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Abstract

Sixtesn accessions of Jatropha enreas collected from different aproclimatic zones of South India were studied for variability
on seven seed characters at Forest Research Institute, Kolapakkam, Chennai, India. The seed sources CJC 23, CJC 30, CJC
31 and {]C 32 were found as the best sources in comparison te cthers. The Phenotypic coefficient of variation (PCV) and
Genotypic coeflicient of variation (GCV) of the seven seed tralts showed considerable variability. Germination value,
germination energy and germinafion per cent showed higher GCV while seed weight, oil content, kernel weight and
hull weight registered low GCV. Seed weight recorded moderate value of heritability and the germination per cent
recorded hiphest heritability. The genetic advance as per cent of mean also was high for permination traits, supgesting
that germination is under strong genetic control and good amount of heritable additive genetic component can be
exploited for improvement of this species. Positive and significant genotypic correlation values were registered for all
the six traits which sipnified that selection of any one of these traits would lead to improvement of the yizld in the
expected direction.
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INTRODUCTION

The energy crisis due to ever growing energy needs, the
environmental damage due to fossil fuel use, ever
increasing exchequer for import of crude il, the need
to implement various acts and policies related to
environment and the need fo have minimum energy
security are the main factors, that made India to go for
alternate, indigenocus, renewable energy resources,
especially for the ethanol and bio-diesel. Any
alternative to petroleum based fuels must at leastbe as
economical and as readily available. fatropha ctircas L.
(Physic nut or Rafanjol or Kattamanaldu} a species of
family Enphorbiaceae, is considered as one of the
traditional alternative feed stocks for which an
assessment was done on life cycle basis {Razon, 2009).
Jatropha iz a morphologically diverse genus which
comprises of 176 species of rhizematous subshrubs and
herba (Paramathma et al., 2004). Jatropha is easy to
egtablish, grows relatively quickly and is hardy. Jatropha
has immense economic potential and ecological and
environmental siphificance. The uises of this crep range
from traditional medicine for common human and
animal ailments, protection against land erosion, as a
boundary fence or live hedge to newly found highly
economic potential of fossil fuel replacement
{Openshaw, 2000}, This latter use has significant
implications for meeting the demand for rural energy
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and counter green house gas accumulation in the
atmosphere. Jafropha curess L seems to he the most
sustainable option among bio-energy crops. However,
the very fact that Jalropha has adapted itself to a wide
range of edaphic and ecological conditions suppests
that there exists considerable amount of genetic
variability vet to be exploited for potential realization,
The International Plant Genetic Research Institute
{I'GRI) states that the low yiclds in several Jatropha
prajects may have keen caused by the fact that
unadopted provenances have been used. Non-
availability of improved varieties of Jafropha curcas L was
expressed a5 a constrain by large section of farmers in
Rajasthan (Meena & al., 2006). In prder to reduce the
risk of future unsustainable practices and to imprave
future crop performance, further selection, breeding and
domestication of Jatropha is primordial (Achten ef al,,
20100 Success of commercial cultivation of Jatropha
ctrers L is much dependent on the use of high yielding
genotypes (Das &k a1, 2010).

For any tree improvement programme a determination
of species or geographic sources within spedies, amount,
kind and rauses of variation within species are very
important initial steps {Zobel and Talbert, 1984}. Seed
related iraits are more complex as it depends on the
action and inferaction of various component traits.
Hence an attempt was made in the present study to
know the variation and correlation of biometric traits of
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the 16 accessions of fafropha curcas L collected from
southern gtates of India, inclusive of one local ecotype.

MATERIALS AND METHODS
Seed sources

High yielding Candidate Plus Trees {CPTs) of Jafropha
curcas L from different locations in Tamil Nadu,
Karnataka, Andre Pradesh and Kerala were identified
and seeds were collected {Table I) at Forest College and
Research Institfute and Center of Excellence in Biofuels,
TNAU, Coimbatore, Tamil Nadu under National net
work project on integrated Development of Jalropha,
Earanfa and wild Apricot implemented by National
Oilseeds and Vegetable Oils Development Board
(NOVOD Board), Gurgaon and ICAR, New Delhi
Along with the 15 seed sources from the above two
centers of TNAU, one local check of Jefrophe curcas L
was added which resulted in 16 seed sources for
evaluation.
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subjected to statistical analysis. The germination
percent, permination value and germination energy
were calculated by following the method of Czabator
{1962). Hundred seed weight, kernel weight of 100 seeds
and hull weight of 100 seeds were calrulated separately.

