118

Vol.58, n.1: pp. 118-123, January-February 2015 BRAZILIAN ARCHIVES OF
P SoN 1516-8013 Printed in Bragil BIOLOGY AND TECHNOLOGY

AN INTERNATIONAL JOURNAL

Physiological Changes in the Seeds of Jatropha curcas L. at
Different Stages of Fruit Maturity

Suhedl Ahmad®* and Sheikh M. Sultan?®

Yindian Grassland and Fodder Research Institute; iReg) Research Station; Srinagar, Jammu and Kashmir
India. 2National Bureau of Plant Genetic Resources; Reditation; Srinagar, Jammu and Kashmir - India

ABSTRACT

The objective of present study was to determineogpiate fruit harvesting stage fatatropha curcas Ifor getting
seeds with good oil content and better germinatidre seeds separated from the fruits harvesteeélktvy capsule
stage (G) showed maximum germination efficiency, both uddleoratory and nursery conditions whereas seeds
separated from the fruits harvested at brownistchklatage (g) yielded highest oil content. Yellow capsule stage
(C,) was physiologically mature fruit stage, which glibbe harvested to obtain the seeds with highkecaitent
besides showing maximum germination efficiency.
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INTRODUCTION an extremely hardy drought tolerant plant and
capable of growing in marginal places where most
Jatropha curcas L.(Family: Euphorbiaceae), other plants fail to survive). curcashas been
commonly called as physic nut or purging nut issromoted as ideal plant for cultivation on non-
considered to be a promising source of non-ediblggricultural lands, thereby not competing with the
oil that can be used as a feedstock for th%nds for food production_ Under margina|

production of biodiesel. The potential use ofconditions seed yield, however, is not satisfactory
Jatrophaoil as biodiesel feedstock has been welhnd in order to get good seed yield for oil

studied (Pramanik 2003; Reddy and RamesBroduction, the plant needs irrigation.

2006; Namasivayam et al. 2007). The oil can bgn general, seed yield ifatrophais believed to be
directly used in diesel engines afterinsufficient for biodiesel industry (Divakara et al
transesterification or after blending it with 2010) Very low female-to-male flower ratio of
conventional diesel. about 1:29-1:13, depending on the genotype is
During the last decadéatrophagenerated much pelieved to be one of the most likely reasons for
interest among the researchers and policy makeppor yield (Tewari et al. 2007). According to
for being projected as possible solution to thenchten et al. (2010ayatropha should still be
world’s search for new energy source, and thugonsidered as semi-wild and undomesticated crop
triggering large investments and rapid expansiognd to use its full potential and to support furthe
of cultivation areas (GEXSI 2008). Indian expansion and systematic selection, breeding and
Government identified it as one of the mostgomestication are a prerequisite. Nevertheless
suitable biodiesel feedstocks and actiVEl}burcas L. is a mu|tipurpose p|ant providing many
promoted its large-scale plantation for achievingevenue opportunities such as oil, medicine, power
the target of 20% biofuel blending by 2017. Beintyeneration and fertilizer. The plant has a poténtia
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to be integrated in diverse agro forestry systemsipon sowing. The present study was, therefore,
which in general offers better guarantee to becomendertaken to identify appropriate fruit harvesting
sustainable, and combining socio-economicallygtage inl. curcasfor getting seeds producing high
viable production with environmental oil yields and with enhanced germination.
conservation. It prevents desertification and helps

to improve the ecosystem function of marginal

lands. Use ofl. curcasbiodiesel has been shown MATERIALSAND METHODS

to generally reduce the global warming potential

and the nonrenewable energy demand akhe capsules dl.curcasL. were collected from
compared to fossil biodiesel. However, theBaghaani range of Poanta Sahib Forest division,

toxicity, eutrophication and water depletion have3026 N latitude and 781 E longitude at an

shown an increase (Gmunder et al. 2012). A norglevation of_320 m asl). _The locality falls under
toxic genotype, locally known aginon manso the sub-tropical climate with May-June hottest and
(mild peanut) has been reported from SoutherRecember-January —coldest months. On an
Mexico suitable for human consumption used irRVerage, the annual rainfall varies from 1950-2100
traditional Totonacon cuisine (Valdes-RodrigueZ"M, most of which is experienced during the
2013). months  of  July-September. The annual

