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Abstract

Agro-botanical characteristics of 16 kenaf genotypes were investigated for genetic
divergence using morphological analyses. The genotypes were evaluated and data
analyzed acrosstwo years 2014 and 2015 in five months. Wide variation observedin
the genotypes’ agro-botanical characteristics proved their genetic diversification.
Stems and leaves of the plants were predominantly green. Significant differences
for morphological and agronomic characteristics were observed among 16 kenaf
genotypes. The best height of first branching (7.58 cm) was recorded in TAINING
I, while the lowest (2.53 cm) was in genotype AU-72 (48). In terms height, the
local line consistently had the highest values across the planting months while
genotype TAINING | produced the shortest plants. Also, genotype Au-75 (41%) had
the higher number of branches at the early growing stage, while the genotype
V-1-400 had higher values at later growing stage. However, genotype G 452!
consistently had the lowest number of branches in all the planting months. The
values of base diameter of some Kenaf genotypes in five months over two years
ranged between 0.50-13.50. The middle and top stem diameter, leaf length and
width varied significantly among the genotypes in all the planting months. The
number of nodes increased progressively with planting months. In all the planting
months the lowest number of nodes (9.00) was obtained in genotype 2QQ (13) in
the month of July and the highest (36.5) in EXGIWA 34! in the month of November.
The study revealed that morphological characters could be used for identification
and classification of kenaf varieties.
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Introduction

Kenaf (Hibiscus Cannabinus L.) is a short day, annual, herbaceous
plant cultivated for the soft fiber in the stem. It belongs to the
Malvaceae, a family of crops notable for both their economic
and horticultural importance. The genus hibiscus is wide spread,
and comprises over 200 annual and perennial species [1].
Kenaf is closely related to cotton (Gossypium hirsutum L.), Okra
(Abelmoschus esculentum) and holly hock (Althaca rosea L.).
Kenaf, as well as Hibiscus sabdariffa are classified taxonomically
as Hibiscus [2-4]. Kenaf is one of the most important fiber crops
in the world. It is composed of multiple useful components
(e.g. stalk, leaves and seeds) and within each of these plant
components there are various usable portions such as fibers, fiber
strands, proteins, oils and allelopathic chemicals. The combined
attributes of these components provide ample product diversity

for its continued use and development [5-6]. In good conditions
the plant can grow up to a height of five to six meters in six to
eight months and produces up to 30 tons per hectare of dry stem
material [7]. Conversely, kenaf is a traditional, third world crop
with a lot of potentials that is capable of being propagated as an
annually renewable source of industrial fibre in many countries
around the world [8].

Kenaf, as plants, usually has two leaf types which are divided
and entire. Kenaf plants produce simple leaves with serrated
ages alternate from side to side on the stalk and branches.
Cultivar and plant age affect the leaf shape. The divided (Split —
leaf) cultivars have deeply lobed leaves with 3, 5, or 7 lobes per
lead, the entire leaf cultivars produce leaves that are shallowly
lobed, and are basically cordate (leaf shaped). The divided leaf
characteristics was found to be dominant and the entire lead
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shape was recessive [9-11]. At early stage, the young leaves of
kenaf plant are usually simple, entire and cordate [12]. As the
plant grows into maturity and additional leaves are added, the
younger leaves start to differentiate into the leaf shape that
is typical of the particular cultivar. Divided lead cultivars can
produce 3 to 10 entire juvenile leaves prior to the production
of the first divided leaf [13,14]. Each leaf also has a nectar gland
on the main— vein on the underside of the leaf [15]. Kenaf has
erect branches or unbranched stalks reaching a height of 1 — 4
m, and either green, red or purple prickly. Generally, the stalks
of kenaf plant are round, depending on the variety, with sparsely
distributed tiny thorns. It consists of two distinct fiber types: the
outer- bast fibers which comprise about 35% of the stalk dry
weight and the inner. Core fibers that comprise about 65% of the
stalks dry weight [16].

