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Abstract
Cordia sinensis, locally known as ‘Goondi’ in India, is an underexploited multipurpose fruit species
found in hot arid regions that is well adapted to drought, salt and hot conditions. The present study
was undertaken to collect fruit samples from different locations in the Kachchh region of Gujarat,
India, and to determine their field establishment for characterization, conservation and utilization.
The maximum distribution of the species was observed in Bhuj (45%) and Mandvi (25%). Field
boundaries (35%) and scrub forests (30%) had greater frequencies, whereas backyards had rarer fre-
quencies (10%). The species most commonly occurred on levelled topography (60%) with a soil pH
in the range of 8–8.5 (63%). Morphological data of three-year-old plants in the field gene bank
showed a maximum coefficient of variation in the number of leaves per plant (66.6), followed by
the number of branches per plant (45.62) and collar diameter (27.69). Wide variations were re-
corded in plant height (121.67–212 cm), spread (118–223 cm2) and the number of branches per
plant (6–24.33). Specific accessions were identified for fodder (CBCG-12, CBCG-13 and CBCG-
16), early flowering and fruiting (CBCG-12, CBCG-13 and CBCG-14), easier propagation by seeds
(CBCG-12 and CBCG-13) and salt tolerance (CBCG-15 and CBCG-16). Preliminary findings and in-
formation provided about this species’ utilization and other aspects might be useful for future re-
search on its domestication, sole plantation and conservation aspects, improving the exploitation
of this species by present and future generations.
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Introduction

The Indian Thar Desert occupies 89.6% (31.7 million ha) of
the hot arid zone, mainly covering the states of western
Rajasthan, Gujarat, Punjab and Haryana. Approximately

81% of this area is located in the western Rajasthan and
Gujarat states of India (Sharma and Tewari, 2005). The na-
ture of vegetation in the Thar Desert is mostly dominated
by mixed shrubs and annual and perennial grasses with
sparse/limited tree density (Kumar and Parveen, 2004;
Sharma and Tewari, 2005). The region is endowed with
multipurpose and highly useful plant species, which are
all well adapted to arid agroecological habitats. Different*Corresponding author. E-mail: rahul2iari@gmail.com
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parts of the plant species, such as the ripe fruits of Cordia
sinensis, Ziziphus nummularia, Grewia tenax and
Capparis decidua; the flower buds of Calligonum polygo-
noides and C. decidua; the unripe fruits of C. decidua and
Leptadenia pyrotechnica and the seeds of Haloxylon sali-
cornicum are harvested from the wild for food purposes in
arid regions of India (Singh et al., 2008). People are transi-
tioning to be more health conscious and are trying to avoid
chemical/synthetic foods, hence preferring natural thera-
peutic nutrition through natural products (Kumar et al.,
2008).

The demand for underutilized fruit crops such as Bael is
increasing daily in many parts of the world. Specifically,
fruit pulp sharbat has become a popular drink in India
due to its nutritional and health benefits (Kumar et al.,
2008; Dhakar et al., 2019). An underutilized fruit species lo-
cally called September yellow (Stauntonia obovatifoliola
Hayata subsp. urophylla) has become a new potential ed-
ible fruit crop in China due to its precious nutritional value
and pleasant taste (Zou et al., 2020). Its fruit is rich in total
sugar (40.26%), crude protein (1.28%), vitamin C (1.55 mg/
100 g) and reducing sugar (Wang et al., 2015) and is trad-
itionally utilized by local villagers for medicinal purposes,
such as anti-inflammatory and pain-killing properties.
Ronoh et al. (2019) reported that African nightshade
(Solanum scabrum Mill.) played a significant role in im-
proving food and nutrition security in sub-Saharan Africa.
In India, Singh and Meghwal (2020) emphasized the im-
portance of underutilized Ziziphus species in the rural live-
lihood security of the local people of Rajasthan. Z.
mauritiana is a valuable food, fodder, fuel and fencing
source, thereby improving the socio-economic life of the
local people. The leaves of naturally distributed Z. num-
mularia, a wild relative of Z. mauritiana, are excellent
sources of fodder for sheep, goats, camels and cattle. Z. ro-
tundifolia is a source of quality timber and rootstock pro-
moting the large-scale multiplication of Z. mauritiana. The
fruits of Blue honeysuckle (Lonicera caerulea L.) are sweet
to sour or bitter in taste and are traditionally utilized for
food purposes in Russia, China, Japan, and recently in
North America (Chaovanalikit et al., 2004).

The genus Cordia (family Boraginaceae), with >300
species, has widely been grown in dry and hot regions of
the world (Bouby et al., 2011). Cordia myxa and C. sinen-
sis have grown naturally in arid regions of Rajasthan and
Gujarat states (Meghwal et al., 2014). C. sinensis is one of
the most important underutilized multipurpose fruit spe-
cies with high potential as a useful source of food, fodder,
traditional medicine for animals and humans, fibre and
wood. Its leaves are rich in dry matter (41.2%) and crude
protein (13.8%), with high amounts of energy and minerals
such as potassium, phosphorus, calcium, zinc and iron,
whereas its fruits are rich in dietary fibre (11.6%), energy
(18.9 kcal/100 g dry wt.) and crude protein (12.6%)

(Kuria et al., 2005). It is a multi-stemmed shrub or small
tree, growing up to 12 m high. Leaves are opposite, ovate
to obovate, and light greenwith pale hairs on both surfaces.
Flowers are born in terminal and axillary cymes, white or
cream, and are sweetly scented (Warfa, 1990; Orwa et al.,
2009). The fruit is small, drupe and bright red or yellow-
orange. One fruit contains 1–4 hard and rough seeds.

The robust tap root system and other adaptive features,
such as waxy leaves, hairiness, sunken and covered sto-
mata in leaves, water binding mechanism and tolerance
to salinity, drought and heat, make this species hardier
and essential in arid regions (Meghwal et al., 2014).
Although C. sinensis has become a favourable species for
domestication and utilization in arid regions due to its mul-
tiple uses and drought hardiness characteristics, it has re-
ceived limited research attention regarding its
improvement and utilization. Thus, the present paper pre-
sents research that was an attempt to gather information on
its geographical distribution, morphological diversity,
multiplication and ex situ conservation and provides a pre-
liminary evaluation regarding its use as potential food and
fodder to stimulate interest and promote the sustainable
utilization of the species.

