30.833.

The treatment included 180 unsexed one day old (Cob 500), which were divided into 6 flocks(n=30):
control (C) and treatment groups (T1, T2, T3, T4 and T5). However, the chickens were fed by complete
feed mixture (CFM) without antibiotics and they were added to the additives diet after the first week for
the treatment flocks, they were added bee pollen in doses (T1 1000 mg/kg, T2 2000 mg/kg, T3 3000
mg/kg, T4 4000 mg/kg, T5 5000 mg/kg) into the broiler (CFM). Each flock was fed by the same starter
(CFM) from the 1t day to the 215t day of their age, and from the 22" to the 42" day the birds were fed
by (CFM) (Table 1). The chicks of each replicate were housed in an open system. The birds were kept
under strict hygienic conditions and confined throughout the experimental period. The cage was
equipped with a feed dispenser and water intake was ensured ad libitum through a self feed pump.

At the end of the treatment (42 days) each flock they were chosen randomly 20 chickens for
slaughter and the technology quality of the broiler chickens was determined by pH value measured for
(45 minutes, 2 and 24 hours after slaughtering) by the Gryf 209L apparatus.The pH is easier measured
by probe method by inserting a thin electrode directly into the muscle after incision of the muscle. The
broiler meat cooling loss has weighed after 24 hours and after 48 hour has measured. Also the freezing loss
of broiler meat has been measured between the flocks.
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Table 1 complete feed mixture (CFM)
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Ingredient (%) Starter Grower
(1 to 21 days) (22 to 42 days)
Wheat 35.00 35.00
Maize 35.00 40.00
Soybean meal (48 % N) 21.30 18.70
Fish meal (71 % N) 3.80 2.00
Dried blood 1.25 1.25
Ground limestone 1.00 1.05
Monocalcium phosphate 1.00 0.70
Fodder salt 0.10 0.15
Sodium bicarbonate 0.15 0.20
Lysine 0.05 0.07
Methionine 0.15 0.22
Palm kernel oil Bergafat 0.70 0.16
Premix Euromix BR 0,5 % 0.50 0.50
Nutrient composition (g.kg™)
Crude protein 210.76 190.42
Fibre 30.19 29.93
Ash 24.24 19.94
Ca 8.16 7.28
P 6.76 5.71
Mg 141 1.36
Linoleic acid 13.51 14.19
MEy (MJ.kg?), calculated 12.02 12.03

Active substance:Salinomycin sodium; 4 active substances per kg of the premix: vit. A 2,500,000 IU; vita. E 50,000 mg; vitamin
D3 800,000 I1U; niacin12,000 mg; d-pantothenic acid 3,000 mg; riboflavin 1,800.

Statistical Analysis

The findings of the current treatment were standard by the statistical program Statgraphics Plus
Version 5.1 (AV Trading Umex, Dresden, Germany), were calculated variables-statistical values
(arithmetic mean, standard deviation) and to determine the evidential difference within flocks applied
variance analyses with subsequent Scheffé's trial.

Results and Discussion

The results of the pH value of the broiler breast and thigh muscles after 45 minutes, 2 hours and
24 hours are presented in (Tables 2 and 3). The findings showed that there were significant (P<0.05)
between control and treatment flocks also there was significant (P<0.05) between groups after 2 hours
but in the thigh there were no significant. On another hand the value of pH after 24 hours was higher in
treatment flocks than control group without significant differences, the present findings confirms [13, 15,
16. 17, 18, 19] who studied the impact of propolis and bee pollen on broiler pH value (Ross 308) breast
and thigh muscles. A recent study showed that bee pollen is improved meat pH value, because pollen
decreases the meat'’s oxidative [16] and also bee pollen is an antibacterial pathogen [20, 21, 15, 17] for
that reason, bee pollen has improved pH value of broiler meat quality. The freezing loss was higher in
treatment flocks than in control there were significant (P<0.05) between control flocks and treatment
flocks. Moever the cooling loss after 24 hours and 48 hours was higher in treatment flocks camper to the control
flocks that agree with [17] However, the study is in agreement with [22] who studied the influence of
freezing and thawing rates on drip loss from samples of pork. The current was approbated [14] study
who were added bee pollen on broiler feed in amount ( 400 mg/kg , 800 mg/kg) they were found pollen
improvedtthe broiler meat quality characteristics. The reason why the pollen increases the cooling and
freezing loss is that bee pollen increases the meat water content in the broiler meat, which that may be
explained why the pollen increases the cooling and freezing loss [17, 23].
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Table 2. Chest muscles pH

Indicators © T1 (bee pollen | T2 (bee pollen | T3(bee pollen T4 (bee pollen T5 (bee Pollen
1000 mg/kg) 2000 mg/kg) 3000 mg/kg) 4000 mg/ kg) 5000 mg/kg)
20 20 20 20 20 20
45 min 6.17+0.082¢ 6.22+0.062 6.15+0.07° 6.12+0.06° 6.23+0.08% 6.55+0.053¢
2 hou 6.10+0.042> 6.14+0.082° 6.07+0.062 6.09+0.052° 6.11+0.07° 6.13+0.062°
2 4 hou 6.02+0.04 6.03+0.14 6.02+0.07 6.03+0.10 6.05+0.11 6.05+0.07

*C: cont flock, T1, T2, T 3, T 4, T 5 treatment flocks; a,b,c: Values as means * stand error (n = 20); (P< 0.05) value.

Table 3. Thigh muscles pH

Indicators © T1 (bee pollen | T2 (bee pollen | T3(bee pollen T4 (bee pollen T5 (bee Pollen
1000 mg/kg) 2000 mg/kg) 3000 mg/kg) 4000 mg/ kg) 5000 mg/kg)
20 20 20 20 20 20
45 min 6.53+0.092p 6.51+0.112 6.53+0.082° 6.45+0.08% 6.59+0.06° 6.54+0.072
2 hou 6.47+0.11 6.41+0.12 6.42+0.09 6.42+0.13 6.48+0.12 6.49+0.05
24 hou 6.32+0.09 6.27+0.16 6.25+0.08 6.29+0.12 6.32+0.08 6.33+0.07

*C: cont flock, T1, T2, T 3, T 4, T 5 treatment flocks; a,b,c: Values as means * stand error (n = 20); (P< 0.05) value.

Table 4. Cooling & freezing loss

Indicators C T1 (bee pollen | T2 (bee pollen T3(bee pollen | T4 (bee pollen T5 (bee
1000 mg/kg) 2000 mg/kg) 3000 mg/kg) 4000 mg/ kg) Pollen
5000
mg/kg)
20 20 20 20 20 20
Cooling loss after 3.49+0.422 3.87+1.32° 4.47+1.07° 4.09+0.5220 4.49+0.392° 4.09+0.62°
24 hours
Cooling loss after 4.25+0.522 4.46+0.382¢ 5.18+1.05b¢ 4.77+0.26%° 5.29+0.462¢ 5.32+0.59°
48 hours
Freezing loss 2.85+1.413¢ 3.67+0.392° 3.69+1.24abc 4.13+0.65° 4.08+0.94° 2.75+0.22¢
after 2 months

*C: cont flock, T1, T2, T 3, T 4, T 5 treatment flocks; a b,c: Values as means + stand error (n = 20); (P< 0.05) value.

Conclusion

The recent experiment concluded that the bee pollen has a significant effect (P<0.05) on the pH
and cooking losses of broiler chicken and bee pollen improves the broiler meat quality.
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bstract
Pea (Pisum sativum L.) a member of the Fabaceae family is one of the most significant pulse
crops due to its high nutritive values compared to other pulsés. The yield potential of local varieties
is very low as compared to varieties of other countries. The preSent study was sown under a
randomized complete block design (RCBD) to  explore the genetic_variability of various
quantitative parameters in 30 genotypes of peas with three replications. Data were collected for
raits like days to first bloom, 50% flowering time, maturity, plant height (cm), distance between
he nodes (cm), total number of nodes per plant, total number of pods per plant, pod size (cm),
idth of pods le)’ total number of seeds per pod, 100 seed weight (95) and yield per plan %}1 !
he results revealed that all the genotypes revealed substantial djfferences for the traits under
study. The estimates of broad sense "heritability revealed that high heritability was observed
among all the attributes and the number of pods per plant exhibited maximum’ heritability. The
dendrogram constructed from the genotypic data grouped 30 genotypes into three major groups.
Cluster one was the largest sub-divided into two Sub-clusters containing 13 genotypes followed
cluster two includes 6 genotypes that are com8parable to each other. The greatest inter-cluster
distance was found among clusters 2 and 3 (87.87). Carrelation analysis revealed that the height
of the plant, nodes per plant, the width of the pod, hnumber of pods per plant, pod size, number of
seeds per pod, and 100-seed weight showed positive and extremely significant association by
he yield per plant. Path coefficient analysis showed that 50% flowering time followed by pods per
lant exhibited a maximum positive efféct on plant yield.
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BAHCE BEZELYESI (Pisum sativum L.) GENOTIPLERINDE CESITLI KANTITATIF
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Ukse
potansiyeli, diger tlkelerin ?esltlenne kiyasla oldu %a dusuktdr. Bu %allgmada, bézelyenin 30
Eenotlpg uzerinde, Uc tekrarla yapilan rastgele tam blok desenine (RCBD) dayall olarak cesitli
antitatif parametrelenn,g(enetlk degiskenligi arastinimistir. llk ciceklenme gunu, %50 ciceklenme
zamani, olgunlasma, bitki boyu (¢m), diigumler arasindaki mésafe (cmj, bitki basina_toplam
digum sayisl, bitki basina toplam kagsul sayisl, kapsul buyul_(lugg (cm), kapsul genisligi (cm),
kapsul basina toplam tohum sayisi, 100 tohum agirligi (g) vé bitki-basina verim (g) gibi 6zellikler
icin veriler toplanmistir. Sonuglar, incelenen tim ‘genotiplerin ozéllikler bakimindan onemli
arkliliklar gosterdigini ortaya Koymustur. Genis anlamda kaltim tahminleri, tum ozelliklerde
uksek kalitim bulundugunu ve bitki basina kapsul sayisinin maksimum kalitim gésterdigini
ortaP{a koymustur. Genotip verilerinden olusturulan dendrogram, 30 genotipi U¢ ana grupta
siniflandirmistir. Birinci grup, 13 genotipi iceren iki alt kime~halinde en buyuk grup olarak yer
alirken, ikinci' grup ise birbirine benzer 6 genotip icermektedir. En blyuk inter-grup mesafesi, grup
2 ve 3 arasinda (87,87) bulunmustur. Korelasyon analizi, bitki boyt, bitki basina digim sayisi
kapsul genisligi, bitki basina kapsul sayisi, kaPsuI buyuklugu, kapsul basina tohum sayisi ve 10

ohum agirliginin, bitki basina verim ile pozitit ve son deréce onemli bir iliski gosterdigini ortaya
koymustur. Yol katsayisi analizi, %50 ciceklenme zamani ve bitki basina kapsul sayisinin, bitki
erimi_Uzerinde maksimum pozitif etkiye sahip oldugunu géstermistir.