The genusJatrophais native to Mexico where {emperature in the region ranges between -44
there are 45 species, 77% of which are endemiith @ mean value of 236, For the collection of
(Rodriguez-Acosta et al. 2009). curcaswas capsules, five trees of approximately th_e same age
spread from Central America to Africa and Asiavere randomly selected on the basis of their
by Portuguese traders as valuable hedge p|aﬂhenotyplc/morphologlcal features. These_ trees
(Fairless 2007). It has now become naturalized iWere tagged and marked for the collection of
many tropical and subtropical countries, incIudin%apsuIes prior to the study. The capsules were
India, Indonesia, Phillippines besides, Africa and'arvested at three maturity stages termed as C
North America. The plant is well-adapted to(greenish-yellow), C2 (yellow) andsQbrownish-
semiarid  climate, although more humid Plack) .from the selected tre€Big. 1). Capsules
environmental conditions result in better cropVere picked directly from the branches throughout
performance (Tiwari et al. 2007; Achten et althe height of the trees and were separately pooled_
2010b: Reubens et al. 2011)atropha starts at each of these stages. Seeds were separated in
bearing flowers after 90-120 days of seedingt.hree sets fro_m each pool and processed further as
Flowering occurs in wet season and two floweringnree replications. _

peaks have generally been observed. | ifty seeds in each repllcat_e sglected ran_domly
permanently humid areas, flowering occurdVere used .for the_ dgtermmaﬂon . of moisture
throughout the year. Bumper production of seedgontent and in germination test. Moisture content
starts after 8 year and continues for the next 30-Of the seeds was determined by drying the seeds in
40 years (Mundra and Rao 2003) with yields of hot air oven till constant weight. For
1.5 tons of oil per hectare (King et al. 2009)_germ|r'1at|on,.the seeds were placed.m germination
Seeds are borne in the fruit, which is trilocular,rays lined with wet filter paper and incubatedain
ellipsoid capsule changing color from green tdermination chamber at ?ﬂDfo_r 15 days. The
yellow and finally turning blackish. Seeds (two inS€€ds were counted as germinated when radical
one cell each) are black ellipsoidal triangular£mergence took place under laboratory conditions
convex. Fruits mature heterogeneously because 8fid when cotyledons emerged from the sail in

indeterminate characteristics of the plant withpursery studies. , , ,
fruits maturing at the bottom of the stem, whileFOr the estimation of various tissue constituents,

buds develop at the top. Thus, there is wid@n€ gram dried coarse powdered seed sample in
variation in the physiological maturity of the frui triplicate was placed in a beaker containing 20 to
ripening and senescence, thereby requiring carefgp ML of boiling 80% ethanol for 10 min and
manual harvesting (Silip et al. 2010). Harvester§ltéred. The residue was again extracted in 10
have to select only those fruits, which are of right015 mL of boiling 80% ethanol for three to five
ripening index with seeds yielding maximum oil MIN and filtered. The supernatants were combined

and mature enough to show enhanced germinatiéf'd the final volume was made to 50 mL and used
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for estimation of total sugars, reducing sugargphenol-sulphuric acid method of Dubois et al.
non-reducing sugars and total phenols; the resid#956). Starch content was calculated by
was used for the estimation of starch. multiplying this value with the conversion factor

- - of 0.9 and expressed as mg/g of dry weight.
For the estimation of oil content, seed kernels
were crushed using pestle and mortar and the oil
from a known weight of this powdered sample
was extracted in petroleum ether (60@)pin
Soxhlet apparatus placed over a heating mantle
for 6 h. The ether was completely evaporated on
a water bath and the percentage oil yield was
calculated as follows:

01l weight
Oil content (%)= ——--re-eemv X 100
Sample weight

o

The correlation coefficient was worked out for
data at G stage of capsule maturity by using the
formula of Panse and Sukhatme (1978).

Figure 1 - Fruits at different stages of maturity in
Jatropha curcas RESULTSAND DISCUSSION

Jatropha curcas exhibiting non-synchronous
Total soluble sugars were estimated by th&owering and fruiting bears capsules almost round
phenol-sulphuric acid method using glucose athe year, which mature non-synchronously. Fruits
standard (Dubois et al. 1956). Reducing sugare initially green, changing colour first to
were estimated by 3,5-dinitrosalicylic acid (DNS)greenish-yellow, then yellowish and finally to
method using glucose as standard (Miller 1959prownish-black. Due to this non-uniform fruit
and non-reducing sugars were expressed dening, all the stages of capsule maturity are
difference between total sugars and reducingbserved on the same plant or even on the same
sugars. Total phenols were estimated by thbranch (Fig. 1). When the seeds from three stages
method of Bray and Thorpe (1954) using gallicof capsule maturity designated as (Greenish-
acid as standard. The residue was hydrolyzed bellow), C; (yellowish) and & (brownish-black)
adding 5.0 mLof distilled water and 6.0 mL of were examined for germination efficiency, lowest
52% perchloric acid. The contents were stirred fogermination was recorded in the seeds collected at
30 min, followed by the addition of 20 mL of stage G and highest in the seeds collected at stage
distilled water. After filteration, the volume was C; of capsule maturity (Table 1).
made to 100 ml and glucose was determined by

