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Abstract

Results of a provenance trial of Eucalyptus camaldulensis
Dehnh. laid out in 2001 at Seothi (30° N Lat., 76° E Long. and
250 m altitude) Haryana, a semi-arid region of India are
reported and discussed. Six seed sources from Australia viz.
Laura River, Emu Creek, Degrey River, Wiluna, Kennedy
River, Morehead River were evaluated from nursery stage (3
months) to field performance (2 year). Two sources viz. E.tereti-
cornis (Helenvele, Qld) and FRI-4 a local seed source were used
as control (check material). Significant differences between the
seed sources at nursery stage were observed for collar diameter
(P < 0.05) and number of leaves (P < 0.01). At age 2 years, sig-
nificant differences between the seed sources (P < 0.05) were
observed for height and field survival. The two seed sources
viz. Emu Creek Petford, QLD and Laura river, QLD ranked
first and second for height and survival at this age. Results
indicate that genetic differences exist between the sources of E.
camaldulensis. None of the traits assessed (viz. height, collar
diameter, number of leaves, number of branches and survival)
was found to correlate with any of the geographical coordinates
of the site (latitude, longitude and altitude). There were fair
differences between phenotypic and genotypic coefficient of
variability. Heritability values were fairly high for height and
clear bole length in comparison to collar diameter, number of
branches and survival. The relative performance of these
provenances was fairly consistent throughout the period of
observation. The two sources viz. Laura river, QLD and Emu
Creek Petford, QLD are recommended for potential source for
plantation programme under semi-arid conditions.

Key words: Eucalyptus camaldulensis, variation, provenance, seed
source, genetic improvement, productivity, heritability.

Introduction

Eucalyptus camaldulensis Dehnh. is perhaps the world’s
most widely distributed and used tree species for planting in

arid and semi-arid lands (ELDRIDGE et al., 1994). It is also one
of the most variable species which ranges from latitude 12° 48’
S on the Mary river in the northern territory to 38° 15’ S in
south western Victoria, Australia (ELDRIDGE et al., 1994). The
species has been recognized in northern and southern form
based on the distribution and distinct morphological characters
(ELDRIDGE et al., 1994). It grows in tropical and temperate cli-
mates with rainfall from 200 mm to 1100 mm annually. The
success of this species as an exotic is attributed to its superiori-
ty to other species in production of wood on infertile and dry
sites, its tolerance to drought and high temperature combined
with rapid growth when water is available, deep penetration of
roots, tolerance of periodic water logging and soil salinity, some
degree of tolerance to frost, good coppicing ability and useful-
ness of wood (ELDRIDGE et al., 1994). The species has been
introduced throughout the Mediterranean basin and various
parts of Africa and southern Asia to produce wood for fuel,
posts, poles, construction timbers, pulp and paper based indus-
tries and hardwood flooring. 

Selection of the right seed source of the species for a given
site or region is necessary for achieving maximum productivity
both in plantation forestry as well as in agroforestry systems.
Due to the popularity of E. camaldulensis for it’s various uses,
and special attributes mentioned above, it has been introduced
in India on large scale particularly in southern parts. The
information with regard to the performance of this species in
different agroclimatic zones of India is very limited. KUMAR-
VELU et al. (1995) reported better performance of E. camaldu-
lensis provenances over E. tereticornis in southern part of
India. They found four promising provenances of E. camaldu-
lensis with respect to growth and survival viz. Katherine, Rich-
mond, Gibu river and Gilbert river. Based on published infor-
mation it may be said that provenances from Murray and Dar-
ling river system and adjoining areas of Victoria, South Aus-
tralia and New South Wales have been found performing supe-
rior particularly in California (EMERY and LEDIG, 1987), as well
as on sites with summer drought including in Israel
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(KARSCHON, 1974; MORESHET, 1981), Morocco (DESTREMAU et al.,
1973), and Pakistan (SIDDIQUI et al., 1979). 

In the present study eight seed sources of Eucalyptus of Aus-
tralian origin, which comprised six sources of E. camaldulensis
and one of E. tereticornis and a local source, were evaluated
under a semi-arid environment in north-western part of India.
The latter one source was included in this trial to serve as con-
trol. The objective was to study the pattern and magnitude of
genetic variation in growth and adaptability traits to identify
the best provenance to be utilized for reforestation programme
to achieve the maximum productivity and use them in future
genetic improvement program of this species.

