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Keep in view the above mention points, the recent experiment was 

conducted entitled “Genetic variability in bold seeded linseed (Linum 

usitatissimum L.)” was managed at “Research cum instructional farm, Department 

of Genetics and Plant Breeding, College of Agriculture, Indira Gandhi Krishi 

Vishwavidyalaya, Raipur, Chhattisgarh” during 2019-20 rabi season. The material 

were used in the research work comprises of 45 bold seeded genotypes along with 

checks (RLC-92 and R-552). The experiment was laid out in RCBD with 3 

replications. The observations taken for different agro-morphological traits based 

on linseed descriptor, Kanpur (2010) “National guidelines for the conduct of tests 

for Distinctness, Uniformity and Stability in linseed, India” published as per 

“Catalogue on linseed germplasm, Project Coordinating Unit (Linseed), Kanpur, 

(2010)” are “plant height (cm), days to 50 percent flowering, days to maturity, 

number of primary branches per plant, number of secondary branches per pant, 

total number of branches per plant, number of capsules per plant, 1000-seed weight 

(g), oil content (%), seed yield per plant (g) and harvest index (%).”  

Analysis of variance disclosed that “significant differences exist for all the 

traits taken under study from bold seeded linseed genotypes. It indicates that there 

is presence of sufficient amount of variation among the bold seeded genotype of 

linseed for seed yield and its contributing traits.” The highest seed weight (8.75 g) 

and seed yield per plant (2.26 g) observed for R-4275 genotypes. The “highest 

genotypic coefficient of variation observed for number of capsules per plant 

followed by number of secondary branches per plant, number of primary branches 

per plant and harvest index (%). However, highest value phenotypic coefficient of 

variation observed for number of capsules per plant subsequently, number of 

secondary branches per plant, harvest index (%) and number of primary branches 

per plant.” 

“Highest heritability showed by 1000-seed weight (g) followed by plant 

height (cm), number of primary branches per plant, number of secondary branches 

per plant and number of capsules per plant whereas, the highest genetic advance 

recorded for number of capsules per plant subsequently, number of secondary 

branches per plant, number of primary branches per plant and harvest index (%).” 
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This shows that certain traits are influenced by additive gene action and selection 

will be rewarded for the improving such traits. 

Association analysis showed that “positive and significant correlation of 

1000-seed weight with number of capsules per plant and total number of branches 

per plant. In contrast, seed yield per plant observed positive and significant 

correlation with 1000-seed weight (g), harvest index (%) and days to 50% 

flowering.” 

Diversity analysis through D
2
-analysis was carried out among 45 bold 

seeded genotypes of linseed. Cluster analysis distributes the 45 genotypes into 8 

clusters. Cluster I has maximum number of genotypes i.e. 27 genotypes. Based on 

“intra-cluster distance, the most diverse clusters among all clusters were cluster III 

whereas, the highest inter cluster D
2
 values were observed between cluster VI and 

IV (711.93) followed by cluster VI and V (696.75), cluster VI and II (551.16), 

cluster III and II (487.20) and cluster VIII and IV (461.72). Highly diverse 

genotypes can be used in hybridization programme.” 

Present investigation revealed that about the best bold seeded genotype of 

linseed with respect to various traits including “1000-seed weight (g) are R-4275 

followed by R-4285, R-3579, R-3990 and R-3772 whereas, for seed yield per plant 

(g) R-4275 followed by  RLC-92 (check), RLC-175, R-4285 and R-552 (check), 

they were represented high yielding genotypes of linseed.” In this, high yield and 

bold seed offers ample opportunity to enhance linseed cultivation. 
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पौधे की वृद्धि देता है जो अधधक शाखाएँ और कैपू्सल का उत्पादन करता है और अंत में 

अधधक बीज उपज और बीज तेल सामग्री का उत्पादन करेगा। 

उपययुक्त धबंदयओ ंको ध्यान में रखते हुए, वतुमान शोध "बड़े बीज वाले अलसी  

(लाइनम यूसीटाटीसीमम) में आनुवाांशिक पररवर्तनिीलर्ा” शीरु्क से 2019-20 के 

दौरान रबी मौसम "अनयसंधान सह अनयदेशात्मक प्रके्षत्र, आनयवंधशकी एवं पादप प्रजनन 

धवभाग, कृधर् महाधवद्यालय, इंधदरा गांधी कृधर् धवश्व धवद्यालय, रायपयर, छत्तीसगढ़" में धकया 

गया था। अनयसंधान कायु में उपयोग की जाने वाली जैधवक सामग्री मे चेक (आरएलसी-92 

एवं आर-552) सधहत 45 बड़े बीज वाले आनयवंधशक रूप शाधमल थे। शोध 3 प्रधतकृधत के 

साथ आर सी बी डी में धकया गया था। अलसी वरु्नकताु, कानपयर, (2010) के आधार पर 

धवधभन्न कृधर्-रूपात्मक लक्षर्ो ं ) "पौधे की ऊंचाई (सेमी), पयष्पन के ५० प्रधतशत धदन, 

पररपक्वता के धदन, प्रधत पौधा प्राथधमक शाखाओ ंकी संख्या, प्रधत पौधा माध्यधमक शाखाओ ं

की संख्या, प्रधत पौधा कय ल शाखाओ ंकी संख्या, प्रधत पौधा कैपू्सल की संख्या 1000-बीज 

वजन (ग्राम), तेल मात्रा (%), प्रधत पौधा बीज उपज (ग्राम) और फसल सूचकांक (%)” 

अलसी, भारत में धवधशष्टता, एकरूपता और द्धथथरता के धलए परीक्षर्ो ंके संचालन के धलए 

राष्टर ीय धदशा-धनदेश" कैटलॉग में प्रकाधशत अलसी पररयोजना समद्धित इकाई, कानपयर, 

(२०१०), के अनयसार धलया गया है। 

 धवचरर् के धवशे्लर्र् से ज्ञात होता हैं धक “बड़े बीज वाले अलसी आनयवंधशक रूप के 

अध्ययन के तहत धलए गए सभी लक्षर्ो ंके धलए महत्वपूरु् अंतर मौजूद हैं। यह इंधगत करता 

है धक बीज की उपज और इसके योगदान के धलए बड़े बीज वाले अलसी के आनयवंधशक रूप 

के बीच पयाुप्त मात्रा में धवधवधता मौजूद है। उच्चतम बीज वजन (8.75 ग्राम) और बीज उपज 

प्रधत पौधा (2.26 ग्राम) आर-4275 जीनोटाइप के धलए देखा गया। "धवधभन्न जीनोटाइधपक 

धभन्नता का गयर्ांक, प्रधत पौधा कैपू्सल की संख्या के बाद प्रधत पौधा धितीयक शाखाओ ंकी 

संख्या, प्रधत पौधा प्राथधमक शाखाओ ंकी संख्या और फसल सूचकांक (%) के धलए देखा 

गया जबधक, धवधभन्न फेनोटाइधपक धभन्नता का गयर्ांक, प्रधत पौधा कैपू्सल की संख्या के बाद 

प्रधत पौधा धितीयक शाखाओ ंकी संख्या, फसल सूचकांक (%) और प्रधत पौधा प्राथधमक 

शाखाओ ंकी संख्या के धलए देखा गया। 
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 " उच्चतम आनयवंधशकता, 1000-बीज वजन (ग्राम) के बाद पौधो ंकी ऊँचाई (सेमी), 

प्रधत पौधा प्राथधमक शाखाओ ंकी संख्या, प्रधत पौधा धितीयक शाखाओ ंकी संख्या और प्रधत 

पौधा कैपू्सल की संख्या  के धलए दजु धकया गया है, जबधक, सबसे अधधक आनयवंधशक 

अधग्रम, प्रधत पौधा कैपू्सल की संख्या के बाद प्रधत पौधा धितीयक शाखाओ ंकी संख्या, प्रधत 

पौधा प्राथधमक शाखाओ ंकी संख्या और फसल सूचकांक (%) धलए दजु धकया गया है।” 

इससे पता चलता है धक लक्षर् एधडधटव जीन एक्शन से प्रभाधवत हैं और इस तरह के लक्षर्ो ं

में सयधार के धलए चयन को अवसर प्रदान करेगा। 

 सह संबंध धवशे्लर्र् से यह पता चलता है धक "प्रधत पौधा कैपू्सल की संख्या और 

प्रधत पौधा कय ल शाखाओ ं की संख्या के साथ 1000-बीज वजन का सकारात्मक और 

महत्वपूरु् सहसंबंध है । इसके धवपरीत, प्रधत पौधा के बीज की उपज का 1000-बीज वजन 

(ग्राम), फसल सूचकांक (%) और पयष्पन के ५० प्रधतशत धदन के साथ सकारात्मक और 

महत्वपूरु् सहसंबंध देखा गया।” 

 डी 2
-धवशे्लर्र् के माध्यम से धवधवधता का धवशे्लर्र् बड़े बीज वाले अलसी के 45 

जीनोटाइप के बीच धकया गया। क्लस्टर धवशे्लर्र्, 45 जीनोटाइप को 8 क्लस्टर में धवभाधजत 

करता है। क्लस्टर I में अधधकतम जीनोटाइप यानी 27 जीनोटाइप हैं। " अंतरा-क्लस्टर दूरी 

के आधार पर, सभी क्लस्टर के बीच सबसे धवधवध क्लस्टर, क्लस्टर III है , जबधक क्लस्टर 

VI और IV (711.93) के बाद क्लस्टर VI और V (696.75), क्लस्टर VI और II (551.16), 

क्लस्टर III और II (487.20) और क्लस्टर VIII और IV (461.72)के बीच उच्चतम अंतर 

क्लस्टर D
2
 मान देखे गए। संकरर् कायुक्रम में अत्यधधक धवधवध जीनोटाइप का उपयोग 

धकया जा सकता है।” 

 वतुमान जांच में पता चलता है धक 1000-बीज वजन (ग्राम) सधहत धवधभन्न लक्षर्ो ंके 

संबंध में बड़े बीज वाले अलसी के सवुशे्रष्ठ जीनोटाइप आर-4275 के बाद आर-4285, आर-

3579, आर -3990 और आर-3772 है, जबधक प्रधत पौधा के बीज की उपज (ग्राम) के धलए 

आर-4275 के बाद आरएलसी-92 (चेक), आरएलसी-175, आर-4285 और आर-552 (चेक) 

है। वे अलसी के उच्च उपज वाले जीनोटाइप का प्रधतधनधधत्व करते थे। यह उच्च उपज और 

बड़े बीज वाले अलसी की खेती को बढ़ाने का पयाुप्त अवसर प्रदान करेगा
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CHAPTER I 

INTRODUCTION 

Linseed (Linum usitatissimum L.) is an annual self-pollinated crop with 

originating either in the Middle East or the Indian regions (Vavilov, 1951). The 

generic name Linum derives from Celtic word „lin‟ means „thread‟ and the species 

name usitatissimum (Latin word) means “very useful”. Linum usitatissimum, only 

cultivated species of the genus Linum of family Linaceae is cultivated for oil from 

the beginning of agriculture eight thousand years ago and somewhat later for fibre 

(Zohary and Hopf, 1999). 

Allaby et al. (2005) suggested that the cultivated species arise from a single 

domestication event from L. bienne, and the first domestication characters included 

selection for annual habit, non-shattering of capsules and more effective self-

fertilization  (Fu, 2011). 

Later it was introduced into New World (The Americas) after extensive 

dissemination throughout Asia and Europe (Soto-Cerda et al. 2013). The high 

biological diversity of the genus Linum is considered to occur in near the 

Mediterranean Sea of the Indian subcontinent (Genesar and Morris, 2003; Fu, 

2005; Kaur et al., 2017). Differential selection for fibre and oil purpose has 

resulted in two distinct morphotypes of linseed-flax type and linseed type, 

respectively. The taller, less branched fiber flax type is grown in the cool-

temperate regions of Russia, Western Europe, China and shorter, more branched, 

larger seeded linseed type is grown in continental climate regions of India, USA, 

Argentina  and Canada. 

Linseed has two origin centers i.e., South West Asia, mainly in India 

(Vavilov, 1935; Richharia, 1962) and the Mediterranean region of Europe 

(Darlington, 1963). 

Given increasing demand of linseed because of several benefits for health, 

there is steady need to increase genetic potential for oilseed yield. As per the Food 

and Agriculture Organization statistical data (FAOSTAT, 2018), currently overall 

world production of linseed is around 3.18 million tonnes, with Canada (34%), 
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Russia (15%), and China (13%) being the major producers. In the world, 

India is the 6
th

 largest producer adding 13% and 5.5% to global linseed area and 

production respectively. In world, India is the foremost growing country of linseed 

ranking 4
th

 in area 3.20 lakh ha (11%) and production of 1.74 lakh tonnes followed 

by Kazakhstan, Russia and Canada, with annual area whereas, in terms of 

productivity India (543.8 Kg/ha) is far behind to Switzerland (2525 Kg/ha), 

Kyrgyzstan (2257.1 Kg/ha), Tunisia (2142.6 Kg/ha) and France (1909.1 Kg/ha) 

(FAOSTAT, 2018). In India, linseed is mostly occupied under rainfed (63%), utera 

(25%) and irrigated (17%) conditions and in famished conditions in the major 

linseed producing states of India are Madhya Pradesh, Chhattisgarh, Maharashtra, 

Jharkhand, Uttar Pradesh and Odisha. Currently, linseed is grown in Chhattisgarh 

in 29900 ha with 1030 tonnes production and average productivity 344 Kg/ha 

(INDIASTAT, 2017). Production and area wise, Chhattisgarh is one of the 

significant linseed producing states of India. In Chhattisgarh, Durg, Rajnandgaon, 

Bilaspur, Raigarh, Raipur, Dhamtari, Sarguja, Raipur and Kabirdham are the prime 

growing districts of linseed. In Chhattisgarh, linseed is grown as a rabi crop under 

rainfed (63 %) and in utera (25 %) under sub-marginal lands. 

The nutriment quality of linseed, the top-level thing is mentioned to be the 

presence of omega fatty acids in high amount. There are 2 classes of omega fatty 

acids is present i.e. omega-3 fatty acids and omega-6 fatty acid. Omega-3 fatty 

acids are three types i.e. Linolenic acid, docosahexanoic acid (DHA) and 

eicosapentaenoic acid (EPA) which are nutrimentally important. All the 3 fatty 

acids have been shown to lower the chance of risk of cardiovascular problems in 

human (Hurteau, 2004). Linseed comprises of mixtures of fatty acids. Flax type of 

linseed is mainly enriched in poly-unsaturated fatty acids i.e. α-linolenic acids 

(ALA) being an essential omega-3 fatty acid and linoleic acid (LA) being omega-6 

fatty acid. Linoleic acid and ALA comprises 16% and 57% of the total fatty acids 

in linseed and making flaxseed as the richest source of ALA (Ganorkar and Jain, 

2013).  

The swift drying properties and rancidity are the major drawback of linseed 

oil, with a focus on value addition for edible purposes. Because of this property it 
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is widely used in varnish and paint industries of the country. Presence of high 

amounts of omega-3 fatty acid cause the drying effect of linseed oil. Being highly 

unsaturated, it reacts with oxygen as it comes into contact with air and then dries 

up. Linseed is being used in food-markets, where seeds are being used as a 

nutritional beneficial ingredient for health to strengthen food products (Flax 

Council of Canada, 2017). 

The fibre is widely used in linen for textile industry, thread/rope and 

packaging materials; paper for cigarette, currency notes and artwork (Mackiewicz-

Talarczyk et al., 2008). To use as a rope/thread, the strength, repeated flexibility, 

non-elasticity and its recyclable nature with a low density was quite desirable, 

value in using. The oil extracted from the seeds has unique drying properties 

having utility in production of varnish, inks, paints and linoleum flooring 

(Newkirk, 2008; Czemplik et al., 2011).  

Linseed is rich in oil (fatty acids), dietary fibre and protein. An examine of 

brown seeded linseed reported 41 % fat, 20 % protein, 28 % total dietary fiber, 7.7 

% moisture and 3.4 % ash, which is the mineral-rich residue left after the burning 

of samples. The oil content of seeds differs significantly from 33-45 % (Gill, 

1987). 

The medicinal value of linseed is also very rich. Most often, it is used in 

condition such as high cholesterol and laxative. It has a beneficial effect on 

platelets, which induce coagulation of the blood vessel. It is considered beneficial 

for treatment of cancer too. In painkillers, the linseed is very common use. 

For genetic improvement of any crop, wide genetic diversity is basic 

requirement. The progress in developing a superior variety largely depends on the 

genetic basis of diverse parent selection and the breeding approach followed. 

However, in developing countries, linseed is the most neglected oilseed crop 

grown on marginal land with poor management. Lack of availability of improved 

varieties to suit the diverse agro-climatic condition is the reason for low yield of 

linseed crop. Therefore, to overcome the low yield levels of this crop, the 

development of high yielding variety is topmost priority. 
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The knowledge of genetic variability enables a breeder to devise proper 

selection strategies as selection depends on the existence of available genetic 

variability. Broad range of genetic variability in the segregating population largely 

determined by the genetic variation exists among the genotypes, which provide 

ample opportunity for better selection. Furthermore, selection utilizes the heritable 

proportion of existing variability hence, knowledge of heritability is also very 

much essential for crop improvement processes. Evaluation of variability for yield 

and yield attributing characters gets to be completely essential prior to planning for 

a suitable breeding methodology for genetic advancement. Genetic parameters like 

phenotypic and genotypic coefficient of variation are important for identifying the 

amount of variability show within the germplasm. Heritability along with high 

genetic advance would be more helpful tool in foreseeing the resultant effect in 

best genotypes selection for yield and its attributing characters. It helps in 

assessing the environmental effect on the expression of the genotypic and 

reliability of traits. 

