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ABSTRACT

The type of cutting with or without leaves,
rooting media, the environment under which
propagation is carried out and fungicide
treatment of cuttings, influence the successful
vegetative multiplication of planting materials
of black pepper (Piper nigrum Linn.) from
vines. All the softwood cuttings died within one
week after setting them whilst more of the
hardwood cuttings sprouted and survived
producing more vegetative growth than the
semi-hardwood cuttings. Rooting media did not
significantly affect the production of sprouts
but survival rate of developed seedlings was
higher in top soil and the mixture of topsoil
and river sand than cuttings set in river sand
alone. Dipping cuttings in fungicides,
retaining leaves on cultings and propagating
them under transparent polythene sheet or
bags to raise the humidity in the rooling
environment resulted in the production of more
sprouts and enhanced seedling survival and
development. Dry weights of seedlings were
affected by the various treatments. Environment
and rooting media each had significant
interaction with nodal positions.

Keywords: Vegetative Propagation, Nodal
Positions, Rooting Media, Leaf Retention,
Fungicides. Sprouting Black Pepper.

INTRODUCTION

Black pepper (Piper nigrum Linn.) is one of
the oldest and most important of all spices. It

has been a foreign exchange eamer for countries
in the Far East for over 2,000 years [1]. The
crop has recently caught the attention of several
developing countries in the tropics including
Ghana. In 1991, the Ghana Export Promotion
Council (GEPC) and the Plant Genetic
Resources Centre (PGRC) at Bunso introduced
the crop to farmers for its large scale cultivation
which was supported and financed by the United
Nations Development Programme (UNDP).
Following the inception of the programme, the
demand for black pepper planting materials has
become an ever-increasing one. Although black
pepper can be propagated by seeds, plants from
seeds show considerable variability and may even
be unisexual. Commercial plantings therefore use
vine cuttings which are also associated with
problems in the preparation and establishment
of planting materials.

Along the vine ofblack pepper, visible differences
exist between nodal regions from the apex to the
base, which may be associated with differences
in internal and external factors such as anatomy
and stem size respectively. These differences may
influence the rooting ability of cuttings prepared
from different positions on a particular vine [2].
The rooting of cuttings of many plant species may
also be greatly influenced by the kind of rooting
medium used, not only in the percentage of
cuttings rooted but in the quantity and quality of
root system formed [3]. Several workers have
emphasized the need to obtain a near saturation
around rooting cuttings to enhance sprouting and
rooting [4, 5, 6, 7]. Fungicide treatment of
cuttings may prevent or reduce pathogenic
infection so that many potential planting materials
may be available for planting. With leafretention
on cuttings , Bouillenne and Bouillenne - Walrand
[8] showed that cotyledons, leaves and buds
possess root forming substances that stimulate
rooting of cuttings. Went [9] indicated that
specific fdctors other than.auxins were
manufactured in the leaves and were necessary
for root formation,

Two experiments were conducted to determine
the influence of nodal positions set in different
rooting media and environments and the effects

Journal of the Kwame Nkrumah University of Science and Technology Kumasi, Volume 21 Nos. 1,24 3, 2001 18



Studies on macro vegelative pmpaga.n‘on of black pepper.....

Boateng & Asare

of nodal positions with or without leaves,

polythene covering and fungicide applicationon

sprouting, rooting and seedling development of
black pepper.

MATERIALS AND METHODS
Experiment 1

A 3 x 3 x 2 factorial experiment involving nodal
positions, rooting media and di fferent
environments was carried out under a lathhouse
(a structure which provides half to two-thirds
roofing cover to protect container grown nursery
stock from the sun and has open sides to allow
enough ventillation) at the Department of
Horticulture, Kwame Nkrumah University of
Science and Technology (KINUST), Kumasi, for
12 weeks. Two node cuttings of softwood,
semi-hardwood and hardwood were prepared
from orthotropic black pepper vines of an
imported variety ‘Balancotta’ collected from the
field genebank of PGRC, Bunso. The cuttings,
each carrying dormant buds were defoliated and
set in three rooting media namely, sterilized top
soil of Akroso series (a sandy loam soil belonging
to the Asuansi - Kumasi Soil Association which
is deep and well drained with good to moderately
good water holding capacity), river sand and a
1:1 (v/v) mixture of top soil and river sand. There
were five cuttings per treatment which were
carried in 12.5cm clay pots containing the
various rooting media. The cuttings were
watered and half of them were individually
enclosed in transparent polythene bags each
measuring 39.5 cm long and 24.5 cm wide while
the other half were exposed. Periodic watering
of the exposed treatments was done when the
soils in the pots dried. For the enclosed
treatments, when theTelative humidity dropped
‘below 80%, the transparent polythene bags were
removed, watered and the polythene bags fitted
back. The treatments were assigned to
experimental units using Completely Randomised
Design and replicated three times.

