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Abstract

Black pepper (Piper nigrum L.), a highly valued spice crop, is a
perennial vine which originated in the Western Ghats of India and
subsequently spread to other countries. Various aspects of crop ccology

and agronomical practices such as planting material production

hy

spacing and supports, training and pruning, irrigation, mulching and
weeding, nutrition, harvest and cropping systems are reviewed.
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Introduction

Black  pepper (Piper nigram 1,
Piperacene) ealled the king of spices’, is
one of the oldest spices known to
mankind. 1t originated in the tropical
evergreen forests of the Western Ghats
of India and is presently largely culti-
vated in India, Brazil, Indonesia, Ma-
laysia, Sri Lanka, Vietnam and People's
Republic of China. India has the largest
area (1,77, 340 ha) under the crop and
is also the largest producer (55,000 t) in
the world (IPC 1994). Towever, the
produclivity of the crop W India is low
(310 kg/ha) due to (i) poor genectic
potential of the vines, (ii) high popula-
tion of senile and unproductive vines,
(i) Tosses caused by pests, disenses and
draught, (iv) non availablity of quality
planting material of improved varietics,
{v) non ndnphnn of appropriate agro-

agronomy, black pepper, Piper nigrim.

nomie practices, and (vi) extension arnd
technology constraints. In India, Keraln
afone aceounls for O5% of wren and
production. Though diltferent aspects of
black pepper cultivation and production
in various countries has been docu-
mented tMenon 1949, David 1951; Brown
& Reader 1952; Sandford 1952: Blacklock
19564; Aiyadurai 1966; Kay 1970; Pospisil
et al. 1972; Harper 1974; Schut 1974;
Brando ¢f al. 1978, Nambiar et a/. 1978;
Raj 1978; Philip 1980, De Waard 1986;
Wabid & Sitepu 1987, Tsuda 1989,
Uruthi 1993), o comprehensive roview
on agronemical aspects of the crop is®
facking. The available information on
various agronomical aspects of black
pepper is comprehensively reviewed in
this paper,

Crop ecology

Black

pepper grows successiully  be-
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tween 20° North to 20° South of equator
and from sea level up to 1500 m above
MSL. It is a plant of humid tropics,
requiring 2000 - 3000 mm of rainfall,
tropical temperature and high relative
humidity with little variation in day
length throughout the year. Black pep-
per docs not tolerate excessive heat and
dryncess.

Rainfall and relative humidity

Total rainfall and its distribution play
an important” role in black pepper
cultivation and productivity. An annual
rainfall of 2000 mm with uniform
distribution is ideal. Rainfall of 70 mm
received in 20 days during May - Jine
ig sufficient for triggering off flushing
and flowering precesses in the plant,
but onee the process is set off there
should be continuous shower until fruit
ripening. Any dry spell even for a fow
days, within this critical period of 16
weeks ({flowering to fruit ripening) will
result in low yield (Pillay ef ol. 1988).
In black pepper growing arcas of Indo-
nesia and Malaysia (Sarawak), the
average annual rainfall iz 2300 mm
(Wahid & Sitepu 1987) and 3950 mm,
respectively (e Waard 1969). In India,
black pepper growing areas receive
1500 mm to more than 4000 mm
rainfall. Rainfall after stress induces
profuse flowering (Pillay et al. 1988).
Growth of fruit bearing lateral shoots
(plagiotrophs) and photosynthetic rate
arc maximum during peak monsgoon in
India (June - July) (Mathai 1983). A
relative humidity of 60-95% is optimum
at various stages of growth.

Temperature

The crop tolerates temperature between
10 - 40°C, "The ideal tempoerature is 23
- 32°C with an averape of 28°C. Opli-
mum soeil temperature for root growth is
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26 - 28°C (De Waard 1969; Wahid &
Sitepu 1987).

