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ABSTRACT

A field experiment was conducted at the School of Sustainable of Agriculture in
Universiti Malaysia Sabah, Sandakan, Sabah to determine the effect of gibberellins
concentration on the flower sex ratio and yield of Jatropha curcas. The experimental
design was using Completely Randomized Design (CRD). This study was done using
four levels of treatments, 0 ppm (control), 50 ppm, 100 ppm and 150 ppm of
gibberellin at which each treatment were replicated 6 times. The spraying was done for
three times with the interval of five days on the Jatropha flower buds. Data was
"collected from the day of last spray on the flower buds until the fruit development. The
results were analyzed using various analyses such as One Way ANOVA, Independent-
Samples T-test, and also descriptive analysis through SPSS version 21 software.
Although the study showed that increase in gibberellin effect increase the mean
number of female flowers which lead to alteration on the flower sex ratio but could not
be proven through statistical analysis as it shows not significant result at 5% of
significant level. Whereas, result on flower sex ratio showed that gibberellin has caused
alterations. However, the alteration did not increase the ratio but reduced after being
treated with gibberellin. This is due to large difference between the mean values of
male and female flowers on treated plants lead to reduction in the flower sex ratio
being reflected. Application of 50 ppm and 100 ppm of gibberellin shows good effect
on the number of flowers and fruits development. Application of 150 ppm of gibberellin
increased mean number of female flowers but does not translate to higher fruit yield
compared to fruit yield produced form concentrations of 50 ppm and 100 ppm.
Therefore, treating with gibberellin would be efficient in increasing flower and fruit
yield, although increase in number of female flower and number of fruits could not be
proven through statistical analysis. This study could be tried with other types of plants
to find out whether this result would be applicable for them.,



KESAN GIBBERELLIN DALAM MERANGSANG PERUBAHAN PADA NISBAH JANTINA
BUNGA JATROPHA CURCAS

ABSTRAK

Satu kajian telah dijalankan di Sekolah Pertanian Lestari di Universiti Malaysia Sabah,
Sandakan, Sabah untuk menentukan kesan kepekatan gibberellin terhadap nisbah seks
bunga dan hasil Jatropha curcas aksesi. Reka bentuk eksperimen yang telah digunakan
adalah Rekabentuk rawak lengkap (CRD). Kajian ini dilakukan dengan menggunakan
empat peringkat rawatan, 0 ppm (kawalan), 50 ppm, 100 ppm dan 150 ppm
gibberellin di mana setiap rawatan direplikasi 6 kall. Penyemburan dilakukan selama
tiga kali dengan selang lima hari pada tunas bunga Jatropha curcas. Dala telah
dikumpulkan bermula daripada hari terakhir semburan pada tunas bunga sehingga
buah matang. Keputusan telah dianalisis dengan menggunakan pelbagai analisis
seperti ANOVA satu hala pada aras keertian 0.05, Bebas ujian Sampel T, dan juga
analisis deskriptif melalui perisian SPSS versi 21. Walaupun kajian menunjukkan
bahawa peningkatan dalam kesan gibberellin meningkatkan min bilangan bunga betina
yang membawa kepada perubahan pada nisbah jantina bunga, perkara ini tidak dapat
dibuktikan melalui keputusan statistik kerana analisis tidak menunjukkan keputusan
yang signifikan pada aras keertian 0.05. Manakala, hasil pada nisbah jantina bunga
menunjukkan  gibberellin  telah menyebabkan perubahan. Walaubagaimanapun,
perubahan yang berlaku tidak menunjukkan peningkatan tetapi telah menunjukkan
pengurangan setelah dirawat dengan gibberellin. Hal ini kerana wujudnya perbezaan
yang amat besar antara nilai min bunga jantan dan bunga betina pada pokok yang
dirawat dengan gibberellin yang menyebabkan wujudnya pengurangan pada nisbah
Jjantina bunga. Penggunaan rawatan 50 ppm dan 100 ppm gibberellin menunjukkan
kesan yang baik kepada bilangan bunga dan perkembangan buah. Penggunaan
rawatan 150 ppm gibberellin meningkatkan min bilangan bunga betina tetapi tidak
meningkatkan hasil buah yang dihaslikan berbanding dengan hasil buah yang
dihasilkan melalui kepekatan 50 ppm dan 100 ppm. Oleh itu, penggunaan rawatan
gibberellin berkesan dalam meningkatkan bunga dan hasil buah walaupun perkara
tersebut tidak dapat dibuktikan melalui keputusan statistik. Kajian ini boleh dibuat pada
pokok-pokok yang lain untuk mengetahui sama ada keputusan ini berkesan kepada

pokok-pokok tersebut.
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CHAPTER 1

INTRODUCTION

1.1  Background

Biofuel is a type of fuel that is made from the organic materials such as plants, fruits or
seeds. This fuel is an alternative way to the fossil fuel as fossil fuel is a non-renewable
energy. Biofuel can be categorized into two generation. First generation is also termed
as conventional biofuel as they are made from plants being cultivated for the purpose
of fuel production. The second generation is usually made from the wastes of
agriculture site. Plants that can be used for the purpose of biofuel production are
sunflower, soybeans, canola, cotton, groundnuts, Jatropha curcas, oil palm, avocado,
croton, and castor. Currently, Jatropha curcas, Croton megalocarpus and castor

become the main focus of the world in producing biodiesel.