Atif: Mumtaz, A., Aslam, U., Hussain, A.A., Shakeel, A., Zia, M.A.B. (2024) Bahce Bezelyesi (Pisum Sativum L.) Genotiplerinde Cesitli
Kantitatif Ozellikler icin Genetik Cesitliligin Degerlendirilmesi. Journal of BinBee-Apicultural and Natural Products 4(2), 18-32

B"ezel)&e (Pisum sativum L.), Fabaceae familyasinin bir lyesi quB, diger baklagillere kiyasla
. besin _degerleri nedeniyle en dnemli baklagil urtinlérinden biridir. Yerel ¢esitlerin verim
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Introduction

Field pea (Pisum sativum L.) is a significant temperate region crop belonging to family Fabaceae
with other essential crops such as faba bean, chickpea, and lentil [1]. It is grown for its dried seeds and
green pods and has a considerable amount of quality protein like lysine [2]. They have been used in
human consumption for a long time as peas contain an exceptional source of protein, minerals, vitamins
and other nutrients with no cholesterol while having maximum fiber and low fat [3]. Dry protein is a
comparatively amusing and unique protein that is diverse from other naturally occurring protein sources.
If the regular basis intake of pea protein increases, it helps reduce the danger of different diseases such
as diabetes, obesity, and heart diseases which also reveals a positive effect in the inhibition of many
forms of cancer [4]. Peas have a great digestibility (90-95%) rate with no health controversy having a
less allergenic response (compared to soybean) with high nutritional value which offers a fresh mark for
food products [5].

Pea production and consumption differ according to cultural and ethnic groups in various
countries and areas [6]. Therefore, a variety of growth kinds and morphologies are present among pea
varieties and landraces that have been suited to various environmental circumstances, end uses and
cropping systems [7]. It is widely grown in tropical and sub-tropical areas such as Pakistan, Colombia,
Burma, India, and the Equator [8]. In plain areas, the pea is cultivated in winter, while in highlands, it is
grown in summer [9]. Matter is the local name for pea with maximum nutritious qualities in Pakistan and
cultivated in all provinces of Pakistan [10]. Pakistan's yield is low in comparison to other countries due
to a dearth of high-yielding potential genotypes as well as pea fungus and viral infections [11]. Globally,
it ranks 5th in production after soybean, peanut, dry bean, and chickpea, while 3rd significant leguminous
crop after soya bean and common bean. Pea maintains agricultural ecological sustainability by fixing
atmospheric nitrogen via a symbiotic association, eliminating the need for nitrogen fertilizers [12]. It
provides organic matter and nitrogen to soil which iswhy pea is a very important legume crop for rotation
[13].

94 countries around the world are producing dry peas [14]. Dry peas were cultivated in Pakistan
on 34,036 hectares with a total outcome of 22,316 tonnes and 656 kg/ha of yield in the year 2021 [15].
In Pakistan, the pea is very important because its demand and utilization are increasing daily owing to
its elevated nutritive values and it plays an essential role in a farmer's economy, but different constraints
reduce the yield of pea. Plants have evolved specific mechanisms that allow them to acclimate and
survive in a variety of environmental challenges [16].

Overall production of peas is less due to a lack of genotypes with high yield in diverse
environmental conditions [17] and lack of disease resistance against different stresses [18] such drought
[19, 20, 21], salinity [22, 23], low and high-temperature effects [24]. In a population high variability is
useful for the selection of a genotype having desirable characteristics and coefficient of variation helps
understand the unpredictability existing among the population [25]. In breeding, genetic variability
among different traits is essential as these are used in the selection of desirable genetic material [26].
For the improvement of high-yielding varieties and improvement of crops, genetic variability is an
important factor in obtaining improvement [27]. The parameters of variability especially genetic gain and
heritability are estimated for the improvement of traits in the crop through the selection method [28].
Cluster analysis divides genotypes into similar genotypes clusters, with high variety among clusters,
while the assortment inside two clusters is generally low. Clusters could be used in a hybridization
scheme depending on the goal of breeding [29]. Selecting suitable divergent parents for hybridization
makes it easier to get desirable segregants in successive generations [30].

Correlation and path analysis are used to measure the association between two parameters and
separate the direct and indirect influence of various characters to identify high-yielding genotypes [31].
Finding the attribute that is connected with yield is crucial for plant breeders in order to further crop
genetic development [32].
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The proposed research work was conducted to estimate genetic variability in pea germplasm on
different quantitative traits by using cluster analysis, correlation, and path coefficient analysis. The
particular genotypes may be used further to develop better varieties of peas in breeding programs.

Materials and methods
Experimental area

The current study was led in the field area of the Plant Breeding and Genetics Department,
University of Agriculture, Faisalabad, during the year 2021-22. The plant materials were collected from
the National Agriculture Research Center (NARC). A total of thirty pea genotypes were included in this
study (Table 1).

Table 1. List of genetic material utilized in research

Sr.no Genotypes Source
1 19755 NARC
2 19763 NARC
3 19766 NARC
4 19768 NARC
5 19771 NARC
6 19772 NARC
7 19774 NARC
8 19780 NARC
9 19781 NARC

10 19782 NARC
11 19783 NARC
12 19784 NARC
13 19785 NARC
14 19786 NARC
15 26849 NARC
16 26850 NARC
17 26852 NARC
18 26854 NARC
19 26858 NARC
20 26869 NARC
21 26870 NARC
22 26876 NARC
23 26928 NARC
24 26951 NARC
25 26960 NARC
26 26989 NARC
27 29249 NARC
28 29250 NARC
29 29260 NARC
30 29264 NARC

A total of thirty pea genotypes were sown for assessment of genetic variability for quantitative
characters in a randomized complete block design (RCBD) having three replications. All replications
consisted of a single row of each genotype having ten plants. The space between plants and rows was
kept at 10 cm and 70 cm, respectively. Standard agronomic practices were used to raise the crop to
maturity.

Data collection

At maturity total of five plants per replication for each genotype were carefully chosen for data
recording and averages were calculated for the following parameters. Days to the first flower were
recorded in each replication from sowing to the first blossom in each selected plant.50% flowering was
counted from sowing until 50% of plants flowering in a genotype per replication. Maturity days were

20



Journal of BinBee-Apicultural and Natural Products, 2024, 4(2)

counted from seedling to the stage where pods have reached their dryness and final color. Plant height
was calculated from the soil surface to the tip of the plant in centimeters with the help of a meter rod.
The distance from one node to another was calculated with a meter rod in centimeters. Nodes/plants,
seeds/pods, and pods/plants were counted manually. The width of the pod and length were recorded in
centimeters by using vernier calipers. Hundred seeds from the total seed production of the five certain
plants were weighted in grams by use of an electric balance. By using electric balance total obtained
seeds of each plant were weighed in grams after sun drying.

Statistical analysis

Collected data were evaluated for analysis of variance [33]. Phenotypic and genotypic variation
coefficients were determined by using the method described by Burton [34]. Broad sense heritability and
genetic advance as a percent of the mean were calculated according to the method advocated by Burton
and Devane [35] and Johnson [36] respectively. Genotypic and phenotypic correlations were performed
as suggested by Al-Jibouri [37]. Association among yield and yield-related parameters was estimated
by path coefficient analysis [38]. The genetic diversity was studied by cluster analysis [38].

Results and Discussion

To increase production, it is very important to improve the genetic makeup of crop plants. Thus,
it is very necessary for breeders to select parents to develop the genotypes with high-yielding capacity
by identifying the genetic nature of yield as well as yield-related traits.

Recorded data were statistically analyzed and subjected to analysis of variance. Analysis of
variance (Table 2) disclosed that all the twelve characters viz days to first bloom, 50% flowering time,
plant height, maturity, internodal distance, number of nodes per plant, pod size, pods/plant, width of pod,
yield per plant, number of seeds/pod and 100-seed weight had significant variability among the
genotypes. Days to first bloom, 50% flowering and nodes number per plant ranged from 48.00-90.33,
56.33-98.00 and14.17-28.83 respectively. The highest variation was observed in maturity (85.33-120.0),
plant height (86.33-210.3), 100 seed weight (9.20-21.98), and yield per plant (15.11-36.71). Inter nodal
distance (6.83-14.00), pod size (4.55-6.03), and width of the pod (0.35-0.68) had minimum variation
according to range values.

Phenotypic coefficient of variation (PCV) was greater than the coefficient of variation of the
genotype (GCV) for some of the calculated characters in this study, representing notable degree of
genetic variability that was not just influenced by genotypic effect but also by environmental factors
(Table 3). The phenotypic coefficient of variation was relatively maximum for characters such as days
to first bloom, maturity, plant height, yield per plant and, 50% flowering time. A minor difference was
found between GCV and PCV in terms of inter-nodal distance, nodes/plant, width of pod, number of
pods per plant, pod size, number of seed/pod, and 100-seed weight. PCV was found high in pod size
(22.77), days to first bloom (27.56), number of pods per plant (25.10), and 50% flowering time (33.56),
while GCV was maximum in terms of pod size (22.30) and pods/plant (25.04). It suggests the existence
of a large genetic basis that would be open to additional selection. The characters viz maturity (15.91,
17.16), internodal distance (17.74, 17.81), number of nodes per plant (13.46, 13.52), width of pod (15.47,
15.92), and yield per plant (12.90, 16.98) had moderate values for GCV and PCV. This indicates that
these attributes were equally important in both non-additive and additive gene action. Low PCV and
GCV were found in 100 seed weight (7.33, 8.80) and plant height (8.04, 13.74). Low GCV and PCV
estimates demonstrated the minimal impact of the environment on the manifestation of this character.

Heritability estimations serve as a leader for the breeder's selection process for enhancing certain
qualities in a particular environment. The magnitude of the heritable component of variation can be
determined by estimating heritability in a broad sense. The heritability was detected maximum for traits
such as pods/plant (99.55%) followed by inter-nodal distance (99.20), number of nodes per plant
(99.15), number of seeds per pod (98.29), pod size (95.94), width of pod (94.34) and maturity (86.03).
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Days to first bloom (19.10), 50% flowering time (37.77), plant height (34.26) and yield/plant (57.72) had
low broad sense heritability.

The genetic advance varied from 0.097 t073.79% (Table 3). The higher-level genetic advance
was found in a number of nodes per plant (73.79%) while moderate in plant height (25.98) and internodal
distance (23.38). Maturity (1.485), pods/plant (4.99), days to first bloom (5.80), pod size (6.14), 50%
flowering time (10.10), width of pod (16.12), seeds per pod (0.654), 100 seed weight (0.097) and
yield/plant (1.434) showed lowest genetic advance. The highest evaluation of heritability fixed with high
genetic advances (as % mean) was found in traits like a number of nodes and width of the pod showing
the influence of additive gene action. Maximum heritability with moderate values of GAM was recorded
for traits pod size, internodal distance and, pods/plant. Characters like seeds/pod and maturity days had
the highest heritability and decreased genetic advances as a percentage of the mean.

Table 2. Analysis of variance for 12 characters in Pea (Pisum sativum L.).