Material and methods

Field survey, germplasm and passport data
collection

Field surveys were conducted in five administrative talukas
(is an administrative division within a district) of the
Kachchh region of Gujarat during two consecutive years
from June to December in 2015 and 2016 at the fruiting
stage, and C. sinensis germplasm was collected (Fig. 1
and online Supplementary Table S1). The five administra-
tive talukas and the regions surveyed are as follows: Bhuj
(Tapkeshwari hill, Gangeshwar hill, Kotda Chakar region,
etc.), Nakhatrana (Dhinodhar hill region, Chhari Dand re-
gion, etc.), Rapar (Pragpar, Adesar, Chitrod, etc.), Mandvi
(Vijay Vilas Palace, Dahisara, Meghpar, Kera, etc.) and
Bhachau (Amardi, Bhudarmora, etc.). Propagules such as
fruits and hardwood cuttings were collected through a se-
lective sampling strategy. Hardwood cuttings were kept in
moist sand in a small plastic bag to avoid moisture loss. In
total, 20 diverse germplasms were collected during the ex-
ploration trip, and the collector’s number was allotted to
each germplasm. First-hand field data on passport informa-
tion (site information, global positioning system data, habi-
tat, topography, etc.), ethnobotanical/ethnoveterinary
information (traditional medicinal uses) and other import-
ant economic characteristics of species (fruit/fodder value)
were collected using a semi-structured questionnaire,
household survey and individual interviews of the village
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elders. The soil samples were collected at two depths (0–15
and 16–30 cm) from the sampling sites along with plant
propagules.

Habitat and associated vegetation study

The climate of the Kachchh region of Gujarat is hot to semi-
arid, with a maximum temperature of 39–45°C during May–
June and a minimum temperature of 1–8°C during
December–January (Mangalassery et al., 2017). The aver-
age rainfall in Kachchh is 385 mm (average of 1998–
2016), and most rainy days occur from July to September
with high evapotranspiration (1500–2000mm per year).
Rainfall is scant, erratic and irregular with a high coefficient
of variation (CV) (71.25%). The collection sites represented
different habitats, including grasslands, rocky land, barren
land, piedmont plain, lower hills and valleys, scrub forest
and agricultural field boundaries in the Kachchh region.
Data on the local habitat, associated vegetation and soils
of each collection site were recorded and analysed to deter-
mine the influence of local factors on the status of the
plants.

Analysis of soil samples

The collected soil samples were analysed for essential soil
characteristics and micronutrient status (soil pH, EC, OC, N,
P, K, Na+, Ca+ and Mg2+). Soil pH and EC (dS/m) were de-
termined by taking the supernatant solution with a 1:2 soil/
water ratio (w/v) using a laboratory pHmeter and conduct-
ivity meter (Jackson, 1973). An atomic absorption spectro-
photometer (AA500, PG instrument, UK) was used to
quantify the Na+, K+ and Mg2+ concentrations in the soil
samples, whereas ethylenediaminetetraacetic acid (EDTA)
complexometry was used to determine the concentration
of Ca+. The organic carbon (%) and available phosphorus
(%) of soil samples were determined by Walkley and
Black’s rapid titration method (Walkley and Black, 1934)
and Olsen’s method (Olsen et al., 1954), respectively.

Standardization of propagation and nursery study

Collected fruits and hardwood cuttings of C. sinensis were
brought to the horticulture nursery of Regional Research
Station, ICAR-Central Arid Zone Research Institute,

Fig. 1. The collection sites of C. sinensis in the Kachchh region (1, Kotda Ugamana/Bhuj; 2, Bhujodi/Bhuj; 3, Madhapar/Bhuj; 4,
Pragpar/Rapar; 5, Pragpar/Rapar; 6, Tapkeshwari/Bhuj; 7, Tapkeshwari/Bhuj; 8, Tapkeshwari/Bhuj; 9, Madhapar/Bhuj; 10,
Madhapar/Bhuj; 11, Saiyedpar/Bhuj; 12, Dahisar/Mandvi; 13, Koday/Mandvi; 14, Kodaypul/Mandvi; 15, VRTI/Mandvi; 16,
Vijay Vilas Palace/Mandvi; 17, Kharoi/Bhachau; 18, Ustiya/Abdasa; 19, Kothara/Abdasa; 20, Ranara Mota/Nakhatrana).
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Kukma-Bhuj, Gujarat (India), where the hardwood cuttings
(1.0–1.5 cm thickness and 15–20 cm length) were washed
under running water and treated with 0.2% solution of
Bavistin to remove the surface impurities and then immedi-
ately planted in polythene bags. For the propagation of
seeds, freshly collected ripe fruits were rubbed with sand
to clear away any gummy mucilage and then dried in the
shade. Dried seeds were soaked in water overnight before
sowing and were disinfected using Bavistin solution (2%)
for disinfection. Seeds and hardwood cuttings were
sown/planted in black poly bags (15 × 10 cm height) filled
with clay, sand and FYM (2:4:1) and kept under a green
shade net (50% shade) where regular intercultural opera-
tions followed. Data including days to sprouting, sprouting
(%), seed germination (%), days to germination and sur-
vival (%) were recorded in the nursery stage.

Transplanting and preliminary field evaluation

The 16 best germplasms were selected among one-year-
old plants on the basis of the growth rate. Transplantation
(pit size – 0.6 × 0.6 × 0.6 m) occurred in the field during
August–September 2016 with five replications at a spacing
of 6 × 6 m under a randomized complete block design. For
morphological characterization, data on 15 growth para-
meters, including plant height (cm), plant spread (cm2),
number of branches, leaves per plant, collar diameter
(mm), leaf area (cm2), leaf length (cm), leaf width (cm),
petiole length (mm), petiole width (mm) and fresh and
dry weights (g) of the ten leaves were recorded.
Furthermore, data on dry matter (%), moisture content
(%) and crude protein (%) were recorded using leaf sam-
ples collected from three-year-old plants.

Statistical analysis

The collected data were subjected to statistical analysis in-
cluding basic descriptive statistics and Pearson’s correlation
analysis with the help of the software package ‘PAST3’
(Hammer et al., 2001).