Identification and knowledge of differences among genetic
materials in plant is critical to selection of appropriate resources
adapted to specific environments for successful breeding
programs. In the same vein, promotion and recommendation
of crops to farmers for commercial farming is proper only
after a thorough research and information on such crops. This
information is obtained by evaluation of the available crops
genotypes. However, the crop’s genotypic characteristic of kenaf
in tropical country like Nigeria is still poorly understood because
information on this aspect is very limited. This has made the
identification of the various genotypes of the crop difficult. It
has also retarded effective conservation and utilization of the
numerous varieties of the crops that are available for either
breeding programs or cultivation for commercial purposes [17].
Therefore, this study attempted to evaluate kenaf genotypes
in order to understand their genetic divergence using agro-
botanical, agronomic, flowering and yield characters.

Materials and methods

Experimental sites

The experiment was carried out in Omuiechi- Aluu Village in
Ikwerre Local Government Area of Rivers State (latitude 05" 10*
and Longitude 05" 13') in 2014 and 2015 cropping seasons. The
climate of Rivers State is tropical rainforest with two seasons, wet
and dry. There are two rainfall maxima in June and September
and has a total rainfall of about 5922 mm per annum and annual
temperature average of 28.5°C. The dry season which is rather
not well defined and often very short lasts from late November
to late February. The rainy season starts in March and lasts for
over eight months in each year. The soil is described as sandy
loam [18].

Source of planting materials

Sixteen (16) genotypes of kenaf (Hibiscus cannabinus L ) used in
this experiment were obtained from Jute and Fiber Crops Unit,
Institute of Agricultural Research and Training (IAR&T), Moor
Plantation, Ibadan, Oyo State, Nigeria.

Experimental design

A Randomized complete Block Design (RCBD) with 16 treatments
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and three (3) replications were used for the trial. Each plot
measured 3 m by 1.5m consisting of 3 rows with planting spacing
of 75 cm by 30 cm (inter- and intra- row spacing). The different
kenaf genotypes were the treatments.

Agronomic practices

Planting was carried out at the beginning of June (8" of June) in
each year. Seeds (two seeds/hole) were sown per hole at planting
depth of about 4cm and at a plant spacing of 75 cm by 30 cm
between and within rows respectively [17]. Weed control was
carried out manually at two weekly intervals using weeding hoe.

Measurement of Growth Parameters

These were obtained at four weeks after planting, and then
other measurements were carried out subsequently on monthly
basis till maturity. Data were taken from five randomly sampled
plants in each plot in three replicates. The plant height was
measured from the ground to the top of the plants with the
aid of measuring tape on individual plant and the readings
were taken or recorded. The number of branches on each plant
was counted and recorded, four weeks after germination and
subsequent readings were taken at monthly interval till maturity.
Height at first branching was measured with meter rule in each
replicate four weeks after germination. The base of the stem of
each plant was measured with tape rule, firstly at four weeks
after germination and subsequent measurements were taken
at monthly interval and the readings were recorded. The trunk
diameter of the stem of each replicate plant was measured four
weeks after germination, other measurements were done at
monthly interval and the readings computed. The top of the stem
of each the plant was measured four weeks after germination,
other measurements were done at monthly interval and the
readings recorded.

The total number of leaves in each plant was counted four
weeks after germination and subsequently at monthly interval
till maturity. The length and width of the leaf were taken using
meter rule in each of the replicates four weeks after germination
and subsequently at monthly interval till maturity. This were
evaluated using meter rule in each of the replicates four weeks
after germination and subsequently monthly till maturity.

The number of nodes was counted four weeks after germination
and subsequently at monthly interval till maturity and recorded.
Also, the internodes length (distance between two nodes) was
measured on each plant in all the genotypes using transparent
meter rule. The number of days to flowering (50.0%) was
obtained in each genotype and the values were recorded. The
numbers of flowers on each plant was counted and recorded.

