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Foreword

Henna (Lawsonia inermis), popularly known as mehndi, is a perennial shrub indigenous to
North Africa. The plant has been introduced widely throughout the tropies and sub-tropics as an
ornamental (frequently as a fragrant hedge), and as a commercial crop. Since ancient times henna
leaf powder has been employed as a cosmetic dye for hair, skin and nails and it has acquired a
particular significance in Islamic culture. Prior to the widespread availability of the synthetic
dyestuffs, henna was also employed as a dye for textile and leather. More recently, there has been
an increase in its usage as a natural hair dye in Western Europe and North America. In India it is
used as cosmetic for application on hands during festivals and religious occasions. The essential
oils extracted from henna flowers are used in perfume industry. There is strong evidence that
henna use on large scale originated in Egyptand Egyptians, jews, Persians and Turks were not only
the ones to use henna extensively but also caused it to spread throughout the Middle East and
beyond. Itisemerging asimportantitem for diversification of livelihood opportunities.

At present Sojat and adjoining regions of Pali district in Rajasthan contribute over ninety
per cent of henna production in the country. Of the total produce about 30 per cent is exported
and India is the largest exporter of henna. It is thus important that there should be integrated
efforts to understand and improve all aspects of this crop starting from nursery raising,
cultivation, trading, processing and marketing. The NATP programme on improvement of
shrubs and workshop held on “Issues and prospects of henna production and trade in arid and
semi-arid region” at Sojat on 26" September 2004 was a right step forward. The effort to compile
the outcome of work done at the Institute, interactions during workshop and research
information available in the country as contributed by the participants of the workshop is
therefore praiseworthy and timely. | hope that it will benefit all the stakeholders associated with
henna to promote thisimportant perennial crop in arid and semi-arid areas.

x"/,-——.

(J. S. Samra)

Deputy Director General (NRM)
ICAR, New Delhi
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Preface

The earliest dyes used by man were derived from plants or animals and the
principal ones included saffron, henna, logweood and cochineal. With passage of time the
dyes of synthetic origin gradually replaced most of the natural dyes. However, the use of
henna has persisted as a cosmetic and hair dye. There are four distinct benefits of henna
application, called the 'four C's'. It cools, conditions, cleanses and colours. It also protects
the skin by blocking harmful UV rays. Henna was also employed as a dye for textile and
leather. The essential oils extracted from henna flowers are used in perfume industry. In
addition henna is known to have medicinal uses for skin diseases, liver problems and has
antifungal, antibacterial, and nematicidal properties. Globally, the overall consumption of
henna is stated to be high in the Middle East and Asian countries, where various cultural
groups have a long tradition of using henna. It is likely to grow further with the increase
in population in this region. In India, the use of henna ‘is particularly visible during
festivities and social occasions.

Although the henna plant is distributed throughout the tropics and sub-tropics, it is
grown mainly under hot climates. It is cultivated in over 22 countries across Asia, the
Middle East and Africa. In India, henna cultivation is presently concentrated in the arid
fringes in parts of Sojat and Marwar tehsils of Pali District of Rajasthan. Commercial
cultivation of henna in this region is supposed to have begun about ten decades back in
the villages Saiwaj and Somesar near Sojat (Pali). Fifty years ago the contribution of
Rajasthan to the national production was less than five per cent. Last fifty years have
seen a major transformation in Sojat region that presently accounts for over ninety per
cent of the production of the country. In 2003-04 the henna plantations in Sojat and
surrounding areas of Pali district covered an area of about 34,000 ha. Additional henna
producing areas in the country include Bilara, Palasni and Mathania in Jodhpur district and
Chamundia in Nagaur district of Rajasthan; and Nimach in Madhya Pradesh and Bordoli
(Surat) in Gujarat. The total production of henna dry leaves in the country during 2003-04
was estimated to be 39,000 tonnes based on the average productivity and acreage. In
terms of total trade, India is currently the largest exporter of henna. It is the major
supplier to the Middle East market followed by Pakistan, Sudan, Iran and Egypt. During
2003-04, an estimated 25,000 tonnes henna powder was sold within the country for

domestic consumption.