Jatropha curcas also known as Jatropha is a perennial deciduous shrub which
belongs to the family Euphorbiaceae. Possible origin of Jatropha is in Central America
and it has been widely distributed in the tropics and subtropics (Fairless, 2007; Carels,
2009; Makkar and Becker, 2009). Portuguese had established Jatropha plant in Asia
and Africa as one of the oil producing plant. Jatropha has been widely cultivated in
parts of India like Madhya Pradesh, Maharashtra Rajasthan, Gujarat, Andhra Pradesh,
and Tamil Nadu (Augustus et a/., 2002). There have been many investors investing on
researches and cultivation of Jatropha since the year of 2005. Moreover, in the year of
2008 there is much properly organized Jatropha cultivation in over 25 countries.

Jatropha has been estimated to be cultivated commercially over 900, 000
hectare all over the world. Above 85 % of Jatropha plantation has been established in
Asia, mainly in Myanmar, India, China, and Indonesia. Africa covers about 12 %; which
is approximately 120, 000 hectare mainly in Madagascar, Zambia also in



Tanzania and Mozambique. Jatropha cultivation in Latin America is about 20, 000
hectare which covers mostly in Brazil. In future years, Indonesia expected to be the
largest producer in Asia for Jatropha plant with 5.2 million hectare, followed by Ghana
and Madagascar together will have 1.1 million hectare in Africa. Brazil will be the
largest producer in Latin America with 1.3 million hectare (FAQ, 2010).

There are 200,000 acres of land in Malaysia has been allocated for the
cultivation of Jatropha. This area expected to be expanded to 750,000 acres at the end
of 2008. Whereas, Passion Masters Resources Sdn Bhd., which is a growing plantation
company in Malaysia plans to cultivate 809 hectares of Jatropha in Belawai, Jerijeh,
Tanjung Manis and the Rajang area in Mukah division. This plantation expects to plant

two million seedlings in 2009 (BioZio, 2011).

Cultivation of Jatropha is highly favourable in Malaysia due to adequate land
and good climatic condition of the country. Many challenges have been taken by
Malaysia to increase the production of Jatropha through the partnership between the
government agencies and the private sectors. This can lead Malaysia to be the global

alternative fuels industry.

Jatropha considered as a valuable multi-purpose crop which used as alternative
for petrol-diesel to produce biodiesel. Cultivating Jatropha in commercial way for
biodiesel production depends on the market level. Government supports through
provision of clearer policies and concern towards developing framework for renewable
energy are needed. Supports includes in a way of policies, Research and Development
(R & D), incentives, land availability, investments, education, promotions and
marketing. All these supports need to be collaborated with the help from several

ministries and agencies. (SLDB, 2012).

Gibberellin (GA3) is a type of plant hormone which can be used for the regulation
of various development processes. This includes stem elongation, germination,
dormancy, flowering, sex expression, enzyme induction, and leaf and fruit senescence.
There are more than 100 forms of GA which has been identified from the day of its

discovery. This hormone is used in the natural process of dormancy breaking and other

aspect of germination (Fordham et al., 2000).



1.2 Justification

Generally, cost of edible oil is much higher than the petroleum diesel. Edible oil is
mainly used for the production of vegetable oil. Usage of edible oil in order to produce
biodiesel has lead to food oil crisis. Therefore, alternative way has been chosen at
which using the much cheaper and low cost level of non edible oil for the production of
biodiesel. Among the non-edible oil sources, Jatropha curcas is identified as potential
biodiesel source and comparing with other sources, which has added advantages as
rapid growth, higher seed productivity, suitable for tropical and subtropical regions of
the world. Jatropha biodiesel is ideal solution to meet out higher diesel demand and oil

imports.

However, Jatropha cultivation especially in Malaysia also has its limitation as
production of seed yield per area is considered low. Most important reason for its poor
seed yield is due to less female flower production and low percentage of fruit set by
the plant. Several studies are ongoing in different parts of the world to optimize,
enhance and exploit the growth, fruiting cycle and different developmental stages of
the plant so that the economic yield of the plants can be utilized to the fullest limits.

Therefore, it is important to increase the female flowers in order to increase the
yield production of the plant. According to research, phytohormones seem to be the
most important factors known to alter sex ratio in plants. The mechanisms by which
phytohormones alter sex ratio differ in different plant species. There are many types of
hormones such as auxin, ethrel, 6-benzyladenine and gibberellin which could be used
to alter the sex ratio in Jatropha plant. According to previous research, 6-
benzyladenine is much effective compared to gibberellin on inducing alteration of
flower sex ratio. However, handling and application method of gibberellin seem to be
much simpler and easier than applying 6-benzyladenine to Jatropha plant. Simple
method will be effective and considerable for the farmers to understand them and to

apply the knowledge that they have gained.