il extraction The oil extracHon process was carried
out at Center of Excellency in Biofules, TNAU,
Coimbatore in “soxchlet extractor” uging three replicates
for each seed lot. For estimating oil content the selected
purified seeds were dried at 50° C for 16 hrs and allowed
to cool in 2 desiccator. Five grams of seeds were
pulverized to a fine powder in a porcelain mortar.
Grounded samples were placed in a filter paper and
fastened in such a way ta prevent escape of the meal
and then carefully transferred to an extraction thimble.
The thimble was then placed in a soxhlet extractor to
which sufficient quantity of solvent petroleum ether
f40°C-60°C) was added and heated until eleven

Table I. Location Details of 16 Seed Sources of Jabropha curcas of the present study

“‘;‘::““ Finch of eolbetiom Hitats 1",[’_.;;"' ""‘“’“"’m
e - ¥ | Pulapattr Tamdl M 113 T
THBAC - 4 'ﬂ'l.l.jl'l.bnﬂr Tmdl Bahy 11.71 T&TE
THbBIC- ¥ w Tamdl Bawhy 11.5% T
THbAIC- A Eumsiomalal Tamdl Bahy 11.24 Th S
T - T Thandaemertine Tamli Maahy 1H9% Th A4
THMC - 17 | Baivumangalam Tamll T aah1 11,50 Tra24
THME - 21 | Anafious] Tamil My 11,14 6,76
THMC - 22 | Byl Tamil My 95 AT
THME - 26 | Vadhatkochetr Tl Fdia 1132 YR
THMT - 33 | Anlyur Tl N 1157 ol
Fal L] Basymalury Karbiiaks 1297 TSR
CIC-30 | Dharwns Karnuiaks 1546 TEAH
P VT Bimri Knrostakn 1451 AR
©IC-a2 Enthi Andirprad 1343 ™AS
cro-as Thinumsnr Kerals 10,51 T
Chack Eolmmakkam Tamil Nadu 12,87 B 101

The 16 seed sources were raised in mother beds during
2006 and the germinated ones were pricked cut and
placed in 16x30cm poly bags and maintained for 150
days. Experiments were carried out at State Forest
Research Institute {SFRI} Kolapakkam (N:12°.87"18.1";
L:80r.10"37.2") 25 M5L Chennai, Tamil Nadu, India,
during the period 2006-200%, with annual rainfall of
1200mm. The experimental plots of 15m X 15m size
were laid and 25 plants were planted in each plot by
3m3m spacement in Randomized Block Design (RBD)
in three replications. 45cm® pits were dugout and 150
days old poly bag seedlings were planted, Life watering
was given on the 3%, 10% and 17% days after planting
and there after were kept under rainfed condition with
no inputs and management practices except weeding
arpund the plant twire annually.

Cbeervations were made and the seeds were collected
30 Months After Planting (MAFP) and the data were
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siphonings were completed. The percentage of oil
content was then calculated by using the formula.

il weight ()
Sample weight {g)

The data collected were subjected to the Analysis of
Variance (Panse and Sukhatme 1961) using the software
package "GENRES’ at TN AU, Coimbatore. The test of
significance was carried out by referring to the standard
‘F’ table given by Snedecor (1961). Phenotypic and
genotypic variances and co-variances were estimated
a5 per the method described by Johnson ef al. {1955).
Phenotypic and genetypic coefficients of variances (PCV
and GCV} were romputed following Burton (1952},
Heritability in the broad sense (H) was calculated using
the formula suggested by Lush (1940) and Hanson ek
al., (1956) and expressed in percentage. The genetic
advance was calculated using the formula given by
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Qil percent = X 100
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Luzsh (1940) end Johnson ef 2l. {1955). Genotypic and
phenotypic correlations were calculated according te
the method suggested by Goulden (1952},

