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Abstract— Black pepper (Piper nigrum), known as “King
of spices”, is a perennial export oriented cash prim
Malaysia. To furnish the pepper berries accordingthe
world demand, integrated fertilizersregimes in Waepper

is becoming relevant today . An investigation was
conducted to determinethe influence of newly deeelo
foliar fertilizer when used in combination with k&PK
fertilizeron different growth parameters of the dtgpepper
cultivar SemongokAman. The plants were applied with
different rate of NPK compound fertilizer (N:12%,12%,
K:17%: Mg:2%) and foliar fertilizer.The plants were
allowed to grow for uptol2 months of age for taking
observations on differentvegetative growth paramset
Considering the realization of highest response fioe
important growth parameters viz., plant height @2cm),
plant dry weight (99.68 ), plant root length (72cén),
dried black pepper yield (572.52 g) and relativ@wth
rate, RGR (1.65g fday") after 12 months of planting, it
may be concluded that the application of foliartifezer
supplementation at 5ml/L of water along with 50%soil
NPK fertilizer may be the best nutrient scheduldairthis
agro-climatic condition.

Keywords—BIlack pepper, foliar fertilizer, NPK felizer,
nutrient uptake, vegetative growth.

l. INTRODUCTION

Pepper of commerce is produced from the fruit af th
perennial climbing vinePiper nigrum L It is the most
important of all spice crops and has been regaedethe
King of Spices. Pepper has been extensive culinseg and

is most widely used as a condiment. It is an inmgoart
component of many ground spice formulae which aedu
for food seasoning. Besides, pepper has also bse in
many ways today, unlike in the past. Other thandfadid
finds application in the preparation of traditionahd
modern medicines, nutraceuticals, perfumes, anceroth
products. Also pepper is used in many differentfgsome
of the value added products that have been dewlope
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include pepper oil, pepper oleoresin, green peppee and
etc. With the development of modern science and
technologies and greater awareness and demand among
people for the use of natural products, particulanl food
and pharmaceuticals, pepper has indeed securedtex be
position and has a better prospect in the yearsotoe.
Pepper now ranks as the second most importantgforei
exchange earner for Sarawak, after palm oil, witkero
70,000 farm families dependent on the crop forrtiash
incomes. Currently, the production and qualitypepper
berries are facing serious problems because thesgaicity

of pepper cutting to replace the ageing and nodkmrtive
pepper stock plant in the field. This replacemest i
becoming difficult due to the cumbersome procedofe
raising 5 noted cutting in the field and nursemgsts, and
the continued decline in soil fertility.

To furnish the pepper berries according to the avorl
demand, farmers are insistently using physicalcmmical
approaches to sustain the soil fertility and pepper
production. Recently, organic approaches are félera
enhancing the growth and productivity of black pspp
plants[2, 3]. Looking into this perspective thenfi@rs has to
look for an alternative measures to sustain hisnifag
business profitability. The utilization of seaweedd fish
emulsion based liquid fertilizer are one of then@iinputs

to stimulate plant growth as it has been well knsves
plant growth regulator containing various type of
phytohormone and nutrient. For example seaweedugto
are best known for their auxin and cytokinin cotderas
these endogenous hormone are responsible forigelicsh
and root and shoot elongation, respectively [4].
Additionally, this organic input also contains sgtlic
acids that play a vital role in plant responselimtc stress
[5].

The development of foliar fertilizer is not intemteo
replace the soil fertilization. The supplies of orajutrient
(nitrogen, phosphorus, and potassium) were stilly fu
dependent on the uses of soil application. Thiseisause
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this technique is far more effective and economitain
through foliar application. However, many study had
proven that the application of foliar fertilizer labto
enhance the growth of spice crops through supplying
secondary nutrients (calcium, magnesium, sulfurd an
micronutrients (zinc, manganese, iron, copper, fosmd
molybdenum) and supplementing N-P-K needs for short
and/or critical growth stage periods. Besides tteg,foliar
fertilizer has also been reported manage to dektyral
senescence processes of crops at reproductivelystages

[6].

In order to achieve optimal nutrient management for
perennial cropping system, black pepper required a
management package in which a number of nutrient
management measures need to used together to kel o
yield losses to a minimum and for sustainable crop
production. Such integrated management programmes a
now used for some pest and diseases and experfesce

shown that to be successful. Therefore, the prestity
was undertaken to evaluate the efficacy of newkettged
seaweed based foliar fertilizer when used in coatimn of
soil NPK fertilizer enable to sustain the vegemtyrowth
of black pepper under greenhouse condition.