The aim of this study is to determine the effect of various gibbereliin
concentrations on the flower sex ratio of Jatropha plant. Applying hormones is a
common method to induce alteration in flower sex ratio of plants. However, there is no
report stating that this application has been commercialized widely in Jatropha



cultivation. This study might help to increase awareness to use hormones to increase

the fruit yield which is a much convenient.

1.3 Objective

Objective of this research is to determine the effect of gibberellins concentration on the

flower sex ratio and yield of Jatropha curcas.

1.4 Hypothesis
Hypothesis that will be tested in this research is as follows:

Ho: There is no significant difference on the effect of various concentrations of

gibberellins on flower sex ratio and yield of Jatropha curcas.

H,: There is significant difference on the effect of various concentrations of gibberellins

on flower sex ratio and yield of Jatropha curcas.



CHAPTER 2

LITERATURE REVIEW

2.1 Classification of Jatropha curcas

Taxonomy classification of Jatropha curcas starts with the kingdom of the plant, which
namely called as Plantae. The Division of the plant is Embryophyta while the Class to
which the plant belongs to is Spermatopsida. The Order of the plant is Malpighiiales.
The Family to which the plant belongs to is Europhorbiaceae. The Genus of the plant is

Jatropha and Species is Curcas. The binomial name of the plant is called as Jatropha
curcas which was established by the scientist, Linnaeus in the year 1753.

2.1.1 Botanical of Jatropha curcas

Jatropha plant has smooth and thickened terminal branch. Jatropha tree forms a
straight trunk with bark that is gray or reddish in colour. The leaves are arranged in
ate pattern. Jatropha undergoes dormant stage when there is variation in rainfall,

altern
temperature, and light. However, simultaneous respond do not occur to all the trees.

Their branches consist with latex which is white in colour. This latex creates
brown staining which could be difficult to be removed. Seeds usually produce five roots
which consist of one tap root and four lateral roots. Lateral roots could be found on

plant that develops from cutting propagation.

Inflorescences could be seen to appear on the bottom most of the branches.
Their seeds are black in colour. Outermost layer of the pericarp remain in fleshy
condition even when the seed reach the maturity stage. Figure 2.1 shows the different

parts of Jatropha plant.



Jatropha is a type of plant that can adapt to arid condition. It is unresponsive to
the day length, flowering does not depend on the latitude factor, and can produce
flowering at any time in a year (Heller, 1996). Leaf shedding occurs in the dry seasons

Normally Jatropha varieties have two harvesting stages whereas hybrid
varieties can have three harvesting stages in a year. The life span of Jatropha is in the
range of 35 to 40 years. The plant could survive for more to 50 years if there is no

contact between the root zone and the rising water table.

Figure 2.1 Different part of Jatropha curcas plant

Source: Verma et al., 2009
2.1.2 Agronomic Requirements of Jatropha curcas

Jatropha needs at least 600 mm of rainfall in order for it to flower and set fruit. The
optimum rainfall for seed production is considered between 1,000 and 1,500 mm
(FACT, 2007), which corresponds to sub-humid ecologies. Rain will aid flowering
process after a short (a month) duration of drought. Therefore, it is said to be that
flowering process could be manipulated by the irrigation system (FACT, 2007).
However, it is crucial to clearly aware that excessive amount of irrigation could lead to
increase in the total biomass production at the loss of seed yield. Higher amount of

rainfall might lead to fungal attack and halt the growth of root system in all soils but

most significant in free-draining soils.

Optimum temperatures for the plant are between 20°C and 28°C at which too
high temperature depress yield production. Jatropha is not being able to withstand

waterlogged conditions at which usage of heavy clay soils are not preferred. Jatropha
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has the ability to grow in alkaline soils but the suggested soil pH should be within 6.0
to 8.0/8.5 (FACT, 2007). Jatropha grow well on soils like aerated sands and loams at a

depth of 45 cm (Gour, 2006).

Jatropha requires low nutrient as it can adapt itself to poor condition of soil.
However, production of quality crop needs appropriate fertilizer application.
Recommended supply of fertilizer for each seedling would be 1 kg of farmyard manure
or added with 100 g of Neem waste with a recommendation of 2,500 plants per
hectare. This will bring to about 2.5 tonne organic fertilizer per hectare. After the
transplantation and beginning stage of plant development, fertilizer such as N, P and K
should be applied. Annual application of Twenty gram urea + 120 g Single Super
Phosphate (SSP) and 16 g Muriate of Potash (MOP) needed for plant growth and

development.

Seedlings planted directly in soil need refilling with top soil and organic
manures (500 g farmyard manure, 100 g Neem cake or Jatropha oil cake, and 100 g
Super Phosphate) into the pits before planting. Besides organic manure application,
there is need for the application of NPK fertilizer (Nitrogen, Phosphorus, and
Potassium) for the growth and development of the plant. The NPK ratio is 46: 48: 24
kg per hectare respectively. Application of 20 g of urea, 120 g of Single Super
Phosphate and 16 g of Muriate of Potash is recommended for the planting pits.