Present investigation focused with this hypothesis that in linseed the bold 

seededness alone has never been exploited for yield improvement of crop and its 

oil yield potential. Hence, for the present investigation the different source for 

variability of bold seed character in germplasm is taken. Segregating material and 

varieties have been collected and studied for various genetic parameters viz; 

heritability, genetic advance and correlation etc. for bold seededness with other 

yield attributes development of bold seeded varieties. Generally in linseed the 

comparing bold seeded with medium and small seeded, the advantage lies with 

better germination and seedling vigour giving robust plant growth which ultimately 

produces more branches and capsule and finally will produce more seed yield and 

seed oil yield respectively. 

Recognizing the advantage and desire for such comprehensive study in 

bold seeded linseed, the recent investigate entitled “Genetic variability in bold 

seeded linseed (Linum usitatissimum L.)” was managed at Research-Cum-

Instructional-Farm, Department of Genetics and Plant Breeding, College of 
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Agriculture, Indira Gandhi Krishi Vishwavidyalaya, Raipur, Chhattisgarh during 

2019-20 rabi season with objective follows:- 

1. Identification of bold seeded genotypes of linseed. 

2. To estimate the amount of genetic variability and association analysis for 

yield & yield contributing traits in bold seeded genotypes of linseed. 

3. To work out genetic divergence analysis in bold seeded genotypes of 

linseed.  

4. To estimate oil content in bold seeded genotypes of linseed. 
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CHAPTER II 

REVIEW OF LITERATURE 

“The prime aim of the present study is to work for the better understanding 

of bold seeded linseed. It is also to be well understood about the diversity among 

different genotypes of bold seeded linseed itself.”  

The relevant literature reviewed on various aspects of the present 

investigation entitled “Genetic variability in bold seeded linseed (Linum 

usitatissimum L.)” has been presented under the following heads: 

2.1 Studies on morphological characters of bold seeded linseed 

2.2 Studies on genetic variability and association analysis 

2.3 Studies on genetic divergence analysis 

2.1 Studies on morphological characters of bold seed linseed 

In the study of Arora (2003) reported that weight of thousand seeds ranged 

from 5.01 to 6.05 g and seed length ranged between 4.50 to 5.45 mm per seed in 

three varieties of linseed. The seeds were reported to be flat and pointed and the 

width ranged between 0.90 to 1.45 mm. Seed density was reported to range from 

0.69 to 0.72 g/ml. 

Diederichsen et al. (2006) at Canada observed that accession of linseed 

(Linum usitatissimum) and noticed colour of seed, weight of seed and oil content 

held by Plant Gene Resources of Canada. These studies help us to understand 

variation and correlation between weight of seed, seed colour and oil content in 

cultivated linseed (Linum usitatissimum L.). Gene bank accession had 2934 seed 

presently grown at SK, Saskatoon, Canada, which is originating from seventy two 

countries utilized to observed variation of seed character. Based on single 

observations for all accessions, the overall mean and standard deviation was 5.95 ± 

1.22 mg/seed for weight of seed and 38.3 ± 1.74% for oil content. Among 3 intra-

specific groups of linseed, seed weight, concentration of oil, amount of oil per seed 
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increased in the following order: fiber flax (convar. elongatum), intermediate flax 

(convar. usitatissimum), and large seeded linseed (convar. mediterraneum). In 52 

North American cultivars, there was a weak positive association of high oil content 

with high seed weight. 

Worku et al. (2015) at Ethiopia studied that evaluation of variation in 198 

accession of linseed which is based on oil content and morphology character in 

Ethiopia. We focused to form and use a set of morphological descriptors to 

examine level and patterns of variance in germplasm of Ethiopia from tropical 

highland in one ninety eight Ethiopian traditional varieties. The Ethiopian 

traditional varieties with both fiber and oilseed stem branching morphology, 

though most of the seed were small. Oil quality of traditional variety was evaluated 

and content of oil was low as 30 percent than 47 percent observed elsewhere. 

Flowering days and maturity days differs more and high heritable. 

2.2 Studies on genetic variability and association analysis 

2.2.1. Analysis of variance  

Mirza et al. (1996) at Bangladesh estimated 30 linseed genotypes for yield 

and yield contributing traits. Analysis of variance indicated significantly variation 

between genotypes of linseed for all character except number of primary branches 

per plant and weight of seed and noticed that higher heritability along with higher 

genetic advance as mean percentage for plant height, number of capsules per plant 

and seed yield. 

Dubey et al. (2006) at Kanpur noticed high variation between 10 characters 

for number of branches per plant, 1000-seed weight and yield of seed per plant 

while low variable for height of plant and oil content. 

Sood et al. (2012) at Palampur studied 38 linseed genotypes. They 

evaluated the variation level in oil content and fatty acid composition of linseed 

cultivars, elite lines and hybrids. 2 saturated (steric and palmitic acid) and 3 

unsaturated fatty acids (linoleic, linolenic and Oleic acid) identified by gas 

chromatography represented 8.81 percent and 90.89 percent of the total oil, 
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respectively. Wide range of variation was recorded for linolenic acid followed by 

oleic acid, while linoleic acid has recorded highest GCV. 

Belete and Yohannes (2013) at Ethiopia study was carried out in twenty 

five genotypes of linseed derived from various crosses including checks. The 

analysis of variance revealed significant amount of differences among the 

genotypes for number of capsules per plant, seed yield per plant and 1000 seed 

weight. 

Paul et al. (2016) at Palampur analyzed 32 genotypes for 9 morphological 

traits. There were highly significant differences among the genotypes for number 

of primary branches per plant. plant height, total number of branches per plant, 

number of capsules per plant, 1000 seed weight, harvest index and seed yield per 

plant and non-significant differences for number of seeds per capsule, indicating 

the existence of variability among the genotypes. 

Chauhan et al. (2018) at Faizabad analyzed sixty six genotypes of linseed 

for the morphological traits to investigate the genetic diversity between and within 

the genotypes. There were highly significant differences among the genotypes for 

seed yield per plant, number of primary branches per plant, total number of 

branches per plant, number of capsules per plant, number of seeds per capsule and 

1000 seed weight indicating the presence of variability among the genotypes. 

2.2.2. Genotypic and phenotypic coefficient of variation 

Singh (2001) at Allahabad observed various qualitative traits of 20 

genotypes of linseed and examine that variation of phenotypic coefficient was high 

for number of primary branches per plant while variation of genotypic coefficient 

high for 50% flowering days followed by seed yield per plant and number of 

secondary branches per plant. 

Naik and Satapathy (2002) at Odisha evaluated that high GCV and PCV for 

number of capsules per plant, number of primary branches per plant and 1000 seed 

weight. 
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Adugna and Labuschagne (2003) at Ethiopia examined that 60 accession of 

linseed from Ethiopia for 11 traits to evaluate the diversity of accession. The 

variation of phenotypic coefficient varied from 1.90 percent for number of seeds 

per capsule to 142.72 percent for plant height whereas, variation of genotypic 

coefficient ranged from 1.52 percent to 118.88 percent for same traits. They 

evaluated that yield of seed per plant had low heritability and higher for flowering 

days. The genetic gain was 3.16 percent for maturity days and 24.26 percent for 

height of plant. 

Saeidi et al. (2003) at Iran studied genetic variability in linseed genotypes. 

They noticed that there was considerable variation of phenotypic and genotypic 

coefficient among the genotypes for number of capsules per plant and yield of seed 

per plant. 

Awasthi and Rao (2005) at Raipur studied variability for the following ten 

characters viz., “days to 50% flowering, days to maturity, plant height, number of 

primary branches per plant, number of secondary branches per plant, number of 

capsules per plant, number of seeds per capsule, number of seeds per plant, 100-Seed 

weight, seed yield per plant.” Higher genetic variation was found for number of 

seeds per capsule followed by number of capsules per plant, seed yield per plant, 

number of primary branches per plant and number of secondary branches per plant. 

Dandigadasar et al. (2012) studied genetic variability in genotypes of 

linseed. They noticed wide ranging for variation of genotypic and phenotypic 

coefficient for number of capsules per plant followed by yield of seed per plant and 

number of seeds per capsule.  

Belete and Yohannes (2013) at Ethiopia studied in 25 linseed genotypes. 

They found a high genotypic and phenotypic coefficient of variation was recorded 

for number of seeds per plant and number of capsules per plant. 

Bibi et al. (2013) at Islamabad estimated in 19 linseed genotypes. They 

observed that coefficient variation was found higher for seed yield per plant 

followed by number of capsules per plant and harvest index (%). 
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Reddy et al. (2013) at Nagpur studied in 23 genotypes of linseed. They 

observed that phenotypic and genotypic coefficient of variation was found higher 

for trait number of branches per plant followed by seed yield per plant, number of 

capsules per plant and omega-6-fatty acid. 

Pali and Mehta (2014) at Raipur studied in 48 linseed varieties. They 

noticed that high genotypic variation was found for number of seeds per plant 

followed by number of capsules per plant, 1000-seed weight and harvest index. 

Kanwar et al. (2014) at Raipur studied on 36 linseed genotypes were 

evaluated for genetic variability. They observed high genotypic and phenotypic 

coefficient of variation values for seed yield per plant followed by number of capsules 

per plant, biological yield per plant, number of primary branches per plant and number 

of secondary branches per plant. 

Kumar et al. (2015) at Allahabad estimated that harvest index and yield of 

seed had higher variation of genotypic and phenotypic coefficient showed best deal 

variability in those traits which signifies the effectiveness of selection of beneficial 

type for enhancement. 

Patel et al. (2015) at Palampur disclosed that high variation of genotypic 

and phenotypic coefficient was found for number of capsules per plant followed by 

yield of seed per plant and weight of thousand seeds. 

Chandrawati et al. (2016) at Kanpur experimented in 58 linseed genotypes. 

They noted that the high estimates of genotypic coefficient of variation and 

phenotypic coefficient of variation were observed for number of capsules per plant, 

number of branches per plant and seed yield per plant while low for number of 

seeds per capsules and oil content. 

Paul and Kumari (2018) at Palampur conducted experiment among 18 

genotypes of Linseed. Phenotypic coefficient of variation was higher than 

genotypic coefficient of variation for all the observed traits i.e. days to 50% 

flowering, number of primary branches per plant, number of secondary branches 

per plant, number of capsules per plant, 1000 seed weight and seed yield per plant. 
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Tewari and Singh (2018) at Kanpur experimented on 73 genotypes 

including checks Shekhar and T-397 to study the genetic variability in linseed. 

They observed high phenotypic and genotypic coefficients of variation estimates 

for seed yield per plant and number of secondary branches per plant. 

Dhirhi and Mehta (2019) at Raipur assessed 20 hybrids of linseed for 

genetic variability. The variation of phenotypic and genotypic coefficient was 

observed for days to flowering and days to maturity showed less difference. 

Differences between variation of genotypic and phenotypic coefficient were 

recorded for plant height followed by number of primary branches per plant, 

number of secondary branches per plant, number of capsules per plant, number of 

seeds per capsule, seed yield per plant, 1000-seed weight and total number of 

branches per plant, indicating these traits are highly influenced by environment. 

Singh et al. (2019) at Meerut studied in 40 accessions of linseed to estimate 

the high value of phenotypic and genotypic coefficient of variation was recorded 

for number of primary branches per plant, number of secondary branches per plant, 

seed yield per plant and biological yield per plant. 

Upadhyay et al. (2019 a) at Raipur experimented in 25 linseed genotype. 

They noted that the phenotypic coefficient of variation higher than genotypic 

coefficient of variation for all the traits. The highest genotypic coefficient of 

variation was recorded for number of seeds per plant followed by seed yield per 

plant, number of seeds per capsule, 1000-seed weight, number of capsules per 

plant, plant height, days to 50% flowering and days to maturity. The highest 

phenotypic coefficient of variation was recorded for number of seeds per plant 

followed by seed yield per plant, number of seeds per capsule, 1000-seed weight, 

number of capsules per plant, plant height, days to 50% flowering and days to 

maturity. 

Upadhyay et al. (2019 b) at Raipur experimented in 63 linseed genotype. 

They revealed that the highest variation of genotypic coefficient was recorded for 

number of capsules per plant followed by number of seeds per plant and seed yield 

per plant. The highest phenotypic coefficient of variation was recorded for number 
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of seeds per plant followed by number of capsules per plant, seed yield per plant 

and seed length. 

2.2.3. Heritability and genetic advance 

Rede and Rao (1999) at Raipur estimated that higher heritability in broad 

sense along with higher genetic advance for number of effective capsules per plant 

followed by number of primary branches per plant, number of secondary branches 

per plant, and weight of dry matter shows the contribution of additive genetic 

variance in these traits. 

Payasi et al. (2000) at Sagar (M.P.) were evaluated eighty linseed genotypes 

under four farming conditions for genetic variability analysis with regard to twelve 

quantitative traits. They found higher heritability along with higher genetic advance 

as mean percentage for yield of seed per plant and flower initiation days and 

concluded that these characters applied for enhancement in yield. 

Akbar et al. (2003) at Pakistan noticed that higher heritability for plant 

height, number of capsules per plant, seed yield per plant, weight of thousand seed. 

Except height of plant, all the character was correlated significant and positive with 

seed yield. 

Saeidi et al. (2003) at Iran revealed that higher heritability for number of 

seedling per meter square, days to 50 percent flowering, days to maturity and 

height of plant of both brown and yellow-seeded linseed genotypes whereas, low 

heritability for number of capsules per plant, number of seeds per capsule, 1000-

seed weight and seed yield per plant of linseed genotypes. 

Kant et al. (2005) at Kanpur evaluated higher heritability coupled with 

moderate genetic advance as mean percent was noticed for yield of seed per plant, 

number of primary branches per plant and number of capsules per plant provides 

scope for the enhancement through selection. Higher heritability accompanying 

lower genetic advance as mean percent was reported for remaining traits shows 

selection of genotype is not more effective for these character.  
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Kumar et al. (2012) at Meerut evaluated high heritability for plant height, 

number of capsules per plant, yield of seed per plant, maturity days, content of 

linolenic acid, content of oleic acid and biological yield per plant. It shows that 

presence of more effect of additive genetic component in the inheritant of these 

traits. Expect high genetic advance for height of plant, 50% flowering, maturity 

days, number of primary branches per plant, number of secondary branches per 

plant, diameter of stem, weight of thousand seed, number of capsules per plant, 

stearic acid, biological yield per plant, seed yield per plant, harvest index, oleic 

acid and linoleic acid. 

Vardhan and Rao (2012) at Raipur observed 30 diverse genotypes of 

linseed for variable evaluation yield and yield component under 3 environmental 

conditions viz., sowing late, irrigated and rainfed, independently. Under all 3 

condition yield of seed per plant indicated high variation of genotypic coefficient. 

Under irrigated condition maturity days had high heritability, whereas higher 

genetic advance as mean percentage for yield of seed per plant under both irrigated 

and rainfed condition. Under irrigated condition weight of hundred seed had high 

heritability coupled with high genetic advance.  

Belete and Yohannes (2013) at Ethiopia studied in 25 linseed genotypes. 

High heritability coupled with high genetic advance as mean percentage was 

recorded for number of seeds per plant which indicating this trait would be 

effective for selection. 

Bibi et al. (2013) at Islamabad studied in 19 linseed genotypes. They 

evaluated high heritability for days to commencement of flowering followed by 

days to complete flowering, days to maturity, weight of thousand seed, number of 

capsules per plant and harvest index. High heritability along with high genetic 

advance was found for yield of seed per plot, number of capsules per plant, plant 

height and seed yield per hactare. 

Reddy et al. (2013) at Nagpur studied in 23 genotypes of linseed. They 

observed that higher heritability along with higher genetic advance showed quite 

simple selection would be advantageous for the enhancement of the trait like plant 
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height, number of branches per plant, weight of thousand seed, number of capsules 

per plant, seed yield per plant and omega-6-fatty acid. 

Kanwar et al. (2014) at Raipur studied in 36 genotypes of linseed. They 

observed high heritability along with high genetic advance as mean percentage was 

found for number of capsules per plant followed by seed yield per plant, biological 

yield per plant, plant height and number of primary branches per plant, indicating 

effect of additive gene action for these characters. 

Pali and Mehta (2014) at Raipur worked in 48 linseed varieties. They 

observed that higher heritability along with higher genetic advance as mean 

percentage was found for number of seed per plant followed by number of seeds 

per capsule, number of capsules per plant, number of secondary branches per plant, 

yield of seed per plant and hundred seed weight whereas, number of primary 

branches per plant had moderate heritability. 

