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Abstract

Jatropha populations from Malaysia, India, Indonesia, and the Philippines were evaluated on inland soils at Uni-
versity Agriculture Park, Universiti Putra Malaysia with the main objectives are to select superior plants with high
seed and oil yields production for commercial planting and to study inter-populations variation in morphological,
seed and oil yields characteristics. Analysis of variance shows that all traits had significant variation among popu-
lations. Phenotypic correlations between seed yield per plant was positively and highly significantly correlated with
days to flowering, number of inflorescences, number of fruits per plant, number of seeds per plant, seed yield
per hectare, seed oil yield per plant, and seed oil yield per hectare. Seed vyield per plant was highly significant
negatively correlated with seed oil content. Cluster analysis based on standardized agro-morphological data,
divided the Jatropha populations into three clusters through non-hierarchical clustering. Cluster |, Il, lll consisted
of one, two and three populations respectively. Highly significant genotypic differences were obtained among the
Jatropha populations for various traits measured. The relative large variations were observed for all traits except
number of tertiary branches in first year of harvesting. The variation was large enough to suggest that six Jatropha

populations could present appropriate genotypes to be used in intensive breeding programs.
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Introduction

Biodiesel, an alternative diesel fuel, is produced
from renewable biological sources such as vegetable
oils and animal fats (Sukarin et al, 1987; Kumar and
Sharma 2008; Sujatha et al, 2008; Fangrui and Mil-
ford 1999; Sharama et al, 2011). Jatropha curcas is a
drought-resistant perennial shrub with an economic
planting of 30-50 years. With the increasing interest
in biofuel, it is now considered as one of the promis-
ing sources of biofuel and has proved to be a viable
feedstock because of the 30% oil composition of its
nut (Achten et al, 2008; Cai et al, 2010; Divakara et
al, 2010; Ganesh Ram et al, 2008; Gohil and Pandya
2009; Shabanimofrad et al, 2011). Jatropha curcas
plantation has begun the world over for biodiesel pro-
duction (King et al, 2009), but unfortunately there is a
lack of availability of quality planting material (Ghosh
and Singh 2011; Shuit et al, 2010).

Knowledge about the degree of genetic diversity
inter and intra populations into and outside the cen-
ter of origin is needed to gain the first ideas about
where to find potentially important genetic material.
Jatropha genetic resources has been reported and
only limited and scattered knowledge is available on
the basic reproductive biology of the species. In ad-
dition, little information has been reported on quan-
titative genetic variation, such as genetic variance
components, heritability, heterosis and effects of in-

teraction between genotypes and environment. Also,
one factor of key importance for conducting breed-
ing programs is genetic variability (Franco et al, 2001;
Achten et al, 2010; Sun et al, 2008).

Recently, some researchers reported genetic
variation in the Jatropha populations from India,
China, Latin America, Malaysia and Africa based on
morphologic and agronomic characters revealed by
using morphological and molecular techniques (Gin-
wal et al, 2005; Kaushik et al, 2007; Rao et al, 2008;
Rafii et al, 2012a; Arolu et al, 2012; Shabanimofrad et
al, 2013). We aimed at investigating the genetic varia-
tion of Jatropha in population and determined genetic
components of the important characters in the Jatro-
pha populations.

Materials and Methods

Description of the experimental site and plant
material

The study was managed in University Agriculture
Park, Universiti Putra Malaysia in 2009 and 2010. The
experimental site is located at 101.71655°N, 3.0059°E
and at an altitude of 88 meter above sea level. Jatro-
pha populations were chosen from Malaysia, India,
Indonesia, and Philippines countries. One hundred
seeds from each Jatropha populations were germi-
nated and sown in polyethylene bags. All six hundred
seeds of the populations were planted in Polyethyl-
ene bags to produce seedlings. Polyethylene bags
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filled with soil mixture (clay, sand and organic matter
in a 1:1:1 ratio). Finally, after three months (nursery
stage), sixty four plants were chosen in each Jatro-
pha population and seedlings were transplanted in
the experimental field of University Agriculture Park,
Universiti Putra Malaysia.