Data Analysis

The data collected were subjected to Analysis of Variance
(ANOVA) using the GenStat Discovery Edition 3 (GenStat, 2007).
The analysis estimated the genotype, and year effects as well
as their interactions. Mean separation was done using least
significant differences. Genotypic, phenotypic and error variances
were estimated using the formulae of Wricke and Weber [19].
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Results
Growth attributes of Kenaf

Heights of first branching, plant height and numbers of
branches: The heights of first branching in some kenaf genotypes
in two years are shown in Table 1. The best height of first
branching (7.58 cm) was recorded in TAINING II, while the
lowest (2.53 cm) was in genotype AU-72 (48). Highly significant
(p<0.001), year effect was observed, while the genotype and
year x genotype interactions were also significant (p<0.05). The
plant height of some kenaf genotypes in five planting months
over two years are shown in Table 2. The result revealed that the
local line consistently had the highest values across the planting
month while genotype TAINING | produced the shortest plants.
The analysis of variance revealed that the interaction between
the year and was genotype was significant (p<0.01). While
the interactions between the year x genotype was significant
(p<0.01) in the month of July, August and September, but was
not significant in October and November (Table 2). The numbers
of branches in some Kenaf genotypes in five months are shown
in Table 3. Kenaf genotype Au-75 (41%) had higher number of
branches at the early growing stage, while the genotype V-1-400
had higher values at later growing stage. However, genotype G
4521 consistently had the lowest number of branches in all the
planting months. The analysis of variance indicated that the level
of significance between the year, genotype and year and genotype
interactions were at p<0.001, p<0.01 and p<0.05 respectively.
Base and middle stem diameter: The values of base diameter
of some Kenaf genotypes in five months over two years ranged
between 0.50-13.50 (Table 4). The result indicated that Taining

Table 1 Height at First Branching in Some Kenaf Genotypes Four Weeks
after Planting in2014 and 2015 Cropping Seasons.

Height at first branching
(cm)

S/N Genotype

| 7

5108 -4-(47%)

13 A2 —60-2826

15

200Q(13)

Mean
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Il had the highest base diameter in each of the months. While
the lowest values were observed in genotype A2-60-2826 in
the months of July (0.55 cm) August (3.22 cm) and November
(9.58 cm), while genotype Au 2452 (4*) had the lowest values
of 6.30cm and 6.87cm in the months of September and
October respectively. The Analysis of Variance revealed that
year, genotype and year x genotype interactions were highly
significant (p<0.001). The analysis of variance of middle stem
diameter in some Kenaf genotypes over two years (Table 5),
showed significant difference due to the effect of year (p<0.001),
genotype (p<0.01), and year x genotype (p<0.05). In the month
of July the highest values of 0.4lcm was recorded in G4521, while
in August 1.53 cm was obtained in genotype V-1-400, September
had 3.58cm in AU-72 (48) for October it was 5.37 cm In Ifekan
400 and November 7.66 cm was observed in G 4521. The lowest
values of 0.23 cm; 1.08 cm and 3.10 cm were observed in AU-75
(414) in the months of July, August and September respectively.
In the month of October, and November the lowest values of
4.13 cm and 6.21 cm were observed in genotype A2-60-2826
respectively [20].

Top stem diameter: The top stem diameter of some Kenaf
genotypes in five planting months over two years is shown in
Table 6 In July, the highest top step diameter (0.28 cm) was
observed in IFEKAN-400, and lowest (0.11 cm) in AV245(4%). In
August, genotype AV-60-2826 had the highest value of 0.87 cm,
and the lowest 0.53 cm observed in the local line genotype. In
September, genotype A2-60-2836 had the highest value (1.60)
and the lowest (1.13) was observed in Tanung I. In October, V-1-
400 had the highest (2.40 cm) while AU-72 (48) had the lowest.
In November, the highest mean value of 3.48cm was observed
in A-60-282-5 and the lowest 2.58 cm in Cuba 108. Analysis of
variance showed that the year, genotype and year x genotype
were significant at p<0.001; p<0.01 respectively.

Leaf Length: The leaf length of some kenaf genotypes in relation
to planting months and year is shown in Table 7. In the month of
July the highest leaf length (6.50 cm) was recorded in CUBA108
and the lowest (3.93 cm) in V-1-400. In August, the highest value
(8.87) was in genotype AV75 (414) and the lowest (4.45 cm) in
G44521. For the month of September, genotype A-60-282-5 had
the highest (9.48) and AV-72 (4®) had the lowest value (5.97 cm).
In the month of October, the local line had the highest value
(12.42 cm), while the lowest (6.65cm) was in AU-72(4%). In the
months of November, the highest value (15.50 cm) was recorded
in A2-60-2826 while AU-72 (4%) had the lowest leaf length
(8.90cm). The analysis of variance for the interactions of year,
genotype and year x genotype indicated that they were highly
significant (p<0.01).