Traits Replication Genotype Error Ccv

Df=2 Df=29 Df=58 (%)

Days to first bloom 32.033 482.377 1.286 1.58
50% flowering time 34.300 390.920 1.116 1.24
Maturity 297.744 266.885 1.055 0.97

Plant height 15.54 3872.67 5.83 1.69
Inter nodal distance 0.0279 18.6104 0.2590 4.59
Nodes/plant 0.7792 28.8387 0.5651 3.79
Pods/plant 1.066 187.915 1.079 4.43
Pod size 0.41423 0.50095 0.06445 4.88
Width of pod 0.01108 0.01422 0.00279 11.04
Number of seed/pod 7.0228 16.0340 0.8232 6.41
100 seed weight 0.0003 34.9034 0.7269 6.16
Yield per plant 3.849 142.279 3.840 8.73

Table 3. Parameters for yield and yield attributing traits in pea.

Traits Mean Range SE CD (5%) GCV PCV H? GA GAM%
value % %
Days to first | 22.21 48.00-90.33 | 3.396 9.509 12.05 27.56 19.10 5.80 26.12
bloom
50% 104.12 56.33-98.00 | 6.700 18.76 20.63 33.56 37.77 10.10 9.701
flowering time
Maturity 13.69 85.33-120.0 1.959 5.49 15.91 17.16 86.03 1.485 10.85
Plant height | 71.40 86.33-210.3 | 0.655 1.833 8.04 13.74 34.26 25.98 36.390
Inter nodal 84.67 6.83-14.00 0.609 1.708 17.74 17.81 99.20 23.38 27.616
distance
Nodes/plant 143.34 14.17-28.83 1.395 3.905 13.46 13.52 99.15 73.79 51.481
Pods/plant 11.09 8.00-41.50 0.294 0.823 25.04 25.10 99.55 4.99 45.002
Pod size 19.85 4.55-6.03 0.434 1.215 22.30 22.77 95.94 6.14 30.95
Width of pod | 23.44 0.35-0.68 0.599 1.679 15.47 15.92 94.34 16.12 68.75
Number of 5.205 3.11-6.11 0.147 0.410 33.66 33.95 98.29 0.654 12.57
seeds/pod
100 seed 0.478 9.20-21.98 0.031 0.085 7.33 8.80 69.30 0.097 20.19
weight
Yield per 4.716 15.11-36.71 0.175 0.489 12.90 16.98 57.72 1.434 30.40
plant

H2 — Broad sense heritability, GA- Genetic advance, GCV- Genotypic co-efficient of variation, GAM- Genetic advance as per cent
of mean, PCV- Phenotypic co-efficient of variation

The range of relationship between two or more independent variables is measured by correlation.
It is very helpful in breeding as genotypic and phenotypic association determine the influence of the
environmental effects on characters and provides the interrelationship between the variables which is
very helpful for the direct selection of the high-yielding varieties and other important traits. The
correlations of genotypic and phenotypic among all the quantitative parameters were estimated and are
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presented in Tables 4 and 5 respectively. A positive and very significant association was observed
among Yyield/plant by plant height, 100-seed weight, nodes/plant, pod size, number of pods per plant,
width of pod, and number of seed/pod whereas, negative non-significant by days to first bloom at
genotypic level (Table 4). At the phenotypic level yield per plant revealed an extremely significant and
positive link through several nodes per plant, width of pod, pods/plant, pod size and, 100-seed weight
while positive and significant with plant height and number of seeds/pod (Table 5).

Table 4. Genotypic correlation coefficients of various quantitative traits in Pea Genotypes

DB FT DM PH IND NP NPP PL PW NSP SW
FT 0.746**
DM 0.758** | 0.961**
PH -0.070 0.202* 0.097
IND | -0.272** | -0.004 -0.094 | 0.462**
NP 0.423** | 0.427* | 0.346** | 0.359** | 0.033

NPP | 0.099 0.125 0.058 0.079 -0.081** 0.583**
PL 0.197 -0.005 0.074 0.017 0.062** 0.093 0.077
PW | -0.077 0.031 0.031 0.252** | 0.133 0.253** | 0.506 0.412**
NSP | -0.359** | -0.155** | -0.196 | -0.207* | 0.030** -0.021 | 0.322* | -0.037 | 0.053
SW | -0.188 -0.130 -0.134 | 0.161 0.291* 0.135 0.303** | 0.624** | 0.458 0.215*
YP -0.017 0.150 0.082 0.256** | 0.118 0.512** | 0.838* | 0.363** | 0.720** | 0.249** | 0.584**

**=Highly significant, *=Significant, DB=Days to first bloom, FT=50% flowering time, DM= Maturity, PH=Plant height, IND= Inter
nodal distance, NP= Number of nodes per plant, NPP=Number of pods per plant, PL=Pod size, PW=Width of pod, , NSP=Number
of seeds per pod, SW=100-Seed weight, YP=Yield per plant

Table 5. Phenotypic correlation coefficients of various quantitative traits in Pea Genotypes

DB FT DM PH IND NP NPP PL PW NSP SW
FT 0.739**
DM 0.752 0.951**
PH -0.069 0.200* 0.096
IND | -0.265 -0.004 -0.090 | 0.450**
NP 0.408** 0.415** | 0.333** | 0.349** | 0.030
NPP | 0.097 0.124 0.057* | 0.080 -0.083 0.566**
PL 0.167 -0.006 0.063 0.012 0.037 0.035 0.062
PW | -0.068 0.032 0.020 0.189 0.111 0.214* | 0.402** | 0.266**
NSP | -0.328** | -0.143 -0.183 | -0.186 | 0.012 0.009 0.297** | -0.082 0.015
Sw | -0.181 -0.127 -0.129 | 0.156 0.293** | 0.132 0.298** | 0.459** | 0.367** | 0.175
YP -0.019 0.139 0.079 0.243* | 0.109 0.476** | 0.819** | 0.278** | 0.548** | 0.209* | 0.556**

**=Highly significant, *=Significant, DB=Days to first bloom, FT=50% flowering time, DM= Maturity, PH=Plant height, IND= Inter
nodal distance, NP= Number of nodes per plant, NPP=Number of pods per plant, PL=Pod size, PW=Width of pod, , NSP=Number
of seeds per pod, SW=100-Seed weight, YP=Yield per plant

23



Journal of BinBee-Apicultural and Natural Products, 2024, 4(2)

Table 6. Direct and indirect effects of different traits on yield and yield related traits

DB FT DM PH IND NP NPP PL PW NSP Sw
DB -0.442 | -0.330 | -0.346 0.031 | 0.120 -0.187 | -0.044 | -0.087 | 0.034 0.159 0.083
FT 0.610 0.818 -0.439 0.165 | -0.003 0.350 0.103 | -0.004 | 0.025 -0.126 | -0.106
DM -0.346 | -0.346 | -0.457 | -0.045 0.043 0.089 | -0.027 | -0.034 | -0.014 | 0.089 0.061
PH 0.003 -0.007 | -0.045 | -0.035 | -0.016 | -0.012 | -0.003 | -0.001 | -0.009 | 0.007 -0.006
IND 0.013 -0.002 0.043 | -0.022 | -0.047 | -0.002 | 0.004 -0.003 | -0.006 | -0.001 | -0.001
NP 0.018 0.018 | -0.158 | 0.015 0.001 0.041 0.024 0.004 | 0.010 0.001 0.006
NPP 0.067 0.084 | -0.027 0.053 | -0.054 | 0.392 0.676 0.052 | 0.340 0.216 0.204
PL 0.055 | -0.001 | -0.034 0.005 0.018 0.026 0.022 0.282 | 0.116 -0.011 0.176
PW -0.013 0.005 | -0.014 0.043 0.023 0.043 0.087 0.071 | 0.172 0.009 0.079

NSP 0.043 0.019 0.089 0.025 | -0.004 0.003 | -0.004 0.005 | -0.006 | -0.012 | -0.026
SW 0.024 0.016 0.062 0.020 0.037 0.017 0.038 0.079 0.058 | 0.027 0.127

DB=Days to first bloom, DF=50% flowering time, DM= Maturity, PH=Plant height, IND= Inter nodal distance, NP= Number of
nodes per plant, NPP=Number of pods per plant, PL=Pod size, PW=Width of pod, , NSP=Number of seeds per pod, SW=100-
Seed weight, YP=Yield per plant

In plant breeding path analysis is mostly used to regulate the nature of the relationship among
the yield and its contributive characteristics which is used for the selection of genotypes. Path analysis
was done with eleven characters using evaluations of direct and indirect influence on yield/plant while
yield per plant was dependent and other were independent characters (Table 6, Fig 1). It was exposed
that 50% flowering time (0.818) and number of pods per plant (0.673) had a maximum positive direct
effect on yield/plant. 50% flowering time had positive indirect effect on yield/plant by number of nodes
per plant (0.018), pods/plant (0.084), width of pod (0.005), number of seed/pod (0.019) and 100-seed
weight (0.016) while, negative by days to first bloom (-0.330), maturity (-0.346), plant height (-0.007),
inter nodal distance (-0.002) and pod size (-0.001). (Table 6.)

Figure 1. Path diagram for-yield and yield related components in thirty pea genotypes. Straight lines represent the direct effects
and arrow lines show the indirect effects
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Dendrogram revealed that 30 pea genotypes were divided into three major groups: Cluster 1,
Cluster 2, Cluster 3, and four sub-clusters based on various morphological characters (Fig 2). Cluster
analysis showed that cluster 1 is the largest comprised of 13 genotypes, 19755, 19763, 19774, 26850,
19782, 19780, 26928, 26951, 26989, 19781, 26854, 26850, 26852, and 26876 that are similar to each
other and further divides into two sub-clusters. Cluster 2 included 6 genotypes 19766, 26869, 19771,
26870, 19768, and 19786 found similar to each other. The second main cluster 3 consisted of 11
varieties that were related to each other and were further subdivided into two sub-clusters (Table 9).
Genetic diversity can be attained through the crossing of similar genotypes with dissimilar ones.

The data showed that various clusters had different mean values for nearly all of the traits (Table
7). Cluster analysis showed that the genotypes of cluster 1 had maximum mean for days to 1st bloom,
50% flowering time, and maturity whereas it produced the lowest mean values for inter nodal distance,
100 seed weight, pods/plant, pod size, number of seeds/pod, and yield per plant. Cluster 2 carried 6
genotypes found similar to each other and produced the highest plant height, internodal distance,
number of nodes per plant, the width of the pod, number of pods per plant, pod size, 100-seed weight,
and yield/plant. The genotypes in cluster 2 were of the early maturing type and had the shortest days to
1st bloom and 50% flowering time. Cluster 3 consists of the remaining 11 genotypes, 19785, 19784,
19783, 29260, 19772, 26858, 29264, 26854, 26898, 29249, 29250, and scored first position for the
number of seeds per pod. These groups can be employed in hybridization programs to generate high-
producing genotypes along with early maturing types.