Field experimental design and data collection

Experiments were conducted using a randomized
complete block experimental design (RCBD) with four
replications. Sixteen plants of each population were
planted at four meters inter-row and two meters intra-
row spacing in each plot.

Data for each character were recorded on 384 in-
dividual plants during 24 months. Data on all quanti-
tative traits were collected as an average value of the
sixteen plants.

Statistical analysis

For all morphological characteristics analysis of
variance was conducted to determine significance of
variability among the populations. Mean, range, stan-
dard deviation, and coefficient of variation for each
characteristic were determined using Statistical Anal-
ysis System (SAS) version 9.1. Mean comparison was
done using the Duncan’s New Multiple Range Test
(DNMRT). Correlation coefficients were used to eval-
uate the relationship among the different variables
in the experiment. Simple correlation was estimated
among traits. Cluster analysis was performed using
NTSYS-PC version 2.1. Jaccard’s similarity coeffi-
cient were used to produce a dendrogram for which
the UPGMA (unweighted pair group method using
arithmetic average) algorithm (Ovando et al, 2011).

Results

Variation in seed characters

The range for seed length was from 18.0 (Indo-
nesial) to 20.3 mm (Malaysial), with a mean of 18.8
mm, while seed width ranged from 11.1 (Indonesial)
to 11.6 mm (Philippines) with a mean of 11.3 mm.
Seed weight ranged from 0.65 (Indonesial) to 0.84 g
(Philippines), with a mean of 0.75 g, while 100 seed
weight ranged from 66.21 (Indonesial) to 76.72 g
(Malaysia1), with a mean of 72.80 g (Table 1). Results
showed low coefficients of variation for seed length
(4.4%), seed width (1.3%), seed weight (9.4%) and
100 seed weight (2.8%), respectively (Table 1).

Results of analysis of variance (ANOVA) on seed
characteristics indicated significant variation among
populations at p < 0.05 and p < 0.01 (Table 2). Dif-
ferences in seed length and seed weight were signifi-
cant at p < 0.05, while seed width and hundred seed
weight were significant at p < 0.01 (Table 2).

Variation in growth characters

India population was the tallest for first and sec-
ond year and shortest population were Malaysial and
Indonesia2 for first and second year, respectively.
From Table 3, the range for plant height was from 158
cm (India) to 131 cm (Malaysial), with a mean of 144
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cm for first year, while plant height ranged from 191
(India) to 150 cm (Indonesia2), with a mean of 172 cm
(Table 1).

Significant variation (p < 0.05) revealed among
the populations for plant height (Table 2). Significant
variations were among the populations with regard
to the number of secondary branches in the plant for
first and second year. The highest number of second-
ary branches were recorded in Malaysia2 (4.4) and In-
donesial (6.4) for first and second year respectively.
Also, the lowest number of secondary branches were
recorded in Malaysial (3.4) and Indonesia2 (4.0) for
first and second year respectively (Table 1).

No significant differences revealed among the
populations for number of tertiary branches in first
year, while significant differences (p < 0.05) occurred
among the populations for number of tertiary branch-
es in second year (Table 2). Maximum number of ter-
tiary branches was observed in Malaysia2 (5.6). Also,
minimum number of tertiary branches was recorded
in Indonesia2 (1.5) for second year (Table 1).