Table 1 - Seed germination, moisture content, total sugadyaing sugars, non-reducing sugars, total phemals
oil content in the seeds at different stages ofgkpmaturity inJ. curcas

Par ameter Capsule maturity CDos
Greenish yellow Yelowish Brownish black
Percent gerinatior 72.11+2.04 85.7&1.3¢ 82.8¢0.6¢ 0.8t
Moisture content (% 41.8.+0.31 40.2:4£2.2¢ 36.1+2.07 0.2z
Total sugar (mg/c 7.32+0.27 10.3z0.57 10.81+0.54 0.1¢
Reducing sugar (mg/ 2.2:+0.1¢ 1.5¢+0.2¢ 1.4¢+0.1< 0.1C
Non-reducing sugar(mg/ 5.12+0.97 8. 6&+1.77 9.1(£1.52 0.2C
Starch (mg/gmrr 17.45+1.1¢ 16.35+0.4¢ 15.85+0.4¢ 0.0¢
Total phenol (mg/¢ 6.3€+0.1¢€ 5.36+0.3( 5.37+0.6¢ 0.07
Per cent oil conte 36.0:+2.5¢ 46.71.61 48.41+1.98 0.24

Values are means * SD
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Seeds collected at stage @ capsule maturity Cs.Total phenol content in the seeds declined
showed decreased germination percentaggradually with capsule maturity, the decline was
compared to those collected at stage &Imilar non-significant from stage,@o G;. Oil content in
trend in seed germination was observed unde¢he kernels of seeds gradually increased with
nursery conditions as well. Moisture content orcapsule maturity and the increase was much more
percentage basis in the seeds declined as capssignificant from stage Cto stage & of maturity
maturity progressed from stages @ G; the than from stage £to G. From the correlation
decline was more marked at stage. Qotal studies, it was clear that the germination
soluble sugars and non-reducing sugars increaspdrcentage showed a significant negative
whereas reducing sugars and starch contenbrrelation with the moisture content, reducing
declined in the seeds with capsule maturity fronsugars, starch and total phenols (Table 2).
stages ¢ G, and G.The increase or decrease inHowever, it was positively correlated with all
these seed tissue constituents was less significasther parameters, viz., total sugars, non-reducing
when capsule maturity progressed from stageC sugars and oil content.

Table 2 - Correlation of various seed tissue constituenth s#ed germination percentagel@arophacurcas

Parameter Germination Moistur®il Total Starch Total Reducing Non-reducing
(%) (%) content  sugars contenphenols  sugars sugars
Germination (%) 1.000 0.3272 0.8256 0.7676 -0.7462 -0.8219 -0.7199 0.7768
Moisture (%) 1.000 -0.5801-0.7564  0.7926 0.6264 0.6416 -0.7525
Oil content 1.000 0.8913-0.8905 -0.8416 -0.8086 0.8967
Total sugars 1.000 -0.95150.8978 -0.8485 0.9950
Starch content 1000 0.8801 0.8554 -0.9558
Total phenols 1.000 0.8449 -0.9090
Reducing sugars 1.000 0.8969
Non-reducing sugars 1.000