Results and discussion

Collection, distribution and diversity

The distribution pattern of the collected germplasm of C.
sinensis based on habitat, location (taluka), soil status
(pH) and topography are presented in Fig. 2. Field surveys
revealed the occurrence ofC. sinensis at the range of 22°84′
624–23°56′288N° latitude to 68°95′730–70°73′100E° longi-
tude and 0–221 m altitude with maximum distribution in
Bhuj (Kotda Ugamana, Bhujodi, Madhapar, Tapekshwari
hill region, Saiyedpar), followed by Mandvi (Dahisar,

Koday, Kodaypul, nearby VRTI and Vijay Vilas Palace),
Rapar (Pragpar), Abdasa (Kothada), Nakhatrana (Ranara
Mota) and Bhachau talukas. The effects of local habitat,
soil status and site topography on the species existence
of C. sinensis were indicated by their distribution pattern.
The sites with the highest collection values belonged to ta-
luka Bhuj (9), followed by Mandvi (5), Abdasa (2), Rapar
(2), Bhachau (1) and Nakhatrana (1) of Kachchh
(Gujarat). Based on habitat and topography, maximum col-
lections came from cultivated field boundaries (8), fol-
lowed by five in each of scrub forests and roadsides
(online Supplementary Fig.S1(a)–(d)). Approximately
45% of germplasm collections belonged to taluka Bhuj, fol-
lowed by Mandvi (25%), Rapar (10%) and Abdasa (10%),
with a minimum of 5% each in Nakhatrana and Bhachau.
Field surveys revealed the presence of a good amount of
natural density (%) in habitats such as field boundaries
(35), rainfed scrub forests (30), roadsides (25) and back-
yards (10). Maximum collections occurred in areas with
level topography (60%) with a soil pH in the range of 8–
8.5 (63%), whereas only 6% of the collections came from
sites with soil pH > 8.5.

C. sinensis is widely distributed in arid and semiarid re-
gions of America, Asia and Africa, mainly in Egypt,
Ethiopia, India, Israel, Jordan, Kenya, Madagascar,
Mozambique, Namibia, Pakistan, Senegal, Somalia, South
Africa, Sri Lanka, Sudan, Tanzania, Yemen and
Zimbabwe (Orwa et al., 2009). Due to its suitable adaptive
mechanism and long tap root system, the species can sur-
vive in rainfed, arid and semiarid habitats (Meghwal et al.,
2014). In India, this species is commonly found in the arid
and semiarid parts of Gujarat, Rajasthan (Jaisalmer,
Jodhpur, Pratapgarh), Maharashtra (Nasik, Pune, Thane),
Karnataka (Bangalore, Dharwar, Chikmaglour, North
Karnataka), Tamil Nadu (Coimbatore, Cuddalore,
Dharamapuri, Salem, Tiruchhirapalli, Tirunelveli, Vellore)
and Kerala (Idakki) (Renu et al., 2016). Its distribution in
different parts of Gujarat was reported in earlier studies
as follows: Panchmahal district (Qureshimatva et al.,
2016), Ambaji forest of Banaskantha district (Patel, 2015),
Bhandaria Forest Area of Bhavnagar district (Chavda and
Mehta, 2015), Mehsana district (Barot et al., 2017), Thol
Lake Wildlife Sanctuary of Mehsana district (Vyas and
Patel, 2015), Rampara forest in Saurashtra region (Panchal
and Pandey, 2004), Surat district (Gadhia et al., 1999) and in
terrestrial areas of Ghogha, Jalapor, Jambusar, Olpad, Talja,
Umbagaon, Gandevi, Jafrabad, Khambhat, Kodinar,
Mahuva, Una talukas situated around the Gulf of
Khambhat (Gujarat Ecology Commission, 2011) as well as
in Bhachau and Mandvi talukas of the Gulf of Kachchh
(Gujarat Ecology Commission, 2014).

During the field survey, wide genetic diversity was ob-
served in natural populations of C. sinensis with respect
to plant height, flowering (time and colour), fruiting (time
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and colour), and growth habits of plants from the inland re-
gion of Rapar, Bhuj, Bhachau to the coastal region of
Mandvi and Abdasa taluka. In addition to C. sinensis,
fair diversity was observed in other Cordia species, such
as C. myxa L, C. monoica Roxb., C. perrottetii Wt. and
C. sebestena L. The vigorous growth of plants with gener-
ous bearing capacity noted in the coastal region might be
attributed to the presence of high atmospheric humidity
at the collection sites. Early flowering and fruiting
(February to April and May to August, respectively) were
noted in the coastal talukas (Mandvi and Abdasa) com-
pared to the other inland sites of Bhuj, Rapar and
Bhachau talukas. A considerable amount of variation was
observed in the fruit size (small to large), colour of ripe
fruits (light orange to dark orange) and fruit-bearing poten-
tial (light to a profuse bearing) (online Supplementary
Fig. S1(e)–(j)).

A tree census on non-forest areas of Gujarat by the
Gujarat forest department reported the majority of the C. si-
nensis population was in the South Gujarat region, fol-
lowed by the Kachchh and Saurashtra (315,000) regions
(Khanna and Singh, 2010). In addition to C. sinensis, the
Kachchh region of Gujarat had rich diversity of other un-
derutilized plant species, such as G. tenax, G. villosa,
G. flavescens and C.myxa. The rich diversity of Cordia spe-
cies, including C. sinensis, was observed in the Kotda
Chakar (Bhuj), Dahisara and Koday (Mandvi) regions of
Kachchh (Dev et al., 2016). Earlier studies have reported
the vast genetic diversity of C. myxa L. in natural popula-
tions regarding its morphological traits (Pareek and
Sharma, 1993; Saini et al., 2002; Malik et al., 2010). A mor-
phological and RAPD marker study on 22 Cordia acces-
sions of the Indian arid zone revealed a considerable
amount of genetic diversity (Sivalingam et al., 2012).

Fig. 2. Distribution pattern of collected germplasm of C. sinensis on the basis of habitat, collection region, soil pH and
topography.
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Wide variability has also been reported for 14 accessions of
C. myxa collected from arid regions of the Rajasthan and
Gujarat states in terms of fruit characteristics such as
bunch weight (14.1–137.4 g), fruit weight (1.96–10.5 g),
fruit numbers per bunch (4.62–14.8) and pulp: stone ratio
(1.1–6.96) (Meghwal et al., 2014).