Variation in yield and yield components
Days to flowering was highest in Philippines
which recorded 276 days after planting and was
closely followed by Indonesia2 with values of 274
days after planting. Minimum days to flowering was
seen in Indonesial (241) in first year (Table 1). There
was high significant variation among the populations
with regard to the number of inflorescences per plant
with means of 9, 35 and 22 inflorescences per plant
in first, second and average year respectively. The
highest total number of inflorescences per plant was
recorded in Indonesial. While the lowest total num-
ber of inflorescences per plant was recorded in Ma-
laysia1 in first, second and average years (Table 1).
The highest number of fruits per plant was re-
corded in Indonasial for first year (26 fruits), second
year (214 fruits) and average year (120 fruits). Also,
the lowest number of fruits were recorded in Indona-
sia2 (10 fruits) for first year and Philippines for second
year (101 fruits) and average year (58 fruits) (Table 1).
Populations were highly significantly different for
number of seed per plant. Among all populations test-
ed, Indonesial had the highest number of seed per
plant in first year (70 seeds), second year (601seeds)
and average year (335 seeds) year. Also, the lowest
number of seed per plant was seen in Indonesia2 (30
seeds) for first year and Malaysial for second year
(201seeds) and average (116 seeds) year (Table 1).
Results showed high coefficients of variations
for number of inflorescences in first year (23.5%),
number of fruits for first year (31.9%) and number
of seed per plant for first year harvesting (22.7%),
second year harvesting (21.7%) and average year
harvesting (19.16%). The CV (%) was moderate in
number of fruits per plant for second year harvesting
(13.8%) and average harvesting years. Low CV (%)
was obtained for days to flowering (6.0%), number
of inflorescences per plant for second year harvest-
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Table 1 - Mean of traits measured in Jatropha populations.
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Trait Year In1 In2 My1 My2 Ph1 Id1 Mean CV (%)
Seed length (mm) 1styr 18.0b 18.9b 20.3a 18.5b 18.4b 18.8b 18.8 44
Seed width (mm) 1styr 11.1¢c 11.5ab 11.5ab 11.2¢ 11.7a 11.3bc 1.4 13
Seed weight (g) 1styr 0.65b 0.78a 0.78a 0.72ab 0.84a 0.74ab 0.75 9.4
100 Seed weight(g) 1styr 66b 73a 76a 69a 74a 75a 72.8 2.8
Day to flowering 1styr 241b 274a 267a 252ab 276a 260ab 262 6
Plant height (cm) 1styr 136bc 138bc 131c 149ab 149ab 158a 144 741
2nd yr 152bc 150¢c 173abc 186a 180ab 191a 172 10

No. of secondary branches per plant (no.) 1styr 4.3a 3.4b 3.4b 4.4a 4.5a 4.4a 41 1.9
2nd yr 6.4a 4.0c 4.5bc 5.3abc 5.8ab 5.6abc 53 19.2

No. of tertiary branches per plant (no.) 1styr 2.2a 1.7a 1.5a 1.5a 1.7a 2.74a 1.8 54.8
2nd yr 5.4a 1.8b 1.8b 5.6a 2.6ab 3.6ab 34 56.9

No. of inflorescences per plant (no.) 1styr 16a 6b 6b 10b 8b 87b 9 235
2nd yr 59a 27de 23e 37b 30dc 33bc 35 9.8

average 38a 17de 15e 24b 19dc 21bc 22 9.4

No. of fruits per plant (no.) 1styr 26a 10b 11b 14b 14b 16b 15 319
2nd yr 214a 95¢cd 70d 136b 101c 108¢c 121 13.8

average 120a 52dc 41d 75b 58¢c 62c 68 12.2

No. of seeds per plant (no.) 1styr 70a 30c 32bc 45bc 47b 45bc 45 227
2nd yr 601a 285bc 201c 377b 289bc 302bc 343 21.7

average 3352 158bc 116¢ 211b 168bc 174bc 194 19.1

Seed yield per plant (g) 1styr 46a 22¢ 24bc 31bc 35ab 34b 32 23.1
2nd yr 399a 209bc 153¢c 262b 216bc 230bc 245 235

average 222a 115bc 89c 146b 126bc 132bc 138 2141

Seed yield per hectare (kg) 1styr 116a 55¢ 61bc 79bc 89ab 86b 81 23
2nd yr 997a 522bc 384c 655b 542bc 575bc 613 235

average 556a 289bc 223c 367b 315bc 330bc 347 21

Seed oil content (%) 1styr 29.1c 29.9bc 31.2ab 31.7a 31.0ab 30.8ab 30.6 2.7
2nd yr 30.6c 31.5bc 32.8ab 33.4a 32.7ab 32.5ab 32.3 27

