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Biology, Ecology and New Varieties Breeding
Techniques of Jatropha curcas L.

Yang Chengyuan', Tang Jianwei' , Peng Daiping', Liu Gang’, Li Bo’
E - mail; ycy@xthg. org. cn
Web: http: //en. xtbg. ac. ¢n/n333c58. aspx

1. Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sci-
ence, Menglun, Mengla County, Yunnan Province 666303, China
2. Kangda Corporation, Guizhou Province 562400, China

Abstract. Since the oil crisis in the 1970s, a common consensus that oil energy 1s finite
has been reached, which promoted the international society to improve energy technology and
exploit renewable energy resources. At the International New Energy Conference in Jakarta,
capital of Indonesia in 1980, “Biomass is a new renewable energy” was clearly stated. Many
countries started to research and develop biomass energy, and the achievements were reward-
ing, e. g. biomass power plants in the Philippines and Korea, wood gas in France, etc. China
set up firewood forests mainly composed of such fast growing timber tree species as eucalyptus
trees, and developed marsh gas, wood gas, biomass briquette fuel, and ethanol fuel, etc. Up
to now, ethanol fuel (10% ) has been promoted in North and Northeastern China. The promo-
tion of marsh gas in Southwest and Northwestern China has contributed to the solution of energy
consumption in rural areas and save up consumption of forest resources, meanwhile protect the
ecological environment. With the soaring process of oil in the 21" century, renewable energy
resources are attracting a major global attention. Some developed countries have set up Biomass
Energy Standard System. China enacted Renewable Energy Law of People’ s Republic of China,
and the National Development & Reform Commission of China published Middle and Long -
term Program of Renewable Energy Development as well.

Biomass energy as a substitute source for oil is a new trend in the 21" century and raises
new research and development challenges. The Chinese Ministry of Finance is drafting a devel-
opment goal on the substitute of biomass energy for oil. The development of biodiesel fuel is one
of the ways. Preliminary studies on the cultivation of physic nut tree ( Jatropha curcas L. ) , es-
pecially its drought resistance, has somewhat shown that it can meet the objectives of biodiesel

fuel and special profit. Jatropha curcas L. can grow well on arid and semi — arid regions and
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does not vie with grains for arable lands, which are the advantages attracting the people. Some
bioenergy corporations are beginning to focus on the development of Jatropha curcas L. Some
large state — owned enterprises like SinoPec and SoPec are cooperating with the State Forestry
Administration to pour funds into the establishment of cultivation bases of biocenergy plants, in
order to get it industrialized. A yield of 5 million tons oil is expected to gain by 2020.

To develop biodiesel well, elite species is a key factor. The aims of developing biodiesel
fuel used to be expanding the income sources of farmers and contributing to ease global warming
of greenhouse effect through oil plants plantation orientated to oil production. The present aims
are not so limited. The industrialization of biodiesel fuel and showing its leading role has be-
come the major target, which requires species of high yield and rich oil content as its basis.

The screening of elite Jatropha curcas L. species takes much time, of which collecting
plants of different geographical provenances is an essential step. If started from 1600, the de-
velopment of Jatropha curcas L. has a history of over 400 years. The former 300 more years
were based on natural resources, using the seeds oil to make soap or of medicinal use. Since
the 1930s, Jatropha curcas L. came into the phase of developing biodiesel fuel. However, the
research of Jatropha curcas L. was mainly focused on the processing and utilization of seeds and
oil. The screening and breeding of species were relatively weak. Actually, the collecting,
screening and breeding of Jatropha curcas L. in the world did not start until 1980, even later in
China. At present, main attention is focused on the collecting and evaluating of germplasm re-
sources. The selecting of elite species is at the very beginning.

We had collected Jatropha curcas L. of different geographical ‘provenances, including
Yunnan, Sichuan, Guangxi, Hainan and Guizhou of China, and Laos, India, Vietnam, Thai-
land, Myanmar, Cambodia, Indonesia, and Suriname as well. Through collecting a specimen
every other longitude or latitude, we have got 130 specimens of geographical provenances. By
using seeds and twig cuttings, we erected a nursery of 2 ha within Xishuangbanna Tropical Bo-
tanical Garden, the Chinese Academy of Sciences. Meanwhile, we had evaluation on the bio-
logical and agricultural characteristics of different geographical provenances. The evaluation in-
cluded diameter, height, and crown growth; leaf, seedling germination, flowering, blossom
and bear fruit; colors of fruits and seeds, size, length, weight, and seedling emergence rate,
cone rate; styles of inflorescences, sex ratio; oil content, oil extraction rate; measures to
breeding Jatropha curcas L. seedlings and afforestation.

