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MORPHO-ANATOMICAL CHARACTERIZATION AND GENETIC ANALYSIS IN 

TOSSA JUTE (Corchorus olitorius L.) 

By 

MUHAMMAD JAHANGIR ALAM 

ABSTRACT 

The investigations were carried out with fifty-eight olitorius genotypes to characterize, genetic variation, 
diversity, assess combining ability, estimate heterosis and nature of gene actions for different characters 
during March, 2016 to December 2019. Out of four, three field experiments were conducted at the JAES, 
Manikganj, BJRI and one laboratory experiment was conducted at GRSD laboratory of BJRI. Data were 
recorded on morpho-anatomical traits. Principal component analysis on correlation matrix of 
morphological traits showed the first three axes accounted for 98.65% of total variation among the 
genotypes.  Fifty-eight germplasm were grouped into five clusters. The highest intra cluster distance was 
found in cluster III and the lowest was in cluster IV.  Among the five clusters, the highest inter cluster 
distance was observed between II and III and the lowest between cluster I and V. Distribution pattern 
indicated that genotypes collected from the different location were grouped into different clusters. Intra and 
inter-cluster distances showed the genotypes were highly divergent from each other. Genotypes G15 (A-
1354), G25 (A-1773), G30 (A-3705), G32 (A-3988), G38 (A-4481) and G58 (O-9897) were chosen from 
different clusters for hybridization and crossed in a half diallel method for heterosis and combining ability 
analysis. The ANOVA of combining ability analysis showed highly significant for all the characters which 
suggested the presence of both additive and non-additive gene action for inheritance. The GCA effects 
revealed that the parents P2 and P6 showed the best general combiner followed by P2 and P3. The SCA 
performance revealed that the hybrids P3 × P5, P1 × P6, P1×P5 and P2×P6 would be the best consideration in 
fibre yield and the hybrids P1×P3, P4 × P5, P3 × P6 and P2 × P5 would be the best choice for seed production. 
Genetic analysis in F1, F2 and backcross populations revealed that both additive and non-additive genetic 
effects were important for different characters. Extent and direction of heterosis in F1 varied greatly for 
different characters. Vr-Wr graph suggested that partial dominance and/or over dominance gene actions 
were involved for all the characters in F1, F2 and backcrosses. Considering heterosis, the hybrids P2 × P3, P2 
× P6, P3 × P5 and P5 ×P6 deserve attention for their heterotic responses. The narrow sense heritability was 
estimated very high for seeds/fruit (0.505) in F1, F2 (0.499) and backcross (0.467, 0.499) generations which 
indicated that effectiveness for improvement by selection in that characters. In anatomical study heritability 
in narrow sense was high for bark thickness (0.4921) followed by length breadth ratio and fibre strength. 
Considering heterosis, combining ability, genetic analysis and anatomical study, the hybrids P2 × P4, P2 × 
P6 and P3 ×P5 found superior for fibre yield, quality and seed related characteristics. These hybrids could 
be used for the development of tossa jute varieties. 
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CHAPTER 1 

INTRODUCTION 

 
The golden fiber of Bangladesh that is biodegradable natural bast fiber is jute, which is 

one of the cheapest and strongest among natural fibers and considered as fiber for the 

future. Jute is occupying second place and second most important textile fiber after 

cotton in economic importance (Singh, 1976). Pat, kosta, Nalita, Bimli or Mesta (kenaf) 

is also some local name of the jute fiber.  Jute (Corchorus spp) grows in tropical and 

subtropical regions throughout the world in an incredible range of habitats from very dry 

and near desert to swamps and flooded areas and on a wide range of soil types. The 

number of Corchorus species is probably around 50-60, but over 170 Corchorus names 

are given in the index Kewensis (Edmonds, 1990). In the genus Corchorus (Family: 

Tiliaceae) two species of jute, C. capsularis L. (Deshi jute) and C. olitorius L. (Tossa 

jute) are white and golden colour fibre, respectively.  

Bangladesh is producing the highest raw jute, while India is the largest producer of jute 

goods in the world. About 90 percent of the world's jute is produced in the Ganges-

Brammaputra delta in India and Bangladesh (Purseglove, 1979). Kundu (1951) has 

discussed the origin of jute, and viewed Indo-Burma (new connotation Indo-Myanmar) 

as the primary centre of origin of C. capsularis L. and Africa as the primary centre of C 

olitorius L. According to Kundu the secondary centre may be Indo-Burma for C. olitorius 

L. The Ganges delta can be sub-divided into two geo-graphical regions in terms of jute 

cultivation. The best commercial quality jute grows in this area. 

Jat Area (Brahmaputra Alluvium): Dhaka, Faridpur, Madaripur, Rajbari,, Mymensingh, 

Tangail, and Comilla districts  of Bangladesh are comprises part of the Jat Area . The 

area annually receives fresh deposit of silts carried down by the flood water. Soils are 

acidic and the texture varies from sandy loam to clay loam.  

District Area (Ganges Alluvium): Kushtia, Jessore, Khulna, Rajshahi, Pabna, and 

Dhaka districts of Bangladesh and major portion of West Bengal of India are comprises 

part of the District Area. This area has soil of slight alkaline clay loam to light loam in 
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gray to dark gray color. The type of Jute grown in district area (Ganges Alluvium) area is 

known as District Jute, which is next to Jat Jute in order of quality. The jute fibre grown 

in this region is further divided into two major varieties, such as: Hard District Jute and 

Soft District Jute. 

Northern Area (Teesta Silt): This comprises part of Dinajpur, Rangpur districts, East 

Bogra, and Sirajganj of Bangladesh and some parts of North Bihar Purnea and West 

Bengal of India. The region has sandy soil with low moisture retention capacity. Soil 

retention is slightly acidic. Northern type of Jute is inferior quality of the three 

commercial types. 

Apart from Bangladesh and India, the crop is now also grown in Myanmar, Nepal, 

Thailand, China, Taiwan, Vietnam, Cambodia, Brazil, Kenia, Tanzania and some other 

countries. However, Bangladesh, India, China, Myanmar, Nepal and Thailand are the 

major producers accounting for over 98% of the global output (FAO, 2008 recent data 

dibo).     

Jute (Corchorus spp. 2n= 14) plants are tall, annual herbs grows up to 2-4 m in height, 

unbranched or with only a few side branches and mostly self-pollinating crop.  The 

leaves are alternate, simple, elliptic-lanceolate, apically acute or acuminate, 5-15cm long, 

with an acuminate tip and a finely serrated lobed margin. Flowers of both the species 

have yellow color, are small in size (2-3 cm diameter) and occur in condensed cymes. 

Flowers occur in the axel in leaves and composed of 4-5 sepals and petals, 5 to numerous 

stamens. Sepals are about 3mm long, oblong and apiculate. Ovary is locular and 2-6 in 

number. Seeds are small and numerous.  Fibers are derived from the secondary phloem 

fibers from the bark of the stem (Kundu, 1951).  

The national agro-economy of Bangladesh is mainly based agriculture. At farm level 

about 4 million livelihoods is directly or indirectly dependent on jute production. Net 

area under jute cultivation in Bangladesh has gone down from 772.47 thousand hectares 

in 1986-87 to 666 thousand hectares in 2013-14. During the same corresponding period, 

total production of jute has increased to 1323 thousand tons from 1125 thousand tons. 

However, the productivity per hectare increased from 1.58- 11.15 ton/ha during 1972-73 

to 2014-2015 (BBS, 2014-2015).The reason for this increased productivity is attributed 

to resultant effect of research endeavors during this period.  
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Before 1970's, the ratio of cultivated area under tossa and deshi jute in Bangladesh was 

30:70. However recently the area of tossa jute cultivation increased and the ratio has 

been converted to 80:20 with the development of less photosensitive HYV tossa jute 

varieties such as 0-9897, 0-72 and OM-I. But due to declining trend of both cultivated 

area and total production jute cultivation in general is being pushed to marginal land in 

Bangladesh. Farmers are very reluctant to jute cultivation due to low price of jute fibre, 

higher demand for food crops, availability of HYV's of other crops, higher production 

cost, and competition with synthetic fibre and other natural fibres, especially cotton.  

Fiber yielded low of early time of flowering, as the onset of flowering induces branching 

of the upper main stem and hence, cessation of main stems elongation. Jute is a 

photoperiod sensitive short-day plant (Ali, 1961). The critical photoperiod is 12.5 hrs for 

C. olitorius L. (Ali, 1961; Husain, 1977; Johansen et al., 1985), and 12.0 hrs for C. 

capsularis L. plants (Kar, 1963), which indicate that C. olitorius L. is more sensitive to 

photo-period than to C. capsularis L. Thus, jute growth for fibre production is limited to 

that part of the year with day lengths exceeding the critical day-length; viz. mid-April to 

August  

Flowering time of jute greatly influenced the growth and development as well as yield of 

fibre. In C. capsularis L. satisfactory yield have been obtained with sowings between 

16th of March and 15t of May. In C. olitorius L. sowings between 15th of April and 16th of 

May have given significantly higher fibre yields than other sowings (Sengupta, 1953). 

