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Abstract. Inventory and collection of local chili varieties in production centers in East Java
had been carried out in the period 2013-2015 by East Java Assessment Institute for
Agricultural Technology (AIAT). A total of 143 accessions of five chili species (Capsicum
annuum L., C. frutescens L., C. chinense Jacq., C. baccatum L. and C. pubescens L) was
collected from eight chili production centers in East Java and has been maintained by East Java
AIAT. A set of 85 local chili accessions was selected and evaluated for agronomic
performance and biochemical compounds. Among the five species, C. annuum L. and C.
frutescens L. dominated the distribution of chili species in East Java. The other three species
were still found in some spots of farm households and highlands. C. pubescens, locally known
as “Bodong” or “Wudel” chili, was found on the high slopes of Mount Semeru, whereas C.
chinense, known as “Cotoh” chili by the locals, was also found in the highlands of Batu City.
Based on agronomic performance there were several accessions with high-yielding potential
(>12 t/ha). Five accessions of C. frutescens collected from planting areas in the dryland with
dry climate of Blitar not only had high yield potential, but also had high capsaicinoid content,
low-fat content, low quercetin and high flavonoids and polyphenols. Phenotypic diversity and
geographic origin may be useful as the criteria for selecting a good set of chili accessions.
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1. Introduction

Local plants with high diversity but have less massive impact directly on welfare are mostly given less
attention by policyholders. However, this trend does not apply to chili commodities. The market for
high-value food products in developing countries, and unprecedented, can be created by among others,
small-scale farmers. They can make the market transition from traditional low-value commodity
production to high value. The diversity of plant species and local varieties can be the basis for building
new markets, as shown in the case of potato and chocolate varieties [1].

Chili is one of the most important vegetables and spices in the Indonesian food trade. The price
fluctuations of chili can cause national economic inflation which compeled policyholders taking steps
to develop local varieties of chili. Local chili varieties have adaptive properties under extreme
environmental changes, resistance to pests and diseases, and the ability to grow well under low
agricultural inputs so they can strive in the yard. Although this commodity can cause national
economic inflation, the species and genetic diversity of chili are rarely studied. Therefore, inventory
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and collection of local varieties in chili production centers in East Java were carried out in 2013-2015
by East Java AIAT [2]. Parts of the result surveys are described in this paper.

Among 38 recognized Capsicum species, five are cultivated, namely C. annuum L., C. frutescens
L., C. chinense Jacg., C. baccatum L. and C. pubescens [3]. Two species, C. annuum L. and C.
frutescens L., were the most cultivated chili in East Java, while the other three were rare but were still
found in some farm household spots [2]. Based on the report of Purnomo et al. [15], C. pubescens was
found in Lumajang which is located in the slopes of Mount Semeru. This species is called “Bodong”
or “Wudel” peppers by the locals. C. chinense, which was known locally as “Cotoh” chili, was found
in the highlands of Junggo, Malang.

From a large collection of chili accessions obtained from the survey, it is necessary to select a set
of chili germplasms with promising several uses including product development. Indicators such as
phenotypic diversity and geographic origin may be useful as good selection criteria for choosing
accessions that are rich in function within a specific timeframe. The selection criteria include botanical
classification, geographic origin and biochemical properties of the fruit.

The specific objective of this study was to evaluate the agronomic performance and fruit chemical
properties of local chili accessions collected in East Java. The expected outcomes from this study are:
(i) accessions with desired characteristics which can be used in the development of local chili varieties
in East Java, and (ii) selection criteria using phenotypic diversity and geographic origin of accession.

2. Materials and methods

2.1. Inventory and collection of local chili accessions

Chili production centers in eight regencies (Blitar, Kediri, Malang, Tuban, Lamongan and Mojokerto)
in East Java were visited in 2013-2015. Local accessions were collected from diverse topography and
altitude (from 150 to 1500 m above sea level, m asl). Genetic materials were collected and maintaned
at East Java AIAT.

2.2. Evaluation of agronomic performance and chemical analysis of chili fruit

A total of selected 85 accessions representing five species from eight production centers were
evaluated for agronomic performance (Table 1). The evaluation was carried out at Malang
Experimental Field, East Java AIAT, from February until September 2016. Seedlings were
transplanted on raised beds (3.0 m long x 2.5 m wide x 0.5 m high) at within-row planting distance of
0.6 m and between-bed distance of 1.5 m. Each bed contained 12 plants of each accession. The
experimental design used was a randomized block design with two replications. Fruits from selected
accessions of C. annuum and C. frutescens from each production center were subsequently
characterized for their chemical compounds. Chemical analysis was carried out in the Food Laboratory
of the Food Technology Faculty, Brawijaya University, Malang.

Table 1. Origin and number of local chilli accessions used in agronomic evaluation.

