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In equatorial climates, fibre yield is higher in photo-insensitive kenaf cultivars. To develop a rapid
screening method, in vivo and in vitro indices were evaluated. Seven genotypes were grown at natural
photoperiod and growth rates before and after flowering, days to flowering and fibre yield were
recorded. In vitro, stem and leaf explants of genotypes Tainung and V400 which showed contrasting
photoperiodic responses in vivo, were tested for callus induction at 0 and 12 h photoperiod. Calli were
transferred to differentiation medium at 12 and 9 h photoperiod and numbers of green spots and
embryogenic callus clusters were recorded. Flowering was delayed by at least 27 days in V400 relative
to other genotypes. Growth rate reduced by 30% after flowering in all genotypes except V400 where it
increased by 60%. Highest yield of 76 g / plant was recorded in V400. Eighty-four percent degree of
callus formation by stem was higher than 51% by leaf explants of V400 irrespective of light regime. In
Tainung, callus formation varied with explants and photoperiod. Green spots and embryogenic clusters
were three times more in Tainung than V400. Both in vivo and in vitro results showed Tainung as
photosensitive and V400 as photoinsenstive. Incubating kenaf callus in differentiation medium in 12 h

light and evaluating for greenness was useful in screening for photoperiod sensitivity.
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INTRODUCTION

In Nigeria, kenaf has been accepted as an industrial crop,
and will soon find considerable use in making absorbents
for cleaning oil spills in the Niger Delta. However, supply
of kenaf raw materials is scarce, with Africa producing
only 2.91% of the global production (FAO, 2003) com-
pared to China (30.5%) and India (47.4%). This is due in
part to cultivation of varieties with photoperiod sensiti-
vities that do not match equatorial climates. It is the
latitude, north or south of the equator, which determines
the daily photoperiod of a location yearly. Kenaf is a short
day plant, and most varieties are photosensitive. They
initiate flowering when day length reduces to 12.5 h, and
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are suited for countries at latitudes 10 to 27° north or
south of the equator (Scott, 1982; Webber et al., 2002).
However, planting these varieties in the tropics (latitude 0
to 10° N or S) where day length is more uniform from
June to September induces early flowering which causes
a reduction in vegetative growth and low fibre yields.
Photo-insensitive (day-neutral) cultivars are therefore
preferred in that, they flower late (Stricker et al., 2001), or
when they flower early, their vegetative growth is not sig-
nificantly reduced. Identification of photoinsensitive geno-
types is therefore a priority in kenaf yield improvement
programmes.

To date, serial field planting at natural photoperiod
(Balogun et al., 2007) or controlled illumination in vivo
has been used to screen for photosensitivity using days
to maturity and relative growth rates before and after flo-
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Plate 1. Differences in greenness of callus of Kenaf
genotypes Tainung (above) and V400 (below).

wering as indices. However, these methods require con-
siderable space, time and labour. Thus, aninvitro approach
may be more efficient. Long photoperiods were reported
to enhance high chlorophyll contents in cells, manifested
by high greening level (Uozumi et al., 1993). We there-
fore hypothesize that quantifying greenness of callus
cultures can show the threshold photoperiod sensitivity
among kenaf genotypes. We investigated and compared
genotypic variations in growth rate before and after flo-
wering, days to flowering and fibre yield (in vivo) on one
hand; and callus induction, formation of green spots and
embryogenic clusters (in vitro) on the other.

MATERIALS AND METHODS

In vivo determination of photoperiod response

The study was conducted in Ibadan (07°22'N, 03°58'E), South
western Nigeria. Seven kenaf genotypes (Tainung, 20C, 8B, Local
35, V400, S72 and Cubal08) obtained from the gene bank of the
Institute of Agricultural Research and Training, Ibadan were planted
in pots in the screen house in January in a completely randomized
design with four replicates. Fertilizer (N-P-K 15-15-15) was applied
four weeks after planting. Every 10 days before and after flowering,
plant height was measured. Growth rate was determined by incre-
ase in plant height per 10 days and means were calculated for pre-

and post-flowering phases. Numbers of days to flowering and fibre
yield (g) per plant were recorded. During the period of experimen-
tation, mean natural photoperiod was 11.8 h. Analysis of variance
was done using the generalized linear model procedure of SAS
(SAS, 2000) and means were separated at p=0.05.