Rajanna et al. (2014) at Raichur used 10 genotypes of linseed viz., PCL-45, 

LCK-1101, RLC-133, BAU13-09, RL-10193, SLS-87,  PKDL-133, NDL-2010-1-

27, NL-97-26 and LMS-2010-1-27 and 4 checks viz., Padmini (Zonal check), T-

397 (National check) and 2 local checks (S-36 and NL-115). 1000 seed weight and 

seed yield per plant showed that the higher values of heritability coupled with 

higher genetic advance as mean percentage. 

Kumar et al. (2015) at Palampur estimated 12 hybrids together with 7 

parents and studied that high heritability along with high genetic advance as mean 

percentage for yield of straw per plant, yield of seed per plant, weight of thousand 

seed shows chief additive gene action for all traits. 

Chandarwati et al. (2016) at Kanpur worked on 58 genotypes of linseed. 

They revealed that broad sense heritability was found high for the trait days to 50% 

flowering followed by oil content, number of capsules per plant and plant height in 

the first year. In the second year also these traits showed high heritability. The trait 

number of branches per plant, number of seeds per capsules showed lowest 

heritability in the first year and husk weight per plant in the second year. Genetic 



15 
 

 
 

advance as mean percentage was found highest for husk weight per plant followed 

by number of capsules per plant and number of branches per plant in the first year 

and was highest for number of capsules per plant followed by days to 50% 

flowering and test weight in the second year. The oil content had lowest genetic 

advance in both the year. 

Dash et al. (2016) at Odisha disclosed that moderate heritability and 

moderate genetic advance for weight of thousand grains suggested the chief role of 

non additive gene action. 

Kasana et al. (2016) at Kanpur conducted experiment in 151 genotypes of 

linseed. They disclosed that the high heritability estimated for number of capsules 

per plant followed by plant height, days to flowering, size of corolla, number of 

seeds per capsule, 1000 seed weight, seed yield per plant, days to maturity, oil 

content and capsule size whereas, low for number of primary branches per plant. 

The maximum value of genetic advance as mean percentage has been observed for 

number of capsules per plant followed by plant height, days to flowering, days to 

maturity, size of corolla, oil content, seed yield per plant, 1000-seed weight, 

capsule size and number of primary branches per plant. The minimum value of 

genetic advance as mean percentage has been noted for number of seeds per 

capsule. 

Siddiqui et al. (2016) at Lucknow (Uttar Pradesh) experimented on 151 

accessions of linseed. They noted that high heritability along with high genetic 

advance as mean percentage for plant weight followed by number of secondary 

branches per plant, number of capsules per plant, and seed yield per plant, which 

implies that heritability is due to additive gene effects and that selection would be 

effective. 

Kumar et al. (2017) at Meerut worked in 35 genotypes of linseed. They 

evaluated that higher heritability along with genetic advance as mean percentage 

was noticed for the traits like biological yield per plant and capsules per plant. 

While, high heritability along with moderate genetic advance as mean percent was 

recorded for 50% flowering days and plant height. 
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Paul and Kumari (2018) at Palampur conducted experiment among 18 

genotypes of Linseed. They observed high heritability and high genetic advance 

for yield of seed per plot and straw yield per plot. The result suggested that the 

significance of additive gene effect for their inheritance and phenotypic selection 

would be effective. 

Tewari and Singh (2018) at Kanpur experimented on 73 genotypes 

including checks Shekhar and T-397. High heritability was recorded for all the 

traits except oil content and 1000-seed weight. High heritability along with high 

genetic advance as mean percent was recorded for seed yield per plant followed by 

number of secondary branches per plant, number of primary branches per plant and 

number of capsules per plant. 

Singh et al. (2019) at Meerut experimented on 40 diverse linseed 

accessions. They observed high heritability along with high genetic advance as 

mean percentage for the traits viz., number of secondary branches per plant 

followed by number of primary branches per plant, biological yield per plant and 

seed yield per plant, indicating predominance of additive gene action in the 

expression of these traits. High estimates of genetic advance as mean percentage 

were recorded for number of secondary branches per plant followed by seed yield 

per plant, number of primary branches per plant and biological yield per plant. 

Upadhyay et al. (2019) at Raipur experimented in 25 genotype of linseed. 

They revealed that the „highest heritability estimate was recorded for days to 50% 

flowering followed by plant height, days to maturity and seed yield per plant‟ 

indicating predominance of additive gene action in the expression of these traits. 

The highest genetic advance as mean percentage was noted for number of capsules 

per plant followed by seed yield per plant and 1000 seed weight. The minimum 

genetic advance was seen for days to 50% flowering. 

2.2.4. Association analysis in linseed 

Payasi et al. (2000) at Sagar (M.P.) were evaluated eighty linseed genotypes. 

They noticed that yield of seed per plant was associate negative with 50% 
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flowering days while positive associate with number of secondary branches per 

plant, number of seeds per capsule and number of capsules per plant. 

Akbar et al. (2003) at Pakistan estimated that seventeen genotypes of 

linseed consider having high significant differences. Seed yield per plant positively 

and significantly correlated with trait like number of capsules per plant, number of 

branches per plant and number of seeds per capsule. The direct contribution of 

number of seeds per capsule have more significant correlate followed by weight of 

thousand seed and number of capsules per plant. 

Yadav (2001) observed that phenotypic correlation is lesser than genotypic 

correlation coefficient. The outcome shows that yield of seed per plant was 

positively associated with number of capsules per plant followed by maturity days, 

number of seeds per capsule at genotypic level, 1000 seed weight and height of 

plant at both genotypic and phenotypic level. 

Tadesse et al. (2002) at Sinana and Robe of Ethiopia experimented on 81 

diverse linseed accessions of Ethiopia were analyzed “yield of seed per plot was 

significantly associated with seed weight, seed yield per plant, biomass and harvest 

index at both locations. However, at Sinana, height of plant and content of oil were 

also significantly associated with yield of seed per plot.” Analysis over locations 

also supported that biomass and harvest index are the important for seed yield per 

plot. Seed weight was found to be an important trait in indirect selection for 

content of oil. 

Adunga and Labuschagne (2003) at Ethiopia studied in 60 accessions of 

linseed. They observed that yield of seed per plot was significant and positive for 

yield of seed per plant, 1000 weight of seed and number of capsules per plant. 

These 3 yield traits were also strongly and positively associated with plant height, 

number of branches per plant, flowering days and days to maturity.  

Akbar et al. (2003) at Pakistan estimated that seed yield per plant correlate 

significantly and positively with number of capsules per plant and number of 

branches per plant, significantly with weight of thousand seed and associate 
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negative and non-significantly with number of capsules per plant, number of 

branches per plant, significantly with weight of thousand seed. 

Saeidi et al. (2003) at Iran recorded seed yield per plant and evaluate higher 

and positively association with basal branching per plant and number of capsules 

per plant, although higher and negative association with number of seedling per 

m
2
. 

Dubey et al. (2006) at Kanpur observed that significantly positive 

association for branches per plant, weight of thousand seed and number of capsules 

per plant with yield of seed per plant. 

Kumari and Rao (2007) evaluated association analysis in linseed 

genotypes. They noticed that number of primary branches per plant, number of 

capsules per plant, number of secondary branches per plant and weight of thousand 

seeds had positively correlation with seed yield per plant. 

Nagaraja et al. (2009) evaluated that yield of seed had significant and 

positive correlated with number of branches per plant, number of capsules per 

plant, weight of thousand seed and harvest index. For many trait coefficient of 

genotypic association was high compared to phenotypic association.  

Patel and Rao (2009) evaluated association analysis in genotypes of 

linseed. They noticed that seed yield per plant had significant and positive 

correlated with number of capsules per plant, number of seeds per capsule, weight 

of hundred seed and flowering days. 

Gauraha et al. (2011) at Raipur disclosed that number of 

secondary branches per plant, number of capsules per plant, number of primary 

branches per plant, number of seeds per plant, 1000 seed weight and days 

to maturity had the strong positive association with seed yield per plant. Genotypic 

correlations were higher than the corresponding phenotypic correlations. 

Savita et al. (2011) at Karnataka disclosed association between yield and its 

component shows that seed yield per plant correlate positively and significantly 
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with oil yield per plant, number of capsules per plant, number of primary branches 

per plant, number of secondary branches per plant, number of seeds per capsule, 

total number of branches per plant, harvest index and weight of thousand seed at 

both genotypic and phenotypic levels. 

Dandigadasar et al. (2012) noted yield of seed per plant had positive 

significant association with number of branches per plant, number of capsules per 

plant and harvest index at both phenotypic and genotypic level. Genotypic 

coefficients association was higher than corresponding phenotypic coefficient for 

most trait combinations.  

Sood et al. (2012) at Palampur evaluated the variation level in oil content 

and fatty acid composition of linseed cultivars, elite lines and hybrids. Oil content 

showed weak positive association with weight of seed. Linoleic acid had negative 

association with linoleic, oleic and stearic acid however, palmitic acid also showed 

positive association with oleic acid. 

Belete and Yohannes (2013) at Ethiopia study was carried out in 25 linseed 

genotypes. They observed that seed yield per plant highly significant and positive 

correlated with number of primary branches per plant, number of secondary 

branches per plant, number of capsules per plant and number of seeds per plant 

whereas, 1000 seed weight showed highly significant and  negative correlation. 

Bibi et al. (2013) at Islamabad studied in 19 genotypes of linseed. They 

noticed yield of seed correlate positive to all character except flower initiation days 

and harvest index. Yield of seed per plot significantly positive correlate with height 

of plant and number of capsules per plant. 

Reddy et al. (2013) at Nagpur observed that yield and morphology 

character of twenty three genotypes to find out the phenotypic and genotypic 

association and contribute to this character to yield direct and indirect in linseed. 

The association of phenotypic and genotypic coefficients gets similar in direction 

among different character but in magnitude coefficient of genotypic association 

more when compared to phenotypic association. 



20 
 

 
 

Bayark et al. (2014) at Turkey studied in eighty one genotypes of linseed. 

They noticed positive association between oil content and palmitic acid. “Linolenic 

acid had negative and non-significant association with oil content. Additionally, 

significant and positive association was recorded between oleic, palimitic acid and 

linoleic, stearic acid. Linolenic acid noted significant and negative association with 

oleic, stearic and linoleic acid. These results explained that high oil content will 

result in low palmitic acid and increase in linolenic acid will result in decrease in 

oleic, linoleic and stearic acids.” 

Ibrar et al. (2014) at Pakistan evaluated correlation of phenotypic and 

genotypic coefficient to form a way for the enhancement of yield in linseed. 

Estimation of genotypic association indicated that seed yield of linseed was 

positive affected by number of primary branches per plant, number of capsules per 

plant, number of seeds per capsule, weight of thousand seeds and oil content, 

whereas, negatively associated with days to complete flowering, flower initiation 

days and physiological maturity days. Phenotypic correlation evaluation outcome 

indicated same findings except weight of thousand seeds had positive and 

significant effect on seed yield. 

Pali and Mehta (2014) at Raipur worked in 48 linseed varieties. They 

noticed number of primary branches per plant, number of secondary branches per 

plant, that number of capsules per plant and weight of thousand seed was 

positively associated with seed yield per plant which indicates higher positive 

direct effect on seed yield.  

Rajanna et al. (2014) at Karnataka used ten linseed genotypes for 

association analysis. They disclosed variation of genotypic and phenotypic 

association and examined that yield of seed was significantly and positively 

correlation with number of capsules per plant, technical plant height and height of 

plant. 

Tariq et al. (2014) at Pakistan observed positively correlation with number 

of primary branches per plant, height of plant, number of seeds per capsule, 

number of capsules per plant and thousand seed weight. 
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Chaudhary et al. (2016) at Faizabad investigated with 160 linseed 

genotypes with 3 checks in augmented block design. Association studies disclosed 

that seed yield per plant showed highly significant and positive correlation with 

harvest index followed by number of capsules per plant, number of seeds per 

capsule, biological yield per plant and plant height. 

Chandarwati et al. (2016) at Kanpur worked on 58 genotypes of linseed. 

They noted that the capsule weight per plant showed significantly positive 

correlation with number of capsules per plant, seed weight per plant, number husk 

weight per plant, test weight and significantly negative association with plant 

height. Seed weight per plant had significantly positive association with number of 

capsules per plant, test weight. It had significant and positive association only with 

test weight though with comparatively low magnitude. The association among 

other morphological traits revealed that days to 50% flowering had positive and 

significant correlation with plant height and number of branches per plant. Number 

of branches was positively and significantly associated with number of capsules 

per plant, and plant height in both the years. 

Kasana et al. (2016) at Kanpur conducted experiment in 151 genotypes of 

linseed. They noted that seed yield per plant showed significantly and positively 

correlation with 1000-seed weight, capsule size and number of capsules per plant 

and negative correlation with number of seeds per capsule, days to maturity and 

size of corolla at both phenotypic and genotypic level. 

Naik et al. (2016) at Odisha observed that under normal sowing, soil stress 

and late sowing condition, correlation coefficient analysis of yield of seed and 

yield contributing trait in linseed. Yield of seed is the dependent attribute and 

independent attributes was yield contributing character like 50% flowering days, 

height of plant, weight of thousand or hundred seed, number of primary branches 

per plant, maturity days, height of technical plant, number of secondary branches 

per plant, number of capsules per plant and number of seeds per capsule under 

normal sowing environment and environment confers that it is the most principle 

selection criterion for enhancement of yield of seed. 
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Paul et al. (2016) at Palampur observed 16 genotypes of linseed to estimate 

the correlation. Coefficient of correlation disclosed that in order to increased yield 

of seed, direct selection of plant is done on the basis of 3 character would be 

effective such that height of plant, number of seeds per capsule and number of 

capsules per plant which have maximal genotypic and phenotypic association. 

Sharma et al. (2016) at Palampur worked in 30 genotypes of linseed to 

evaluate the coefficient of genotypic and phenotypic correlation. The result showed 

that seed yield had positively and significantly correlation with number of 

secondary branches per plant followed by number of seeds per capsule, number of 

capsules per plant, harvest index, 1000-seed weight and oil content. 

Kumar et al. (2017) at Uttar Pradesh worked in 35 genotypes of linseed. 

They noticed that seed yield per plant had positive and significant association with 

days to 50% flowering, capsules per plant, biological yield per plant, harvest index, 

seed per capsule and height of plant. 

Ankit et al. (2018) at Meerut worked on 40 diverse genotypes of linseed. 

They estimate correlation coefficient the higher genotypic correlation values than 

the corresponding phenotypic correlation values indicated the existence of strong 

inherent association among the various traits. Seed yield per plant showed highly 

positive and significant correlation with biological yield per plant and 1000 seed 

weight. 

Dhirhi and Mehta (2019) at Raipur observed 20 hybrids of linseed to 

estimate the correlation. Plant height had highly positive and significant 

association with number of secondary branches per plant and number of capsules 

per plant at both genotypic and phenotypic level. It also showed positive and 

significant association with number of capsules per plant at only genotypic level. 
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2.3 Studies on genetic divergence analysis 

Mahto (2004) worked on 26 genotypes of linseed found BAUL 9, BAUL 

116, BAUL 144-2, BAUL 149-2, BAUL 160, BAUL 189-2 and BAUL 285-1 

showed wide genetic divergence over environment present in Chhota Nagpur 

Division of Bihar. 

Begum et al. (2007) at Gazipur-1701 studied genetic divergence in linseed. 

They reported that the highest inter-cluster distance was recorded among clusters 

V, IV and II, while the lowest between cluster III and I. The highest intra-cluster 

distance was recorded in cluster III indicates that maximum variability within the 

clusters. 

Khan et al. (2013) at Pakistan experimented on 55 accessions of linseed 

including a check variety (Chandni) under rainfed conditions. Dendrogram based 

on Euclidean distance coefficient using ten quantitative characters, grouped all the 

accessions of linseed into 13 clusters. Cluster II was the highest and had 33 

accessions followed by Cluster I having 11 accessions. Best performing accessions 

of Clusters I and II could be used in hybridization programme for the development 

of high yielding varieties by crossing with accessions of Clusters VII, VIII, IX and 

X followed by selection in segregating populations. 

Paul et al. (2016) at Palampur district of Himachal Pradesh analyzed 32 

genotypes for 9 morphological traits in 2 consecutive years (E-I, E-II) to analyze 

the pattern of genetic diversity. “The cluster analysis based on Tocher‟s method 

classified the genotypes into 8 (E-I) and 6 (E-II) major groups of different sizes 

during both the years. The maximum distance was found between clusters V and 

VII (E-I) and between clusters IV and V (E-II).” The genotypes from these clusters 

can be utilized for the improvement of seed yield in linseed breeding programmes. 

In both years, weight of thousand seeds contribute maximum in E-I and E-II total 

genetic divergence among genotypes. 

Chauhan et al. (2018) at Faizabad analyzed sixty six genotypes of linseed 

for the morphological traits to investigate the genetic divergence between and 
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within the genotypes. The cluster analysis classified linseed genotypes in to nine 

major groups. The maximum inter-cluster diversity was observed between cluster 

V and VIII. Based on mean performance of the genotypes and inter-cluster 

distance the crosses between ICAR Sel-1 and L-9, NDC 2005-34, H660, LCK 

87042, NDL2005-22, GS335 is recommended to get use full transgressive 

segregants in linseed. 