Normally Jatropha plants are planted about 1,100 to 2,500 plants per hectare.
The wider the space between the plants, the higher would be the yield per tree.
However, there would be reduction in the yield per hectare (Achten, 2008). Spacing is
determined based on the environmental factors. Areas like semi-arid, low-input system
need wider spacing such as 3.0 x 2.0, 3.0 x 2.5 or 3.0 x 3.0 metres.

Standard cultural practices are timely weeding which is about 4 times a year

(Centre for Jatropha Promotion, 2004). Additional irrigation is not needed if they are
planted during the onset of rain. Fallen leaves of Jatropha can be used as muich

around the base of the plant. The organic matter contained in the fallen leaves aids the

growth and the activity of earthworms in the soil which near the root zone of the

plants. This enhances the fertility level of the soil.



Pruning and trimming is important to give shape to the plant. In the first five
years time, the plant need to be trimmed (February to March) and a single pruning to
reach the height of 1.5 m. Secondary branches can be induced by pinching the
terminal growing branches. Secondary and tertiary branches need to be pruned in the
end of first year for a minimum of 25 branch growth in the end of second year.

There is no significant threat to Jatropha by any pest or disease due to the
toxic characters in all over the plant. However, there are cases reported at which pest
and disease to occur in monoculture plantation. Known disease such as collar rot, leaf
spots, root rot and damping-off, can be reduced by applying techniques like fungicide
application, and avoiding waterlogged condition. Pest like larvae of the moth Pempelia
morosalis can affect the flower and young fruits, termites cause damages to young
plant. Other common pest in Jatropha plantation are the bark-eating borer Indarbela
quadrinotata, the blister miner Stomphastis thraustica, the semi-looper Achaea janata,
and the flower beetle. Insecticide application is crucial in critical condition (Brittaine et

al., 2010).

Mycorrhizal soil fungi help in enhancing the plant capability in taking up mineral
nutrients and water from the soil also increasing resistance level of the plant towards
drought and disease. The Energy and Resources Institute (TERI) in India has
developed mycorrhizal inoculations for Jatropha that improve germination and give

earlier fruiting and higher yields.

In Brazil, studies on mycorrhizal inoculation of Jatropha are also showing
promise in improving uptake of Phosphorus and Potassium (Carvalho, 2008, cited
Parsons, 2008). Insertion of mycorrhizal fungi to the Jatropha curcas plants cause
plant to adapt well and encourage the young seedling to grow fast with adequate
amount of nutrient uptake. This will mean the plants will be more likely to survive

stressful environmental conditions and give higher yields.

Fungi helps to increase the soil volume at which nutrients are gathered by
increasing resistance towards drought condition and reduces time to outplanting.
Mycorrhizal fungi also facilitate other nutrient uptake which is essential for plant
growth. Mycorrhizal fungi have the ability to take up unavailable forms of nutrients like

Phosphates for the plant use.



2.1.3 Propagation of Jatropha curcas plant

Jatropha cultivation can be carried through methods like nursery, direct sowing in field,
and also through vegetative propagation. The most suggested method in cultivating
Jatropha is through nursery-raised plants from cuttings and seeds.

For commercial cultivation of Jatropha, seeds are preferred. As the first step in
the cultivation through seed propagation, the seeds need to be soaked in solution
containing cow dung for 12 hours. The seeds are then kept under the wet gunny bags
for 12 hours. Good germinate seed need hot and humid weather condition. Seeds that
have germinated are planted in the polybags (15 cm X 25 c¢m) which are filled with
potting mix of soil, sand, and farm yard manure in the ratio of 1:1:1 respectively.

Seeds and cuttings of Jatropha also can be planted directly in the field.
However, pre-rooted cuttings aré best to be planted in the polybags before
transplanting into the field for better yield production. When considering a piece of
land for planting Jatropha, one or two times of ploughing will be required. This process
is depending on the nature of the soil. Direct planting of seeds or cuttings in the field
need spacing of 3 m X 2 m. Ploughing could be impossible in the areas like hilly areas
and pits with the size of 30 cm X 30 cm X 30 cm need to be dug with recommended

spacing.

Heller (1996) found that Jatropha grown from cutting propagation of at least 30

mm diameter gave earlier and higher initial yields than plants grow from seed. There is

little or no yield difference was seen for later harvests. There are various cuttings types

of Jatropha available as shown in Figure 2.2. Recommended length of the cuttings

es between 25 to 120 cm. Highest survival rate seem to be on the cuttings taken

rang
lower part of one year-old branches (Kaushik and Kumar, 2006, cited

from the mid -
Achten, 2008).

These cuttings can be planted in polyethylene bags, planted direct into the soil,
or in shaded nursery beds by inserting 10 to 20 ¢m into the soil. Before inserting the

cuttings, soil need to be filled in the polybags.



John Innes who established the John Innes Horticulture Institute in 1910 had
proposed sterile growing media in order to gain consistent results when conducting
experiments. The potting composts were not produced commercially in the institute
but the formulae were exposed to the public and used by manufacturers and growers.
There are many type of potting mixture established by John Innes. Standard potting

that is normally used is in the ratio of 3:2:1 (Top soil: Sand: Organic).