Light / Solar radiation ‘.,

Black pepper is a day neutral plant.
Vijayakumar et af. {1984) found that
black pepper vines exposed to direct
solar radiation developed physiological
disorders even under favourable soil
moisture conditions. Black pepper vines
kept under shade (7% incident light)
remained green and healthy whereas
those exposed to sunlight turned yellow
and developed necrotic patches during
summer (Vijayakumar & Mammen
1990). Fifty per cent shade boosted the
growth ol black pepper cuttings in the
nursery (Senanayake & Kirthisinghe
1983). IMlumination above 50,000 lux
(900 1 mor s' m*) decreased carbon
fixation in a few wvarietics of black
pepper (Mathai 1983). The top portion
of the black pepper vine receives more
sunlight which declines gradually down-
wards and this is attributed to mutal
shading of the vine (Ramadasan 1987,
Mathai & Chandy 1988).

Shadce regulation of live standards is an
important cultural practice during rainy/
cloudy weather to allow sufficient light

" for crop growth; if not, the yield will bo

reduced to 50% or more (Ramadasan
1987). Use of reflectants is common to
reduce stress during summer. Spraying
lime over the leaf surface enhanced the
chlorophyll content (Vijayakumar cf «f,
1984); however, it reduced the yield
compared to china clay (Vijayakumar &
Mammen 1990).

Soil

Soilssuitable for black pepper at differ-
cent production centers have been re-
viewaed cenrlier (De Waard 1969;
Purscglove ef aof, 1981 Wahid & Sitepu
1987; Sadanandan 1994). Black pepper
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grows well on soils ranging from heavy
clay Lo light sandy clays rich in humus
with [rinble nature, well drained, but
still with ample water holding capacity.
Soils with near neutral pH, high organic
matier and high base saturation with
Ca and Mg enhanced the productivity
{Mathew et al. 1995). Seil for black
pepper cultivation requires a composi-
tion of 0.26% N, 0.25% 1,0, 0.41 % K0,
0.18% MgO and 0.5% Ca0Q (Wahid &
Sitepu 1987). Wardani & Zaubin {(1984)
reported that black pepper varieties
differ in their growth with respect to soil
pH and seils with pH above 7.5 inhibit
growtli. However, Sangakkara (1989)
reported that growth of the variety
Panniyur 1 was the highest at pll 7.8
and 8.1. Water logged soils and discased
soils are not suitable for black pepper
cultivation (Nambiar ef al. 1965; De
Waard 1979). Well drained loamy soils
rich in humus nourish the crop well and
the best crop could be obtained in virgin
forest soil,

Cultivation

In most of the producing countries black
pepper is a small holder's crop and more
than 1 million farmers depend on it for
their livelihood (UN 1995). Cultivation
varies from very intensive monoculture
to extensive homestead gradens. In
India, 95% of it's production is from
homesteads (Nair & Sreedharan 1986)
with promiscous planting of black pep-
per along with perennials. Black pepper
15 also trailed on arecanut and coconut,
shade trees in coffec and tea plantations
and on avenue trees.

Planting material prodoaction
I

Black pepper is propagated vegetatively
as well as through sced. As the crop is
heterozygous in nature, scedlings raised
from sceds will not breed true to type.

3

Hence, vegetative propagation is pre-
forred  for commercinl  cultivation,
Though black pepper can be propagated
through cuttings, grafting, layering and
budding, rooted cuttings are preferred
for commercial cultivation. Ruunner
shoots {orthotrophs) arc used f{or pro-
ducing cuttings. The length of the
cuttings vary from 30 cm (Pospisil et al.
1972) to 60 em (Creech 1955} and
consist of a single node to seven nodes.
For direct field planting, lengthier -
cuttings are preferred. The availability
of sufficient runner shoots to produce
cnough cuttings to cstablish large plan-
tations is limited. Direct field planging
of cuttings results in poor establishment
{<h%) (Crecch 1955); hence, cullings
with 2 or 3 nodes have to be raised in
the nursery initially and transplanted
to the main field after attaining suffi-
cient growth. A rapid multiplication
technique through bamboo mecthod
(Bavappa & Gurusinghe 1978;

- Sivaraman 1987) for mecting the large

scale demand of quality planting mate-
rinl has algo been developed.

