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MORPHO-ANATOMICAL CHARACTERIZATION AND GENETIC ANALYSIS IN KENAF
(HIBISCUS CANNABINUS L.)
BY

ABU SALEH MUHAMMAD YAHIYA
ABSTRACT
The experimentations were carried out with forty kenaf genotypes to characterize morpho-
anatomically, to investigate genetic diversity, combining ability, heterosis and nature of gene actions
for different yield contributing characters during 2016 to 2019. Three experiments were conducted at
the Jute Agriculture Experimentation Station, Manikganj, Central Station, Dhaka and one laboratory
experiment was carried out at Genetic Resources and Seed Division and Textile Physics Department
of of BJRI. Data were recorded on morpholo-anatomical traits. Principal component analysis showed
that the first five axes accounted for 99.75% of total variation among the genotypes. The highest intra
cluster distance was found in cluster VI and the lowest was in cluster I. Among the six clusters, results
on intra and inter-cluster distances showed that the genotypes were highly divergent from each other.
Comparison between two clustering indicated that grouping of genotypes based on morphological
traits slightly differed with the grouping. The genotypes G; (HC-95), G; (Acc.1983), Gy7 (4627), Gy
(Acc. 4658), Gy (Acc.4444) and Gy (Acc.4997) were chosen from different clusters as parent for
hybridization. The ANOVA showed that variances for general combining ability (GCA) and specific
combining ability (SCA) were highly significant for all the traits, suggesting the presence of both
additive and non-additive gene actions for the inheritance of the concerned characters. The highest
GCA variance was found in days to 1* flowering, node number and 1000 seeds weight considerably
higher than that of SCA variance, indicating the importance or presence of additive gene action for
these traits. For all other characters non-additive genetic effects were more important for their
inheritance. Ranking of parents on GCA performance indicated that P, (Acc. 4658), was the best
general combiner for earliness (-12.68) and number of fruits/plant (0.72) followed by Ps and P,,
respectively. For fibre yield and yield attributes, Ps (3.88) was the best general combiner followed by
Ps (1.90) and P; (0.50). On SCA performance, the hybrid P, x Ps was the best for fibre related traits
except green bark thickness and followed by P; x Pg, P4 x P and P, x Ps. The hybrid P; x Ps showed
the maximum SCA for earliness, while the best specific hybrid for smaller seed size was Ps x Pg.
Considering combining ability, the hybrids P, x Ps, P; x Ps and P; x Pg found promising for their
higher fibre yield potentiality. Contrary, the hybrids P, x Ps, Ps x P¢ and P4 x Ps (0.78) found
promising for earliness, smaller seed size and fibre strength, respectively. In F;, F, and backcross
generations revealed that both additive and non-additive gene actions were important in the
expression of morphological traits, however, a predominance of additive gene effects. The extent and
direction of heterosis in F, varied greatly for different characters and for different hybrids. Vr-Wr
graph suggested that partial dominance and/or overdominance gene actions were involved for all the
characters in F,, F, and backcrosses. The narrow sense heritability (h?,) from genetic components was
very high for number of trapezoid (0.42) and followed by bark thickness (0.30) and fibre whiteness
(0.26) for anatomical study. Considering the bark thickness, the ratio of fibre length and
breadth, and fiber strength; the highest heterosis were manifested in P,xP4 (23.16%), Py x P,

(32.71 %), and Py x P, (22.03 %), over better parent and check varieties.
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CHAPTER
INTRODUCTION

Kenaf (Hibiscus cannabinus L.) is one of the most economical important bast fibre
crops. It is a fast growing, short-day, annual herbaceous plant and under a favorable
condition, it can grow to a height of five to six meters in six to eight months and produce
up to 30 tons per hectare of dry stem material (Wood, 1998). It is native to East-Central
Africa where it has been grown for several thousand years for food and fibre (LeMahieu
et al., 2003). The name “Kenaf” is a Persian origin and is most generally used to
describe the plant (Hibiscus cannabinus L.) and it is cultivated for the soft bast fibre in
its stem (Dempsey, 1975). Kenaf is one of the most important cheapest natural fibre crop
and earliest domesticated plant in the world. It is 100% biodegradable, recyclable and
environment friendly. It has its own unique history of domestication, diversification and
utilization. It belongs to the Malvaceae family and the order Malvales.
Cytotaxonomically it is diploid in nature with 36 somatic chromosomes (2n=36), the
genomic constitution is AA and the chromosomes configurations are 18y, 17y+2; and

16y+41 (Huang (1987).

Kenaf grows in tropical and temperate climates and thrives with abundant solar radiation
and high rainfall. Kenaf yields approximately three to five times as much fibre as
southern pine (Le Mabhieu et al., 2003). It is closely related to cotton and lady’s finger
(H. esculentus) and is mostly grown over a wide range of latitude from 16°S to 41°N
(Kumar, 1999). Kenaf, a jute substitute, has capacity to produce a huge amount of
biomass and hence it is considered presently as the main renewable source of raw

materials for paper pulp production in many countries (Sinha and Day, 2008).

In the recent years, there has been an increasing trend in both area and production of
kenaf in Bangladesh. However, the yield per unit area remains unsatisfactory. In
Bangladesh, 3.250 metric tons of kenaf and mesta were produced from 0.469 lac hectare
of land in 2019-2020 (Krishi Dairy, 2021). The average yield of kenaf in Bangladesh is
6.92 ton/ha which is much lower than that of many other kenaf growing countries of the

world such as India, Indonesia, China, Australia and USA.

The traditional use of kenaf focuses on its fibre production, such as making ropes, sacs,

canvases, and carpets. However, new applications of kenaf have recently been developed



such as pulping and papermaking, board making, absorbents and potting media,
filtration, textiles, and livestock feed. The commercial success of kenaf has important
potential economic and environmental benefits in the areas of soil remediation, toxic
waste cleanup, removal of oil spills on water, reduced chemical and energy use for paper
production, greater recycled paper quality, reduced soil erosion due to wind and water,
replacement or reduced use of fibre glass in industrial products, and the increased use of

recycled plastics (Webber et al., 2002a).

Being tolerant to moisture stress, it can be grown in drought-prone areas and in low fertile
soils where jute cannot be grown. It is a plant where all parts have extensive uses. Kenaf
fibres are used by mills for making cordage, yarn, sacks and hessian cloth and also in
combination with other synthetic fibres or natural fibres like jute (Maiti, 1997). Its leaves are
a part of human diet in some parts of India and Africa (Killinger, 1969). Kenaf twigs and
seeds are good feed for milch cows and dry stem is used for fuel, fencing, match sticks,
climbing sticks of vegetables field, cattle shed and other domestic purposes. Moreover, it is

biodegradable and environment friendly crop.

Bangladesh Jute Research Institute (BJRI) has maintained around 6050 germplasm of jute
and allied fibre crops in their Gene Bank, of which about 679 kenaf germplasm (both exotic
and indigenous) which need to be characterized (BJRI, 2019). Germplasm characterization
based on quantitative traits alone is often being misleading and may therefore not provide an

accurate measure.

Farmers in Bangladesh are very reluctant to kenaf cultivation due to unstable and low price
of of kenaf fibre, high demand for food crops and availability of HYV of other crops,
competition with synthetic fibre problems in fibre crop sector especially in kenaf and tossa
jute. Kenaf keeps the land occupied for about 8-9 months or more for seed production.
Farmers face serious problems if they want to produce both fibre and seed from same crop.
The seed crop suffers badly by natural hazards like hail storm, heavy rainfall, lodging foggy
weather etc. For these, only few plants strand to produce 7-10 fruits/plant. These fruits
become physiologically weak and never produce quality seeds in respect of germination,
viability and vigor. Kenaf fibre is not a single fibre, it is composed of many ultimate fibre
and commercially called multicellular fibre. But the tensile strength, twisting capacity etc.
depends on the individual fibre. So the quality of kenaf fibre depends upon the length:
breadth ratio of these ultimate fibres, the more length breadth ratio, the more superior quality

of fibre (Mostofa, 2012).



Characterization is the description of plant germplasm. It determines the expression of highly
heritable characters ranging from morphological, anatomical or agronomical features to seed
proteins or molecular markers. Characterization of germplasm is essential to provide
information on the traits of accessions assuming the maximum utilization of the existing
collected ermplasm to the end users. Once the data is collected it can be used to describe the
genetic diversity within and between accessions with specific traits to make selections for

further research or plant improvement programme.

The progress in the development of superior genotypes would depend upon the nature and
magnitude of genetic variation present in a plant population. In any crop improvement
programme, knowledge of nature of gene action and inheritance of traits are essential so as to
choose a suitable breeding methodology in crop improvement (Vineela et al., 2013).
Development of an effective breeding programme depends on the existence of genetic
variability. Selection is effective only when there is enough magnitude of variability in the
breeding population (Dhivya et al., 2014). Selection criteria used at present in conventional
breeding programmes are usually based on phenotypic characteristics. The knowledge of
about the morpho-physiological, yield and quality parameters of the genotypes are very

important in selecting suitable parents for hybridization.