Data was collected on mean number of sprouted
cuttings 8 weeks after setting, total number of
surviving seedlings, total number of developed
leaves and roots at harvest at 12 weeks after
setting. Measurements were also made of

seedling height, average root length and dry
weights of the various vegetative parts. Data was
analysed statistically using analys;s of variance
(ANOVA) and differences between means were
separated using Duncan's Multiple Range Test
(DMRT) at 5% level. The square root
transformation was performed on all count data
prior to analysis of variance. The HM34H& T
meter was used to record relative humidity and
temperature at 0900h, 1200h and 1500h GMT
during the experimental period and the mean
figures are presented in Table 1.

Table 1: Means of temperature and relative humidity
taken during period of experiment (10th May
to 2nd August, 1994) using HM 34 H & T meter.

Fime of day Outside environment Inside polythene cover
(GMT) | =
Temp. (*C) [Relative | Temp.(*C) | Relative

umidity Humidity
(%) (%)

0900h 22.5 73.1 229 §7.7

1200h 30.8 48.1 334 94.2

1500h 29.9 391 311 82.4

Mean 21.7 53.5 29.8 88.1

Table 2 shows the chemical nutrient analysis of
media used in the experiment and the
determinations were based on standard
procedures adopted by the Association of
Official Analytical Chemists (AOAC)[10].
Table 2: Chemical nutrient anslysis of media used In

the experiments based on standard procedures
adopted by the AOAC (1984).

Media | N (%) |P, 0, (%) ]| K0(%) | Na(%) Ca Mg

(mg/100g){ (my/1
Topsoil | 0.18 0.020 | o020 |ooos | 102 |26
Riversand | 0.03 0.005 0.004 [o.0d6 12 6
Experiment 2

A factorial experiment involving nodal positions,
polythene covering, leaf retention and fungicide
application as the treatments was set up for 12
weeks. The place of the ex \ent, source and
vine type of planting material, soil media used,
watering schedule, statistical analyses of data
recorded were as described under Experiment 1.

For each nodal position, one halfthe number had
leaves retained whilst the other half had their
leaves removed. Half the cuttings were totally
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immersed in 0.1% suspension of 1:1 (w/w)
mixture of Bavistin' and 'Kocide 101,' a systemic
and contact fungicide respectively for 15 minutes
while the other half were untreated. The treated
cuttings were air dried for 25 to 30 minutes before
setting them and untreated ones in 12.5cm clay
pots. The pots were filled with 1:1 (v/v) mixture
of sterilized topsoil and river sand. Pots that were
to receive fungicide treated cuttings were earlier
drenched with 0.3% suspension of the fungicide
mixture according to Maag [11] before the
cuttings were inserted in the medium after which
judicious watering was done. One half ofthe
cuttings were covered with 0.003 mil transparent
polythene sheet over split bamboo loops, 28cm
high from the ground, making sure that excess
sheets were tucked in the ground using stones to
prevent any vapour from the soil.

Organic carbon was determined by the standard
Walkley and Black wet oxidation method [12]
and nitrogen by macro Kjeldahl's method [13].
Carbon: Nitrogen (C:N) ratios were the quotients
of values of organic carbon divided by the
respective values of nitrogen of the various nodal
positions.

RESULTS

In both experiments, all the softwood cuttings
died within a week after setting them in the various
media. Statistical analysis was therefore
performed on data collected on only the semi-
hardwood and hardwood cuttings.

Experiment 1

Table 3 shows data on the main effects of nodal
positions, rooting media and environment on some
vegetative growth parameters.

The number and percentage of cuttings that
sprouted were significantly higher (P <0.05) in
hardwood than in the semi-hardwood cuttings.
The number of surviving seedlings, developed
leaves and roots were all higher in the hardwood
cuttings. Seedlings developed from the
hardwood cuttings were taller and had longer
roots than the semi-hardwood cuttings.