The recommended sowing dates of Bangladesh Jute Research Institute (BJRI)'s released 

C. capsularis L. varieties are from is February to 15th April and the range of sowing time 

in C. olitorius L. varieties is from 15th March to 15th May for fibre yield. Both the 

species of jute are typical short-day plants. The transition from the vegetative to 

reproductive phase in jute is influenced mainly by the available daily light period. The 

prevailing long photoperiod prolongs the vegetative period of jute and plants flower with 

the approach of the short-day of late August - early September, irrespective of the 

sowing period. In all photoperiod between 10-12 hours, flowering is induced in about a 

month as indicated by the initiation of the first visible flower bud and the critical light 

period seems to be near about 12.5 hour in C. olitorius L. and 12.0 hour in C. capsularis 

L. above which flowering is retarded. Bose (1976) reported that the time to flowering 

shortened with an increase of temperature, particularly night temperature for jute 

cultivation. No appreciable variation was, however, recorded due to photoperiod at lower 
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temperature (22°C in day, 12° C in night and 17°C in both day and night) which marked 

suppressed plant height and leaf number. It was also reported that the range of 

temperature is between 27°C and 32°C for fibre growth, flowering, fruit setting and seed 

formation in C. capsularis L.  

Farmers conventionally cultivate jute for fibre production after harvest of fibre crop, they 

save some portion of crop for seed production. This traditional method is neither 

profitable nor dependable. Such seed crop keeps the lands occupied for about 8 to 9 

months or more and have the risk of natural hazards like hail storm, heavy rainfall, 

lodging, foggy weather etc.  

Moreover, the seed crop suffers badly by the attack of both insects and pests. For this, 

only few crops stand to produce 5-10 pods per plant. These pods become physiologically 

weak and never produce quality seeds in respect of germination, viability and vigor and 

finally reach the end of life cycle and produce 150 to 200 kg seeds per hectare. To 

overcome this problem, farmers must have to adopt some technologies for seed 

production like late jute seed production, seed production by using cutting from mother 

plants, which need extra cost. Therefore, early maturing, quick growing C. olitorius L. 

varieties are of great need to cope with the solution.  

Fibre of jute is secondary phloem cells, are accumulated at growth stages and arranged in 

regular design of fibre wedges. That’s why yield of fibre is directly depends on bark 

thickness, number and area of phloem wedges.  Whilst the quality of fibre is dependent 

on some chemical and physical parameters. Among them length: breadth ratio of fibre 

cells are of immense importance. Anatomical characters like bark diameter, bark 

thickness, number of trapezoids, area of trapezoid, number of layers, number of bundles, 

length of fibre cell, breadth of fibre cell, length/breadth ratio and fibre strength are 

important for anatomical study of jute. The hybrids along with their parents were 

evaluated at growing stages of the crop. Akter et al. (2003) reported that bark diameter, bark 

thickness, number of trapezoid and area of trapezoid were positively and significantly associated 

with fibre yield of tossa jute. Similarly, Das et al. (1997) studied the ultimate fibres cells of 

interspecies hybrids between Hibiscus radiatus and H. cannabinus L. to determine the fibre 

quality of H. cannabinus, H. radiates, their F1s and selected resistant F2 lines. They observed that 

the fibres were located in the middle portion of the stem, the next longest was found in the top 

portion and shortest at the basal portion.    
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Less photosensitive tossa jute varieties require about 165 to 175 days for completing 

their vegetative cycle. On the contrary, photosensitive tossa jute varieties need 60 t0130 

days for flowering. The gene controlling short maturing character of the photosensitive 

tossa jute varieties might be transferred to the less photosensitive, long maturing tossa 

jute to make the crop economically viable for both fibre and seed production. 

Hybridization among the diverse parental materials might lead to a wide gene 

combination for improvement of crop. For the improvement of jute, in respect of early 

maturing trait with increased productivity under stress environment, new genetic 

materials should be bred and developed through combination breeding; combining 

ability and other genetic studies be used to test the performance of the parents in 

different cross combinations and characterize the nature and magnitude of gene effects in 

the expression of the quantitative traits, which might help the breeders for formulation of 

effective breeding programs. Genetic diversity and genotype-by-environment 

interactions are necessary tools to assess the parental materials for use in genetic studies 

and crop improvement.  

Genetically diverse germplasm is important for the development of new variety with 

higher agronomic traits. Bangladesh Jute Research Institute has 6060 number of 

germplasms of jute, kenaf and Mesta of both indigenous and exotic origin. Among them 

1500 are olitorius species. These germplasm materials have wider gene pool with 

different types of biotic and abiotic tolerance. Study of diversity of these materials is 

important for searching variability and to isolate desirable genotypes, which can be used 

for developing a new variety of olitorius species. For this investigation 58 germplasm 

has been collected from the gene bank of BJRI. For the experiment has under taken to 

study genetic variability morphologically and estimate the diversity to find out superior 

genotypes. Different sources would be characterized on morpho-anatomical and estimated 

the genetic diversity to find out the superior genotypes which would be helped in future 

breeding program for variety development of tossa jute.   
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Based on the above-mentioned facts the research work was been undertaken to achieve the following 

objectives-  

Objectives: 

1. To assess genetic diversity among olitorius germplasm.  

2. To identify promising line(s) having short maturity and higher fibre yield. 

3. To have an understanding of anatomical insight of bast fibre characteristics and 

their mode of inheritance and.  

4. To generate information on combining ability of selected parents and their 

crosses for fibre and seed related characteristics by half diallel analysis.  
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CHAPTER 2 

REVIEW OF LITERATURE 

 
Improvement of quality of jute various researches is is going on. Lot of divergence and 

genetic variability has already been reported but desired results so far as yield and quality 

aspects of this crop are eluding so far. Various literature related to the appropriate 

multivariate technique for genetic diversity, correlation, variability, path analysis, 

heterosis, combining ability, stability and their relationship to Corchorus olitorius L. has 

been reviewed and here under being presented. 

 

 2. GENETIC VARIABILITY 

 

2.1 Genetic diversity using morphological character 

The divergence analysis has a vital role to select genetically diverse parents in any 

breeding program. It is important to know the source of genes for any trait from the 

available germplasm. The parents identified on the basis of divergence analysis would be 

more promising. Diversity analysis based on agronomic and morphological traits has 

carried out in several crops including jute, kenaf and Mesta.  

Regarding genetic diversity an experiment has been studied on 18 released varieties of 

tossa jute (C. olitorius L.) by Arpita et al. (2016) and reported that all the varieties 

irrespective of their origin were grouped into 5 different clusters. The clustering pattern 

revealed meager amount of genetic diversity between the varieties studied in tossa jute. 

Inter-cluster distance was maximum between I and IV. Fibre fineness, fibre%, stick 

weight and basal diameter were the potent characters that influence the genetic diversity. 

Similarly, Huda et al. (2016) carried out an experiment to assess the genetic variability 

for twenty-five maize genotypes. They recorded the highest grain yield per plant 

(272.21) BARI Hybrid Maize 6 and the lowest grain yield per plant (180.40) were found 

from the genotype of NZ-003. Phenotypic coefficient of variation was higher than the 

genotypic coefficient of variation for all the yield contributing traits. Genetic diversity 

was investigated based on multivariate analysis and RAPD markers by Mostofa (2012) 

and reported that the principal component analysis based on correlation matrix of 12 
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morpho-physiological traits showed that the first five axes accounted 92.85% of total 

variation among the genotypes. The distribution pattern indicated that the genotypes 

collected from the same location were grouped into different clusters. The results on intra 

and inter-cluster distances showed that the genotypes were highly divergent from each 

other. Next Akter (2009) studied genetic divergence of 29 indigenous and exotic C. 

olitorius L. genotypes based on D2 analysis and showed that the genotypes were grouped 

into five clusters. She also showed that geographic distribution or origin did not strictly 

confirm to the genetic diversity.   

The genetic divergences among 51 white jute (C. capsularis L.) genotypes were studied 

by Alam (2009) who grouped the genotypes into six different clusters according to 

principal component analysis (PCA) and D2 statistics. The PCA indicated that branches 

per plant, leaf width, petiole length, dry fibre weight, plant technical height, base 

diameter and number of nodes were the important components of genetic divergence in 

the population. He concluded that there was no parallelism between genetic diversity and 

geographical distribution of genotypes. Also, the genetic divergences among 42 white 

jute (C. capsularis L.) genotypes were studied by Yahiya (2007) who grouped the 

genotypes into six different clusters according to principal component analysis (PCA) 

and D2 statistics. The PCA indicated that dry stick weight, dry fibre weight, plant 

technical height, base diameter and number of nodes were the important components of 

genetic divergence in the population. He concluded that there was no parallelism 

between genetic diversity and geographical distribution of genotypes.  

Sandip et al. (2005) studied with 15 tossa jute (C. olitorius L.) cultivars for 13 morpho-

economic characters and obtained the highest cluster distance between cluster I and IV 

suggesting wide diversity among the four cluster groups. Cluster IV had the highest 

mean values for plant height, base diameter, nodes/plant, fresh plant weight, stick and 

fibre yield/ plant. Cluster I showed the highest total chlorophyll, and chlorophyll ‘a’ and 

‘b’ contents. Cluster II showed the highest number of capsules (pods)/plant, seeds/pod 

and seed yield/ plant. Cluster III showed the maximum leaf area. Next the genetic 

divergence in 26 genotypes of vegetable mesta was assessed by Shobha and Dharmatti 

(2004) using Mahalanobis D2 statistics. These varieties were grouped into five clusters 

based on D2 values. Leaf area had the maximum contribution to genetic diversity 

followed by total green yield, plant height, number of leaves, fresh weight of leaves, 
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petiole length and fresh weight of stem/plant. Cluster I was the largest, consisting of 22 

genotypes, while cluster II, III and IV had solitary ones. The average inter-cluster D2 

values ranged from 59.15 (cluster I to IV) to 81.62 (cluster IV to V). Cluster IV (HS-1) 

and cluster V (GKK), with one genotype each, were diverse from the rest of the clusters 

as evident from their high inter-cluster D2 values (81.62). Based on cluster mean 

analysis, it was revealed that genotypes GKK and HS-1 were the most divergent and they 

can be used in future breeding programs. 