The development of henna cultivation and processing in Sojat is a blend of
indigenous knowledge and people's innovations. It has lead to overall development of the
region through new avenues in trading, processing and marketing. Henna cultivation in
the region is rainfed with no use of fertilizers or pesticides. The value of henna from this
region is because of this pattern of cultivation being followed by the farmers since
decades. As the cultivation spread, people of the region faced new challenges. There is
thus need for understanding the problems associated with this crop and adopt scientific
approach to solve the problems related to nursery raising, plant protection, soil & water
management, harvesting, quality testing, post-harvest storage and processing.

An NATP workshop on “lIssues and prospects of henna production and trade in arid
and semi-arid region” was organised on 26 September 2004 at Sojat - the centre of all
activities related to henna. The present compilation is the outcome of the interaction
among farmers, traders, industrialists, state officials from line departments and scientists
from various research organisations during the workshop, research done at the Institute
during last decade and contributions provided by various participants. We thank Dr IP
Abrol, Chairman Scientific Advisory Panel, NATP (arid ecosystem), Dr BS Chundawat,
Vice Chancellor SDAU, SK Nagar, Gujarat, Dr HP Singh, Ex- Director CRIDA, Hyderabad
and Sh. D.R Sharma, Director Horticulture, Jaipur for leading these deliberations. We
would also like to thank all the staff members of State department of Agriculture,
farmers, trading community and Industrialists for their active cooperation and interest in
the workshop. We would like to thank M/s Milan Mehndi for organising visit to their
factory for on the spot understanding of issues and various steps involved in henna
processing. The impetus provided by SAR AED and PPSS, NATP (arid ecosystem) for
organising this workshop and financial support for printing the proceedings is
acknowledged.

Editors
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Production, Trade and Future Prospects of Henna

Fratap Narain, Man]it Singh, P.K. Roy, Kham Chand, B.L. Jangid and Y.V, Singh
Central Arid Zone Research Institute, Jodhpur-342 003 India

Henna is an impertant dye plant under cultivation in India,
Pakistan, Sudan, Iran, Yemen, Moracco, Niger, Egypt, etc. In
India over ninety per cent of the henna production comes fram
Sojat region of Pali district of Rajasthan (map, opposile page),
Henna, commonly used as cosmetic for dyeing hair and paims
or feet, has been one of the imporlant plants since anclent
times and has besen in use for it aromatic and medicing
propertles. This Is possibly the oldest cosmetic still in use.
The increasing trend of using herbals has contributed to
increase in demand of henna all over the globe.

There is no reliable astimate of the glebal production of
henna perhaps because henna i3 a minor commodity of
international trade. Many islamic countries in the Middle East
and Morth Africa cannot meet their high requirement from
domestic production. These and cther non-producing countries
buy subsiantial guantilies of henna from other counlries.
During 1988-93 the average volume of world trade in henna
leaves, either powdered or whole, was al least 9,000 tonnes
per annum (Grean, 1995).

Saudi Arabia has been the largest impaorter in the Middle
East region (imported about 3,000 tonnes in 1892-93) while the
major importers in Europe were France, UK and Germany. The
Eastern European countries together imported around 500
tonnes per annum during 1970s and 1980s (Green, 1885)
Some countries have fradilional suppliers. Yemen and Nigetia
traditionally export their henna to, respectively, Saudi Arabia
and Algeria

India exported 4,500 to 7,600 tonne henna per annum
during the period 1988-93 (Green, 1985). In the year 2002-03
the country exported 2.383 tonne henna as powder to Turkey,
LAE, USA and several countries (Table 1) and 150 tonne as
leaves, mainly to the Middle East countries. Besides these,
considerable and much higher amount of henna is exported as
henna dye, henna based hair care and cosmetic products
according to a henna industrialist (Prajapati, 2004, pstsonal
communication). Present estimate of the henna export, in all
forms, would be around 10,500 tonnes in 2003-04 assuming
that 70 per cent of total production in the country is consumad
in the domestic market and the rest is exported. It is estimated
lo be worth at least Rs. 91 crore at the average price LS
$1870 per tonne of Indian henna powder exported during
2002-03.

There is litde information available about future demand
and supply position of henna in the world. However, il is
considered that the growth of demand would be steady in the
Middle East and Asia. In Western Europe and USA where there
was a rapid growth in henna usage during the 1870s and
1880s the demand pesition has more or less stabilised and
there has been a platsauving of growth subsequently. Some
scope of higher growth |s expected in the Eastern Europe
region.