Origin Capsicum  C.annuum C.chinense C. baccatum C. pubescens Total
frutescens number
Blitar 5 8 - - - 13
Kediri 5 8 - 1 - 14
Lumajang 3 5 - - 2 10
Malang 3 8 3 1 15
Banyuwangi 2 7 - - - 9
Tuban 3 5 - - - 8
Lamongan 3 6 - - - 9
Mojokerto 2 5 - - - 7
Total number 26 52 3 2 2 85

per species
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3. Results and discussion

3.1. Inventory and collection of local chili accessions

The surveys listed 143 chili accessions which were cultivated in diverse topographies and altitudes in
East Java. Accessions of C. annuum collected from the highlands formed an ellipsoid canopy.
Meanwhile, accessions of C. annuum taken from the lowlands formed an umbrella canopy. Diversities
in the harvesting age within the species were observed among geographic origins, and differences in
plant performance were more pronounced among species.

The centers of local chili production in Blitar Regency were drylands with dry climate at an altitude
of 150-400 m asl, covering three sub-districts, namely Panggungrejo, Binangun and Wates. The
geographic distribution of local chili in Kediri Regency was at lowland and highland up to 1,000 m
asl. Air temperature ranged from 23-30°C with an average rainfall of 1,652 mm/day during the rainy
season (5-4 months/year). Chili in this region was planted on grey-brown regosol soil in Kepung,
Plosoklaten and Puncu Sub-districts. The production center in Lumajang Regency was Pasuruan and
Tosari Districts which are located at the slopes of Mount Semeru from 400 to 1,500 m asl in dryland
under dry climate with an average rainfall of 1,578 mm per day during the rainy season (54
months/year). The chili species in this region is of most interest because the plant has perennial life
cycle. The performance of this species is presented in Figure 1.

Figure 1. Performance of chili species of Capsicum
pubescens. (A) Plants in its original habitat in Lumajang
Regentcy. (B) Plants in polybags. (C) Fruit. (D)
Transverse section of the fruit.

Local chili in Malang Regency is cultivated on terrain topography at 300-1,500 m asl, in Dau,
Pujon, Ngantang and Kesembon Sub-districts, in dryland typology with regosol soil under wet climate
with an average rainfall of 2,617 mm per day during the rainy season (7-8 months/year). The
prodution centers of local chili in Banyuwangi Regency is in the lowlands in some districts such as
Wongsorejo, Purwoharjo and Cluring. In Tuban Regency local chili is cultivated in three districts,
namely Grabagan, Bancar and Soko; whereas in Lamongan Regency it is planted in two sub-districts,
namely Brengkok and Sendangharjo. In Mojokerto Regency local chili is grown in the highlands of
Pacet Sub-district.

3.2. Evaluation of agronomic performance and chemical analysis of chili fruit

A set of 85 accessions representing five species from eight chili production centers in East Java was
selected for the characterization of the agronomic performance (Table 2). C. frutescens produced
higher fruit yield compared to the other species when it was planted in lowland area, which is less
prospective to be developed as chili production centers in East Java. According to van Zonneveld et al.
[4], C. pubescens is suitable for highland areas with a wet climate. C. baccatum and C. eximium are
favorite chili species among farmers for their high productivity [5].
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Table 2. Agronomic performance of five species of Capsicum originated from East Java.

Origin Species Number of Harvesting age Plant height Canopy Life Yield potential
accessions  (weeks after (cm) width (cm) cycle (t/ha)
planting)
Blitar C. frutescens 5 15-17 133.845.6 7231126 A/P 12.543.4
C. annuum 8 13-16 85.3+4.6 86.0+7.5 A 9.244.3
Kediri C. frutescens 5 15-17 112.6+7.8 75.319.4  A/P 12.842.6
C. annuum 8 13-16 9.74£3.1 86.415.2 A 8.612.6
C. baccatum 1 - 69.5 83.4 - -
Lumajang C. frutescens 3 15-17 138.3+7.6 75.6£5.8  A/P 5.6+1.4
C. annuum 5 13-16 105.3+9.5 73.4+3.8 A 9.744.3
C.pubescens 2 17-18 218.915.1 85.3+4.3 P 5.2+2.1
Malang C. frutescens 3 15-17 138.7+£7.8 74532 AP 8.9+3.8
C. annuum 8 13-16 103.5+6.7 83.7£4.2 A 10.3£3.1
C. baccatum 3 15-16 68.9+7.5 85.3+3.2 A 6.411.2
C. chinense 1 12 110.6 43.5 A 3.2
Banyuwangi  C. frutescens 2 15-17 119.6+4.3 73.3+26 A/P 9.8+£3.2
C. annuum 7 13-16 87.9+6.3 83.4+5.3 A 7.311.8
Tuban C. frutescens 3 15-17 115.443.2 75.2+4.1 AP 12.444.5
C. annuum 5 13-16 83.415.5 73.4+3.2 A 7.242.2
Lamongan C. frutescens 3 15-17 129.3+4.3 77531 AP 10.4+4.5
C. annuum 6 13-16 90.1+8,8 83.2+5.5 A 7.3+2.5
Mojokerto C. frutescens 2 15-17 122.7+4.5 73.5+28 AP 5.4+2.1
C. annuum 5 13-16 92.7+2.2 68.8+5.2 A 9.3£34

A =annual, P = perennial, - = no data available.