average 29.9¢ 30.8bc 32.0ab 32.6a 31.8ab 31.6ab 31.5 2.7

Seed oil yield per plant (g) 1styr 13.5a 6.7¢c 7.7bc 10.0abc 11.0ab 10.5ab 9.91 221
2nd yr 122.52 65.9bc 50.6c 87.3b 70.1bc 74.2bc 78.45 23.6

average 67.9a 36.3bc 29.2c 48.6b 40.5bc 42.4bc 4418 213

Seed oil yield per hectare (kg) 1styr 33a 16¢ 19bc 25abc 27ab 26ab 24 221
2nd yr 306a 164bc 126¢ 218b 175bc 185bc 196 23.6

average 169a 90bc 72¢ 121b 101bc 105bc 110 213

Means with the same letter in the same row are not significantly different by Duncan New Multiple Range Test (DNMRT); My1=
Malaysial; My2= Malaysia2; In1= Indonesial; In2= Indonesia2; Id1= India1; Ph1= Philippines1

ing (9.8%) and average year harvesting (9.4%) years.
This indicates that the samples had values closer to
the population mean for characteristics with low CV
(Table 1). Results of analysis of variance (ANOVA)
on day to flowering, number of inflorescences per
plant and number of seed per plant indicated highly
significant variation among populations for first year
harvesting, second year harvesting and average year
harvesting (Table 2).

Seed yield per plant was highest in Indonesial
which recorded 46, 399 and 222 (g) for first, second
and average year harvesting respectively and was
closely followed by Philippines with values of 35 (g)
for first year and Malaysia2 with values of 262 and
146 (g) for second and average year harvesting re-
spectively. Minimum seed yield per plant was seen
in Indonesia2 (22 g) for first year and Malaysial for
second (153 g) and average year harvesting (89 g)
(Table 1).

For seed yield per hectare the top ranking popula-
tion was Indonasia1l for first (116.32 kg ha™), second
(997.60 kg ha') and average (556.95 kg ha™) year.
The top ranking population differed significantly with
all the remaining populations. Minimum seed yield
per hectare was recorded in Indonesia2 (55.63 kg

ha™) for first year and Malaysial for second (384.60
kg ha) and average (223.28 kg ha™) year harvesting
(Table 1).

With attention to oil content percentage it was
revealed that Malaysia2 with values of 31% for first
year, 33% for second year and 32% for average year
had maximum oil content percentage and was close-
ly followed by Malaysial with values of 31.20% for
first year, 32.85% for second year and 32% for aver-
age year harvesting. Minimum oil content percentage
was seen in Indonesia1for first year (29%), for second
year (30%) and average year (29%) (Table 1).

Seed oil yield per plant was highest in Indonasia1
for first year of harvesting (13 g), second year of har-
vesting (122 g) and average year of harvesting (67 g).
The top ranking population differed significantly with
all the remaining populations. Minimum seed oil yield
per plant was recorded in Indonesia2 (6 g) for first
year of harvesting and Malaysia1 for second year (50
g) and average year of harvesting (29 g) (Table 1).

Seed oil yield per hectare was highest in Indona-
sial for first of harvesting (33 kg), second of harvest-
ing (306 kg) and average year of harvesting (169 kg).
The top ranking population differed significantly with
all the remaining populations. Minimum seed oil yield
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Table 2 - Mean squares of analysis of variance (ANOVA) for all studies traits of Jatropha populations.