The potting mix used for stem cuttings is 1:1:1 (mixed soil and farm yard
manure). Polybags used must be with the holes at the bottom. The sizes of cuttings
could vary and could be as wide as six inches (15 c¢m). Cuttings of Jatropha will follow
as the mother plant and can be considered as the genetic clone of the mother plant.

Besides, cuttings are also preferred than the seeds as the cuttings have higher
survival rate compared to seeds. Jatropha cuttings can grow root at fast rate and
develop into a productive tree. Survival rate of cuttings could reach closely to 100 %
o height of six to eight inches (20.2 to 30.5 cm) within two to three

and can reach t

weeks with the development of eight to twelve secondary leaves.

Root formation takes within two to three months and cuttings should be
planted near the rainy season. Rooting could occur as soon as the rain starts off.
Rooting could be enhanced with the usage of well drained and aerated rooting media.
Besides, rooting could start to form within 30-45 days after planting with the

application of IBA (indole butyric acid).
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Figure 2.2  Different types of stem cuttings of Jatropha curcas plant

Source: Aminul et al., 2010

10



REFERENCES

Achten, W. M. J., Verchot, L., Franken, Y. J., Mathijs, E., Singh, V. P., Aerts, R. and
Muys, B. 2008. Jatropha bio-diesel production and use. Biomass and Bioenergy,

(32): 1063-1084.

Agro Care Chemical Industry Group. 2002. Gibberellic Acid.
www.agrocare.com.cn/products/Gibberellic.htm. Access on 29 march 2013.

Aminul Islam, A. K. M., Zahira, Y., Nurina, A., Mohamad Osman. 2010. Propagation
Potentials of Genotypes and Different Physiological Ages of Stem Cuttings in
Jatropha curcas L. Journal of Agricultural Science 2(4): 75-82

Amponsah, K., Crensil, O'R., Odamtten, G. T. and Ofusohene-Djan, W. 2002. Manual
for the Propagation and Cultivation of Medicinal Plants of Ghana. Water Stress.
University of Ghana: Aburi Botanic Garden

Anonymous. 2010. Jatropha curcas. http://www.jatrophacurcasplantations.com. Access
on 30 October 2012.

Augustus, G. D. P. S., Jayabalan, M. and Seiler, G. J. 2002. Evaluation and bioinduction
of energy components of Jatropha curcas. Biomass and Bioenergy 23(3): 161-
164

Avat Shekoofa, and Yahya. E. 2008. Plant Growth Regulator (Ethephon) Alters Maize
\(Zea mays L.) Growth, Water Use and Grain Yield under Water Stress. Journal/
of Agronomy 7(1): 41-48

Bang-Zhen, P. and Zeng-Fu, X. 2011. Benzyladenine Treatment Significantly Increases
the Seed Yield of the Biofuel Plant Jatropha curcas. Journal of Plant Growth
Regulator 30: 166-174

Battacharya, A. and Sinha, A. 2012. Flower — Insect Interaction in Jatropha
Gossypifolia Linn. Indian Journal of Fundamental and Applied Life Sciences
2(1): 27-29

Beckford, F. 2009. Jatropha Propagation Methods. In: Lee Country extension Service
Agriculture & Natural resources, University of Florida

BioZio. 2011. http://www.biozio.com/ref/report/jat/jatropha_biodiesel.html. Access on
24 June 2013.

Blazquez, M. A., Soowal, L. N., Ilha Lee, and Weigel, D. 1997. LEAFY expression and
flower initiation in Arabidopsis. Development 124: 3835-3844

Bonhomme, F., Kurz, B., Melzer, S., Bernier, G., and Jacgmard, A. 2000. Cytokinin and
gibberellin activate SaMADS A, a gene apparently involved in regulation of the
floral transition in Sinapis alba. The Plant Journal 24: 103-111

Bracale, M., Caporali, E., Galli, M. G, Longo, C., Marziani-Longo, G., Rossi, G., Spada,
A., Soave, C., Falavigna, A., Raffaldi, F., Maestri, E., Restivo, F. M. and Tassi, F.
1991. Sex Determination and Differentiation in Asparagus Officinalis L. Plant

Science 80: 67-77. -
Brittaine, R. and Lutaladio, N. 2010. Jatropha: A Smallholder Bioenergy Crop the

Potential for Pro-Poor Development. Volume 8. Rome: Food and Agriculture

Organization of the United Nations o . .
Brunet, ). and Charlesworth, D. 1995. Floral Sex Allocation in Sequentially Blooming

Plants. Evolution 49:70-79 ‘ .
N. 2009. Jatropha curcas: a review. Advances in Botanical Research 50: 39-86

Carels, :
Carvalho, A. M. X. 2008. Mycorrhizal Fungi in Growth of Seedllings of Jatropha. Master

of Science Dissertation. Federal University of Lush ' .
Centre for Jatropha Promotion and Biodiesel. 2004. Jatropha World. }n: Growing D{esel
Fuel Plants (in India), B-132, Sainik Basti, Churu- 331001, Rajasthan (in India)

Chaudhary, D. R., Ghosh, A., Chikara, J. and Patolia, J. S. 2006. Effec? of plant grqwth
promoting rhizobacteria and vesicular arbuscular mycorrhiza on nutrient

58



content of Jatropha (Jatropha curcas L.). In: International Conference on Bio-

Fuel Vision 2015, Bikaner (in Rajasthan)
Coggins, J. R. and Charles, W. 1996. Fruit development and senescence: Citrus

flowering, fruit set and development. 15-20.