Kaur et al. (2018) at Delhi analysed the genetic diversity of linseed. Cluster 

analysis classified the accessions under 4 divergent clusters which indicated fair 

association of genetic diversity and geographical diversity. Few trait specific 

promising accessions such as “IC0096488, IC0096487 (large capsule size), 

IC0096490 (high oil content and bold seeds), IC0096496, IC0096539 (early 

flowering and maturity), IC0054954, IC0054949 (bold seeds), EC0718827 (tall, 

large corolla), and EC0718835 (high seed yield per plant)” were identified with 

high estimates of heritability for the mentioned traits. 

Kumari et al. (2018) at Bihar studied in 31 linseed genotypes using D
2 

analysis, On the basis of D² analysis, genotypes were grouped into six divergent 

clusters in which cluster I was largest with twelve genotypes followed by cluster II 

and cluster V. The results showed the highest contribution of linolenic acid 

towards genetic diversity. However, inter cluster D 2 value was found highest 

between cluster II and VI followed by V and VI. On the basis of cluster mean, the 

genotypes of cluster IV were characterized by the highest cluster mean for seed 

yield per plant and cluster II for oil content and linolenic acid. 

Paul and Kumari (2018) at Palampur conducted experiment among 18 

genotypes of Linseed for divergence analysis. The cluster analysis classified the 

genotypes into 2, 3 and 3 clusters in Env. I, Env. II and pooled over the 

environments, respectively indicating that pattern of cluster was different in Env. I. 

Therefore, in Env. I, parents should be selected from cluster combination from 

clusters I and II, in Env. II and in pooled over the environments from clusters I and 

III. The character weight of thousand seeds contributed maximum towards total 
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genetic divergence in Env. I, Env. II and in pooled over the environment among 18 

genotypes under study. 

Patial et al. (2019) at Palampur estimate genetic divergence through cluster 

analysis. Cluster analysis showed 34 genotypes of linseed differentiated into three 

clusters. Mean value for each cluster revealed that genotypes in cluster I had 

highest values for plant height followed by capsules per plant and oil content, 

cluster II showed highest values for plant height followed by capsules per plant and 

technical height and cluster III showed highest value for capsule per plant, plant 

height, oil content and technical height. 
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CHAPTER III 

MATERIALS AND METHODS 

The recent investigation entitled “Genetic variability in bold seeded 

linseed (Linum usitatissimum L.)” was conducted at the Research-cum-

Instructional Farm, at Department of Genetics and Plant Breeding, College of 

Agriculture, Indira Gandhi Krishi Vishwavidyalaya, Raipur, Chhattisgarh, India 

during rabi 2019-20 to evaluate the genetic variability and genetic diversity among 

genotypes of bold seeded linseed. 

3.1 Geographical situation 

Raipur is located in the southern part of Chhattisgarh , 21̊16    N latitude and 

81̊31 E longitude including an altitude of 289.56 meter over the mean sea level. 

3.2 Climate 

The climatic conditions of Raipur are subtropical. The region received 

1200-1400mm annual rainfall during kharif season, out of which about 8 percent is 

received in rabi season. Rainfall patterns had wide variations from year to year 

during rainy season. The data related to weekly rainfall, rainy days, relative 

humidity, minimal and maximal temperatures of entire period of growing crop 

have been represented are shown in Figure 3.1. 

3.3 Experimental material 

The experimental materials consists of forty-five (45) lines of bold seeded 

linseed genotypes including check variety taken from linseed germplasm, 

Department of Genetics and Plant Breeding, College of Agriculture, Indira Gandhi 

Krishi Vishwavidyalaya, Raipur Chhattisgarh, India. The genotype was obtained 

by selection of seed from linseed germplasm in rabi 2019-2020. The selection was 

made according to linseed 1000-seed weight (more than 6.5 grams). During rabi 

2019-20 experiment was in randomized complete block design (RCBD) with 3 

replication. The forty-five lines were sown including check variety (RLC-92 and 

R-552) on 7
th

 December, 2019 in a single row of 2.5m length with spacing of 30 
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cm between rows and 6 cm between plants. The recommended packages of 

practices were done for controlling pest and diseases (Table 3.1). 
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Fig. 3.1: Graphical representation of weekly meteorological data during rabi 

crop periods (2019-20) 
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Table 3.1: Experimental material used in the present study 

S.N. Genotypes S.N. Genotypes S.N. Genotypes S.N. Genotypes 

1 R-3312 13 R-4167 25 R-4222 37 R-4285 

2 R-3313 14 R-4176 26 R-4225 38 R-4287 

3 R-3570 15 R-4186 27 R-4231 39 R-4288 

4 R-3579 16 R-4188 28 R-4245 40 R-4290 

5 R-3643 17 R-4189 29 R-4255 41 RLC-173 

6 R-3667 18 R-4190 30 R-4257 42 RLC-175 

7 R-3772 19 R-4192 31 R-4268 43 RLC-177 

8 R-3788 20 R-4199 32 R-4270 44 RLC-92© 

9 R-3892 21 R-4203 33 R-4272 45 R-552© 

10 R-3990 22 R-4205 34 R-4275   

11 R-4140 23 R-4211 35 R-4280   

12 R-4153 24 R-4215 36 R-4283   

 

Sources of germplasm and checks: I.G.K.V., Raipur. 

© = Checks 
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3.4 METHODLOGY 

3.4.1. Observations recorded: 

In this study, observations on seed yield and its components along with 

morphological traits based on linseed descriptor, Kanpur (2010) “National 

guidelines for the conduct of tests for Distinctness, Uniformity and Stability in 

linseed, India” published as per Catalogue on linseed germplasm, Project 

Coordinating Unit (Linseed), Kanpur, (2010) have to recorded with following 

details 

1- Plant growth habit 12- Anther colour 

2- Plant height (cm) 13- Capsule size (mm) 

3- Days to commencement of  flowering 14- Number of capsules per plant 

4- Days to 50 percent flowering 15- Days to maturity 

5- Size of corolla (mm) 16- Number of primary branches/plant 

6- Flower shape 17- Number of secondary branches/plant   

7- Flower size (mm) 18- Total number of branches/plant 

8- Colour of corolla 19- 1000 seed weight (g) 

9- Petal aestivation 20- Oil content (%)  

10- Petal venation colour 21- Seed yield/ plant (g) 

11- Stamen: filament colour 22- Harvest index (%) 

 

Techniques adopted for taking observations were as follows: 

3.4.1.1. Days to commencement of flowering: counted as number of days from 

sowing to the day on which flowering has commenced at least one of the plant in 

the row of the particular genotype. 

3.4.1.2. Days to 50% flowering: counted as number of days from sowing to the 

day on which 50% plant in a plot flowered.  

3.4.1.3. Days to maturity: counted as number of days from sowing to the days on 

which plant present in a plot turn into golden colour.  
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3.4.1.4. Plant height at maturity (cm): measured in centimeters from the base of 

the plant to the top of main shoot.  

3.4.1.5. Number of primary branches per plant: measured as counting of 

number of primary branches in each base of the plant. 

3.4.1.6. Number of secondary branches per plant: measured as counting of 

number of secondary branches present in primary branches.  

3.4.1.7. Total number of branches per plant: measured as counting the total 

number of both primary and secondary branches in each plant. 

3.4.1.8. Number of capsules per plant: measure as counting the total number of 

seed bearing capsules of the each selected plant. 

3.4.1.9. 1000 seed weight (g): weight of 1000 well developed seed of genotype 

collected from bulk of five plants which was recorded and expressed in gram.  

3.4.1.10. Seed yield/plant (g): measured as by weighing the clean seed from each 

selected plant and expressed in gram as seed yield per plant. 

3.4.1.11. Harvest index (%): measured in per cent by applying following formula,  

Harvest index (%) = 
Economical  yield

Biological  yield
× 100 

3.4.1.12. Oil content (%): Oil content was evaluated by instrument named Dopi 

Minispic Pulsed NMR (Nuclear Magnetic Resonance). Earlier linseed seed sample 

is oven dried before oil estimation and gives direct value of percent in seeds. 
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Table 3.2: DUS (Distinctness, Uniformity and Stability) descriptors for linseed 

genotypes under study. As per Catalogue on linseed germplasm, 

Project Coordinating Unit (Linseed), Kanpur, (2010). 

S.N. Characters Range 

1. Plant growth habit Erect 

Semi-erect 

Bushy 

2. Days to commencement of 

flowering 

Early 

Medium 

Late 

3. Colour of corolla Blue 

White 

Light blue 

Violet 

4. Petal aestivation Twisted 

Semi twisted 

Valvate 

5. Petal venation colour Blue 

White 

Violet 

6. Flower shape Disc 

Funnel 

Tubular 

7. Flower size Small ( <15mm) 

Medium ( 15-20mm) 

Large ( >20mm) 

8. Stamen filament colour Colourless 

Coloured below anther 

9. Anther colour Blue 

Grey 

Yellow 

10. Capsule size Small ( <7mm) 

Medium( 7-8mm) 

Bold ( >8mm) 
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3.4.2. STATISTICAL ANALYSIS:- 

“All the statistical analysis has to be done with aid of windostat version 9.2 

from indostat service, Hyderabad.” The data were processed with the aid of 

different standard statistical procedure as mention below.  

3.4.2.1. Analysis of variance  

The statistics for diverse traits were bought into light to analyse the 

variability usually relevant to the Randomized Complete Block Design along with 

the formula suggested by “Panse and Sukhatme (1967)”. The linear model for 

Randomized Complete Block Design is as follows: 

Yij = μ+ gi+ rj + eij 

Whereas, 

Yij = Yield of j
th

 genotype in i
th

 replication. 

μ = General mean 

gi = Effect of i
th

 genotype  

rj = Effect if j
th

 replication 

eij= Error component 

Table 3.3: Analysis of variances 

Source of 

Variation 

Degree of 

freedom 

Mean sum of 

square 

Expected 

mean 

sum of squares 

(F) 

Calculated 

Replication (r-1) MSR t σ
2
r MSR/MSE 

Genotype (g-1) MSG r σ
2
t MSG/MSE 

Error (r-1) (g-1) MSE σ
2
e  

Total (rg-1)    

 

Whereas,  

r = replication number,   

g = genotypes number. 
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The replicated data were subjected to variances analysis and test of 

significance as per the method of Fisher (1935). 

3.4.2.2. Assessment of variability parameters  

All the observed traits were analysed for each of the test genotypes taken 

under study were evaluated with the help of various variability parameters as 

mentioned below: 

3.4.2.2.1. Mean 

The average of recorded observation was evaluated as follow, 

 

Where, 

X = Mean, 

ΣXi = Sum of all observations, 

N    = total number of all observations. 

3.4.2.2.2. Range 

A lowest and highest value of traits gives range which is expressed as 

follows, 

Range = Highest value – Lowest value 

3.4.2.2.3. Standard deviation 

It is defined as the square root of the mean of the squared deviation of the 

individual values from the mean. It indicates a sort of group standard spread of 

values around their mean. It is the most widely used measures of dispersion. 

SD= 
Σd2

𝑁
 

Where, 

SD= Standard deviation  

N= Total number of observations 

X= 
Σ𝑋𝑖

𝑛
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3.4.2.2.4. Coefficient of Variation (%)  

The coefficient of variation is unit-free measures. It expressed as 

percentage. It is defined as the ratio of standard deviation to the mean. A 

phenotypic and genotypic coefficient of variation was estimated as per the formula 

proposed by “Burton (1952)”.  

CV (%) = 
𝑆𝐷

X 
×100 

Where, 

SD =Standard deviation 

 X = Mean  

3.4.2.3. Genetic Parameters  

3.4.2.3.1. Genotypic and phenotypic coefficient of variation (%)  

Estimation of variation of phenotypic and genotypic coefficient was 

calculated as suggested by Burton (1952).  

The evaluation of PCV and GCV were categorized as low, moderate and 

high according to Sivasubramanian and Madhavamenon (1973). 

                                                     Category           Range 

                                         Low                    less than 10 percent 

                       Moderate            between 10-20 percent 

                                                     High                    more than 20 percent 

3.4.2.3.2. Heritability (%) 

It is the ratio of genotypic variances to the phenotypic variances (total 

variance).  

Heritability in terms of broad sense (bs) was evaluated by using formula 

given by Allard (1960). It expressed as %. 

Heritability (h
2

bs) = 
𝜎²g 

𝜎²p 
× 100 
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Where, 

𝜎²g= genotypic variances, 

𝜎²p = phenotypic variances. 

The evaluations of heritability were categories as low, medium and high 

according to Robbinson(1966). 

                                                Category                      Range 

              Lower                          less than 50 percent 

                   Medium                       between 50-70 percent 

                Higher                          more than 70 percent 

3.4.2.3.3. Genetic advance 

It is defined as the difference between the mean genotypic value of the 

selected lines and the mean genotypic value of the parental population. The 

expected genetic advance signifies the change in a population in the direction of 

exclusive region under some selection pressure next to single generation of 

selection. The expected genetic advance or gain under selection is estimated by 

following method suggested by “Johnson et al. (1955).”  

Genetic advance (GA) = h
2

(bs) × K × σp 

Where,  

h
2

(bs) = Heritability in term of broad sense 

σp = Phenotypic standard deviation of the original population  

K = Selection intensity at 5% = 2.06 suggested by “Allard (196   0)” 

3.4.2.3.4. Genetic advance as percentage of mean: 

Genetic advance as percentage of x̅ = 
𝐺𝐴

x̅  
× 100 

Whereas,  

GA = Genetic advance 
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x̅    = Population mean 

The genetic advance as mean % was categories as low, moderate, high as 

given by Johnson et al., Falconer and Mackey (1996). 

Categories of genetic advances:- 

   Category      Range 

Lower Less than 10 percent 

   Moderate      Between 10-20 percent 

Higher      More than 20 percent 

3.4.2.4. ASSOCIATION ANALYSIS  

For evaluating coefficient of phenotypic and genotypic association, make 

all possible combination pair. Correlation coefficient analysis have been carried 

out with the aid of following formula given by Miller et al. (1958), Hanson et al., 

(1956) and Johnson et al., (1955). 

The component of genotypic co-variance among two characters and the 

component of phenotypic co-variance were obtained in the same way like for the 

component of variance. This co-variance was utilized to evaluate phenotypic and 

genotypic association among the pair of traits are as follows:- 

3.4.2.4.1. Genotypic correlation coefficient between character x and y 

𝑟𝑥𝑦(𝑔) = 
Cov (g)X.Y

 σ²(g)X ×σ²(g)Y 
 

Where, 

Rxy(g) = Genotypic correlation coefficient between x and y 

Cov (g) xy = Genotypic covariance between x and y 

σ²x (g) = Genotypic variance of character x 

σ²y (g) = Genotypic variance of character y 

3.4.2.4.2. Phenotypic correlation coefficient between character x and y  

rxy (p) = 

Cov (p)X.Y

 σ²(p)X ×σ²(p)Y 
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Where, 

rxy (p) = Phenotypic correlation coefficient between x and y 

Cov (p)xy = Phenotypic covariance between x and y 

σ²x(p) = Phenotypic variance of character x 

σ²y (p) = Phenotypic variance of character y 

3.4.2.5. Testing for significance of correlation coefficients- 

„t‟ test was applied to test the significance of correlation coefficients. „t‟ 

values were estimated by using the following formula: 

T = 
𝑟

 1−𝑟²
 x  𝑛 − 2 

Comparing the„t‟ values at (n-2) degree of freedom, we test the significance 

of correlation coefficient (r). If calculated value of t is higher than the tabular value 

of„t‟ at (n-2) degree of freedom at given probability level, the coefficient of 

correlation is considered significant. 

3.4.2.6. Methodology for Mahalanobis D
2 

statistics diversity analysis 

The D
2 

statistics was developed by P.C. Mahalanobis in 1936 and Rao in 

1952 suggested the application of this technique for genetic diversity assessment 

between the populations. Between any two populations, the generalized distance is 

given by formula, 

Δ = ΣΣλijσiσj 

Where, 

D
2 = 

Generalized distance square, 

λij = Reciprocal of the common dispersal matrix 

σi = (μi1-μi2) 

σj = (μj1-μj2) 

μ = General mean 
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Since the formula for computation requires reversal of higher order 

determinant, the transformations of the original correlated unstandardized character 

means (Xs) to standardized uncorrelated variable (Ys) was performed to simply the 

computational procedures. The D
2-

values of any two uncorrelated genotypes are 

obtained as the corresponding uncorrelated (Ys) values (Rao, 1952). 

3.4.2.6.1. Clustering of D
2 

values 

Using Tocher‟s method, all the n (n-1)/2 D
2
 values were clustered as 

described by Rao (1952). 

3.4.2.6.1.1. Intra cluster distance 

The formula given by Singh and Chaudhary (1977), the intra cluster 

distances were calculated. 

Square of intra cluster distance = 
𝛴𝐷𝑖²

𝑛
 

𝛴𝐷𝑖²

𝑛
 = Sum of distance between all possible combinations of the genotypes 

included in a cluster. 

N = All possible cluster number 

3.4.2.6.1.2. Inter cluster distance 

The formula given by Singh and Chaudhary (1977), the inter cluster 

distances were calculated. 