Breeding for high productivity is still the primary goal of breeding program, but improving
fibre quality has also become increasingly important. Plant genetic resources are reservoirs
of genes and genotypes which provide the raw material for present and future crop
improvement programmes. One of the means for the improvement of yields and other
characteristics in Kenaf crop could be the use of hybrids. As it is known, the use of hybrid

cultivars has represented a great advance in the development of the modern agriculture.

Heterosis describes performance superiority of a hybrid over the average of its generally
distinct parents (i.e., mid-parent value) in morphological, physiological and biochemical
characteristics. Heterosis is one of the most widely utilized biological phenomena in crop
production and animal husbandry. All the changes in spinning technology require unique and
often superior fibre quality, especially fibre strength for processing. The present-day
cultivars lack in fibre strength and fail to meet the standards specified by the spinning mills.
So, there is an urgency to develop cultivars with high productivity and high fibre strength to
meet the requirements of spinning industry. Improvement in fibre quality is not by chance

but by choice.

Kenaf (Hibiscus canabinus L.) is an interesting and economical alternative in paper making

industries in many parts of the world (Karlgren ef al., 1991). The whole plant consists of
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root, stem (bark+stick) and leaf. The portion of bark is the commercially important fibre
which is obtained after retting, washing and drying. Hence, the production of kenaf means
the production of fibre. Besides morphological characterization, anatomical characterization
gives more specific information about that plant species. Kenaf fibre is nothing but
anatomically secondary phloem cells get accumulated during growth of plant and arrange in
regular fashion of fibre wedges. On the other hand, quality of fibre is dependent on some
chemical and physical parameters such as bark thickness, number and area of phloem wedge
of the stem, whiteness (%), which directly contribute to fibre yield. Among them length and
breadth ratio of fibre cells is of immense importance. The higher length and breadth ratio
imparts better spinning ability and thus involves better quality of fibre (Hussain, 2010 and
Akter, 2009).

Thus it appears that Hibiscus cannabinus L. has some latent potential as well as limitations.
At present it is not a priority crop in any country but is rather a substitute or alternate crop in
most cases. With the launching of global campaign for environmental awareness
international opinion is being created on natural fibres like kenaf for its expanded production
and uses, as it is biodegradable and friendly to environment. Increasing of Kenaf fibre
production for all over the country needs to develop suitable high yielding varieties. BJRI
has developed only four kenaf varities. Therefore, development of kenaf varieties is of great
need to scope these problems and it is only possible by hybridization among the diverse
parental materials through combination breeding program. Hence, thrust should be given on
varietal development in future to develop varieties having short field duration i.e. early
maturing, higher fibre, stick and seed yield, high biomass, better fibre quality and resistance

to biotic and abiotic stresses.

Considering all the above mention aspects, the present investigations carried out to achieve

the following objectives:
1. To characterize and assess genetic diversity among kenaf germplasm,
2. To study combining ability and heterosis of selected parents and their hybrids,

3. To study the nature of gene action in controlling yield and yield contributing

characters and

4. To evaluate of F; hybrids and parents on the basis of anatomical parameters.



CHAPTER II

REVIEW OF LITERATURE

A large number of literatures are available on taxonomy, morpho-physiological
characters, anatomical characters, genetic diversity, heterosis, cross ability, combining
ability, seed characters and yield contributing characters of kenaf grown under a
particular environment. An attempt has been made to summarize the findings of this
study relevant to the present investigation. The whole review in this chapter has been

divided into the following sections:

2.1 Taxonomical characteristics

The cultivated kenaf (Hibiscus cannabinus L.) is a long, soft, shiny and somewhat coarse
fibre producing plant. Kenaf is one of the most important cheapest natural fibre crop and
earliest domesticated plant in the world. It is 100% biodegradable, recyclable and
environment friendly. It has its own unique history of domestication, diversification and
utilization. It is belongs to the Malvaceae family and the order Malvales.
Cytotaxonomically it is diploid in nature with 36 somatic chromosomes (2n=36) and the
genomic constitution is AA. Huang (1987) reported that most of the chromosomes are
bivalent, with very few univalent and no trivalent or quadrivalent. The chromosomes

configurations are 18y, 17y+2; and 16y+4.

2.2 Origin and distribution

Kenaf is believed to be originated in Africa, more particularly in East Africa, where it is
found in wild form. It was domesticated in Indian sub-continent as bast fibre crop.
According to Vavilov (1951) the origin of Hibiscus cannabinus is Central India. In
accordance with Crane (1947) cited by Kundu (1954) the origin of kenaf is located in
Tropical Africa, eastern India, Asia and Australia. Cytological data concerning kenaf and
related species by Menzel and Wilson (1963) indicate that kenaf is of African origin.
Tropical Africa appears to be a major centre of diversity, tropical America and Australia

having the minor ones (Wilson and Menzel, 1964). Kenaf was first domesticated in



western Sudan before 4,000 BC (Wilson, 1978). Hence the centre of diversity and origin
appeared to be Africa (Mostofa, 2012).

Kenaf is distributed throughout the tropical and sub-tropical parts of the world
(Karmakar et al., 2008). It is the most widely distributed species in East Africa with
large morphological diversity (Wilson, 1978) and occupies highly diverse habitats.
Hence, it is thought to be a native of Africa, south of Sahara (Edmonds, 1991). Kenaf is
now cultivated in the United States, Latin American countries, Soviet Union, Sudan,
Egypt, India, Bangladesh, China, Australia, Iran, the Philippines, Java, Nigeria, Senegal,
Thailand, and Brazil. It has been introduced as a source of natural fibre into Cuba,
Guatemala, El-Salvador, Colombia, Mexico, Costa Rica and Haiti and for the production

of paper into Tanzania, Kenya and Australia (Maiti, 1997).

2.3 Unexploited potentials of kenaf

Different parts of kenaf and allied fibre crops in various forms may be used directly for
the treatment of various human diseases and also used as herbal medicine to control or
prevent dysentery, worm and constipation (Karmakar et al., 2008). It can be processed
into acoustic tile, animal bedding, soil-less potting mixes, composite board for
construction, mats for erosion control and absorbents for cleaning up chemicals or oils
spills (Banuelos, 2000). Kenaf has a good potential of becoming an excellent source of
various products such as poultry litter and cattle feed (Perry ef al., 1993). Kenaf sticks
contain around 38% cellulose, 25% hemi-cellulose and 20% lignin (Pandey and Anantha
Krishnan, 1990). Being cheap and easily available in large quantities, it is an ideal ligno-
cellulosic bast fibre (fibre collected from bast or skin of the plant). It consists of cellulose
cemented by non-cellulosic materials that is pectin, lignin, hemicellulose, etc. substrate
for producing industrial raw materials for much higher values. Kenaf seeds contain about
21% oil, which has various industrial uses like manufacture of soaps, linoleum paints and
for lubricating purposes. Besides, it has unsaturated fatty acid in low proportion, which is
used in the elongation of margarine (Maiti, 1997). Kenaf bast fibres (from its bark) are
being used in place of fiberglass in the making of molded car parts. The European
automotive trim industry is now using kenaf fibres in door panels and other parts.
Japan’s carmakers, too, are “going green”. In Indonesia, Toyota manufactures door trims
made from kenaf and polypropylene, and Mazda is using a bio-plastic made with kenaf

for car interiors.



Kenaf has entered various diversified sectorssuch as automobile industry and paper pulp
industry, where natural fibres are gradually becoming better substitutions. Now a day
pulp industries are very important for modern civilization. Kenaf, jute, wood, bamboo,
bagasse, etc. can be used as raw materials in the pulp industries. These raw materials are
important due to their cellulose and lignin contents. If the lignin content is lesser and the
cellulose content is higher the pulp will become better. Among these industries are:
Celluloid products (films), Nonwoven composites (Pseudo-wood) and Nonwoven
textiles (for car interiors and other uses). In Europe, fibres are being used in cement and
to make particleboards half the weight of wood-based boards (Karmakar et al., 2008).
Kenaf can absorb CO, and NO, 3-5 times faster than forests. It can clean the
environment efficiently (Lam, 2000). In some Japanese cities, kenaf was planted by

government to improve the air quality.

However, since their introduction, synthetic fibres, the alternatives of natural fibres, have
been a major competitor in the international market. In recent years the situation has
improved as people are now more concerned about the environment, since natural fibres

biodegradable and do not pollute the nature as do synthetics.

2.4 Morphological characteristics

Plant habit and ideotype

Kenaf is a short-day, annual, herbaceous plant that cultivated for soft bast fibre. Stems
erect, prickly, more or less cylindrical, branched or un-branched, reaching a height of
about 2.5-3.5 m or 8-12 feet, either entirely green, green with pinkish or reddish
pigmentation, or red (Mostofa, 2012). Leaves entirely cordate and very shallowly lobed
with serrated margin or 3-5-7 deeply palmately lobed or mixed (lower leaf cordate and

upper leaf lobed) (Dempsey, 1975).