167

Source of variation

Blocks (B) Populations (G) Error
Degree of freedom (d.f.) 3 5 15
Characters
Seed length 1styr 0.01nms 2.41* 0.68
Seed width 1styr 0.01ns 0.19** 0.024
Seed weight 1styr 0.001"s 0.016* 0.005
100 Seed weight 1styr 5.45" 63.48** 4.34
Day to flowering 1styr 571.7* 720.98* 252.58
Plant height 1styr 476.99* 402.07* 107.19
2nd yr 332.03m™ 1,192.92* 297.81
No. of secondary branches per plant  1styr 0.29" 1.09** 0.24
2nd yr 3.11m 3.09* 1.03
No. of tertiary branches per plant 1styr 1.50* 0.63" 1.03
2nd yr 37.76** 12.78* 3.81
No. of inflorescences per plant 1styr 58.76** 54.44** 5.32
2nd yr 304.56** 639.31** 12.08
average 147.37** 265.56** 4.59
No. of fruits per plant 1styr 109.59" 135.34** 24.29
2nd yr 3,144.77** 10,196.52** 281.13
average 1,058.44"s 3,132.00** 70.4
No. of seeds per plant 1styr 436.05 834.56** 106.32
2nd yr 18,412.34* 76,476.39** 5,560.02
average 5970.31* 22,987.01** 1,386.02
Seed yield per plant 1styr 202.29* 300.94** 56.46
2nd yr 9,603.56 ns 27,696.20** 3,321.02
average 3,068.52* 8,240.01** 857.88
Seed yield per hectare 1styr 1,264.2 1,880.54** 352.86
2nd yr 60,021.32 ns 173,104.93** 311,353
average 19,177.56* 51,500.12** 5,361.66

n.s, *, and **: non-significant, significant at the 0.05 level, and significant at the 0.01 level respectively

per hectare was recorded in Indonesia2 (16 kg) for
first year of harvesting and Malaysial for second year
of harvesting (164 kg) and average year of harvesting
(90 kg) (Table 1).

Results showed high coefficients of variation in
seed yield for first year of harvesting (23.0%), second
year of harvesting (23.5%) and average year of of har-
vesting (21.1%) and seed oil yield for first year of har-
vesting (22.1%), second year of harvesting (23.6%)
and average year of harvesting (21.3%). This indi-
cates that there was a large difference between the
maximum and minimum values achieved for these
characteristics. While coefficient of variation for oil
content were low in first year of harvesting (2.7 %),
second year of harvesting (2.7%) and average year of
harvesting (2.7%) (Table 1).

Results of analysis of variance (ANOVA) among
six Jatropha populations for seed yield per plant,
seed yield per hectare, oil content percentage, seed
oil yield per plant and seed oil yield per hectare in-
dicated highly significant (P < 0.01) variation among
populations for first, second and average year of har-
vesting (Table 2).

Correlation between characters

Phenotype correlation coefficients between im-
portant characters are given in Table 3. Phenotypic

correlations between seed yield per plant were found
to be positively and highly significant with number
of inflorescences (0.85), number of fruits per plant
(0.87), number of seeds per plant (0.83), seed yield
per hectare (0.82), seed oil yield per plant (0.82), seed
oil yield per hectare (0.85) at 0.01 probability levels.
Also correlation between seed yield per plant were
found to be positively and significant with plant height
(0.48) and day to flowering (0.40) at 0.05 probability
levels. Seed yield per plant were significantly negative
correlated with seed oil content (-0.59) at 0.01 prob-
ability levels (Table 3). Seed oil content showed high
significant negative correlation (P< 0.01) with seed
number of inflorescences (-0.53), number of fruits per
plant (-0.55) and number of seeds per plant (-0.52).

Number of inflorescences per plant were sig-
nificant positively correlated with number of second
branches (0.41) at 0.05 probability level and day to
flowering (0.55), number of fruits per plant (0.89),
number of seeds per plant (0.83), seed oil yield per
plant (0.73) and seed oil yield per hectare (0.77) at
0.01 probability levels. While number of inflorescenc-
es per plant was significantly negatively correlated
with 100 seed weight at 0.01 probability levels (Table
3).