The henna trade in India is apparently growing at an
average annual rate of about nine per cenl. The sale of dried
henna leaves al the exclusive henna market at Sojat (Pali)
during 1995-2003 increased from 10,264 lonne to 24,744
tonne, Henna leaves worth Rs, 65 crore were traded here
during 2003-04. The world price of powdered henna from India
during 1982 was approximately US § 700 per tonne (Green,
1995). [t has now reached a level of US $1870 per tonne
(Table 1) indicating the high demand ef Indian henna in export
market.

Table 1. Exportof hanna powder (2002-03)

Country Qty (kg.} Value (Rs.) Per cent of
total expaort
Turkey 579510 23030170 24 32
UAE 232841 araz2ie44 8T
Turks CIS 218300 5348780 9.16
Usa 168517 12328434 8.495
Japan 123812 28067 141 520
Saudi Arab 120900 463270 s.07
Gemman F Rep| 112445 7126327 472
Syria 102370 3588359 430
France 98950 3603147 415
Malaysia 70525 6257358 298
Sub-total 1825270 134138230 76.58
Others a57828 71940065 23.41
Total 2383089 206076295 100.00

Source: Monthly Statistics of Forelgn Trade of India (2002-03), DBGI &
8, GOl

Issues and Future Prospects

In view of the growing demand of henna as a safe cosmetic
dye, the importance of cultivating and producing adequate
quantity of henna leaves for future iz evidenlly beyond doubi
(Fig.1). And for maintaining India's dominance in the world
henna market concerted efforts are required to further iImprove
level and quality of henna leaf production.

Fig. 1. Leaf samples of promising collections of henna
on display during exhibition at Sojat

Cultivation of henna is profitable under low rainfall
conditions and is an important source of income of farmers in
the droughl prone arid and semi-arid regions. At 2003-04 price
level henna farmers earmed a profit of Rs. 12,450 per hectare
on an average. Other benefils associaled with henna
cultivation include drought proofing, improved land use through
sustainable forestry (henna plantations have an average
productive life of about 15 years and come under shart rotation
forestry practices) and economic use of marginal and gravely
lands or wastelands. It alse helps reduce soil erosion in the
arid regions in particular due to deep root system and perennial
nature of henna plantations. Thus there are adeguate benefits
for promoting henna cultivation for the econamic and
ecalogical development of the hot dry tracts of the country,



Henna is cultivated in dense plantations as an annual
ratoon crop. One to two leaf harvests are tgken every year
depending on growth. However, due to the extansive nature of
cultivation and low use of inputs (more than 90 per cent of
henna in Pali is rainfed and use of fartilisers is almost nil) there
is risk of losing productivity in the long term. There is need (o
develop scientific management techniques for achiaving
sustainable and higher yield level from our henna plantations
(Fig. 2).

Fig. 2. Sclentific advisory panel members in a rainfed field being
harvested by the family members of a small grower

To boost the production of henna and its trade in national and
international markel there is need for better understanding of
problems &t various levels and finding thelr joint sclutions
through combined efforts of farmers, businessmen and
industrialists. A research study was conducted during 1999-
2004 through sample surveys among henna growers. In
addition, an NATP workshop on ‘lssues and Prospects of
Henna Production and Trade in Arid and Semi-arid Region'
was held at Sojat on 26" Sept. 2004 for this purpose. The
deliberations were lead by chairman and members of Scienific
Advisory Panel (SAP) of NATP {arid ecosystem) (Fig. 3).

=

Fig. 3. SAP members leading the deliberations
during NATP workshop

The interaclion group included growers, traders,
industrialists involved with henna, officials from State
Departments of Agriculture, Horticulture, and Indusiry,
scientists from Rajasthan Agricultural University, Gujarat
Agricultural University, CAZRI, Jodhpur and its Regional
Stations at Pali, Jaisalmer & Bhuj, and CRIDA, Hyderabad. It

was felt that there |s need for extending lhe area under henna,
increasing productivity per unit area through better
management and gelection of high yielding genolypes and
enhancing the value added components for higher earning of
foreign exchange. Sojat being major henna production area,
should receive the prime attention and be developed as centre
of excellence by focusing R&D efforis in this region. Problems
related fo cultivation need to be addressed systematically. The
interaction with the henna growers, traders and manufacturing
partners during the workshop revealed the need for sclentific
approach for nursery raising, plant protection, soil
management, harvesting, quality testing, post-harvest storage
and processing. Vanous issues raised by farmers/traders/
industrialists and possible solutions that emerged from the
discussion among participants are :