Berland (1930) noted that there was considerable variation in kenaf with regard to
growth habit, branching and length of vegetative period. Persian strains of kenaf could be
divided into four groups according to their vegetative period: 90-110 days, 110-120 days,
120-130 days and 130-140 days. Caldwell (1936) mentioned that kenaf probably is
adapted to a wide variety of climate and soils. It cannot tolerate frost; hence the growth

cycle must begin and end before frost occurs.
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The stem of kenaf has a higher basal diameter and its wood is soft as compared to mesta.
The stem could be flat and thorny and reach a height of 2-4 m, depending on the varieties
and environmental conditions. Varieties of kenaf differ in stem pigmentation, leaf form,

maturity, fibre yield and quality (Ghosh and Chakravarty, 1970).

Flower character

Kenaf is generally a self pollinated crop, although considerable out crossing does occur
depending upon the variety, season and environment (Edmonds, 1991). The extent of out
crossing varies from 8-10% (Sarma, 1967). The flowers open before sunrise and close by
noon of the same day. Flower solitary, axillary, very short pedunculate and bristled.
Flower colour generally cream or pale yellow (rarely pink) with reddish purple centre or

completely cream with white stigma (Dempsey, 1975).

Fruit character

The fruits of kenaf plants are ovoid or globose capsules with pubescence. They are sharp
in the superior part and present bristles of 1-2 mm depending on the variety (Maiti,
1997). The capsules are of indehiscent type (non-shattering nature). Hence, the
harvesting may be taken up when all the capsules are fully matured and the seeds have

attained normal coffee colour (Karmakar et al., 2008).

Seed character

Seeds of kenaf plants are triangular or kidney-shaped (irregularly sub-reniform) and ash
gray, blackish or brownish in colour. Each capsule contains 18-20 seeds (Maiti, 1997).
About 20% of the volume of kenaf seed is oil, very similar in composition to that of
cotton. Freshly harvested kenaf seed has a germination percentage of about 98%.
However, because of their higher oil content, they lose viability rapidly (Dempsey,

1975).
Growth character

Kenaf requires long day for better vegetative grouth and flowering; when sown during
short days, its growth remains longer in the vegetative stage, resulting in a longer period

of flowering. In India, it is observed that early sowing (28 April) and late sowing (19
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May) produce similar dry matter. No substantial effect was observed on plant height,
basal diameter but the crop showed response to the reduction of the population (Saha and

Segupta, 1965).

Environmental factors prevailing during cropping season may be responsible for the
initiation of flowering in kenaf. Long light period during April-July prolonged the
vegetative stage and plants began to flower with the advent of short days in September,
irrespective of sowing time. The vegetative growth is shortened when sowing is late

(Maiti, 1997).

In kenaf it is observed that taller plants tend to flower earlier. The negative correlation
between plant height and flowering time is considered to be a useful criterion from the
agronomic point of view, because taller plants will not only give higher fibre yields, but
also enable earlier harvest that releases the land early for the next crop (Basu and

Chakravarty, 1971).

2.5. Morphological characterization and genetic diversity in kenaf

Kenaf is a short-day, annual, herbaceous plant. The stem of kenaf has a higher basal
diameter and its wood is soft as compared to mesta. The stem could be flat and thorny
and reach a height of 2-4 m, depending on the varieties and environmental conditions.
The divergence analysis has a definite role to choose genetically diverse parents in any
plant breeding program. Moreover, it is important to know the source the genes for a
particular trait within the available germplasm. Diversity analysis based on agronomic
and morphological traits were carried out in several crops including jute, kenaf and
mesta. Literatures on jute have also been cited here as because both jute and kenaf are

bast fibre crops, nature of crops and production environment are more or less similar.

Mostofa (2012) studied genetic divergence of 25 indigenous and exotic H.cannabinus L.
genotypes based on D? analysis and showed that the genotypes were grouped into six
clusters. Cluster I ranked first for eight characters out of twelve characters indicated
higher potentials of the genotypes in the population. It ranked second for days to 1%
flowering. Cluster II ranked second only for number of seeds/cc and lest values for plant
height, stick weight/plant and number of fruits/plant. Cluster III had the highest mean
value for days to 1** flowering and second highest for plant height. Cluster IV ranked 1*

for number seeds/cc and the lowest mean value for days to 1% flowering green. Cluster V
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produced the highest mean values for green bark thickness and number of seeds/fruit.
The grouping of materials of same origin into different clusters was an indication of
broad genetic base of the genotypes belonging to that origin or vice-versa. He also noted

that geographic distribution or origin did not strictly confirm to the genetic diversity.

Akter (2009) studied genetic divergence of 29 indigenous and exotic C. olitorius L.
genotypes based on D’ analysis and showed that the genotypes were grouped into five
clusters. Cluster I had the highest mean values for plant height, base diameter, number of
nodes/plant and fibre yield. Cluster II ranked 1*' for stick yield, number of seeds/pod and
seed yield/pod. None of the ten characters had high values under cluster III. Cluster IV
ranked 1% for green eight with leaves and green weight without leaves. Cluster V
comprising four genotypes, showed highest mean values for number of pods/plant. The
grouping of materials of same origin into different clusters was an indication of broad
genetic base of the genotypes belonging to that origin or vice-versa. She also showed that

geographic distribution or origin did not strictly confirm to the genetic diversity.

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 D? 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.

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

Dharmatti (2004) using Mahalanobis D? statistics. These varieties were grouped into five
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clusters based on D* values. Leaf area had the maximum contribution to genetic diversity
followed by total green yield, plant height, number of leaves, fresh weight of leaves,
petiole length and fresh weight of stem/plant. Cluster I was the largest, consisting of 22
genotypes, while cluster II, IIl and IV had solitary ones. The average inter-cluster D’
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 D* 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.

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 F;.

Ogunbodede (1997) assessed the extent of genetic divergence among 54 diverse kenaf
accessions using two multivariate techniques (CRL = Coefficient of Racial Likeness,
PCA = Principal Component Analysis) and reported that the CRL distances for the 1431
possible pairs of accessions were each less than 2.0. This does not necessarily suggest
lack of genetic diversity among the accessions. The first three principal axes accounted
for 67.2% of the total variation among the accessions. From a two-dimensional
ordination of the first two principal axes, six clusters were identified. Clustering was
closely related to average CRL values and there was no relationship between clustering
and eco-geographical distribution. The analysis of CRL values showed that butt-diameter
(stem base) and fibre yield each accounted for 13% of the variation detected in the

accessions. Plant height and retting percentage each contributed 11.3%, while core
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weight, number of leaves per plant and fresh plant weight contributed 12.5%, 10.3% and
10.0%, respectively.

A collection of 103 genotypes belonging to nine Hibiscus species was evaluated by Siepe
et al. (1997) over three years against 15 morphological and yield parameters viz. plant
height, stem diameter and colour, leaf form, fresh and dry biomass, bark/core ratio and
flowering data. Results of multivariate analysis revealed that there was enormous
variability among the genotypes for above mentioned characters and they were divided

into two groups, one typically early maturing and the other late maturing.

Devi et al. (1991) studied genetic divergence in 51 kenaf genotypes of different eco-
geographic origins by D’ analysis of data on nine quantitative traits and found 8§ clusters.
They concluded that geographical isolation was not the only factor causing genetic
diversity. Days to 50% flowering contributed most to total divergence (72.7%) followed
by fibre length and plant height. Tall genotypes with high fibre yield length were
included in cluster VI (MT 102 and AC 80-5) and VII (Pure green), while cluster I1I (AC
80-9, AC 81-3 and AMCI15) contained dwarf, early maturing types. Crossing of
genotypes from these 3 groups offers the potential for producing tall hybrids with high
yield, greater fibre length and short duration.

Kenaf is generally a self pollinated crop, although considerable out crossing does occur
depending upon the variety, season and environment (Edmonds, 1991). The extent of out
crossing varies from 8-10% (Sarma, 1967). The flowers open before sunrise and close by
noon of the same day. Flower solitary, axillary, very short pedunculate and bristled.
Flower color generally cream or pale yellow (rarely pink) with reddish purple centre or

completely cream with white stigma (Dempsey, 1975).
2.6 Combing ability

Hybridization is the most potential technique for breaking yield barriers and evolving
genotypes with higher yield potential. Selection of appropriate parents for hybridization
is the single most important factor determining both the extent and magnitude of success
of any plant breeding program. The combining ability is defined as the matching ability
of a parent in hybrid combinations (Kambal and Webster, 1965). It is a powerful method
to measure the nature of gene action involved in quantitative traits (Baker, 1978).