Primary soil status, habitat and associated
vegetation

The soil analysis of the surveyed sites (Bhuj, Mandvi,
Nakhatarana, Rapar, Bhachau and Abdasa) represented
sodic soil pH (7.1–9.2) with deficient organic carbon
(0.01–0.48%). The available cations Na+, Ca+ and K+

(ppm) ranged from 65 to 437.14, 13.33 to 123.33 and 40
to 470.40, respectively (online Supplementary Table S2).
High population densities were observed for C. sinensis
and C. myxa at soil pH values of 8.5 and 8.2, respectively.
C. sinensis can be grown on almost all types of soils but
prefers clay, clay sand or alluvial soil, red loam and rocky
soils (Warfa, 1990). Accessions collected from Mandvi ta-
luka (CBCG-15 and CBCG-16) were identified as salt-
tolerant accessions that require further study for their util-
ization in the future. A higher leaf Na+ ion content was re-
ported in C. sinensis (230–920 ppm), followed by C. myxa
(200–830 ppm) collected from the Kachchh region (Dev
et al., 2019). The domestication process in this species is
still not yet completed compared to C. myxa. This was evi-
denced by the distribution pattern and soil status of species
observed during the field survey, as a high amount of the
overall population (63%) belonged to habitats such as
scrub forest, field boundaries and roadsides with soil pH
values in the range of 8.0–8.5, whereas less of the overall
lower population (6%) was found on sites near human set-
tlements or as backyard plantations (10%) with soil
pH > 8.5.

Field surveys revealed the underutilized shrub and tree
species including Ingorio (Balanites aegyptica L), Nano
Akado (Calotropis procera), Kair (C. decidua (Forsk.)
Edgew.), Avar (Cassia auriculata L.), Tankaro
(Clerodenron phlomidis L.), Guggal (Commiphora wightii
(Arn.) Bhandari), Danda-thor (Euphorbia caducifolia
Hains.), Gangeti (G. tenax (Forsk.) Fiori), Luska (Grewia
villosa Willd.), Kundher (Premna resinosa Schau), Mithi
Jar (Salvadora oleoides Dence), Khari Jar (S. persica L.)
and Bordi (Z. nummularia (Burm.f.) Wight & Arn.) as
close associates of C. sinensis. Its natural preference for
moist habitat has been evidenced by its wide occurrence
near the coastal area of the Gulf of Khambhat and Gulf of
Kachchh of Gujarat (Gujarat Ecology Commission, 2011;
2014). However, its preference for dry riverine land, open
bushland (Orwa et al., 2009), riverbanks, seasonally
flooded areas and in-land depressions, moist grounds or

sometimes gardens (Warfa, 1990) has also been reported
in association with Balanities, Combretum, Ficus,
Grewia, Salix, Salvadora, Tamarindus, Thespesia and
Ziziphus species (Maundu et al., 1999; Eltayeib and
Ishag, 2015).

Propagation

Data on seed germination and sprouting in cuttings of C.
sinensis were observed on the 12th and 17th days of sow-
ing and planting, respectively (online Supplementary
Table S3). The results showed low seed germination (28–
42%) and sprouting in cuttings (17–32%). Two accessions
(CBCG-12 and CBCG-13) showed early seed germination
(8 d) in the nursery. Although sprouting was noted in hard-
wood cuttings, plants were dried subsequently due to root-
ing failure. Similar observations were recorded byMeghwal
and Vashistha (1998) in the propagation of C. decidua
through hardwood cuttings. Hence, only 16 seed-
propagated accessions could be used for field establish-
ment and further study. Meghwal (2007) reported the
seed as the standard propagation method of Cordia spe-
cies, including C. sinensis, who also noted higher seed ger-
mination (50–60%) for C. sinenesis than for C. myxa (only
20–30%).

Preliminary field evaluation

Range of variation
The morphological characterization of 16 C. sinensis geno-
types using 15 growth parameters is presented in Table 1.
The mean plant survival after two and a half years of plant-
ing was 96% in the field. The morphological characteriza-
tion revealed the presence of a considerable amount of
variation expressed as the CV (%). The maximum CV (%)
was observed for the number of leaves per plant (66.6), fol-
lowed by the number of branches per plant (45.62), collar
diameter (27.69), percentage of dry matter (25.34) andmin-
imum fresh weight of 10 leaves (6.01). The range and mean
values of essential characteristics such as plant height
(121.67–212.0 and 166.83 cm), plant spread (118–223 and
170.5 cm2), number of branches per plant (6–24.33
and 15.16), number of leaves per plant (322.33–2991.33
and 1656.5) and collar diameter (17.53–45.99 and
27.0 mm). Accession ‘CBCG-11’ collected from Saiyedpar
village of the Bhuj taluka showed maximum plant growth
in terms of plant height (212 cm), canopy spread (223 cm2)
and collar diameter (45.99 mm). The maximum number of
branches (24.33) and leaves per plant (299.33) were re-
corded for the accession ‘CBCG-16’. Three accessions,
CBCG-13, CBCG-16 and CBCG-8, showed higher values
in leaf parameters such as leaf area, leaf length, leaf
width, fresh weight of ten leaves and lateral veins per
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leaf. In some accessions of C. sinensis (CBCG-12, CBCG-13
and CBCG-14), flowering was noted late in the third year
during the third week of February and fruiting was noted
in March–April 2019. Meghwal et al. (2014) also reported
significant variations in flowering pattern, fruiting and
fruit yield among 14 on-farm conservedC.myxa genotypes
collected from Rajasthan and Gujarat.

Variation in leaf qualitative traits
Five leaf qualitative traits of collected germplasm are pre-
sented in Table 2 and online Supplementary Fig. S2.
There was considerable variation in leaf apex (acute, 8; ob-
tuse, 6; retuse, 2), leaf base (cuneate, 9; obtuse, 5; oblique,
2) and leaf shape (lanceolate, 1; elliptic, 3; ovate, 4; oblan-
ceolate, 5; oblong, 2; obovate, 1), whereas no variation was
observed on the ‘entire’ leaf margin or ‘simple’ leaf type.

