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Abgract
Kenaf isgrown for fibre in many African countries and propagated by seed, thus biomass and economic yields depend on seed vigour and seedling
stands establishment. However, kenaf seeds are reported to have poor physiological quality consegquently limiting biomass productivity. In this
study, seed invigoration treatment with various durations of hydro-priming including 0 hour (control), 24, 48 and 78 hours was investigated in 12
accessions of kenaf seeds. Datawere collected on seed germination at 3 and 7 days after sowing (DAS), seedling length and weight upon emergence,
while germination rate and aseed vigour index was cal cul ated from the data. The datawere subjected to the PROC GLM procedure of SAS statistical
package. The results showed significant effects of hydro-priming and genotype on all the seed viability and vigour variables (P<0.05 and P<0.01).
Mean viahility of control seed lotsat 7 DASwas 8.67% and significant differences were found between hydro-primed seeds and control seed lotsfor
all the seed quality variables. Seeds hydro-primed for 24 hours had above 100% germination. Interactive effects of genotype and hydro-priming
treatments showed that early germination and cumulative germination consistently increased from 6% in control seed lotsto 31% in hydro-primed
seed lots for 4 genotypes. Seed vigour of 9 genotypes (75% of experimented accessions) was also improved with seed hydro-priming for 24 hours
inamost all the accessions. Theresults suggest that hydro-priming for 24 hours optimised seed germination and vigour and i stherefore recommended

for kenaf seed invigoration treatment before planting.
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Introduction

Kenaf (Hibiscus cannabinus L.) is a warm season annual fiber
crop used asacordage crop to produce twine, rope, and sackcloth
derived from its stem. Kenaf is an alternative raw material for
newsprint paper offering ecological advantage over paper

production from trees. Moreover, kenaf isacandidate eco-friendly
crop for phyto-remediation of marginal and polluted soilsthrough
it'scapacity for sorption of heavy metals® 2 Kenaf isalso asource
of edibleoil fromits seeds.

Kenaf is propagated only by seeds, which isal so the means of
ex-situ conservation of kenaf germplasm resources. Because of
high edible il content of kenaf seeds, they rapidly lose germination
capacity soon after harvest. Under conditioned storage at 20°C
and 10% humidity, kenaf seeds remained viable for about 8
months®. However, under the humid tropical climates of Africa
with average ambient temperature around 35°C and humidity above
60%, viabhility lossisfaster. For example, Adeniyan (unpublished)
reported that within a cropping season freshly harvested seeds
of kenaf had lost viability below 10% in South western Nigeria.
This constitutes a major limitation to the breeding and genetic
resources conservation of kenaf in Nigeria.

Recent research on arange of crop species had shown that
faster germination, early emergence and vigorous seedlingswere
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achieved by controlled treatment of seeds by aerated hydration
(hydro-priming) for certain number of hoursfollowed by drying
before sowing 5. Several studies had supported the use of these
methods for seed invigoration in various crops 3 10111315,

However, the secret to successful seed priming is ceasing the
priming treatment at just theright timeto allow re-drying, hence
each speciesmust beinvestigated for optimal priming treatments
and treatment durations °. Therefore, the objective of this tria

wasto investigate the effects of various hydro-priming durations
on kenaf seed germination and vigour.

Materialsand M ethods

The hydro-priming experimentswere conducted at the Department
of Plant Breeding and Seed Technology Laboratory University of
Agriculture, Abeokuta, on seeds of 12 accessions of kenaf sourced
fromthel AR&T, Ibadan, Nigeriakenaf germplasm collection. The
accessionswere: Purpleflower (Line35), Tainung 2 21% (Line 26),
Ex shika24*(Line19), Au-2452' (Line29), Tainung 2 211 (Line 28),
Ex giwa(Line31) AC-31329°(lined4), G45 23(linel8), A-60-282 5
(Linel0), S108/4 473 (Line9),AU-75413(Line 16) and G-45%(Line
57) (Tablel).

Seed lots of each accession were divided into sub lots of 30
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Table 1. Germination and vigour of seed lotsof 12 kenaf before
hydro-priming experiments.

Accession name Accession % Germination Seed Vigour
number (Arc sine values) Index (SVI))
1. Purple flower Line 35 10.02 5.16
2. Tainung 2 21° Line 26 10.02 9.47
3. Ex-Shika 24* Line 19 10.02 3.21
4. Au-2452" Line 29 1.00 2.00
5. Tainung 221" Line 28 10.02 8.54
6. Ex-Giwa Line 31 6.68 2.66
7. AC-313 29° Line 44 4.05 4.62
8.G-452° Line 18 6.71 7.68
9. A-60-282 5' Line 10 3.67 2.14
10. S108/4 47° Line 9 13.82 8.25
11. AU-75 41° Line 16 4.01 2.21
12. G-45° Line 57 3.67 4.48

seeds each which were packed in polyethylene net bags. The
packed seeds were surface sterilised by soaking in sodium
hypochlorite (NaOCI) solution for 20 min prior to priming treatment.
The sterilised seeds were suspended in glass priming tanksfilled
with 1litre of distilled water and fitted with an e ectric water pump
(100 mbar capacity) to enhanceair circulation and surface areafor
gasexchange. Priming duration of kenaf seedsinthe aerated water
were 0, 24, 48 and 72 hours and untreated seeds were the control
lot. Seed packets were drawn from tanks and dried in room
conditions for 24 hours before seed testing.