Sprague and Tatum (1942) introduced the concept of general combining ability (GCA)
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and specific combining ability (SCA). GCA is associated with additive effects of the
genes, while SCA is related to dominance and epistatic effects (non-additive effects) of
the genes (Sprague and Tatum, 1942). In a line x tester analysis for combining ability in
roselle (H. sabdariffa), Gupta and Singh (1986) reported that plant height, basal stem
diameter, fibre weight per plant and stick weight per plant were governed predominantly

by non-additive gene action.

Begum (2016) conducted an experiment with seven upland cotton genotypes. She
reported that the GCA mean squares were higher than SCA for majority traits which
revealed additive genes controlled the inheritance. The parental genotype CB-9 was
found promising genotype and excelled all other genotypes for GCA by having the
highest GCA effects for node number of first fruiting branches/plant, secondary fruiting
branches/plant, single boll weight, 1 boll split, plant height, seed cotton yield and fibre
strength. The genetic variances due to GCA were higher than those of SCA for most the

characters.

Mostofa (2012) crossed six kenaf germplasm in 6 %6 diallelic combinations and result
showed that the GCA variances was considerably higher than that of SCA variances for
days to 1% flowering, fibre weight/plant, and 1000 seed weight indicating the importance
of additive gene action for these traits. For all other characters non-additive genetic
effects were more important for their inheritance. Ranking of parents on GCA
performance indicated that p; (Acc. 5050) and p, (Acc.2922) was the best general

combiner for earliness of flowering and smaller seed size.

Gong-You Cai et al. (1998) conducted an experiment in China with the parents and F;s
from 6x7 North Carolina II design diallel cross among 13 varieties of kenaf to analyse
combining ability of F; hybrids and their parents. The varieties Nanxian, D40 and
84K 114-2 showed high GCA while the combinations 84210 x Nanxian and ID40 x 917
showed higher SCA with high heterosis.

Heliyanto et al. (1998) crossed six kenaf germplasm lines and one Indian standard
variety in diallelic combinations without reciprocals and evaluated them (F;s) in the field
with their parental germplasm based on plant height, basal diameter, node number, fibre
percentage, stick weight, days to flowering and fibre yield. Results proved that most of
the tested characters were predominantly controlled by additive gene action, except days

to 50% flowering. The genotypes MT-150 and DS/023H were the best combiners, while
13



the crosses PI-346771 x EV-71, MT-150 xPI-346771 and PI-346771 x DS/023H were
the best showing desirable SCA effects for four to six characters including fibre weight.
The additive gene action and the high heritability estimates of the most of the traits
enable to develop high yielding variety through pedigree breeding or recurrent selection

successfully.

Pace et al. (1998) conducted an experiment in a diallel cross involving 10 H. cannabinus
genotypes without reciprocals to derive information on heterosis and combining ability
from a data on 7 yield components viz. plant height, basal diameter, fresh and dry
weights of bark and useable stick. Highly significant F-test values demonstrated the
existence of variability for GCA and SCA and for all the characters analyzed. Mean
squares of GCA were always (except for basal diameter) higher than those of SCA.
However, when compared in terms of the average effects (components), SCA effects
were greater than those of GCA, indicating the importance of non-additive gene action in
determining expression of yield components. Genotypes HC625, HC622 and HC602
were the best general combiners for the most important characters. Heterosis for dry bark

weight was highest in HC602 x HC726.

Mukewar et al. (1997) evaluated 8 parental strains and 28 F; hybrids for a number of
yield related traits in a combining ability analysis in kenaf. The results showed the
predominance of additive gene action for seed yield per plant and number of capsules per
plant. Genotypes RINO051, RIN049 and RINO096 exhibited positive significant GCA
effects for seed yield per plant and are recommended for use in future breeding

programmes.

2.7 Heterosis

Research work on the genetic improvement of kenaf crop had been undertaken very few
years ago and thus, a number of varieties possessing harmonious combination of
characteristics were evolved. Heterosis refers to as percent deviation of the F; hybrid
from the mid parental value between two corresponding parents. It is a genetic
phenomenon resulting from heterozygosity. It is an important parameter of plant
improvement. Heterosis results from combined action and interaction of allelic and non-
allelic factors and is commonly and positively correlated with heterozygosity (Burton,

1968).
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A large number of studies on heterosis have been reported for kenaf hybrids. Dampsey
(1963) found the yield of a kenaf F, generation 14-43% higher than that of parents.
Hybrids of kenaf cultivars are grown extensively in China and increasingly in India (Li,

2000).

Begum (2016) studied with seven upland cotton genotypes and results showed that the
hybrid CB-9 xCB-10 exhibited the highest mean seed cotton yield (4.65 ton/ha) and the
maximum positive heterosis (83.72%) over the best parent cotton yield and ranked first
position for seed cotton yield and seed yield. Parent SR-12 performed better for lint
index, lint yild and fibre traits; and found good general combining ability for single boll
weight, seed cotton yield, ginning out turn percentage, lint index, lint yield, seed index
and mean length. Cross combination CB- x BC-042 was only top scored hybrid for early
maturity (144 days) and showed highly significant positive heterobeltosis (49.96%) for

seed cotton yield.

Mostofa (2012) found that the average heterosis values of F; based on mid parent means
for days to 1% flowerirng, plant height, stem mid diameter, green bark thickness, green
weight/plant, fibre weight/plant, stick weight/plant, number of fruits /plnat, number of
seed/fruit and 1000 seeds weight were 7.87, 6.22, 16.56, 23.48, 29.34, 34.70, 39.11,
40.38, -0.87 and -1.55 per cent respectively in kenaf. The crosses P2 (Acc. 4197) x P3
(Acc. 2922), P3 (Acc. 2922) x P5 (Acc.4659), P4 (Acc. 5030 x P5 9Acc. 4659) and P2
(Acc. 4197) x P4 (Acc.5030) showed the high heterotic response in desirable direction

for earliness, fibre and seed yield, and seed size characteristics.

Roy and Ghoshdastidar (2006) reported that analysis of variance for combing ability of
9X9 diallel cross without reciprocal showed highly significant variances in general
combing ability and specific combing ability in both F; and F, generations. The study
included 8 establish macromutant genotypes such as round leaf, long narrow leaf, ribbon
leaf, stiff stem, crumpled leaf, tobacco leaf, dropping 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.

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/plant, bark rate, fibre weight per plant,

retting rate and fibre strength were mainly controlled by dominant gene actions. Among
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all traits, dry bark weight per plant, dry stem weight per plant and fibre weight per plant
of F; generation showed a high heterosis over mid parent (HMP: 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 F, generation. The heterosis of F, generation was more or
less 50% lower than F; generation. The heterosis of F; could be retained 1.4-1.7

generations on average, and that of the favourable hybrid could last for 3-4 generations.

Sobhan (1993) studied heterosis in a 9 x 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 F; hybrids for most of the characters studied.
It was further observed that the heterotic responses observed in the F; were reduced in F,

by approximately 50% in most of the cases.

Thombre and Patil (1985) studied genetic architecture of raw fibre yield and its
components from a 5-parent incomplete diallel cross in kenaf. Results showed positive
heterosis in NP6 x Poona Local, NP6 x MT102 and MT102 x 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 3 pairs governed raw

fibre yield. Fibre length was under polygenic control.

A study on the heterosis and aptitude of combining ability in H. cannabinus was carried
out by Patil and Thombre (1980). Heterosis for plant height, basal diameter, days to
flowering, length and weight of fibre in a diallel cross of seven varieties revealed that the
additive and additive x additive gene actions were notable for plant height, basal
diameter and fibre yield. The magnitude of the aptitude of specific combining ability was
high with respect to the variance of the general combining ability for plant height, and

length and weight of fibre, while it was low for residual characteristics.

2.8 Gene action

Diallel cross procedures have been used to obtain information concerning the inheritance

of quantitative traits in self-pollinated crops. The analysis of diallel cross depends upon
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the estimation of the genetic parameters D, H;, H; and F as defined by Jinks (1954), who
followed the notation of Mather (1949). Fisher (1918) and Wright (1935) defined three
types of variances as additive genetic variance, variance due to dominance deviations
and epistatic variance resulting from the interaction of non-allelic genes. Hayman and
Mather (1955) further showed that epistatic variance can be partitioned into digenic
interactions of the additive x additive, additive x dominance and dominance x dominance
types and higher order interactions. There are several techniques for the evaluation of
varieties or strains in term of their genetic makeup. Of these, diallel analysis technique

(Hayman 1954a, b) is the popular method to study components of variation.

Diallel analysis is the first step in most plant breeding programs aimed at improving
yield and other related parameters. Diallel cross is the set of all possible mating between
several genotypes. The genotypes may be defined as individuals, clones, homozygous
line etc., and if there are n of them, there are [n(n-1)/2] mating combinations, counting
reciprocals separately. Choice of parent ia a very important task in a breeding program. It
helps breeder to develop appropriate selection strategies and compare heterotic patterns
at the erarly period of hybridization program (Le Gouis ef al., 2002). Four methods can
be used (1) parents, F; and reciprocal, (2) parents and F;s, (3) F;s and reciprocal and (4)
Fis only. The genetic analysis of some quantitative traits through diallell crosses
technique is considered to be an efficient method in achieving their objectives. It

operates on the following genetically assumption (Hayman, 1954a).

