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Abstract— Pepper grows creepingly following the growth of its climbing plants, making it difficult to
maintain and harvest. Therefore, bush pepper cultivation was developed by replacing climbing trees with
1.5 m high concrete. However, seedlings that can grow into bush pepper are cuttings from fruit branches
and primary branches, which are difficult to grow because the nodes of these branches do not have root
primordia. This study aimed to obtain cuttings that can grow into bush pepper on the most superior
growing media. The experiment was arranged using a completely randomized design (CRD) with two
treatment factors, namely formulas of growth media (M1= soil + organic fertilizer + husk; M2= soil +
organic fertilizer + compost; M3= soil + organic fertilizer + husk ash; and M4= soil + organic fertilizer
+ moss) and sources of cuttings (S1= climbing stem; S2= axillary branch; S3= fruit branch; and S4=
primary branch with one main stem node). Based on the growth percentage of fruit branches and primary
branches in the seedlings, cuttings from climbing stem and axillary branches were not able to grow into
bush pepper, because fruit and primary branches only grew less than 5% in all media formulas. Cuttings
from fruit branches and primary branches affect the formation of bush pepper with an average percentage
of growth of fruit branches and primary branches of more than 95% on M2 and M3 media. Growth of
buds, leaves and roots of cuttings from climbing stem and axillary branch was significantly better than
cuttings from fruit branches and primary branches.
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I.  INTRODUCTION

Pepper (Piper nigrum L.) is known as a spice plant, whose
fruit is used as a cooking spice, herbal medicine, anti-
bacterial and anti-oxidant. Indonesia has made pepper an
important export commodity to meet the increasing world
demand. In 2016 the world’s need for pepper reached 450
thousand tons per year and then increased significantly in
2018 to 578 thousand tons per year. This increase is an
opportunity for Indonesia as a pepper producing country.
However, Indonesia's contribution as a pepper exporting
country is only 20% of the world demand because the area
of pepper plantations in Indonesia is only 85,800 ha with
an average production of 1.188 tons/ha and national
pepper production from 2016 to 2018 only reached an
average of 101,981 tons. The low production of pepper in
Indonesia is related to the cultivation system used [1, 2].
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Pepper is generally cultivated as a climbing plant because
the plant grows as climbing vines. Cultivating pepper with
climbing plants raises several problems, that the plants
grow stretched following the growth of climbing plants,
making it more difficult to maintain and harvest because it
requires additional labor and equipment [3, 2]. One
solution to overcome this problem is to develop bush
pepper cultivation. The bush pepper cultivation system
does not require climbing trees so it can reduce production
costs. In addition, with bush pepper the plant population
per hectare can be increased, the production is earlier, and
it can be cultivated in multiple cropping systems or
intercropping between stands of coconut or other annual
crops [4].

The determining factor for the success of a bush pepper
cultivation system is the type of seedlings. The seedlings
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that are commonly used for propagating climbing pepper
plants come from climbing vine cuttings while cuttings for
bush pepper seedlings come from fruit branch cuttings
(plagiotropic shoots). The use of fruit branches as material
for cuttings has a major problem because fruit branches do
not have primordial roots, making it difficult to grow roots
[5]. Therefore, the best source of cuttings for pepper
propagation is usually cuttings from climbing vines [6].
However, cuttings from climbing vine will still grow as
climbing vine and will not become bush peppers [5].

Another factor that influences the ability to grow pepper
cuttings is the growing medium. Application of organic
fertilizers and compost to growing media can increase the
availability of water for cuttings, and improve media
aeration and drainage so that they can stimulate root
growth of cuttings [7]. The raw materials for organic
fertilizer and compost used are litter from agricultural
waste and livestock wastes including cow and egg laying
hen manures [8, 9]. However, there is no accurate data and
information regarding growing media formulas that can
increase the ability of pepper cuttings to grow from fruit
branches. Therefore, research has been carried out aimed
to obtain pepper bush seedlings from various cutting
materials and the best growing media formulas that are
suitable for bush pepper nurseries.

1. MATERIALS AND METHODS

This experiment was carried out from March to September
2020 in the greenhouse of the experimental farm of the
Faculty of Agriculture, University of Mataram, located in
Nyur Lembang Village, Narmada, West Lombok,
Indonesia. The materials used were cuttings of the
Lampung variety of pepper consisting of primary branch
cuttings, fruit branch cuttings, axillary branch cuttings and
climbing vine cuttings, which were taken from the main
garden in Sai Village, Pupuan District, Tabanan, Bali,
Indonesia. Other materials used were “Nutrisoil” solid
organic fertilizer, compost, bran, husks, moss, husk ash,
NPK fertilizer, Sumialpha 250 EC insecticide and Dithane
M-45 fungicide.