The inter-genotypic distance was used to calculate the intra-cluster distance (Table 8). Cluster 2
and 3 had the highest inter-cluster distance (87.87), followed by Cluster 1 and 2 (49.24). The higher
inter-cluster distance among these clusters showed a wide range of variability in the population. The
intra-cluster distances in each of the three groups were smaller than the inter-cluster distances,
indicating a close relationship between genotypes in the same cluster. The genotypes included in
clusters 3 and 1 had the lowest inter-cluster distance (43.15), indicating a close link between them. The
entire cluster showed zero intra-cluster distance which means genotypes within the same cluster are
similar to each other. The larger inter-cluster distance indicates greater genetic diversity between the
genotypes of dissimilar clusters.

Table 7. Cluster mean values of 12 characters of 30 genotypes in pea

Variables Cluster 1 | Cluster 2 Cluster 3
Days to first bloom 75.79 68.44 66.49
50% flowering time 89.23 88.33 76.55
Maturity 109.31 106.78 99.88
Plant height 148.15 195.53 109.19
Inter nodal distance 10.74 12.44 10.77
Number of nodes per plant 19.15 22.92 19.00
Number of pods per plant 21.19 28.14 23.55
Pod size 5.17 5.25 5.22
Width of pod 0.47 0.51 0.47
Number of seeds per pod 4.41 4.72 5.08
100-seed weight 13.36 14.67 13.94
Yield per plant 20.57 27.76 21.76
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Table 8. Distances between the cluster centroids among 30 genotypes of pea

Cluster 1 2 3
1 0 49.25 43.15
2 0 87.87
3 0

Table 9. Distribution of 30 varieties of pea in different clusters

Clusters No. of accessions Genotypes
1 13 19755, 19763, 19774, 26850, 19782, 19780, 26928, 26951,
26989, 19781, 26854, 26850, 26852, 26876
2 6 19766, 26869, 19771, 26870, 19768, 19786
3 11 19785, 19784, 19783, 29260, 19772, 26858, 29264, 26854,
26898, 29249, 29250
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Figure 2. Dendrogram of 30 field pea genotypes based on 12 traits using Euclidean distance matrix
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Table 10. Genotypes group into different cluster

Observations Clusters Genotypes
Obs1 1 19755
Obs2 1 19763
Obs3 2 19766
Obs4 2 19768
Obs5 2 19771
Obs6 3 19772
Obs7 1 19774
Obs8 1 19780
Obs9 1 19781

Obs10 1 19782
Obs11 3 19783
Obs12 3 19784
Obs13 3 19785
Obs14 2 19786
Obs15 3 26849
Obs16 1 26850
Obs17 1 26852
Obs18 1 26854
Obs19 3 26858
Obs20 2 26869
Obs21 2 26870
Obs22 1 26876
Obs23 1 26928
Obs24 1 26951
Obs25 1 26960
Obs26 3 26989
Obs27 3 29249
Obs28 3 29250
Obs29 3 29260
Obs30 3 29264

It is preferable to have a high degree of variability in the germplasm collection when adding new
sources of variation to breeding programs. The identification of phenotypic clusters among large
geographic groupings can be enhanced by the evaluation and characterization of inherited agronomic
features. Genetic variation analysis helps the breeder choose the best approach and selection criteria
to employ to develop the desired qualities. All characters revealed high genetic variation in the present
study [39, 40, 41].

Characters showing the highest PCV and GCV values indicate that there is a high level of
variability, which suggests the existence of a large genetic basis that would be open to additional
selection [42, 43, 44, 45, 46]. Traits that revealed low GCV and PCV manifested low susceptibility to
environmental factors and a bigger role of genetic variables influencing the appearance of these
characters. Georgieva et al. (2018) observed low GCV and PCV in 100 seed weight [47]. Pujar iet al.
(2021) described high GCV and PCYV in pods/plant and plant height while least in 100 seed weight and
moderate PCV and GCV were found in yield/plant [48]. Barcchiya et al. (2018) recorded moderate
phenotypic and genotypic coefficient of variations for pods/plant, yield per plant, and maturity which
indicates a need for refinement in the base population [39].

A breeder can choose greater genotypes based on the phenotypic expression of quantitative
attributes when there is a high broad sense heritability, which aids in the identification of suitable
characters for selection. High heritability was observed for pods/plant, internodal distance, number of
nodes per plant, number of seeds per pod, pod size, and width of the pod [49, 28, 45, 48]. Characters
with moderate heritability and low genetic advancement as a percentage of the mean were primarily
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governed by non-additive gene action, and direct selection might not be possible because the majority
of variation is attributed to environmental factors. On the other hand, characters with high heritability
and high genetic advancement as a percentage of the mean indicated the predominance of additive
gene action for these characters. Therefore, by using simple selection techniques, the plant breeder
may confidently base their selection on the phenotypic manifestation of these features in the particular
plant.

Genetic advances are a useful indicator of efficient selection on the base of population.
Characters like seeds/pod and maturity days had the highest heritability and decreased genetic
advances as a percentage of the mean [44, 50, 51, 52], which suggests that non-additive gene action
predominates in these characters' inheritance and may make selection ineffective in this case. Luthra
et al. (2020) observed low genetic advances in pod size, number of seeds per pod, width of pod, pod
yield, and number of pods per plant [45]. Characters with high heritability and modest genetic
advancement in percentage of mean provided more room for qualities to be improved by selection than
other characters, making it easier to develop these traits [53].

The link between individual characteristics and the impact of environmental variables condition
the phenotypic correlation [54]. Direct selection of one feature will alter the other if there is a link between
the two. Understanding the relationships between different qualities is essential before starting any
successful selection program [55]. The traits that showed positive association with each other indicate
a significant influence on yield [56, 41]. Since these associated characters are moving in the desired
direction, it was clear that selecting these characters together would increase the yield. Furthermore,
negative correlation between PH and NSP, also along with other traits may indicate a non-linear
association among these traits [57].

Depending on selective breeding, the direction, and strength of the connection between yield and
yield components are crucial for identifying the critical traits that may be included in the breeding plan
as a crop enhancement strategy. Other connected yield component characteristics should be taken into
consideration since direct selection for yield traits may not be very successful [17]. Katoch et al. (2021)
and Lal et al. (2011) detected maximum direct effects for 50% flowering time and pods/plant. It means
that an increase in the number of pods per plant causes a rise in the yield of seeds/plant, and these
characteristics may be used as selection measures to recognize pea germplasm that will increase yield
[32, 25].

Clustering analysis exposed significant variation among pea genotypes under study for agro-
morphological characters. To enhance high seed-producing pea genotypes, the current study showed
that significant variability among local genotypes may be employed for selection between the different
genotypes from distant clusters. Thus, this will be a good chance to get desired recombinants for pea
breeding in the future. Group assemblage of pea genotypes through genetic divergence has also been
reported by [58, 44, 59, 60]. The cluster having maximum mean values and high cluster difference
showed wide variation. Variable cluster means for many plant development and yield parameters have
also been described by Ramzan and Bijalwan [61, 62].

Conclusion

The present study indicated considerable variability among all the genotypes as all the traits
presented significant differences. Thirty genotypes of pea were sown under randomized complete block
design (RCBD) with three replications for assessing the genetic diversity of various quantitative traits
viz, days to first bloom, plant height, 50% flowering time, internodal distance, maturity, pod size, number
of nodes per plant, 100-seed weight, number of pods per plant, number of seeds/pod, width of pod, and
yield per plant. The material had a wide range of variability together with strong heritability and high
genetic advance for crucial yield parameters. The magnitudes of phenotypic variances were greater
than the equivalent genotypic variances, demonstrating the strong environmental influences. Some traits
showed the same values for PCV and GCV which means these traits had minimal effect on the
environment on the manifestation of this character. Keeping in view the variation present among
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germplasm and high estimates of broad sense heritability, it is suggested that the germplasm could be
used in other breeding programs for improving pea seed yield in Pakistan. The genotypes were clustered
into three clusters. Cluster 1 was largest followed by cluster 3 and cluster 2. Cluster 2 and 3 had the
highest inter-cluster distance (87.87), followed by Cluster 1 and 2 (49.24). Therefore, selecting and
combining genotypes from clusters two and three will give rise to maximum genetic segregation. The
higher inter-cluster distance among these clusters showed find wide range of variability in the population.
The maximum intra-cluster distance was noted as zero for all the major clusters. The larger inter-cluster
distance specifies broader genetic diversity between the genotypes of diverse groups
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Abstract:

Tomatoes are an important vegetable grown all over the world. Association study of yield and
related traits plays a vital role in improving thedproduction of tomato cultivars. Eighteen tomato
genotypes were selected and sown in the field area of the Department of Plant Breeding and
Genetics, University of Agriculture Faisalabad, using a randomized complete block design with
three replications. Data was collected on various yield-related traits to find the associations
between yield and yield-related traits. The results showed significant variations among
genotypes for traits such as plant height, stem diameter, number of fruits per plant, fruit length,
number of clusters per plant, number of fruits per cluster, fruit diameter, average fruit weight,
fruit flesh thickness, pericarp thickness, and number of locules. Correlation analysis unveiled
both positive and negative correlations between these traits, providing insights into their
interrelationships. Furthermore, path coefficient analysis elucidated the direct and indirect
effects of each trait on fruit yield per plant. Results indicated that traits such as plant height,
stem diameter, number of fruits per plant, number of clusters per plant, fruit flesh thickness,
fruit diameter, fruit length, fruit weight, pericarp thickness, and number of locules significantly
influenced fruit yield per plant. These findings contribute to the understanding of trait
associations and can guide the development of high-yielding tomato varieties through targeted
breeding efforts.
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lanum lycopersicum L.) KARAKTER ILISKI CALISMALARI

Ozet:
Domatesler, diinya ¢apinda yetistirilen 6nemli bir sebzedir. Verim ve iligkili 6zelliklerin iligki
calismasi, domates cesitlerinin tretimini gelistirmede 6nemli bir rol oynar. On sekiz domates
genotipi secilmis ve Ug¢ tekrar ile rastgele blok desenine gore Tarim Universitesi Faisalabad,
Bitki Islahi ve Genetigi Bélimu‘nde ekilmistir. Verim ve verimle ilgili 6zellikler arasinda iliskileri
bulmak amaciyla cesitli verimle ilgili 6zellikler tizerinde veri toEIanmlstlr. Sonuglar, bitki boyu,
gbvde capl, bitki basina meyve sayisi, meyve uzunlugu, bitki basina salkim sayisi, salkim
asina meyve sayisl, meyve ¢apl, ortalama meyve agirligi, meyve et kalinhgi, perikarp kalinligi
ve lokil sayisi gibi 6zelliklerde genotipler arasinda anlamh farkhlklar oldugunu géstermistir.
Korelasyon analizi, bu 6zellikler arasinda hem pozitif hem de negatif iliskiler ortaya koyarak,
bunlarin birbirleriﬁle olan iligkilerini anlamamiza yardimci olmustur. Ayrica, yol katsayisi analizi,
her bir 6zelligin bitki basina meyve verimi izerindeki dogrudan ve dolayl etkilerini acikliga
kavusturmustur. Sonuclar, bitki boyu, gévde capl, bitki basina meyve sayisi, bitki bagina salkim
sayisl, meyve et kalinligi, meyve ¢api, meyve uzunlugu, meYve agirhg, Ferikarp alinhgr ve
lokil sayisi gibi 6zelliklerin, bitki basina meyve verimini 6nemli dlgiide etkiledigini géstermistir.
Bu bulgular, 6zellikler arasindaki iliskilerin anlasiimasina katki saglar ve hedeflenmis islah
calismalari ile yiiksek verimli domates cesitlerinin gelistiriimesine rehberlik edebilir.
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Introduction

Tomato (Solanum lycopersicum L.) holds a distinguished status as one of the most important and
widely consumed vegetable worldwide, renowned for its adaptability, high yield potential, and versatility
in both fresh and processed food industries [1]. Originating from Peru and Ecuador within the
Solanaceae family with chromosome number 2n=24, tomatoes primarily undergo self-pollination. The
life cycle of these herbaceous plants might be described as annual or as a short-lived perennial, serving
as a rich source of essential minerals and vitamins, particularly abundant in vitamin C [2]. The
concentration of lycopene in ripe tomato fruit increases 500-fold. There is evidence that a diet high in
lycopene, an antioxidant, can reduce the risk of developing several types of cancer in humans.
Tomatoes are used directly as raw vegetables in sandwiches and salads [3]. Several processed items
like paste, puree, soup, pickles, ketchup, jelly, juices, drinks, whole peeled tomatoes, etc., are prepared
on a large scale and enjoy high acceptance as food ingredients. Additionally, tomato soup is esteemed
for its benefits in aiding constipation and acting as a potent appetizer [4].

