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Summary 
Spatial analysis for Piper species 
distribution in India 
Kerala State is the land of Black pepper, 
producing 97% of India 's total output. 
There are about 16 species of pepper in 
Kerala, and it is essential to understand 
their genetic diversity. Surveys were 

• ,:onducted in various locations in Kerala 
and Piper species were collected . These 
were mapped lIs ing DIVA-GIS software 

spatial.analysis of plant genetic re
SOlilret' OiHa, and the collected data were 

to analysis for Piper species 

"~~~;;:;,,:s~:p~:e: :c~i,es riciuless is clearly not 
h< distributed within Dis-

nignt11l and some of the 
species originate in Kerala. DO

Bioclim models of DIVA-GIS 
appi ll ea to map potential d istribu

of Piper species occurrence in 
Based on the distribution and 
riclmess, the areas whete Piper 
might be found have been pre-

. DIVA-GIS was also used to pre
possible distribution of Piper 

in other parts of India. Based on 
pr,ed !ictilon distribution maps, it is 

that most areas of north-east 
Andhra Pradesh, Orissa 

Bengal are also likely to have 
species, while the chances 

UI,.mlOllU'UIl of Piper species in other 
of the country are remote. The 
annua l ra infall dis tribution for 

'~"'I'<rspecies ranges between 2200 
and the frequency of the 

s tudied is very high in this 
Piper species also occur 

1500 to 3500 mm /yr. The 
trit,ution of Piper species at different 

also stuq ied and mapped 
Interestingly, all the 

OCcur in the Silent Valley Na-
Park in the Western Ghats, con

earlier repor ts. rhe mapping 
highlighted the joint effects of 
and soil on the distribution of 

. The present study is the 
lI!port Oil the geographical distribll

Piper species using GIS. 

Words: GIS; pla nt exploration; 
relatives; Piper species. 

Resume 
Analyse spatiale de la distribution 
d'es peces d e Piper en Inde 
L'Etat de Kerala est Ie pays du poivre 
noir, assurant 97 % de la production to
tale de I'Lnde. 11 existe environ 16 especes 
de poivre au Kerala, dont il est essen tiel 
de cOlUlaitre la diversite genetique. Des 
etudes ont ete realisees dans diverses si
mations geographiques au Kerala et des 
especes de Piper ont ete collectees. EUes 
ont ete cartographiees en utilisant Ie logi
ciel SIG DIVA pour I'analyse spatiale des 
dOlUlees des ressources phytogenetiques 
et les dOlUlees collectees ant ete analysees 
pour determiner la richesse en especes de 
Piper. La richesse en especes n'est mani
festement pas distribuee de maniere ho
mogene dans les differents districts. Piper 
lIign llll et certaines especes apparentees 
sont originaires du Kerala. Les modeles 
DOMAIN et Bioclim de SIG DIVA ont 
ete utilises pOllr cartographier les sites de 
d istribution Oll des especes de Piper sont 
potentiellement presentes au Kerala. En 
se basant SUI la distribution et la richesse 
en especes, nous avons prect it les zones ou 
des especes de Piper peuvent etre trouvees. 
Le SIG DIVA a egalement ete utilise pour 
predire la distribution possible d'especes 
de Piper dans d'autres parties de l'Inde. 
En se basant sur ces cartes de prediction 
de la distribution, nous nous attendons a 
ce que la plupart des regions du nord-est 
de l'b1de, de la cote de I' Andhra Pradesh, 
I'Orissa et I'ouest du Sengale abritent ega
lement de nombreuses especes de Piper, 
alors que la probabilite d'observer des 
especes de Piper dans d 'autres parties du 
pays est fa ible. Le regime alU1uel ideal des 
pluies pour ces especes de Piper est com
pris entre 2200 et 2700 mm et la rrequence 
des especes etudiees est tres elevee dans 
cette fourchette, bien que des especes de 
Piper soient egalement presentes dans les 
zones arrosees par 1500 a 3500 mm/an. 
La distribution d 'especes de Piper Ii dif
ferentes altirudes a egalement ete erudi"" 
et cartographi"" en utilisant Ie SIG DIVA. 
1I est interessant de constater que toutes 
les especes se rencontrent dans Ie pare 
national de Silent Valley National dans les 
Ghats occidentaux, confirmant des obser
vations anterieures. L'emde cartographi
que met en evidence les effetsconjoints du 
c1imat et d u sol sur la distribu tion de Piper 
spp. sauvages. eet article est 1a premiere 
etude de la distribution d'esp€ces de Piper 
realis"" a I'aide d'W1 SIC. 