Cosgrove, D. J. 1985. Cell Wall Yield Properties of Growing Tissue: Evaluation by in
vivo Stress Relaxation. Plant Physiology 78(2): 347-356

Cross, B. E., Galt, R. H. B. and Hanson, 1. R. 1962. New metabolites of Gibberella
fujikuroi.-I. Gibberellin A; and gibberellin As. Tetrahedron (18): 451-459

DEG. 2012. Farmer's Handbook: Advice for Growing Jatropha curcas in East Africa,
Nairobi. Jatropha Support Programme (DEGISP): 1-12

Down Garden Services. 2000. John Innes Compost.
http://www.downgardenservices.org.uk/compost_johninnes.htm. Access on 17

March 2013.

FACT. 2007. Position Paper on Jatropha curcas L. State of the art, small and large scale
project development. Fuels from Agriculture in Communal Technology

Fairless, D. 2007. The little shrub that could-maybe. Nature 449: 652-655

Fordham, T. and Lindsey, K. 2000. Cellular Signalling in Plants. Gernome Biology 2(1):
1-3

Fresnedo-Ramirez, J.
Tropical Plant Biology 6: 1-15

Gaikwad, R. S. 2011. Vegetative propagation of Jatropha species by stem cuttings.
Current Botany 2(1): 39-40

Gam, N., K. and Borah, S. P. 2012, Study on Floral Parts and Male Female Flower Ratio
of The Jatropha Curcus L. and Jatropha Gossypifolia L. of North-Eastern Region
of India. Science Research Reporter 2(3): 251-255

Genhua, N., Rodriguez, D., Mendoza, M., Jifon, J. and Ganjegunte, G. 2012. Responses
of Jatropha curcas to Salt and Drought Stresses. International Journal of
Agronomy 2012: 7

Gour, V. K. 2006. Production Practices Including Post-Harvest Management of Jatropha
Curcas. In: Singh, B., Swaminathan, R. and Ponraj, V. (Eds.). Proceedings of
the biodiesel conference toward energy independence — focus of Jatropha. 9 -
10 June 2006. Hyderabad, India. 223-251

Han, S. S., Halevy, A. H,, Sachs, R. M. and Reid, M. S. 1990. Enhancement of growth
and flowering of Triteleia laxa by ethylene. Journal of the American Society for

Horticultural Science 115(3): 482-486.
Heller, J. 1996. Physic nut Jatropha curcas L. Promoting the conservation and use of

underutilized and neglected crops. 1. In: International Plant Genetic Resources

Institute, Rome . . i
Henning, and Reinhard, K. 2002. Jatropha curcas L. in Africa and Evaluation:

Assessment of the impact of the dissemination of “the Jatropha System” on the
ecology of the rural area and the social and economic situation of the rural
population (target group) in selected countries in Africa. Global facilitation Unit

for Underutilized Species. 1-49 .
Hofelena, L.T, and Martinez, C.P. Factors Influencing Growth Performance of Jatropha

curcas L. (Tuba-Tuba) Seedlings. Journal of Philippine Ecosystems and Natural
Resources 16(1&2): 1-30 . _ .

ICBF10. 2010. Genetic Improvement of Jatropha for Biodiesel Production. Laviola, B. G.
(eds.). In: International Conference on Bio-Fuel Crop Production and

Development, Tegucigalpa (in Honduras): 2-3.
Irish, V. 2005. The flowering of Arabidopsis flower development. Plant Journal

61:1014-1028

2013. The Floral Biology of Jatropha curcas L.—A Review.

59

PERPUSTAKAAN



Jack, T. 2004. Molecular and genetic mechanisms of floral control. Plant Ce/l 16: S1-

S17
Jatrofuel. 2013. Energetic Value of Jatropha. http://www.jatrofuels.com/174-0-

Energetic-Value-of-Jatropha.html
Jones, N. and Miller, J. H. 1992. Jatropha curcas a multipurpose species for

problematic sites. : Land Resources Series, Asia Technical Department, World
Bank. 1: 40

Jongschaap, R. E. E., Corré, W. J., Bindraban, P. S. and Brandenburg, W. A. 2007.
Claims and Facts on Jatropha curcas L. Plant Research International 158: 22

Joshi, A., Singhal, P., and Bachheti, R. K. 2011. Physicochemical Characterization of
Seed Qil of Jatropha Curcas L. Collected from Dehradun (Uttarakhand) India.
International Journal of Applied Biology and Pharmaceutical Technology 2(2):
123-127

Joshi, G., Shukla, A., and Shukla, A. 2011. Synergistic response of auxin and ethylene
on physiology of Jatropha curcas L. Brazilian Society of Plant Physiology 23(1):
67-77