In 2023, global tomato production soared to 190 million metric tons, with key contributors including
China, India, Turkey, the United States, Italy, Egypt, Spain and Mexico. China led the pack, boasting a
staggering yield of 64.5 million tons [5]. India, on the other hand, devoted around 0.87 million hectares
to tomato farming, reaping a bountiful harvest of 17.50 million tons at a commendable productivity rate
of 20.11 tons per hectare [6]. Across Pakistan, all four provinces play a role in tomato cultivation [7], with
approximately 57.8 thousand hectares of land utilized for this purpose by 2020, resulting in a production
output of 0.59 million tons. Nonetheless, Pakistan's tomato production doesn't command a significant
position on the global scale [8].

Yield is a complex trait governed by the complex interaction of numerous contributing
characteristics. Yield is a complex trait that is controlled by many genes (Polygenic trait). Identifying
correlations among diverse quantitative features is pivotal for devising selection methods to enhance
yield components, offering insights into the relationships between parameters. Effective selection
processes should prioritize understanding the relative strength of each character's correlation with yield
[9]. It is commonly known that a wide range of independent variables and their interactions have an
impact on yield. Examining the relationships between quantitative parameters offers a conceptual
foundation for improving yield components through selection technique refinement. Using the route
coefficient approach, itis possible to examine the direct and indirect contributions of various components
in order to assist the assessment of the overall link to yield. [10].

To enhance the potential yield of tomatoes, a systematic breeding approach is imperative.
Thorough examination and evaluation of tomato genotypes are essential for enhancing both the genetic
and agronomic qualities of the crop. Successful selection between multiple characteristics
simultaneously acquired in a breeding plan necessitates correlation analysis and coefficient estimation
to assess correlation, both genotypic and phenotypic, among different variables. This research also aids
in identifying features suitable for indirect selection, as selecting one or more traits correlates with
responses to numerous other traits [11]. Depending on the material being studied and the experimental
design used, we can determine the degree and direction of the association between traits by using
genotypic and phenotypic coefficients of correlation [12].

The correlation coefficients have long been a useful tool in breeding programs for selecting
desirable features, as they represent the degree of relationship between characters. The yield of
tomatoes, like other crops, is the end result of an intricate chain of interconnected factors. Therefore, it
is crucial to conduct a comparative analysis of significant characters in order to choose the most
desirable ones. The correlation coefficient by itself is insufficient to provide a comprehensive
understanding of the underlying cause of the relationship. In such situations, path coefficient analysis is
a highly successful method. Hence, this study was conducted to assess the relationships between
desired characteristics and their direct and indirect impacts on crop yield.

However, yield is a complex characteristic, and improving it directly presents a difficulty. To
improve plant productivity, a crop breeding strategy should include not only the total yield but also the
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specific factors that directly or indirectly impact output [13]. Path coefficient analysis is a method used
to measure the direct influence of one variable on another. It also enables the separation of the
correlation coefficient into direct and indirect effects. Path analysis dissects the correlation coefficients
into direct and indirect effects of a set of dependent variables on the independent variables, facilitating
the identification of superior genotypes. The technique of path coefficient analysis was first introduced
by Wrightin 1921 and subsequently demonstrated by Dewey and Lu (1959) as a means of differentiating
between the direct and indirect impacts of various factors. This is a standardised assessment of the
partial regression coefficient. This method measures the immediate influence of one variable on another
and enables the separation of the correlation coefficient into direct and indirect effects [14]. Singh et al.,
(2018) have suggested that this technique requires a causal relationship between the variables.
Production components have been employed to optimise crop yield in various plants, such as wheat,
brinjal, chilli, and cucumber [15]. According to Maurya et al., (2020), analysing the relative significance
of several variables in relation to crop output can aid in identifying high-yielding genotypes within
genetically varied populations. This information can be utilised for indirect yield selection [16]. The
present study aimed to investigate the correlation and route coefficient analysis in a wide range of
indeterminate tomato germplasm. This would facilitate the discernment of correlations among various
attributes of tomatoes. Thus, the study has been formulated in accordance with the previously indicated
background. Given the existing knowledge, a recent experiment was carried out to evaluate the genetic
variation and determine the correlation between certain traits and tomato yield.

Maximizing the use of favourable traits is crucial for synthesizing optimum genotypes and
increasing the yield potential. The variability in tomatoes is anticipated to be substantial due to the
significant variations in both the form and size of the fruits. Research on genetic characteristics and
correlations between traits aids in the identification and implementation of optimal breeding methods.
Several researchers have documented various genetic characteristics in tomatoes, focusing on a limited
number of features. Correlation studies can determine the extent of the relationship or association
between these features and yield. Based on the information provided, the current study was conducted
with the following goals: (1) The objective is to assess the genetic diversity in the initial generation
resulting from the crossbreeding of exotic hybrids. (2) The goal is to create inbred lines that have a high
capacity for producing crops and are resistant to both wilts and viruses. (3) To examine the correlation
between characters.

The correlation between yield and biochemical attributes can provide useful information on the
effect of selection for one character on the other traits of interest. Resolving the correlation into various
direct and indirect contributions of different component characters helps to understand the reason for
apparent correlation. The regression analysis reveals the dependence of yield on various components
which can be utilized to construct selection indices in the form of multiple regression equation.
Correlation coefficients and path analysis help to elucidate an effective model for phenotypic selection
and interpret the intrinsic nature of observed associations. Associations among characters and cause-
effect relationships can be efficiently used in the selection program. The breeding goals always envisage
high expression of all or most of the desirable traits in a single genotype. In view of this, the knowledge
of correlation among quantitative and qualitative traits is useful in different ways. Firstly, it helps to predict
the response of other characters when we select for one. The implications positive/negative or no
correlation can help in selection of suitable parents for hybridization and formulation of appropriate
selection procedure for simultaneous improvement for more than one character. Secondly, for complex
characters like yield, selection based on highly correlated components characters is more effective than
direct selections.
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Materials and Methods
Plant material

The objective of the study was to investigate the associations between yield and related traits.
The experiment was conducted at the Department of Plant Breeding and Genetics, University of
Agriculture Faisalabad. The seeds of eighteen genotypes of tomato (Florida Mk-1, LO-2840, Pioneer-
2761, Immune Trior Beta, Quinte, Wheat lays, St-11, No.2, Sundar-F1, M-82, BGH-24, Yaqui, Step-434,
CLN-2366, Bambino-F1, 6234, CCN-2413, and LA-2711) were collected from the Department of Plant
Breeding and Genetics, University of Agriculture Faisalabad.

Experimental conditions

In winter 2023, the seeds of selected genotypes were sown in trays using peat moss and all ideal
conditions were applied for proper seed germination and growth. After forty days, the healthy seedlings
were transferred to the field having plot size of 3.6 x 3.0 meters under normal condition. The experiment
was designed in a randomized complete block design with three replications. The seedlings were
planted with a plant-to-plant distance of 60.96 cm and row to row distance was maintained at 76.20 cm.
For optimal plant development, standard cultural practices and plant protection measures were used
properly.

Data collection

For data collection, healthy and matured plants from each genotype in each replication were
selected randomly to minimize environmental errors and biasness. The plant height was measured from
the base of the stem to the apical bud in centimeters using a measuring tape. Stem diameter was
measured from the thickest part of the stem using a vernier caliper in millimeters.

The number of fruits, number of clusters and number of fruits per cluster were counter manually
from each plant of each genotype. After collecting the fruits from each plant, 15 completely ripened fruits
were selected, and their fruit length and fruit diameter was measured in millimeters using a vernier
caliper. To measure the fruit flesh thickness, 5 healthy and completely ripened fruits were selected, and
their flesh thickness was measured in millimeters using a vernier caliper. At maturity, five completely
matured fruits were randomly selected to measure the pericarp thickness using a vernier caliper.

After harvesting fruits, 10 completely matured fruits were randomly selected, and their fruit weight
was measured in grams using a weighing balance. The total fruit yield was measured by using the
formula:

Total fruit yield = Average fruit weight x Number of fruits per plant

To measure the number of locules, five completely matured fruits were selected and their locules
were measured by cutting the fruits horizontally using a sharp knife through the middle. This cut will
expose the internal structure of the fruit, and the cross-section area exposed the locules which were
counted manually.

The data were subjected to a mean comparison test with standard error of the mean. Pearson
correlation and Path coefficient analysis were performed to determine the association of different
parameters with yield [14].

Results of The Study

To increase production, it is very important to find the associations between yield and yield-related
components in tomato genotypes. These yield-related parameters can help in the development of high-
yielding varieties. The collected data had gone through different statistical analyses and gave the
following results. Plant height revealed that the genotype CLN-2366 had the highest plant height of
(45.33 cm), followed by Florida Mk-1 (44.33 cm) and LA-2711 (43.167 cm), as shown in Table 1.
Similarly, the lowest plant height was observed in Step-434 and Yaqui (31.5 cm and 33.83 cm,
respectively). The average range of plant height was from 31.5 cm to 45.33 cm. The results of stem
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diameter indicated that the Yaqui genotype exhibited the largest stem diameter (1.4 mm) among all
other genotypes, followed by Step-434 (1.33 mm) and Florida Mk-1 (1.33 mm). The lowest stem
diameter was observed in Pioneer-2761 (0.25 mm), Immune Trior Beta (0.23 mm), Quinte (0.198 mm),
and Wheat lays (0.2 mm).