Controlled environment studies: In vitro

The study was conducted at the National Biotechnology Develop-
ment Agency (NABDA) South west Zonal Laboratory hosted in the
department of Agronomy, University of Ibadan, Nigeria.

Effect of photoperiod on callus induction

The genotypes Tainung 1 and V400, which expressed contrasting
photoperiodic responses in the screenhouse studies, were used.
Seeds were cultured in Murashige and Skoog (Murashige and
Skoog (MS), 1962) medium containing (per litre) 30 g sucrose, 0.1
g myo-inositol and 7 g agar set at a pH of 5.7. When the embryos
had germinated (four days after culturing), the hypocotyls and
cotyledons were excised, cut into approximately 1 cm?® sizes and
cultured in modified MS medium containing 30 g sucrose, 0.1 g
myo-inositol, 0.1 mg 2, 4-dichlorophenoxy acetic acid (2, 4- D), 0.5
mg kinetin and 8 g agar per litre of medium set at pH 5.7 for callus
induction. Petri plates containing explants were divided into two and
one half was incubated in a closed cupboard (photoperiod=0 h)
while the other half was incubated at 12 h photoperiod (Plate 1).
The experiment was laid out in a completely randomized design
with three replicates. Four weeks later, the degree of callus induc-
tion was recorded as the fraction of the cultured explant on which
callus had been induced on a scale of: 0: no callus, 1: low (up to
35%), 2: medium (40 to 75%) and 3: high (80 to 100%). Analysis of
variance was performed and means were separated at p=0.05.

Effect of photoperiod on greenness of callus and formation
embryogenic clusters

Calli were transferred into differentiation medium (Balogun et al.,
2006) containing (per litre) 4.43 g Murashige and Skoog basal
medium 30 g Sucrose, 0.1 g myo-inositol, 0.3 mg naphthalene
acetic acid (NAA), 0.3 mg 6-benzyl amino-purine (BAP) and 8 g
agar set at pH 5.7 and incubated at 12 h photoperiod for two
weeks. Thereafter, the calli cultures were divided into two and each
half was incubated at either 12 or 9 h photoperiod for two weeks
and the numbers of green spots were recorded. The calli were
washed with sterile distilled water, agitated to separate embryoge-
nic callus clusters (Uzuomi et al.,, 1993) and viewed under the
dissecting microscope. Numbers of embryogenic callus clusters per
culture were recorded. Analysis of variance was done using the
Statistical Analysis System (SAS, 2002) and the means were sepa-
rated at p = 0.05. Correlation analysis was done among numbers of
days to flowering, green spots and embryogenic callus clusters.

RESULTS

Screenhouse studies

A mean growth rate of 15 cm /10 days before flowering in
genotype V400 was significantly lower than 24 to 29
cm/10 days in other genotypes (Table 1). The growth rate
however increased to 25 cm per 10 days after flowering
in V400 but reduced significantly in other genotypes, with
as low as 7 cm per 10 days in S72. Percentage increase
in growth rate after flowering in V400 was 60% but reduced
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Table 1. Pre- and post- flowering growth rates of seven kenaf genotypes grown in Ibadan, South-western Nigeria.

Genotype Growth rate before flowering (A) Growth rate after flowering (B) B-A Standard error
20c 24.56° 13.21° -11.35 2.92
8" 27.28% 17.48" -9.80 1.44
Cu’a 26.89° 15.97° -10.92 1.29
Local35 27.71% 15.16" -12.55 2.18
S72 29.09° 7.82° -21.27 1.21
Tainungl 28.8° 16.46" -12.34 2.46
V400 15.06° 24.95% +9.89 8.80

For parameters A and B, means in each row followed by the same letters are not significantly different at p=0.05.
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Figure 1. Percentage change in growth rate after flowering in seven kenaf genotypes.

by approximately the same amount in other genotypes
(Figure 1). Dempsey (1975) reported that vegetative growth
did reduce significantly after flowering in photo insensitive
kenaf varieties, even when they flower early. Monitoring
growth rate indicates rate of progress towards flowering,
and is a better indicator of the degree of photo-sensitivity
than time to flowering (Summerfield et al., 1991).