Reproductive biology

Although flowers of C. sinensis are hermaphroditic in na-
ture, functional male flowers are also present with rare fe-
male flowers (Warfa, 1990). Flowering and fruiting occur
twice per year, during September–October and February–
March. Its flowers are entomophilous mainly by honey-
bees, houseflies and yellow wasps due to their sweet
fragrance. Plants of this species are deciduous, as they re-
main in physiological dormancy for almost two months
during winter (December–January) when leaf shedding

occurs. The fruits are harvested upon changing colour
from green to orange.

Traditional utilization

Different aspects of C. sinensis utilization, such as direct
consumption of fruits, leaves as fodder andwood as timber,
have been reported worldwide. Bright red or orange col-
oured, fully ripened fruits are edible and sold in local mar-
kets of Kenya (Maundu et al., 1999) and some parts of arid
Rajasthan (Rathore, 2009). The chemical composition of
fruits (online Supplementary Table S4) indicates it’s good
nutritive (Kuria et al., 2005) and fodder (Murray et al.,
2001) value. The sweet and sticky pulps were consumed
fresh and sometimes utilized in porridge as a sugar substi-
tute. Children or adults in rural areas have consumed fruits
during the fruiting season or during food shortages. In
Kenya, fruits are sun-dried and stored in awooden contain-
er for future uses (Maundu et al., 1999). Fresh fruit pulps are
squeezed in water, mixed with tamarind (Tamarindus in-
dica) juice and kept for fermentation to brew local beer
(Orwa et al., 2009).

Generally, leaves ofC. sinensis are used as browsematerials
by goats, sheep, cattle and camels during dry andwet seasons
in arid and semiarid areas (Kuria et al., 2005; Orwa et al., 2009;
Deng et al., 2017b). Abdullah et al. (2017) classified arid spe-
cies based on their palatability as highly palatable (Prosopis
cineraria and Acacia nilotica), moderately palatable (C. poly-
gonoides, Suaeda fruticosa, Salsola baryosma, Haloxylon

Table 1. Results of the characterization of C. sinensis germplasm in the field

Parameters

Range

Mean SD CV (%) SE (±)Min Max

Plant height (cm) 121.67 212.00 166.83 40.99 24.47 10.25
Plant spread (cm2) 118.00 223.00 170.50 31.36 17.59 7.84
No. of branch/plant 6.00 24.33 15.16 6.06 45.62 1.52
No. of leaves/plant 322.33 2991.33 1656.50 846.91 66.60 211.73
Collar diameter (mm) 17.53 45.99 27.00 7.48 27.69 1.87
Leaf area (cm2) 11.14 20.82 14.60 3.03 20.73 0.76
Leaf length (cm) 5.21 6.63 5.78 0.40 6.95 0.10
Leaf width (cm) 2.27 2.87 2.62 0.16 6.01 0.04
Petiole length (cm) 0.59 0.88 0.75 0.08 10.94 0.02
Petiole width (mm) 0.97 1.25 1.10 0.08 7.53 0.02
Leaf fresh wt. (10 no’s) 1.85 3.15 2.43 0.34 14.14 0.09
No of lateral vein/leaf 9.20 15.00 11.85 1.35 11.41 0.34
Dry matter (%) 18.49 49.16 31.19 7.90 25.34 1.98
Moisture content (%) 50.84 81.51 68.82 7.90 11.48 1.98
Crude protein (%) 3.86 7.22 5.43 0.97 17.82 0.24
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recurvum, C. decidua, C. procera and Tamarix aphylla) and
less palatable (H. salicornicum) in the Cholistan Desert of
Pakistan. Analysis of the nutrient composition of C. sinensis
showed high year-round moisture and crude protein (13.8–
15.93%) with high energy and mineral (potassium, phos-
phorus, calcium, zinc and iron) contents (Kuria et al., 2005;
Deng et al., 2017a; Derero and Kitaw, 2018).

Traditionally, C. sinensis was used to treat different ail-
ments and for wound-healing purposes (online
Supplementary Table S5). It has the potential to cure gastric
disorders, malaria, rheumatism, bladder diseases, gastric
ulcers and infectious diseases (Orwa et al., 2009). The
use of different plant parts, such as root and bark decoc-
tion, has been reported to treat malaria, stomach disorders
and chest pains; bark has been used to treat gastric and re-
spiratory disturbances and mixtures of roots and bark have
been used to treat conjunctivitis in cattle (Orwa et al., 2009;
Al-Musayeib et al., 2011). Leaves and ripe fruits were used
alone or in combination with other medicinal plants to treat
fever and dry cough, respectively (Adnan et al., 2014).
Among the ten bioactive compounds isolated from
C. sinensis, two compounds [kaempferide-3-O-D-gluco-
pyranoside (62.4%) and kaempferol-3-O-D-glucopyrano-
side (59.6%)] were found to have potential as diclofenac
(57.6%), which also showed significant anti-inflammatory
activity (Thirupathi et al., 2008; Nyambe, 2014).

The hardwood of C. sinensis is locally used for making
furniture, agricultural implements such as tool handles,
walking sticks, clubs, wooden spoons, stirrers and stools
as well as in the construction of local huts. Fibre from the
inner bark is useful for making ropes, caulking boats, etc.

An edible gum from the bark may be used to adulterate
gum Arabic (Acacia senegal). Its poles are sold for con-
struction purposes in the local markets of Pokot and
Turkana town of Kenya (Maundu et al., 1999).

Cordia sinensis is a preferred plant species in arid re-
gions due to its multiple uses as food, fodder, medicine,
gum and timber. Despite its numerous uses, its utilization
and domestication process is still minimal. Poor domestica-
tion of this species was evidenced from its high population
frequency between soil pH 8.0–8.5 on level topography
and in habitats such as scrub forests, field boundaries, road-
sides and its low population frequency on sites near a
human settlement or as backyard plantation in the present
study. The extensive genetic diversity noted on natural po-
pulations of species in Bhuj and Mandvi taluka of Kachchh
could be useful for future studies. Based on the preliminary
evaluation, accessions selected for different purposes were
as follows: fast growth and fodder (CBCG-11 and
CBCG-16); early flowering and fruiting (CBCG-12,
CBCG-13 and CBCG-14); most natural propagation by
seeds (CBCG-12 and CBCG-13) and salt tolerance
(CBCG-15 and CBCG-16). Future research works should
be focused on its exploration, sole plantation, standardiza-
tion of propagation techniques and characterization and
conservation aspects, which still exist at the infancy stage;
thus, information about this valuable species could en-
hance its utilization by present and future generations.