Resumen 
Analisis espacial d e la distribuci6n 
de especies de Piper en la India 
EI Estado de Kerala es la tierra de la 
pimienta negra, de d onde proviene el 
97 % de la producci6n to tal de 1a India. 
En Kera la existen unas 16 especies de 
pimienta y resulta esencial comprender 
su d iversidad genetica. Se efectuaron 
relevamientos en diversas ubicaciones 
d e Kera la, recogiendose especies d e 
Piper. Con el programa DIVA,GIS de 
amllis is espacia l de datos de recursos fi
togeneticos se elaboraron mapas de esas 
ubicaciones, y se analizaron los datos 
recogidos para determinar la riqueza 
de especies de Piper. Es claro que dicha 
riqueza no se distribuye de manera ho
mogenea entre los distritos. En Kerala 
tienen Sll origen Piper lIigYIIIll y alglmas 
especies vincu ladas. Para mapear la po
sible d istribuci6n de los sitiosdonde hay 
especies de Piper en Kera la se aplicaron 
los modelos DOM AIN y Bioclim d e 
DIVA-GIS. Las zonas donde se pod ian 
halla r especies de Piper se pred ijeron 50-

bre la base de la dis tribuci6n y riqueza 
de especies. Tambien se emple6 DIVA
GIS pa ra pred eci r la dis tribuci6n posi
ble de especies de Piper en otras partes 
de la India. Sobre la base deestos mapas 
de predicci6n de la distribucion, se su
pone que en la mayorfa de las zonas de 
la India nororiental, la zona costera d e 
Andhra Pradesh, Orissa y Bengala Oc· 
cidenta l haya tambien muchas especies 
de Piper, mientras que la posibilidad de 
que se encuentren especies de Piper en 
otras partes del pais es remota. La dis
tribuci6n anual ideal de precipitaciones 
pluviales para estas especies de Piper 
va de 2200 a 2700 nun y en es ta gama 
la frecuencia de las especies de Piper 
examinadas es muy elevada, aunque 
tambien hay especies de Piper en zonas 
con 1500 a 3500 mm /aiio. Empleando 
DIVA-GIS se relev6 y mape6 tambien la 
tl istribuci6n d e especies de Piper a dife
rentes alturas. Es interesante notar que 
todas las especies presentes en el Silent 
Valley Nat ional Park de Gaths occiden
ta l confirmaron informes an teriores. EI 
programa de mapeado puso de relieve 

. el efecto conjunto del c1ima y los suelos 
en la distribuci6n de especies silvestres 
de Piper. Este es el primer informe sobre 
la distribuci6n geografica de las espe
cies de Piper en que se emplea GIS. 
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Introduction 
Black pepper is native to Ma labar, a region on the western 
coast of south India, and today this region forms part of 
the Indian union state of Kera la. Black pepper has been 
cultiva ted there for more than two thousand years. Though 
earlier cult ivation was confined to Malabar, it reached 
South-east Asia more than two thousand years ago, and has 
been grown in Malaysia and Indonesia since about that time. 
In the last decades of the 20th century, pepper production 
increased dramatically as new plantations were founded in 
Thailand, Viet Nam, China and Sri Lanka. In the New World, 
Brazil is the only important producer; pepper plantations 
there go back to the 1930s. However, the most important 
producers are Ind ia and Indonesia, which together account 
for about 50% of global traded volume. In trade, the pepper 
grades are identified by their origin. The most important 
Indian grades are Malabar and Telliellerry (Tlmlassery). The 
Malabar grade is regular black pepper with a slightly 
greenish hue, while Tellic/rerry is a special product. Both 
Indian black peppers, but especially the Tellicllerry grade, 
are very aromatic and pungent. 