Number of days to flowering ranged from 45 to 51 in
other genotypes (Figure 2); significantly lower than 79 in
V400. Most kenaf varieties are photosensitive, and
flowers when daylength reduces below 12.5 h (Dempsey,
1975; Carberry et al., 1992). The natural photoperiod
during the experimentation period was short, ranging
from 11.6 to 11.9 h (Balogun et al., 2007). This low
photoperiod therefore induced early flowering in the
photosensitive genotypes compared to late flowering in
the photoinsensitive VI400. It is therefore important to

measure the response of genotypes to photoperiod at
equatorial climates both in quantitative (degree) and qua-
litative (presence or absence) terms (Dempsey, 1975;
Muchow and Wood, 1983; Balogun et al., 2007), since
genotypes have different thresholds of photoperiod
sensitivity.

On the average among genotypes, highest yield was
recorded in V400, suggesting its compatibility with equa-
torial climates for optimum fibre yields. However, geno-
types may also respond differently to an interaction
between photoperiod and other factors like temperature
and humidity in the environment (Webber and Bledsoe,
1993; Balogun et al., 2007; Summerfield et al., 1991)
which may affect the incidence and severity of pest
infestation and disease infection. A multi-locational trial is
therefore necessary to reveal specific adaptation of
genotypes to agroecologies for optimum yield.
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Figure 2. Number of green spots and embryogenic clusters in callus of 2 kenaf genotypes.

Table 2. Percentage callus induction in two kenaf genotypes cultured at 0 and 12

h photoperiods.

Genotype Photoperiod Explant Percentage (%) Callus induction
Dark Leaf 100
Stem 53.55
Tainungl
Leaf 40.95
12h Stem 71.4
Dark Leaf 51.45
Stem 75.25
V400
Leaf 50.75
12h Stem 93.45

In vitro results
Degree of callus formation

The main effects of variety explant and photoperiod
regimes were not significant for degree of callus forma-
tion but the interactions were significant. In Tainungl
cultured in darkness, 100% degree of callus formation by
leaf explants was higher than 53.55% by stem explants
while in light, stem explants had a higher degree of callus
formation (71.4) than leaf explants (40.95). In genotype
V400 however, stem explants had a higher degree of
callus formation (75.25 and 93.45) than leaf explants
(51.45 and 50.75) in both light and darkness, respectively
(Table 2). Thus, a particular plant part (leaf or stem) of
V400 responded similarly to different light regimes, while
the response varied with light regime in Tainungl. This
also suggests that Tainungl is photosensitive while V400

is not. Mclean et al. (1992) reported the induction of
callus tissue and plant regeneration in kenaf using geno-
type Tainungl but did not evaluate the effect of photo-
period regimes.

Formation of green spots and embryogenic callus
clusters in response to light

The main effect of photoperiod on number of green spots
per callus of about 5 cm? in area was not significant.
However, the genotypic effects were significant, and the
genotypes differed significantly for this trait. A mean of
2.2 spots in V400 was significantly lower than 17.34 in
Tainungl. Genotype by photoperiod interaction was also
not significant, showing the high resolution capacity of
this screening technique since results will not be distorted
or complicated by interactions among prevailing cultural
conditions.
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Table 3. Days to flowering and fibre yield (g/plant) in seven kenaf genotypes grown in Ibadan,
South-western Nigeria.

Genotype Days to flowering Fibre yield (g/plant)
20c 51.6" 47.3°
8b 51.6" 25.2¢
Cuba 52.0° 45.7°
Local3s 48.0° 28.2°
S72 458" 32.8°
Tainung 49.8° 54.0°
V400 79.3% 76.7%
Standard error 4.30 6.75

Means in each column followed by the same letters are not significantly different at p=0.05.

Table 4. Correlation coefficients of in vitro and in vivo indices of photoperiod sensitivity averaged over
two kenaf genotypes.