Supplementary material
To view supplementary material for this article, please visit https://
doi.org/10.1017/S1479262120000453

Table 2. Variation in the leaf qualitative traits of collected C. sinensis germplasm

Germplasm Leave apex Leaf base Leaf margin Leaf shape Leaf type

CBCG-1 Acute Cuneate Entire Lanceolate Simple
CBCG-2 Obtuse Obtuse Entire Elliptic Simple
CBCG-3 Obtuse Cuneate Entire Elliptic Simple
CBCG-4 Acute Oblique Entire Ovate Simple
CBCG-5 Obtuse Obtuse Entire Ovate Simple
CBCG-6 Obtuse Cuneate Entire Ovate Simple
CBCG-7 Obtuse Cuneate Entire Oblanceolate Simple
CBCG-8 Acute Cuneate Entire Oblanceolate Simple
CBCG-9 Acute Oblique Entire Oblanceolate Simple
CBCG-10 Acute Cuneate Entire Oblanceolate Simple
CBCG-11 Obtuse Obtuse Entire Ovate Simple
CBCG-12 Acute Cuneate Entire Oblanceolate Simple
CBCG-13 Acute Obtuse Entire Oblong Simple
CBCG-14 Acute Cuneate Entire Obovate Simple
CBCG-15 Retuse Cuneate Entire Elliptic Simple
CBCG-16 Retuse Obtuse Entire Oblong Simple

R. Dev et al.434

https://www.cambridge.org/core/terms. https://doi.org/10.1017/S1479262120000453
Downloaded from https://www.cambridge.org/core. IP address: 157.47.228.78, on 23 Mar 2021 at 07:45:03, subject to the Cambridge Core terms of use, available at

https://doi.org/10.1017/S1479262120000453
https://doi.org/10.1017/S1479262120000453
https://doi.org/10.1017/S1479262120000453
https://www.cambridge.org/core/terms
https://doi.org/10.1017/S1479262120000453
https://www.cambridge.org/core


Acknowledgements

The author is thankful to the Director of ICAR-CAZRI for
providing the necessary facility for conducting research.

Funding
Not applicable.

Conflict of interest
The authors declare that they have no conflicts of interest.

References

Abdullah M, Rafay M, Khan T, Ahmad H, Tahir U, Rasheed F, Ruby
T and Khalil S (2017) Nutritive potential and palatability
preference of browse foliage by livestock in arid rangelands
of cholistan desert (Pakistan). Journal of Animal and Plant
Sciences 27: 1656–1664.

Adnan M, Ullah I, Tariq A, Murad W, Azizullah A, Khan AL and Ali
N (2014) Ethnomedicine use in the war affected region of
northwest Pakistan. Journal of Ethnobiology and
Ethnomedicine 10: 16.

Al-Musayeib N, Perveen S, Fatima I, Nasir M and Hussain A (2011)
Antioxidant, anti-glycation and anti-inflammatory activities of
phenolic constituents from Cordia sinensis. Molecules 16:
10214–10226.

Barot CJ, Patel VA and Dabgar YB (2017) Floristic study of some
wetlands and its corridor of mehsana district, North Gujarat.
International Journal for Research Trends and Innovation.
2: 171–180. http://www.ijrti.org/papers/IJRTI1707027.pdf
accessed on 19 March 2019.

Bouby L, Bouchette A and Figueiral I (2011) Sebesten fruits
(Cordia myxa L.) in Gallia Narbonensis (Southern France): a
trade item from the Eastern Mediterranean. Vegetation
History and Archaeobotany 20: 397–404.

Chaovanalikit A, Thompson MM and Wrolstad RE (2004)
Characterization and quantification of anthocyanins and
polyphenolics in blue honeysuckle (Lonicera caerulea L.)
Journal of Agricultural and Food Chemistry 52: 848–852.

ChavdaNH andMehta SK (2015) Study of species diversity of trees
and shrubs in Bhandaria Forest Area, District–Bhavnagar,
Gujarat. International Journal of Pure & Applied Bioscience
3: 356–361.

Deng MT, Ondiek JO and Onjoro PA (2017a) Chemical compos-
ition and in Vitro gas production of lesser known South
Sudan browse species. Livestock Research for Rural
Development 29: 81. Retrieved July 4, 2019, from http://www.
lrrd.org/lrrd29/4/mame29081.html.

Deng MT, Ondiek JO and Onjoro PA (2017b) Intake, relative
palatability index and preference class of selected Bor,
South Sudan browse species fed to crossbred growing goats.
Livestock Research for Rural Development. 29: 171. Retrieved
July 5, 2019, from http://www.lrrd.org/lrrd29/9/mame29171.
html.

Derero A and Kitaw G (2018) Nutritive values of seven high pri-
ority indigenous fodder tree species in pastoral and agro-
pastoral areas in Eastern Ethiopia. Agriculture & Food
Security 7: 68. https://doi.org/10.1186/s40066-018-0216-y.

Dev R, Kumar MS, Kumar S and Dayal D (2016) Survey, collection
and utilization of grewia and cordia species for human and
animal nutrition in Arid Kachchh, Gujarat. In IAC Abstracts

Book. 1st International Agrobiodiversity Congress,
November 6–9, 2016, New Delhi, India, 344 p.

Dev R, Sureshkumar M, Singh T and Dayal D (2019) Distribution,
adaptation and utilization of local underutilized grewia and
cordia species in the salt-affected Kachchh Region for better
livelihood and fodder security. In. Sharma PC, Yadav RK,
Bundela DS, Anil Kumar, Sanwal SK, Meena RL, Rakesh
Banyal, Jogendra Singh, Raj Kumar, Fagodiya RK, Arijit
Barman, Anshuman Singh, Ashim Datta, Priyanka Chandra
and Awtar Singh. Golden Jubilee International Salinity
Conference on Resilient Agriculture in Saline Environments
under Changing Climate: Challenges &Opportunities. Indian
Society of Soil Salinity and Water Quality, Karnal,
Haryana.187pp.