1. Diallel segregation

2. Only environmental different between reciprocal crosses

3. Independent action of non-allelic genes

4. Non multiple allelism

5. Homozygosity of parental lines

6. Independent distribution of genes

Pace et al., (1998) conducted an experiment in a diallel cross involving 10 H. cannabinus

genotypes without reciprocals to derive information on heterosis and combining ability

from a data on 4 yield components viz. plant height, basal diameter, fresh and dry
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weights of bark and useable stick. Highly significant F-test values demonstrated the
existence of variability for GCA and SCA and for all the characters analyzed. Mean
squares of GCA were always (except for basal diameter) higher than those of SCA.
However, when compared in terms of the average effects (components), SCA effects
were greater than those of GCA, indicating the importance of non-additive gene action in
determining expression of yield components. Genotypes HC625, HC622 and HC602
were the best general combiners for the most important characters. Heterosis for dry bark

weight was highest in HC602 x HC726.

Kenaf is a self pollinated crop. Reciprocal crosses will be tested using in different
genotypes prior to PhD research work and found no reciprocal differences other than an
environment. As such half diallel crosses technique was followed for this study. F; seeds

were developed by hybridization involving all the above mentioned genotypes.

Studied with seven upland cotton genotypes, Begum (2016) reported that the GCA mean
squares were higher than SCA for majority traits which revealed that additive genes
controlled the inheritance. The parental genotype CB-9 was found promising genotype
and excelled all other genotypes for GCA by having the highest GCA effects for node
number of first fruiting branches/plant, secondary fruiting plant, single boll weight, 1%

boll split, plant height, seed cotton yield and fibre strength.

Mostofa (2012) showed that mean squares due to general and specific combining ability
were highly significant for all the characters, which indicated that both additive and non-
additive gene actions were important in the inheritance of these traits. The estimated
components of SCA variance (o%s) were higher than the GCA variance (ng) for all the
traits except days to 1** flowering, fibre weight/plant and 1000 seeds weight, indicating
the predominance of non-additive gene action over the additive gene action in their
inheritance. Additive gene action was important for days to 1% flowering, fibre

weight/plant and 1000 seeds weight.

According to Sobhan (1993) the estimates D and H indicated that both additive and
dominance effects were involved in the inheritance of number of fruits per plant, seed
weight and days to flower in H. sabdariffa. The magnitude of the dominance component
was higher than that of the additive effect in case of number of fruits per plant but
additive gene action was indicated to have a greater role in the inheritance of days to
flower and seed weight than that of the dominance component. He also mentioned that

earliness was an important character. Short field duration helps to increase the intensity
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and diversification of cropping systems. Accessions with earliness will therefore be

desirable breeding materials provided these also have other good economic characters.

Inheritance of characters as per Hayman’s ANOVA, Gupta and Singh (1986) observed
the dominance component to be considerably larger than the corresponding additive
component in respect of plant height, base diameter, fibre weight and stick weight in
roselle (H. sabdariffa L.). Sinha (1988) reported that additive and dominant components
of gene action in kenaf (H. cannabinus L.) were equally important for plant height, base
diameter, number of nodes, green weight, fibre weight and stick weight while top
diameter and seed weight were controlled by additive and dominant components,

respectively.

A study on diverse analysis of the components of variance of five quantitative characters
in kenaf cultivars and also on some segregating generations indicated that a partial
dominance in days to flowering and overdominance for plant height, basal diameter,
length and weight of fibre, and the ancestors exhibited several proportions of dominant
and recessive genes. The genetic analysis through the components of variance showed a
greater proportion of additive genetic components, partial dominance-overdominance
with respect to days to flowering, plant height and length of fibre, as well as greater
proportion of dominance and epistasis, and minor proportion of additive components in

stem diameter and fibre yield (Patil and Thombre, 1981).

2.9 Anatomical study

Kenaf (Hibiscus canabinus L.) is an interesting and economical alternative in paper
making industries in many part of the world (Karlgren et al., 1991). The whole plant
consists of root, stem (bark+stick) and leaf. The portion bark is the commercially
important fibre which is obtained after retting, washing and drying. Hence, the
production of jute means the production of fibre. Jute fibre is nothing but anatomically
secondary phloem cells gets accumulated during growth of plant and arrange in regular
fashion of fibre wedges. Jute fibre is the secondary phloem cells which are accumulated
during growth of plant and arranged in regular fashion of fibre wedges. On the other
hand, quality of fibre is dependent on some chemical and physical parameters such as
bark thickness, number and area of phloem wedge of the stem, which directly contribute

to fibre yield. Among them length and breadth ratio of fibre cells is of immense
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importance. The higher length and breadth ratio imparts better spinning ability (Hossain
and Hossain, 2006) and thus involves better quality of fibre (Hurter 1988).

Hussain (2010) reported the existence of wide range of variation in stem colour and leaf
shape in F, generation of two wild and one cultivated species of Hibiscus which was in
accordance with the present findings. So, creation of morphological variation through
crosses among the six parents will be helpful for selection of desirable parent type and

further exploitation of these materials for breeding purposes.

N. Akter, (2009) reported that bark diameter ranged from 0.823 to 1.193mm in parents
but from 0.92 to 1.413mm in hybrids in, bark thickness ranged from 0.364 to 0.710mm
in parents but from 0.369 to 0.623mm in hybrids and length/breadth ratio ranged from
105.71to 170.576mm in parents but from 111.86 to 184.53mm in hybrids in optimum
sowing environment in tossa jute. The number of trapezoid and area of trapezoid were
positively and significantly associated with fibre yield of tossa jute. In F; diallel,
genotype-sowing date and GCA-sowing date interactions were significant for anatomical
and, fibre and seed related morphological characters. Both the additive and non-additive

components played role in the genetics of these morphological and anatomical traits.

Sinha et al. (2004) reported that the anatomy of the hybrid stem was more or less like
that of capsularis mutants with no peridem formation, distinct epidermis and prominent
cortex. Regular fibre bundle 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 x JRO-524, length at outer region ranged from 90.9 to 106.05
micro and breadth ranged from 45.45 to 60.6 micro, at middle portion length was 30.3-
60.6 micro and breadth was 30.3-45.45 micro and at inner portion length was 15.15-60.6
micro and breadth was 22.73-60.6 micro. The interspecific cross had better fibre fineness
but lower strength value than corresponding parameters of JRO-524. They possessed
identical mono-morphic gene loci for peroxidase enzyme system. Hence, the selection in
advanced generation of this interspecific cross was expected to be successful in
identifying plants with quality fibres suitable for use in textile industries for blending jute

fibres with cotton as well as other natural fibres.
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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. Ahmed and Khatun (1997) reported that the area of Phloem pyramids/section had
the highest genetic and lowest environmental coefficients of variability indicating
greatest response to selection for the trait. The character also showed highest significant
correlation with fibre yield and thus proved to be more effective in determining yield
potentiality than plant height and base diameter. 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).

Ali of 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 70, 90 and 110
days age of the plants and this was lower at 50 days age. The breadth of the 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.

Akter et al. (2003) reported that bark diameter, bark thickness, number of trapezoid and
area of trapezoids were positively and significantly associated with fibre yield of tossa
jute. Ahmed and Khatun (1997) reported that the area of phloem pyramids per section
had the highest genetic and lowest environmental coefficients of variability indicating
greatest response to selection for the trait. The character also showed highest significant
correlation with fibre yield/plant and thus proved to be more effective in determining
yield potentially than plant height and base diameter. The area of phloem pyramids
showed significant genetic correlation with plant height (r=0.62), basal diameter (r=0.63)
and bark thickness (=0.99). They also observed that there was significant genetic

correlation of fibre yield with base diameter (r=0.86), bark thickness (r=0.59).

Ali (1994) found positive and highly significant correlations of fibre yield with bark
thickness, number of phloem pyramids, area of phloem pyramids, number of fibre

bundles and number of fibre bundles are in the genotypes of A-1832 and A-1874

21



suggesting that these two genotypes were desirable in respect of fibre bearing potentially

in the stem bark.

Khandaker ef al., (1989) 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 region)
of the plant. They also observed the maximum length (2011.74p) and the maximum
breadth (16.64p) of ultimate fibre cell at the basal region of the variety O-9897.

Indirect selection using anatomical component character was considered more reliable in

the selection of mutant genotypes with higher fibre yield (Oram ef al., 1985).