Leaf Width and petiole length: The leaf width (Table 8), indicated
that the highest values of 4.17 cm (July), 8.35 cm (August), 9.55
cm (October); 10.55 cm (September) and 12.35 cm (November)
were recorded in genotypes Cuba 100, AU-75 (414), A-60-2825;
and Ex GIWA respectively. Throughout the planting months the
genotype AU72 (48) consistently had the lowest values. Analysis
of variance revealed that the interactions between the year,
genotype and year x genotype were significant (p<0.01). The
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Table 2 Plant Height (cm) of some Kenaf Genotypes in the five growing months in 2014 and 2015 cropping seasons.

Plant Height at Different Months (cm)

S/N  Genotype July August September October November
2014 2015 X 2014 2015 X 2014 2015 X 2014 2015 X 2014 2015

S s e ws s e e s s s s

203.7
16 localline 353 353 353 967 972 969 1616 1624 1619 1959 1968 1964 2635 2658 264.7

LSD0.05
Year=0.49**

Genotype=0.37**
Year x
Genotype=0.94**

14

LSD0.05 LSD0.05
Year=3.09** Year=3.39**
Genotype=8.73** Genotype=9.57**
Year x Year x
Genotype=12.34ns Genotype=13.53ns

LSDO0.05 LSDO0.05
Year=1.84** Year=2.84**
Genotype=5.19** Genotype=8.00**

Year x Genotype=7.35* Year x Genotype=11.33*

Table 3 Numbers of branches in some Kenaf genotypes in the five growing months in 2014 and 2015 cropping seasons.

Number of Branches at different months
July August September October November
S/N Genotype 2014 2015 X 2014 2015 X 2014 2015 X 2014 2015 X 2014 2015

_Au72(48) 233 3 267 9 7 8 1033 11 1067 17 175 1725 1933 1967
22.33
_Tainungll 267 267 267 633 567 6 833 9 867 20 1733 1867 2267 2133
24.33

10 ExGiwa(3#) 167 2 183 6 633 617 833 9 867 16 1533 1567 1767 24
_Au75(41) 433 7 567 867 8 833 1167 1733 145 1733 1733 1733 21 2033
14 Au52(#) 433 333 383 6 6 6 1367 11 1233 17 1467 1783 1933 19
_localline 233 333 283 5 517 5117 667 8 73 1525 10 1263 1267 1167

LSDO0.05 LSDO0.05 LSDO0.05 LSDO0.05 LSDO0.05

Year=0.48*** Year=0.47*** Year=0.63*** Year=0.64*** Year=0.87***
Genotype=1.35** Genotype=1.33** Genotype=1.78** Genotype=1.82** Genotype=2.47**

Year x Genotype=1.90** Year x Genotype=1.87** Year X Genotype=2.52** Year x Genotype=2.58** Year x Genotype=3.49**

This article is available in: http://www.imedpub.com/plant-sciences-and-agricultural-research/
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Table 4 Base Diameter (cm) of Some Kenaf Genotypes in the FiveGrowing Months in 2014 and 2015 Cropping Seasons.

Base Diameter at different months (cm)
Genotype July August October September November
2014 2015 X 2014 2015 X 2014 2015 X 2014 2015 X 2014 2015

Au-72(48)
fekanDI400 067 08 073 337 35 343 673 68 673 88 867 873 11 1127
Teinungll 093 097 095 387 377 38 66 68 677 88 86 87 13 1309
_A602825
ExGiwa(34) 08 087 083 367 367 367 687 693 69 800 71 755 117 1157
_Au7S(A1) 07 07 07 313 33 32 693 667 68 73 73 73 1077 109 _
Au2452(4") 067 07 068 32 33 325 63 64 635 72 67 69 1007 1093
_Localline
I 1 ¥ 9 N I "
Genotype=036™  Genotype=059™  Genotype=059  Genotype=033™  Genotype=0.53""

Table 5 Middle Stem Diameter (cm) in Some Kenaf Genotypes in the FiveGrowing Months in 2014 and 2015 Cropping Seasons.