Seed germination in nursery requires 10-15 days of
soaking

Sojat was traditionally a cotton growing area. It has now
shifted to mehnd| for the last 40 years or so. But farmers still
follow traditional seeding of mehndi. Mehnd| seeds are soaked
in water for 10-15 days and then sown in the nursery.
Thereafter the plants in the nursery have also slow growth.
There is thus a need for some seed treatment for ensuring
early germinalion and rapid growth. Scientists informed that
the germination and soaking time can be reduced by using salt
or scarification using acid.

+ Termites at the time of sowing as well as in established

stands are a major problem

Scientists informed thal friendly fungl (Metarrhizium and
Beauveria) are being developed for control of termites. The
fungus is applied to sail and it spreads along with the roots. It
infects the termites with a transmittable disease resulting in
spread of this fungal disease in all the termites in the entire
colony ultimately killing them. It will be better if this fungal
powder is mixed with FYM and then applied with the onset of
rains. The technigue /s under testing. Even though chemical
methods are available, many of the speakers supported use of
hiological methods and other |TKs. It was opined that
innovative biological methods for termite control need o be
studied. For example, if ants {by applying gur [sugar] are laft in
the fields these will eat away all the termites as had been tried
in Maharashira. Spraying of kerosene on termitorium will alsa
kill the termites specially when it looks slightly wet. If we are
able to pul lantern for 2 hours in the henna fields in the
evening, especially during rainy season all the flying termites
will get attracted towards it and evantually get killed, In the
pitcher, a hole is made at the bottom and filled with maize cobs
after removing the coms. This pitcher is placed in the fisld.
Termite will be attracted to eat thesa cobs and when it is full of
termites it should be taken out and thrown away/destroved.
These were some of the ITKs talked about in the inteaction
meeting and need to be evaluated on farmers’ fields. Reasons
for higher termite atiack in some pockels also needs to be
studied. One of the farmer namrated the experience of use of
chemical methods for termite cantrol whers the termite powder
mixed with coarse sand was spread in the field and this sand
acted as very good carrier.

Semiloopers are major pests damaging the crop during
rainy season (Fig. 4)

A few farmers desired that aerial spraying as is done far
cotton may be adopted in henna during epidemics whereas

i



few others expressed the view that chemicals are not desirable
asthe value of henna s because of its organic cultivation. One
of the participants narrated the experience of using shallow
baskets on trees where bajra (pearl millet grains) Is put every
day to attract birds. This served as a useful biocontrol measure
as the birds prayed on the loopers. There Is need for finding
and removing alternate hosts and develop other biocontrol
methods.

Fig. 4. Semllooper damaging henna crop

Henna quality is variable in different pockets, soils in
some pockets are hard and absorb less water than
required and irrigation decreases dye content

- Farmers informed that in some pockets guality of mehndi
Is better than the other pockets and hance there s need for
detailed soil survey and identify the parameters associated with
dye content and yield One of the farmers narrated the
experience thal addiion of gypsum helped in improving soil
quality and increasing water absorption. There Is need for
guantifying gypsum requirement, providing subsidy and
developing deficit irrigation strategies for obtaining guality
preduct and higher yield. This information will be helpful in
spread of henna to other arid and semi-arid regions. Mehndi
from drier regions has 40-45 kg leaves per 'bora’ (jute bag
made by stitching two slandard bags) whereas in irrigated field
it accommodates 30-35 kg leaves per ‘bora’, hence application
of irrigation needs to be standardized. Organic manures should
be used for henna. Also need for study of salinity tolerance in
this region.