Cheng et al. (2002) found that the characters, such as middle stem diameter, whole stalk 

weight, and days to 50% flowering vary significantly among kenaf varieties. 

Morphological differences in characters such as seed character, leaf shape, stem colour, 

and plant maturity were small. Most of the kenaf accessions tested had red green stems, 

yellow flowers and large seeds, entire or palmate leaves, and four maturity types were 

observed. Again Hussain et al. (1999) reported that the clustering pattern of 30 parents 

along with their 78 hybrids of C. olitorius L. showed no parallel relationship between 

genetic diversity and geographical origin. Relationship between divergence of the 

parents and hybrids indicated the medium divergence class provided the optimum level 

of parental divergence to obtain economic heterosis in F1. 

Islam (1996) conducted a field experiment to assess the genetic divergence by using 

Mahalonobis' D2 statistics among 38 tossa jute (C. olitorius L.) genotypes for ten 

different characters. All the genotypes were grouped into five clusters. The highest inter-

cluster distance was observed between cluster II and IV, and the lowest between cluster I 

and III. The intra-cluster distance was the highest in cluster IV and the lowest in cluster 

V. The pattern of distribution of genotypes within various clusters was independent for 

geographical distribution. Based on the mean performance, genetic distance and 

clustering pattern, 13 genotypes were selected as better parents for future hybridization 

programme. Similarly, Malik et al. (1985) studied the genetic divergence in Mungbean 

found days to flowering, seed yield and plant height contributed maximum towards 

divergence.  

Sasmal (1978) indicated that in wheat, potent factor like the diverse agro-ecological 

conditions in the areas of their adaptation, varied from agronomic practices adopted by 

man for the end product, could cause a substantial genetic divergence. It can be 

concluded that genetic drift and selection in different environment could cause greater 
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diversity than geographical distance. Next in black gram, Sagar et al. (1976) studied the 

genetic diversity through Mahalonobis’s D2 and revealed that days to flowering, plant 

height, 100 seed weight and pod length contributed maximum towards diversity. Singh et 

al. (1976) also conducting the research utilizing D2 analysis and reported that pod length, 

days to flowering and seed yield contributed maximum towards divergence in green 

gram. 

 

2.2 Correlation 

 Yield of crops depends on various component characters that influence yield either 

singly or jointly and either directly or indirectly with other related parameters. The 

correlation between the characters may exist due to various reasons such as pleiotropy, 

genetic linkage and association of loci or presence of block of loci governing variability 

for different characters on the same chromosomes. Association of commercially 

important quantitative characters that are statistically determined by correlation 

coefficient has been quite helpful as a basis of selection. Selection pressure can be more 

easily exerted on any of the characters which reflect close association with yield. In the 

investigation a number of morphological characters of the plant in different genotypes of 

C. capsularis were studied with a view to find out suitable basis for selection that are 

likely to be correlated with the yield of fibre. 

 Kwarteng et al. (2018) observed that eighteen different accessions of gboma eggplant 

(Solanum macrocarpon L.)  and one hundred six accessions of jute mallow (Corchorus 

olitorius L.)  were evaluated using RCBD with three replications. Results revealed 

diversity and significant variation among the various agronomic traits of both jute 

mallow and gboma eggplant. Correlation analyses between morphological traits of both 

species revealed positive and negative relationships, indicating predictable success for 

eventual breeding activities. Later on, according to Begum et al. (2016) ear length, ear 

diameter and kernel per row had highly significant positive correlation with grain yield. 

However, the deviations between genotypic and phenotypic correlation and magnitude of 

environmental correlation suggested considerable influence of growing environment in 

expressing almost all the characters. Similarly, Alam (2009) observed positive 

correlation between fibre yield and its most components. Path analysis showed highest 

positive direct effect of stick weight on fibre weight followed by base diameter, leaf 

width and petiole length. Again Brar et al. (2008) reported that plant height, ear height, 
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ear length, ear diameter and number of ears per plot had significant positive genotypic 

and phenotypic correlations with yield per plot. Similarly, Singh et al. (2006) reported 

significant positive correlations for grain yield with days to 75 percent husk, plant height, 

ear height and number of ears. 

Islam and Ahmed (2003) reported fibre weight showed significant positive association 

with all the characters at both phenotypic and genotypic levels. Genotypic correlations 

were higher than their corresponding phenotypic correlation coefficients in all the 

characters. Later on, Manjunatha and Sheriff (1991) observed   high genotypic and 

phenotypic coefficients of variation were observed for dry fibre yield, green weight and 

stick weight. Similarly, Sardana et al. (1990) observed that plant height, basal diameter 

and node number had highly significant and positive correlation with dry fibre yield per 

plant.  

Ghosdastidar and Bhaduri (1983) observed strong positive genetic association of plant 

height and basal diameter with fibre yield, but poor correlation was observed between 

the node number and other components in capsularis jute. Again Srivastava et al. (1979) 

found in capsularis jute that the correlation coefficient was no significant and negative 

between yield and plant height but positive between yield and node number. It was close 

to unity between yield and basal diameter. Later on, Gupta and Das (1977) measured five 

characters associated with yield in nine varieties of C. capsularis. He reported that fibre 

yield was significantly correlated with plant height in all varieties and with basal 

diameters in most varieties. Maiti and Chakravarti (1977) also studied the yield 

components of common Indian bast fibres. Analysis on correlation coefficients revealed 

that fibre yield was highly positive correlated with plant height and basal diameter. Next 

Das (1968) found positive correlation coefficients and indicated that fibre yield in jute 

was directly correlated with basal diameter while plant height was not a dependable 

indicator of fibre yield performance. Similarly, Roy (1965) found high positive 

correlation between basal diameter and fibre yield (0.929) and followed by plant height 

and fibre yield (0.889). Hence taller and thicker the plant the higher is its yield. 
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2.3 Path coefficient studies 

Knowledge of interrelationship between yield and its components is obvious for efficient 

selection of desirable plant type. Path analysis is used to describe the directed 

dependencies among a set of variables. To find out the direct and indirect causes of 

association Path analysis helps. Path coefficient analysis is a standardized partial 

regression coefficient analysis and as such measures the direct influence of one variable 

upon other and allows the partitioning of correlation coefficient into direct and indirect 

effects of component characters. So, it is used to analysis the real contribution of 

individual complex characters in yield. 

Path coefficient analysis has widely been used by the animal breeders to understand the 

cause and effect relationship of important characters. However, it has been used in crop 

plant to analyze the real contribution of individual complex characters in yield. 

Satyanarayana et al. (2017) an experiment was conducted to study the correlation 

coefficient and path coefficient based on quantitative traits among 60 genotypes of 

rosella (Hibiscus sabdarifJa L.). Partitioning of phenotypic correlation coefficients of 

various components upon seed yield plant-1 into direct and indirect contributions 

revealed that pods plant-1 bas maximum direct effect followed by seeds pod-1 and test 

weight. Selection for characters viz., pods plant-1, seeds pod-1, test weight, plant height 

and base diameter along with seed yield will be useful for improving seed yield in 

rosella. Likewise, twenty-two maize hybrids were evaluated by Begum et al. (2016) and 

Path coefficient analysis revealed that plant height (0.659), ear length (0.934) and kernel 

rows per ear (0.715) had highly significant positive direct effect on grain yield 

suggesting their importance during selection. Next Teodaro et.al. (2014) studied path 

analysis of two genetic classes of maize and showed that number of grains per row and 

weight of hundred grains are directly correlated to yield are indirectly influenced through 

the effect of ear length and ear diameter. 

Parvin et al. (2012) a study has been conducted on 11 genotypes of jute based on Path 

coefficient analysis revealed maximum contribution of plant height to fiber yield per 

plant and this was followed by the contribution of base diameter. Next Al-Mamun et al. 

(2010) also conducted a study based on 18 genotypes of white jute from different 

geographic origin with a view to find out the path analysis revealed maximum direct 

contribution towards yield through stick weight followed by nodes per plant and plant 
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height. Later on, Akter et al. (2005) found highest direct effect for fresh weight without 

leaves on fibre yield in jute.  

Khatun and Sobhan (1992) revealed that plant height and bark weight exerted the 

greatest influence both directly and indirectly upon fibre yield of tossa jute. Again, 

Thirthamallappa and Sheriff (1991) reported that plant height had maximum direct effect 

on fibre yield in jute. Later on, Sardana et al. (1990) reported that plant height had the 

maximum direct effect on fibre yield followed by basal diameter in jute germplasm 

analysis. Moderate indirect effect was observed only in case of node number through 

plant height. The effect was negligible. Likewise, Alamgir and Seal (1989) reached to the 

conclusion that jute plant with the maximum stem circumference produced the maximum 

fibre. 