Middle Stem Diameter at Different Months (cm)
July August September October November
S/N Genotype 2014 2015 X 2014 2015 X 2014 2015 X 2014 2015 X 2014 2015

8 A602825 033 033 033 097 097 107 3 31 305 5 487 493 637 62 628

10 ExGiwa(3#) 04 04 04 OlJul 107 107 313 33 321 513 52 517 723 733
12 Au75(41) 023 023 023 117 12 108 313 307 31 473 48 477 61 653 631
14 Aw4s(#) 027 03 028 12 143 131 307 298 298 397 403 4 63 627
ol | Jaso | [ s | luso | sl
_ Genotype=01208*** Genotype=0.59"** Genotype=0.1624**

© Under License of Creative Commons Attribution 3.0 License
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Table 6 Top Stem Diameter (cm) Of Some Kenaf Genotypes inthe FiveGrowing Months in 2014 and 2015 Cropping Seasons.

Top Stem Diameter at Different Months (cm)
October
July August September October November

-
_ Cubal08 023 02 022 06 05 055 137 14 138 237 21 223 203 313 2
_TAINUNGI 013 013 013 057 063 06 167 113 14 217 193 205 323 32 3
_lfekand00 023 033 028 05 06 055 15 147 109 223 213 218 31 337 3

-
-
A2602826 01 013 012 09 083 08 143 16 151 23 23 23 327 323 3
20q(1) 04 017 028 073 067 07 153 15 151 233 223 228 327 313
_ Mean 02 02 06 066 139 138 229 216 314 321
 Years0OS*** | Year=004""*  Year=0.05*** Year=0.06*** Year=007*** _

Year
Genotype=0.15**

Year x Genotype=0.195* Year x Genotype=0.12** Year x Genotype=0.22** Yearxgenotype=0.27**

Table 7 Leaf Length (cm) in Some Kenaf Genotypes in the Five Growing Months in 2014 and 2015 Cropping Seasons.

Leaf Length at Different Months (cm)
July August September October November
S/N Genotype 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015

8 A602825 613 613 613 71 68 695 947 95 948 1197 121 1203 133 143 138
(10 ExGiwa(34) 59 537 563 93 803 867 793 73 762 937 94 938 124 1327 1283

14 14.63
I T " % N 9% N 9% I " W

.- Genotype=0.58** . Genotype=1.06* . Genotype=0.50*** . G%";’;‘ﬁe' - Genotype=0.67** -

This article is available in: http://www.imedpub.com/plant-sciences-and-agricultural-research/
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Table 8 Leaf Width (cm) in Some Kenaf Genotypes in the Five Growing Months in 2014 and 2015 Cropping Seasons.

Leaf Width at Different Months (cm)
July August September October November
S/N Genotype 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015

95
8
10
12
14

_localline 323 307 315 49 53 51 9 883 891 94 96 _ 95 125 1243

I I . I 19 ) O -

- Genotype=0.240** . Genotype=0.430* . Genotype=0.433* . Genotype=0.856* . Ggl‘fgf?

Table 9 Petiole Length (cm) in Some Kenaf Genotypes in the Five Growing Months in 2014 and 2015 Cropping Seasons.

Petiole Length at Different Months (cm)
July August September October November
S/N Genotype 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015

Tainungll 693 68 687 947 937 941 124 1243 1242 1507 1527 1453 169 173 181

ExGiwa(34) 7.2 69 705 91 907 908 1407 1427 1417 1563 1683 1623 174 188 181
ol s isol | isD o
 Genotype=040**  Genotype=0.50**  Genotype=0.67**  Genotype=072**  Genotype=181*

© Under License of Creative Commons Attribution 3.0 License 7
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petiole length of some kenaf genotype over two years is shown
in Table 9. The genotype 2QQ (1%) consistently had the highest
value, while the lowest values were observed in Ifekandi-400 in all
the months. The analysis of variance indicated a significant level
(p<0.01) for year, genotype and year x genotype interactions.