2.9.1 Bundle strength (Pressley Index)

Bundle strength of fibres is measured by Pressley Bundle Strength Tester using zero
gauge length. The flat bundle of approx 6.35mm (1/4 inch) width are used by a pair of
clamps. All protruding ends are then shared off evenly and tension is applied to separate
the clamps and to break the fibres thereby. The broken bundle is then weighed by a

precision balance. The result of strength is calculated as,

Bundle strength (Ib/mg) = Fibre bundle strength (Ib)/Fibre weight (mg)

Bangladesh produces two main species of jute namely, C. capsularis known as white jute
and C. olitorius known as tossa jute. Each species divided into six grades (BWSpl,
BWA, BWB, BWC, BWD and BWE) according to the quality of fibre. The properties o
jute fibres are very essential for quality yarn. It was found that visco-mechanical
properties of different grades BWA, BWB, BWC, BWD and BWE jute fibre were
similar to those of kenaf fibre (H. cannabinus). But BWD and BWE showed poor
performance. The quality ratio (QR%) value of yarn for each of the jute fibre much

greater than of kenaf fibre (Mollah, et al., 2009).

Tenacity values obtained for white jute fibre (C. capsularis) grades BWA, BWB, BWC,
BWD and BWE were 33.7, 33.4, 31.25, 33.6 and 31.5 gf/tex. Again, as determined
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earlier, the mean values of bundle strength, busting energy, breaking elongation% for
kenaf fibre were 10.9 1b/mg, 4.75 g-cm/tex and 1.1% respectively. The white jute fibre
grades BWC and BWD were comparable to kenaf fibre with these properties too. But
BWA, BWB is very high and BWE is very poor performance. The linear density for
fibre is 3.2 but the linear density for each of the grades of white jute fibre is less than that
of kenaf varieties. Thus the white jute fibre contained relatively smaller diameter

compared to kenaf fibre (Miah, 1994).

2.9.2 Fibre whiteness % (colour)

Colour and lusture of the fibre is measured by photo volt (Leokometer) of sensitivity 4X
10 ?A° using green and blue filter respectively. The measurement is done with a
comparative standard of Magnesium oxide (MgO) block of 100 % reflectance. Fibre
quality, i.e. functional suitability, plays a far bigger part in case of processing than the
processing variables themselves. The intangible effect of appearance is also important
and customers may require a golden yarn because it looks shining, clean and beautiful.
So, more importance is given to determine bundle strength, brightness, whiteness,
fineness, density and defects to develop a scorecard system of scientific grading for jute.
Strength of jute fibre is of extremely important commercial characteristics as because
weak fibre cannot produce a strong yarn (Kar, 1954). Brightness and whiteness is also
imperative commercial characteristics for some products making allowance for aesthetic

aspects.

During 2003-2009 a total of eighty eight white jute samples were examined and total
2340 tests were carried out for whiteness and brightness estimation. The average result
of whiteness and brightness were 34.07 and 25.48 respectively for white jute samples
(Molla et al., 2013). Another experiment was conducted during 2006-2007 in Textile
Physics Division of Bangladesh Jute Research Institute, BJRI, Dhaka and the result of
whiteness and brightness were ranged from 32.43- 47.14 and 49.31-62.24 respectively
for chemically modified white jute samples (Mollah et al., 2009).
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2.10 Kenaf in Bangladesh

Kenaf is a short-day, annual, herbaceous plant. The stem of kenaf has a higher basal
diameter and its wood is soft as compared to mesta. The stem could be flat and thorny
and reach a height of 2-4 m, depending on the varieties and environmental conditions.
Varieties of kenaf differ in stem pigmentation, leaf form, maturity, fibre yield and quality

(Ghosh and Chakravarty, 1970).

Bangladesh is an agro-based country where agriculture contributes 13.82 % to the toal of
country’s GDP. This sector also accommodates around 40.6 % of her labor force (BBS
2019). Jute and allied fibres (mainly kenaf and mesta) industry is one of the largest
industrial employers in the country. It directly or indirectly provides livelihoods to more
than 35 million people including farmers, businessmen, workers, laborers and self
employed artisans and weavers of the country. It is still the third largest source of foreign
exchange (Mostofa, 2012). Therefore, the importance of jute as well as kenaf to the
national economy of Bangladesh could not be underestimated. At the global context,
Bangladesh is the second largest producer of jute and allied fibres (35%), India being the
largest one (56%) (Karmakar et al., 2008). In Bangladesh, around 40,000 hectare of land
is now being under kenaf cultivation and the fibre production is 80-90 thousand tons per

annum with average yields of 2.0-2.5 ton/ha.

The genetic improvement of kenaf was initiated in the early part of the 20™ century by
Howard and Howard (1911). After partition of India in 1947, research on kenaf was
conducted under the office of the Economic Botanist (Fibre) until 1963. Since 1964,
research on the genetic improvement of kenaf has been carried out at Bangladesh Jute
Research Institute (BJRI). At the beginning of crop improvement programme on kenaf,
two high yielding varieties HC-2 (popularly known as Joli kenaf) and HC-95 were
developed through pure line selection from a few common accessions which were
released in 1977 and 1995, respectively. These varieties, however, have some
undesirable characters. They contain very limited genetic variability with respect to
adaptability to different agro-climatic zones, fibre yield and quality. They are susceptible
to root-knot nematode (Meloidogyne spp.), spiral borer (Agrilus acutus), kenaf beetle,
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yellow mosaic disease and have prickles on stems and bristles on fruits (a character
disliked by farmers due to irritating to the skin). Not only that but also they are
temperature sensitive and if sown before March or late August, the growth becomes
stunted and fibre yield drops drastically (BJRI, 1993). These undesirable characters limit
their large-scale adaptation and extension. Therefore, systematic collection,
characterization and utilization of diverse kenaf genetic resources are needed to

overcome such problems.

Seed production is the major problem in fibre crop sector especially in kenaf and mesta.
Kenaf plants keep the lands occupied for about 8-9 months (April-November/December)
or more for seed production. Farmers face serious problems if they want to produce both
fibre and seed from same crop. Many small growers customarily leave an uncut portion
of the field as a source of their own seed. Such seed crop suffers badly by natural hazards
like hailstorm, heavy rainfall, lodging and foggy weather. For these reasons, normal crop
growth hampers, some plants dry up and the major part of the crop become senescent
and incapable to produce fruits. On the other hand, only few plants stand to produce
fewer (5 to 15) fruits/plant. More over, the seeds frequently mature before the end of the
rainy season, causing difficulty in drying the fruits: such mature seeds often germinate in
the fruits before they can be threshed (Dempsey, 1975). Such seeds can never be treated

as quality seeds in respect of germination, viability and vigor.

Thus it appears that Hibiscus cannabinus L. has some latent potential as well as
limitations. At present it is not a priority crop in any country but is rather a substitute or
alternate crop in most cases. With the launching of global campaign for environmental
awareness international opinion is being created on natural fibres like kenaf for its
expanded production and uses, as it is biodegradable and friendly to environment. Hence,
thrust should be given on varietal development in future to develop varieties having short
field duration i.e. early maturing, higher fibre and seed yield, better fibre quality and
resistance to biotic and abiotic stress. Keeping these points in view, the present piece of

study has been taken.
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CHAPTER 111
MATERIALS AND METHODS

This chapter contained the materials and methods that were used in carrying out the
experiments for the present study during the period from 20016 to 2019. A total of four
experiments (three field experiments and one laboratory experiment) were conducted to
address the major objectives of the research work. The field experiments were conducted at
Jute Agriculture Experimental Station (JAES), Manikganj and the lab experiment was
conducted at Physics division of Technical wing of Bangladesh Jute Research Institute

(BJRI), Dhaka. The details of the experiments are described below independently.

3.1 Experimental site

The field experimental site (JAES, BJRI) is situated in the tropical climate zone,
characterized by heavy rainfall during the months from April to August and scanty rainfall
during rest the year. The average temperature was maximum 30.98°C and minimum 25.68°C
in 2016, maximum 30.88°C and minimum 25.78°C in 2017 respectively. The average rainfall
was 170.56 in 2016 and 109.56 in 2017 (Appendix 1). The experimental site belongs to the
Active Brahmaputra Jamuna Floodplain which is Agro-Ecological Zone (AEZ) no. 8 (Figure

1.

3.2 Soil and Climate

The land is medium high with uniform topography and almost homogenous with respect to
soil fertility. The lands are occasionally flooded and flood water stands few days to less than
one month. Depth of water ranges from 0.60-1.25m. The soil is sandy and silty loam in
texture. Soil pH ranges from 6.00 to 6.65. This 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, therefore, necessary. The land is hardly

inundated unless there is any devastating flood.

3.3 Genetic materials used for the experiment

Forty two (42) genotypes of kenaf including two BJRI check varieties, HC-95 and HC-3
were used for the present study. Genotypes were coded herein G| through Gy,. Seeds of these
genotypes were obtained from the Gene Bank of Bangladesh Jute Research Institute, Dhaka.