Banerjee et al. (1988) studied path coefficient analysis in Hibiscus sabdariffa and 

revealed that the highest direct vehicles for fibre yield were basal diameter, green weight 

and plant height in the order. Top diameter, node number and stick weight indicated 

negative direct effects. The indirect contribution to fibre yield of base diameter, node 

number and stick weight were through green weight. Similarly, Biswas (1984) reported 

that node number and inter nodal length had negative direct effect on yield.  

Ghoshdastidar and Das (1984) reported that plant height and base diameter had high 

positive effect on fibre yield. Next Chaudhury et al. (1981) showed that the indirect 

effect via green weight which was positive and high, while time of flowering and plant 

height was negative. Later on, Mandal et al. (1980) observed plant height; stem diameter 

and stem node number had direct positive effects with the effects of plant height being 

greatest on fibre yield.  

Sasmal and Chakraborty (1978) reported that the magnitude of genotypic correlation was 

much higher than the phenotypic correlation in Mesta, showing the influence of 

environment in reducing the actual inherent association between various characters. 

They further observed that the number of nodes has high degree of relationship with 

fibre weight. According to Singhamahapatra and Raksit (1977) fibre yield for plant was 

genotypically and phenotypically correlated with plant height, basal diameter, node 

number and intermodal length in tossa jute. Next Sasmol and Chakraborty (1978) stated 

that stripped green weight, wood weight and fibre weight had genotypic and phenotypic 

coefficients of variability of about 30%, while for days to flowering, plant height and 
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basal diameter these were 10%. Similarly, Meiti et al. (1975) observed that stem 

diameter is significantly correlated with number of nodes in both capsularis and olitorius 

of Corchorus. 

 

2.4   Heterosis 

Heterosis is a phenomenon resulting from hybridization (genetically unlike constituents), 

in which offspring display greater robust, vigorous, productive, taller, etc than the 

parents. Heterosis has been known since the art of hybridization came into existence. It is 

a genetic phenomenon resulting from heterozygosity, but the genetic basis of 

heterozygosity is still vague. Hybrid vigor is used as synonym of Heterosis. Whaley 

(1944) has the opinion that it would be more appropriate to term the developed 

superiority of the hybrids as hybrid vigor and to refer to the mechanism by which the 

superiority is developed as heterosis. Heterosis was first reported in brown sarson by 

Singh and Mehta (1954).  

Kumar et al. (2016) carried out to estimate combining ability and heterosis for fibre yield 

and yield attributing characters among diverse tossa jute germplasm lines and in 21 F1 

hybrids derived from 6 × 6 half diallel mating design. Analysis of variance revealed 

significance of parent’s vs hybrids for most of the characters indicating presence of 

heterosis. Later on, Qi-JianMin et al. (2005) showed that plant height, fresh bark 

thickness, dry bark weight per plant and fibre fineness of kenaf were controlled by both 

additive and dominance gene actions. Stem diameter, dry stem weight per plant; bark 

rate, fibre weight per plant, retting rate and fibre strength were mainly controlled by 

dominant gene actions. Among all traits, dry bark weight per plant, dry stem weight per 

plant and fibre weight per plant of F1generation showed a high Heterosis over mid parent 

(HEM:15.7-18%) or better parent (HBP: 8.3-13.9%) with the highest Heterosis of 35.6-

69.2%. A higher positive HMP or HBP was also found for dry stem weight per plant, 

fibre weight per plant and dry bark weight per plant in F2 generation. The heterosis of F2 

generation was more or less 50% lower than F1 generation. The heterosis of F1 could be 

retained 1.4-1.7 generations on average, and that of the favorable hybrid could last for 3-

4 generations. Next Sobhan (1993) studied heterosis in a 9×9 diallel for 11 characters in 

H. sabdariffa. Such characters included fibre, fruit, seed and their components. He 

reported that some degrees of heterotic effects were seen in the F1 hybrids for most of the 
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characters studied. It was further observed that the heterotic responses observed in the F1 

were reduced in F2 by approximately 50% in most of the cases. 

Heterosis in relation to GCA and SCA in a 14×14 diallel fashion in tossa jute (Corchorus 

olitorius L), manifestation of heterosis in general was very low, but a definite trend was 

observed in relation to genetic divergence of the parents. The importance of both additive 

and non-additive gene effects was evidence in the inheritance of characters (Chowdhry 

and Sasmal, 1992). According to Thombre and Patil (1985) genetic architecture of raw 

fibre yield and its components from a five-parent incomplete diallel cross in kenaf. 

Results showed positive heterosis in NP6×Poona Local, NP6× MT102 and 

MT102×Everglades 71. Additive gene effects were predominant for days to first 

flowering, fibre length and raw fibre yield per plant. Additive and non-additive gene 

effects were important for plant height. High narrow sense heritability occurred for all 

traits studied. It was found that one dominant gene pair governed days to first flowering 

and plant height, while three pairs governed raw fibre yield. Fibre length was under 

polygenic control. 

 Significant positive mid parent heterosis for plant height, base diameter and fibre yield 

in diallel cross of white jute. A positive relationship was also observed between SCA 

effects and estimates of heterosis (Ghoshdastidar and Das, 1984). The average heterosis 

values of F1 based on mid-parent means were significant for plant height in an eight 

parent diallel cross of Corchorus olitorius L. (Paul and Eunus, 1975).  The nature of 

inheritance of plant height and base diameter in Corchorus olitorius L. taking three 

crosses with four inbred varieties, negative heterosis in all crosses for plant height was 

observed. For base diameter, heterosis in one cross was negative and in other two crosses 

it was positive but of negligible amount. The reduction of heterosis was due to mutual 

cancellation of dominace and additive × additive effects (Basak and Dana, 1971). 

Heterosis results from combined action and interaction of allelic and non-allelic factors 

and is commonly and positively correlated with heterozygosity (Burton, 1968). Many 

studies on heterosis have been reported for kenaf hybrids. Dempsey (1963) found the 

yield of a kenaf F1 generation 14-43% higher than that of the parents. 
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2.5 Combining ability 

Combining ability is the capacity of an individual to transmit superior performance to its 

offspring. It is the phenomenon with which inbred lines when crossed give rise to hybrid 

vigor. Progeny tests should be performed to predict combining ability of the characters 

governed by recessive genes. It can seldom be envisaged only based on parental 

phenotype and thus it is measured by progeny testing. When parental plants produce 

potent offspring, they are said to have good combining ability. 

Kumar et al. (2018) showed significant variation at both the dates of observation and it 

was conspicuous at 60 days age. Considering GCA effects, OMU-42 among the lines and 

JRO-204 among the testers were superior general combiners. There were 31 

combinations exhibiting significant and desirable SCA effects with respect to different 

characters. Such SCA effects resulted from crosses between parents with high × high, 

high × medium, medium × low, high × low and low × low and medium × medium 

general combiners. Further, in the present experiment, only 4 combinations viz., OIM-45 

× JRO-204 for total bark diameter, OMU-09 × JRO-524 and OMU-42 ×JRO-8432 for 

average length of fibre cell wedge and OIM-45 × JRO-average width of fibre cell wedge 

at middle produced significantly desirable SCA effects at both the ages. Later on Khatun 

et al. (1992) showed that crosses between three varieties and seven accessions of 

Corchorus capsularis L. in all possible combinations to establish 10×10 full diallel set 

variances for general combining ability (GCA) and specific combining ability (SCA) 

were significant or highly significant for all the characters indicating additive and non-

additive gene actions played predominant role for expression of these characters. The 

magnitudes of GCA variance were higher than the corresponding SCA valiance 

confirmed the predominance of additive genetic variations for these traits.  

Roy and Ghoshdastidar (2006) reported that analysis of variance for combining ability of 

9×9 diallel cross without reciprocal showed highly significant variances in general 

combining ability and specific combining ability in both F1 and F2 generations. The study 

included 8 establish macro mutant genotypes such as, round leaf, long narrow leaf, 

ribbon leaf, stiff stem, crumpled leaf, tobacco leaf, drooping leaf and palmate leaf, and a 

cultivar, JRO-632. They observed that both additive and non-additive gene actions were 

important in the genetic control of all leaf characters. Similarly, Sengupta et al. (2005) 

studied fibre yield of tossa jute (C. olitorius L.) from 1l×1l diallel cross. The combining 



17 

 

ability analysis revealed that both additive and non-additive gene action were involved in 

the inheritance of all the characters studied. However, the additive variances were 

preponderant for basal diameter and non-additive variance was preponderant for other 

characters except fibre percentage where both the variances were equally important. 

Among the parents JRO-524 and KENIDS/060C exhibited significant general combining 

ability (GCA) effects for fibre yield, plant height, node number, green weight, stick 

weight, fibre percentage and fibre fineness. Most of the SCA effects involved parents 

with high × high or high ×low GCA effects. KEN/SM/024C × JRO-3670, JRO-524 × 

NPL/YPT/026C, KEN/DS/060C × TAN/X 112C crosses produced better quality fibre 

for textile purpose. 
 