Standards and spacing

Black pepper vines require support for
their establishment. Both living and
non - living standards are used to trail
black pepper. An ideal living standard
should be (i) straight growing, (ii) have
a tap root system and should not
compete with black pepper for water,
nutrients and selar radiation, (iii) be
stender but with a strong trunk with a
rough surface, (iv) withstand regular
pruning and pollarding, and (v) have
economic value after life span of black
pepper. A variety of trees are used as
living standards (Wardell 1991; Salam
et al, 1991). Some of the commen living
standards are Erythring indica Lamk.,

E. lithosperma Blume ex. Miq., Garuga
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pinnata Roxb., Gliricidia sepiion (Jacq.)
Stend. and G. maculata (FH B & K)
Steud. R.'l:jﬂgopalan & Mammootty
(1996) and Mathew et al. (1996) ro.
ported that Ailanthus malabarica DC
and G. pinnata are the best living
standards. Raising black pepper on live
standards reduced the capital cost apart
from increasing productivity on fong
term  basis (Azmil & Yau 1993;
Varughese & Ghawas 1993; Wong &
Paulus 1993). Under organised monocrap
cultivation, black pepper is planted
normally at a spacing of 2.5 m x 2.5 m.
Kurien et ol. (1994) recorded the highest
competition between living standards
and black pepper at closer spacings of
Zm ox 2 . dndia, Madagiascr and
Lampong in Indonesia usce live trees at
wider spacings which decrease plant
population and yield (George 1981),

The non-living standards used include,
reinforced concrete posts, granite pillars
and teak poles which require  high
initial investment compared Lo living
standards. Dead wood  standapds are
used in Malaysia, Brazil and Banka in
Indonesia  facilitating  closer spacing
roswtling in higher yiekls (Goorge 1081,
Growing black pepper on non-living
standards at closer spacings is known to
enhance the yield {Belger 1977; Brando
et al. 1978; Chong & Shahamiy 1981;
Kumar & Cheeran 1981; Menon of af.
1982; Kurien et al. 1985; Ramos et ol
1986; Reddy et «f. 1991 & 1992).
However, poor growth and productivity
were observed on concrete poles (Wahid
& Sitepu 1987). During summer, con-
crete poles and stone pillars absorh heat
and become hat resulting in drying of
cliﬁging roots and poor growth of black
pepper vines under exposed situations.

IFor raising living standards, scedlings
are preferred over rooted cullings since
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seedlings have
do oot

atap root system and
compete with black  pepper
for resources. Living standards should
be planted 3-4 years in advance so
as to attain sufficient height at the
time of planting black pepper. During
establishment  of living  standards,
the side branches are pruned to enable
the standard to grow’ crect.  After
establishment, periodical pruning is
important to allow sufficient tight
penetration into the black pepper canopy
(shade regulation). Pruning is depend-
ent on the growth of foliage and nor-
mally one or two prunings in a year are
sufficient. Pruning of living standards
before flowering enhances the yield of
blaek pepper (Matho & Saslry 1988).
Green matter of 15 t hg! per year was
obtained by pruning black pepper stand-
ards (Anon 1938).

Normally the height of the fiving
standard is not restricted; however,
for casy harvesting the height may
ber restricted. Koo & Athugquerque
(1980) tound that 2.5 m height. was

‘more benelicial than 1.5 m, but 3.6 m

th 4.2 m
dinmoetroe

tall wood with 18-20 em
are also used, Howevoer,
tbis common to rajse blaek pepper
tncoconut and arecanut plants which
are more than 5 m height. One o

- two cuttings of black papner are planted

per standard during the rainy season or
with irrigation. If the circumference of
the stem of the standard 1S more, more
cuttings may be planted. Young sced-
lings in the field should hoe mven
adequate care by providing shade and
irrigation until their establishment,

Other methods of growing black pepper
are raising on trellis (Groome & Salleh
1977; Giliot & Van Dingene 1960) and
hodpe system (Raj 1978) which nre Jogs
sugeeessiug,
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Training and pruning

Training is an esscntial step for estab-
lishment of black pepper vines. The
vines have to be tied to the standards
at the nodes: by suitable materials for
anchorago: Thé leaves are removed from
vines after dttaining a height of 1 m and
10 days InLer (hey are brought down and
3/4th of the basal protion is buried
around the standard or wound round
the basc of the standard and covered
with good top soil to induce a good root
system and for production of more
leader shoots from the nodes. Three to
five leader shoots (main stems) arc
enough to produce sufficient laterals or
to form a full canopy around the trunk
of the standard.