A short description of these genotypes including origin has been presented in Table 1.
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Table 1. List of 42 kenaf genotypes with their origin and unique characters

Genotype Accession/ Country of Unique characters
variety origin
G* HC-95 Check Variety Plant full green, rapid growing, flower
completely cream
G, HC-3 Check Variety  Plant full green, rapid growing, more biomass
G; Acc. 1565 USA Full green stem, deeply lobed leaf, tall plant
G, Acc. 1597 Iran Full green stem, un-lobed leaf, short plant
Gs Acc. 1628 Iran Fpll green stem, deeply lobed leaf, medium
high
Gs Acc. 1657 Uganda Full green stem, deeply lobed leaf, tall plant
G;* Acc. 1983 Cuba Light red stem, un-lobed leaf, flower
completely cream
Gg Acc. 1986 Taiwan Light red stem, early matured, tall plant
Gy Acc. 1993 Java Cotyledon reddish green, stem reddish &
weak
G Acc. 4658 Australia Purplish stem, Quick growing, lodging habit
Gy Acc. 2731 Bangladesh ~ Full green stem, deeply lobed leaf, tall plant
G, Acc. 2768 Bangladesh Full green stem, un-lobed leaf, tall plant
Gis Acc. 2922 Netherland Red stem, partially lobed leaf, short plant
Gy Acc. 3745 Kenya Full green stem, deeply lobed leaf, tall plant
Gis Acc. 4142 Kenya Full green stem, deeply lobed leaf, tall plant
G Acc. 4197 Kenya Green stems tinged with red, tall plant
Gy Acc. 4202 Tanzania Light red stem, deeply lobed leaf
Gy Acc. 4297 Tanzania Fyll green stem, deeply lobed leaf, medium
high
Gy Acc. 4345 Tanzania Full green stem, deeply lobed leaf, tall plant
Gy Acc. 4380 Poland Full green stem, un-lobed leaf, medium high
Gy Acc. 4383 Sudan Green stems tinged with red, un-lobed leaves
Gy Acc. 4388 France Full green stem, deeply lobed leaf, tall plant
Gas Acc. 4441 Nigeria Full green stem, un-lobed leaf, tall plant
Gy Acc. 4444 Australia Fibre: stick ratio high, stem greenish, black

seed
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Table 1. (Cont’d)

Genotype Accession/ Country of Unique characters
variety origin

Gys Acc. 4448 USA Full green stem, deeply lobed leaf, short plant

G Acc. 4623 USA Full green stem, deeply lobed leaf, tall plant

Gy * Acc. 4627 Thailand Green stems tinged with red, deeply lobed
leaf

Gy Acc. 4634 Thailand Full green stem, deeply lobed leaf, tall plant

Gy Acc. 4638 Australia Full green stem, deeply lobed leaf, tall plant

G Acc. 4659 Australia Light red stem, un-lobed leaf, tall plant

G, Acc. 4718 USA Full green stem, deeply lobed leaf, tall plant

Gs, Acc. 4750 USA Full green stem, un-lobed leaf, tall plant

Gi3 Acc. 4769 Kenya Fyll green stem, deeply lobed leaf, medium
high

Gy Acc. 4919 Kenya Full green stem, un-lobed leaf, tall plant

Gss Acc. 4976 China Full green stem, deeply lobed leaf, tall plant

Gie* Acc. 4997 Nepal Full green stem, pink color flower, medium
high

Gs; Acc. 5021 China Full green stem, deeply lobed leaf, tall plant

Gig Acc. 5053 Pakistan Full green stem, deeply lobed leaf, tall plant

Gy Acc. 5080 Nepal Large and profuse seeding, stick very hard

Gao Acc. 5151 India Full green stem, medium high

Gy Acc. 5153 India Full green stem, medium high

Gy Acc. 5164 Ivory coast Eg}ll green stem, deeply lobed leaf, medium

* Selected for estimation of combining ability in a six-parent diallel crosses of kenaf,
page 40

Check Variety: Variety released from Bangladesh Jute Research Institute (BJRI), Dhaka-
1207
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3.4 Experimental Design and layout

The experiment was conducted during the period of April to September, 2016 (Optimum
sowing time) and July-December, 2016 (late sowing for seed purpose) following
Randomized Complete Block Design with three replications. The second trial was
conducted only for fruit, seed and seed yield attributes. Each genotype had a single row
of 3 m length. The replications (blocks) were interspaced with 60 cm, row to row
distance was 30 cm and that of plant to plant spacing was maintained at about 10-12 cm
with a plant population of 25 plants/m” i.e., 2,50,000 plants/hectare. The genotypes were

randomly distributed to each row within each block.

3.5 Description of experimental field and methodology

3.5.1 Land reparation and fertilizer application

The standard agronomical practices for kenaf germplasm were adopted to raise a good
crop under optimum management. The land was prepared thoroughly by ploughing four
times with power tiller followed by harrowing and laddering. The weeds and stubbles
were removed from the field and bigger clods were broken into smaller pieces. The soil
particles were pulverized and were leveled uniformly for the experimentation. The crop
was fertilized with recommended does of cow dung 5 (t/ha) and fertilizers such as urea,
TSP and MP were used @ 100, 25 and 45 kg/ha, respectively. The total amount of cow
dung, TSP, MP and half of the urea were applied at the time of final land preparation
before sowing. The remaining half of the urea was applied in two equal installments after
first and final weeding and thinning (45 DAS). The seeding was done by dibbling in
rows opened by wheel hoe. The seeds were sown on 05.04.2016 (early sowing) and
24.08.2016 (late sowing). Intercultural operations (weeding, thinning, supplemental
irrigations, plant protection measures etc.) were done at proper time throughout the

cropping season.
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3.5.2 Irrigation and drainage

After germination of seed the field was irrigated properly and necessary soil moisture
maintained throughout the crop period. A good drainage syutem was also ensured for
immediate release of excess rainwater from the experimental field during the crop

growing period.

3.5.3 Intercultural operations

Necessary all intercultural operations were performed for proper growth and
development of the plants. Weeding and thinning were done simultaneously at the time
of two top dressing of nitrogen. These practices were help to break the soil crust, to
increase the longevity of soil moisture content, to maintain uniform growth of plant
population, and incorporate the nitrogen fertilizer (urea) into the soil, thus reducing the
loss of through denitrification. Insecticide was sprayed twice and hand picking was
practiced to control jute hairy caterpillars at larval and pupal stage. Disease plants were

wiped out from the crop field.

3.5.4 Crop harvesting

The sample plants of individual plots were harvested for fibre yield at 120 days from the
date of sowing, which is considered as the physiologically optimum age for quality fibre
and for seed yield the plant were harvested when 80% pod showed symptom of

physiological maturity.

3.6 Methodology

The methodologies followed under different experiments are descrived below:

3.6.1 Experiment 1: Characterization and study of genetic divergence in kenaf
3.6.1.1 Observations and recording of data

Growing plants in the field were kept under constant and watchful observations. A total

of seventeen qualitative and twelve quantitative characters were finally recorded for
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analysis. For each character, observations were recorded from 5 randomly selected plants
of each genotype for each replication. The qualitative traits were visually recorded at
different growth stages of plants in the field and after harvest following descriptors and
descriptor states (Appendix II). Among the quantitative characters studied, days to 1%
flowering and number of fruits/plant were recorded in the field and the remaining

characters were measured in the laboratory after harvest.

3.6.1.2 Qualiitative characters studied

The following data were recorded for some important qualatitive characters, viz.,
cotyledon colour, seedling base colour, stem colour, leaf colour, stem pubescence, flower

colour, fruit shape, fruit color, seed coat colour, seed shape, etc.

3.6.1.3 Quantitative characters studied

The following data were recorded for twelve morphological characters of kenaf.
Days to 1* flowering

It was recorded as the number of days from the date of sowing to beginning of flowering

in the population of each genotype.

Plant height (m)

Plant height was measured from the base of the plant to the top of the main shoot using

meter scale at the time of harvest (pre-bud stage, 95-140 DAS).

Leaf length (mm)

Leaf length was measured from 5 randomly selected plants starting from the 6" leaf from

top of main stem (i.e., ignore first 5 leaves) by measuring scale (pre-bud stage, 60 DAS).

Leaf width (mm)

Leaf width was measured from 5 randomly selected plants starting from the 6™ leaf from

top of main stem (i.e., ignore first 5 leaves) by measuring scale (pre-bud stage, 60 DAS).
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Stem base diameter (mm)

It was measured at basal portion (close to soil surface) of the stem using slide calipers. It

was also taken at the time of harvest.

Node number/plant

Total number of nodes on main stem from soil surface to top including flowering nodes

were counted and expressed in number.

Green bark thickness (mm)

Green bark thickness was measured by subtracting from basal diameter to core diameter.

Core diameter was measured by pulling the basal bark of the stem.

Green weight/plant (g)

Fresh weight of 5 randomly selected plants without leaves was taken using electric

balance just after harvest and then per plant basis weight was calculated.