“Significant at 5% level of significance

Seeds generally accumulate their reserves in thieom C, to G, stages than from Lto G stage
endosperm, perisperm and embryo, more preciseilgdicated physiological maturity of the seeds at C
in the cotyledons. Idatrophaseeds having kernels stage. The decrease in germination of the seeds
accounting for 63-68% of the total mass, théharvested from the brownish-black capsuleg) (C
reserves accumulate in endosperm and very little ikould be due to the inter-conversion between
the embryo itself (Abou-Arab and Abu-Salemnon-reducing and reducing sugars. For
2010; Lopes et al. 2013). Developing capsules amgermination, the reserve sugars have to be
seeds act as strong sinks and a large quantity obnverted to soluble sugars. The decrease in
soluble food reserves are translocated into thegermination could also be attributed to the
and converted into new storage forms such asipermeability of the testa caused by increasing
starch, fats and proteins. Numerous other organlgnification associated with the maturity. It
and inorganic constituents accumulate in thengeemed possible that as the fruits Jatropha
whereas other constituents decrease as fruits/sematured, starch was converted to sugars, resulting
maturity progresses. Finally, capsules and seedls an increase in total sugars. Starch content has
gradually reach maturation and cease to be actilmen reported to gradually decline @uercus
sinks and thereby translocation into these stopsigra with the advancement of maturity, although
The seeds harvested from, @aturity stage of there was no definite pattern of change in the
capsules appeared physiologically immature asontents of reducing and non-reducing sugars
indicated by the high moisture content and lessgBlanche et al.1990). Total phenols in the seeds
germination efficiency of the seeds. This meanalso showed a gradual decrease with capsule
that the nutrients were still flowing into the seed maturity similar to that of starch. Similar
from the parent tree. More significant increase imeclining trend of these constituents in the seeds
total soluble sugars, non-reducing sugars and awith maturity has been reported by Bhupender et
content in the seeds as capsule maturity progressald (2004) inZizyphus mauritianand Blanche et
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al. (1990) inQuercus nigraThe main metabolic Achten WMJ, Nielsen LR, Aerts R, Lengkeek AG,
substance of economic interest in the seeds ofKjeer ED, Trabucco A, et al. Towards domestication

Jatrophaare the lipids as a raw material for the ©f Jatropha curca2010a;Biofuels.1(1): 91-107.
bio-fuel industry. The oil content showed gAkintayo ET. Characteristics and composition of

Lo ; : .. Parkia biglobbossaand Jatropha curcasoils and
definite increasing trend corresponding with cakesBiores Technol2004: 92: 307-310.

Capsuole maturity \_N'th maximum oil content Othupender K, Singh C, Harinder K, Singh T, Gurshara
48.41% recorded in the seeds collected from C  "studies on physiological maturity and its effeat

maturity stage. The oil content in the kernel seed  physical and ~ biochemical characteristics  in
Jatropha ranges from 45-60% (Parmanik 2003: ber@izyphus mauritiandamk). Ind J of Ecol.2004;
Akintayo 2004). Gradual decline in reducing 31(2): 143-146.

sugars in the seeds from © G; stages of capsule Blanche CA, Elam WW, Hodgar JD. Accelarated aging
maturity with a concomitant increase in oil content of Quercus nigraseeds: biochemical changes and

may indicate conversion of former into later. applicability as a vigour testanad J For Res1990;
20:1611-1615.

Bray HG, Thorpe WV. Analysis of phenolic

compounds of interest in metabolism: Ib. Glick.
CONCLUSIONS Methods of Biochemical Analysis. Vol. I. New York:

Interscience Publ. 1954.p.27-52.
As the capsules/seeds mature, a number @fivakara BN, Upadhyaya HD, Wani SP, Gowda CLL.
measurable chemical changes take place. ByBiology and genetic improvement dhtropha curcas
correlating the relative amounts of selected L.: Areview.Appl Energy2010; 87: 732-742.
biochemical constituents of capsule/seed maturityubois M, Gilles KA, Hamilton JK, Reders PA, Smith
a biochemical index of ripeness can be derived. F. Colorimetric method for determination of sugars
Such an index is of use in large seed collectidns Q and related substancémal Cheml956; 28: 350-356

N : . airless D. Biofuel: the little shrub that couldnaybe.
plant species in a given area. ThusJincurcas Nature 2007: 449(7163): 652-655.

yellowish and brownish-black were the maturitysevg  Global Market Study on Jatropha—Final

stages, vyielding the seeds with maximum genort Global Exchange for Social Investment LLP,
germination efficiency  and oil-content,  Berlin, Germany; 2008.
respectively. It could be suggested that yellowislsmunder S, Singh R, Pfister S, Adheloya A, Zah R.
capsules (&stage), which were physiologically Environmental Impacts ofatropha curcasBiodiesel
mature seed stage considering germination andin India. Journal of Biomedicine and Biotechnology
oil content as criteria, could be harvested with 2012 (Article ID 623070, doi:10.1155/2012/623070)
more viable seeds rich in oil. King AJ, He W, Cuevas JA, Freudenberger M,
Ramiaramanana D, Graham |IA. Potentialafropha
curcasas a source of renewable oil and animal fded.
Exper Bot 2009; 60: 2897-2905.
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