Dhakar MK, Das B, Nath V, Sarkar PK and Singh AK (2019)
Genotypic diversity for fruit characteristics in bael [Aegle
marmelos (L.) Corr.] based on principal component analysis.
Genetic Resources and Crop Evolution 66: 951–964. https://
doi.org/10.1007/s10722-019-00757-x

Eltayeib AA and Ishag W (2015) Phytochemical screening, anti-
microbial, antioxidant and cytotoxicity activities of bark’s
crude extracts of Cordia sinensis. Advancement in
Medicinal Plant Research 3: 39–45.

Gadhia PK, Gadhia M and Parabia MH (1999) Dietary, health and
biotic baseline survey around Kakrapar atomic power sta-
tion. Report published by South Gujarat University, Surat in
December, 1999. p. 136.

GEC (2014). Ecological profile for coastal Talukas of Gulf of
Kachchh. Gujarat Ecology Commission, Gandhinagar, 120p.

GEC (Gujarat Ecology Commission) (2011) Ecological profile of
coastal talukas around gulf of Khambhat. Gujarat Ecology
Commission, Gandhinagar. 32p. www.gec.gov.in.

Hammer O, Harper DAT and Ryan PD (2001) PAST: paleonto-
logical statistics software package for education and data
analysis. Palaeontologia Electronica 4: 9. http://palaeoelec-
tronica.org/2001_1/past/issue1_01.htm.

Jackson ML (1973) Soil Chemical Analysis. New Delhi: Prentice
Hall of India Pvt. Ltd., pp. 38–56.

Khanna P and Singh HS (2010) Tree wealth of the non-forest areas
of Gujarat. A report tree census in non-forest areas-2009.
Forest department, Gujarat state. p. 47.

Kumar S and Parveen F (2004) Traditional ethno-medicinal plants
in the Indian Thar: their status in nature and possibilities of
their cultivation and trading. Final report of DST Project 216.

Kumar V, Pal V, Sapra P and Umrao V (2008) Variability evaluation
in Beal (Aegle marmelos Correa) accessions. Annals of
Horticulture 1: 23–26.

Kuria SG, Wanyoike MM, Gachuiri CK and Wahome RG (2005)
Nutritive value of important range forage species for camels
in Marsabit district, Kenya. Tropical and Subtropical
Agroecosystems 5: 15–24.

Malik SK, Chaudhury R, Dhariwal OP and Bhandari DC (2010)
Genetic Resources of Tropical Underutilized Fruits in India.
New Delhi: NBPGR, p. 168.

Mangalassery S, Dayal D, Arvind K, Bhatt K, Nakar DR, Kumar A,
Singh J andMisra A (2017) Pattern of salt accumulation and its
impact on salinity tolerance in two halophyte grasses in ex-
treme saline desert in India. Indian Journal of Experimental
Biology 55: 542–548.

Maundu PM, Ngugi GW and Kabuye CHS (1999) Traditional food
plants of Kenya. Kenya Resources Centre for Indigenous
Knowledge. National Museums of Kenya, 270 p.

Meghwal PR (2007) Propagation studies in lehsua (Cordia myxa).
The Indian Journal of Agricultural Sciences 77: 765–767.

Collection, characterization, conservation and utilization of Cordia sinensis Lam. 435

https://www.cambridge.org/core/terms. https://doi.org/10.1017/S1479262120000453
Downloaded from https://www.cambridge.org/core. IP address: 157.47.228.78, on 23 Mar 2021 at 07:45:03, subject to the Cambridge Core terms of use, available at

http://www.ijrti.org/papers/IJRTI1707027.pdf
http://www.ijrti.org/papers/IJRTI1707027.pdf
http://www.lrrd.org/lrrd29/4/mame29081.html
http://www.lrrd.org/lrrd29/4/mame29081.html
http://www.lrrd.org/lrrd29/4/mame29081.html
http://www.lrrd.org/lrrd29/9/mame29171.html
http://www.lrrd.org/lrrd29/9/mame29171.html
http://www.lrrd.org/lrrd29/9/mame29171.html
https://doi.org/10.1186/s40066-018-0216-y
https://doi.org/10.1186/s40066-018-0216-y
https://doi.org/10.1186/s40066-018-0216-y
https://doi.org/10.1186/s40066-018-0216-y
https://doi.org/10.1186/s40066-018-0216-y
https://doi.org/10.1007/s10722-019-00757-x
https://doi.org/10.1007/s10722-019-00757-x
https://www.gec.gov.in
http://palaeoelectronica.org/2001_1/past/issue1_01.htm
http://palaeoelectronica.org/2001_1/past/issue1_01.htm
http://palaeoelectronica.org/2001_1/past/issue1_01.htm
https://www.cambridge.org/core/terms
https://doi.org/10.1017/S1479262120000453
https://www.cambridge.org/core


Meghwal PR and Vashishtha BB (1998) Effect of time of planting
and auxin on rooting of cuttings of ker (Capparis decidua
L. Forsk). Annals of Arid Zone 37: 401–404.

Meghwal PR, Singh A, Kumar P and Morwal BR (2014) Diversity,
distribution and horticultural potential of Cordia myxa L.: a
promising underutilized fruit species of arid and semi-arid
regions of India. Genetic Resources and Crop Evolution 61:
1633–1643.

Murray SS, Schoeninger MJ, Bunn HT, Pickering TR and Marlett JA
(2001) Nutritional composition of some wild plant foods and
honey used by hadza foragers of Tanzania. Journal of food
composition and analysis 14: 13.

Nyambe MM (2014) Phytochemical and antibacterial analysis of
indigenous chewing sticks, Diospyros lycioides and Euclea
divinorum. M.Sc. Thesis, The University of Namibia,
Namibia.

Olsen SR, Cole CV,Watanabe FS andDean LA (1954) Estimation of
available phosphorus in soils by extraction with sodium bi-
carbonate. USDA Circular 939.

Orwa C, Mutua A, Kindt R, Jamnadass R and Anthony S (2009)
Agroforestree Database: a tree reference and selection guide
version 4.0. http://www.worldagroforestry.org/sites/treedbs/
treedatabases.asp.

Panchal NS and Pandey AN (2004) Analysis of vegetation of
Rampara forest in Saurashtra region of Gujarat state of India.
Tropical Ecology 45: 223–231. http://www.tropecol.com/
pdf/open/PDF_45_2/45204.pdf. accessed on 20.03.2019.