Our observation made it clear that the growth of Jatropha curcas L. , within a year, trails
on the obstacle curve (S curve). During June and July, Jatropha curcas L. is in a period of
rapid growth, and a grace period in mid August. Afterwards, a new small prime growth period
comes during September and October, and growth stagnancy comes in late October. The bien-
nial seedling plant is at a height of 2. 0 meters, 5.0 cm of diameter at ground ; whereas the cut-
ting plant is at a height of 2. 5 meters and 5. 5 cm of diameter at ground. Under suitable condi-
tions, Jatropha curcas L. appear buds when spring begins, bloom and set fruit in part in late
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March; the first prime period of flowering and fruit setting is in April and May, and the second
comes in September and October. The inflorescences of Jatropha cureas L.. are divided into two
groups. One is male inflorescence. i. e. no male flower in the whole inflorescence. The other
is mixed inflorescence; the change of sex ratio depends on environment. The two inflorescences
alternate with each other. Normally, the flowers of Jatropha curcas L. are unisexual ( staminate
flower or pistilate flower). When in chilly winter or other extreme conditions, some bisexual
flowers may appear. For mixed inflorescence, the sex ratio is 12% ~20% of female flower. A-
bout 15 g of fruiis are harvested, 3. 5 ¢m in vertical diameter and 3.0 em in transverse diame-
ter, pericarp thickness of 0. 55 cm, seed weight of 3. 4g, 1. 3g of each kernel, seed size of 2.2
x1.2 x0.9cm, 44% and 56% of kemel husk ratio respectively. After air dry, the weight of
fruits is 3. 5g, with 2. 8 seeds, cone rate of seeds is 60% , seed size of 1.8 x 1. 1 x 0. 9cm,
750 g of every 1000 kernels, oil content of 30% ~40% , oil extraction rate of 30% ~33% ,
pure oil rate of 25% ~28%. In fruiting period, the yield of seeds is 40 ~50 kg/mu. The bio-
mass is 1500kg/mu in the annual Jatropha curcas L. forest.

We also found that, on the basis of such economic characteristics as seed weight and oil
content, continuous variations occur in different geographical provenances, the differences be-
tween close geographical provenances are difficult to detect from macro view. However, when
all geographical provenances are planted under the same situation, the distribution of the whole
population appears as a triangle, which helped to observe the tendency of dividing into three
groups, and subgroups are possible.

Temperature, light and water are factors influencing the flowering and fruit bearing of Jat-
ropha curcas L. We observed that every change of phenology during the growth is connected
with effective accumulated temperature. For example, it takes about 20 days from buds to full
blossom in early spring, while only about 10 days in summer. The impact of light on flowering
and sex ratio is the most obvious. With enough light and no shade, many branches are flower-
ing and female flowers are at a higher rate. On the contrary, the plants under heavy shade are
flowering less and female flowers are at a lower rate. Jatropha curcas 1. grows well in damp
soil; however, water logging may lead to plant growth stagnancy, even death. Pest control is
very important in Jatropha curcas L. plantation. According to recent survey, over 20 diseases
and pests are found in Jatropha curcas L. , among which termite, bacterial canker disease and
black root disease, etc. are found to be harmful. These factors should be taken into account in
Jatropha curcas L. plantation.

In addition, we have carried out studies on the screening and breeding of elite species. By
using mutant, we have bred a new cultivar - black winkle — leafed Jatropha curcas L. We also
found groups of high flowers and high oil content in domestic Jatropha curcas 1. However, re-
lated regional experiment and stress resistance are to be carried out.