Pruning is practiced to ensure leader

shoot production within 4-6 months of

planting and to induce the development
of lateral shoots. In Malaysia, three
types of pruning (Kuching, Sarileri and
Semongok methods) are adopted and no
differencc was observed among them
(MACD 1981} Azmil & Yau (1993)
stated that pruning is cssential for

increasing the yield. Three rounds of

pruning arc cnough to obtain necessary
number of climbing shoots as well as
appropriate bushiness. In India, no
marked influence on yield due to prun-
ing was recorded (Pillai 1977); however,
pruning of unwanted terminal growth
encouraged the development of lateral
shoots and production of spikes (Kurien
& Nair 1988).

Irrigation

Black pepper is very sensitive to mois-
ture stress. The high evapo-transpira-
tion cocfficient of the crop demands a
continual supply of moisture. During
the dry period when there is no rain for
2 to 3 weeks, the soil moisture in the top

b

30 em al soil is reduced to H0% or loss,
The feeder voots of black pepper is
distributed in the top 50 - 60 cm depth
of soil and therefore sensitive to mois-
ture stress (Raj 1978). Unshaded vines
show wilting during this dry period.
Seibert (1988) stated that ivrigation is
required for black pepper in dry sea-
sons. Basin ireigalion ol vines with 1001
once in 10 days per vine at IW/CPE ratio
of 0.25 from December to March in-
creased the yield of the crop (AICRPS
1991) but resulted in more inscet and
fungal pollu attack (Satheeshan et «!.
1998) at Panniyur, Kerala; however, at
Calicut 7 1 vine' day! through dvip from
October to March recorded maximum
yicld (IISR 1996). Satheesan ef ¢!, 1998)
reported that evapotranspiration (ETe)
values of black pepper and I indica
{standard) obtained by Bowen ralio-
energy balance (BRER) method and
vapour diffusion model (VDM) ranged
from 2.45 to 3.15 mm day' and 2.86 to
340 mm day”, respeetively, during the
period of moisture stress from January
to March of 1994-98 and the cop
cocfficcient values for erop stand ranged
from 0.533 to 0.78. Simifarly, in the
multi-storeyed cropping system of black
pepper trained on coconut and arceanut,
the ETe values of black pepper ranged
from 0.31 to 0.42 mm day™’ and the crop
cocfficient of black pepper ranged (rom
0.07 to 0.10. These values will help in
the estimation of water requirement of
black pepper in different crupping
syslems,

Mulehing atid weeding

The roots of black pepper are concen-
trated in the top 50-60 cm soil layer, and
to prolect them from heat during sum-
mer and to avord soil Toss due Lo run ofl
during rainy season mulching is esscn-
tial. Mulching depends on the moeisture



G

content of the soil (Wahid & Sitepu
1987). Various organic materials and
green leaves are used as mulch. Mulch-
ing with lalang Imperata cylindrica (L.)
Beauv.) prevented soil crosion in black
pepper gardens of hilly land at Sarawalk,
Malaysia {Sandford 1959). Application
of Chromotacna (Eupatorium) odoratum
L. as mulch controlled yellow disease
and improved the stand of black peppoer
at Cambuodia (Litzenberger & Lip 1961).
Kato et al. (1980} compared rice husk,
hay and saw dust as mulch and found
that saw dust gave the highest black
pepper yield followed by rice husk at
Brazil. Terada & Chiba (1971) Sug-
gested mulching the entire arca with
straw, haulm or other grasses to con-
serve moisture and proteet the soil in
black pepper gardens, Mounding is also
practiced to protect black pepper ronts
at Ghana (Pospisil et al. 1972).