The Table 1 shows that the genotype Yaqui exhibits the maximum number of fruits per plant
(55.17), followed by Wheat Lays (49.83) and Immune Trior Beta (49.33). Genotypes No. 2 and Sundar-
F1 have the lowest number of fruits per plant (33.5 and 30.33 fruits, respectively). The results also
indicate that most of the genotypes exhibit more than forty-nine fruits per plant. The number of clusters
per plant suggests that the plant with the highest number of clusters is No.2 (14.83). This is followed by
Wheat Lays (13.67 clusters) and Step-434 (13.5 clusters). However, Quinte and Florida Mk-1 were the
least performing genotypes (5.83 and 6.33, respectively). Similarly, the Yaqui exhibits the highest
number of fruits per cluster, with a value of (55.17). This is followed by the CLN-2366 (49.83), and the
Immune Trior Beta (49.33). However, the genotypes Sundar-F1 and No.2 had the lowest performance
(30.33 and 33.5, respectively). All genotypes exhibited satisfactory performance in terms of the number
of clusters per plant and the number of fruits per cluster.

Table 1 shows that Pioneer-2761 has the greatest fruit length (1.45 mm) compared to all other
genotypes, followed by Wheat Lays and Bambino-F1 (1.38 mm and 1.3 mm, respectively). The
genotypes with the lowest performance include Immune Trior Beta, which has a fruit length of (0.3 mm),
the smallest among all genotypes. It is followed by LO-2840 with a fruit length of (0.6 mm) and Florida
Mk-1 (0.75 mm). The genotype Pioneer-2761 exhibited the largest fruit diameter (2.133 mm). This was
followed by Sundar-F1 with a diameter of (2.016 mm) and CLN-2366 with a diameter of (1.63 mm).
These particular genotypes had the greatest fruit diameter compared to all other genotypes. The
genotypes with the lowest performance were Quinte, with a fruit diameter of (0.183 mm), and St-
11(0.7mm).

The results revealed that Pioneer-2761 had the highest flesh thickness among all genotypes (1.15
mm). The genotypes Florida Mk-1, Sundar-F1, CLN-2366, and LA-2711 all have a flesh thickness of
(0.61 mm). These genotypes exhibit equivalent performance concerning flesh thickness. The lowest
flesh thickness was recorded in the 6234 and CCN-2413, measuring (0.31 mm) apiece. Regarding
pericarp thickness, the genotypes Pioneer-2761, Quinte, Sundar-F1, M-82, BGH-24, Yaqui, 6234, and
CCN-2413 demonstrated the highest levels of performance. The pericarp thickness of the other
genotypes is less than others.

The Table 1 shows that Pioneer-2761 has the greatest average fruit weight (71 grams). This
genotype had superior performance compared to all others. Additional genotypes like CLN-2366 and
Bambino-F1 also showed good performance, with weights of 41.33 and 38.5 grams respectively. The
genotype with the lowest performance was Quinte, with an individual weight of 4.5 grams. Other
genotypes, such as M-82 and BGH-24 also showed low performance, with yields of 21 g and 23.16 g,
respectively. The results demonstrate that Pioneer-2761 and 6234 exhibit the greatest average number
of locules, with values of 4.67 and 4.33, respectively, among all genotypes. This indicates that these
two genotypes are exhibiting strong performance. The Florida Mk-1 had average performance, including
three locules. The genotypes with the lowest performance were Quinte and BGH-24, both of which
contain 1.5 locules.
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, PH SD NoF/P NoC/P NoF/C FL

Florida Mk-1 44.33 £0.92 1.33+£0.017 47.83+0.44 6.33+0.16 3.16 +0.33 0.75 £ 0.058
LO-2840 37.5+0.28 0.88 £ 0.06 49.16 £ 0.33 9.83+0.44 4.83 £ 0.66 0.6 +£0.029
Pioneer-2761 40.83 £ 0.66 0.25+0.014 49+0 12.16 +0.33 3.16 £0.16 1.45 +0.058
Immune Trior Beta 36.66 + 0.44 0.23+0.017 49.33 £0.92 10.66 + 1.16 5.66 +0.60 0.3+0.029
Quinte 41.83 £ 0.66 0.19+0.02 43.5+0.57 5.83+0.66 6+0.28 1.23+£0.017
Wheat lays 36.83+£0.33 0.2 £0.025 39.33+£0.16 8.5+0.57 1.66 £0.16 1.03 £0.017
St-11 42.66 £ 0.44 0.9 £0.043 36.16 £ 0.33 12.5+0.57 2.83+0.66 1.18 £ 0.044

No.2 40.16 £ 0.33 0.53 £0.017 33.5+£0.57 14.83 +0.88 3.33+£0.60 1+0.05
Sundar-F1 36.33+0.16 1.08 + 0.007 30.33+0.16 8.5+1.15 6.83+0.44 1.22 +0.017
M-82 34.16 £ 6.08 1.14 £ 0.05 39.5+0.57 9.5+0.57 5.66 +0.33 1.23+0.017
BGH-24 40+0.28 1.07 £0.052 35.83+0.44 11.5+05 7.83+0.33 1.13+£0.017
Yaqui 33.83+£0.33 1.4+0.05 55.16 £ 0.33 9+0.76 4.83 +0.66 0.97 +0.06
Step-434 3150 1.33+£0.017 47.33+0.16 135=+1 5.16 + 0.66 1.2 +0.029
CLN-2366 45.33+0.16 1.18 +0.033 49.83 £0.33 13.66 + 0.44 3.66 = 0.44 1.38 + 0.067
Bambino-F1 41.66 + 0.66 1.07 £ 0.052 49.33 £ 0.60 8.5+0.57 6+0.28 1.3+0.029
6234 39.33+0.16 0.51 +0.033 48.16 + 0.66 10.33+0.72 3.5+0.57 1.12 +£0.033
CCN-2413 41+0.28 0.3+£0.05 36.83+0.33 9.16 +0.88 2.66+£0.44 1.28 £ 0.067
LA-2711 43.16 £ 0.88 0.79 £0.082 43.33 £0.92 8.83 +0.66 15+0.28 0.98 +0.067
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Genotypes FD FFT PT FW NoL FY/P
Florida Mk-1 0.84 % 0.07 3.17+0.33 0.09 £ 0.01 31.33+0.17 3+0.29 55+1.15
LO-2840 0.81 % 0.01 4.83 % 0.67 0.09 £ 0.01 26 +0.29 1.67 £0.17 9.33+0.6
Pioneer-2761 2.13+0.02 3.17£0.17 0.19%0 71+0.29 4.67 + 0.44 11.5 +0.57
g‘;}g“”e Trior 0.94+0 5.67 + 0.6 0.09 + 0.01 32.5+0.58 2.83 1 0.33 3.5+ 0.57
Quinte 0.18 + 0.03 6+0.29 0.19%0 4.5+0.58 1540 7+0.28
Wheat lays 0.96 £ 0.02 1.67 £0.17 0.09 £ 0.01 34.67 + 0.44 1.82 £0.16 12.66 % 0.6
St-11 0.7£0 2.83 £ 0.67 0.09 £ 0.01 26.33+0.17 1.78 £0.17 6.83 £ 0.88
No.2 1.18 £ 0.04 3.33:0.6 0.09 £ 0.01 25.83 + 0.83 3.17 £0.33 10.83 + 0.33
Sundar-F1 2.02+0.14 6.83 £ 0.44 0.19%0 27.33 £ 0.60 1.62 £0.12 13.83 % 0.33
M-82 1.18 +0.04 5.67 + 0.33 0.19%0 21+0.29 2.33+0.17 5.5+ 0.57
BGH-24 0.78 £ 0.03 7.83+0.33 0.19%0 23.17 + 0.60 1540 8.5+ 0.57
Yaqui 1.43 £0.02 4.83 1 0.67 0.19%0 29.33 1 0.17 2.17 + 0.44 9.33+0.6
Step-434 1.33 £0.04 5.17 £ 0.67 0.09 £ 0.01 35+0.5 2.83+0.17 12.5+0.28
CLN-2366 1.63 £0.02 3.67 + 0.44 0.09 £ 0.01 41.33+0.44 2.83 +0.33 6.83 + 0.8
Bambino-F1 1.43+0.1 6+0.29 0.09 £ 0.01 38.5+ 0.58 2.83+0.17 14.5 £ 0.57
6234 1.43 £0.02 3.5+0.58 0.19%0 33.17 + 0.89 4.33 1 0.44 6.5+ 0.57
CCN-2413 1.33+£0.04 2.67 £ 0.44 0.19%0 24.83 £ 0.60 2.17£0.17 75+0.5
LA-2711 1.18 £ 0.04 1.5+0.29 0.09 £ 0.01 20.83 £ 0.67 2.5+0.58 11+05
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The yield of a crop is the most crucial characteristic. The Table 1 shows that BGH-24 shows the
highest total fruit yield among all genotypes (7.83 kilograms). This is followed by Sundar-F1 (6.83
kilograms), Quinte and Bambino-F1, each with (6 kilograms). Immune Trior Beta (5.67 kg), M-82 (5.67
kg), and LO-2840 (4.83 kg) show moderate performance. The LA-2711 and Wheat lays had the lowest
total yield of (1.5 and 1.67 kilograms, respectively).

Figure 1. Pearson Correlation Analysis between Parameters
Correlation

The correlation analysis provided explains the relationships between various plant and fruit
characteristics, offering a visual representation of how these traits are interconnected. The most
significant relationship was found between fruit weight and the number of locules, with a coefficient of
0.72, which is a highly positive correlation. This suggests that fruits with more locules tend to be heavier.
Similarly, flesh thickness also shows a strong positive correlation with the number of locules (0.54) and
with fruit weight (0.74). This indicates that fruits with thicker flesh are not only heavier but also have
more locules. Additionally, fruit length is positively correlated with fruit weight (0.72), implying that longer
fruits generally have more weight. In contrast, there are some notable negative correlations such as
plant height has a slight negative correlation with yield per plant (-0.2), indicating that taller plants may
not necessarily have higher production. Another negative correlation is observed between fruit weight
and pericarp thickness (-0.31), suggesting that as the pericarp thickness increases, the overall fruit
weight may decrease. These negative correlations highlight potential trade-offs in plant and fruit
development, where certain desirable traits might come at the cost of others. Moderate correlations are
also found, such as the relationship between fruit diameter and fruit weight (0.31), where larger fruits in
terms of diameter tend to have more weight. Additionally, the number of fruits per cluster shows a
moderate positive correlation with the total number of fruits per plant (0.41), indicating that plants
producing more fruits in clusters tend to have a higher overall fruit number. Understanding these
relationships can be crucial for breeding and selection, allowing for the optimization of desirable traits in
future crops.
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Path coefficient analysis

Path analysis is mostly used to determine the nature of the relationship between the yield and its
contributing traits, which is used for the selection of genotypes. Path coefficient analysis indicated that
yield per plant is affected by many traits. Table 2 shows that plant height, stem diameter, number of
fruits per plant, number of clusters per plant, and pericarp thickness had negative direct effects on fruit
yield per plant. This indicates that if these traits increase then yield per plant decreases but there are
also indirect effects on yield per plant from these traits which suggest that they can positively affect yield
by enhancing other traits. Other traits such as number of fruits per cluster, fruit diameter, fruit length,
fruit weight, fruit flesh thickness, and number of locules have positive effects on fruit yield per plant.
These traits directly involve in enhancing the yield per plant.