. MATERIAL AND METHODS
Phytohormone and free amino acids analysis fodestear
fertilizer was performed prior conducting the expmmt.
The assay tested showed that this foliar fertilizentains
Stype of phytohormone that can stimulate the ptantvth
viz: Abscisic acid(ABA), Jasmonic acidJ),Salicylic acid
(SA), Indole-3-acetic acidlAA) hormoneand 20 type of
free amino acid (Fig. 1).The summaries of nutrieontent
in foliar fertilizer are shown in Table 1. The falifertilizer
was applied with a motorized sprayer at monthlgrivils
up to a maximum of 12 applications. Application vemse
early in the morning.
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Fig. 1. LCMS Chromatogram of free amino acids
Table 1: Nutrient content of newly developed fol&tilizer
Nitrogen 1.20% Manganese 7.3ppm
Phosphorus 0.35% Iron 250ppm
Potassium 4.20% Zinc 30ppm
Magnesium 0.84% Copper 7.2ppm
Calcium 1.40% Abscisic acid 0.062 pmol/uL
Sulphur 1.3% Jasmonic acid 0.013 pmol/pL
Boron 140ppm Salicylic acid 5.273 pmol/uL
Cobalt 8.2ppm Indole-3-acetic acid 4.453 pmol/uL
Molybdenum 0.14 ppm Cytokinin 3.251 pmol/uL

The trial was conducted during 2015 at Malaysiappee
Board nursery, Kuching under greenhouse condition
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(Fig.2). The pepper cutting of cultivar (Semongokan
was sown in pots filled with soil mixture contaigimpeat:
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sand: soil: (1:1:1) mixture and maintained in gremrse at
30+5°C throughout the experiments. The pepper cuttings
with 7 new leaves stage were used for experimentbe
greenhouse. The trial was laid out in completely
randomized design (RCD) with the 5 treatment. (BeF
treatment of foliar application combination with KIRand
fertilizer rate of soil NPK recommended by Malaysia
Pepper Board were tested as follow:

Treatment 1: 0% of NPK + foliar fertilizer at
concentration of 10ml/L of water

Treatment 2: 25% of NPK + foliar fertilizer at
concentration of 7.5ml/L of water

Treatment 3: 50% of NPK + foliar fertilizer at
concentration of 5ml/L of water

Treatment 4: 75% of NPK + foliar fertilizer at
concentration of 2.5ml/L of water

RGR= (LnW- LnW,) / (T, _T;

8

Fig.2: Potted trial used to test the effect ofeliéint fertilizer regime on vegetative growth ungerenhouse condition

[1. RESULTSAND DISCUSSION
3.1 Nutrient uptake
In pepper cultivation, poor nutrient managemeihémain
problem faced by grower in Malaysia. Like othergmmial
crops, pepper also needs sufficient nutrient initefd to
carbon dioxide and water to achieve an optimum gnow
and vyield potential. Under normal condition, mos$ttloe
nutrients are present in soil with limited quantiyith the
hot and humid climate, most of the nutrient deplete
especially in Sarawak with the annual rainfall rechg
between 3500-4000 mm. In order to enhance planttgro
and increase production, the soil feeding is thestmo
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Treatment 5: 100% of NPK (Control)

Under Malaysian Pepper Board cultivation practites
NPK compound fertilizer (N:12%, P:12%, K:17%: Mg:2%
was applied 6 time annually (every 2 month intérval
following Malaysian pepper Board's recommendatiater
Watering was done 2 days interval to prevent triamsed
cutting from wilting. A shade was constructed ovke
potted plants to prevent scorching by sun. Thetplarere
allowed to growth for upto 12 months of age forinagk
observation on different growth parameter. Desivact
sampling was done 1 year after the experimentdordethe
length of roots and total biomass. Nutrient statukeave at
12 months after planting was estimated using stainda
procedure [7]. The relative growth rate was deteediby
the following formulas [8].

; LnW,- LnW, = Natural logarithm of dry matter variation; 7T, = Time variation as day

effective ways, but has limitations with its availity to
pepper vines. For those elements with high watkrbddy
e.g. potassium andnitrogen, most of these macrientgr
are easily leached down to the soil and finallylyiek the
groundwater. For instance nitrates can be harmful t
humans. With increasing costs of fossil fuel, whicbvides
the raw materials for fertilizer manufacture, thexe need
to find innovations in fertilizer usage techniqueEhis
problem is even more complex as pepper is a higtiemt
demanding crop [1]. For this reason, efforts haweerb
focused on reducing the rate of soil NPK fertiliberorder

Page | 588



International Journal of Environment, Agriculture and Biotechnology (IJEAB)
http://dx.doi.org/10.22161/ijeab/1.3.42

to sustain the pepper production and reducing
environmental impact.