Providing soil mulch by digging twice a
year is optimum to maintain the
health and yield of black pepper vines
(Nambiar ef of. 1978). Cover erops suel
as Calapagonicm mucnnoides
Desv. and Desniodium trifolinm (L)
DC have also been sugpested (Nair
1982; Ahinad 1993).

Weeds are a major problem in black
pepper plantations that are not main-
tained properly. Weed flora change with
location, soil type and season. Abraham
& Abraham (1998) recorded 55 weeds
(41 dicots, 9 grasses, 3 ferns and 2
sedges) in black pepper gardens of
Kerala, Ipor (1993) stated that weeds
are one of the major constraints in black
pepper cultivation at Sarawak. Use of
glutosinate {Bast 15) ar organic cover
with  coconut  fibre or paraquat or
glyphosate (Round Up) resulted in sig-
niftcantly higher vield when compired
wilh natural cover (Kuoh ef of 199
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Harper (1974) stated that 5-6 manual
weedings are done at Indonesia, Clean
weeding and use of herbicide led Lo
occasional soil erosion. As an alterna-
tive, Ipor (1993} reported that cover
crops like D ¢rifloium and Centrosenu
pubescens Benth., can be raised to
smother the weeds. Maintenance of
cover crop also reduced Phytophthora
infections (Ramachandran ef of. 1991),

Crop nutrition

Black pepper is a surface feeder and
feeding roots are concentrated on the
top 50-60 em layer of the soil. Many
workers observed that the performance
of the crop was the best in humus rich
soils. During early days, black pepper
plantations were established on virgin
forests after clearing the vegetation,
Owing to heavy rains and unsustainahle
soil management practices, the soil
became poor in fertility and balanced
manuring of crops became essential,
Manuring practices at different contros
have heen documented (De Waned 1969,
Raj 1973; Purseglove et af. 1981; Wahid
& Sitepu 1987; Sadanandan 1994),
Initially burnt earth, guano, prawn-
dust, fish and bone meal, farm yard
manure, liquid cattle nanure, compost
and castor, soybean, cotton seed, coco-
nut and groundnut cakes are used apart
from green leaves to replenish the soil
nutrient status. Liberal manuring with
a mixture of cowdung, compost and ofl
cakoes resulted in high yield at Assam
(Choudhury 1947). Adiyoga (1987} staled
that cattle manure @ 15 t ha was mare
economical then goat and chicken ma-
nure at Brazil. In the course of time,
transition took place {from bulky vrgan-
ics to limited manuf'actu':'r‘d‘f'ertilizm's,
and as a consequence,  die-hack  of
branches, Toline disordor, low yivlds
and considerable veduction in life Spi
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of vines were obscerved (Do Waard
1969). Raj (1978) stated Lhat judicions
use of arganic manures and inorganic
fertilizers is the most  efficiont apnqd
ceonomical moethod  fo,
production,

blaek Ieppoey

Nutrient COMmposition gn renouslf

In the process of evolving  nuirient
Needs and fortifizer recommendations,
uptake and nutrient content of jepig)
parts of black Pepper vines were sty-
led. Nutrient removal and compesition
of black pepper vines varied with vilri-
ety, ago, Season, soil type and managre-
ment. Nutrient Jevels of leaves have
been analyzed (De Waard 196Y9; 8im
1972 & 1973 Bataglia e o/ 1976G;
Sushamg 1982; Nybe er ol 1989;

Sadanandan 1994). Ideal timo of lear

sampling for foligy diagnosis i Just

belore Mashing and the yeungest fulfy -

matured leaf is the ideq) leaf'to analyze,
De Waard (1969) reported  that the
healthy ving contained 3.1 0N, 0.16% P,
3.40%K, 1.66% Ca and 0.44% Mg. Sim
(1971 & 1973 studied the N, P, K, Ca,

Mg, Fe, M, Zn, Cu and 33 contents of

both reproductive tissues in matyre vines
and vegetative tissues i vines varying in
age from less than 1 year to about 17
years and found that the total dry mattor
production was about 11,426 kg ha' in
mature vines (1680 vines ha'l) qpg
nutrient removal was 233 kg N, 39 kg
P,0., 207 kg IC,0, 30 kg MpO, 105 kg
Ca0, 0.16 kg Ko, 0.47 kg Mn,0.17 kg Zn,