Material and Methods

Six seedlots of E. camaldulensis and one of E. tereticornis
were obtained from Australian Seed Centre, CSIRO, Australia
(Table 1). Open pollinated seed of local source i.e. Eucalyptus
hybrid FRI-4 (inter specific hybrid of E. tereticornis x E. camal-
dulensis) was used as control. Seeds were sown directly in
earthen pots containing potting mixture of sand, soil and farm
yard manure in the ratio of 1:1:1. Prior to sowing, the pots con-
taining potting mixture were given fungicide treatment (0.2%
Bavistin) and kept covered with plastic sheet for 24 hours.
Approximately 2 g of seed from each of the source was sown
separately in each pot. Pots were maintained in a glass house
and irrigated with fine-mist sprayer to keep the potting mix-
ture wet throughout. Observations on germination were
recorded daily till germination was completed. Two leaved
young seedlings were pricked out in 200 cc root trainers con-
taining potting mixture of sand, soil and compost (20:20:60).
Transplanted seedlings in root trainers were arranged in a ran-
domized block design and maintained in the nursery till they
attained the plantable height.

Three-month-old seedlings were planted in the field (pit size
45 x 45 x 45 cm) in August 2001 in a randomized complete block
design with three replications at Seothi, which falls under the
jurisdiction of State Forest Department of Haryana, India (30°
N Lat., 76° E Long. and 250 m altitude, approx.). The area

enjoys a semi-arid type of climate with mean annual rainfall of
1100 mm. Each source constituted a 25 tree square plot and
the spacing from plant to plant was kept 3 x 3 m. All the 25
trees in each plot constituted the measuring unit. Observations
were recorded on the trial periodically for plant height (m), col-
lar diameter (cm), number of branches and survival percent-
age. The first assessment was carried out 6 months after field
planting and subsequently after 12 months and 24 months.
Clean bole length (length from ground level to first branch of
tree) was recorded at age 24 months.

Data were subjected to analysis of variance and Least Signif-
icance Difference test using SPSS (version 6.1) computer pro-
gram (SPSS Inc. 233 S. Wacker Drive, 11th floor, Chicago, IL
60606-6307). Linear correlation coefficients were calculated
among the studied traits, and with latitude, longitude and alti-
tude of seed origin of the sources as described by SNEDECOR and
COCHRAN (1967). Genotypic and phenotypic coefficients of vari-
ation, heritability, genetic advance and genetic gain were calcu-
lated using the method of KEMPTHORNE (1957).

Table 1. – Details of seed source and their geographical locations.

Table 2. – Performance of seed sources at nursery stage (3 months).

Means followed by the same letter(s) do not differ (P < 0.05) by LSD test.
* P < 0.05  level of significance, *** P < 0.001 level of significance, 
NS – Non significant.  CD = critical difference, SE = standard error of
mean.
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Table 3. – Growth performance of various seed sources after field planting.

Means followed by the same letter(s) do not differ (P < 0.05)  by LSD test.
* P < 0.05  level of significance, *** P < 0.001 level of significance, NS – non significant. CD = critical difference, SE = standard error of mean.

Table 4. – Correlation coefficient (r) among the various traits.

**  Significant at the 0.01 level (2-tailed).
**  Significant at the 0.05 level (2-tailed).

Results

Variation in growth traits at nursery stage viz. height, root
collar diameter and number of leaves at the age of 3 months,
varied significantly (P < 0.05) except height (Table 2). The mean
values of height, collar diameter, number of branches and
survival per cent after 6 months of field planting along with
the statistical significance are presented in Table 3. There was
appreciable range in mean values for height, 0.67–1.50 m.
(S7 and S1); collar diameter, 1.26–2.03 cm (S7 and S1); number
of branches, 6.66–15.00 (S7 and S1) and field survival,
68–94.67% (S4 and S2, S7). Seed source S1 attained a maxi-
mum height of 1.5 meter, which was statistically at par with S2
(1.47 m) and S5 (1.42 m), whereas S7 and S6 attained 0.67 and
0.86 m height respectively. The sources, which showed the
rapid height growth, i.e. S1, S2 and S5, also displayed better
growth in root collar diameter and number of branches at nurs-
ery stage.