Square of intra cluster distance = 
𝛴𝐷𝑖2

𝑛ᵢ𝑛ј
 

𝛴𝐷𝑖2

𝑛ᵢ𝑛ј
= Sum of distance between all possible combinations (𝑛ᵢ𝑛ј) of the genotypes 

included in a cluster study. 

nᵢ= Number of entries in a cluster i, 

nj = Number of entries in a cluster j. 
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CHAPTER-IV 

RESULTS AND DISCUSSION 

The recent study entitled “Genetic variability in bold seeded linseed 

(Linum usitatissimum L.)” was conducted with the main objective to study the 

variation and divergence present among the bold seeded genotypes and to analyse 

the association in different traits among the bold seeded genotypes of linseed. For 

that, an experiment was performed in Randomized Complete Block Design with 3 

replications in 45 bold seeded (more than 6.5 g 1000-seed weight) genotypes of 

linseed along with the checks (RLC-92 and R-552). Five competitive plants have 

been selected randomly from each plot for recording observations.” The data were 

recorded for seed yield and its contributing traits and the results obtained presented 

under the following topics: 

4.1 Mean performance of bold seeded genotypes of linseed. 

4.2 Analysis of variance and genetic parameters of bold seeded genotypes of 

linseed. 

4.3 Association analysis of bold seeded genotypes of linseed. 

4.4 Divergence analysis of bold seeded genotypes of linseed through cluster 

analysis. 

4.1 Mean performance of genotypes of bold seeded genotypes of linseed 

The mean performance of genotypes when compared with checks (RLC-92 

and R-552) for seed yield and its contributing traits in bold seeded genotypes of 

linseed is given in Table 4.1 and discussed below:- 

4.1.1. Plant height (cm) 

Plant height ranged from 48.5 cm (R-3643) to 70.7 cm (R-4140) with a 

mean value 62.9 cm. R-4140 (70.7 cm) has high plant height when compared to 

best performing checks RLC-92 with a mean 62.4 cm. 
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4.1.2. Days to 50 % flowering 

Days to 50% flowering ranged from 55.3 days (R-3892 and R-4225) to 

69.0 days (R-4287) with a mean 59.0 days. Earliest days to 50% flowering was 

recorded in R-3892 (55.3 days) and R-4225 (55.3 days). Whereas, best performing 

checks R-552 was recorded 60.7 days for days to 50% flowering. 

4.1.3. Days to maturity 

Days to maturity ranged from 111.3 days (R-552) to 133.3 days (RLC-175) 

with a mean 119.9 days. R-4211 (111.7 days) has high when compared to the mean 

value of best performing checks R-552 (111.3 days) for days to maturity. R-4211 

(111.7 days) was followed by R-3788 (113.0 days) and R-3892 (114.0 days) for 

days to maturity. 

4.1.4. Number of primary branches per plant 

Number of primary branches per plant ranged from 1.4 (RLC-177) to 4.8 

(R-4290) with a mean value 5.9. R-4290 having the maximum number of primary 

branches per plant when compared to the best performing checks R-552 with a 

mean 2.7. R-4290 mean was followed by R-4288 (4.6) and R-4275 (4.2). 

4.1.5. Number of secondary branches per plant 

 Number of primary branches per plant ranged from 11.0 (RLC-92) to 27.33 

(RLC-175) with a mean value 15.8. RLC-175 having high mean value of number 

of secondary branches per plant.  RLC-175 mean was followed by R-3312 (23.5) 

and R-4290 (20.7). 

4.1.6. Total number of branches per plant 

 Total number of branches per plant ranged from 18.2 (R-4189) to 40.6 (R-

3579) with a mean value 28.4. R-3579 having maximum total number of branches 

per plant when compared to the best performing checks R-552 (28.4). R-3579 

mean was followed by 4167 (37.10) and R-3312 (35.9). 
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4.1.7. Number of capsule per plant 

 Number of capsules per plant ranged from 36.3 (R-4231) to 87.5 (R-4211) 

with a mean value 58.0. R-4211 having more number of capsules per plant when 

compared to the best performing checks R-552 (38.5). R-4211 mean was followed 

by R-4275 (86.7) and R-4199 (86.1). 

4.1.8. 1000-Seed weight (g) 

 1000-seed weight ranged from 6.68 g (R-4187) to 8.74 g (R-4275) with a 

mean value 7.3g. R-4275 having highest 1000-seed weight when compared to the 

best performing checks R-552 (7.61 g). R-4275 mean was followed by R-4285 

(8.47 g) and R-3579 (8.24 g).  

4.1.9. Oil content (%) 

 Oil content ranged from 30.3% (R-4285) to 42.7% (R-552) with a mean 

value 35.2%. R-4140 (39.4%) having highest oil content when compared to the 

best performing checks R-552 (42.7%). R-552 mean was followed by 39.4% (R-

4140) and 39.1% (R-3579).  

4.1.10. Seed yield per plant (g) 

Highest seed yield per plant was recorded for R-4275 (2.26 g) which is 

followed by R-3579 (2.1 g) and R-4199 (2.0 g). The minimum value was found in 

R-4215 (1.42 g) and R-4222 (1.49 g). Whereas, best checks RLC-92 was recorded 

(2.24 g) seed yield per plant. 

4.1.11. Harvest Index (%) 

Harvest index ranged from 17.1 % (R-3570) to 35.0 % (R-552) with a 

mean value of 23.3 %. R-552 having maximum harvest index which is followed by 

RLC-175 (31.6 %) and R-4285 (31.2 %). 
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Table 4.1: Mean performance for seed yield and yield contributing traits during 2019-20 at Raipur (C.G.) 

S.N Genotyp

es 

Plant 

height 

(cm) 

Days to 

50% 

flowering 

Days to 

maturity 

No. of 

primary 

branche

s/plant 

No. of 

secondary 

branches/

plant 

Total no. 

of 

branches/

plant 

No. of 

capsules/

plant 

1000-

Seed 

weight 

Oil 

content 

(%) 

Seed 

yield 

(g) 

Harvest 

Index 

(%) 

1 R-3312 54.7 58.33 122.7 3.6 23.5 35.9 49.9 6.78 35.2 1.68 27.9 

2 R-3313 61.1 56.00 114.3 3.9 16.7 30.0 45.2 6.76 33.3 2.00 25.0 

3 R-3570 67.2 58.33 122.0 4.0 19.0 29.5 55.9 6.85 34.9 1.64 17.1 

4 R-3579 65.9 61.33 125.7 3.9 20.1 40.6 81.8 8.24 39.1 2.10 26.1 

5 R-3643 48.5 58.00 115.7 3.1 15.0 31.1 47.7 7.38 34.3 1.76 29.3 

6 R-3667 52.3 56.67 115.0 3.8 19.3 31.7 71.2 7.29 34.6 1.69 28.1 

7 R-3772 52.2 55.67 115.3 3.3 14.4 33.3 84.8 7.99 34.3 1.74 29.0 

8 R-3788 70.4 55.67 113.0 2.9 15.2 35.1 67.9 7.49 33.6 1.82 18.2 

9 R-3892 64.6 55.33 114.0 2.7 14.7 32.3 63.6 6.99 34.1 1.54 19.2 

10 R-3990 69.0 58.67 125.0 3.7 13.2 31.3 70.7 7.99 35.5 1.61 17.9 

11 R-4140 70.7 61.67 125.3 2.9 11.9 30.5 46.1 7.61 39.4 1.84 18.4 

12 R-4153 58.3 58.00 116.0 2.9 11.5 34.8 47.8 6.69 38.7 1.45 20.7 

13 R-4167 64.8 58.33 119.0 3.0 15.6 37.1 70.3 7.34 33.8 1.90 23.7 

14 R-4176 55.0 57.00 115.3 3.1 13.0 26.9 63.4 6.78 34.0 1.60 26.7 

15 R-4186 52.8 57.00 116.3 3.4 12.5 22.7 56.3 7.30 34.5 1.76 29.4 

16 R-4188 56.0 56.00 114.7 2.5 14.5 21.3 38.8 7.48 35.0 1.83 25.7 

17 R-4189 67.0 61.00 125.3 2.6 11.7 18.2 60.3 7.06 34.3 1.98 21.9 

18 R-4190 65.1 58.33 118.3 2.9 11.7 18.3 72.7 7.07 33.7 1.95 24.4 

19 R-4192 63.9 57.33 117.0 2.7 11.7 23.1 80.1 6.72 34.7 1.70 21.2 

20 R-4199 55.4 56.67 117.0 4.0 15.8 25.7 86.1 7.47 33.3 2.03 29.0 

21 R-4203 62.8 60.00 123.3 3.3 16.2 26.2 45.1 6.75 36.0 1.52 19.0 

22 R-4205 61.6 62.00 124.7 2.9 16.4 27.8 57.9 7.61 32.0 1.79 22.3 

23 R-4211 63.5 57.33 111.7 3.3 18.3 28.6 87.5 7.70 30.7 1.76 21.9 

24 R-4215 64.5 59.00 123.0 2.8 16.0 27.9 69.6 6.79 36.3 1.42 17.7 

25 R-4222 64.0 58.00 116.7 3.5 16.5 27.2 41.6 6.87 37.7 1.50 18.7 

26 R-4225 58.5 55.33 118.0 3.1 15.0 25.9 40.8 7.31 34.0 1.81 25.9 

27 R-4231 65.9 58.00 119.7 3.2 13.7 25.2 36.3 7.08 35.3 1.77 22.1 

28 R-4245 70.2 57.00 117.7 3.2 14.8 26.4 49.8 6.89 37.0 1.86 18.6 

29 R-4255 62.5 57.67 120.3 3.1 17.3 26.5 76.4 6.87 36.0 1.60 20.0 

30 R-4257 66.1 57.67 118.7 3.0 13.9 25.1 62.8 6.82 37.7 1.55 17.2 



 

44 
 

S.N

. 

Genotyp

es 

Plant 

height 

(cm) 

Days to 

50% 

flowering 

Days to 

maturity 

No. of 

primary 

branche

s/plant 

No. of 

secondary 

branches/

plant 

Total no. 

of 

branches/

plant 

No. of 

capsules/

plant 

1000-

Seed 

weight 

Oil 

content 

(%) 

Seed 

yield 

(g) 

Harvest 

Index 

(%) 

31 R-4268 68.7 57.7 118.7 3.3 16.6 27.6 41.9 7.3 31.3 1.73 19.3 

32 R-4270 62.8 57.3 117.7 3.3 16.0 25.9 43.7 7.0 36.7 1.65 20.7 

33 R-4272 64.2 59.3 124.0 2.9 15.0 27.1 65.7 7.2 34.7 1.68 20.9 

34 R-4275 64.0 56.3 118.0 4.2 17.9 28.9 86.7 8.7 31.7 2.26 28.3 

35 R-4280 68.4 59.7 122.7 3.4 14.5 25.9 63.7 7.2 34.0 1.71 19.0 

36 R-4283 65.1 61.3 124.0 2.7 13.2 24.1 47.1 7.5 34.7 1.82 26.0 

37 R-4285 65.3 59.3 116.3 2.9 11.7 23.3 51.5 8.5 30.3 2.20 31.2 

38 R-4287 64.6 69.0 130.7 3.7 17.3 28.5 42.7 6.7 37.3 1.63 23.3 

39 R-4288 66.8 64.3 125.7 4.6 18.3 30.1 78.7 7.3 38.0 2.00 21.8 

40 R-4290 67.5 59.3 124.3 4.8 20.7 31.2 61.4 7.2 36.7 1.81 20.1 

41 RLC-173 66.5 61.7 126.3 3.3 19.3 31.0 40.5 7.6 33.4 1.50 18.7 

42 RLC-175 58.6 66.0 133.3 3.9 27.3 33.1 41.4 7.7 35.5 2.21 31.6 

43 RLC-177 68.1 63.0 125.3 1.4 15.0 28.3 40.1 7.8 36.3 1.90 20.8 

44 RLC92© 62.4 63.0 118.3 1.7 11.0 27.9 38.4 7.5 38.1 2.24 28.0 

45 R-552© 53.8 60.7 111.3 2.7 16.7 28.4 38.6 7.6 42.7 2.10 35.0 

 Mean 62.7 59.0 119.9 3.2 15.8 28.4 58.0 7.3 35.2 1.80 23.3 

 CV % 2.03 2.2 2.8 5.7 6.5 12.1 8.8 0.7 4.0 9.30 9.2 

 
CD at 

5% 
2.07 2.1 5.5 0.3 1.7 5.6 8.3 0.1 2.3 0.27 3.5 

 SEm± 0.73 0.7 1.9 0.1 0.6 2.0 2.9 0.03 0.8 0.10 1.2 
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4.2 Analysis of variance and variation parameters of bold seeded genotypes of 

linseed 

4.2.1. Analysis of variance 

On the basis of sound genetics information genetic enhancement of linseed 

crop either through direct enhancement of traits in which plant breeder is interested or 

indirect enhancement through component traits can be effectively achieved. In order to 

touch the eventual goal of getting high quality seed yield, study of presence of genetic 

variability for seed yield and its improvement, and the nature of correlation among 

themselves is a crucial prerequisite.  

The analysis of variance for seed yield per plant and its contributing traits in 

the present investigation of bold seeded genotypes of linseed disclosed that 

significantly differences among the genotypes. These suggested that there were 

inherent genetic differences for all the genotypes. High significant differences among 

mean square exhibited genetic variances which were required to work out an 

enhancement of crop in effective programme.  

The table showed that genotypic mean sum of squares was observed to be 

significantly for all the traits. This showed that presence of variation for seed yield per 

plant and its relative traits of bold seeded genotypes of linseed. (Table 4.2) 
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Table 4.2: Analysis of variance for seed yield and its contributing traits in bold seeded linseed during 2019-20 at 

Raipur (C.G.) 

S. 

N 

Source of 

variance 

DF PH DTF DM PB SB TB C SW OC SY HI 

1. Replication 2 1.5 5.2 9.4 0.1 3.0 4.2 79.6 0.07 5.4 0.01 1.7 

2. Genotype 44 92.6** 25.1** 74.7** 1.2** 32.0** 62.0** 743.6** 0.7** 17.3** 0.1** 62.9** 

3. Error 88 1.6 1.7 11.4 0.03 1.05 11.8 26.1 0.003 2.0 0.03 4.6 

* Significant at 5% level, ** Significant at 1% level 

 

PH- Plant height (cm) C-  Number of capsules per plant 

DTF- Days to 50% flowering SW- 1000 Seed weight (g) 

DM- Days to maturity OC- Oil content (%) 

PB- Primary branches per plant SY- Seed yield per plant (g) 

SB- Secondary branches per plant HI- Harvest index (%) 

TB- Total branches per plant DF- Degree of freedom 
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4.2.2. GENETIC VARIABILITY 

Results of genetic variability revealed that under study for all the traits 

phenotypic coefficient of variation was higher than genotypic coefficient of variation 

which indicates that environment having masking effect on the expression of genetic 

variability (Table 4.3). This range of variation was found for all the traits indicated 

enough scope to study considerable range of variation was reported for all the traits. 

The evaluation of PCV and GCV were categorized as high (>20%), moderate (10-

20%) and low (<10%) according to Sivasubramanian and Madhavamenon (1973). 

The highest magnitude of genotypic coefficient of variation was noticed for 

number of capsules per plant (26.6%) which is followed by number of secondary 

branches per plant (20.4%). 

The moderate magnitude for number of primary branches per plant (19.3%) 

which is followed by harvest index (18.9%), total number of branches per plant 

(14.4%) and seed yield per plant (10.7%).  

The low magnitude of genotypic coefficient of variation was noticed in plant 

height (8.9%) followed by 1000 seed weight (6.5%), oil content (6.4%), days to 50% 

flowering (4.7%) and days to maturity (3.8%). 

The highest magnitude of phenotypic coefficient of variation was noticed for 

number of capsule per plant (28.1%) followed by number of secondary branches per 

plant (21.4%), harvest index (21.1%) and number of primary branches per plant 

(20.1%). 

The moderate magnitude of phenotypic coefficient of variation for total 

number of branches per plant (18.8%) and seed yield per plant (14.1%).  

The low magnitude of phenotypic coefficient of variation was found in plant 

height (9.0%) followed by oil content (7.6%), 1000 seed weight (6.6%), days to 50% 

flowering (5.2%) and days to maturity (4.7%). 
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“The characters viz., number of capsule per plant, plan number of secondary 

branches, number of primary branches per plant, seed yield per plant and harvest index 

exhibiting high genotypic and phenotypic coefficient of variation showed the presence 

of considerable amount of variability for these characters for all genotypes.” Hence, 

there is enough scope for enhancement of these traits. 

These results fall in line with those of Belete and Yohannes (2013), Reddy et 

al., (2013), Patel et al. (2015), Chandrawati et al. (2016), Paul and Kumari (2018), 

Singh et al. (2019) and Upadhyay et al. (2019 b) noticed “highest magnitude of 

genotypic variation was observed seed yield per plant (g).” 

Result similar to those of Reddy et al. (2013), Bibi et al., (2013), Pali and 

Mehta (2014), Kanwar et al. (2014), Patel et al., (2015), Chandrawati et al. (2016), 

Tewari and Singh (2018) and Upadhyay et al. (2019 a) reported “high variation of 

genotypic and phenotypic coefficient for number of capsules per plant, number of 

secondary branches per plant and harvest index.” 
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Table 4.3: Genetic Parameter of variation for seed yield and its contributing traits in bold seeded linseed during 

2019-20 at Raipur (C.G.) 