Seedsweretested for germination and vigour using the seedling
growth tests. Germination testswere carried out on the 3 replicates
of each priming treatment after drying. Seedswere germinated on
blotter papers and germination count datawere collected on daily
basisfor 7 days. Germination rate was estimated asreciprocal of
time to cumulative seed germination according to Daniel & and
Daniel etal.®:

GR= 1/t (2G)

wheret istime taken for seeds to reach maximum or cumulative
germination G. Seedling length (SL) and dry weight (SW) data

were also taken at 3 and 7™ day of sowing (DAS) and used to
calculate aseed vigour index asfollows:

Seed Vigour Index (SVI) =% Germination x SL x SW

The data were subjected to the PROC GLM procedure of SAS
statistical package s, to calculate analysis of variance (ANOVA).
Germination data were arcsine square root transformed before
testing for significance using ANOVA and post-hoc testsfor mean
separation were donewith Least Significant Differences (LSD) at
5% probability level.

Results
Germination and vigour was generally poor in the control kenaf
seed lots beforethe priming treatments. Germination was<10%in
seeds of 11 accessions of the 12 accessions and only one
accession (S108/4 47%) had seed germination above 10% before
priming (Table1). SVI ranged from 2.0t09.27 among the accessions
before the hydro-priming treatment.

Analysisof variance reveaed high significance of hydro-priming
duration treatments effect on all seed viability and vigour variables
at P<0.01 (Table 2). The effects of genotypes on amost all the
viability and vigour traits were also highly significant (P<0.01)
except for seedling length that was significant only at P<0.05. The
post-hoc tests for mean comparison of seed responses to the
hydro-priming duration treatments reveal ed the general trend of
improved seed quality in all hydro-primed kenaf seed lots above
the control seed lots (Table 3). Valuesof all the seed viability and
vigour variables were lowest in control seed lots than hydro-
primed seed lots (Table 3). Mean comparison among hydro-
priming duration treatments showed that hydro-priming of kenaf
seedsfor 24 hoursresulted in significantly higher germination at
3DAS and 7DAS, GR, SL at 3 DAS and SVI than other hydro-
priming duration treatments. Thereis, however, the exception of
SW at 3 DAS where hydro-priming for 48 hours significantly
optimised seedling weight aboveall other hydro-priming duration
and control treatments.

Table 2. Means square values from ANOVA of the effects of various hydro-priming durations on seed

viability and vigour of 12 accessions of kenaf.

Sources of Df Arc sine Arc sine Germination Seedling Seedling Seed
variation Germination Germination rate (d") Length weight at Vigour

3 DAS 7 DAS at 3 DAS 3 DAS(g) Index

(cm) (SVI)

Rep. 2 152.69 163.99 17.31* 8.02 0.026 908.97
Priming (P) 3 704.33%** 648.55%** 74.55%* 41.83** 0.46** 1997.3%*
Accession (A) 11 235.13** 387.78** 25.76** 7.32% 0.58%* 594.93*
P*A 33 65.25 103.66 6.79 4.27 0.21%* 255.14
Error 94 49.59 73.71 5.47 3.18 0.07 201.39

*Significant F at P<0.05; **Significant F at P<0.01.

Table 3. Comparison of various hydro-priming duration treatments on seed viability and vigour of 12

accessions of kenaf.

Hydro-primimg  Arc sine Arc sine Germination  Seedling length ~ Seedling Seed Vigour
duration Germination Germination rate (d) at 3 DAS (cm) weight Index (SVI)
(hours) 3 DAS 7 DAS at 3 DAS(g)