Summing up the collection of and evaluation on Jatropha curcas L. of different geograph-
ical provenances is aimed at meeting the demand of biodiesel industrialization in China, provi-
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ding data for new germplasm resources collection and breeding elite species, and providing
technical support for the large — scale plantation of Jatropha curcas L.
Keywords: Jatropha curcas L. ; biological characters; agronomical characters; physio —

ecological properties; new varieties.
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FH—R EMEELE

E—T BREBSEMEREYFISE

—. PEph

B (Jatropha L. ), XNBFHE T KEF (Euphorbiaceae) . L E W} ( Croto-
noideae) . Jonnesieae &, T HIHPI#) 170 4, Dehgan and Webster (1979) iTIE T Pax
(1910) @A TRIMMEMFTHERBH LR, S50 FYF 10 BT AY
F 10 A, JEEMRBE SEHE PRGN R, oAb A Y SR B AR O A 5
BEAATIRE, FAEMMERIWRIEMAE Z4A T 2L, BREFRE 77 9
Herarchical B254347 2 B B i1 89 45 K 2 £ 8% ‘B M1 Dehgan and Webster’s $f i & — E 1Y
( Dehgan and Schutzman, 1994)

Mc Vaugh (1945) ikl Jatropha. yucatanensis Brig. =B MW E¥F 4, J. vllosa
Wight —FERE TEIE, J. afrocurcas Pax. 1 J. macrophylla Pax. & Hofm. BRI IE TR
3 (AEBNFRIR) , BRI HARBIERR E M REYRY,

Kik Pt (Euphorbiaceae) K ZAH 321 & 8000 FRAH Y 4H i, B HE Leon (1987) .
Mabberley (1987) #I Rehm and Espig (1991) ¢ AMAF5E, MBHEY L5 4 {E L3
KHA LR ILK:

B (roots): KE (cassava: Manihot esculenta)

¥ (rubber):. B (Hevea: Hevea brasilliensis)

5L (fruits); emblic, Otaheit gooseberry ( Phyllanthus emblic ), tjoopa, rambai,
mafai ( Baccaurea spp. ), Chinese laurel (Antidesma bunius) , Ricinodendron spp.

¥ (nuts) : tacay ( Caryodendron orinocense) ,

#H3F (vegetables) ; katuk (Sauropus androgynus), chaya (Cnidoscolus chayamansa)

R (oil): BERK castor (Ricinus communis) , flili#% tung trees (Aleurites spp. ), Al
B Chinese tallow tree ( Sapium sebiferum) , B physic nut ( Jatropha curcas)

WS (hydrocarbon) ;. KEXJEHEH) Euphorbia spp.

ZiFi4EY) . Croton spp. , Jatropha spp.

EEWREN, REXZSENFHMFIRESM, BH G 66 #{&E FIHHFREYF,
Dehgan and Webster's (1979) R REZBANIZINAREER, BAETFZYF
KKW|E=, HERRAITIERDFUKARFTE, Hemming F1 Radcliffe — Smith (1987)
ITERMRDH 25 Fh, £ EBERTEE, 15 5AE 6 Mg S KN, H
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f Peltatae 1 [ Jatropha multifila L. F1 J. podagrica Hook. , Polymorphae J& Y
J. integerrima, Jatropha & H J. gossypiifolia (R B BR/AFHXEFLZE1LEN
Lit7/ 8

Linnaeus (1753) B KL “YMEE" WAEEGHRRGEVEN (Jatropha
curcas L. ), I —HIEHE4 ., 8 Dehgan and Webster's (1979 ) Fi Schulize — Motel
(1986) wIBftsE, ZiHRRORYHZE LT ILF,

IR B A Curcas purgans Medik. , Ind. Pl Hort. Manhem. 1; 90.1771; Baill. Etud.
Gen. Euphorb. 314, 1858

LM B BR Ricinus americanus Miller, Gard. Dict. Ed. 8. 1768

A B PEE M Jatropha edulis Cerv. Gaz. Lit. Mex. 3; supl. 4. 1794

RIM-E 4 J. acerifolia Salisb. , Prodr. Chapel Allerton 389. 1796

PPL L BEBK Ricinus jarak Thunb. , Fl Javan. 23. 1825

LIRRJE BN Curcas adansoni Endl. , ex Heynh. Nomencl. 176. 1840

EREEE AR Curcas indica A. Rich. In Sagra, Hist. Fis. Pol. Nat. Cuba 3 208. 1853

HE+&H B4 Jatropha yucatanensis Briq. Ann. Cons. Jard. Geneve 4. 230.1900; Stand-
ley, Contr. U. S. Nat. Herb. 23; 640. 1923; McVaugh, Bull. Torrey Bot. Club 72 . 35. 1945