S.

N. 

Characters Mean Range Critical 

Differences 

(5%) 

Coefficient of 

Variation (%) 

h
2 
(bs) 

% 

GA GA % 

mean 

Max. Min. PCV 

(%) 

GCV (%) 

1 Plant height (cm) 62.7 70.7 48.5 2.1 9.0 8.8 94.9 11.0 17.6 

2 Days to 50% flowering 59.0 69.0 55.3 2.1 5.2 4.7 82.3 5.2 8.8 

3 Days to maturity 119.9 133.3 111.3 5.5 4.7 3.8 64.8 7.6 6.3 

4 
No. of primary 

branches/plant 
3.2 4.8 1.4 0.3 20.2 19.3 92.0 1.2 38.2 

5 
No. of secondary 

branches/plant 
15.8 27.3 11.0 1.7 21.4 20.4 90.7 6.3 39.9 

6 
Total no. of 

branches/plant 
28.4 40.6 18.2 5.6 18.8 14.4 58.7 6.5 22.7 

7 No. of capsule/plant 58.0 87.5 36.3 8.3 28.1 26.6 90.1 30.2 52.1 

8 1000-Seed weight (g) 7.3 8.7 6.7 0.1 6.6 6.5 98.7 0.1 13.5 

9 Oil content (%) 35.2 42.7 30.3 2.3 7.6 6.4 71.4 3.9 11.2 

10 Seed yield (g) 1.8 2.3 1.4 0.3 14.2 10.7 57.1 0.3 16.7 

11 Harvest Index (%) 23.3 35.0 17.1 3.5 21.1 18.9 80.8 8.2 35.1 
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Fig. 4.1: Graphical representation of comparison of PCV (Phenotypic coefficient of variation) and GCV 

(Genotypic coefficient of variation) of seed yield and its contributing trait in bold seeded linseed 

during 2019-20 at Raipur (C.G.) 
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4.2.3. Heritability and Genetic advance 

Heritability compute the degree of similarity between breeding value and 

phenotypic. Heritability is strictly well found for the population from which they are 

derived. For different population estimation of same characters may vary. Difference 

present in estimation of heritability is mainly due to environmental variance. The 

environment variance is depending on the situation of cultivar and management where 

more uniform condition increases heritability and more variable condition decreases 

the heritability. Heritability evaluates efficiency by which we can utilize the genotypic 

variability in breeding programme. The concept of heritability in broad sense is more 

helpful to know the relative effect of environment and genotype to determine the 

phenotypic difference. According to Robbinson (1966) estimation of heritability have 

been broadly categories into low (<50%), medium (50-70%), high (>70%) classes.  

On a basis of scientific, genetic advance gives an estimation of reliable gain at 

a specified intensity of selection which is a chief implement in plant breeding. 

Therefore, heritability coupled with genetic advance is helpful in laying emphasis in 

selection for seed yield and its component. However, the proportion of enhancement 

in trait would be more reliable on the amount of variability in the population where 

selection has to be done. According to Johnson et al., (1996) estimate genetic advance 

as mean percent was broadly categories into low (<10%), medium (10-20%) and high 

(>20%) classes. 

Heritability in broad sense was recorded for each of the yield contributing trait 

under study (Table: 4.3). The highest heritability was recorded for 1000 seed weight 

(98.7%), plant height (94.9%), number of primary branches per plant (92.0%) and 

number of secondary branches per plant (90.7%), days to 50% flowering (82.3%), 

harvest index (80.8%) and oil content (71.4%). (Table 4.3) 

The moderate heritability was noticed for days to maturity (64.8%), total 

number of branches per plant (58.7%) and seed yield per plant (57.1%). (Table 4.3) 
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The high amount of genetic advance as mean percent was observed for number 

of capsules per plant (52.1%) followed by number of secondary branches per plant 

(39.9%), number of primary branches per plant (38.2%), harvest index (35.0%) and 

total number of branches per plant (22.7%).  

The moderate amount of genetic advance was recorded for plant height 

(17.6%) followed by 1000 seed weight (13.5%), seed yield per plant (16.7%) and  oil 

content (11.1%). 

The low genetic advance was recorded for the trait days to 50% flowering 

(8.8%) followed by days to maturity (6.3%). 

These results fall in line with those of Pali and Mehta (2014), Chandarwati et 

al. (2016), Singh et al. (2019) and Upadhyay et al. (2019) reported “high heritability 

for 1000 seed weight, plant height, number of primary branches per plant and number 

of secondary branches per plant.” 

Kumar et al. (2012), Kasana et al. (2016), Siddiqui et al. (2016),  Kumar et al. 

(2017), Singh et al. (2019) and Upadhyay et al. (2019) reported “high genetic advance 

for number of capsules per plant, number of secondary branches per plant, number of 

primary branches per plant and harvest index.” 

Kanwar et al. (2014), Pali and Mehta (2014), Rajanna et al. (2014), Kumar et 

al. (2015), Kasana et al. (2016), Tewari and Singh (2018) and Singh et al. (2019) 

reported “high heritability and high genetic advance for number of capsules per plant, 

number of primary branches per plant, number of secondary branches per plant and 

seed yield per plant.” 
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Fig.4.2: Heritability and genetic advance as mean percent for seed yield and its contributing characters in 

bold seeded linseed 2019-20 at Raipur (C.G.) 
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4.3 Association analysis among seed yield and its contributing traits in bold 

seeded genotypes of linseed 

Seed yield or economical yield is the most important character of any crop 

which is the resultant of both genetic as well as environmental factors. Hence, in direct 

selection of yield through its associated character is very much useful for devising 

efficient breeding strategies for evolving high yielding varieties. The statistical 

technique such as correlation coefficient helps in establishing relationship or 

association among the entire yield and its component traits, which can be utilized in 

the proper selection processes for improving the desirable trait as well as yielding 

ability of the crop. 

The high significant and positive correlation of seed yield per plant with 1000 

seed weight suggested that heavy weight seed might have higher seed yield. 

Therefore, selection based on 1000 seed weight could be depending on rich seed yield 

for the development of varieties. Similar finding have also been reported by Patel and 

Rao (2009), Gauraha et al. (2011), Savita et al. (2011), Chandarwati et al. (2016), 

Kasana et al. (2016) and Sharma et al. (2016). 

The genotypic and phenotypic correlation coefficients of seed yield and its 

component traits are shown in Table 4.4 and Table 4.5 respectively. Correlation 

analysis in bold seeded linseed revealed that seed yield per plant positively and 

significantly correlated with “days to 50% flowering (rg=0.220, rp=0.211) and 1000 

seed weight (rg=0.688, rp=0.519) whereas, positive correlation with days to 

maturity(rg=0.019, rp=0.007), number of primary branches per plant(rg=0.052, 

rp=0.029), number of secondary branches per plant(rg=0.094, rp=0.076) and number of 

capsules per plant(rg=0.050, rp=0.059)” at both genotypic and phenotypic level. 

Similar findings have also been noticed by Gauraha et al. (2011), Ibrar et al. 

(2014), Pali and Mehta (2014), Rajanna et al. (2014), Tariq et al. (2014), Kasana et al. 

(2016), Kumar et al. (2017) and Dhirhi and Mehta (2019) reported that “days to 
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maturity, number of primary branches per plant, number of secondary branches per 

plant and number of capsules per plant had positive association with seed yield per 

plant.” 

Savita et al. (2011), Rajanna et al. (2014), Chaudhary et al. (2016), 

Chandarwati et al. (2016), Kasana et al. (2016), Sharma et al. (2016), Kumar et al. 

(2017) and Ankit et al. (2018)  noticed that seed yield per plant shows positive and 

significantly correlated with days to 50% flowering and 1000 seed weight. 
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Table 4.4: Genotypic correlation coefficient for seed yield and contributing traits in bold seeded linseed during 2019-

20 at Raipur (C.G.) 

 PH DF DM PB SB TB C SW OC SY HI 

PH 1.000           

DF 0.251
**

 1.000          

DM 0.424
**

 0.907
**

 1.000         

PB -0.043 0.000 0.203
*
 1.000        

SB -0.117 0.262
**

 0.414
**

 0.608
**

 1.000       

TB -0.060 0.085 0.146 0.329
**

 0.543
**

 1.000      

C 0.015 -0.299
**

 -0.159 0.337
**

 0.025 0.172
*
 1.000     

SW 0.024 0.078 0.035 -0.003 0.077 0.219
*
 0.231

**
 1.000    

OC 0.002 0.408
**

 0.220
**

 -0.056 0.021 0.219
*
 -0.278

**
 -0.260

**
 1.000   

SY -0.020 0.220
**

 0.019 0.052 0.094 -0.044 0.050 0.688
**

 -0.042 1.000  

HI -0.755
**

 0.038 -0.245
**

 0.043 0.141 0.023 -0.034 0.436
**

 -0.037 0.596
**

 1.000 

* Significant at 5% level, ** Significant at 1% level 

PH- Plant height (cm) C-  Number of capsules per plant 

DF- Days to 50% flowering SW- 1000 Seed weight (g) 

DM- Days to maturity OC- Oil content (%) 

PB- Primary branches per plant SY- Seed yield per plant (g) 

SB- Secondary branches per plant HI- Harvest index (%) 

TB- Total branches per plant  
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Table 4.5: Phenotypic correlation coefficient of seed yield and contributing traits in bold seeded linseed during 2019-

20 at Raipur (C.G.) 

 PH DF DM PB SB TB C SW OC SY HI 

PH 1.000           

DF 0.226
**

 1.000          

DM 0.334
**

 0.603
**

 1.000         

PB -0.038 -0.006 0.176
*
 1.000        

SB -0.110 0.233
**

 0.313
**

 0.572
**

 1.000       

TB -0.044 0.056 0.056 0.253
**

 0.467
**

 1.000      

C 0.016 -0.257
**

 -0.117 0.307
**

 0.024 0.096 1.000     

SW 0.023 0.073 0.019 -0.004 0.066 0.167 0.218
*
 1.000    

OC 0.024 0.290
**

 0.130 -0.056 0.009 0.187
*
 -0.269

**
 -0.207

*
 1.000   

SY -0.029 0.211
*
 0.007 0.029 0.076 -0.017 0.059 0.519

**
 -0.081 1.000  

HI -0.671
**

 0.071 -0.185
*
 0.029 0.127 0.010 -0.014 0.391

**
 -0.064 0.688

**
 1.000 

* Significant at 5% level, ** Significant at 1% level. 

PH- Plant height (cm) C-  Number of capsules per plant 

DF- Days to 50% flowering SW- 1000 Seed weight (g) 

DM- Days to maturity OC- Oil content (%) 

PB- Primary branches per plant SY- Seed yield per plant (g) 

SB- Secondary branches per plant HI- Harvest index (%) 

TB- Total branches per plant  
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Fig.4.3: Graphical representation of genotypic correlation among seed yield/plant 

(g) and yield contributing characters in bold seeded linseed genotypes. 

 

 

Fig.4.4: Graphical representation of genotypic correlation among 1000-seed 

weight (g) and yield contributing characters in bold seeded linseed genotypes. 
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4.4 Genetic divergence analysis through Mahalanobis D
2 
clusters analysis 

The existence of genetic divergence among the 45 genotypes of bold seeded 

linseed was examined by employing Mahalanobis D
2
-statistics. The clustering pattern 

of 45 genotypes on the basis of the D
2
-statistics analysis has been presented in Table 

4.6. The genotypes were a grouped into eight distinct clusters. The highest number of 

genotypes appeared in cluster I which possessed 27 genotypes namely, R-3313, R-

3570, R-3892, R-4167, R-4188, R-4189, R-4190, R-4192, R-4203, R-4205, R-4211, 

R-4215, R-4222, R-4225, R-4231, R-4245, R-4255, R-4257, R-4268, R-4270, R-4272, 

R-4280, R-4283, R-4288, R-4290, RLC-92 and RLC-173. The second highest number 

of genotypes was found in cluster II which was comprised of 8 genotypes namely, R-

3312, R-3643, R-3667, R-3772, R-4176, R-4186, R-4199 and R-552. Cluster III 

comprised of 5 genotypes viz.; R-3579, R-3788, R-3990, R-4140 and RLC-177. The 

lowest genotypes were found in cluster IV (R-4153), V (R-4287), VI (R-4275), VII 

(RLC-175) and VIII (R-4285). They all possessed only one genotype. 

4.4.1. Intra and inter clusters distance 

The estimate of intra and inter cluster distance represent by D
2
 values have 

been given in Table 4.7. The maximum intra-cluster distance was obtained for cluster 

III (90.91) followed by cluster II (75.97) and cluster I (72.47). 

The minimum intra-cluster D
2
 values were shown by cluster IV (0.00), V 

(0.00), VI (0.00), VI (0.00), VII (0.00) and VIII (0.00), they all have only one 

genotype.  

The highest inter cluster D
2
 values were observed between cluster VI and IV 

(711.93) followed by cluster VI and V (696.75), cluster VI and II (551.16), cluster III 

and II (487.20) and cluster VIII and IV (461.72).  

The lowest inter-cluster D
2
 value was found between cluster V and IV (63.19) 

followed by cluster VIII and VI (114.87). 
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4.4.2. Inter cluster mean 

Cluster III (68.82) showed the highest cluster mean for plant height followed 

by cluster VIII (65.27) and cluster V (64.63). The lowest cluster mean was showed by 

cluster II (53.10). 

Cluster V (69.00) showed the highest cluster mean for days to 50% flowering 

followed by cluster VII (66.00) and cluster III (60.07). The lowest cluster mean was 

showed by cluster VI (56.33). 

Cluster VII (133.33) showed the highest cluster mean for days to maturity 

followed by cluster V (130.67) and cluster III (122.87). The lowest cluster mean was 

showed by cluster IV (116.00). 

Cluster VI (4.20) showed the highest cluster mean for number of primary 

branches per plant followed by cluster VII (3.87) and cluster V (3.73). The lowest 

cluster mean was showed by cluster VIII (2.87). 

Cluster VII (27.33) showed the highest cluster mean for number of secondary 

branches per plant followed by cluster VI (17.93) and cluster V (17.33). The lowest 

cluster mean was showed by cluster IV (11.53). 

Cluster IV (34.80) showed the highest cluster mean for total number of 

branches per plant followed by cluster III (33.19) and cluster VII (33.07). The lowest 

cluster mean was showed by cluster VIII (23.33). 

Cluster VI (86.73) showed the highest cluster mean for number of capsules per 

plant followed by cluster II (62.26) and cluster III (61.31). The lowest cluster mean 

was showed by cluster VII (41.40). 

Cluster VI (8.75) showed the highest cluster mean for 1000 seed weight 

followed by cluster VIII (8.47) and cluster III (7.83). The lowest cluster mean was 

showed by cluster V (6.69). 
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Cluster IV (38.67) showed the highest cluster mean for oil content followed by 

cluster V (37.33) and cluster III (36.81). The lowest cluster mean was showed by 

cluster VIII (30.33). 

Cluster VI (2.26) showed the highest cluster mean for seed yield per plant 

followed by cluster VII (2.21) and cluster VIII (2.18). The lowest cluster mean was 

showed by cluster IV (1.45). 

Cluster VII (31.62) showed the highest cluster mean for harvest index followed 

by cluster VIII (31.18) and cluster II (29.30). The lowest cluster mean was showed by 

cluster III (20.28). 
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Table 4.6: Genotypes included in different clusters based on D
2
 analysis in bold seeded linseed 

Clusters No. No. of genotypes Name of the genotypes 

I 27 

R-3313, R-3570, R-3892, R-4167, R-4188, R-4189, R-4190, R-4192, R-4203, R-4205, R-4211, R-4215, R-

4222, R-4225, R-4231, R-4245. R-4255. R-4257, R-4268, R-4270, R-4272, R-4280, R-4283, R-4288, R-

4290, RLC-92, RLC-173 

II 8 R-3312, R-3643, R-3667, R-3772, R-4176, R-4186, R-4199, R-552 

III 5 R-3579, R-3788, R-3990, R-4140, RLC-177 

IV 1 R-4153 

V 1 R-4287 

VI 1 R-4275 

VII 1 RLC-175 

VIII 1 R-4285 

 

Table 4.7: Average intra and inter cluster distance 

Clusters I II III IV V VI VII VIII 

I 72.47        

II 283.02 75.97       

III 156.73 487.20 90.91      

IV 144.83 151.86 392.79 0.00     

V 157.15 187.89 385.98 63.19 0.00    

VI 394.10 551.16 204.92 711.93 696.75 0.00   

VII 215.77 192.22 265.41 301.18 204.09 279.31 0.00  

VIII 309.16 305.41 234.12 464.72 461.99 114.87 181.30 0.00 
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Table 4.8: Cluster means for yield and its components in 45 bold seeded linseed genotypes 

Cluster No. No. of 

genotypes 

PH DF DM PB SB TB C SW OC SY HI 

I 27 64.51 58.75 120.00 3.17 15.50 26.95 56.88 7.14 34.96 1.75 21.35 

II 8 53.10 57.50 116.08 3.37 16.27 29.48 62.26 7.33 35.36 1.79 29.30 

III 5 68.82 60.07 122.87 2.88 15.08 33.19 61.31 7.83 36.81 1.85 20.28 

IV 1 58.30 58.00 116.00 2.93 11.53 34.80 47.80 6.70 38.67 1.45 20.76 

V 1 64.63 69.00 130.67 3.73 17.33 28.47 42.73 6.69 37.33 1.63 23.33 

VI 1 64.00 56.33 118.00 4.20 17.93 28.87 86.73 8.75 31.67 2.26 28.29 

VII 1 58.60 66.00 133.33 3.87 27.33 33.07 41.40 7.69 35.47 2.21 31.62 

VIII 1 65.27 59.33 116.33 2.87 11.73 23.33 51.47 8.47 30.33 2.18 31.18 

 

PH- Plant height (cm) C-  Capsule per plant 

DF- Days to 50% flowering SW- 1000 Seed weight (g) 

DM- Days to maturity OC- Oil content (%) 

PB- Primary branches per plant SY- Seed yield per plant (g) 

SB- Secondary branches per plant HI- Harvest index (%) 

TB- Total branches per plant  
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Table 4.9: Morphological characters of bold seeded linseed during rabi 2019-20 at Raipur (C.G.)
 