The experiment was arranged according to a completely
randomized design (CRD) with two factors. The first
factor was the formulas of growing medium (M) consisting
of 4 levels, namely: M1= soil + organic fertilizer + husk;
M2= soil + organic fertilizer + compost; M3 = soil +
organic fertilizer + husk ash; and M4 = soil + organic
fertilizer + moss. The composition of these ingredients in
each media formula is mixed with a volume ratio of 2:1:1.
The second factor was the different sources of cuttings (S)
consisting of 4 levels, namely: S1 = climbing vine
cuttings; S2 = axillary branch cuttings; S3 = fruit branch

www.aipublications.com

International Journal of Horticulture, Agriculture and Food Science (IJHAF)

6(6)-2022

cuttings; and S4 = primary branch cuttings attached with
one node of the main stem. Each treatment combination
was made in three replications.

Nursery media were prepared according to the various
treatments of media formulas, which were then put into
pots with a unit weight of 250 g and poured with water
until they reached field capacity conditions. Cuttings
consisting of 3 nodes, namely 1 node was planted into the
growing media and 2 nodes with two leaves were as the
aerial parts of the cuttings. Cuttings that have been planted
in these pots were placed on plots and separated according
to each treatment as many as 50 pots of cuttings per plot or
experimental unit and the placement of the plots was done
randomly according to the completely randomized design.
Each plot was covered with transparent plastic and the
entire plots were covered with black nets to provide 75%
shading. During the cutting nursery, the percentage of
cuttings growth in each treatment plot was observed until
the age of 45 days after planting (DAP) the cuttings. After
45 days in the initial nursery, the cuttings that grew well
were transplanted according to each treatment into the
growing media for growing the pepper seedlings in large
poly-bags with a capacity of 10 liters.

Other observation in the nursery plots were made on the
days to bud emergence on the cuttings nodes (days after
planting (DAP) the cuttings), the percentage of cuttings
grew (%), and the number of buds at 45 HST. To measure
the number of roots and root length at 45 DAP, 20% of the
total cuttings per plot were uprooted in each plot (or 10
cuttings); then root number and length were measured after
cleaning the roots.

In the main experiment using selected growing cuttings
transplanted to the large poly-bags, the observation
variables included the numbers of fruit branches, primary
branches, axillary branches, total number of branches,
number of leaves, which were measured every 30 days
starting from the day when the seedlings or transplanted
cuttings age were 30 days after transplanting (DAT) to
large poly-bags until the seedlings were 180 DAT. At this
end of the experiment, the fresh and dry weights of the
seedlings were also weighed. The data were analyzed with
ANOVA and Tukey’s HSD at 5% significance level using
CosStat for Windows.

i RESULTS AND DISCUSSION
Growth of the cuttings

Based on the results of ANOVA (Table 1), there was no
interaction effect between the planting media formula and
the cutting types on the growing potential of the cuttings.
The variety of media formulas only affected the root
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length of the cuttings but did not affect other cuttings
growth parameters. On the other hand, the types of the
cuttings affected all parameters of the cuttings’ growing
potential. The earliest bud emergence occurred in the
cuttings from climbing vines and axillary branches, i.e. at
28 DAP and the latest was primary branch cuttings and
fruit branch cuttings, i.e. at 38 and 42 DAP, respectively.
The highest percentage of growing cuttings occurred in the
cuttings from climbing vine (97.70%) and axillary branch
cuttings (93.98%). In the treatment of fruit branch cuttings
the percentage of cuttings grew was only on average of
14.93% and primary branch cuttings only 14.89%. These
data indicate that climbing vine cuttings contain a higher
energy source and endogenous growth hormones that can
be used to grow shoots and roots compared to other cutting
materials.

