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ABSTRACT

Floriculture is an age-old farm activity with immense potential for generating remunerative
self-employment among small and marginal farmers. In Haryana, a state in North India,
farmers cultivate marigold (Tagetes erecta and Tagetes patula) as a major crop in a multi
crop system by rotating it with other agricultural and horticultural crops like tomatoes and
other vegetables. Currently, the cropping area covers around 1600 hectares of land in the
Farrukhnagar block. The flowers are generally sold in the nearby markets in Delhi and are
being used for decorative, ornamental, social and religious purposes. For assessing the
prevailing situation, a field survey was done in the Farrukhnagar block of district Gurgaon,
Haryana. The survey indicated that during the flowering season there is a sharp day to day
Sfluctuations in the price offered for the flowers, thus affecting the net economic returns. Due
to non-uniform flowering and market fluctuations more than 30-50% of flowers are left in the
field. Often, after transporting to the market the farmers are not able to sell their produce
and have to throw their unmarketed flowers, resulting in losses in transportation and labor
wages. Due to a sudden plunge in market price there are times when the farmers do not even
get compensated for labour and transport charges and suffer great losses. In the light of this,
it was felt that better returns with value addition to the farmer could be ensured if the crop is
exploited for its multiple applications. All the plant parts (leaves, root, stem and unmarketed
flowers) may be used for the extraction of phytochem(pals. Hence, it was decided to conduct

the relevant experiments with the flowers and other plant parts (leaves and herbage).



A distinguishing feature of T. patula flower and leaf is the presence of conspicuous brown-
black essential oil glands, which on steam/hydro distillation yield essential oil. The presence
of fragrance in the essential oil makes the flowers useful for commercial applications.
Scented flowers are the natural sources for extraction of perfumes and flavors. These
extracts may be in the form of concrete, absolute, attar, essential oil etc. Experiments were
hence carried out to assess the quality and quantity of essential oil from the fresh, shade
dried and sun dried flowers and leaves; from fresh herbage (end crop); and of concrete and

carotenoid pigments from the fresh and dried flower petals.

Hydro-distillation was done with plant materials dried to different extent. Fresh leaves have
a higher amount of essential oil content (0.24%) in comparison to flowers (0.05%). One ton
of firesh herbage (end crop) was also extracted in a large-scale (1 ton capacity) steam

distillation unit. A yield of 1.5 litre per ton was obtained.

Solvent extraction of firesh flowers was carried out in 25-litre volume glass jar with n-hexane
by cold percolation to determine the percent of crude extract. Batch and column studies with
dried plant material of different particle sizes (100-300y and 500u) using n-hexane were
conducted to determine the oleoresin content. Cold percolation of fresh flowers yielded 0.3

% concrete. Soxhlet and column extraction of dried crushed petals yielded in the range of

7.9-9% and 8.0-8.8%, respectively.



The essential oil was identified by GC/MS. The oil components are a mix of several mono
and sesqui-terpenes. Qut of 68, 74, and 69 components from fresh, shade and sun dried
flower 45, 43 and 42 compounds were identified, respectively. Similarly, in the fresh, shade
and sun dried leaf, out of 64, 48 and 71 components 44, 33 and 42 were identified. Thus the
identified of components accounts in the range of 85 to 95 %. The terpenoid profile of oil
from leaf and flower were similar. The major components in flower essential oil were
Pipieritone (34.6%), limonene (10.9%), Terpinolene (7.7%), E —~caryophyllene (5.4%) and Z
and E B-Ocimene (4.2% and 4.9%). In the leaf essential oil the major components were
Piperitone (41.6%), limonene (12.6%) Terpinolene (15.5%), E -caryophyllene (1.96%) and Z
and E F-Ocimene (2.3% and 3.5%). Concrete was analyzed by HPLC, HPTLC, NMR, IR, UV
and Mass spectral analysis. Carotenoid pigments were identified as lutein and xanthophyll.

Lutein and xanthophyll are found in the form of its fatty ester. The fatty acids were further

characterized by gas chromatography and found to be palmitate and steric.

"In vitro" biocidal studies with essential oil obtained from herbage were conducted against
various plants and human pathogenic microorganisms by "Zone of inhibition method".
Bacteriostatic and fungistatic experiments against plant and human pathogens with different
concentration (1:1000, 1:100, 1:10, 2:10, 3:10, 4:10, 5:10, 6:10, 7:10, 8:10, 9:10) essential
oil: ethanol and also with 40, 50 and 60 ul essential oil showed a dose dependent decrease
with all the microorganisms. E. coli and B. megatarium were inhibited even at dilutions as
low as 1:100 while for the other bacterial strains 1:10 was the minimum dilution at which the

growth was inhibited. The fungal strains P. funiculosum and F. solani were inhibited at



1:1000 dilutions and T. viridie was completely inhibited at 60 pl of essential oil. Also,
larvicidal studies against fourth instar larvae of Ades aegypti, Anopheles stephensi, and
Culex quinnquefaciatus showed the lethal concentration for 50% mortality (LCsg) after 24

hours was 12.0, 13.6 and 22.8 ppm, respectively.

Cost benefit analysis, based on prevailing costs, shows that small-scale steam and solvent
extraction units, which could be run on a cooperative basis at the village level, are techno-
economically viable. By introducing such units, all the plant parts and un-inarketed flowers
can be utilized to ensure value addition to the farmer by fully exploiting this crop for its
multiple applications. Based on the survey and experimental findings, an economically

remunerative technology package has been proposed for small and marginal farmers.
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