Number of nodes and internodes length: The number of nodes
increased progressively with planting months (Table 10). In all the
planting months the lowest number of nodes (9.00) was obtained
in genotype 2QQ(13) in the month of July and the Highest (36.5)
in EXGIWA 34! in the month of November. Analysis of variance

Vol.2 No.2:12

indicated that the interactions between the year, genotype,
and year and genotype were highly significant (p<0.01) in all the
plating months (Table 10).

The internodes lengths of some kenaf genotypes in two tears are
presented in Table 11. Overall, The lowest (1.60 cm) internodes
length was obtained in CUBA 108 in July and the highest (12.40
cm) in Ex-GIWA (3%) in the month of November. The analysis of
variance in year, genotype and year x genotype interactions were
highly significant (p<0.01) in all the planting months (Table 11).

Table 10 Number Of Nodes in Some Kenaf Genotypes in the FiveGrowing Months in 2014 and 2015 Cropping Seasons.

Number of Nodes at different months

July August

S/N  Genotype 2014 2015 2014 2015

October
2014

November
2015

September

2015 2014 2015 2014

34

I N =9 9% N ¥ I v

Genotyp Genotype _ % _ o _ %
-- 1.667* Genotype=1.541 Genotype=0.994 Genotype=1.417

Table 11 Internodes Length (cm) of some Kenaf Genotypes in the five growing months in 2014 and 2015 cropping seasons.

Internodes Length at Different Months (cm)

August
2014 2015 X

S/N  Genotype July
2014 2015 X

2014 2015 X

November
2014 2015

October
2015 X

September
2014

7.83
7.63

5.37

9 V1400 22 243 232 373 223 298 58 583 58 677 68 679 99 943 967

8 This article is available in: http://www.imedpub.com/plant-sciences-and-agricultural-research/
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16 Llocalline  2.37 257 2.47 393 237 3.15

LSDO0.05
Year=0.18**
Genotype=1.52*

LSDO0.05
Year=0.27**
Genotype 0.77**

14 AU2452(4) 203 243 223 243 25 247 337 397 367 573 633 603 69 873 782

636 6.8

LSDO0.05
Year=0.11**
Genotype=0.32**
Year x Genotype=1.73* Year x Genotype=1.09* Year x genotype=0.45** Year x Genotype=0.33**

672 71 807 758 87 106 9.65

LSDO0.05
Year=0.09***
Genotype=0.26**

LSDO0.05

Year=0.36**
Genotype=1.01%*

Year x genotype=1.43*

Discussion

Analyses of genetic diversity provide for the selection of genotypes
in breeding programs and provide useful genetic information
[22]. In this study, high levels of genetic diversity were found for
the various kenaf genotypes.The stems and leaves of the plants
were predominantly green indicating presence of chlorophyll
pigments and the crops affinity for nitrogen, magnesium and
sulphur. Attention needs to be paid to these nutrient elements
when cultivating or improving the crop. The wide variation in
the botanical, as well as agro-morphological characteristics
of the crop proves there is a wide genetic diversity among the
genotypes. Plant breeders can, therefore, easily make choices
among the germplasms for breeding programmes. Ogunniyan
and Olakojo [21] found genetic variation among maize varieties
using variation in their botanical characteristics. Ogunkanmi et al.
[22] also reported variation in kenaf genotypes. Major distinctions
in the characters is capable of facilitating rapid identification and
classification of distinct lines during breeding programmes.

The mean of plant height, base diameter, and middle stem
diameter showed significant differences among the kenaf
genotypes. The result of this work indicated that the local line
produced the tallest plant, while Tainung | produced the shortest
among the kenaf genotypes. Generally, most of the genotypes
under consideration were very tall However, Adepoju et al. [23]
reported that short plants are preferred in breeding programmes
such as rice and wheat crops, because short plants can reduce
the problems of collapses and can respond to fertilizer. In spite
of this, Cheng (2004) found that kenaf plants with higher main
stem are stronger and do not fall easily in production levels when
compared to short plants. The middle and top diameter were
within the same range, this was relatively stable phenotypic trait
for all the kenaf genotypes. Conversely Cheng et al. [24] proposed
it for the identification of different kenaf genotypes.

In 2 years, plant height also increased with each succeeding
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