Kang, S. B., Kim, J. J. and Im, Y. H. 2012. An Experimental Investigation of a Direct
Burning of Crude Jatropha Qil (CJO) and Pitch in a Commercial Boiler System.
Renewable Energy 54: 8-12

Kaur, K., Dhillon, G. P. S. and Gill. R. I. S. 2011. Floral Biology and Breeding System of
.zlc;t(righi 9Curcas in North-Western India. Journal of Tropical Forest Science

Kaushik, N. and Kumar, N. 2006. Jatropha curcas L. — silviculture and uses. Vedams
eBooks Private Limited. Second Edition. Jodhpur: Agrobios

Kendall, P., and Sofos, J. 2013. Drying Fruits. In: Colorado State University Extension,
No. 9. 309, Department of Agriculture, United States of America

Kumar, A. and Purohit, S. S. 2001. Plant Physiology Fundamental and Applications. 2™
edition. India: Agrobios Press.

MacMillan, J. and Takahashi, N. 1968. Proposed procedure for the allocation of trivial
names to the gibberellins. NMature 217: 170-171

Makkar, H. P. S., Becker, K., Sporer, F. and Wink, M. 1997. Studies on Nutritive
Potential and Toxic Constituents of Different Provenances of Jatropha curcas.
Journal of Agricultural Food Chermical 45: 3152-3157.

Makkar, H. P. S. and Becker, K. 2009. Jatropha Curcas, A Promising Crop For The
Generation of Biodiesel And Value-Added Co-products. European Journal Lipid

Science Technology 111: 773-787
Makwana, V. and Robin, P. 2013. Interaction between GA and Ethrel in Inducing

Female Flowers in Jatropha Curcas. International Journal of Biotechnology and
Bloengineering Research 4(5): 465-472 ‘
Makwana, V., Shukla, P., and Robin, P. 2010. GA Application Induces Alteration in Sex
Ratio and Cell Death in Jatropha Curcas. Plant Growth Regulator 61: 121-125,
Mary, A. 2011, QOptimization of Biodiesel Production from Jatropha Seed-Oil Using
Microbial Lipase-Catalyzed Transesterification Reactions. Master of Science

Dissertation. Ahmadu Bello University
Micromedex Inc. 1994. Jatropha curcas L. http://www.inchem.org/documents/pims

/plant /jcurc.htm. Access on 24 June 2013.

Mishra, S. 2005. Plant Reproduction. New Delhi: Discovery Publishing House.

Niesenbaum R. A. 1992. Sex Ratio, Components of Reproduction and Pollen Deposition
in Lindera Benzoin. (Lauraceae). American Journal of Botany 79: 495-500.

Noor Camellia, N. A., Thohirah, L. A. and Nur Ashikin, P. A. 2011. Flowering and Fruit
Set under Malaysian Climate of Jatropha curcas L. American Journal of

Agricultural and Biological Sciences 6(1): 142-147

60



Noor Camellia, N. A., Thohirah, L. A., Nur Ashikin, P. A., and Mohd Khidir, O. 2009.
Improvement on Rooting Quality of Jatropha curcas Using Indole Butyric Acid
(IBA). Journal of Agriculture and Biological Sciences, 5(4): 338-343

Olszewski, N., Tai-ping Sun, and Gubler, F. 2002. Gibberellin Signaling: Biosynthesis,
Catabolism, and Response Pathways. 7he Plant Celt 61-80

Openshaw, K. 2000. A review of Jatropha curcas: an oil plant of unfulfilled promise.
Biomass and Bioenergy. 19: 1-15

Parajuli, R. 2009. Jatropha curcas and Its Potential Applications; A Compilation Paper
on Plantation and Application of Jatropha curcas. Master of Science

Dissertation. Tribhuvan University, Nepal
Parsons, A. T. 2008. Financing Jatropha Development. In: International Consultation

on Pro-poor Jatropha Development
Payasi, A. and Sanwal G. G. 2010. Ripening of Climacteric Fruits and Their Control.

Journal of Food Biochemistry 34(4): 679-710

Prasad. M., Yadav. R. K., Chauhan. V., Maheswari. R. and Rani. B. 2012. To Produce
Biofuel Employing Jatropha Curcas L: Assessment and Bioinduction of Energy
Components. Biomirror Journal 3(10): 6-10

Raina, A. K. and Gaikward, B. R. 1987. Chemobotany of Jatropha species in India and
further characterisation of curcas oil. Journal of the Oil Technologists

Association of India 19(4): 81-85
Rajesh Shrirangrao G. 2011. Vegetative Propagation of Jatropha Species by Stem

Cuttings. Current Botany 2(1): 39-40
Ramli, M. R. H., Hudzari, R, M., Wahab, F. I. A. and Ghani, M. N. A. 2011,
Determination of Frequency Properties of Jatropha Curcas Fruits Stalk for
Mechanical Harvesting Operations. International Journal of Agriculture Sciences

3(2): 103-109
Rani, B. 1. and Sridhar, V. 2003. Record of insect pests of Jatropha, Jatropha curcas