BHd Curcas curcas (L. ) Britton & Mill sp. , Bahama FI1. 225. 1920

Jatropha X & BB RN BE L) iatrés (doctor) Hl trophé (food) JEAL I AT,
B AZH, #8 Correll and Correll (1982) #BFF, curcas RENFEFEHIE (Malabar) 24
R REAL . P EZEYGEFEARRR . /MAF . ANERE, BREFEHKS
PR, SEEEM, BIORESRE (1931) mEhLRERFHEA “ZBHRMNE

GHRBRREAREAM 7T LR (1845 : Vemacular) .
GBI (Physic nut) | GB{ER (Purging nut) [ English]
pourghére, pignon d’'Inde [ French]

purgeermnoot [ Dutch ]

purgiernufy, brechnuf [ Germany ]

purguiera [ Portuguese |

fagiola d’'India [ Italian ]

dand barri, habel meluk [ Arab]

kanananaeranda, parvataranda [ Sanskrit ]
bagbherenda, jangliarandi, safed arand [ Hindi ]
kadam [ Nepal ]

yu — lu — tzu [ Chinese ]

sabudam [ Thailand ]

tibing — bakad [ the Philippines ]

jarak budeg [ Indonesia ]

bagani [ Cote d’Ivoire ]



kpoti { Togo ]

tabanani [ Senegal ]
mupuluka [ Angola ]
butuje [ Nigeria ]
makaen [ Tanzania ]
pifioncillo [ Mexico ]
coquille, tempate [ Costa Rica ]
tartago [ Puerto Rico ]
mundubi ~ assu [ Brazil ]
pifiol [ Peru]

pinén [ Guatemala

—— (Munch 1986; Schulize — Motel 1986)

=\ ENFERIT

BRI RS, EA—MREAPHIXET BRI, FERE¥E, /K
BRI EEALRAME. BE, THMTHTA. ENEEFM, 20 HaE Fgmt,
BAGRERENEBRM LA, H—EEXEEREFERPHERKLE, Fr1ENH
SR B EAE =R D B AT A DT, RMSK, SRMAEFIHIEERAEST .

B, B, B—HM/NTARRAEA, BAAS ~6m, XFEY BRFTRE
K, EEMEEXILAHEBE -SSR, ERRIRBRKEEWK, BEMLELY
HehmiAth, HAKNAIR. ERBHT, SSAEMNEAS &8, | FRESL, 4 &
REN%, MBS EFREH (HEHEEHE) BAMEKNBA ER (Kobilke, 1989),
FS BT AREA ., K6 ~15em Wk, EEAHS], HIFERSTURE, REZ, 4
HHE R WERFMBIIET. MY¥L, CrREERNREREFR _BREEF,
WY A EIR, AR AR, SR EIE R, MAEBMIELE (Dehgan and
Webster, 1979), fEMESEE S, FH 10 MEE, HRAFHR, B S5 MES, EEHE
£, HFIEL L TG, SRS, 3 MIKKESESE, THKEM 23 44
X, ARk,

BWARE, BEMEnEh R RE#EA, {8 Dehgan and Webster (1979) #IiA
FEHRIER BT G A, POV ERTER BT F IR . MBI RE . ZHKTE
HRMEBHERE. FENLEEMBRZEME MAEERE. YBHEMNEZ DLk
f&, FRAANTEY, RENRTFRASESE, BAWEIEESR AR, EHEIRE
HA1A], Heller (1992) MR T KEARMVIHEBEREFEHHWE R, TEEAMK,
B BN R — M E T LIEIE LML 508, 7E—ERE L, XAILHIIEH T2 X #7
¥i1. Minch (1986) FEURIRAIFRAMERXFYRTIE, HHXFYLE 2R E WM
WK, #mZiE, —TR=0HREBRRLEFHEE N R FRBUIET, SMEE
—HRFFERES, THRHRTREREAH, K 2em, % lem, BH (caruncle) i/,
Wiehr (1930) #1 Droit (1932) /S A T HEMF F o9& WM R Mk, M Singh
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