0.15 kg Cu and 0.1 kg B. The range of

nutrients  in leaves of 12 cultivars
studivd were 1,75 . A2 % N, 012 -
0.16% P, 2651 - 3.55%, K, 1.40 - 2.37%
Ca, 0.15 - 0.274, Mg, 78 - 139 npm Fe,
161 - 542 ppm Mn, 19 - 30 ppm Zn, 248
- 800 ppm Cu, 53 - 93 ppm Al and 1.24
= AT pom Mo (Sadanandan 184,
Wahid et of. (1982) found that N and K
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were higher in (he feaves of hewlthy
VION ompared to diseased {slow (-
chine} vines, Nybe et al (1989) report e
that phospharas and Polash had pronger
importance in erhancng yiel(. The
m-dm'nf'nutriuntL'nncc.-n[m(mn in leaves,
branches, stems and fruits/spikos woere
N>I\'>(Tz;1>l\’lg:>l" (Nagarajun & Pl
D75 whereas in wWhite pepper i s
KoN>Mpsasp and in [Tawers
N>K>C;1>P>Mg (Adzemi o o) 165931,
Mathew et o/, {1995} found that nutriont
removal by way of harvested produce
followedd the
N>I{>Cn>1\’1;4'>I">S>14‘L3>I\-'In>Zn. The
range of nutrient withdraw] was 143 -
243 kg N, 10.3 - 27.0 ky D127 - 202 gy
K, 68 - 86 kg Ca and 19 - 209 kg Mo ha
Uyeart (Do Waard 1979) Sankar (1985
recorded {lyat ] ke of dry black pepper
removed honl 266 NS g u
K. 88 g Ca, 5.2 g My, 09 3,01 I,
0.017 ¢ Zn, 0.11 & Mn and 0,028 o O,
Geetha er of. (1996 reported that binek

peppor (bush typed  raiseq from
plagiotrophs  (fruit bearing  |atery!

branches) ean be uscd ax g malerial [uy
studying {he fertitity status g nutr-
ent supplying power of the spils
relation to black pepper nutrition byt it
ts not a pouod substitute for blyck pepper
vine as ap experimenty material for
investigations on nutvient requirement
and fertilizoy response,

Nutrient managenient

Farmers adopt application ol organic

fertilizers @ 369 . 49 Ky N, 2065 . By

kg ]’_(J_}, 228 - 777 Kgr 19,00 s b S ]
legr !\’IL;‘(') it yoar! (Sim F972) o
Sarawak. Yellowing of Dlack peppor
vines reduced and the erop improved
comsiderably by the integritod applica-
tion of arpanie tandre and torganie
fertilizers @ 400 kg N, 180 ke P, 480 ke
K, 425 kg g and 110 ky Mg hat

nrdor of

i



H

year' (Do Waard 1979). Raj (1978)
staded that fertifizer application advo-
eated should contain 11-13%N, 5-74%,
P,O., 6-18% K,0, 4-5% MgO and trace
elements. Organic forming can fmprove
black pepper produclivity (Zalkilly 1996)
and  addition  of organic matter on-
hanced the growth and biomass of the
vines (Mustika of ¢f. 1994; Stvakumar
& Wahid  1994). Biofertilizors and
vermicompost application also enhanced
the growth, biomass and nutrient up-
take of black peppoer (Bopaiah & Khader
1989; Kandiannan ef o/, 1998). In India,
the amount of fertilizer used is very low
and only 4-10% af the farmers L&o
fertilizers for hinck pepper tAnandaraj
¢foal 1989), as more than 95% are
cultivated in homesteads (Najp &
Sreedharan 1986) where multi specics
Cropping systems is prevalent whieh
helps in improvement of sojl fortility
{(Bavappa et af. 1986). Sadanandan ef af,
(1994 & 1998) developed dingnosis and
recommendation  integrated system
(DRIS) norms for black pepper feal angd
black pepper growing soils to obtain
optimum yield.