Accerding to Ravindran (2000), most of the Piper species 
occur in the semi-evergreen and moist deciduous forests of 
the Western Ghats of India . The present study is an attempt 
to understand the patterns of genetic diversity of Piper 
species occurring in Kerala, a southern province of India, 
using Geographical Information System (GIS) technology. 
No reports could be found of any critical study of the effect 
of climatic components, nor attempts to classify the area of 
pepper cultivation according to their eco-c1imatic suitability 
(Sadanandan 2000). 

In this [Hesent study, mapping of collection data of 
Piper spp. from Kerala has been done to understand 
where the species naturally occur or might successfully 
be introduced. Kerala supplies about 97% of the 
country's pepper production and 16 Piper spp. have 
been reco rded from the various forest ranges of the 
state. This paper describes a geographical approach to 
identifying biodiversity hotspots, prioriti zing regions for 
conservation action, and identifying gaps in collections 
and new cultivation areas. The methodology used for this 
study follows the approach of Guarino et al. (2001) for 
the application of GIS to the process of plant exploration, 
conservation and subsequent use. 

Materials and methods 
Collection data of 84 Piper spp. collections from 9 districts of 
Kerala were used. The Piper spp. collected are given in Table I, 
together with geographical origins. 

The collecting sites of these Piper spp. collected by the 
Indian Institute of Spices Research (lISR) were tabulated, 
together wi th the approximate longitude and latitude of 
the collection sites . Using DIVA-GIS software, species 
richness based on diverSity analYSis was mapped, as 
well as distribution patterns relative to various climatic 
parameters. 

Table 1. Distribution by administrative district of 
Piper spp. collected in Kerala State, India. 

District 
Idukki 

Kollam 

Kottayam 

Palaghat 

Malapuram 

Pathanamthitta 

Trissur 

Trivandrum 

Wynad 

Piper species collected 
P. argyrophyllum 
P. argyrophyllum 
P. attenuatum 
P. galea tum 
P. hymenophyllum 
P.longum 
P. mullesua 
P. nigrum 
P. schmidtii 
P. sugandhi 
P. trichostachyon 
P. wightii 

P. argyrophyllum 
P. attenuatum 
P. hapinum 
P.longum 
P. nigrum 
P. hymenophyllum 

P. argyrophyllum 
P. attenuatum 
P. betle 
P. hapinum 
P.longum 
P. nigrum 

P. attenuatum 
P. galeatum 
P. hymenophyllum 
P. mullesua 
P. nigrum 
P. silentvalleyensis 
P. sugandhi 
P. tricostachyan 

P. argyrophyllum 
P. attenuatum 
P. nigrum 

P. attenuatum 
P. galeatum 
P. hymenophyllum 
P.longum 
P. nigrum 
P. sugandhi 
P. trichstachyon 

P. argyrophyllum 
P. attenuatum 
P. hymenophyllum 
P. iJigrum 
P. sugandhi 
P. attenuatum 
P. barberi 
P. betle 
P.longum 
P. nigrum 
P. attenuatum 
P. galeatum 
P. hymenophy/lum 
P.longum 
P. mu/lesua 
P. nigrum 
P. sugandhi 
P. 

Results and discuss-Ma . Ion 
PPlng and locating Pi er .. few spec· p. . 