Cuttings from the climbing vines and axillary branches are
thought to be active in the growth process because they are
composed of parenchyma tissue with actively dividing
cells, so that these cuttings can grow faster and in balance
between shoots and roots growth. According to Budi at al.
[10], a growth regulator that plays a role in the process of
root growth is auxin, while in the process of shoot growth
is cytokinin. Balanced auxin and cytokinin levels in
cuttings from climbing vines and axillary branches are
thought to increase the percentage of cuttings that grow
more than cuttings from fruit branches and primary
branches. In addition, cuttings of climbing vines and
axillary branches do not spend energy on forming flowers
and fruit so that the carbohydrate content and growth
regulators remain high until the cuttings are planted.
According to Djamhuri [11], carbohydrate reserves in
plant organs which are the result of balanced respiration
and photosynthesis processes, cause the reform process to
be less if there is no flowering process. As a result, the
plant accumulates more carbohydrate reserves in the stem.
Under optimum environmental conditions, carbohydrates
will integrate with other building compounds to stimulate
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the division activity of the meristematic tissue cells at the
growing point, which will then grow roots and new buds.

The data in Table 1 reconfirmed that the low carbohydrate
content of the cutting materials affected the time of
emergence of buds and the percentage of cuttings grew.
Therefore cuttings from fruit branches and primary
branches had a very low growth percentage of 14.93% and
14.89%. These results are in accordance with the report of
Nengsih et al. [12], that the availability of carbohydrates
and other supporting compounds greatly influences the
growth of shoots and roots of cuttings so that it also affects
the percentage of cuttings grew.

The low growing power of fruit branch cuttings and root
cuttings is due to the low energy source available to the
cuttings. The energy source in the form of carbohydrate
reserves has been reduced for flower growth and fruit
development, so that when this branch is used as a source
of material for cuttings, the growth power is low. The low
energy reserves in cuttings of fruit branches and primary
branches cause the number of shoots, number of roots and
root length to grow less than those grown in cuttings of
tendrils and axillary branches. The highest average number
of shoots, number of roots and root length occurred in
climbing vine cuttings and the lowest in primary branch
cuttings. The average number of shoots growing on
climbing vine cuttings and axillary branches was 4.75
shoots and 5.58 shoots, significantly different from the
number of shoots on cuttings from fruiting branches and
planting as many as 2.00 shoots and 1.42 shoots. The
number of roots that grew from climbing vine cuttings was
9.42 strands, with an average length of 31.89 cm, while
fruit cuttings and root cuttings were only 3.5 - 4.5 strands
with an average length of 15.47 cm (Table 1).

Table 1. Effect of different formulas of growing media and sources of cuttings on growth of the pepper cuttings

Treatments cui?gzznéig\?v(zz/o) 2:;;2:;; Number of buds Number of roots Root length (cm)
M1 55.56 a 3395¢ 3.33a 6.83 a 20.14 b
M2 55.28 a 33.90c 3.75a 6.67 a 2755 a
M3 55.28 a 34.14 b 3.33a 6.67 a 27.25a
M4 55.39 a 34.21a 3.33a 6.67 a 19.65 b
HSD 0.05 0.66 0.05 0.64 0.56 0.60

S1 97.70 a 27.78 ¢ 558 a 9.42 a 31.90 a
S2 93.98 b 27.60d 475b 9.33a 3174 a
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S3 14.93 ¢ 38.41 b 2.00 ¢ 3.58¢ 15.48 b
S4 14.89 ¢ 42.42 a 142 ¢ 450 b 15.47 b
HSD 0.05 0.66 0.05 0.64 0.56 0.60
Interaction ns ns ns ns ns

The same letters indicate non-significant different between levels of a treatment factor; ns = non-significant

Roots play a very important role in the growth process of
pepper cuttings, because roots determine the growth or
death of cuttings. Root growth occurs due to the movement
of auxin compounds, carbohydrates and substances that
interact with auxin (Rooting cofactor) to the bottom of the
cuttings so that they accumulate at the base of the cuttings
which then stimulate root growth [10, 13]. The growth of
roots on the cuttings is the beginning of the process of
absorbing water, anions, cations and other solutes in the
soil and then being transferred into plant cells to carry out
the process of photosynthesis. The activity of the water
absorption process by the roots is influenced by the
conditions of the planting medium. This is thought to be
the cause of the effect of the planting media formula which
appears significant after the roots of the cuttings grow
normally and carry out the process of absorbing water and
nutrients. The significant effect of this treatment was
mainly on the parameter of the root length of the cuttings,
namely in the M2 and M3 treatments, the average root
length was significantly higher compared with in the M1
and M4 treatments, namely 27.55 c¢cm and 27.25 cm.
Meanwhile, the average root length of cuttings in M1 and
M4 treatments was only 20.14 cm and 19.65 cm,
respectively (Table 1).