Fruit chemical analysis revealed that C. frutescens accessions from Blitar have a higher level of
capcaisinoid, flavonoids and polyphenol compounds, but a lower level of fat content, and quercetin
compounds compared to other accessions (Table 3). They also have a higher productivity of about
12.5 t/ha compared to the yield of the other accessions originated from the other production centers
(Table 2). The performance of some of these accessions can be seen in Figure 2.

The yield potential of C. annuum accessions from Lumajang Regency are comparable to that of C.
fruitescens accessions from Blitar Regency, but the fruit is not pungent because its capsaicinoid
content was as low as 189.6 mg/100 g of ingredients. Mazourek et al. [6] stated that capsaicinoid
content affects the spiciness of chili. Spicy flavors are expressed in Scoville Hest Unit Tester units.
Spiciness is a unique characteristic of chili caused by a group of alkaloids called capsaicinoids. These
alkaloids correlate with antioxidants, polyphenols and fat content in chilli [7,8].

The altitude of planting area may affect chili fruit quality with regard to the levels of capsaicinoids
and flavonoids. C. annuum and C. frutescens accessions from the planting area in the highlands of
Lumajang District showed different levels of capsaicinoids and flavonoids contents compared to
accessions cultivated in lowland regions (Table 3). Therefore, geographic origin may be used as an
indicator for selection criterion of accession with desired character.
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Figure 2. Performance of two local accessions of Capsicum frutescens originated from

Blitar, East Java. (A) BL 1 plants. (B) BL 1 fruit. (C) BL 2 plants. (D) BL 2 fruit.

Table 3. Variation in the biochemical contents of local Capsicum annuum and C. frutescens
accessions originated from eight chili production centers in East Java.

Origin Species Number of  Capsaicinoids Fat  Flavonoids Polyphenols Quercetin
accessions (mg/100g) (9/100g) (mg/100g) (g/100g)  (mg/100g)
Blitar C. frutescens 5 1065.5+142.3 12.3+4.2 11.4+34 2.510.8 6.6+2.2
C. annuum 8 312.4456.4  9.1+35 6.1+24 1.840.3 8.0+2.4
Kediri C. frutescens 5 897.4+123.7 16.3+45 9.5+2.3 2.1+0.8 6.7£1.8
C. annuum 8 304.5+48.7 97423 5.9+2.1 1.4+0.2 8.5+2.1
C. baccatum 1 219.2 7.0 9.8 1.7 9.2
Lumajang C. frutescens 3 575.3+93.8  14.8+5.6 4.2+24 1.4+0.6 10.8+2.5
C. annuum 5 189.6+45.6 9.7¢2.4 5331 1.4+0.2 12.5+3.4
C .pubescens 2 213.4+56.8 7.2+43 2.8+18 1.8+0.3 2.2+07
Malang C. frutescens 3 578.2489.6  16.7+6.8 6.8+3.2 1.840.5 8.2+2.5
C. annuum 8 198.6£32.5 10.5+3.3 5.5+2.2 14404 8.3£2.6
C. baccatum 3 143.6 7.2 9.9 2.1 10.3
C. chinense 1 32314425  7.2427 43124 1.9+0.4 4.2+1,1
Banyuwangi  C. frutescens 2 886.4+121.5 4.2+1.8 12.5+4.2 2.1+0.8 5.6+x1.4
C. annuum 7 315.8+43.8 5.242.3 2.240.7 8.4+2.0
Tuban C. frutescens 3 945.3+118.7 5.3+2.1 12.4+3.2 2.310.7 5.7+1.8
C. annuum 5 323.6+455  6.843.4 57422 2.240.5 8.3+2.5
Lamongan C. frutescens 3 1005.3£123.4 4.4+18 12.1+45 2.3£0.6 5.7£1.8
C. annuum 6 345.7+45.5 6.3+t3.1 5.7+24 2.1+0.4 7.8+2.0
Mojokerto C. frutescens 2 523.44925  16.745.6 5.9+3.3 1.6+0.5 10.4+3.4
C. annuum 5 198.4+31.3 14.844.7 5.0+2.3 1.6+0.3 8.8+3.0

Results of crossing trials and molecular marker analysis in parallel studies (data not shown)
revealed that the five domesticated species of Capsicum were associated with three major genetic
diversity centres of three species in East Java, i.e. C. annuum, C. baccatum and C. pubescens. Based
on this finding, it can be stated that East Java has a diverse genetic resource of chili germplasm, which
are potential as genetic material for improvement of chili varieties locally. However, C. annuum is
phylogenetically separated from C. baccatum and C. pubescens, and thus strong interspecific
hybridization barriers exist among them [9].
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4. Conclusions

Field evaluation on agronomic performance of 85 chili accessions collected from production centers in
East Java revealed great differential characters among the accessions. Five accessions of C. fruitescens
from Blitar had high levels of capsaicinoids, with low-fat and quercetin contents, but high flavonoid
and polyphenols contents. The yield potential of these accessions can reach up to 12 t/ha when planted
on drylands under and dry climate. The high level of genetic diversity in the genus Capsicum
originated from East Java provides genetic materials for plant breeders to develop new high-yielding
varieties. Phenotypic diversity and geographic origin of chili accessions may be useful as the criteria
for selecting a set of accessions with desirable characters.
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