The data were subjected tos : . spp. dIstribution 
of PIper (Figure I) and SI1 0\~e~';i antsls for species riclUless 
dIverSIty in Wayanad District . lat t Ole was a hIgh level of 
in areas bordering Kozhikod~ :~~h modera tely high diversity 
(where Silent Valley N fl P Wayanad, Palghat District 
dislrict bordering Tan~i;o~ d ar~ IS SItuated), and in Kollam 
not homogenously d,·st ·b a d

U
. pecles nchness is clea rly 

~ n ute across d· t . ew areas with many s' IS ncts. There are a 

les. [per 11Igrtlm a ld 
originated in Ihe Western Gh~tssome of the related species 

Species richness and d' . 
Applying the Sh . IverSltyanalysis 

annan dlvers' t . d ' 
that, while there is a I . I d' Y Ul . ex (FIgure 2) revealed 
d · . lIg1 Ivers t . d . 
. Istnct (Sugandhagiri), modera I I Y 111 ex 111 Wayanad 

pecles and many areas \vith only a 111 Kozhikode and Palghat TI te y 11Igh dIversity OCcurs 
and Kollam where mode t· d

,ere 
are many areas in Id ukki 

o 
300 

kilometers 

Species JHchncss 

o 
o 
o 
CJ 

1- 2 

2 - 3 

3 - 7 

7 - 10 

ra e lverslty . t . 
sUrveyed for further coil t· eXls s, whIch could be 

ec mg. 

Prediction of high ote . 
Using DIVA-GIS G P . ntlal areas of habitat 

. ' a eogl aphlcallnf. . 
analySIS of biodiversity dat olmatlon System for the 
org/confluence/ display / d~v~see http://research.Cip.cgiar. 
model was applied to ma gIs/Home),. the DOMAIN 
spp. III Kerala . Ten BIOcir~tenllal dlstnbution of Piper 
us~d to Sludy the predicted di c1~ma tl C parameters were 
uSlllg the BlOCUM and DOM;tllbutlOn of PIper species, 
DIVA-GIS. Based on the d · t ·b IN models provided with 
the areas where Pipel. spec'S n ution and species richness 

les may b·1 ' survey has been predicted. e aval able for further 
models .(Figure 3) TI USIng DOMAIN and BlOCUM 
. . . le entire Ke I S 
III nch PIper spp. diversit b ra a tate slill abounds 
Illustrated) indicates that ~ ut the BIOCUM model (not 
limited distribution of p. asaragod and Kannur have a 
of Piper spp. IVas identifi~e~,s1tjIOnly limited distribution 
Allepey District. 0 am along the coast and in 

1. Richness analYSis of p . 
'per species in KeraJa. 

Using the collecting data f 
IVas used to predict ti,e d . .b

rom 
Kerala state, DIVA-GIS 

IStn utlOn f p. 

o 

2 . kilometers 

Divcrsity 'ndex 

& 
004~·.~~~ 

o 0.90 - 1.35 
1.35_ 1.75 
1.75 -2.15 

300 

. oDlversity analYSis f 
Iversity Index). 0 Piper Species in Kerala 

parts of India (Figure 4). From th . 0 Iper spp. in other 
beSId es Kera la parts f K e Ergure It IS evident that 

, a arnataka d I 

an many areas in 

Prediction DOMAIN (Ma ,tillJulIl ) 

o 80·90 

o 90-95 

95- 100 

Figure 3. Prediction of Pi .. 
SItes, to: cultivation in Keiar; ~ecles distribution or suitable 
predIctIon model. ' ased on DOMAIN (Maximum) 
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Tamil Nadu and Srikakulam District of Andhra Pradesh 
are also suitable for Piper spp. Most area s of north-east 
India, coastal Andhra Pradesh, Orissa and West Bengal 
are also likely to have many Piper spp. A subsequent 
survey in north- East India indicated the presence of several 
species, namely P. peepllioides, P. /IIOIIISOlli, P. sylva /iCl/III and 
others. The likelihood of Piper species in other parts of 
the country are remote. It is clear that species occurrence 
is highly correlated with climatic conditions. The ideal 

Species collecting sites . 