Pareek OP and Sharma S (1993) Underutilized fruits. Indian
Horticulture 38: 47–56.

Patel RS (2015) An ethnobotanical study of medicinal plants used in
sacred groves of Ambaji forest, Gujarat, India. International
Journal of AdvancedTechnology inEngineeringandScience 3:
2348–7550. http://ijates.com/images/short_pdf/1425811703_
474.pdf. accessed on 19.03.19.

Qureshimatva UM, Maurya RR, Gamit SB and Solanki HA (2016)
Checklist of flowering plants in Panchmahal District, Gujarat,
India. Forest Research 5: 176.

RathoreM (2009) Nutrient content of important fruit trees from arid
zone of Rajasthan. Journal of Horticulture and Forestry 1:
103–108.

Renu G, Thilakar SJ and Narasimhan D (2016) Cordia gharaf
Ascherson. [online] India Biodiversity Portal, Species Page:
{Cordia gharaf Ascherson} Available at: http://in-
diabiodiversity.org/biodiv/species/show/31221. accessed
on 21 August 2016.

Ronoh R, Linde M, Winkelmann T, Abukutsa-Onyango M, Dinssa
FF and Debener T (2019) Morphological characterization,
genetic diversity and population structure of African

nightshades (section Solanum L.). Genetic Resources and
Crop Evolution 66: 105–120. https://doi.org/10.1007/s10722-
018-0700-z

Saini RS, Kaushik RA and Singh S (2002) Research note on the
evaluation of lasora (Cordia myxa Roxb.) germplasm for
vegetative growth characters under semi-arid conditions.
Haryana Journal of Horticultural Sciences 31: 62–63.

Sharma AK and Tewari JC (2005) Arid zone forestry with special
reference to Indian hot arid zone, in forests and forest plants,
from Encyclopedia of life support systems (EOLSS).
Developed under the auspices of the UNESCO, Eolss
Publishers, Oxford, UK. http://www.eolss.net.

Singh A and Meghwal PR (2020) Socio-economic and horticultural
potential of Ziziphus species in arid regions of Rajasthan
India. Genetic Resources and Crop Evolution 67: 1301–1313.
https://doi.org/10.1007/s10722-020-00891-x

Singh JP, Rathore VS and Beniwal RK (2008). Diversity and con-
servation of shrubs of hot arid region of Rajasthan, India. In:
Singh NP and Chhonkar PK (eds), Biodiversity for
Sustainable Development. Samakriti, New Delhi, pp. 51–71.

Sivalingam PN, Singh D and Chauhan S (2012) Morphological and
molecular diversity of an underutilized fruit crop− Cordia
myxa L. germplasm from the arid region of Rajasthan, India.
Genetic Resources and Crop Evolution 59: 305.

Thirupathi K, Kumar SS, Raju VS, Ravikumar B, Krishna DR and
Mohan GK (2008) A review of medicinal plants of the genus
Cordia: their chemistry and pharmacological uses. Journal of
Natural Remedies 8: 1–10.

Vyas DN and Patel AH (2015) Tree species diversity and their
phytosociological evaluation in ‘Thol Lake Wildlife
Sanctuary, North Gujarat. International Journal of Scientific
Research 4: 713–716.

Walkley A and Black IA (1934) An examination of Degtjareff
method for determining soil organic matter and a proposed
modification of the chromic acid titration method. Soil
Science 37: 29–37.

Wang Y, Xing W, He X, Duan W, Huang W and Gong C (2015)
Differential comparison among different geographical pro-
venances of Stauntonia urophylla. Journal of Central South
University of Forestry & Technology 35: 55–60.

Warfa AM (1990) Taxonomy and distribution of Cordia sinensis
and C. nevillii (Boraginaceae), a widespread species pair in
Africa and Asia. Nordic Journal of Botany 9: 649–656.

Zou S, Yao X, Zhong C, Gao P, Wang Z and Huang H (2020)
Phenotypic characterization of Stauntonia obovatifoliola
Hayata subsp. urophylla germplasm: a potential new fruit
crop. Genetic Resources and Crop Evolution 67: 1037–1050.
https://doi.org/10.1007/s10722-020-00885-9

R. Dev et al.436

https://www.cambridge.org/core/terms. https://doi.org/10.1017/S1479262120000453
Downloaded from https://www.cambridge.org/core. IP address: 157.47.228.78, on 23 Mar 2021 at 07:45:03, subject to the Cambridge Core terms of use, available at

http://www.worldagroforestry.org/sites/treedbs/treedatabases.asp
http://www.worldagroforestry.org/sites/treedbs/treedatabases.asp
http://www.worldagroforestry.org/sites/treedbs/treedatabases.asp
http://www.tropecol.com/pdf/open/PDF_45_2/45204.pdf
http://www.tropecol.com/pdf/open/PDF_45_2/45204.pdf
http://www.tropecol.com/pdf/open/PDF_45_2/45204.pdf
http://ijates.com/images/short_pdf/1425811703_474.pdf
http://ijates.com/images/short_pdf/1425811703_474.pdf
http://ijates.com/images/short_pdf/1425811703_474.pdf
http://indiabiodiversity.org/biodiv/species/show/31221
http://indiabiodiversity.org/biodiv/species/show/31221
http://indiabiodiversity.org/biodiv/species/show/31221
https://doi.org/10.1007/s10722-018-0700-z
https://doi.org/10.1007/s10722-018-0700-z
http://www.eolss.net
http://www.eolss.net
https://doi.org/10.1007/s10722-020-00891-x
https://doi.org/10.1007/s10722-020-00885-9
https://www.cambridge.org/core/terms
https://doi.org/10.1017/S1479262120000453
https://www.cambridge.org/core

	Collection, characterization, conservation and utilization of Cordia sinensis Lam.: An underexploited multipurpose fruit species of hot arid regions
	Abstract
	Introduction
	Material and methods
	Field survey, germplasm and passport data collection
	Habitat and associated vegetation study
	Analysis of soil samples
	Standardization of propagation and nursery study
	Transplanting and preliminary field evaluation
	Statistical analysis

	Results and discussion
	Collection, distribution and diversity
	Primary soil status, habitat and associated vegetation
	Propagation
	Preliminary field evaluation
	Range of variation
	Variation in leaf qualitative traits

	Reproductive biology
	Traditional utilization

	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