Leaf shedding at base near maturity causes loss of yield
and forces harvesting even when conditions are not
favourable for harvesting (Fig. 5)

There is leal shedding at the base of plant near the
harvast period, particularly if harvesting gels delayed due to
late rains. As a resull farmers are sometimes forced to harvest
the crop despite unfavourable weather, It was desired that
lechniques/varieties should be developed to improve
persistence of leaves so as fo have intact green leaves (il the
harvesting of crop. Hence, need to breed cultivars and
develop agrotechnigues; balance nutrition, biofertilizers,
hormones and workout other physiological reguirements so
that plants may bear green leaves for longer duration
Variation in maturity in different plants in the farmars' fields has
been observed and hence there is scope of selection for this
trait. Gibberallic acld treatment has been shown to increase
vegetative growih and lower seed production (Devedjyan et af,,
1987),

Fig. 5. Leaf shedding at base in mature plants of henna

South westerly winds combined with molsture stress
induce early flowering resulting in reduction of yield

Such winds were raported to decrease yield to the tune of
S0-60 per cent by the farmers. Efforts are nesded to have
plants that can withstand this climatic change and can remain
green and have delayed flowering. The present practice of
collecting seed at random is not appropriate and participatory
plant breeding is required for genetic improvement and
development of late flowering, high dye contsining and better
leaf vielding types.

Flowers / berries are generally removed by the farmars as
these affect the quality and growth. Berries deteriorate
the quality of produce. The seed and berries also have no
value in indusiry and are discarded. (Fig. 6)

Many farmers were of the view that the flowers, that at
present are discarded, should be used to make scent. The
details of volatile oils in henna flowers like bata-ionone and its
derivatives, 2-phenylethanol, etc. are wall known (Wong and
Teng, 1995) and the scent can be prepared.

To gel rid of the berries, it may be desirable to davelop
faniwinnower for removal of undesirable matier and hence
value addition at the farmers' field, Some farmers also

expressed the need for developing cultivars free from berries.

Fig. 6. Ladies removing flowers and berries from
mature crop of henna




The cost of harvesting henna and weading as wall as
transplanting is very high because of higher wages of
scarce skilled labour

Most of the farmers felt need for mechanisation for
hoeing, weeding and harvesting of henna crop. There is need
to standardize methods for weed control, inciuding use of
weadicides and also adopting more inter-row spacing for
weeding using tractor. At present farmers sow henna al 30 cm
row-to-row distance. Expariments at CAZRI Regional Research
Station, Pali on spacing have demonstrated that spacing of 45
and 60 ¢m can be adopted without loss of yield and quality and
such plois can be weeded using bullocks or tractors. In
addition 1o the cultural practices it may be possible fo use
some weedicides at the initial stages. However, their residus
analysis. will be required o ensure that guality of henna
conforms to international requirements.  Since most of the

meahnd| harvesting is done by women using local sickle and
leather glove (Fig. 7), therg is a need to develop bstter
harvesling ltools/machines and some easier harvesting
methods. There 5 also a need for intensive programme for
training for henna cultivators by horticulture /agriculture
department/ KVKs.

Fig. 7. traditional tools (sickle and leather glova)
for harvesting of henna

Even though henna is rainfed crop, rains during harvest or
Just after it are very harmful as the quality of leaves
deteriorates and there Is reduction in the market value of
the material

Farmers expressed the need for crop Insurance for
Henna growers. |t may be desirable lo construct community
sheds for storage of harvested material and provide tarpaulin
on subsidised rales. If there is a rain or humid weather at tha
time of harvest, the lawsone conlent declines. Quantification of
lawsone [osses s required. There is a need to understand
lawsone In different phases of plant growth and role of
micronutrients for good growth.

No use of crop residue (branches & stams)

There is need lo use residue as such or recycle It in the
form of compost. At present these branches are just put on the
bunds to raise and stabilize the bunds that are essential for
water harvesting or are somelimes used as fuel. Other
possibilities of residue management, and their use for moisture
conservetion also need to be explored.

Fluctuation in market price, determination of price by the
purchaser by looking at leaves and assessing quality

Policies should be evolved for fixing minimum support
price of henna and purchase should be based on quality,

hence nead for simple methods for estimating dye content and
unwanted materials. Farmears should do some initial processing
at threshing site so that the material is free from seed and sail
and this simple value addition can felch better price.
Industrialists will appreciate receiving mehndi leaves free from
soil particles, flowars/fruits/ seeds as there is about 10-15%
debris and its removal incurs extra cost and labour Such
produel may fetch better price to farmers and help industry 1o
produce better quality products.