Roy and Ghoshdastidar (2004) studied with eight established macro mutants (round leaf, 

long narrow leaf, ribbon leaf, stiff stem, crumpled leaf, tobacco leaf, dropping leaf and 

palmate leaf) and a standard cultivar (JRO-632) of jute (C. olitorius L.) and were used in 

a 9-parent diallel cross without reciprocals. Five crosses, selected for showing residual 

Heterosis in F2, had consistently significant specific combining ability effects in F1 and 

F2 generations. These crosses were: long narrow leaf × ribbon leaf for plant height; long 

narrow leaf × palmate leaf for leaf length; long narrow leaf × crumpled leaf for vertical 

separation of leaves; and crumpled leaf × stiff stem and palmate leaf × stiff stern for fibre 

yield. These crosses were expected to produce transgressive segregate which could be 

utilized for the development of superior pure line cultivars. The first three crosses stated 

above also produced fibre yield almost as par with the standard cultivar JRO-632. 

Likewise Kumer and Palve (2002) observed high general combining ability (GCA) for 

fibre yield. Out of the 11 parental materials, only JRO 524 and JRO 7835 were the 

desirable combiners for fibre yield. SMC/024C also showed numerically high GCA 

effect though not significant. JRO 36E showed positive, though very low GCA effect, for 

this character.  

Alam and De (1995) reported that both GCA and SCA variances were highly significant 
for base diameter, plant height, green weight and node number, while SCA variance was 
significant for dry stick weight and fibre weight from a Combining ability analysis of 5- 
parent half diallel cross in C. olttortus L. during 1990. They also observed that 
Tanganyka was a good combiner for base diameter, plant height, green weight and and 
JRO-878 for plant height, green weight, node number and dry fibre weight. It was 
suggested that these two parents may be used profitably for future breeding programmes 
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to improve yield and yield contributing characters. Combinations JRO-878 × 
Tanganyka, Sudan Green × Tanganyka and Russian Red × Tanganyka for base diameter, 
JRO-878 × Russian Red for plant height and green weight, and JRO-878 × Tanganyka 
for fibre weight may give rise to useful transgressive segregations in advance 
generations.  

Mondal and Choudhury (1986) reported that the variance due to GCA and SCA effects 
were highly significant for all characters studied in a 13 × 13 diallel cross. The estimated 
additive genetic components were much greater than non-additive genetic components 
for fibre weight and height indicating the preponderance of additive gene action. Mondal 
et al. (1986) observed a predominance of non- additive over additive genetic variance in 
a diallel cross with the cultivar JRO- 632 and seven leaves morphological mutants 
derived from it by X-ray treatment. In the study, cross T52 × CL2 (Crumpled leaf × 
Chlorine) performed best for all characters. Sinhamahapatra (1986) found that additive 
and dominance variances were equal in magnitude in a 9 ×9 study of C. olitorius L.  

 
2.6 Performance of F1, F2, BC1 and BC2 

The performance of F1, F2, BC1 and BC2 is generally used to know the inheritance 

pattern of quantitative traits by the breeders. Ali (2014) genetic analysis of B. rapa were 

conducted based on different generations. The D and H were significant for all the traits 

under study suggesting the importance of both additive and dominance components for 

the inheritance of all the traits. In plant height the highly significant negative scale was 

observed for SAU 1×SAU 2, SAU 1×SAU 3, SAU 2×SAU 3, SAU 3×BARI 6, and 

BARI 6 ×BARI 15 and all the crosses (except SAU 1×BARI 6) the contribution of 

dominance effect is greater than additive effect. In case of primary branches, the 

dominance× dominance effects were greater in magnitudes that additive× additive and 

additive× dominance in all cases. Significant and negative heterosis for 50% flowering in 

all the cases.  

To evaluate the performance of yield components of Indian mustard, Kemparaju et al. 

(2009) studied the six generations (P1, P2, F1, F2, B1 and B2) of 11 primary cross 

combinations of Indian mustard for four characters i.e. days to 50 flowering, days to 

maturity, seed yield per plant and harvest index (%). Scaling test was applied to the mean 

of six generations to estimate the epistasis and genetic parameters m, d, h, i, j, and l. Both 

additive and non-additive type of gene action was prominent in controlling all the traits. 
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Due to relatively greater role played by duplicate epistasis than complementary epistasis, 

reciprocal recurrent selection was proposed for development of improved varieties. Later 

on Khattak et al. (2004) analyzed the nature of gene action in mung bean in two sets of 

crosses involving four parents through generation mean analysis. Joint scaling test was 

carried out for the mean data of six populations (both parents, F1, F2, BC1 and BC2). Six 

parameter model was used to detect all types of gene effects, due to the presence of 

epistasis. The analysis revealed complex expression of gene effects for most of the traits 

in both the crosses. In both crosses, for all the traits, both additive (d) and dominant (h) 

gene effects were detected except for days to first flower and first pod maturity in ML-5 

× NM-54, where dominant gene effects were non-significant. No digenic interactions 

were indicated in case of days to 90% pods maturity and plant height at first flower in 

cross 6601×NM 92, and days ton first pod maturity and plant height at first flower in 

cross ML-5×NM-54. The digenic interactions i, e., additive ×additive(i) additive × 

dominance(j) and dominance × dominance (l) were significantly important in the 

expression of the studied traits, showing complex gene effects for their inheritance.  

Hossain (2001) seeds of two jute parents (German - a photoperiod insensitive mutant and 

JRO 7835 - a photoperiod sensitive variety), F1, F2, F3, BC1 and BC2 were sown in the 

field in natural condition on the 15th of both February and May (short- and long-day 

period respectively). The mutant and F1 hybrids flowered after a fixed period of 35 and 

67 days respectively irrespective of sowing time whereas the other parent (JRO-7835) 

being photoperiod sensitive flowered after 42 and 104 days for sowing in February and 

May respectively. The F2 population showed three distinct groups with respect to 

flowering habit in the ratio of 1:2:1. (mutant: 2F1: JRO 7835). The backcross population 

exhibited segregation in 1:1 ratio. F3 population had three groups and out of that two 

were true breeding and the rest group segregated in 1:2:1 ratio for sowing in both 

February and May. The segregation patterns showed that photo-period sensitivity is a 

simple monogenic trait (PPS) and it is incompletely dominant over photoperiod 

insensitivity (pps). 
 

Viana (2000) reported that epistatic effects involving genetic combinations of fixed and 

non-fixed genes, contributed to the genotypic mean of any population. These effects 

included additive × additive and additive × dominant epistatic components. The additive 

and dominance epistatic components could be biased due to those epistatic effects. The 
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value of bias would dependent on the relative values of the epistatic effects, type of 

operating epistasis and dominance direction. 

 

2.7 Anatomical Studies 

Tossa jute (C. olitorius L) is one of the cheapest and the strongest of all-natural fibers and 

considered as fiber of the future. The jute plant consists of root, stem (bark +stick) and 

leaf. Fibre of tossa jute produces golden color fibre. Fibre of jute is secondary phloem 

cells, are accumulated at growth stages and arranged in regular design of fibre wedges. 

That’s why yield of fibre is directly depends on bark thickness, number and area of 

phloem wedges.  Whilst the quality of fibre is dependent on some chemical and physical 

parameters. Among them length: breadth ratio of fibre cells are of immense importance. 

Various anatomical characters like total bark diameter, Difference between fiber wedge 

tip and outer bark layer, average length of fiber cell wedge, average width of fiber wedge 

at base, average width of fiber wedge at top, average width of fiber wedge at middle, 

number of fibre cell blocks at base, number of fibre cell blocks at middle and number of 

fiber cells in each block were analyzed using a Line × Tester mating design among nine 

C. olitorius jute varieties. The hybrids along with their parents were evaluated at 90 days 

age of the crop. The results showed significant variations. Considering GCA effects, 

OMU-42 among the lines and JRO-204 among the testers were superior general 

combiners. There were 31 combinations exhibiting significant and desirable SCA effects 

with respect to different characters. Such SCA effects resulted from crosses between 

parents with high × high, high× medium, medium × low, high × low and low × low and 

medium × medium general combiners., Only 4 combinations viz., OIM-45 × JRO-204 

for total bark diameter, OMU-09 × JRO-524 and OMU-42 × JRO-8432 for average 

length of fibre cell wedge and OIM-45 × JRO-average width of fibre cell wedge at 

middle produced significantly desirable SCA effects at both the ages. 

Anatomical differences of jute (Corchorus capsularis L.) leaves and stems exposed to 

the sunlight and shaded are the following: Cells in the spongy layer of exposed leaves are 

compact while in shaded leaf it is loosely arranged. Cells of the mesophyll of exposed 

midrib is compact than that of the shaded leaf. Parenchyma cells of the cortex of the stem 

are compact in exposed than in the shaded plant. In addition, large vacuole is found in 

the pith of exposed while small vacuole in the shaded. Next Hussain (2010) reported that 
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significant differences were observed in the parents and their F1s in respect of bark 

thickness, number of trapezoids per section, area of trapezoid, number of bundles per 

trapezoid, number of layers per trapezoid and fibre length. The differences of parents and 

F1s insignificant in respect of fibre breadth and length: breadth ratio of ultimate fibre.  

 The higher length/ breadth ratio imparts better spinnability (Hossain and Hossain, 2006) 

measured ultimate fibre cell (UFC) length which revealed considerable variation, while 

their width at the middle portion remained more or less unchanged. In the fifth 

generation, fibre from top, middle and base portions of the extracted fibres from the two 

mutants and JRC-321 (quality fibre producing cultivar) were macerated by heating 

alternately in bromine water and 1 % sodium hydroxide solution in water bath. The 

maximum length of UFC was recorded in D-7 mutant, followed by yellow mutant, JRC-

321 and the parents. D-1 mutant had a 26.10% increase in UFC length than its parent D-

154. Arangzeb and Biswas (1964) also studied the UFC length in different varieties of C. 

capsularis L. and reported that the length of UFC’s was more towards the top position of 

the plant.  