Table 2. Direct and Indirect Effects of Different Parameters on Fruit Yield per Plant

PH SD NoF/P NoC/P NoF/C FD FL Fw FFT PT NoL

PH -0.171 0.026 0.028 0.051 -0.048 0.016 0.094 0.008 0.035 -0.071 -0.192
SD 0.024 -0.186 -0.002 -0.014 0.048 0.102 0.022 -0.059 -0.025 -0.073 0.247
NoF/P 0.051 -0.003 -0.094 -0.070 0.010 0.093 -0.047 0.199 0.003 -0.047 -0.146
NoC/P 0.015 -0.005 -0.011 -0.584 -0.017 0.052 0.091 0.241 0.034 0.395 -0.138
NoF/C 0.058 -0.063 -0.007 0.069 0.141 -0.069 -0.025 -0.148 -0.023 -0.139 0.189
FD -0.008 -0.057 -0.026 -0.091 -0.029 0.335 0.150 0.426 0.092 -0.005 -0.410
FL -0.033 -0.009 0.009 -0.109 -0.007 0.103 0.488 0.143 0.030 -0.135 -0.093
FW -0.003 0.021 -0.036 -0.270 -0.040 0.273 0.134 0.521 0.098 0.051 -0.399
FFT -0.044 0.034 -0.002 -0.144 -0.024 0.228 0.106 0.378 0.136 -0.115 -0.356
PT -0.021 -0.023 -0.008 0.393 0.033 0.003 0.112 -0.046 0.027 -0.586 -0.226
NoL -0.062 0.087 -0.026 -0.152 -0.050 0.259 0.086 0.393 0.091 -0.251 -0.529

PH: Plant height, SD: Stem diameter, NoF/P: Number of fruits per plant, NoC/P: Number of clusters per plant, NoF/C: Number
of fruits per plant, FD: Fruit diameter, FL: Fruit length, FW: Fruit weight, FFT: Fruit flesh thickness, PT: Pericarp thickness, NoL:
Number of locules

Discussion

Yield is the most focusing trait in the agriculture sector. It is essential to first acknowledge the
significance of understanding the relationships between various yield and quality traits. These
associations provide valuable insights into how different traits interact and contribute to overall plant
performance, particularly in terms of yield. By analyzing these relationships, breeders can identify key
traits that have the most significant impact on yield and quality, allowing for more targeted and effective
breeding strategies. The results discussed above not only help in selecting superior genotypes but also
offer a deeper understanding of the underlying genetic mechanisms that drive these traits in tomatoes.

Plant height is an important trait in tomatoes that can influence yield. Generally, taller plants have
a greater potential to bear more clusters and fruits, as they can support a larger biomass. Similarly, the
number of fruits per plant is directly related to yield, as more fruits typically lead to higher total production.
This trait is often a primary target in breeding programs aimed at increasing yield. A higher number of
fruits per plant can result from either more clusters or more fruits per cluster, and improving this trait can
significantly boost overall yield. According to Rai et al., (2017), a positive correlation between plant
height and yield has been observed. They found that several traits, such as plant height, number of fruits
per plant, and average fruit weight, showed strong positive correlations with tomato yield, indicating their
potential as selection criteria in breeding programs. Path coefficient analysis further revealed that the
number of fruits per plant had the highest direct positive effect on yield, followed by average fruit weight.
Some traits, like plant height, exhibited significant indirect effects on yield through their influence on
other traits [18].
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Fruit weight is a key determinant of yield in tomatoes. Heavier fruits contribute directly to a higher
yield per plant. This trait is often positively correlated with both fruit diameter and length, and it is a
critical focus in breeding programs aimed at increasing yield. Increasing fruit weight without
compromising the number of fruits can significantly enhance total yield. According to Basfore et al.,
(2020), key traits such as fruit weight, number of fruits per plant, and plant height were strongly
associated with yield, with fruit weight showing the highest positive direct effect on yield through path
coefficient analysis. These findings suggest that focusing on these traits could be beneficial for breeding
programs aimed at improving tomato yield [17]. Similarly, Reddy et al., (2013) revealed that fruit weight,
number of fruits per plant, and plant height were positively correlated with tomato yield. The path
coefficient analysis indicated that fruit weight had the highest direct effect on yield, followed by the
number of fruits per plant. This suggests that selecting for these traits could significantly enhance tomato
yield. Additionally, traits like plant height and days to first flowering also showed indirect effects on yield
through their influence on other yield components [19].

Maurya et al., (2020) and Sharma et al., (2021) found that the number of fruits per plant, fruit
weight, and plant height were the most important traits contributing to tomato yield. The correlation
analysis revealed positive and significant relationships between these traits and yield, indicating that
they are reliable indicators of higher yield potential. Path coefficient analysis further demonstrated that
fruit weight had the highest direct effect on yield, followed by the number of fruits per plant. Traits such
as plant height and days to first flowering had indirect effects on yield, reinforcing their importance in
breeding strategies aimed at enhancing yield and overall plant performance [16, 20].

Conclusion

The aim of the study was to identify the associations between yield and yield-related components
in tomato genotypes to aid in the development of high-yielding varieties. The results showed that BGH-
24 showed the highest fruit yield among all genotypes. This is followed by Sundar-F1, Quinte, and
Bambino-F1. The LA-2711 and Wheat lays had the lowest total yield. The other traits also showed
different variations between these genotypes. Overall, the study concluded that significant variability
exists among tomato genotypes in terms of yield and yield-related traits. The correlations and path
analyses underscore the complex interplay between these traits, suggesting that selecting genotypes
with desirable combinations of these characteristics could enhance tomato breeding programs aimed at
developing high-yielding varieties. These findings provide a foundation for future studies to further refine
the selection criteria for high-yielding tomato genotypes.
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Abstract

Cotton Leaf Curl Virus (CLCuVP is a major threat to global cotton production, causin

significant yield losses, particularly in Pakistan. Upland cotton (Gossypium hirsutum
lacks natural resistance to CLCuV, and the only viable solution is the introgression of
resistance from wild species, such as Gossypium arboreum and Gossypium
anomalum, which have shown resistance or immunity to the virus. In this study,
interspecific hybridization techniques were employed to transfer CLCuV resistance
from these diploid species into tetraploid G. hirsutum. Hybridization, polyploidy
induction using colchicine, and backcrossing were applied to develop virus-resistant
cotton varieties. The developed hybrids were screened for CLCuV resistance in
greenhouse and field conditions. Several hybrid combinations exhibited varying
degrees of resistance, with the highest recorded resistance of 33.0% in a multi-
species h?/brld combination. Additionally, plants with good fiber quality and high seed
cotton yield were identified. Virus-resistant plants, including those with extra-long fiber
length, were evaluated for their potential in breeding programs. The CIM-608 variety,
approved in 2013, and the Cyto-124 variety, approved in 2016, demonstrate
promising characteristics such as high seed cotton yield, good fiber quality, and
resistance to pests, making them valuable for enhancing cotton production and food
security. These results highlight the success of introgressing CLCuV resistance into
upland cotton and provide a foundation for future breeding programs aimed at
improving cotton's resistance to viral diseases and enhancing its economic traits

Atlf: Hayat et al. (2024). Development of CLCuV tolerant upland cultivars through introgression. Journal of BinBee-Apicultural
and Natural Products (JBANP). 4{2], 43-49

CLCUV TOLERANT UPLAND CULTIVARS THROUGH INTROGRESSION

Makale bilgileri

Gelis Tarihi: 24.12.2024
Kabul Tarihi: 29.12.2024
Yayin Tarihi: 31.12.2024

Makale turi: Arastirma
Anahtar kelimeler:
Pamuk, Pamuk Yaprak

Kivrilma Virusi (CLCuV),
Melezleme, poliploidi,

gossypium spp.

GELISTIRILMESI

Ozet

Pamuk Yaprak Kivrilma Virist (CLCuV), 6zellikle Pakistan'da énemli verim kayiplarina
neden olarak kiresel pamuk Uretimi igin biyuk bir tehdittir. Yayla pamugu (Gossypium
hirsutum), CLCuV'ye karsi dogal dirence sahip degildir ve tek uy%ulanabilir ¢OzUm, virise
karg! diren¢c veya bagisiklik gdstermis olan Gossypium arboreum ve Gossypium
anomalum gibi yabani turlerden direncin introgresyonudur. Bu calismada, CLCuV
direncini bu diploid tirlerden tetraploid G. hirsutum'a aktarmak i¢in tirler arasi melezleme
teknikleri kullaniimistir. Hibridizasyon, kolsisin kullanilarak poliploidi indiiksiyonu ve geri
melezleme, virlise direngli Pamuk cesitleri dgelig,tirmek icin uygulanmistir. Gelistirilen
melezler, sera ve tarla kosullarinda CLCuV direnci agisindan taranmistir. Birkag melez
kombinasyonu, ¢ok turlii bir melez kombinasyonunda kaydedilen %33,0'ik en yiiksek
direncle birlikte, ¢esitli direng dereceleri gdstermistir. Ek olarak, iyi lif kalitesine ve yiksek
tohum pamuk verimine sahip bitkiler tanimlanmistir. Ekstra uzun lif uzunluguna sahip
olanlar da dahil olmak Uzere viriise direncli bitkiler, yetistirme programlarindaki
potansiyelleri agisindan degerlendirildi. 2013'te onaylanan CIM-608 cesidi ve 2016'da
onaylanan Cyto-124 cesidi, Kuksek tohum pamugu verimi, iyi lif kalitesi ve zararllara karsi
direng gibi Gmit verici 0zellikler gostererek pamuk UGretimini ve gida guvenligini artirmak
icin degerli hale gietiriyor. Bu sonuglar, CLCuV direncinin yayla pamuguna aktariimasinin
basarisini vurguluyor ve pamugun viral hastaliklara karsi direncini iyilestirmeyi ve
ekonomik 6zelliklerini gelistirmeyl amagclayan gelecekteki yetistirme programlari igin bir
temel saglyor
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Introduction

Cotton plant is the world's most important fiber crop and is accepted as the second most important
source of edible oil and protein [1,2,3, 4, 5). The use of cotton fibers in fabric production dates back
more than 7000 years [6, 7, 8]. Globally, cotton cultivation is carried out in more than 80 countries [9,
10], covering an area of approximately 32-34 million hectares between 2010/11 and 2012/13, with total
annual production reaching 25.65 million metric tons (MT)[11]. However, cotton faces significant threats
from various pests and pathogens [12,13]. CLCuD is accepted as one of the major biotic and abiotic
factors of cotton causing yield loss and quality [14,15, 16, 17].