Lack of facilities for chemical analysis of henna in near
vicinity affect its export

Industrialists told that export depends on rates in the local
markets and praduction in other countries like Sudan, Pakistan,
Iran and Yemen and et times competition is very stiff. Chemical
analysis takes 2-3 weaks and is done at Delhi/Bombay. If Sojat
is 1o be developed as centre of excellence for henna cultivation
and export /marketing then such faciliies should be developed
at Sojat/Jodhpur. It however should be ensured that the reporis
from this lab should find acceptance with the international
buyers and it should have lagal status. Sojat is emerging as
major market of senna leaves as well and the facilities can be
usad for estimating sennosides in addition to lawsone content
and other guality parameters.

Interaction must be continued and farmer groups may be
identified and taken to other pars to show exhibitions and
other modern agricultural practices, Promotion of on farfm
research an hanna will help in finding ways and means to saolve
the problems of henna growers, lraders and industrialists.
More media coverage, specifically designed programmes,
films, markat intelligence regarding crop situation in competing
countries and expected exporl requirements, better guality
controls to chack mixing of other plant materials or chemicals,
are some olther ares requiring urgen! attention. All this requires
a well defined and focussad policy for production, trade,
processing and export of this crop.

Although henna is well known as & cosmetic dyestuff in
commerce [ts importance also lie in the medicinal and other
anti-microbial properties of its leaf dye and in the fragrant
essential oil extracted from ils flowers. There is scops to
explore and expand the markel of henna for such uses as well,
The niche of herbal printing dyes is another area where use of
henna leaf dye can be promoted anew in order to further
increase the markef value of henna leaves,
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Present Status and Scope of Henna Cultivation in Gujarat

8.N. Jaimini*, §.B.8. Tikka", N.N. Prajapati*, and 8.P. Vyas™
*5.0.A.U. Sardarkrushinagar (Gujarat) India
“*CAZRI, Regional Research Station, Bhuj (Gujarat) India

Henna, (Lawsonia inermis L.) & perennial shrub, also
known as “"Mehandl” belongs to family Lythraceae and is a
native of North Africa and South-west Asia. The plants are
glabrous, much branched shrub or a small tree with greyish
brown bark. Leaves opposite, sub-sessile, elliptical or
lanceolats, entire, acute. Flowers numerous; small white or
pink coloured, fragrant, in terminal panicles cymes. Fruit
globose, capsule of pea size, seed smocth, pyramidal with
hard seed coat. Craop is propagated through seeds. However
little is known about vareties. Plant finds imporance due to
presence of arange-red dye in its leaves and essential oil in
flowers, Qil extracted from leaves and flowers called "Otio of
henna" is utilized as perfume. The seed oll is used for anointing
the body, Pasie of dried powder of leaves utilized for dying
hairs, cloths and decoraling skin. The dry leaf powder is also
used in the Indian system of medicine. Beside this, other plant
parts also find their use In cure of various ailments as medicine
in Ayurveda. It can grow well in arid and semi-arid regions.
Many parts of the siale may be suitable for henna cultivation.
Few traditional pockets of henna cultivation like Bardoli in Surat
are siill in existence in the state,

About the State

The state of Gujaral covers 6 per cant of the tofal
geographical area of the country. The state has a coastiine of
1600 km, which forms the western and south-western
boundaries. Al the norih it farms the international boundary
with Pakislan. |n the east and the north-east, it s bounded by
Madhya Pradesh and Rajasthan, respectively. Maharashira
lies in the gast and south-east of the state.

The state has got a total geographical area of 196 lakh
ha. As per the latast division, the state is made up of 25
districts and 126 talukas. The biggest distnct is Kachchh with
45.6 lakh ha area followed by Jamnagar (14.1 lakh ha) and
Banaskantha (12.7 lakh ha). Gandhinagar is the smallest

district with 0.85 lakh ha. The stalte has a populstion of 44
millien, which is 5 per cent of the fotal population of the
country:

Gujarat from tha viewpoint of physical features is divided
into three regions viz. (i) the main land plains extending from
the Rann of Kachchh and the Aravalll hills in the north to the
river Damanganga in the south; {il) the hilly peninsular region
of Saurasira and rocky and sandy area of Kachchh and (iil) the
north-eastern hill tract. The main land is almost a fiat plain
made up of alluvial scil excepl for some sandy soil in the north

The state has 18.9 lakh ha under forast, which accounts
for 10 per cent of the reported area, among the different
districts as high as 28 per cent of the reported area is under
forest in Dangs. Barring Gandhinagar where no area has been
reported under forest, the minimum percentage of forest has
been observed in Ahmedabad (1.3 per cent), Kheda (1.4 per
cent) and Mehsana (2.0 par cent) districts (Table 1),