S.N Genotypes Plant 

growth 

habit 

Days to 

commencement of  

flowering 

Colour 

of 

corolla 

Petal 

venation 

colour 

Petal 

aestivation 

Flower 

shape 

Flower 

size 

(mm) 

Corolla 

length 

(mm) 

Corolla 

width 

(mm) 

Anther colour Stamen: 

filament 

colour 

Capsule 

size (mm) 

1 R-3312 SE S B B ST F M M M B CL Bo 

2 R-3313 SE S B B ST F M M M G CL Bo 

3 R-3570 SE S B B ST F M M M G CL M 

4 R-3579 SE S B B ST F M M M B CL Bo 

5 R-3643 SE S B B ST F M M M G CL M 

6 R-3667 SE S V V ST Tu M M M B CL M 

7 R-3772 SE S B B ST F M M M B CL M 

8 R-3788 SE S B B ST F M M M B CL M 

9 R-3892 SE S B B ST F M M M B CL M 

10 R-3990 SE S W W ST D M M Wi Y CL M 

11 R-4140 SE S B B ST F M M M G CL M 

12 R-4153 SE S DB B ST F M M M B CL Bo 

13 R-4167 SE S B B ST F M M M B CL M 

14 R-4176 SE S W W ST D M M M Y CL M 

15 R-4186 SE S W W ST D M M Wi Y CL M 

16 R-4188 SE S B B ST F M M M B CL M 

17 R-4189 SE S LB B ST F M M M G CL M 

18 R-4190 SE S LB B ST F M M M G CL M 

19 R-4192 SE S LB B ST F M M M B CL M 

20 R-4199 SE S B B ST F M M M B CL M 

21 R-4203 SE S LB B ST F M M M G CL M 

22 R-4205 SE S B B ST F M M M B CL M 

23 R-4211 SE S LB B ST F M M M B CL M 

24 R-4215 SE S V V ST Tu M M M B CL M 
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S.N Genotypes Plant 

growth 

habit 

Days to 

commencement of  

flowering 

Colour 

of 

corolla 

Petal 

venation 

colour 

Petal 

aestivation 

Flower 

shape 

Flower 

size 

(mm) 

Corolla 

length 

(mm) 

Corolla 

width 

(mm) 

Anther colour Stamen: 

filament 

colour 

Capsule 

size (mm) 

25 R-4222 SE S B B ST F M M M G CL M 

26 R-4225 SE S B B ST F M M Wi B CL M 

27 R-4231 SE S B B ST F M M M B CL M 

28 R-4245 SE S B B ST F M M Wi G CL M 

29 R-4255 SE S B B ST F M M Wi B CL M 

30 R-4257 SE S W W ST D M M M Y CL M 

31 R-4268 SE S B B ST F M M M B CL M 

32 R-4270 SE S B B ST F M M M G CL M 

33 R-4272 SE M B B ST F M M M B CL M 

34 R-4275 SE M B B ST F M M M B CL Bo 

35 R-4280 SE S B B ST F M M Wi B CL M 

36 R-4283 SE M B B ST F L M M G CL M 

37 R-4285 SE S LB B ST F M M M G CL Bo 

38 R-4287 SE M B B ST F L M M B CL M 

39 R-4288 SE M B B ST F L M M B CL M 

40 R-4290 SE M B B ST F L M Wi B CL M 

41 RLC-173 SE S B B ST D L M M B CL Bo 

42 RLC-175 SE S B B Tw D L M M B CL Bo 

43 RLC-177 SE S B B ST D L M M G CBA Bo 

44 RLC-92 E S B B ST D L M M B CL M 

45 R-552 SE S V V ST F M M M B CL Bo 

 

SE- Semi-erect E- Erect S- Short day M- Medium B- Blue LB- Light blue DB- Dark blue 

W- White V- Violet ST- Semi twisted Tw- Twisted F- Funnel D- Disc Tu- Tubular 

L- Large Wi- Wide G- Grey Y- Yellow Cl- Colorless CBA- Coloured below anther Bo- Bold 
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Fig. 4.5: Graphical representation of morphological characters in bold seeded linseed genotypes through pie charts
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Fig. 4.6: Graphical representation of morphological characters in bold seeded linseed genotypes through pie charts
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Fig. 4.7 Pictorial presentation of morphological characteristics of bold seeded 

linseed 

Fig. 4.7 (A) Flower colour 
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Fig. 4.7 (B) Flower shape 
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Fig. 4.7 (C) Petal aestivation 
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Fig. 4.7 (D) Petal venation colour 
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Fig. 4.7 (E) Anther colour 
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Fig. 4.7 (F) Plant growth habit 
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CHAPTER V 

SUMMARY AND CONCLUSION 

The bold seeded linseed alone has never been exploited for yield 

improvement of crop and its oil yield potential. Hence, for the present investigation 

the different source for variability of bold seed character in germplasm. Advance 

segregating material and varieties have been collected and studied for various 

genetic parameters viz; heritability, genetic advance and correlation etc. for bold 

seededness with other yield attributes develop meant of bold seeded varieties. 

Generally in linseed the comparing bold seeded with medium and small seeded, the 

advantage lies with better germination and seedling vigour giving robust plant 

growth which ultimately produces more branches and capsule and finally will 

produce more seed yield and seed oil yield respectively. The present experiment 

entitled “Genetic variability in bold seeded linseed (Linum usitatissimum L.)” 

was conducted with the main objective to study the variation and divergence 

present among the bold seeded genotypes and to analyse the association in 

different traits among forty-five bold seeded linseed genotypes, which is being 

summarized below- 

 Analysis of variance for all the traits showed the sufficient amount of 

variability present among bold seeded linseed genotypes. 

 The highest genotypic coefficient of variation was noted for “number of 

capsules per plant which was followed by number of secondary branches 

per plant, number of primary branches per plant and harvest index” 

whereas, phenotypic coefficient of variation was found to be the highest in 

“number of capsules per plant followed by number of secondary branches 

per plant, harvest index and number of primary branches per plant” 

indicating the presence of considerable amount of variability for those traits 

among the genotypes. 

 In genetic variability analysis “the phenotypic coefficient of variation and 

genotypic coefficient of variation for days to flowering and days to 

maturity showed less difference” signifying influence of genetic causes in 

the expression of these traits. 
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 1000-seed weight (g) exhibited the highest heritability which was followed 

by “plant height (cm), number of primary branches per plant, number of 

secondary branches per plant and number of capsules per plant” whereas, 

moderate heritability showed by “seed yield per plant (g) and total number 

of branches per plant”. 

 The highest amount of genetic advance was recorded for “number of 

capsules per plant which was followed by number of secondary branches 

per plant, number of primary branches per plant, harvest index (%) and 

total number of branches per plant”. The least value of genetic advance was 

seen for “days to maturity”. 

 The “number of capsules per plant, number of primary branches per plant, 

number of secondary branches per plant and harvest index.” recorded high 

broad sense heritability along with high genetic advance as mean 

percentage while, moderate heritability along with moderate genetic 

advance observed for seed yield per plant (g)”. 

 Highest positive and significant correlation was observed for “1000- seed 

weight and days to 50% flowering” and positive correlation with “days to 

maturity followed by number of primary branches per plant, number of 

secondary branches per plant and number of capsules per plant”. 

 1000-seed weight (g) lies between 6.68 g and 8.74 g with a mean value 

7.31 g. R-4275 (8.75 g) exhibit highest value for 1000-seed weight (g) 

which was followed by R-4285 (8.47 g) and R-3579 (8.24 g) whereas, in all 

checks R-552 recorded highest 7.61 g for 1000-seed weight (g). 

 Seed yield per plant (g) lies between 1.41 g to 2.26 g with a mean value 

1.79 g. R-4275 (2.26 g) exhibit highest value for seed yield per plant 

whereas, in the all checks RLC-92 recorded highest 2.24 g for seed yield 

per plant (g). 

 Oil content (%) recorded highest for check R-552 (42.67 %) which was 

followed by R-4140 (39.4 %) and R-3579 (39.1 %). 

 Diversity analysis through D
2
 analysis carried out among 45 bold seeded 

linseed genotypes. Genotypes were classified into VIII clusters. Maximum 

number of genotypes appeared in cluster I which possessed 27 genotypes 
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followed by clusters II and cluster III which was comprised of 8 genotypes 

and 5 genotypes, respectively. “The highest intra-cluster value was 

recorded for cluster III (90.91) followed by cluster II (75.97) and cluster I 

(72.47) while lowest intra-cluster distance obtained for cluster IV to VIII 

(0.00). Based on intra-cluster distance, the most diverse cluster among all 

clusters was cluster I. The maximum inter-cluster D
2
 values were showed 

between cluster VI and cluster IV (711.93) which was followed by cluster 

VI and cluster V (696.75) whereas, minimum between cluster VIII and 

cluster VI (114.87)”. Based on inter-cluster values, it can be concluded that 

genotypes of the cluster I and II could be selected for hybridization 

programmes as they are expected to produce high seed yield. 

Conclusions 

 Analysis of variance shows that variation among treatment is highly 

significant for all the characters whereas, variation among replication is 

non-significant for all the characters. It means significant amount of 

variability present among the genotypes. 

 The existence of variability among the breeding materials is highly 

essential for devising proper selection strategies and also useful in the 

selection of diverse parents for utilising in the future hybridization 

programmes. 

 Association analysis in bold seeded linseed revealed that “1000-seed 

weight (g) was significantly and positively associated with number of 

capsules per plant, total number of branches per plant and harvest index 

(%)” which indicates that increase in one variable will cause increase in 

other and vice versa. 

 “Seed yield per plant were positively and significantly correlated with 

1000-seed weight and days to 50% flowering”. A significant positive 

correlation between the traits is desirable as it leads to improvement of both 

the characters simultaneously. 
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 Bold seeded linseed genotypes were identified with good agro 

morphological characters. This will help to initiate the research work with 

bold seeded linseed genotypes in our state. 

Suggestions for future research work  

 Bold seeded linseed genotypes may be used as parent in breeding 

programmes. More diverse parents should be involved in hybridization 

programmes in order to incorporate desirable genes in a single genotype.  

 In most of crops, “seed yield is an important trait and the cumulative result 

of a number of component traits controlled by polygenes and highly 

influenced by the environmental factors. Hence, yield alone would not be 

effective for selection of superior genotypes”. In order to make the 

selection effective one has to give emphasis on the yield attributing traits.  

 The existing variability in the gene pool offers an opportunity for selecting 

superior genotypes, which can be obtained through evaluation.  

 Knowledge of correlation among the traits in the expression of desirable 

traits such as 1000-seed weight and seed yield per plant in case of bold 

seeded linseed will provide an additional assistance in deciding the 

selection criteria for selecting dual purpose linseed genotypes.  

 In order to improve the desirable traits among the germplasms and to carry 

out any successful breeding programs, the assessment of the available 

genetic variation and insight of association among the traits are highly 

desirable. 

 Chhattisgarh state has a huge amount of linseed germplasms containing 

diverse alleles of important genes which could be utilized in the near future 

for improving nutritional status of the crop. 



 

74 
 

REFERENCES 

Adugna, W. and Labuschange, M.T. 2003. Association of linseed characters and its 

variability in different environments. J. Agric. Sci. 140(3): 285-296. 

Allaby, R., Peterson, G., Merriwether, D. and  Fu, Y.B. 2005. Evidence of the 

domestication history of flax  (Linum  usitatissimum L.)  from genetic  

diversity  of  the  sad2  locus. Theoretical  and Applied Genetics 112 (1): 58–

65. 

Allard, R.W. 1960. Principles of plant breeding. John Willy and Sons, Inc., New 

York. 

Akbar, M., Mahmood, T., Anwar M, Ali M Shafiq, Salim J. 2003. Linseed 

improvement through genetic variability, correlation and path coefficient 

analysis. International Journal of Agriculture and Biology. 5(3):303-305. 12. 

Ankit, Singh, S.P., Singh, V.K., Singh, A., Singh, A.K., Tiwari, A. and Singh, A. 

2019. Character association and genetic divergence analysis in linseed 

(Linum usitatissimum L.). Journal of Pharmacognosy and Phytochemistry, 

8(3): 348-351. 

Arora, S., Modgil, R., Sood, S. and Bhataria, S. 2003. Physio-chemical and 

Nutritional quality of different cultivars of linseed (Linum  usitatissimum L.). 

Journal of Food Science and Technology -Mysore- 40(3):324-327 

Awasthi, S.K. and Rao, S.S. 2005. Selection parameters for yield and its 

components in linseed (Linum usitatissimum  L). Indian Society of Genetics 

& Plant Breeding, New Delhi, India, Indian Journal of Genetics and Plant 

Breeding. 65(4): 323-324. 

Bayrak, A., Kiralan, M., Ipek, A., Arslan, N., Cosge, B., Khawar and K.M. 2014. 

Fatty acid composition of linseed (Linum usitatissimum L.) genotypes of 

different origin cultivated in Turkey. Biotechnology and Biotechnology 

Equipment, v.24, p.1836-1842. 

https://www.researchgate.net/journal/0022-1155_Journal_of_Food_Science_and_Technology-Mysore


75 
 

 
 

 Begum, H., Alam, A.K.M.M., Chawdhury, M.J.A. and Hossain, M.I. 2007. 

Genetic divergence in linseed (Linum usitatissimum L.). Inter. J. Sustain. Crop 

Prod., 2(1): 4-6. 

Belete, Y.S. and Yohannes, M.T.W. 2013. Genetic variation of different crosses of 

linseed (Linum usitatissimum L.) genotypes for some agro-morphological 

traits. Asian Network for Scientific Information, Faisalabad, Pakistan. 

Bibi, T., Mahmood, T., Mirza, Y., Mahmood and Hasan, E.U. 2013. Correlation 

studies of some yield related traits in linseed (Linum usitatissimum L.). J. of 

Agril. Res. (Lahore). 51(2):121-132. 

Burton, G.M. 1952. Quantitative inheritance in grasses. Grassland Cong. 1: 

277285. 

Catalogue on linseed germplasm, Project Coordinating Unit (Linseed), C.S.A.U.A. 

& T. campus, Kanpur, 2010. 

Chandrawati, D., Singh, N., Kumar, R., Kumar, S., Ranade, S.A., Kumar, and 

Yadav, H. 2016. Agro-morphological traits and microsatellite markers based 

genetic diversity in Indian genotypes of Linseed (Linum usitatissimum L.). 

Journal of Agricultural Science and Technology, 19(3): 707-718. 

Chaudhari, G.B., Patil, A.M. and Patil, S.S. 2016. Genetic variability, heritability 

and genetic advance in linseed (Linum usitatissimum L.). Society for 

Advancement of Science and Rural Development, Kalyanpur, India, Trends 

in Biosciences. 8(15):3831-3835. 

Chauhan, M.P., Kumar, S., Kumar, B. and Kumar, S. 2018. Character association 

analysis in linseed (Linum usitatissimum L.). Trends in Biosciences. 8(3): 

535-537. 

Czemplik, M., Boba, A., Kostyn, K., Kulma, A., Mitula, A., Sztajnert, M., Wróbel 

Kwiatkowska,  Zuk, M., Jan J., Szopa J. and SkórkowskaTelichowska K. 

2011. Flax engineering for biomedical application. In: Biomedical 



76 
 

 
 

Engineering, Trends, Research and Technologies (Eds.: M.A. Komorowska 

and S. Olsztynska-Janus). InTech, Rijeka, Croatia, pp. 407–434. 

Dandigadasar, B., Tattimani, M., Danaraddi, C.S., Biradar, S.B., Dandagi, M. 

R.2011. Genetic variability,correlation and path analysis in linseed (Linum 

usitatissimum L.). Asian J. Bio Sci., 6(2): 218-222. 

Dandigadasar, B., Tattimani, M., Danaraddi, C.S., Biradar, S.B. and Dandagi, 

M.R. 2012. Genetic variability, correlation and path analysis in linseed 

(Linum usitatissimum L.). Asian J Bio Sci. 6(2): 218-222. 

Dash, J., Naik, B.S. and Mohapatra, U.B. 2016. Variability, correlation and path 

coefficient analysis in linseed (Linum usitatissimum L.) under late sown 

conditions in the north central plateau zone of Odisha in India. Int. J Ad. Res. 

4(1):799-811.  