Growth of the pepper bush seedlings

The benchmarks for the formation of bush peppers were
the growth of fruit branches and primary branches and
correction of vine growth after the pepper plants were
transferred to the nursery medium. There was an
interaction effect between sources of cutting materials and
various planting media formulas on branch growth, leaf
growth and biomass weight of pepper seedlings. The
sources of the cutting materials influences the growth rate

of the number of branches, number of leaves, weight of
wet and dry seedling biomass, percentage of primary
branches and percentage of number of axillary branches,
while the types of media formulas did not affect the
percentage of growth of primary branches and climbing
vines. At the beginning of growth, when the pepper
seedlings were 30 DAT, the number of leaves and the
number of branches were not significantly different in all
treatments, but with increasing age of the seedlings (60
DAT) the effect of each treatment began to be seen. The
formula of growng media M2 (soil + organic fertilizer +
compost) and M3 (soil + organic fertilizer + husk ash),
significantly affected the growth rate of the number of
branches and number of leaves. The average value of this
parameter was significantly higher than the average
parameter value in the treatment of the media formula M1
(soil + organic fertilizer + husk) and M4 (soil + organic
fertilizer + moss).

The addition of compost and husk ash to the M2 and M3
media formula resulted in better soil drainage and aeration,
so that the availability of N, P, K nutrients and other
essential nutrients was thought to be sufficient to support
the growth of pepper seedlings. Hendri et al. [14] stated
that compost and husk ash as components of the planting
media formula were able to increase the content of the N,
P and K nutrients as well as micro-nutrients which were
needed for plant vegetative growth. Nitrogen plays a major
role in the process of forming stems and branches.
Potassium is an important supporting element because it is
related to its function to increase levels of sclerenchyma
which functions to increase the formation of buds on the
stems [15]. Many buds caused more young shoots to grow
which then grow into branches. Therefore, the number of
branches that grew on M2 and M3 media was more than

those that grew on M1 and M4 treatments (Table 2).

Table 2. Effect of different formulas of growing media and sources of cuttings on growth of the pepper seedlings

Growth rates of  Growth rates of

Treatments az;:::;tsg:ngzs cljl;aéct()eir:\tgg\]/?nc:; branch number  leaf number per Sevitili;nhq[ I;Sh S:\fe(:g;? (g;y
per month month

M1 55.62 b 54.42 b 0.29b 146¢ 28.60 b 11.71c

M2 56.66 a 57.50 a 0.51a 2.59a 80.06 a 39.65a

M3 56.66 a 57.42 a 0.50 a 241D 79.86 a 37.79b
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M4 55.33 b 53.75 b 0.33b 151c 29.90 b 12.21¢c

HSD 0.05 0.48 0.78 0.04 0.05 12.45 0.80

S1 16.11b 83.75a 0.45a 2.09a 50.92 a 23.75¢

S2 1587 b 84.08 a 0.36b 2.06 a 54.25 a 2494 b

S3 96.21 a 27.75b 0.43 a 1.90b 55.22 a 26.55 a

S4 96.08 a 2850 b 0.41a 1.91b 54.90 a 26.11a

HSD 0.05 0.48 0.78 0.04 0.05 12.45 0.80

Interaction ns ns S S S S

The same letters indicate non-significant different between levels of a treatment factor; ns= non-significant; s= significant

Leaf growth apparently shows the same trend as branch
growth. The availability of sufficient nutrients in the two
superior media formulas increased the metabolic activity
of the cells which in turn increased the growth rate of the
leaf number of the pepper seedlings. Optimum nitrogen
and potassium contents as well as micronutrients in cells
accelerate the process of formation of nucleic acids,
proteins, enzymes and chlorophyll [16]. Under conditions
of optimum water availability in the growing media, the
metabolic activity will increase so that the division of cells
becomes more active, which in turn results in faster growth
of stems, branches, leaves and roots [17, 18].

Better growth of pepper seedlings in the two best growing
media treatments was also shown by data on the wet and
dry biomass weights of the seedlings at 150 DAT. The
average weight of fresh biomass and dry biomass of
seedlings in the media formula treatment M2 and M3 was
significantly higher than the values in the media formula
treatment M1 and M4 (Table 2). This result is reconfirmed
visually in Figure 1, that the growth of pepper seedlings of
the cuttings from fruit branches and primary branches on
M2 and M3 growing media was better than on M1 and M4
growing media. In Figure 1, it can also be seen that the
number of leaves and the number of branches of seedlings
growing on M2 and M3 media was significantly higher
than those growing on M1 and M4 media. In these
superior media, it was estimated to supply the optimum
soil cation exchange capacity (CEC) to supply anions and
cations from nitrogen, phosphate, potassium, magnesium,
calcium, sulfur, silicate, zinc, iron, and molybdenum
compounds to the rhizosphere area to be absorbed by the
roots of pepper seedlings.