The eritical stages of nutrvient require-
ment are during initiation of {lower
primordia and flower emergence, berry
formation and develupmoent (Raj 1978).
Howoever, fertilizer application depends
0 S0l moistyre availabilily. Fertilizers
arcapplied in two splits in India (NRCS
19890, 3 - o splits in Indonesia (Wahid
& Bitepu 19871 and 4 splits in Malaysia
(Raj 1978). NRCS (1989) recommedndod
one third at first year, two third af
second year and full dose from third
year onwiards. Fertilizer application s
restricted to a lateral distance of 30 em
m full cirele area around the vine
tGecthaef al. 1943, l"vl'lilizvl'('f‘f'i(rinm"y
enhoneod  with redease

slow ‘imin'

Stoaramean ol ol

(nitrification inhibitor)  conted
(Sudanandan & Hamza 19973, and
mussaoric rack phosphate (Sadanandan
1986} to supply N and P, respectively to
black pepper.
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Harvest

Generally, the first harvest of black
pepper is done during the thirg vear
alter planting.  Black nepper  starts
flowering even 1 year after planting bul
they arve removed for fretting pond vield
during subscquent  years. Sandford
{1952} stated that maximum yield was
recorded during 5-7 years after Hanting
and then it gradually declines; howeyer,
i the crop is maintained woell, hirvest,
extends up 1o 15 years. Govindarajan
(1977) mentioned that vines boar woll
cven at the age of 30 to 50 YOars or moro,
Aflor flowering, it takes aboul 8.9
months for maturity. The symptom ol
maturity/harvest is when berries easily
separate from the spikes upon rubbing
between the hands (Govindarajan 1977)
or when one or more berrios turn red on
a spike. Spike length and numbor af
berries por spike vary with variety and
there s considerable vartation in the
fullness of the spikes, In an idea bunch.
the berries are closely pressed Logother,
with no empty space bolween and all
the berries are full-sized o) nearly so,
and  ali approximately of the same
developmental stage. Improper tiling i«
due to presence of unfertilized flowers,
imperfeel fertilization and pest adtack.

Single bamboo pele which has notehes
for steps (Indin), bamboo ladder (Inca-
nesial, tripod Tadders (Malavsind and o
sart of piatform ladder (Ghana) nre usoed
for harvesting black nepper. Normaily o
single harvest is  done by India,
However, muliiple harvests have heen
reported in Malaysin (Sundiord (00w
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The number and frequency of harvests
depend on erop vigou by season, quantum
and distribution of rainfail and solar
radintion. ITarvesting is done once B
woeek  during harvesting pericd  in
Sarawak (Sandford 1052), wherens it s
twice in a week in Ghana (Pospisil et «f.
1972) and in Indonesin it is 4-5 timoes
every 1.2 wooks {(Wihid & Silepu 1987)
The stage of harvest depends on usage
of the crop (white, black, oleoresin, oil,
cte). During the last harvest, the
spikes, whether they are ripe or not,
should be colleeted to ensure even and
uniform bearing during next season.
Sandford (1952) stated that in Sarawalk,
after final harvest has been compleled,
the leaves should be plucked and the
vine heavily manured,
plieking is ot requived in Indin where
the hurvest ends at Lo commencemoent,
of summer and the leaves will shed
automatically. For preparation of blaclk
pepper, the berries are harvestod when
they are just mature but before fully
ripening. Aftop harvest, the spikes are
kept as such for a day or so, thereafter
the berries are direetly dried in sun for
adew days on mats or on eloan conerele
floors, they are then turned over and
later the berries are removed, When

completely  dried, the outor skin of

berries become dark brown to black and
shrink. For white pepper, the horries
are harvested when ripe and prepared
by retting or steaming/boiling and roll-
ing or ranning  witey Lreatiment
(Gopalan e al. 1990). The vield of black
pepper is penerally aboul 43¢ and

white pepper is 25-28% of Lhe weipght of

green berries.