Prediction all spe<:les Domalll 

Do· 50 
.51 · 70 
070 · 80 

° 400 

kilometers iN 

F 
" 

0 80·90 
090 - 95 Suitable areas for Piper species 
. 95·100 

Figure 4. Prediction of distribution of Piper spp. in India or 
suitable sites for their cultivation. 

Altitude MSL 

0° - 100 

0 ' 00 . 300 

. 300.700 

. 700 - 2500 

Figure 5. Piper species distribution in Kerala State, India, 
wi th respect to elevation. 

temperature for Piper spp. is between 22' and 27.5'C, with 
the greatest occurrence between 26' and 28'C. Another 
climatic parameter that has significant influence on the 
distribution of Piper spp. is rainfa ll. The ideal almual rainfall 
is between 2200 and 2700 mm, even though Piper spp. are 
found in areas with 1500 to 3500 mm /yr precipitation. 
According to Sadanandan (2000), well distributed rainfa ll 
in the range of 1000 to 3000 mm/yr is best suited for proper 
growth and development of pepper. 

The distribution of Piper species at different altitudes 
was also studied (Figure 5). It is clear from the figure that 
the distribution of species is very poor at altitudes below 
100 m, with maximum distribution occurring at altitudes 
between 100 and 250 m and between 750 and 1000 m. 
P. lIigrIl lII occurs in all these altitudinal ranges. P. IOllglllll, 
P. aftelllla/lIl11, P.lwpilllllll and P. liylllellopliylllllll OCCur up 
to 300 m, while P. slIgalldhi, P. silellivalleyelisis, P. IIIl1l1eslla, 
P. argyropylllllll, P. barberi, P. Iricliosiacliyoll and P. wiglitii 
occur above 700 m. Interestingly, all these species Occur 
in Silent Va lley of the Western Ghats. Ravindran (2000) 
reported that most Piper species occur at an elevation of up 
to 1500 m. They also indicated the distribution of various 
species at different altitudes. Though the original home of 
pepper is the Western Ghats and adjoining plains of India, no 
effort is so far known to have been made to study critically 
the effects of components of climate and to then classify the 
areas according to their suitability (Sadanandan 2000). 

Among the soil types of Kerala, Ultisols constitute 
54% of the land area, wi th Inceptisols (30%), Entisols 
(6%), Mollisols (1%) and Alfisols (1%). Among these, 
Inseptisols are best for pepper growth, followed by Alfisols 
and Ultisols. The collection areas have these soil types. 
However, Entisols are also good fo' pepper cultivation 
and all the low-lying coastal area and the river banks are 
considered Entisols, and pepper cultivation does well on 
them. 

The map with species and collection sites implies that 
climate and soil have an impact 9n wild Piper spp. presence. 
P. allelillallllll, P. liylllCllOpliylllllll, P. argyropliylllllll, P.lo /igU/li 
and P. lIigrIllII are found in almost all the districts. P. galealllm 

and P. Iricliosiacliyoll were found at medium elevation (1500-
2500 m) in Idukki, Pathanamthitta, Palaghat and wyn~ 
Districts (Ravindran 2000). P. liap"i"lll- an endanger I 
species listed in the red data book of the Botanical survey~ 
India-was collected from the Sabari hills and Achankov 
forests of Pathanamthita District, and the Kuttikanam:~ 
of Kottayam District at between 300 and 600 m. P. bar n 
considered an endangered species, and was found

l 
~99B). 

Agasthimala area, and re-described (Ninnal Babu e~ ahi " 
High-elevation species li ke P. sclilllidlii and P. lV~g 1/ 

distributed on the tops of the Munnar hil ls, Idukkl 
while P. IIIl1l1eslla- a medium climber wi th .~!o,~~ ~~r;~e~~hl~ 
found at between 2500 and 4500 m on the West "Iee

r
,"
n
,/volleye,,:: 

of Idukki Wynad and Palaghat Districts. P. si 
(Ravindran et al. 1987), the only bisexual 
reported lrom south India, was found in the deep 
Silent Valley, Palaghat District. 

_P6fuC'i§114ifJ
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