Table 3: Main effects of nodal positions, rooting media
and environment on some vegglative growth

parameters.
Farameters Number |[Number of | Mean MNumber | Number off Averags
of surviving | seediing| of leaves roots root
sprout | seedlings | height per developed | lengrh
from five| from five | {em) cutting | per coting | (em)
cuttings | cuttings
Nodal
paosition
Semi-hardwood | 2 Ob* (B0 1 5b 6.3b 14b 1 Bb 1.0b
Hardwood 2 4a {100)| 1 7a T.0a 2 8a 2ia 24a
Rooting
medium
River sand 1 Ba (65) 1 2b 10¢ I.6b 1.4¢ 17c
Topsoxl I &a (65) 1.5a 778 15a | Ga 23a
Misture 1.Bm (65) 1.4a 4.6b 21a 1.7h 1.8b
Environment
Polythene
covered 1 Ba (65) | 5a 6.2a 23 1.9a 12a
Exposed I T [SB) 1.3b 33k 1.8b 1.5a .76

Means with similar letiers within treatments are not significantly
different. DMRT. P < 0.05

Rooting media did not significantly (P > 0.05)
influence the number of cuttings that sprouted but
cuttings set in top soil and in the mixture, had
more (P < 0.05) surviving seedlings with more
leaves. Seedlings from the top soil were taller,
had more (P <0.05) and longer roots than those
get in the mixture which in turn performed better
than cuttings set in river sand. Covering the
cuttings with transparent polythene bags resulted
in more (P < 0.05) sprouts and seedling survival
than those exposed. Seedlings developed from
the covered cuttings were taller, had more leaves
and roots which were longer than those of the
exposed cuttings.

The main effects of nodal positions, media and
environment on dry weights of the vegetative parts
(Table 4) followed a similar pattern to their effects
on seedling height (Table 3).

Table 4:  Main cffects of nodal positions, rooting media
and environment on total dry weights of
vegetative parts and whole plant.

Parameters! Total dry weights (g)

L lreatmenis —
l.eaves | Stems | Roots | Whole plant
Nodal position
Semi-hardwoond () 48b" 0.17b 0.29b 0.94b
Hardwood 0 fifa 0,24z 0.45a i.35a

Rooting medium

River sand (15 n.05¢ 013 1.32¢
Top sl 0.6a (1.22a 1) 3%a 1.21a
Mixture N 34 i.14h 0 25h 0 Teh
Palythene covered (y 4%a .1 7a O.3ka 149k
Lxposed 1.28b n.10b 0.5%08 .z h

*  Means with similar letters within treatments are not
significantly different, DMRT. P < 0.05.
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Significant treatment interactions existed among
some of the parameters. Covered hardwood
cuttings resulted in more sprouts than both
exposed hardwood and covered semi-hardwood
cuttings whichdid not differ significantly (P >0.05)
from each other (Table 5).

Table §: Interactivu effect between nodal positions and environment on
some vegerative growth parameters.

Parumeters Number of | Number | Mesn | Nupbel Number] Average
Inteructions sprauts fron af secdlin of of rosis root
five cuttings | surviving] height leaves | developedy lengih
seedlings | (em) per fer jrm}
from fve culting]| cutting
cuttingy
Semi-hardwood o
Pulythene
CUNCTINg 3 1h*i3R) (L 95 A 2a 22 249
Semi-hardwond
Expuosurs b e ik . bk Y 1 2b
Peardwonsd &
Pulvthene
cwering 2 Ba o | Tub LN 2t 2 lab 25
Hardwyned &
\:xpuare 2 1h K8} | th plab | 2 Ta 19 ‘14a

« Means with stmilar beters within treaiie nts are not significantly difTerent.
VIMIET 1P 005 Frgures m parenthesis ane pereentage sprouts.

The number of surviving seedlings and their root
number were also higher in both the covered
hardwood and semi-hardwood cuttings whilst the
exposed semi-hardwood cutlings recorded the
lowest survival and root number. The exposed
semi-hardwood cuttings produced significantly
fower leaves, shorter seedlings with shorter roots
(‘Table §) and low leal. root, stem and total plant
dry weights (Table 6) compared to the other
treatment interactions which did not difter
signiticantly fromcuch other.

Table 6: Intersction effect between nodal positions and enviroament on '

total dry weights of vegetstive parts and whaole plant

Parameters/
Interactions

Total dry weights (g)

Leaves Stems Roots | Whole plant

Semi-hardwood x

Polythene covering 0.74a" 0.26a | O.48a 1.48a
Semi-hardwood %

Exposure a21b 0.08b | 0.12b 1.48a
Hardwood X

Polythene covering 0.6%a 0.26a | 0.44a 1.39a
Hardwood 3

Exposure 0.64a 0.22a | 0.46a 1.32a

=  Means with similar letters within

different, DMRT, P <0.05

ts are nol signi Iy

Hardwood cuttings set in top soil produced more
(P < 0.05) leaves and roots, taller seedlings with
longer roots (Table 7) and higher dry weights

(Tabie 8) than the other treatment interactions.