At the age of 12 months after field planting, significant dif-
ferences (P < 0.001) were noticed among seed sources for height
(P < 0.001), collar diameter, number of branches and survival
percentage (P < 0.05). The growth followed a more or less
similar trend as was observed at 6 month. A clear-cut distinc-
tion in the performance of the seed sources was observed at
this age in which the S1 and S2 sources out ranked the rest
with regard to height (4.44, 4.15 m) root collar diameter (5.73,

5.13 cm), number of branches (27.67, 25.33) and field survival
(89.33, 90.67%). Both the sources were also statistically at par
in their performance in respect of the traits studied. However,
the fastest growth was recorded in S1 thus making it most
promising in comparison to other sources. The controls (S8 and
S7) did not perform well during the period covered under
observation.

The performance of the seed sources in respect of height,
clear bole length and field survival varied significantly at age
24 months after field planting with S1 and S2 sources main-
taining their superiority and outranking the rest. The S2
appeared to be the most promising seed source, which dis-
played the maximum height (7.54 m), clear bole length
(2.16 m), collar diameter (7.43 cm), number of branches (21.67)
and field survival (85.33%). The performance of this seed
source remained consistent throughout the observation period.

The correlation coefficient (r) among the various traits across
the age is presented in Table 4. Root collar diameter at nursery
stage was found to have significant negative relationship
(P < 0.05) with number of leaves and field survival at age 6 and
12 months. However, number of leaves at nursery stage
showed a significant positive relationship with field survival at
age 6, 12 and 24 months. Tree height was observed to have sig-
nificant positive correlation with collar diameter (P < 0.01) at
12 and 24 months. Similarly 6 months height showed a signifi-
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cant positive relationship with the collar diameter and branch-
es at the same age, and with clear bole length at 24 months.
Height at age 6 month also correlated with the heights of 12
and 24 months. Nursery growth traits did not indicate any sig-
nificant relationship with the 24 months field growth. 

Variance components and broad sense heritability for growth
traits are given in Table 5. There were fair differences between
the values of genotypic and phenotypic variance and genotypic
and phenotypic co-efficient of variation for all the characters.
Estimates of heritability (%) of growth traits were moderate to
high and ranged from 8.15 to 69.70%. High heritability was
obtained for clear bole length and tree height, however the val-
ues were low for collar diameter and number of branches.

Discussion

The results obtained from the trial indicate that genetic dif-
ferences exist among the sources of E. camaldulensis. Seed
sources depicted a similar pattern in their performance with
regard to height, collar diameter and number of branches and
also varied significantly (P < 0.001), except field survival. The
two sources ranked high in survival and growth viz. Laura
river, QLD and Emu Creek Petford, QLD and are recommend-
ed for large scale planting at Seothi and nearby sites under
semi-arid conditions. The results have shown a distinct pattern
of superiority of these two seed sources than the rest. Results
obtained at age 8–10 years are in confirmation with the find-
ings of LACAZE (1970, 1978) through his 24 well designed field
trials in 14 Mediterranean and tropical countries. Present find-
ings at the age of two years of two sources and a similar confir-
matory pattern of growth rate in different corners of the world
could lead us to use Laura River and Petford, Queensland
provenances for large scale planting programmes, instead of
waiting for few more years to confirm the results. It is worth-
while to mention here that E. camaldulensis shows a strong
juvenile and mature correlation, as has been confirmed by
LACAZE (1970, 1978) and BARRETT and CARTER (1970). Hence
the performance of these two sources at age two is expected to
remain consistent throughout their age.

It is interesting to note that of the two promising sources as
emerged from the present investigation, i.e. Petford, Queens-
land, is also known to show a stable performance when was
grown in India (RAO, 1984), Bangladesh (DAVIDSON and DAS,
1985) and Brazil (MOURA, 1986). It indicates that, this source
possesses an inherent capacity for fast growth and is stable
over changing environmental conditions. 

The inter relationship between height and collar diameter,
height and field survival (12 month age) suggests that such
characters can be used to the advantage of the breeder and
simultaneous improvement of the character can be brought
about easily. Also the relationships between the same traits of
different age groups are quite significant (except for the nurs-
ery stage), which indicates the consistent pattern of perfor-
mance of the sources with the age. Nursery growth traits did

not reveal any significant correlation with the field growth,
which confirm that the predictions based on the nursery stage
performance alone may not be reliable. The seedlings should
face the actual field conditions before their genetic potential is
judged. The early field growth performance (6 months) has
been consistence throughout the age (24 months).