The effects of simultaneously application of soiPK
fertilizer with foliar fertilizer are presented ifable 2. The
results reveal that the maximum nutrient uptaké (N and
Mg) was brought out by decrease soil NPK fertilizer
application to 50% with additional application ofli&r
fertilizer at concentration of 5ml/L of water (Tte@nt 3)
with the N uptake value of 21.33 mg; P, 1.95 mgl %26
mg and Mg, 1.65 mg respectively. This was follovsd
the application of soil NPK fertilizer applicatioaduced to
75% with additional application of foliar fertilizeat
concentration of 2.5ml/L of water (Treatment 4). No
significant different was observed among treatn®eand 4
indicated that this fertilizer integration packageas
effective to stimulate the pepper growth to a maxim
level. The solely application of soil NPK fertilizalthough
showed slightly less effective in nutrient uptake a
compared to treatment 3 and treatment 4, but thiake
was considered acceptable to achieved national goepp
production target of 3.0 kg /vine. The applicatimifoliar
fertilizer only led to poor nutrient uptake.

Vol-1, Issue-3, Sept-Oct- 2016
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Through this study, it was found out that reduced s
fertilization of NPK may be lead to improvementiaiance
with the other nutrient in the soil and prevent essive
leaching of nitrogen. The improvement of balancevben
soil nutrient, in addition to use of foliar appliam can
increase cell permeability which make better pextietn of
NPK fertilizer s into leaves and then to other agavhich
improved the root growth and its ability for nutrteuptake
absorption and easily travel inside organs of plastd
assimilation, this lead to improvement in nutriemtake.
This research finding is in conformity with resdarc
reported by Shaabahal, 2009 [9] who reported that the
nutrient uptake of wheat grown under surface iteda
system was at the optimal rate when foliar feediag used
in combination with soil fertilizer. Similar resalivere also
observed by Allison and Jessica, 2015 [10] and imeatl
the improvement of nutrient uptake in carrot waslitated
by sprayingof foliar fertilizer containing seaweexhd
hydrolyzed fish emulsion. The results obtained ryea
indicated that this newly developed foliar fergélizcan be
used on foliage to make more efficient utilizatiar
nutrients.

Table.2: Uptake of nitrogen, phosphorus, potassimeh magnesium by pepper vines upon 12 monthsgaéteting

Treatment N uptake P uptake K uptake Mg uptake
(mg) (mg) (mg) (mg)
Treatment 1 8.63 0.88 9.36 0.48
Treatment 2 13.45 1.2¢ 12.0f 0.95
Treatment 3 21.33 1.95 19.26 1.65
Treatment 4 19.87 1.97 18.25 1.68
Treatment 5 16.34 112 15.2F 1.54

Means in column with different letters are sigrafitly different at 0.05 level using Duncan Multitange Test

3.2 Growth parameter and it components

The plant growth parameters of pepper cutting under seen through the development of pale and yelloleiakies

different fertilizer regime are presented in Taldle The
results showed that the pepper vines responseaetitfg to
the different fertilizer regime for manifestationf ¢he
growth characters. Among fertilizer regime, all thkant
growth parameters were recorded to be the lowegslaints
which received only the foliar fertilizer (Treatnmel). This
finding is expected because of limited nutrient nigei
supplied to the pepper vines. Although much ofréeearch
work reported that foliar feeding is the most drémand
fast way of getting nutrients into plants with thiicacyof
5-20 times more effective than soil application,[12, 13],
however, the main drawback on solely utilizationfafar
fertilizer is the limited amounts of nutrients theén be
applied at once as compared to soil fertilizer.sTean be
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in the pepper vines (Fig.3). Concomitantly, it idence
from the treatment 3 and 4 that that the applicatibfoliar
fertilizer in conjunction with soil fertilizer sidficantly
increase the growth parameter of pepper cuttingpeset
to solely application of soil NPK fertilizer (stazudi
cultivation practice). This indicated that betteutrients
supply received by treatment 3 and treatment 4 eoetpto
other treatment regimes. In addition, the foliatifieer also
contains various type of plant growth hormone sash
auxin, cytokinin, salicylic acid and abscisic adhtht are
able to stimulate the vegetative growth of peppsdtings.
These results are in accordance with Anita and égitdo
(2016) [13] on orchid and Kolota and Osinska, (90[04]
on vegetable crops.In most of the studies, an asae
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amount of nutrient uptake led to an increase inr#tie of
assimilation and ultimately to better vegetativevgh [15].
This finding was further confirmed by the highekint dry
weight and relative growth rate (RGR)in Treatmemwith
the weight and RGR value of 325.26 g and 4.5%dgg"
respectively. It is believed that pepper vine wiibtter
nutrient uptake and higher physiological activityoud
increase the photosynthesis process and thus atentiie
vegetative growth of pepper vines. From the ans|ythe
vegetative growth of pepper vine growth under tresait 3
regime was superior to treatment 4 although theseewino
significant differences treatments. This indicathdt the
nutrient applied might be the optimal fertilizethedule for
pepper vines. According to research finding regmbrt
bySadanandat al, 2000 [16], pepper nutrient planted
under treatment 3 and 4 was in sufficient range. the
treatment 2, even though the utilization of bothafoand
soil NPK fertilizer has been report to sustain cgopwth ,
but the growth parameter for pepper vine growtheuritis
fertilizer package was significant lower than staad
cultivation practice (Treatment 5). This could hedo the
limited nutrient that soil NPK fertilizer could sply with
additional of small quantity of foliar fertilizemput. This
finding was further confirmed by Yap, 2012 [1]. He
reported that pepper crop required approximatehl @52
kg ha' of NPK annually in order to sustain the growth and
soil nutrient balance.Of the parameter typicalljcokted,