Deway, D.R. and Lu, K.H. 1959. Correlation and path coefficient analysis of 

crested wheat grass seed production. Agron. J. 51: 515-518. 

Dhirhi, N. and Mehta, N. 2019 a. Estimation of genetic variability and correlation 

in F2 segregating generation in linseed (Linum usitatisimum L.) Plant 

Archives, 19(1): 475-484. 

Dhirhi, N., Mehta, N., Patel, N. B. and Singh, S. 2019 b. Assessment of genetic 

diversity in linseed (Linum usitatissimum L.). Bioinfolet, 14(1): 71-74. 

Diederichsen A, and Fu, Y.B. 2006. Phenotypic and molecular (RAPD) 

differentiation of four intraspecific groups of cultivated flax (Linum 

usitatissimum L. subsp. usitatissimum). Genetic Resources and Crop 

Evolution. 53:77-90.. 

FAOSTAT. Area, production and productivity of linseed in the world, 2018. 

Fisher, R.A. 1935. The correlations between relatives on the supposition of 

Mendelian inheritance. Trans. Yoj. Soc. Edn. 52:399-433. 



77 
 

 
 

Fu, Y.B. 2005. Geographic patterns of RAPD variation in cultivated flax Crop Sci., 

45 1084-1091. 

Ganorkar, P.M. and Jain, R.K. 2013. Flaxseed – a nutritional punch. International 

Food Research Journal, 20(2): 519-525. 

Gauraha, D., Rao, S.S., Pandagare, J.M. 2011. Correlation and path analysis for 

seed yield in linseed (Linum usitatissimum L.). Int. J. Plant Sci. 

(Muzaffarnagar). 6(1): 178-180. 

Gill, K.S. 1987. Linseed. ICAR, New Delhi. 

Gupta, G.P., Mathur, B.P. and Khan, A.R. 1964. Studies on the performance of 

linseed Varieties. Indian oilseeds Journal. 4; 8:9-10. 

Hanson, G.H., Robinson, H.F. and Comstock, R.E. 1956. Biometrical studies of 

yield in segregating population of Korean lespedeza. Agro. J., 48 :268-272. 

Hurteau, M.C. 2004. Unique new food products contain good omega fats. J. Food 

Sci. Edu., 3: 52-53. 

Ibrar, D., Ahmad, R., Mirza, M.Y. and Mahmood, T. 2014. Genetic variability 

heritability and genetic advance  in some genotypes of linseed (Linum 

Usitatissimum L.). J. Agric. Res., 52(1): 43-52. 

INDOSTAT. Area, production and productivity of linseed in Chhattigarh, 2017. 

Johnson, H.W., Robinson, H.F. and Comstock, R.E. 1955  a. Estimates of genetic 

and environmental variability in linseed, Agron.J., 47 : 477-83. 

Johnson, H.W., Robinson, H.F. and Comstock, R.E. 1955 b. Genotypic and 

phenotypic correlation in linseed and their implications in selection. Agron. 

J. 47: 474-483. 

Kant, R., Chauhan, M.P., Srivastava, R.K. and Maurya, K.N. 2005. Correlation 

and path coefficient analysis of seed yield and yield components of linseed 

(Linum usitatissimum L.). Hind Agri-Horticultural Society, Muzaffarnagar, 

India, Int. J Plant Sci. 3(2):323-325. 



78 
 

 
 

Kant, R., Singh, P., Tiwari, S.K. and Sharma, R.M. 2005. Study of heritability and 

genetic advance for yield components and oil content in diallel cross of 

linseed (Linum usitatissimum L.) Agric. Sci. Digest, 25 (4): 290 - 292. 

Kanwar, R.R., Saxena, R.R. and Ekka, R.E. 2014. Correlation and path co-efficient 

analysis of some quantitative traits in linseed (Linum usitatissimum L.). 

International J. Plant Sciences (Muzaffarnagar). 8(2): 395-397.  

Kaur, V., Yadav, R. and Wankhede, D.P. 2017. Linseed (Linum usitatissimum L.) 

genetic resources for climate change intervention and its future breeding. J. 

Appl. Nat. Sci., 9. 1112-1118. 39(5):702-709. 

Kaur, V., Kumar, S., Yadav, R. and Wankhede, D.P. 2018. Analysis of genetic 

diversity in Indian and exotic linseed germplasm and identification of trait 

specific superior accessions. J. Env. Bio. 

Khan, M.L., Sharif, M., Sarwar, M., Sameea, and Ameen, M. 2013. Chemical 

composition of different varieties of linseed. Pak. Vet. J. 30(2):79-82. 

Kumar, N., Paul, S. and Patial, R. 2015. Assessment of genetic variability, 

heritability and genetic advance for seed yield and its attributes in linseed 

(Linum usitatissimum L.) Plant Arch. 15:863-867. 

Kumar and Paul, S. 2017. Selection criteria of linseed genotypes for seed yield 

through correlation, path coefficient and principal component analysis. The J 

Anim. Plant Sci. 26(6). 

Mackiewicz-Talarczyk, M., Barriga-Bedoya, J., Mankowski, J. and Pniewska, I. 

2008. Global Flax Market Situation. ID 97 International Conferences on Flax 

and Other Bast Plants. 408-412. 

Mahalanobis, P.C. 1936. On the generalized distance in statistics. In: Proceedings 

of the National Academy of Science (India), 2: 49-55. 

Mahto, J.L. 2004. Genetic divergence and stability analysis in rainfed linseed. J. 

Res., ANGRAU. 32 (4): 39-43. 



79 
 

 
 

Miller, P.A., Williams, J.C., Robinson, H.F. and Comstock, R.E. 1958. Estimate of 

genotypic variances and covariance in upland cotton. Agron. J. 50 : 126- 

131. 

Mirza, S.H., Dauloton, N., Islam, S. and Nersa, D. 1996. Genetic studies of inter-

relationship between seed yield and its components in linseed (Linum 

usitatissimum L.). Bangladesh J. Botany, 25(2): 197-201 

Morris, D.H. 2007. Flax - A health and nutrition primer. 4
th

 Edn. Downloaded 

from http:www.flaxcouncil.ca on 14/2/2014. 

Nagaraja, T.E., Ajit, K.R. and Golasangi, B.S. 2009. Genetic variability, 

correlation and path analysis in linseed. Journal of Maharashtra Agricultural 

Universities, College of Agriculture, Pune, India, J Mah. Agri. Uni. 

34(3):282-285. 

Naik, B.S. and Satapathy, P.C. 2002. Selection strategy for improvement of seed 

yield in late sown linseed. Research on Crops. 3(3): 599-605. 

Naik, B.S., Dash, J. and Mohapatra, U.B. 2016. Path-coefficient analysis of seed 

yield and its components in linseed (Linum usitatissimum L.). A review. Int. 

J Ad. Res. 4(3):1571-1579. 

Newkirk, R. 2008. Flax Feed Industry Guide. Flax Canada, 2015. 

Pali, V. and Mehta, N. 2014. Studies on Genetic Variability, Correlation and Path 

Analysis for yield and its attributes in Linseed (Linum Usitatissimum L.). 

Plant Archive. 13(1):223-227. 

Panse, V.G. and Shukatme, P.V. 1967. Statistical methods for agricultural workers. 

2nd ed. New Delhi: Indian Council of Agricultural Research. 381p.  

Patel, N. and Rao, S.S. 2009. Association analyisis for seed yield and its 

components in linseed (Linum usitatissimum L.). J. Agril. Issues, 14(1): 93- 

96. 



80 
 

 
 

Patel, D.D., Mishra, S.P. and Moitra, P.K. 2015. Genetic studies for seed yield and 

its components in linseed (Linum usitatissimum L.). Green Farming. 

6(4):696- 699. 

Paul, S., Bhateria, S. and Kumari, A. 2015. Genetic variability and 

interrelationships of seed yield and yield components in linseed (Linum 

usitatissimum L.). SABRAO J. Breed. Genet. 47(4): 375-383. 

Paul, S., Kumar, N. and Chopra, P. 2016. Genetic variation and characterization of 

different linseed genotypes (Linum usitatissimum L.) for agromorphological 

traits. J. Appl. & Nat. Sci., 9(2): 754- 762. 

Paul, S. and Kumari, A. 2018. Genetic variability and divergence analysis for seed 

yield, its component characters in linseed (Linum usitatissimum L.) over 

environments in north western Himalayan, JEZS 6(4): 932-938. 

Payasi, S.K. 2000. Genetic divergence in linseed. Crop Research (Hisar).19 (1): 

158-161. 

Rajanna, B., Biradar, S.A. and Ajithkumar, K. 2014. Correlation and path 

coefficient analysis in linseed (Linum usitatissimum L). National 

Environmentalists Association, Jharkhand, India, The Bio scan. 9(4):1625-

1628. 

Rao, C.R. 1952. Advanced Statistical Methods in Biometric Research. John Wiley 

& Sons, Inc., New York.  

Reddy, M.P., Reddy, B.N., Arsul, B.T. and Maheshwari, J.J. 2013. Genetic 

variability, heritability and genetic advance of growth and yield components 

of linseed (Linum usitatissimum L.) Int. J Curr. Microbiol. App. Sci. 

2(9):231-237. 

Rede, A.P. and Rao, S.S. 1999. Genetic analysis of yield and yield attributing 

characters in linseed (Linum usitatissimum L.). M.Sc. Thesis, IGKV, Raipur, 

C.G.  



81 
 

 
 

Richharia, R.H. 1952. Linseed. The Indian Central Oilseeds Committee, 

Hyderabad, India. 155. 

Robertson, J.A. and Morrison, W.H. 1979. Analysis of oil content of linseed by 

wide-line NMR. J. Am. Oil Chem. Soc. 56, 961–964. 

Robinson, H.F., et al. 1966. Quantitative genetics in relation to breeding on the 

centennial of mendalism. Ind. J Genetics 26 : 171-187. 

Saeidi, G.H., Abbasi, Z. and Mirlouhi, A.F. 2003. Genetic variation, heritability 

and relation among agronomic traits in yellow and brown-seeded genotypes 

of flax. J. Agril. Sci. and Natural Resou., 10(1) : 99-114. 

Satapathi, D., Mishra, R.C. and Panda, B.S. 1989. Variability, correlation and path 

coefficient analysis in linseed. Journal of Oilseeds Research. 4(1):28-34. 

Savita, S.G. and Kenchanagoudar, P.V. 2011. Correlation and path coefficient 

analysis for yield and yield components in linseed (Linum usitatissimum L.) 

germplasm. Karnataka J. Agricultural Sciences. 24 (3): 382-386. 

Sharma, D., Paul, S. Patil, R. 2016. Correlation and path-coefficient analysis of 

seed yield and yield related traits of linseed (Linum usitatissimum L.) in 

MidHills of North- West Himalaya. Supplement on Genetics and Plant 

Breeding. 11(4):3049-3053. 

Siddiqui, A., Shukla, S., Rastogi, A., Bhargava, A., Niranjan, A. and Lehri, A. 

2016. Relationship among phenotypic and quality traits in indigenous and 

exotic accessions of linseed. Empresa Brasileira de Pesquisa Agropecuária - 

Embrapa, Brasilia, Brazil, Pesquisa Agropecuária Brasileira. 51(12):1964-

1972. 

Singh, R.K. and Chaudhary, B.D. 1977. Biometrical methods in quantitative 

genetic analysis. New Delhi: Kalyani Publishers. 

Singh, D.N. 2001. Heritability and genetic advance in linseed (Linum 

usitatissimum L.).J. Res. Birsa Agril. Univ., 13(1): 73-74. 



82 
 

 
 

Singh, V.K., Kerkhi, S.A., Singh, S.P. and Tomar, P. 2019. Study on genetic 

variability, heritability and genetic advance for grain yield and yield 

component traits (Linum usitatissimum L.). Journal of Pharmacognosy and 

Phytochemistry. 8(2): 761-765 

Sivasubramanian, V. and Madhavamenon, P.  1973. Path analysis for yield and 

yield component of rice. Madras Agric. J., 60: 1217-1221. 

Sood, S.P., Bhateria, S. and Sood, S. 2012. Inheritance of flower & seed colour in 

flax (Linum usitatissimum L.) over environments in north western Himalaya. 

National Academy Science Letters, 35(3): 127-130. 

Soto-Cerda, B.J., Diederichsen, A., Ragupathy, R. and Cloutier, S. 2013. Genetic 

characterization of a core collection of flax (Linum usitatissimum L.). 

Suitable for association mapping studies and evidence of divergent selection 

between fiber and linseed type. BMC Plant Biology, 13(78). 

Srivastava, R.L., Singh, H.C., Malik, K.H. and Prakash, O. 2009. Genetic 

divergence in linseed, (Linum usitatissimum L.) under salt stress condition. 

Journal of Oilseeds Research. 26 (2): 159-161. 

Tadesse, T., Singh, H. and Weyessa, B. 2009. Correlation and path coefficient 

analysis among seed yield traits and oil content in Ethiopian linseed 

germplasm. International Journal of Sustainable Crop Production, 4: 8-16. 

Tariq, M.A., Hussain, T., Ahmad, I., Saghir, M., Batool, M., Safdar, M., Tariq, 

Tripathi, V. and Abidi, A.B. 2014. Biochemical composition and variation 

obtained in the linseed cakes of important genotypes or strains. Int. J. of 

Pharma and Bio Sci. 5(1): 481 – 485. 

Tewari, N., Singh, N. and N, Shweta. 2018. Selection parameters for seed yield 

and its components in linseed (Linum usitatissimum L.). Current Advances in 

Agricultural Sciences. 4(2):149-151. 



83 
 

 
 

Tyagi, A.K., Sharma, M.K., S.K. Mishra, S.A. Kerkhi, P. and Chand. 2014. 

Estimates of genetic variability, heritability and genetic advance in linseed 

(Linum usitatissimum L.) germplasm. Prog. Agric. 14: 37-48. 

Upadhyay, S., Mehta, N. and Tiwari, A.K. 2019a. Assessment of Variability 

among Flax Type Linseed Genotypes (Linum usitatissimum L.) of 

Chhattisgarh Plains. Int. J. Curr. Microbiol. App. Sci. 8(06): 2633-2637. 

Upadhyay, S. and Mehta, N. 2019b. Variability studies in yellow seeded linseed 

(Linum usitatissimum L.) genotypes of chhattisgarh plains. Journal of 

Pharmacognosy and Phytochemistry, 8(2): 1647-164. 

Vardhan, K.M.V. and Rao, S.S. 2012. Genetic variability for seed yield and its 

components in linseed (Linum usitatissimum L.). International Journal of 

Applied Biology and Pharmaceutical Technology, v.3, p.200-202. 

Vavilov, N.I. 1935. Studies on the origin of cultivated plants. Bull. Bot. Pl. 

Progressive Agric.,1(1): 11-15. 

Vavilov, N.I. 1951. The origin, variation, immunity and breeding of cultivated 

plants, 1–366. 

 Worku, N., Asfaw, Z. and Yibrah, H. 2015 a. Variation and association analyses 

on morphological characters of linseed (Linum usitatissimum l.) In Ethiopia. 

Ethiop. J. Sci., 28(2):129–140. 

Worku, N.J.S. Heslop-Harrison and Adugna, W. 2015 b. Diversity in 198 

Ethiopian linseed (Linum usitatissimum L.) accessions based on 

morphological characterization and seed oil characters. Genet. Resour. Crop 

Evol., 62, 1037-1053. 

Yadav, R.K. 2001a. Association studies over locations in linseed (Linum 

usitatissimum L.).Crop Res.,18(3): 404-408. 

Zohary, D. 1999. Monophyletic and polyphyletic origin of the crops on which 

agriculture was formed in the near east. Genetic Resource and Crop 

Evolution. 46: 133-142. 



 
 

84 
 

APPENDIX 

Table:  Meteorological data recorded during crop growth season 

(December 2019 to March 2020) 

S. 

N. 

Date Max. 

Temp. 

(°C) 

Min. 

Temp. 

(°C) 

Rain-

fall 

Rainy 

days 

Relative 

Humidity 

(%) I 

Relative 

Humidity 

(%) II 

1 Dec 03-09 28 13.3 0 0 84 34 

2 10-16 29.5 15.3 0 0 91 48 

3 17-23 26.7 14.1 0.8 0 88 42 

4 24-31 26.1 11.9 0 0 81 35 

5 Jan 01-07 23.3 12.9 19.4 2 97.4 33.7 

6 08 to 14 25.1 5.7 3.2 1 89.7 46.3 

7 15-21 28.6 15.4 0 0 87.4 62.7 

8 22-28 28.8 12.6 0 0 78.9 28 

9 29-Apr 26.1 15.6 29.5 1 88.7 44.1 

10 Feb 05-11 21.3 13.6 49.6 3 89.3 25 

11 12 to 18 29.7 11.9 0 0 88.1 27.3 

12 19-25 31.4 20.6 35.8 1 88 76.3 

13 26-Mar 29.6 15.8 0 0 88.7 37.4 

14 Mar04-10 31.1 19.7 1.8 1 86.1 52.6 

15 11 to 17 30.2 20.1 37.2 2 88.7 54.7 

16 18-24 33.1 20.2 1.6 1 83.7 38.1 

17 25-31 35.4 22 8.4 1 78.1 36.6 
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