The success or failure of tree breeding depends largely on the
extent of variability in the base population, which is measured
by different population parameters including genotypic and
phenotypic variations and genotypic and phenotypic coefficient
of variation (SUBRAMANIAN et al., 1995). In the present study,
there were considerable differences between the genotypic and
phenotypic coefficients of variation for all the characters, which
indicates that these characters are sensitive to environmental
changes (SUBRAMANIAN et al., 1995). The genotypic coefficient of
variations are comparatively lower than phenotypic coefficient
of variation for all the traits. This has also been reported by
RATHINAM et al. (1982) for height and girth, and SUBRAMANIAN

et al. (1995) for height, girth and clear bole length.

Heritability estimates indicate the relative value of selection
of the material in hand. The broad sense heritability, for height
and clear bole length were fairly high. These traits are, proba-
bly under the influence of additive gene effect. This also sug-
gests that the gains from the selection will be high in the base
population. To arrive at a more reliable estimate, heritability
and genetic advance values are considered jointly (SUBRA-
MANIAN et al., 1995). The genetic gain at the age of 24 months
indicate that there was a fair relationship between phenotype
and genotype and existence of considerable variability for the
traits studied.

Variation in Eucalyptus camaldulensis sources with respect
to growth performance could be due to the fact that this species
grows over a wide range of rainfall, temperature and soil types
in Australia. Populations must have experienced marked dif-
ferences in selective pressure. From the present and previous
investigations it is quite clear that Laura river, QLD and Emu
Creek Petford, QLD sources are quite good in their perfor-
mance in different environmental conditions. This gives us a
direction and opportunities to effect genetic improvement in
the species. 
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Abstract

Results of a seed source evaluation trial of Jatropha curcas
Linn. laid out in 1996 at Jabalpur (M.P), a semi arid region of
India are reported and discussed. Seeds collected from ten
sources from central India representing the states Madhya
Pradesh and Maharashtra viz. Gondia, Bichia, Balaghat,
Niwas, Khandwa, Burhanpur, Nasik, Chindwara, Kundam and
Jabalpur were evaluated for their growth performance from
nursery stage (3 months) to field (two years). Variation in seed
oil content of different sources were also studied and reported.
Significant differences between the seed sources at age 27
months were observed for height, collar diameter, number of
branches leaf area and field survival. Seeds collected from dif-
ferent sources also varied significantly in respect of seed and
kernel weight and oil content in seed/kernel. The Chhindwara
(M.P.) source performed the best and yielded a maximum oil of
39.12% from whole seed and 58.12% from kernel. The oil con-
tent ranged from 33.02 to 39.12% in whole seeds and 47.08 to
58.12% in kernel, across the seed sources. The performance of
Kundam (M.P.), Jabalpur (M.P.), Bichia (M.P.), Niwas (M.P.)
and Nasik (Maharashtra) sources were also found satisfactory
for oil yield. Results indicate that genetic differences exist
between the seed sources of J. curcas. The growth traits
showed significant positive correlation with each other. Fair
differences between phenotypic and genotypic coefficient of
variability were observed. Heritability (broad sense) values

were fairly good with regard to leaf area, height and collar
diameter in comparison to survival percent. The relative per-
formance of these sources was fairly consistent throughout the
observation period.

Key words: Jatropha curcas, variation, provenance, genetic improve-
ment, productivity, heritability, oil, diesel.

Introduction

Jatropha cuurcas Linn. (tropical physic nut) belonging to
family Euphorbiaceae is a native species of tropical America,
cultivated throughout the tropics and is sub-spontaneous in
Mauritius and Seychelles (BAKER, 1877). It is a very prominent
and widely acclaimed species with vide variety of uses. It is a
small tree or large shrub, which can reach height of up to 5 m
and has high potential for greening and eco-rehabilitation of
wastelands as well as for bio-aesthetic reasons (HELLER, 1996).
In India, it is found in semi-wild conditions in the vicinity of
villages and is one of the most promising drought tolerant
perennial plant adapted to various kinds of soil conditions
(SRIVASTAVA, 1999). The plant is widely distributed and fits easi-
ly into agricultural systems in the form of hedges, windbreak,
anti erosion barrier or source of firewood (SRIVASTAVA, 1999). 

In the recent years energy conservation and its production
has acquired significant importance in the wake of the world
energy crisis. A number of options for production of liquid fuel
as an alternative source have been considered in many coun-
tries. Oil seed crops are potential renewable sources of fuels
and in this category J. curcas has won over the interest of vari-
ous developmental agencies. The J. curcas oil has been identi-
fied as an efficient substitute to be used as fuel for diesel
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