Table 7: Interaction effect between nodal pusitions apd rooting medis on
same vegetative growth parameters.

Parameters’  Number of | Number | Mean | Number| Number | Avers
Interactions sprouts of seedling]  of of roots | roet
from five |surviving | height leaves per length
cuttings seedlings | {em) per cutting {em)
from five cuttings
cuttings
Semi-hardwood 1
River sand 1 9a%(72) Lk A {d | Te 1 5c 1.4d

Semi-hardwood

T o sl 2 Dy 80} 1 Ta 10 Sab 2 %ab b 2.2b
Semi-hirdwood «
Mixtare 20alB0) o 1 0R Sded Zabe| 19be Zib
Hardwood x|
River san 2 Aal hom) I b 29d 20 | 25
Haw dwand Y
Top soil 2 ag( 100} 20a 127a 35 24da 18

Hardwinsd =
Mixiure 2 4al Ty I 7a

8.0bc 19| ZT.0b 1.9¢

= Means with similar leuers within treatments are not significantly
different. DMRT, P < 0.05. Figures in parenthesis ane percentage sprouts.

Table 8: Interaction effect between nodal positions and media on total
dry weights of vegetative parts and whole plant.

Parameters/ Total dry weights (g}
Inteructions
Leaves | Stems | Roots | Whole plant
Swnm-lardwisiod s
Raver sand 15e* | 0.05¢ | 0.13cd 0.33¢
sutn Dardwisnd +
Fawpr sl {.0%ab | ©.20ab | v.44b 1.53ab
1

senn-bandwinnd +
RS IENTHTS GARed | ©AT7ed | 0330 0.98ed
Ehardw oesd N
Haver saml 0 2%de | 0.09de | 0.24be 0.61de
Vlardw ol .
Fop sl 1.02a 03ga |0.Tia 2.11a
1 lardwoand N
Alisiure 16Kl | 0.25bc | 041D 1.34bc

o Adeans with similar letiens within treatments are not significantly
dufferemt, DMRT, 11 008

The poorest treatment in the performance of the
above parameters was from the semi-hardwood
cuttings set in river sand.

Experiment 2

Nutritional analysis ofthe various nodal positions
(Fig. 1) indicates that C:N ratio was very narrow
in the softwood cuttings and widened in the semi-
hardwood with the hardwood cuttings having the
widest ratio. The results of the main effects of
the treatments on the various parameters are
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summarized in Tables 9 and 10.

1of - mm——

Hicrogen ratio

Carbohydracs:

]
u \~

Saftvood Baml-lmrduscd  Herdwood
Wodal positions

Fig. | Wubrftional snalysis af the varioss wodal
patte e fndiraring fiM ot ie

Table 9: Main effects of nodal positions, polythene covering, fungicide

and leaf retention on some vegetative growth
parameters.
Parameters!  [Numberof [Number of | Mean INW.I‘ Number |A
Treatments sprosts wurviving | seedling| leaves per | of roots | root
from five | seedlings | height | cutting Meveloped | length
cutrings from five | (cm) per (em)
cuttings cuttings
Modal position
Semi-hardwood 2.W(ET 137 11.60a 1 86a 1.9 1la
Hardwood 2200098y | vava 11802 | 93a 19 |25
Polythene:
Covered 714892) | 1462 1380 213 10a 162
Exposed 2.06b(85) 1.02b 4.96h 1.25b 1.5b 1.6
Fungicide
Treated 2551000 ] 137a  |115% 1.8%1 9 13
Untreated 221b(98) | 111b 6.86b 149 160 1.6b
Leaves i
Undefolinted 2560100 180 1824a | 265 23a 15
Defoliated Lisb(28) | 0635 052 | 07 106 | 0OBb

* Means with similar letters within treatment groups are not significantly
different, DMRT, P < 0.05, Figures in parenthesis arc percentage sprouts.

Table 10: Main effects of nodal positions, polythene covering, fungicide
application and leaf retention on dry weights of vegetative
parts and whole plant.

Parameters/ Totsl dry weights (g)
| _Trestments
Leaves | Stems | Roots Whol nt
Hodal position -
Semi-hardwood 0.64a* 0.31a 1.48a 243
Hardwood 0.6%a 0.34a 1.62a 2.65a
Polythene
Covered 0.7%a 0.3% 1.27a 245
Exposed 0.29b 0.13b 0.26b 0.68b
Fungicide
Treated 0.64a 0.33a I.11a 2.08a
Untreated 0.44b 0.19b 0.42b 1.05b
Leaves
Undefoliated 1.04a 0.51a 1.49a 3.04a
Defoliated 0.05b 0.02b 0.04b 0.1ib

* Means with similar letters within treatment groups are not significantly
different, DMRT, P < 0.05.