RESULTS AND DISCUSSION

Variability and heritability

The study of seed traits with respect to germination
and oil content is often considered to be useful step in
the improvement programmes. Significant (P"<0.05)
variations were recorded for germination percent,
germination energy, germination value, 100 sead
weight, kernel weight, hull weight and oil content
{Table 2}. Variation in Jafropha cureas seed sources with
respect to the seed traits could be due to the significant
variability in the genotypes. Such variations in relation
to seed traits have also been reported in Jatropha curcns
by Ginwal ef al., {2004, 2005), Kaushik ef al., {2007}, Rao
et al., (2008), Gururaja Rao ef al., (2009), Prasanthiet al,
{2009, Saikia et al., (2009}, Mohapatra e al, (20100
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The seed sources CJC 29, CJC 30, CJC 21 and CJC 32
registered high germination percent, seed weight and
oil content, Further mare the above accessions are
having higher values of germination charecters. The
accessions having maximum value can be considered
in the selection process for future breeding programeme,
Keushik ef al., (2007) reported that the genotypes having
100 seed weight to be more than 60 gms, will possess
more that 30% ofl confent, In the present study alse
the seed spurres having more seed weight have
performed well both in germination traits and oil
content. Ashraf ef ol 2007) reparted the genotype (PAU-
3) having maximum seed weight and to exhibit
maximum germination per cent, germination value,
gerrnination inedex and vil content, The result obtained
in the present study is similar to earlier findings, It is
reported that the bigger seeds of fafropha curoas registerad
more than 70% of germination and the seed germination
levels have shown posifive correlation with seedling

Table 2. Mean performance of germination, seed characters and oil content of seed sources of Jafropha

clrcas

Bocl Germfs. | Germin. | Gorealn. | Kodl | B0 gy, | it content
Swwrcw | Parceatuge | Fuegy% | Vame% [ 76| TR | scadwt | ipareat)
THMC-2 | TLTH 6267 | ana1?r | 3m200 [ 23se0 | srmma | sazes
TMMC—4 | 57.600 am | a6 | srosy | zzem | samsa | 206
INMG-5 | 52.000 272 | 17403 | sesee | 2asy | seom | s1240
TNMC—6 | 67467 35733 | 29480 | s7esd | 22850 | soRed | 31414
THMC-7 | 62333 sa400 | 26377 | 3srs0 | 22407 | 200 | anems
TMMC-19 | 63.200 o | 25323 | avoss | zzem | s | aez
INMC 20 | 0400 wan | 221 | semr | z2os0 | semss | dzen
TMMO-22 | 60267 wgar | oneer | s2e07 | 1many | s1as7 | 2mas
TNMC-26 | T2.000 so13s | 22707 | snsi7 | 224m | saso0 | 268
TMMC-33 | 45.857 a7 | 19577 | 3300 | vz | szoe | 2767
cucs20 #1353 s | ani00 | sedm | 2z | eam | e
cIe-3 | #3200 7asay | adnos | soma | 23200 | saamn | avsas
cIeal 84267 740 | 5677 | snea | 2am0 | sadma | aese
cIc a2 74.400 slosr | amz | se2o0 | 220 | sesw | ssem
Cea3 75,200 s573s | asams | sese | 21000 | soser | 33316
Check 41267 s6oan | 21010 | 32250 | 1zs00 | snre7 | 26978
Sk | es79 a7 | anaer | anass | 220ms | swerr | aaea
CD (no8%) | 7363 6587 | se | zaem [ 13w | m3m | 21w

Significant {p<0.05) mean performance have been
recorded for the seed sources CJC 29, CJC 30, CJC 31
and CJC 32 for germination percent, germination energy,
germination value and oil content. Substantial variation
was evident in the mean expression of germplasm
accessions (Table 2) as germination percent ranged from
44.27 to 34.27,, seed weight ranged from 50.77 to
54.33 gm., and seed il content from 26.58 ta 37.55%.
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quality. It is further emphasized that the seed must
contain moere than 30% oil, and then only extraction of
ol is econamical {Anon, 2007). Rao £t al., (2008) reported

that larger seeds that produce more vigorous seedlings
are with better chances of survival.