Also there were significant positive correlations of
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Table 3 - Correlation coefficients among important quantitative morphological traits of J. curcas.
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No. Trait 2 3 4 5 6 7 8 9 10 1 12 13

1 Plant height 0.43* 0.21% -0.01™ -0.31m 0.34r 0.321 0.13 0.48* 0.42* -0.16" 0.42* 0.41*
2 No. of second branches 0.15"  0.46* -0.41* 0.321 0.38" -0.29" 0.24 0.40* 0.02" 0.40* 0.38
3 No. of third branches 0.56**  0.30" 0.44* 0.25 -0.02" 0.36" 0.21m -0.15m 0.21" 0.23
4 Day to flowering 0.60**  0.55**  0.44* 0.46* 0.40* -0.36" -0.24r -0.33 -0.33
5 No. of Inflorescences 0.89**  0.83**  -0.61** 0.85** 0.73**  -0.53** 0.73**  0.77**
6 No. of fruits per plant 0.93**  -0.50** 0.87** 0.90**  -0.55**  0.86**  0.86**
7 No. of seeds per plant -0.50** 0.83** 0.98**  -0.52**  0.96**  0.96**
8 100-Seed weight -0.24r -0.320 0.29 -0.32m -0.35"
9 Seed yield per plant 0.82**  -0.59**  0.82* 0.85**
10 Seed yield per hectare -0.48* 0.99**  0.99**
11 Seed oil content -0.38 -0.38
12 Seed oil yield per plant 0.99**
13 Seed oil yield per hectare

n.s. non significant. **. Correlation is significant at the 0.01 level. *. Correlation is significant at the 0.05 level.

number of fruits per plant with day to flowering and,
numbers of seed per plant, seed oil yield per plant,
seed oil yield per hectare at 0.01 probability levels.
While negative values of correlation coefficient were
obtained between numbers of fruits per plant with
100 seed weight at 0.01 probability levels (Table 3).
Days to flowering had positive correlation with num-
ber of secondary branches (0.46) at 0.05 probability
levels and number of tertiary branches (0.56) at 0.01
probability levels (Table 3).

Cluster analysis

Cluster analysis based on standardized agro-
morphological data, divided populations of Jatropha
into three clusters through non-hierarchical cluster-
ing. Cluster analysis grouped populations together
with greater genetic dissimilarity. Also, the clusters
did not necessarily contain all populations from same
origin (Figure 1).

Cluster I, Il, Il consisted of one, two and three
populations respectively (Table 4). The cluster mean
values of morphological traits are presented in Table
11. The cluster | consists of The highest characters
including number of secondary branches, number of
tertiary branches, number of fruits per plant, number
of seeds per plant, seed yield per plant, seed yield
per hectare, seed oil yield per plant and seed oil yield
per hectare. While cluster | consisted of lowest plant
height and seed oil content.

The lowest value for all trait observed in cluster
Il (Table 5). The cluster lll consisted of the highest
traits containing plant height and seed oil content.
Also, cluster lll possessed populations with the aver-

Table 4 - Jatropha curcas population groupings revealed
by cluster analysis

age cluster mean for number of secondary branches,
number of tertiary branches, number of fruits per
plant, number of seed per plant, seed yield per plant,
seed yield per hectare, seed oil yield per plant and
seed oil yield per hectare.

Discussion

Results of analysis of variance (ANOVA) on seed
characteristics indicate significant variation among
populations and low coefficients of variation for seed
characters. This indicates that there was a low dif-
ference between the minimum and maximum values
obtained for these characteristics. Also, the seed
samples had values closer to the population mean for
seed characteristics.

Seed sources variation in Jatropha with regards
to their morphological characters could be because
of fact that the species grows over a wide range of
temperature, rainfall and soil type. Also, variations
in relation to habitat have also been reported in a
number of tree species. Various seed sources, prov-
enances and ecotypes of Jatropha curcas presented
variation in seed morphological traits by Kaushik et
al (2007). Therefore, results of this study had same
trend with Rao et al (2008) and Ginwal et al (2004)
that reported phenotypic variation in seed characters.

Significant variation observed among the popula-
tions for plant height, number of secondary branches.
Our result had same trend with Rao et al (2008), Gin-
wal et al (2005), and Rafii et al (2012b). Plant height,
number of secondary branches and number of tertia-
ry branches are important traits that could be consid-
ered as major selection index. From the other point
of view the variation observed in reproductive char-
acters can be applicable in selecting Jatropha plant
types for block plantations with high yield as the ini-
tial objective. Number of branches are very important
in Jatropha because inflorescences are terminally so
for more yield must increase number of branches in
plant.