Apart from total number of sprouts in which the
hardwood cuttings produced nore sprouts than
the semi-hardwood cuttings, the nodal positions

were not significantly different from each other
in total number of surviving seedlings, number of
leaves, roots produced, seedling height and
average root length of shoots. Fungicide
treatment resulted in the production of more
sprouts (P < 0.05), higher survival of seedlings,
an increased number of leaves and roots.
Fungicide treated cuttings produced shoots
which were taller with longer roots compared to
the untreated seedlings. Retaining leaves on
cuttings significantly (P<0.05) influenced the
vegetative growth parameters, Undefoliated
cuttings had significantly (P <0.05) higher values
in the parameters studied than the defoliated
cuttings (Table 9).

Regarding the dry weights (Table 10), the main
effects of polythene covering, fungicide
application and leaf retention followed similar
pattern to their performance in the total number
of sprouts (Table 9). There were no significant
(P > 0.05) differences between the nodal
positions in the total dry weights of all the
parameters studied (Table 10).

DISCUSSION

All the softwood cuttings died within a week in
the nursery. Results showed C:N ratio to be
narrow in the softwood cuttings (Fig. 1). Kraus
and Kraybill [14] observed in the rooting of
tomato cuttings that green succulent stems which
were very low in carbohydrates but high in
nitrogen all decayed without producing either
roots or shoots. This might have accounted for
the death of the seedlings. This is so because
since the softwood cuttings contained large
amounts of nitrogen in the tissues, it was possible
for them to be damaged by heat as the mean
temperature in the environment was hot (28.8°C).
This is in support of Hartmann and Kester [7]
who stated that leafy softwood or semi-
hardwood stem cuttings are easily damaged by
high temperatures.

The presence of leaves on thecuttings might have
exerted some stimulating influence on root
initiation as reported by Rappaport [15].
Carbohydrates, which are vital for root
formation, might have been translocated from the
leaves to the base of cuttings as reported by
Evans [4]. Leaves left attached to the cuttings
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served as source of auxins [16] and

photosynthate, therefore normal plant life could

go on to some extent. The overall effect was
earlier rooting and subsequent survival of
seedlings.

Covering cuttings with transparent polythene
sheets or bags created a micro-climate and this
might have helped reduce dehydration,
breakdown of cell contents and also to re-
activate the growth of dormant buds as reported
by Hartmann and Kester [7]. The relatively
higher temperature within the polythene sheet
coupled with the higher humidity might have
re-activated the biochemical processes that
initiate sprouting and root formation as observed
in rooting of chrysanthemums [17].

Apart from the number of sprouts which was
higher in the hardwood cuttings, there were no
significant (P > 0.05) differences between the
nodal positions in the other parameters. Sax [18]
reported that cuttings taken from various plants
in the growth phase, often form new roots readily
than those taken from adult growth phase. The
stored photosynthate in the hardwood cuttings
might have also encouraged more sprouting and
rooting as experienced by Samish and Spiegel
[19]. It is possible that in black pepper
propagation, both semi-hardwood and
hardwood cuttings play a significant role in
sprouting and rooting. Fungicides play a very
significant role in preventing or minimizing fingal
infection of plants especially at the nursery.
Bacteria and fungi are notorious for deterioration
of plant products and wood [20]. Since some
of the cuttings were treated with both contact
and systemic fungicides, there was reduced
pathogenic infection of the treated cuttings than
the untreated ones resulting in enhanced seedling
performance from the treated cuttings.

*The type of rooting medium was not of
significance as cuttings initially depended on
accumulated photosynthate. As such, cuttings
in river sand performed similarly to those set in
top soil and the mixture. However, in the
sustenance of the sprouted cutlings to develop
into independent seedlings, the type of rooting
medium used was important in that , the sprouted
cuttings, having exhausted their accumulated
photosynthate, depended on nutrients in the
rooting medium to grow and develop. The top

soil and the mixture were therefore better in
sustaining the sprouted cuttings and the
development of vegetative parts the amount
of plant nutrients (Table 2) vital for plant growth
was higher in them than in the river sand.

CONCLUSION

Although all the softwood cuttings died probably
dueto its high nitrogen content since black pepper
planting materials are scarce and are in high
demand, possibilities of using plant growth
regulators should be tried. It is clear from the
present work that both undefoliated semi-
hardwood and hardwood cuttings treated with
fungicides and set under polythene cover will
enhance rooting and sprouting of cuttings whilst
black pepper seedling survival depends on high
nutrient level medium.
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