Ali et al. (2005) reported that the length of ultimate fibres in all varieties of both the 
species of C. capsularis L. and C. olitorius L. was high and similar at 10, 90- and 110-
days age of the plants and this was lower at 50 days age. The breadth of cells at 70, 90 
and 110 days were similar in all varieties of both the species. The value of length / 
breadth ratio of ultimate fibres at these stages was high and more or less similar in all 
varieties with slight differences in their mean values which were not significant. For 
quality fibres, jute plants are to be harvested prior to maturity, from 70 to 90 days age 
of the plants. Similarly, Sinha et al. (2004b) reported that the anatomy of the hybrid 
stem was more or less like that of capsularis jute mutants with no periderm formation, 
distinct epidermis and prominent cortex. Regular fibre bundles forming pyramids 
(trapezoids) were constituted by a few fibre cells, but the cell number per bundles was 
less than in JRO-524. Less cell number per bundle might be one of the parameters for 
selection of quality fibre containing low lignin. They had few crystals and tannin cells, 
but had large mucilage canals and cavities. In the cross CMU-011 × JRO-524, length at 
outer region ranged from 90.9 to 106.05 micron and breadth ranged from 45.45 to 60.6 
micron, at middle portion length was 30.3-60.6 micron and breadth was 30.3-45.45 
micron and at inner portion length was 15.15-60.6 micron and breadth was 22.73-60.6 
micron. The inter specific cross had better fibre fineness but lower strength value than 
corresponding parameters of JRO-524. They possessed identical mono-morphic gene 
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loci for peroxidase enzyme system. Hence, the selection in advanced generation of this 
inter specific cross was expected to be successful in identifying plants with quality 
fibres suitable for use in textile industries for blending jute fibre with cotton as well as 
other natural fibres.  

Akter et al. (2003) reported that bark diameter, bark thickness, number of trapezoid and 
area of trapezoid were positively and significantly associated with fibre yield of tossa 
jute. Similarly, Das et al. (1997) studied the ultimate fibres cells of interspecies hybrids 
between Hibiscus radiatus and H. cannabinus L. to determine the fibre quality of H. 
cannabinus, H. radiates, their F1s and selected resistant F2 lines. They observed that the 
fibres were located in the middle portion of the stem, the next longest was found in the 
top portion and shortest at the basal portion.   Next Ali (1994) observed that the area of 
phloem pyramids showed significant genetic correlation with plant height(r=0.62), basal 
diameter (r=0.63) and bark thickness (r =0.99) in white jute. He also observed that there 
was significant genetic correlation of fibre yield with basal diameter (r=0.86), bark 
thickness(r=0.59), number of phloem pyramids (r=0.92) and area of phloem pyramids 
(r=0.58). 

According to Chen (1991) number of fibre bundles and layers were highly significant 
and positively correlated with plant height and base diameter. Secondary fibre cells 
began differentiation 21 days after emergence, but the duration of secondary 
development varied significantly among the varieties. Secondary fibre structure differed 
among the varieties, especially in number of fibre cells and fibre bundles, mainly at the 
middle and late growth stages. In mature fibre cells, the cell cross-section diameter 
showed significant positive correlation with cell wall thickness. Fibre cells took 30 days 
from differentiation to ripening; the growing and ripening rate differed with variety, 
plant growth stage and temperature.  

Chaudhury (1987) reported that both additive and non-additive modes of gene action 
were important for inheritance of fibre strength, with additive action predominating in a 
6×6 diallel cross. They also reported that Sudan Green and JRO 36E were the best 
combiners for fibre strength. Per se performance of the parents was highly correlated 
with general combining ability. The diversity of the parents was important for achieving 
high specific combining ability effects. Correlation between fibre cell length and 
length/breadth ratio was highly significant in both middle and bottom portions, and 
correlation between fibre cell breadth and length/breadth ratio was negative and 
significant in bottom portion, and positive and insignificant in middle portion. 
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Correlation between length and breadth of fibre cells was non-significant in the middle, 
and negative and non-significant in the bottom portion of the species.  

Ali and Haque (1984) studied the ultimate fibre cells of 25 land races of C. capsularis 

L. and they found the highest mean length of ultimate fibre cells in the middle part of 

the stem followed by bottom. The mean breadth of ultimate fibre cells was greatest in 

the bottom with a diminishing trend towards the middle. Indirect selection using 

anatomical component characters was considered more reliable in selection of mutant 

genotypes with higher fibre yield (Oram et al., 1983).  

[[Majority of the fibre was obtained from the basal region of the plant and long fibre cells 
were found to occur in the middle and top regions. Middle and top regions containing 
long fibres gave higher quality and their length: breadth ratio was high. In that study, 
Rahman and Hossain (1982) reported highly positive correlation between fibre yield 
with number of pyramids and area of pyramids. In a study that the ultimate fibre cell 
length was controlled by additive gene action. Similarly, Khandaker et al. (1980) 
observed that growth rate was more or less uniform in base and very much uniform in 
the middle region of the plant, where the major portion of the fibre is produced. They 
obtained a negligible amount of fibre from the upper part (top rejoin) of the plant. They 
also observed the maximum length (2011.74µ) and the maximum breadth (16.64 µ) of 
ultimate fibre cell at the basal region of the variety 0-9897. 

Begum et al. (1979) reported that among breeding lines and varieties, SL-9 had the 

highest mean length of ultimate fibre cell in the top (2746.9 µ), middle (2505.161 µ) and 

bottom (220 1.75 µ). The lowest mean breadth of ultimate fibre was observed in the top 

of CC-45 (I4.68 µ) and in the middle (16.39 µ) and bottom (l7.50 µ) of SL-9. The bark 

thickness did not give the highest percentage of compactness of fibre bundle. It was 

concluded that strains with higher bark thickness, high number of fibre pyramids or 

pyramid with more compact fibre bundle might be selected to breed new varieties with 

high fibre yield (Haque et al., 1976). According to Ling (1972) the length of fibre cells 

and their length/ breadth ratios were positively correlated with breaking strength of the 

retted fibre in different varieties of C. capsularis L. He reported that the length of UFC 

was higher towards the top position of the plant. 
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CHAPTER III 

MATERIALS AND METHODS 

 

 The details of the materials have practiced and methods followed in carrying out the 

present investigation are presented in this chapter.  
 

3.1 Experiment 1: Genetic diversity and character association in Corchorus olitorius L. 

 A field experiment was conducted at Jute Agricultural Experimental Station Jagir, 

Manikganj during the period from March to December' 2016 to characterize collected 

materials based on various morphological traits and to identify potential genotypes. 

 

3.1.1 Materials  

A total of 58 genotypes consisting of 56 accessions and two cultivated varieties with 

different origin were included for the study. The parental jute genotypes including two 

varieties belong to Corchorus olitorius L. namely; O-9897 and O-72. The genetically 

pure and healthy seeds of those genotypes were collected from the Gene Bank and 

Breeding Division of BJRI, Dhaka. The list of the genotypes including their collection 

sources is given in Table 1.  

 

3.1.2 Location and Duration 

The first experiment was at Jute Agricultural Experimental Station (JAES, BJRI) Jagir, 

Manikganj during the period from March to December' 2016. The location of the site is 

23053.95̋ N latitude and 90004̋ E longitude with an elevation of 8.8 m from the sea level 

(Appendix I). It belongs to the young Brahmaputra and Jamuna flood plain Agro 

Ecological Zone (AEZ No. 8). 

 

3.1.3 Weather condition of the experimental site  

The geographical situation of the experimental site was under the tropical climate, 

characterized by heavy rainfall during the month from May to September and scanty 

rainfall during rest of the year. Metrological data on rainfall, temperature, relative 

humidity for the growing season were obtained from the Department of Meteorological 

Centre, Dhaka-1207, Bangladesh are presented in Appendix II. 
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Table 1. List of the 58 tossa jute genotypes with their sources 

SI. No. Genotypes Sources SI. No. Genotypes Sources 

G1 O-72 Bangladesh G30 A-3705 Kenia 

G2 A-1282 Bangladesh G31 A-3708 Kenia 

G3 A-1283 Bangladesh G32 A-3988 Syria 

G4 A-1285 Bangladesh G33 A-3989 Syria 

G5 A-1331 Japan G34 A-3990 Syria 

G6 A-1335 Japan G35 A-4172 Tanzania 

G7 A-1337 Egypt G36 A-4177 Tanzania 

G8 A-1338 Philippine G37 A-4178 Tanzania 

G9 A-1341 India G38 A-4481 USA 

G10 A-1344 India G39 A-4483 USA 

G11 A-1345 India G40 A-4485 USA 

G12 A-1346 India G41 A-4546 Thailand 

G13 A-1349 Mozambique G42 A-4547 Thailand 

G14 A-1352 India G43 A-4548 Thailand 

G15 A-1354 India G44 A-4549 Thailand 

G16 A-1355 India G45 A-4550 Thailand 

G17 A-1357 Brazil G46 A-4563 Nepal 

G18 A-1360 Denmark G47 A-4564 Nepal 

G19 A-1480 Srilanka G48 A-4565 Nepal 

G20 A-1522 India G49 A-4566 Nepal 

G21 A-1523 Srilanka G50 A-4567 Nepal 

G22 A-1524 Srilanka G51 A-4569 Nepal 

G23 A-1525 Srilanka G52 A-4570 Nepal 

G24 A-1526 Icrisat G53 A-4738 China 

G25 A-1773 Bangladesh G54 A-4739 China 

G26 A-1806 India G55 A-4740 China 

G27 A-1807 India G56 A-5001 China 

G28 A-1809 Australia G57 A-5008 China 

G29 A-3702 Kenia G58 O-9897 Bangladesh 
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3.1.4 Characteristics of soil 

The experimental field was medium high with uniform topography and almost 

homogenous with respect to soil fertility. The land is occasionally flooded and flood 

water stands less than a month. Depth of flood ranges from 0.60-1.25 m. The soil is 

sandy and silty loam in texture having pH around 6.0 to 6.65. The soil is deficit in all 

major nutrient elements (NPK) and also in organic matter.  For experimentation with 

normal crop growth, amendment of soil with cow dung and NPK fertilizers were applied.  