Furthermore, the vascular tissue transfers these macro and
micro nutrients into the cells following a metabolic process
based on their respective roles to support the growth of
pepper seedlings. Nitrogen is present in various protein
compounds, nucleic acids, hormones, chlorophyll and a
number of primary and secondary metabolite compounds.
Nitrogen is also essential for cell division, cell elongation
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and cell growth. Phosphate compounds in plant cells act as
energy distributors and store energy needed for the growth
process. Potassium functions as a transport medium that
carries nutrients from roots to leaves and translocates
assimilates from leaves to all plant tissues [19, 20].

The advantages of M2 and M3 growing media formulas
are able to increase the ability to grow the cuttings from
fruit branches and primary branches. As a result, there was
an interaction between the growing media formulas and
the sources of cutting materials on the growth parameters
of pepper seedlings (Figures 2 and 3). The interaction
between the two factors occurred due to the influence of
fruit branch cuttings (S3) and primary branches (S4) which
were positively corrected by the M2 and M3 media
formulas, so that the growth of seedlings from the two
cutting materials was able to match (not significantly
different) the growth of seedlings of the cuttings taken
from climbing vines and axillary branches. In conventional
growing media, cuttings of fruit branches and primary
branches are very difficult to grow roots and buds.
However, the M2 and M3 media formulas were able to
increase the growing ability of the cuttings taken from fruit
branches and primary branches to equalize the growing
ability of the cuttings taken from the climbing vines and
axillary branches.

Figl. Growth of the fruit branch cuttings on all types of
the growing media (M1, M2, M3 and M4)

Page | 28


http://www.aipublications.com/

Ngawit et al.

@ Growth rates of branch
B Growth rates of leaves

N
S)
L

Number per month
SR
o
|

e
o
L

o
o
L

Climbing vine (S1) Axillary branch (S2) Fruit branch (S3) Primary branch (S4)

Fig2. The interaction effects between formulas of growing
media and sources of cuttings on the growth rate of branch
number and growth rate of leaf number of the pepper
seedlings.

B Seedling fresh weight
B Seedling dry weight

Fresh or dry weight (g/pot)
@
1)

Climbing vine (S1) Axillary branch (S2) Fruit branch (S3) Primary branch (S4)

Fig 3.The interaction effects between the formulas of
growing media and sources of cuttings on the weight of
fresh and dry weight of the pepper seedlings

In Table 2, it can be seen that cuttings taken from fruit
branches (S3) and primary branches (S4) have the
potential to grow into bush peppers because the growing
percentage of tertiary branches was significantly higher,
namely 96.21% (S3) and 96.08% (S4), while in the
cuttings taken from climbing vines (S1) and axillary
branches (S2) the growing percentage of tertiary branches
was only 16.51% and 15.27%, respectively, so they had no
potential to produce bush pepper. This data are
reconfirmed physically in Figure 4, that pepper seedlings
taken from climbing vines grow more climbing vines and
axillary branches, so they cannot grow into bush pepper.

Fig.4. Seedlings from cuttings taken from the climbing vine
(S1) and axillary branches (S2) grow into climbing shoot
and axillary branches so they cannot grow into bush

pepper
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V. CONCLUSION

The cuttings taken from climbing vines and axillary
branches had better growing ability than those taken from
fruit branches and primary branches. The formula of the
growing media did not affect the growing ability of the
cuttings, but did affect the growth of seedlings from
cuttings taken from fruit branches and primary branches.
Cuttings from fruit branches and primary branches have
the potential to produce bush pepper because the growing
percentage of tertiary branches was 96.08 - 96.21%, while
cuttings taken from climbing vines and axillary branches
did not have the potential to produce bush pepper because
the growing percentage of tertiary branches was only
15.27 - 16.51%. Seedlings from cuttings of fruit branches
and primary branches were able to grow well and
equalized the growth of seedlings from cuttings of
climbing vines and axillary branches on the soil + organic
fertilizer + compost growing media formula. It is
recommended to make bush pepper seedlings using
cuttings taken from fruit branches and primary branches
with growing media mixed with soil + organic fertilizer +
compost (2:1:1 viviv).
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