There were high significant variations among the

Cluster No. of Population
populations names
| 1 Indonesia1l
1l 2 Indonesia2 - Malaysia1
1} 3 Malaysia2 — Philippines - India
57 ~ 164-174
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Figure 1 - The dendrogram of morphological traits derived from six J. curcas populations constructed using the UPGMA method.

populations with regard to the yield and yield com-
ponents and results of analysis of variance (ANOVA)
on these traits indicated highly significant variation
among populations for first, second and average year
of harvesting. Phenotypic variations recognized by
Ghosh and Singh (2011), Kaushik et al (2007), and
Rao et al (2008) in seed length, seed width, 100-seed
weight, and oil content seed yield, oil content per-
centage, seed oil yield among J. curcas populations.
Hence, results of this study had similar trend with
previous findings.

Among populations were highly significant for
most of the traits measured. This exhibits that there
were major differences in the morphological traits
measured on the Jatropha populations. The ANOVA
results conform to the range of variations in morpho-
logical traits measured. Seed yield showed signifi-
cant correlation with number of secondary branches,
number of Inflorescences, number of fruits per plant
and number of seeds per plant. Rao et al (2008) re-
ported that seed yield per plant was moderately cor-
related with the number of branches. Also, seed yield
had low correlation with the plant height and number
of flowers. Saikia et al (2009) found that the 100 seed
weight had higher significant positive relationship
with number of branches and plant height, but our
result was disagreeing with them.

In the present study, Jatropha curcas populations
divided into three clusters through non-hierarchical
clustering. Kaushik et al (2007) obtained six clusters
among 24 accessions and suggested that the cross-
ing between accessions of clusters IV and VI will

result in wide spectrum of variability in subsequent
generations. Nine genotypes collected from the semi-
arid region of India were grouped into five clusters by
Gohil and Pandya (2008); also Rao et al (2008) ob-
served four clusters among 32 high yielding candi-
date plus trees of J. curcas for seed traits.

Conclusions

In this study, highly significant genotypic differ-
ences were obtained among the Jatropha popula-
tions for various traits measured. The relative large
variations were observed for the traits except number
of tertiary branches in first year of harvesting. The
variation was large enough to suggest that six Jat-
ropha populations could present appropriate geno-
types to be used in intensive breeding programs.

In the present study, number of Inflorescences,
number of fruits per plant, number of seeds per plant,
and plant height characters studied presented highly
positive correlation with seed yield per plant. It can
be concluded that selection should be in positive side
for these traits studied which in turn automatically
raise the seed yield in Jatropha curcas. While, seed
oil content presented highly negative correlation with
seed yield per plant. It can be concluded that selec-
tion should be in negative side for this trait.

It is supposed that maximum heterosis is proved
in cross combinations including the populations be-
longing to most divergent clusters. However, for an
applicable plant breeder, the objective is not only
high heterosis but also to obtain high level of produc-
tion. In the present research, the maximum distance
existed between cluster | and Il and cluster | and lIl.
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Table 5 - Cluster mean values for morphological characters in six Jatropha populations

Trait Cluster
| Il Il

Plant height (cm) 144.68 148.73 169.33
N° of second branches per plant (n°) 5.41 3.85 5.00
Ne of third branches per plant (n°) 3.85 1.64 2.91
N° of inflorescences per plant(n°) 38.01 16.31 21.72
N° of fruits per plant(n®) 120.60 46.84 65.39
N° of seed per plant (n°) 335.99 137.48 184.91
Seed yield per plant (g) 222.78 102.51 135.15
Seed yield per hectare (kg ha™) 556.95 256.26 337.87
Oil seed content (%) 29.87 31.40 32.02
Oil seed yield per plant (g) 67.99 32.74 43.87
Oil seed yield per hectare (kg ha) 169.97 81.85 109.68

Considering the yield and growth duration cluster |
and Il present high heterosis for yield as well as earli-
ness whereas cluster | and Ill exhibit maximum het-
erosis for yield as well as plant height.
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