 

3.1.5 Methods 

The following precise methods have been followed to carry out the experiment. 

 

3.1.5.1 Preparation of experimental plot 

 The plot was opened in the last week of February 2016 with a power tiller and was dried 

to the sun for a week. After one week the land was harrowed, ploughed and cross-

ploughed several times by laddering to obtain a good tilth. Weeds and stubbles were 

removed and finally obtained an expectable tilth of soil for sowing of jute seeds (Plate 

2). 

 

3.1.5.2 Fertilizer application 

The plot was fertilized with recommend doses of cow dung (5 t/ha) and fertilizers such 

as 100kg/ha Urea, 25kg/ha TSP and 45kg/ha MP respectively. The whole amount of 

TSP, MP and half the amount of urea were applied at final land preparation. The 

remaining half urea was applied in two equal installments after first (20 days after 

sowing) and final (45 days after sowing) weeding. 

 

3.1.5.3 Experimental design and layout 

The experiment was laid out in the Randomized Complete Block Design (RCBD) with 

three replications Plate 1. The collected seeds of different accessions were sown in single 

row of 3-meter-long. Row to row distance was 30 cm and plant to plant spacing was 10 

cm with a plant population of 45 plants/m2 i.e. 4, 50, 000 plants/ hectare.   
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Plate 1. Set up of the experimental plot at Jagir, Manikganj  

 

  
 

Plate 2. Seeds are sowing in the experiment plot of, Jagir, Manikganj 
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3.1.5.4 Irrigation and drainage 

For better growth and development (Plate 3 & 4) the field was irrigated properly and 

necessary soil moisture maintained throughout the cropping period. Clear drainage 

system was also ensured for immediate release of excess rain water from the 

experimental plot. 

 

3.1.5.5 Intercultural operations 

Proper intercultural operations were performed at proper time for ensuring the growth of 

the crop. Thinning and weeding were done simultaneously at the time of two top 

dressing of urea fertilizer. Proper control measures were taken against mite, nematode 

and stem rot of jute. The infested jute hairy caterpillars at larval and pupal stage were 

hand pick up and destroyed.  

 

3.1.5.6 Collection and recording of Data 

Data of 10 randomly selected plants were recorded according to the jute descriptor 

published by International Jute Organization (IJO) during vegetative, flowering, 

harvesting and post harvesting stage (Plate 5) from each replication. The details of data 

recording (Plate 6) are provided below: 

 

(I) Stem color: Stem color, whether it is green, red or green pigmented was record 

by observing the stem during maturity.  

(II) Leaf area (cm2): Leaf area was measured by multiplying the length and breadth 

ten leaves in each plant before maturity in (cm2). 

(III) Leaf angle (Degreeo): Leaf angle was measured between the stem and the petioles 

of ten leaves in each plant in degree (o) before maturity. 

(IV) Petiole length (cm): Petiole of five randomly selected leaves of ten randomly 

selected plants was measured between the stem to the leaf base in centimeter 

(cm). 

(V) Plant height (m): It was measured from the soil surface to the top of the main 

shoot at120 days of sowing of 10 randomly selected plants in meter and the mean 

was computed.  
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Plate 3. A close view at experimental site (seedling stage) of JAES, Jagir, Manikganj 

 

 

 
 

Plate 4. Partial view of the experiment. 
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Plate 5. Harvesting of the experiment. 

 

 
 

Plate 6. Collection of experimental data. 
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(VI) Base diameter (mm): Average base diameter of 10 randomly selected plants was 

measured from close to soil surface at the base of the stem in millimeter (mm) 

using slide calipers. It was recorded at 120 days after sowing.  

(VII) Stem-mid diameter (mm): It was measured at the midpoint between base and top 

of the stem using slide calipers. It was also taken at the time of harvest.   

(VIII) Core diameter (mm): Average core diameter of 10 randomly selected plants was 

measured in millimeter (mm) by pulling the basal bark of the stem. 

(IX) Green bark thickness (mm): Green bar thickness was measured by subtracting 

from basal diameter to core diameter.  

(X) Number of nodes per plant: Number of nodes of 10 randomly selected plants was 

counted from the base to the apex of the shoot when the main stem started to 

divide and average was computed. 

(XI) Green weight with leaves per plant (g): Fresh weight per plant of ten randomly 

selected plants with leaves was recorded just after harvest in gram (g).  

(XII) Green weight without leaves per plant (g): Fresh weight per plant of previously 

selected of plants without leaves was recorded in gram (g) after defoliation of 

leaves, which was seven days after harvest.  

(XIII) Dry fibre weight per plant (g): Dry fibre weight of ten randomly selected plants 

was taken in gram (g) after proper retted, extract, dry and the mean weight of 

fibre was measured.  

(XIV) Dry stick weight per plant (g): Weight of sundry stick of 10 randomly selected 

sun-dried stick was taken in gram (g) after extraction of fibre and the mean was 

computed.  

 

3.1.5.7 Statistical analysis  

Three different statistical analyses were used computer-based software.  

 
3.1.5.8 Estimation of diversity 

The genetic divergence among the fifty-eight jute genotypes were assessed by 

Mahalanobis, s (1936) generalized distance (D2) extended by Rao (1952). Mean data of 

the characters was subject to both univariate and multivariate analyses. Univariate 

analysis of the individual characters (analysis of variance) was done using Mstat at C 

software. Test of significance was done by F-test.  
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Mean, range and coefficient of variance (CV) were also estimated using Mstat C. 

Multivariate analysis was done using Genstat 5.13 and Microsoft Excel software 

through four techniques viz. Principal component analysis, Principal co-ordinate 

analysis, Cluster analysis and Canonical vector analysis as suggested by Anderson 

(1957). 

 
 3.1.5.8.1 Principal component analysis (PCA) 

To examine the inter-relationship among several characters principal component analysis 

PCA) is used to know the interrelationship among several characters and can be done 

from the sum of squares and products matrix for the characters. Therefore, principal 

components were computed from the correlation matrix and genotype scores obtained 

from the first component (which has the property of accounting for maximum variance) 

and succeeding components with latent roots greater than the unity (Jager et al, 1983). 

The latent roots are called “Eigen values”. Most of the original variability in a smaller 

number of dimensions is displayed by PCA. From the latent vectors of the first two 

principal components contribution of the different morphological characters towards 

divergence is discussed. 

 
3.1.5.8.2 Principal co-ordinate analysis (PCoA) 

Principal coordinate analysis is equivalent to principal component analysis but to 

calculate inter-unit distances it is used. It gives the maximum distances between each 

pair of the N point using similarity matrix (Digby et al., 1989) through the use of all 

dimensions of P. Inter distance between genotypes were studied by PCOA. 

 

3.1.5.8.3 Clustering 

Clustering was done using non-hierarchical classification to divide the genotypes of the 

study into some number of mutually exclusive groups. The algorithm repeatedly 

transfers genotypes from one group to another which is started from some initial 

classification of the genotypes into required groups, so long as such transfers improve 

the value of the criterion. When no further transfer can be found to improve the criterion, 

the algorithm switches to a second stage which examines the effect of swapping two 

genotypes of different classes and so on.  
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3.1.5.8.3 Canonical Vector Analysis (CVA) 

Canonical Vector Analysis (CVA) complementary to D2 statistic is a sort of multivariate 

analysis where canonical vector and roots representing different axes of differentiation 

and the amount of variation accounted for by each of such axes, respectively and derived. 

Using canonical vector analysis, a linear combination of original variability that 

maximize the ratio in between groups to within group variation can be found out and 

thereby giving functions of the original variability that can be used to discriminate 

between groups. When no further transfer can be found to improve the criterion, the 

algorithm switches to a second stage which examines the effect of swapping two 

genotypes of different classes and so on. The canonical varieties are based on the roots 

and vectors of W-B, where W is the pooled within group covariance matrix and B is 

among the group’s covariance matrix.  

 
3.1.5.8.5 Computation of average intra-cluster distances 

The average intra-cluster distances for each cluster was calculated by taking possible D2 

values within the number of a cluster obtained from the principal coordinate analysis 

(PCO) after the clusters were formed. The square root of the average D2 values 

represents the distances (D) with in cluster. 