The gross cropped area in the state is around 112 lakh ha
working out to be 59 per cent of the reporited area,
Banaskantha has got about 90 per cent of arsa 35 a gross
sown. ILis minimum (15.0 per cent) in Kachchh district, which
may be due to the fact that almost 3/4th of the districl is either
barren or cultivable fallow because of scanty and erratic rainfall
{Table 1). Kachchh, the largest district with an area of 45652
km' in the north-western part of Gujarat state, s situated along
the great indian desert and Rann of Kachchh. The district
derives its name from the shape of land boundaries which
resamble the inverted lorloise called "Kachhappa™ in sanskrit.
The crescent shaped district lies betwesn 22° 41' 11" to 24" 41"
47" North latitude and 68" 9' 48" fo 71° 54' 47" east longilude.
The district had nine talukas: Abdasa, Anjar, Bhachau, Bhyj,
Lakhpat, Mandvi, Mundra, Nakhtrana and Rapar (Fig. 1}, but

Table 1. Area (000 ha) under forest, unculturable wasteland and culturable wasteland in Gujarat

District Total geo- Forast Uneculturable Culturable
graphical area Wastsland Wasteland
Area Pargent frag Par cant Araa Percant

Ahmadabad B7O7 115 T 718 8.3 228 2.6
Amreli E760 380 56 184 2.7 101 1.5
Bensaskantha 12703 1500 11.8 345 2.7 251 2.0
Bharuch 20138 1450 168.0 213 24 384 4.4
Bhavnagar 11155 315 2.8 10049 9.0 10 2.8
Dangs 1764 1&_8& 55.? - 0.0 - EI_.U
Gandhinagar 453 - 04 2 03 18 2.3
Jamnagar 14125 424 34 1572 11.1 3249 2.3
Junagardh 108607 19493 18.8 310 Fl 122 1.2
Kheda 7184 e 1.4 326 4.5 28 0.4
Kazhchh 45852 2868 8.3 17074 ST 4 16805 36.8
Mehsana a2y 178 2.0 132 1.5 148 1.6
Panchmahals B850 2244 354 aATE 4.3 123 1
Rajkot 11203 359 32 1087 BT 128 G 5
Sabarkantha Tagn 1277 17.3 358 4.8 147 1.8
Surat TIGZ 1420 183 808 TAR 224 2.8
Surendranagar 10489 448 47 1286 124 134 1.8
Vadodara 7794 818 10.5 273 3.8 21 12
Valsad ' 5244 1248 234 158 30 1og 3.4
Gujaral state 188117 18872 898 26050 133 1.5?55 1619




Fig.1. Kachchh district location map

recently one more taluka of Ghandhidham has been carved out
from falukas of Anjar and Bhuj. The soils in the district are
shallow, sandy with high permeability and low water ratentvity.
These are grouped as a) fine textured b) moderately fine
textured o) medium textured d) cearse to moderately texturad
&) coarse textured and f) miscellaneous sails. The pH of soils
ranges between 8-8 and Ec between 220-24159 S cm ' at 1:2
(Singh and Kolarkar, 1999). According to Kanzaria (1994) soils
are low in fertility status; have poor biological activity and are
highly saline. Only 21 per cent solls of the land area are fit for
agriculture. Rag ef &/, (1999) noted that the climate of the
district has three distinct seasons, winter (Nov. - Feb.), summer
{March June) and monsoon (Jul. - Oct.). Other mean climatic
characteristics of the district are presented in Table 2,

Table 2. Climaltic characteristics of Kachchh

Parameter Range

Maximum Minimim
Temperature {'C) 39-45 1-8
Relative humidity (%) BO-80 2159
Wind speed (kmh™) 19-37 514
Evapotranspiration (mm) 251-266 75-92
Av. annual rainfall {(mm} 326
Av. rainy days 13

The state grows multifarious crops as it experiences wide
varialions in its soll and agroclimatic condition. The agricultura
at the state level is predominantly under ollseeds (groundnut,

sesame, mustard, castor, efc) followed by cersals (paddy,
wheat, bajra, sorghum, maize, etc.), flbre, pulses, sugarcana,
spices and condiments, etc. But nowhere mehndi (henna) is
cultivated as in Rajasthan. However, mehndi is found on farm
boundaries as live hedge, or as omamental hedge in public
places and scheols In particular since it is nol browsed by
animals and can easily be grown on all types of soils ranging
from sandy soils, stony solls to wastelands that are not suilable
for the economical cultivation of any other crop.