Fibre weight/plant (g)

Dry fibre weight of randomly selected 5 plants from each plot was taken after retting and

proper drying in the sun. Finally per plant basis weight was calculated.

Stick weight/plant (g)

It was measured from previously selected 5 plants after extraction of fibre and proper sun

drying of stick and then per plant basis weight was calculated.

Number of fruits/plant

Number of total fruits from first to last fruit setting per plant was counted in the field and

recorded.

1000 seeds weight (g)

Weight of 1000 dry seeds (10% moisture) of each genotype for each replication was

measured using digital balance and recorded.
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3.6.1.4 Analysis of Data

Mean data of each character was used for both univariate and multivariate analysis. In case
of univariate analysis (UV), analysis of variance was done individually by F-test to
determine the variation of the traits measured. Only traits with significant variation based on
the F-test were included in subsequent analysis. Multivariate analysis viz. Principal
Component Analysis (PCA), Principal Coordinate Analysis (PCoA), Cluster Analysis and
Canonical Vector Analysis (CVA) were done using GENSTAT 5.13 and Microsoft Excel
2000 software.

3.6.1.5 Principal Component Analysis (PCA)

It is one of the multivariate techniques, is used to know the inter relationships among several
characters and can be done from sum of squares and products matrix of the characters.
Therefore, the principal components were computed from the correlation matrix and
genotype scores obtained from the first components and succeeding components with latent
roots greater than the unity (Jager e.al. 1983). The latent roots are called ‘Eigen values. The
first component has the property of accounting for maximum variance. Contribution of the
different morphological characters towards divergence is discussed from the latent vectors of

the first two principal components.

3.6.1.6 Principal Coordinate Analysis (PCO)

Principal coordinate analysis is equivalent to Principal Component Analysis, but it was used
to calculate the inter genotype distance. Through the use of all dimensions of P, it gave the
minimum distance between each pair of the N points using similarity matrix (Digby et al.,

1989).

3.6.1.7 Cluster Analysis (CA)

Clustering by D? statistics is useful to identify the diverse genotypes for hybridization
purposes. It was done by using Mahalanobis D? statistics. Starting from some initial
classification of the genotypes into required groups, the algorithm repeatedly transfers
genotypes from one group to another as 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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3.6.1.8 Canonical Vector Analysis (CVA)

By this method, vectors or canonical roots are calculated to represent the varieties in the
graphical form. 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. Therefore, in this analysis a series of orthogonal
transformations can be done sequentially maximizing the ratio among the groups to
within group variations. 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 groups

covariance matrix.

3.6.1.9 Computation of Average Intra-cluster Distances

The average intra-cluster distance for each cluster was calculated by taking possible D*
values within the members of a cluster obtained from the Principal Coordinate Analysis
(PCO) after the clusters were formed. The formula used to measure the inter-cluster
distance = Y D*n, where Y D? is the sum of distances between all possible combinations
(n) of the genotypes included in a cluster. The square root of the average D values

represents the distance (D) within cluster.

3.6.1.10 Cluster Diagram

Cluster diagram was drawn using D? values between and within clusters i.e. the intra-and
inter-cluster distances. It gives a brief idea of the pattern of diversity among the

genotypes and relationships between different genotypes included in a cluster.

3.6.1.11 Computation of Average Inter-cluster Distances

The procedure of calculating inter-cluster distance was first to measure the distance
between cluster I and II, between I and III, between I and IV, between I and V, between
IT and II1, between II and IV, between Il and V and so on. The clusters were taken one by

one and their distances from other clusters were calculated.
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3.6.2 Experiment 2: Estimation of combining ability and heterosis in Kenaf

3.6.2.1 Research management and procedure

On the basis of morpho-physiological characterization (Experiment 1), six selected kenaf
genotypes were chosen as parental materials for this study. Photographs of these
materials along with their short description have been presented in Plate 1. Kenaf is a
self-pollinated crop. Reciprocal crosses were tested using its different genotypes prior to
PhD research work and found no reciprocal differences other than an environment. As
such half diallel crosses technique was followed for this study. F; seeds were developed
by hybridization involving all the above-mentioned genotypes. Diallel crosses among the
six selected parents (on the basis of morpho-physiological characterization) were made
in all possible combinations excluding reciprocal. A total of 15 F; hybrids involving
parents were raised. To raise plants for hybridization, seeds of all the parental genotypes
were sown in earthen pots in three times after 15 days interval during July to August,

2017 to confirm synchronization of flowering.
3.6.2.2 Raising of F; seeds

Crosses were made to obtain sufficient amount of seeds of fifteen F, hybrids. Care was
taken at the time of emasculation and pollination to avoid foreign contamination of the
genetic material: (1) Emasculation was done at immature anther’s stage before the stigma
became receptive to minimize self-pollination. (2) Flowers one day prior to maturity
were selected for emasculation. (3) Complete elimination of anther was ensured (4)
Gynoecium was kept safe from all types of damages (5) Emasculated buds were wrapped
before and after pollination, during experimentation, all the parents were crossed by hand
crossing according to the design of Kempthrone (1957) along with selfing of some

flowers to get the selfed seed.

3.6.2.3 Materials required

The material which required for production of hybrid seed in kenaf includes: (1) Scalpel
blade, (2) forceps, (3) Straw tubes, (4) magnifying glass, (5) tray, (6) treads, (7) note
book and pencil, etc. Straw tubes required in red and green colour. Red coloured straw

tubes were used for covering the flower bud after emasculation and green were used to
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Parent-1: HC-95
Origin : Bangladesh

* High biomass producing

* Quick growing, lobed leaf

» Late maturing (190-210
DAS)

* Short day plant with time
bound flowering (flowers
not early than November)

Parent-2 : Acc. 1983
Origin : Cuba

* Plant full green, un-lobed \gtﬂ
leaf, flower completely ": | }
cream Woiw & R

+ Late maturing (195-210
DAS)

+ Short day plant with time
bound flowering (flowers
not early than November)

Parent-3: Acc. 4627
Origin : Thailand

» High biomass producing

* Quick growing, lobed leaf

« Late maturing (190-205
DAS)

* Short day plant with time

bound flowering (flowers
not early than November)

Parent-4: Acc. 4658

Origin : Australia

* Purplish stem, lodging habit
* Quick growing, un-lobed leaf

+ Early maturing (less than 160
DAS)

+ Short day plant with time
bound flowering (flowering
starts within Aug-Sept.)

Parent-5: Acc. 4444

Origin : Australia

» High biomass producing
* Quick growing, lobed leaf
* Late maturing (175-185 DAS) ¥

* Short day plant with time
bound flowering (flowers not
early than October)

Parent-6: Acc. 4997
Origin : Nepal

+ Full green, medium high

* Pink color flower

+ Late maturing (170-185
DAS)

+ Short day plant with time
bound flowering (flowers not
early than October)

Plate 1: Photographs showing different parental lines used in diallel cross
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cover the flower bud after pollination. It helps in the identification of emasculated female
part (stigma and style) and pollinated buds. Straw tubes used for covering the
emasculated buds. The emasculated bud should be free from anthers and pollen grains. A
plastic tray is required for collection of male flowers for pollination. The tread is
required for tying pollinated buds for easy identification. The note book and pencil are

required for keeping the record of crossing work.

3.6.2.4 Hybridization technique

Hybrid seed production in kenaf was carried out by hand emasculation and pollination.
The crossing work was done by following the three steps, viz. (1) selection of bud, (2)

emasculation, and (3) pollination (Plate 2).

Selection of bud

The selection of flower bud for emasculation is an important step in hybrid seed
production. Diallel crosses among the six selected parents 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 well-developed floral buds of the
plants selected as female parents whom were ready to open in the next morning were

emasculated in the afternoon.

Emasculation

The kenaf flower is perfect in that both male and female reproductive parts are located in
the same floral structure (Fig. 1), bisexual flower. In order to produce hybrid plants, the
anthers removed or be sterile while the female portion remain fertile. The process of
removal of anthers from the selected flower bud is referred to as emasculation.
Emasculation was made at about 14-16 hours before the flowers are due to open, usually
late in the afternoon each day. The best time for emasculation was 4-6 p.m. Made
incision with a sharp scalpel by thumb-nail/finger nails) around the base of the corolla
without scratching the ovule. The buds that are likely to open on the next day were
emasculated by giving a cut with thumb nail and removing the stamina column. The
emasculation was done by cutting the terminal portion of the corolla above the staminal
tube with a scalpel blade. Then the anthers on the staminal tube were removed with

forceps. The stigmata of emasculated flower buds were capped by red coloured straw
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E. Hand pollination of emasculated F. Tagging of emasculated flower
flower

Plate 2. Hybridization techniques
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A. Emasculation of selected flower B. Hand pollination of emasculated
flower

‘C. Capping of emasculated bud D. Tagging of emasculaed flower

Plate 2. Hybridization techniques
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