Parameter DAYSFFL NGREEN NEMBRYO PRERATE POSTRATE
DAYSFFL 1

NGREEN -0.75* 1

NEMBRYO -0.16 0.40 1

PRERATE -0.39 0.81* 0.48 1

POSTRATE 0.31 -0.09 -0.36 -0.16 1

DAYSFL, Number of days to first flowering; NGREEN, number of green spots per callus; NEMBRYO,
number of embryogenic clusters per callus; PRERATE, pre-flowering growth rate; POSTRATE, post-
flowering growth rate. *Correlation is significant at 0.05 level of probability.
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Only genotype main effect was significant for number of
embryogenic callus clusters per callus. Tainungl had a
mean of 4.73, significantly higher (three-fold) than 1.50 in
V400. Number of days to flowering was negatively
correlated with number of green spots (r=-0.76) per callus
(Table 3). Also, there was significant positive correlation
between number of green spots in vitro and growth rate
before flowering (Table 4). These show that late maturing
genotypes had fewer green spots on their calli while
vigorously growing plants prior to flowering had more
green spots on their calli.

DISCUSSION

Greenness in cell or tissue cultures is a light mediated
process which reflects chlorophyll synthesis (Uozumi et
al., 1993). The insignificant difference in number of green
spots per callus between 12 and 9 h light exposure per
24 h cycle suggests the existence of light-independent
chlorophyll synthesis in kenaf. Chlorophyll synthesis in
angiosperms was reported to involve at least two types of
enzymes, one (NADPH-protochlorophyllide oxidoreduc-
tase) requiring light and the other (chIL, N, B-type
enzyme) which does not (Uozumi et al., 1993; Adamson
et al., 1997). Also, using root greening as an indicator,
Kobayashi et al. (2012) showed that in addition to light,

auxin/cytokinin signaling pathways are responsible for
coordinated expression of the key genes in chloroplast
biogenesis of Arabidopsis thaliana.

Significant genotypic effects emphasize the genetic
attributes of the light-dependent and light-independent
steps. In kenaf, light insensitivity and light sensitivity were
reported to be controlled by a pair of gene, photoperiod
insensitivity being the recessive gene (Shilin et al., 1996).
This mutant gene of kenaf light-insensitivity was reported
to be located in genome DNA, and has no relationship to
mitochondria and chloroplast genome DNA.

In transformation of kenaf with the B-glucuronidase
gene, Reichert et al. (1999) reported significant differen-
ces among kenaf cultivars for the prevalence of GUS-
positive sectors. Balogun et al. (2006) also posited that,
in as much it is desirable that there is a general proce-
dure for kenaf regeneration; it may be difficult to remove
the influence of genotypes. It will be worthwhile to investi-
gate whether or not photo-sensitivity or -insensitivity in
kenaf is related to ability to regenerate in vitro, since for-
mation of embryogenic callus precedes plantlet regenera-
tion (Balogun et al., 2006; Reichert, 1999). This will be
facilitated by the recent construction of genetic linkage
map of kenaf (Zhang et al., 2011).

The significant negative correlation between number of
green spots and days to flowering showed that fewer
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green spots were observed on the calli of late maturing
genotypes and this is suggestive of photo-insensitivity.
Similarly, significant positive correlation between number
of green spots and growth rate before flowering showed
that genotypes with high vigour before flowering relative
to vigour after flowering had more green spots on their
calli in response to light and this is suggestive of photo-
sensitivity. The authors have not come across reports of
in vitro flowering in kenaf wherein time to flowering of in
vitro plantlets can be monitored in response to photo-
period. It may be worthwhile to also quantify amount of
chlorophyll in leaves and stems in vivo. These will allow
direct comparison of the same traits at in vitro and in vivo
conditions

In determining photoperiodic response of kenaf geno-
types, the results obtained in vivo which utilized growth
rate and maturity period as indices matched in vitro
results which utilized green spot formation by callus cul-
tures. In both cases, Tainungl was photosensitive while
V400 was not. Incubating callus in differentiation medium
at 12 h light and evaluating for greenness by counting
number of green spots showed photoperiod response in
genotypes. This in vitro screening method is faster and
cost effective in space and labour requirements. Quanti-
fication of callus chlorophyll content in addition to green-
ness will better show the degrees of photoperiod sensiti-
vity in genotypes. More genotypes should be screened in
vitro to further establish the efficiency of this procedure
and the relationship between ability to regenerate plant-
lets and sensitivity to photoperiod.
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