The average intra cluster distances were calculated by the formula given by Singh and 
Chaudhary (1977). 

Square of intra cluster distance = ∑Di2/n 

Where, 

∑Di2= sum of distance between all possible combinations. 

n= Number of all possible combinations between the population in a cluster. 
 
 

3.1.5.8.6 Computation of average inter-cluster distances                                                          

The average inter cluster distance were calculated the formulae described by Singh and 
Chaudhury (19777). 

Square of inter cluster distance   =    Di2/ninj 

Where, 

          Di2= sum of distances between all possible combinations (ninj) of the entries 
included in the cluster study. 
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ni= Number of entries in cluster i. 

nj= Number of entries in cluster j. 

 

3.1.5.8.7 Contribution of individual characters towards genetic divergence 

The character contribution towards genetic divergence was computed using the method 

given by Singh and Chaudhary (1977). In all the combinations, each character was 

ranked on the basis of di= Yij-Yik values. 

               Where, 

                       Di= mean deviation 

                       Yij= mean value of the jth genotype for the ith character and 

                       Yik= mean value of the kth genotype for the ith character. 

Rank ‘I’ is given to the highest mean difference and rank ‘P’ is given to the lowest mean 
difference 

               Where, 

                       P is the total number of characters. 

Finally, the number of times that each character appeared in the first rank is computed 

and percent contribution of characters towards divergence was estimated. 

 
3.1.5.8.8 Cluster diagram 

Cluster Diagram was drawn as suggested by Singh and Chaudhary (1977) using the intra 
and inter cluster distance. It gives a brief idea of the pattern of diversity among the 
genotypes included in a cluster. 
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3.2 Experiment 2: Estimation of combining ability and heterosis in half diallel 

crosses of   tossa   jute. 

The pot experiment was conducted at Bangladesh Jute Research Institute, Central 

Station, Dhaka from June to December, 2017 for making the crosses among selected 

genotypes. During March to December, 2018 for studying the general combining ability 

(GCA) of parents, specific combining ability (SCA) of crosses, determining combined 

heterotic effect of the crosses and selecting better cross combinations experiment was 

conducted at. The materials and methods of these experiments are presented under the 

following headings: 

 

3.2.1 Experiment 2 (i): Production of single cross hybrids  

 

3.2.1.1 Materials and methods  

The experimental material consisted of one set of six tossa jute genotypes (Acc. No. 

1354, Acc. No. 1773, Acc. No. 3705, Acc. No. 3988, Acc. No. 4481, O-9897) based on 

diversity analysis. Half diallel crosses among the six selected parents (genotypes) were 

crossed in all possible combinations excluding reciprocal. A total of 15 F1 hybrids and 

parents were raised. To raised plants for hybridization, seeds of all the parental 

genotypes were sown in earthen pots (plate 7) in three times after 15 days interval (30th 

June, 15th July and 30th July) to confirm synchronization of flowering of 2017. Standard 

fertilization and agronomic practices were followed to raise good crop according to 

procedure in experiment 1. Undesirable plants from each pot were roughed out before 

flowering. Name and characteristic of selected parental genotypes are shown in Table 2. 

 

3.2.1.2 Crossing technique 

Plants started flowering in the second fortnight of October and continued for about two 

months. Blooming of flowers appeared before sunrise and receptivity persisted up to 

noon. The floral buds of the plants selected as female parents whom were ready to open 

in the next morning were emasculated in the afternoon. The emasculation was done by 

opening the terminal portion of the flowers and anthers were removed with forceps (plate 

8). The emasculated flower buds were capped by cellophane bags with clips (plate 9). 

Ethyl alcohol was used for washing forceps and hands during crossing. Pollinations were 
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done between 6.30 to 9 a.m. in the next morning using the pollen from the desired 

parents. A number of crosses (around 20) were performed for each cross combination 

with a view to obtaining maximum number of fruits (plate 10) per combination.    
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Plate 7. Crossing materials of different growing stages.  Plate 8. Emasculation of flowers. 

 

 

 
Plate 9. Dusting of pollen grains to flowers.  Plate 10. Fruit setting after successful crossings from flowers. 
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Table   2. List of selected parental tossa jute genotypes for crossing program 

 
 

Sl. No. 

 

Parents 

 

Criteria for selection 

1 

2 

3 

4 

5 

6 

P1 (Acc.No.1354) 

P2 (Acc.No.1773) 

P3 (Acc.No.3705) 

P4 (Acc.No.3988) 

P5 (Acc.No.4481) 

          P6 (O-9897) 

Green color, higher yield, no branching, Indian 
origin 

Green color, higher yield, no branching, 
Bangladeshi origin 

Green color, potential yield, less branching, 
Kenyan origin 

Red color, less branching, higher yield, Syrian 
origin 

Light red color, higher yield, branching, USA 
origin 

Green color, higher yield, less branching, 

Bangladeshi origin 
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3.2.1.3 Crossing mode 

The parents were crossed in all possible combination in half diallel fashion. There were 

no reciprocal crosses. 

Parents 

    P1         Cross 

    P2         P1×P2        Cross 

    P3         P1×P3         P2×P3        Cross 

    P4         P1×P4         P2×P4         P3×P4         Cross 

    P5         P1×P5         P2×P5         P3×P5          P4×P5       Cross 

    P6         P1×P6         P2×P6         P3×P6           P4×P6      P5×P6 

 

3.2.1.4 Location and duration 

The experiment was carried out at Central Station of Bangladesh Jute Research Institute 

(BJRI), Dhaka during the period from June to December, 2017. The experimental site 

was situated between 23.43o N latitude and 90.26o E longitudes with an elevation 

(altitude) of 6.4 m from the sea level. 

 

3.2.1.5 Seed collection 
After harvesting the pods were threshed, cleaned and sun dried up to 7-8 percent 

moisture content and stored in desiccators with silica gel for using in the following 

sowing season. 

 
  3.2.2 Experiment 2 (ii): Evaluation of single cross hybrids  

A field experiment was conducted during the period from March to December, 2018 to 

study combining ability of parents and crosses for yield and its component and to 

estimate the magnitude of heterosis for important characteristics. The materials and 

methods of this experiment are presented under the following headings. 

 
3.2.2.1 Materials 

 Fifteen F1s tossa jute hybrids and one checks (O-9897) were used in this study. List of 

hybrids and parents which were used have mentioned in the table 3. 
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 3.2.2.2 Location 

The experiments were carried out at Jute Agriculture Experimental Station Jagir, 

Manikganj and at central research station of Bangladesh Jute Research Institute (BJRI), 

Dhaka March to December, 2018. 

 
3.2.2.3 Experimental design and layout 

The experiment was laid out in Randomized Complete Block Design (RCBD) with three 
replications. Seeds of each line was sown in 3 m long and 1 m distance within the block. 
 
3.2.2.4 Application of manures and fertilizers 

The plot was fertilized with recommend doses of cow dung (5 t/ha) and fertilizers such 

as 100kg/ha Urea, 25kg/ha TSP and 45kg/ha MP respectively. The whole amount of 

TSP, MP and half the amount of urea were applied at final land preparation. The 

remaining half urea was applied in two equal installments after first (20 days after 

sowing) and final (45 days after sowing) weeding. 

 
3.2.2.5 Irrigation and drainage 

The experimental plot (Plate 11) was irrigated properly and expected soil moisture 

maintained throughout the cropping period. Clear drainage system was also ensured for 

immediate release of excess rain water from the experimental plot. 

 
3.2.2.6 Sowing of seeds 

Seeds of each hybrid were sown in single row of 3-meter-long. Row to row distance was 

30 cm and plant to plant spacing was 10 cm with a plant population (Plate 12) of 45 

plants/m2 i.e. 4,50, 000 plants /hectare.   
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Table   3. List of hybrids and parents used in the second (2nd) experiment 

 
 

Sl. No. 
 

Hybrids 
 

Sl. No. 
 

Hybrids/ Parents 

1 P1(Acc.No.1354) ×P2(Acc.No.1773) 12 P3(Acc.No.3705) ×P6(O-9897) 

2 P1(Acc.No.1354) × P3(Acc.No.3705) 13 P4(Acc.No.3988) ×P5(Acc.No.4481) 

3 P1(Acc.No.1354) × P4(Acc.No.3988) 14 P4(Acc.No.3988) ×P6(O-9897) 

4 P1(Acc.No.1354) ×P5(Acc.No.4481) 15 P5(Acc.No.4481) × P6(O-9897) 

5 P1(Acc.No.1354) × P6(O-9897) 16 P1(Acc.No.1354) 

6 P2(Acc.No.1773) ×P3( Acc.No.3705) 17 P2(Acc.No.1773) 

7 P2 (Acc.No.1773) × P4(Acc.No.3988) 18 P3(Acc.No.3705) 

8 P2 (Acc.No.1773) × P5( Acc.No.4481) 19 P4(Acc.No.3988) 

9 P2 (Acc.No.1773) ×P6 (O-9897) 20 P5(Acc.No.4481) 

10 P3(Acc.No.3705) ×P4( Acc.No.3988) 21 P6(O-9897) 

11 P3(Acc.No.3705) ×P5(Acc.No.4481)   
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Plate 11. Field view of seedling at growing stage 

 

Plate 12.  Over view of experimental plot at 95 day after sowing 
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