The yield of hlack pepper varies mreatly
- different production confros : Thai-
leendd 2918 Kk, Malaysin (1855 kgt
ha, Brazil (833 kg/ha), Indonesia (239
kp/hio and Indin (310 Kg/ha)(1PC 1994,

However, leafl

‘)

I’l‘t»(!ll{:tivi[.y depends on clevation, tom-
perature, rainfall, soil fertility, culturag
practices, age of the crap, and elimatie
conditions during Hmvm'ing, (ruil st
and development., Pl chavrnelers [ike
green berry yield, spike number, spike
length and the angle of insertion of
plagiotrophs has dired pasilive inily-
ence on yield (Sujathy & Namboot iy
1995). Visual scoring for vield was found
Lo be an easy method to estiniate black
pepper yield (Balakrishnan & Abraham
1986).

Cropping systems  with black
pepper

Black pepper us a climbing vine is well
adapted to grow as an under crop/mixed
eropl/intererap witl, phatation
The Bomid rain fores ceosysien witl
trupical and sub-tropical climage jpro-
vides appropriate environment for rojs-
ing annual, biennial and  porenniad
Crops as inter and mived crops in higl
density multi SNCCICS Crapping svstonms
(Bavappa et ol 1986G; Rethinam &
Venugopal 1994, Ginpor, turmeric, col-
fee, banang, cocoyam, cercals fike u)-
land paddy, pulses like rederam, vop.
ctables, Nowers, fodders and other an-
nuals are intercropped with blaek pep-
per. Black pepper is also ntereropped
with coffee, arecanut and coconut (Nelling
et al 1974; Nair 1979, Chandra &
Etherunpton 1982; Livange o of 1985:;
Bheemih & Shivilf TSRO Woadel|
9L Korikanthimaeh & Peter 19y0;
Goorge & John 1940 Yuldy 199:3)
Among dilierent culliviees, Kavimudn
and Panniyur 1 were found Lo be idead

Crops,

in coconut and arecanut plantations
(Koyamu & Albuquerque 1956: Potty
cf ol 1079: Khader or w0 1000y

Maximum return was achieved with the
combination of coconut, + black pepper
+pincapple + cocon tDitabatan & Astete
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1986) and coconut + cocoa + cinnamon
+ black pepper + pineapple (Yultdy
1993),

Mixed cropping is known to influence
the occurrence of various diseases on
the crop. Mixed cropping of black pepper
+ rubber + pincapple + clove; black
pepper + cocoa + Hawaiinn papaya +
arange  + Tohitian  lomon  + funva
reduced the incidence of Fusariim djs-
case in Brazil (Duarte & Albuquerque
1988). However, black pepper is net
recommended as a mixed crop with
cocoa, pawpaw, and cardamom in Sri
Lanka as these crops are attacked by
foot rot caused by the same pathogen
{(Bandara et al. 1985). Sitepu &Kasim
(1991) suggested avoiding intercropping
black pepper with cocon and capsicum
in Indonesia.

Conclusion

Black pepper is cultivated in different
agraoccological  situations. Production
technologies adopted ot o particalar
location may not be suitable (e nlhers,
hence,  location  specilic produclion
packages Tor black pepper g o he
standardised for precision farming. Al-
though more than 100 popular cultivars
arc being cultivated only few arc high
and - stable yielding.  Information on
cultivars suitable for ditforent regions iy
lacking. Popularisation of vapid multi-
plication of black pepper is essential to
meet the high quality planting material
requirement. and  research effort 18
needed to simplify the technique at the
farm level Limited information is avail-
able un whether black pepper needs
irrtgation or nol in different, locations
and information on drought manage-
ment  aspeets are also meagre. The
general observation is Uhnd dry muoisture
stress induces profiue Mowering nndd
yield. The quantum of moistare slress

Stvaramuan ol al,

required for optimum spiking and yield
are yet to be quantified. Organically
grown black pepper fetches premium
prices at internationat market. The
technoelogies to produce organic  and
value-added products need to be evolved.
Literature vn the use ol different argan-
ics on black pepper yield and quality are
limited. Profitable and sustainabloe Crupes
ping systems with binck pepper as q
component for different Jocations are
yet to be evolved. Not much work has
also been done on mechanized harvest
which may increase the cfficiency of
harvesting.
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