Linn. — A Medicinal and Minor Qil Seed Plant. Insect Environment 8(2). 76-77.
Sabah Land Development Board. 2012. Jatropha curcas: Pilot Projects.
Sayed, S. A. and Gadallah, M. A. A. 2002. Effects of shoot and root application of
thiamin on salt-stressed sunflower plants. Plant Growth Regulation 36: 71-80
Shukla, P. 2012. Biotechnological Approach for Improvement of Oil Content in Jatropha
Curcas. Doctoral Thesis Dissertation. The maharaja Sayajirao University of

Baroda.
Silip, J. 3. 2011. Fruit Maturity Uniformity and Extractable Oil Yield of Jatropha

(Jatropha curcas Linn). Doctoral Thesis Dissertation. Bogor Agricultural

University ‘ '
Silip, J. J., Tambunan, H. A., Erliza Hambali, Sutrisno, and Memen Surahman. 2011.
High Accumulation of Lipids during Off-Tree Ripening and Senescence in
Jatropha Curcas Linn Luanti Accession Kernels. American Journal of Scientific
and Industrial Research 2(2): 246 250 ‘ ‘
Silip. J. J., Armansyah, H. T., Herliza, H., Sutrisno, and Memen, S. Lifecycle Duration
and Maturity Heterogeneity of Jatropha curcas Llinn. 2010. Journal of

inable Development 3(2): 291-295
i # V. 2002. Pollination Ecology and Fruiting

Solomon Raju, A. J., and Ezradanam, :
Behadiour in a Monoecious Species, Jatropha Curcas L. (Euphorbiaceae).

Current Science 83(11): 1395-1398 . -
Srivastava, L. M. 2000. Plant Growth and Development. India: Academic Press.

] i . Critical Review of
enshi, A., Kumar, V., Shanwad, U. K., and Jalageri, B. R. 201'1 cal
s Diversity in Jatropha curcas for Crop Improvement: A Candidate Biodiesel Crop.

Journal of Agricultural Sciences 2(2): 193-198

61



Tamas, I. A,, Engels, C. J., Kaplan, S. L., Ozbun, J. L. and Wallace, D. H. 1981. Role of
Indoleacetic Acid and Abscisic Acid in the Correlative Control by Fruits of
Axiliary Bud Development and Leaf Senescence. Plant Physiology 68: 476-481

Taiz, L., and Zeiger, E. 2010. Plant Physiology. Fifth edition. Los Angeles: Sinauer
Assoicates, Inc.

Tewari, D. N. 2007. Jatropha and biodiesel. New Delhi: Ocean Books Limited

The African Academy of Sciences. 2013. Jatropha curcas - Derived Biofuel Industry in
Africa. In: Proceedings of the InterAcademy Council (IAC). 22 - 23 February

2010. Nairobi, Africa.
Ton Rulkens, 2010. http://www.flickr.com/photos/47108884@N07/4539647181 /in/

photo stream/. Access on 24 June 2013.
M., Venkatachalam, P. and

Vairavan, K., Thukkaiyannan, P., Paramathma,
Sampathrajan, A. 2007. Biofuel Crops Cuftivation and Management. First

Edition. India: Agrobios Press.
Van Eijck, 1. A. J., Smeets, E. M. W., Jongschaap, R. E. E., Romijn, H. and Balkema, A.

2010. Jatropha Assessment: Agronomy, Soclio-Economic Issues, and Ecology.

Facts from Literature. Utrecht University: Copernicus Institute
Verma, K. C. and Gaur, A. K. 2009. Jatropha curcas L.: Substitute for Conventional
Energy. World Journal of Agricultural Sciences 5(5). 552-556
Werner, T., and Schmulling, T. 2009. Cytokinin action in plant development. Current

 Opinion in Plant Biology (12): 527-538
Wijaya, A., Susantidiana, Muhamad Umar Harun, and Hawalid, H. 2009. Flower

Characteristics and the Yield of Jatropha (Jatropha curcas L.) Accessions.

_ HAYATI Journal of Biosciences 16(4): 123-126
Wijaya. A., Susantidiana. Muhamad Umar Harun. and Hawalid. H. 2009. Flower
Characteristics and the Yield of Jatropha (Jatropha curcas L.) Accessions.

Journal of Biosciences 16(4): 123-126
Wright, L. 1993. Gibberellins - Plant Growth Hormone. Practical Hydroponics and

Greenhouses. http://hydroponics.com.au/issue-11-gibberellins-plant-growth-

hormones/. Access on 24 June 2013.
Yamasaki, S., Fujii, N, and Takahashi, H. 2003. Characterization of ethylene effects on

sex determination in cucumber plants. Sex Plant Reproduction 16: 103-111

Yakubu, H., Izge, A. U., Hussaini, M. A., Jibrin, J. M., Bello, O. G. and Isyaku, M. S.
2013. Varietal Response and Gibberellic Acid Concentrations on Yield and Yield

Traits of Groundnut (Arachis Hypogaea L.) under Wet and Dry Conditions.
Academia Journal of Agricultural Research 1(1): 1-8

62