Control 6.97b 8.67c 2.31c 2.15b 0.36b 5.04bc

24 16.42a 18.47a 5.39a 3.32a 0.25b 19.44a

48 7.10b 10.76b 2.37bc 2.60ab 0.51a 11.25b

72 10.26b 13.65bc 3.44b 0.76¢ 0.28b 2.82¢

LSDy 05 3.803 4.018 1.095 0.835 0.123 5.71
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Plots of interactive effects of genotype and hydro-priming
durations showed that generally, seeds of 9 of the 12 accessions
tested (75%) showed positive germination and vigour responses
to hydro-priming especially for 24 hours(Figs. 1 and 2). Seeds of
lines 35 and 19 primed for 24 hours had 31% germination the
highest valueat 3DAS, whilethe control seed lotsof lines 29, 44,
10, 16 and 57 had less than 5% germination (Fig. 1a). At 7DAS,
seedsof lines35, 19, 31 and 10 that were primed for 24 hourshad
31% cumulative germination (Fig. 1b), and the highest values of
germination ratesrangingfrom6.5inlinel0to 10inlines35and 26
(Fig. 1c). Seedling length of seedsof lines 35, 19, 29, 31,10 and 9
had seedling length above 3cm at 3DA S when hydro-primed for
24 and 48 hours (Fig. 24). Seedling weight was consistently above
0.5 ginseedsof 8 kenaf accessionsthat were primed for 48 hours
(Fig. 2b), while seed vigour index was highest (above 35) inthe 4
accessions that exhibited germination above 30% when hydro-
primedfor 24 hours(Fig. 2c).
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Figure 1. Interactive effects of hydro-priming durations and variety
on kenaf seed viability and vigour. a.) Early seed germination, b.)
Cumulative seed germination and c.) Germination rate. Non overlapping
standard error barsindicate significant differencesbetween meanvaues.
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Figure?2. Interactive effects of hydro-priming durationsand variety on
kenaf seed vigour. a.) Seedling length, b.) Seedling weight and c.) Vigour
index. Non overlapping standard error barsindicate significant differences
between mean values.

Discussion

Hydro-priming improved seed quality of kenaf in terms of early
and cumul ative seed germination, rate of germination and seedling
vigour traits. Theimprovementin early germination of dl thehydro-
primed kenaf seed lots at 3 DAS than control seed lots is
attributable to increased metabolic activitiesin the hydro-primed
seeds. The underlying physiological background of seed hydro-
priming treatments is the triggering of metabolic activities that
resultingermination 3. Varier et al. ¢ identified the proteinswhich
appear specifically during seed hydro-priming of Arabidopsisas
degradation products of the storage protein 12S-cruciferin b-

subunits. Other reserve mobilization enzymes such as those for
carbohydrates and lipids mobilization are also activated during
priming 1%33, Theseindicatethat enzymesinvolvedin mobilization
of nutrients are either synthesized or activated during seed

priming, suggesting the most plausible explanation for the
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stimulated germination and germination rate performancesfound
in hydro-primed kenaf seeds.

Besides seed germination capacity, germination rate and all the
seedling vigour traits were significantly improved by hydro-
priming for 24 hours. Seedling vigour has been reported to
significantly contributeto plant height if adult maize hybrid plant*.
The performance of seedling vigour isimportant for productivity
of kenaf, sinceitseconomicyieldismainly fibrefromthestem. As
shown in thisstudy, there are potential biomassyield benefitsfor
kenaf with hydro-priming especially for 24 hours. Plant biomass
yield and eventual vigour is a product of enhanced respiratory
processes since respiration results in the release of energy for
protein synthesis and growth, which aerated hydration procedure
of priming offers the hydro-primed seeds. Corbineau? observed
that imbibition of tomato seedsresultsin sharp increasesin energy
products from respiratory process like adenosine triphosphate
(ATP), energy charge (EC) and ATP/ADP (adenosine diphosphate)
ratio which remain higher in primed seeds even after drying than
in unprimed seeds. Thiswasthe basisfor the enhanced vigour of
primed tomato seeds above the unprimed seeds ’. In essence,
hydro-priming has ascientific basisfor enhancing kenaf seedling
vigour and ultimate plant productivity.

However, the maximum cumul ative percentage seed germination
observed in this study was 31% which was recorded for 4 kenaf
genotypes in response to 24 hours of seed hydro-priming (Fig.
2b). This suggests that there is room for further exploration of
more priming treatments and priming duration to maximize the
productivity of kenaf through seed treatment. Priming methods
can be divided into two groups depending on whether water
uptakeisuncontrolled (hydro-priming) or controlled (osmotic and
solid matrix priming) 2. The performance of each priming procedure
iscrop specific, indicating need for intensified research for optimal
priming techniquesfor kenaf seeds.

Conclusions

This study established the potential application of seed hydro-
priming for theimprovement of seed quality traitsin kenaf. Besides
mitigating the effect of poor seed germination capacity in the
tropics, the study demonstrated that hydro-priming improved seed
vigour whichinturn holds promisefor significant improvementin
crop productivity of kenaf in Nigeria. Within the limits of the
treatments imposed in this study, hydro-priming of kenaf seeds
for 24 hours optimised seed germination and vigour. However,
investigations of seed hydro-priming treatment durations below
24 hourswill be desirablefor further optimization of hydro-priming
treatments of kenaf seeds.
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