The mean performance of the local ecotype namely, Cpt-
TN, for the traits piz., seed weight, oll content and
germination per cent was very minimal.
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High PCV and GCV (>20%) were observed for
germination value, followed by permination enerpy and
germination percentage {Table 3). The seed weight,
kernel weight, hull weight and oil content registered
lpw PCV and GCV. However all the traity regisfered a
marginal variation between PCV and GCV, which
revealed the less influence of environment. All the traits
exceprt seed weight recorded high heritability (broad
sense}. Hiph estimates of heritability (>66%) also
envisaged that environment has comparatively low
influence for the seed traits and ail content. Estimates
of genetic advance as percent of mean of 68.81% for
germination value further suggested the potentiality of
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the test material for future improvernent. In the present
study the germination fraits registered moderate fe high
FCV and GCV, high heritability {~83 %) and genetic
advance as percentage of mean indicating that
germination iy under strong penetic control and good
ampunt of heritable additive genetic component can be
exploited for improvement programme. Dorman (1976)
reported that heritability estimate is important in the
improvement Programme. Heritability has an important
place in tree breeding programimes as it provides an
index of the relative role of heredity and enviranment
in the expression of various traits {Kaushik et 4i., 2007),

Table 3. Phenotypic and genotypic variances and heritakbility of seed characters, germination and oil content

among different seed sources of Jalropha cureas

Traits PCY Gey jio | ndstal
of mean
Germination percentage 20,4954 19 34445 0.800% 37.6123
Germination energy 27411 21.3730 0.8833 41.3798
Gemination value 40.0244 36.5652 0.8346 68.8143
Kernel weight 8.2161 0.6834 0.6617 11.19%94
Hull weight 10.0208 9,422 0.8843 18.2541
Whole seed weight 7.2882 0.0877 0.4110 8.0393
0il confent (whole seeds) 9.98%6 92436 0.8562 17.619%

Table 4. Genotypic (G) and phenotypic (P} vorrelation co-efficients among germination, seed characters and
oil content among different seed sources of Jatropha curcas

Tokal il
Total Tatal hull
Traits CB Gemaination Ge_frn:llna-l:inn :I.m;h:;.le k 1wt wet. {100 cuntuh'::l
energy valoe L] {100 seeda) 15} {104 whaole
pepds)
e | 5 09654 VTl 09147 0810 0.666™ 0847
i r [ {1, gt L B L (.55 L Nl [, Fhq
———— 0.885% 08324 0.65a% 0.604m (777
EMETEY F 0.5 0.492% 0.502% D492+ 0700
Gemmination L] {1 B ey [, F o LR BN 0. 7ea
value P a.536 s 0.476% 0673
SR o 0881w 0697 0851w
seed wt. P 0643 0696 O.EF2™
Totel Kernel | 0.675™ 0.546™
wi. {100
naedn} P ok Sar* [, F -
Tokal Eull o O.s13w
wi. {100
peedn} F D.Eggr

* p<0.05; *4p .01 p <0001
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Aggociation of traits in Jatropha

The genotypic correlation is a derived value, where as,
phenotypic correlation is the product of the genctypic
and envirgnmental interaction. The genotypic
correlation is, therefore, a more reliable estimate for
examining the degree of relationship between
characters. The correlation coefficients (1} among the
seed, germination and oil traits are presented in
Table 4. Genotypic correlation co-efficient between
various characters under study revealed that magnitude
of genotypic correlation co-efficdient was higher than
their corresponding phenotypic co-efficient of
correlations indicating all the seed traifs are also less
influenced by environment. These results are in
concomitant with the findings of Kaushik ef al., (2007).
The correlation matrix further revealed that statistically
significant {p<0.01} correlation of seed weight existed
with oil content, kernel weight, hull weight, germination
value, germingtion energy and germination percent. The
strong positive assocation among the traits indicate
that some genes confrolling these characters might be
clogely linked.

The whole seed weight was found to have higher
significant positive relationship with germination
percentage, kernel weight and oil content. Therefare
seed weight can be considered as an important trait for
early selection of seed sources. Similar fimdings between
seed weight and other characters have been reported in
Jatropha curcas by earlier authors as well (Kaushik ef af.,
2007, Rao ¢ al., 2008, Gururaja Ras e #l., 2009,
Mahopaira et al,, 2010). The consideration of sased weight
in delineating and understanding the geographical
variation has been advocated because of the least
plasticity of this character {Harper ¢f af., 1970). The
improvement in germination and seedling growth
through seed size manipulation has been tepotted in
Jatropha curcas by Kaushik et al., {2003). The estimation
of seed weight being less expansive and laborious
compared to seed oil content, the formet teed tobe given
greater emphasis during selection process,
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