the most important is relative growth rate (RGRgldRve
growth rate refers to the increase in plant massup# of
mass present and per unit of time. The analysisadgénce
(ANOVA) on the relative growth rate indicated thihe
increase in plant mass differed significantly amdifterent
treatment except between treatment 3 and 4. Thesdts
prove that the utilization of foliar fertilizer inombination
with soil NPK fertilizer could supply the plant Wibalance
and sufficient nutrient that allow pepper vines reach
maximum growth rate. Besides, the vigorous growth o
pepper vines can also be confirmed by the maximum
nutrient uptake as shown in Table 1. In term of geep
production, the dry weights of the black pepperiberper
treatment were significantly different (Table 3heTyield

of dried black pepper growth under treatment 3 and
treatment 4 were higher than both those growth usadlely
application of soil NPK fertilizer and foliar feliier. This
study also found out that integrated fertilizerineg growth
under treatment 3 and 4 increase pepper Yyield B}%4.
and 13.88% respectively as compared to standatdreul
practice (Treatment 5) whereas under treatment @ an
treatment 1 regime, the pepper yield was decredsed
28.06% and 65.77% respectively. The differencgseipper
yield between these treatment regimens were due
principally to difference in nutrient supplied, thember of
leaves and nutrient uptake by pepper among the five
differences treatment.

Table.3: Effect of newly developed foliar fertitiza black pepper plants

Treatment Height of Number of Number of Total root Plantfresh Plant dry Black RGR
plants node leaves per length weight weight pepper (9g™day
(cm) plant (cm) (gph gp?h yield Y
(gph
Treatmentl  40.63 38.65 70.12 47.2F 225.62 51.20 175.36 3.94
Treatment 2 42.62 45.64 82.25 56.83 286.32 75.62 368.59 4.33
Treatment 3 59.30 55.12 103.28 74.92 325.26 99.68 572.52 4.59
Treatment 4 53.75 54.35% 99.87 72.0F 320.02 95.5F 583.47 4.55
Treatment5  50.76 51.52" 90.56 67.42 307.56 88.6% 512.36 4.49

Means in column with different letters are sigrafitly different at 0.05 level using Duncan Multiftange Test
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Fig. 3: Effect of different fertilizer treatment ptant physiology
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A: plant showed vigorous growth when treated widBeSof NPK + foliar fertilizer at concentration ofd/L of water
B: plant showed nutrient deficiency symptom wheated with foliar fertilizer only at concentratiaf 10ml/L of water

V. CONCLUSION
This project was very meaningful in demonstratig t
potential of newly developed foliar fertilizer as aption
that provide positive effect on nutrient uptake ethi
promoted the vegetative growth of black peppére T
application of foliar fertilizer is very efficientbecause the
nutrient can be directly absorbed into the planugh leave
and branches. Besides, this foliar fertilizer atmmtains
various type of phytohormone that can stimulatepbeper
growth. As indicated previously, the main reasonm fo
developing this foliar feeding is not to replacengention
soil-applied fertilization. Due to the present ofveral
undesirable process though the application of fediilizer
e.g.nutirent leaching, runoff and being tied ughia soil in
unavailable forms, the applications of foliar i&er is
therefore designed to be an integral componentvefadl
pepper vines nutrition programs. Further studiedeurfield
conditions should be conducted to verify the prefieding
in order to boost the growth and yield of black pep
plants.
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