In Pakistan, CLCuD has severely affected the sustainability of cotton production, causing an annual
loss of about two million bales [18]. Traditional breeding programs have developed commercial varieties
with low to moderate tolerance, but a highly resistant variety is still not available (19,20,21). Interspecific
hybridization has been a key approach for introducing resistance genes from wild diploid species into
tetraploid cultivated cotton. For instance, (22) successfully transferred genes conferring resistance to
cotton rust, caused by Puccinia cacabata, from Gossypium anomalum and Gossypium arboreum into
Gossypium hirsutum. This was achieved through hybridization, polyploidy induction, and baccrossing,
combined with ongoing resistance screening throughout the process.

The incorporation of genes in resistance to cotton leaf curl virus (CLCuV) and other stress factors
such as drought between Gossypium hirsutum and Gossypium arboreum has been the focus of many
researchers (23). Successes in transferring traits between these species have also been reported (24).
Breeders in the USA have developed a commercial variety, ‘Auburn 56’, highly resistant to root-knot
nematode (Meloidogyne incognita) by transgressive segregation (25). Similarly, (26) crossed a diploid
A2-genome G. arboreum accession with a six-fold bridge line to confer resistance to tetraploid
Gossypium.

Currently, no Gossypium hirsutum cultivar exhibits resistance to CLCuV, whereas Gossypium
arboreum has been found to be immune (27). To mitigate the yield losses caused by CLCuV, efforts
should focus on incorporating virus-resistant genes from local cotton species (G. arboreum, 2n=26) into
cultivated upland cotton (G. hirsutum, 2n=52) using conventional breeding techniques. The
Cytogenetics Department at the Central Cotton Research Institute in Multan has dedicated years to
transferring valuable traits from wild cotton species to cultivated varieties through intricate crossbreeding
approaches. Among the 30 Gossypium species screened, several diploid species—including G.
herbaceum, G. arboreum, G. anomalum, G. capitis-viridis, G. gossypioides, G. laxum, G. stocksii, G.
areysianum, G. somalense, and G. longicalyx—demonstrated resistance to the Burewala strain of
CLCuV.

Materials and Methods

G. arboreum and G. anomalum species were found to be resistant or even immune to cotton leaf
curl virus (CLCuV). Therefore, in order to transfer virus resistance from both diploid species to G.
hirsutum genotype, G. arboreum and G. anomalum (diploids) were crossed with G. hirsutum (tetraploid)
using the male parent. The methods used for developing virus resistant material are explained below:

G. anomalum with G. hirsutum Cross:

G. anomalum Wawra et. Payer (2n=26)-B1 was crossed with G. hirsutum Linn (2n=52) (AD)1 as
the female parent. The resulting triploid hybrid was treated by dipping the seedlings in 0.2% colchicine
solution for 72 hours to double the chromosomes. The resulting hexaploid was recrossed with G.
hirsutum to form a pentaploid and then backcrossed four times to obtain a stable tetraploid.

G. anomalum and G. arboreum Cross:

G. anomalum Wawra et. Payer (2n=26)-B1 was crossed with G. arboreum Linn (2n=26) A2. The
inter-diploid hybrid was subjected to chromosome doubling by immersing the seedlings in a 0.2%
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colchicine solution for 72 hours.The resulting tetraploid hybrid was crossed with G. hirsutum and
backcrosses were performed.

Combination of Hybrids:

The above mentioned hybrids were combined and crossed as [{2 (hirs. x G. anom.)x 4 hirs.} x {2
(arbo. x anom.) x 2hirs.}] x hirs.

The developed materials tested for resistance to BSCV in greenhouses by inoculating them with
infected leaf stalks from CIM-473 variety. Resistant plants were then transferred to the field to evaluate
their resistance under field conditions. Resistant plants were recorded and selected both in the
greenhouse and in the field. Selected CLCuV resistant plants were subjected to further selection by
individual row trials. As a result of this process, many lines with good CLCuV tolerance were developed.

Results and Discussions

Traditional breeding methods often face difficulties in obtaining successful hybrids between two
cotton species due to loss of embryo after fertilization. Crosses between diploid species and upland
cotton typically result in sterile triploid F1 hybrids. To overcome this problem, colchicine was applied to
induce hexaploids (28).

In our study, (G. hirsutum L. x G. anomalum) and 2(G. arboreum x G. anomalum) triploid hybrid
plants were soaked in 0.1% colchicine using Cotton swab for a week. However, this treatment had no
effect due to the age of the plants. Then, 2431 hybrid plants were inoculated with leaf stems infected
with Burewala type cotton leaf roll virus (BSCV) obtained from CIM-473 and their virus resistance was
evaluated in the greenhouse. Of these plants, 342 plants were found resistant to CLCuV and planted
for field evaluation. At maturity, only 61 plants showed resistance to BSCV.

The results are summarized in Table 1, showing that the resistance levels varied among the
different hybrid combinations. In the 2(G. hirsutum x G. anomalum)x 4 G.hirs.) combination, only G.
anomalum was used as the BSCV resistant species and the resistance was found to be 0.66%. While
2(G. hirsutum x 2(G. arboreum x G. anomalum) hybrid it increased upto 2.32% due to the inclusion of
two resistant species, G. arboreum and G. anomalum.

The third hybrid, a complex combination [{4(G. hirsutum x 2(G. hirsutum x G. anomalum)) x {2(G.
hirsutum x 2(G. arboreum x G. anomalum))] x G. hirsutum, utilized G. anomalum twice and G. arboreum
once. This hybrid exhibited the highest resistance rate, measured at 3.0%. These results align with
Altman’s (1988) findings, which emphasized that exogenous hormone treatments were more effective
than in vitro techniques for developing F; hybrids and BC; plants.

Table 1: Screening of resistance of gossypium spp. material during 2007-2008 years

Hybrids Plants grafted | # Resistant Plants | Susceptible Resistant %age
in
Screening Field plant resistance
greenhouse Of Plants Evaluation
in the field
4G. hirs. x 2 (hirs. x G. anom.). 303 13 11 2 0.66
2G. hirs. x 2(G.arbo. x .anom.) 774 115 97 18 2.32
[{*G. hirs. x 2 (G.hirs. x G. 1354 214 173 41 3.0
anom.)} x {3G. hirs. x 2(G.arbo. x
G.anom)}] x G. hirs
TOTAL 2431 342 281 61
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Hybrids Plants Susceptible Resistant
Field Plants resistance
Evaluation Field Evaluation %age

2 (G.hirs. x G. anom.) x 4 G.hir . 1231 1193 38 3.1
2(G.arbo. x G.anom) x 2 G.hir. 121 85- 36 29.7
[{*G. hir. x 2 (G.hirs. x G. anom.)} x {?G. 88 59 29 33.0
hirs. x 2(G.arbo. x G.anom)}] x G. hirs. -

TOTAL 1440 1337 103

Tests were also performed on neutral plants not inoculated against BSCV in the greenhouse or
field. The data given in Table 2 are consistent with Table 1. First, second hybrids and their combinations
showed resistance 3.1%, 29.7% and 33.0%, respectively. Plants resistant to CLCuV were collected and

ginned for Fiber Quality analysis.

In the multi-species hybrid combination ([{3G. hirs. x 2(G. hirs. x G. anom.)} x {2G. hirs. x 2(G.
arbo. x G. anom.)}] x G. hirs.) among the virus-resistant plants with high fiber percentage, CP-7/228
(%45.6), CP-11/232 (%45.3), CP-17/H12 (%44.4) and CP-3/Z22 (%44.1) stood out. Extra-long fiber
length plants were named as CP-5/Z15 (33.8 mm), CP-3/Z6 (34.3 mm), CP-4/25,CP-11/Z34 (32.3 mm),

and CP-11/z232 (31.1 mm), and CP-5/Z16 (31.8 mm).

These plants, which are resistant to cotton leafroll virus, have good fiber quality characteristics and
produce high yield seed cotton, will be used in breeding programs to transfer cotton leafroll virus
resistance to elite interspecific combinations.

Table -3 Performance of resistant cotton plants of [{3G. hirs. x 2 (G. hir. xG. anom.)} x {?G. hirs. X
2(arbo. x G. anom.)}] x G. hir.

Plant Seed cotton Lint Fibre Fibre Fibre

No. yield/plant (Yage) length fineness strength

(9) (mm) (ng/inch) (g/tex )
CP-3/Z22 23 44.1 28.9 3.6 32.2
CP-4/Z23 254 38.4 29.4 3.9 29.1
z4 114 37.7 33.4 3.5 32.5
z5 418 41.9 32.3 4.1 29.1
Z6 303 39.0 34.3 3.4 31.9
z8 116.6 36.7 32.0 3.1 32.5
CP-5/Z15 60.3 35.2 33.8 3.6 29.9
Z16 76.3 35.9 31.8 3.5 29.9
Z18 141.0 35.1 30.0 4.1 29.1
CP-7/Z224 86.0 38.6 30.4 4.5 33.9
z27 148.2 35.4 30.9 4.4 30.2
z28 153.4 45.6 28.3 3.8 30.3
z29 26.4 41.7 27.8 3.9 31.6
CP-8 188.8 39.4 29.0 4.8 27.0
CP-11/232 120.4 45.3 31.1 3.4 36.0
Z34 144.3 37.6 32.3 3.6 34.2
ZA2A 89.0 40.1 30.0 3.3 34.5
CP-12/Z236 234.6 35.4 30.0 4.5 28.4
z37 153.0 39.2 30.3 3.3 33.4
CP-17/H3 14902 38.6 29.1 4.3 28.7
H7 83.8 37.8 29.3 4.1 28.7
H12 200.3 44.4 28.1 3.7 29.2
CP-17 293.5 39.8 30.7 3.7 30.3
CP-24/z47 261.8 35.0 31.7 3.2 32.2
P6 (2008) 37.6 36.9 26.2 4.4 27.1
P-22 (2009) 24.0 33.3 31.1 3.2 32.8
CIM-496 (C.S) 90.3 40.2 28.1 4.8 26.5
CIM506 (C.S.) 86.1 37.2 27.8 4.9 26.3
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Globally CLCuV is a severe memance for lint yield and abrupts cotton production a lot, especially
to Pakistan. Since there is no any CLCuV resistant variety in American cotton genotypes, transferring
this trait from wild species to upland cotton varieties is the only solution. By using resistant wild species
Introgressed hybrids with high seed cotton yield and superior economic properties this problem can be
solved.

The CIM-608 variety, approved during 2013, will improve lint yield increase production and will be
an important source for meeting textile industry demands. In addition, the Cyto-124 variety was
approved for general planting in 2016. This material has good fiber quality and will be used for insect
resistance.

Conclusion

In conclusion, CLCuV resistant cultivar in cotton through interspecific hybridization is a promising
approach to combat the severe yield losses caused by this disease, especially in Pakistan. By crossing
Gossypium hirsutum with resistant diploid species such as G. arboreum and G. anomalum and using
colchicine-induced polyploidy, hybrid plants with different levels of CLCuV resistance were developed.
The study revealed that complex hybrid combinations led to higher resistance rates and some plants
showed excellent fiber quality and high yield potential. Successful development of these virus-resistant
varieties such as CIM-608 and Cyto-124 would make a valuable contribution to cotton production and
offer better resistance and economic sustainability for farmers facing CLCuV. These materials hold great
potential for future plant development programs that improve cotton sustainability.
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