Trials at Different Locations

To explore the possibility of mehndi cultivation as a cash
crop in Gujarat, ten promising provenances were planted on
onset of monsoon in 2002 al five places in different
agrociimatic zones viz. Danti-Ubharat (Zone-|), Vadodara
{(Zone-lll), Sardarkrushinagar (Zone-1V), Radhanpur {Zone-IV)
and Kothara (Zone-V), The solls of Danti-Ubharat are coastal
salt affected clay loam with frequent ingress of seawater. The
solls of Vadodara are deep clay loam with good water holding
capacity covered under Mahi command suitable for all the cash
crops of the region The scils of Sardarkrushinagar
(Dantiwada) are marginal loamy sand with poor water holding
capacity. The soils of Radhanpur are desert sand and saline
alkaline. The Kothara (Kachchh) soils are coastal, salt
affected, shallow and sandy loam with poor fertility. The
provenances were evaluated under rainfed conditions and dry
foliage yield (kg ha”) was recorded during second year of
plantation (2003-D4).

At Danti-Ubharat, none of the: provenance could survive
because of the high coastal salinity and frequent sea tides, In
Zane-lll ie. at Vadodara provenance from Bikaner yielded
highest dry foliage yield of 3585 kg ha” followed by Dhandhuka
and Pall. Under ard rainfed condition al Sardarkrushinagar
and Radhanpur provenances from Dhandhuka and
Sardarkrushinagar performed superior under agroclimatic
conditions of Zone [V (Table 3). The provenances from
Panchotia (Rajasthan) recorded the highest dry foliage yield of
4560 kg ha" under imrigated condition at Sardarkrushinagar.

Al Kothara located in Kachehh (north-west Gujarat)
dominated by various stresses viz, scanty and low rainfall,
salinity and harsh climate, provenance from Panchotia followed
by Sojat and Kothara recorded the highest dry foliage yield of
1410 kg ha', which is quite high under adverse conditions
where cultivation of other arable crops is not economical
(Table 3). The research results have indicated possibility of
commercial cultivation of mehndi under rainfed conditions
where cullivation of any other crop is not remunerative,

Table 3. Dry foliage yield (kgha”) of provenances at varinus lecations during 2003-04

=) Provenanceas Dry foliage yieid (kg/ha) Lawsone content (%)
Na, S.K. Nagar \adodara Radhanpur Kothara at 'S K. Nagar
1, Kothara 2428 2110 74 1325 253
2, 5K Nagar 1488 2450 334 15 285
e Kota 2226 2385 &5 820 254
4. Dhandhuka 3206 3270 55 1025 238
E Pali 1673 3000 153 810 2.61
B, Bikaner 1613 3585 120 840 242
(i Sojat 1580 2625 122 1340 248
8. Jodhpur | 2180 2890 73 1160 240
9. | Panchotiya 2893 2115 68 1410 247
10, Anand 2226 2500 148 1215 241
Mean 2147 2693 121 1066 246
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The commercial cultivation of mehandi has also been
demonstrated by Central Arid Zone Research Institule at RRS
Kukuma, Bhuj {(Vyas, 2001) (Fig. 2). Vyas (2005) has shown
that cultivation of this crop in Kachchh region is economically
viable (Table 4). It has also been demonstrated that crop has
adapiability for altemate land use systems as yield 5 not much
affected under shade (Vyas, 2004).

Table 4. Economic returns (Rs./ha) from hanna

Year |Rainfall Expenditura (Gross Met
{rmm) income returns

Bad 529 2000 B331 G331

MNormal | 303.5 5000 18,335 13,335

Scope of Henna Cultivation

Henna has been identified as a cash crop for arid and semiarid
wastelands because its produce is in high demand in export
market. In India, it Is largely grown as hedge plant throughout
country, large-scale commerclal cultivation is confined only to
the state of Rajasthan and to some extent in the state of
Gujarat.

In Gujarat, it is grown in the Bardoli and Madhi talukas of
Surat district. However, there is no proper documentation of
information on area, production and produclivity as the crop is
of minor importance in these talukas, In Kachchh district henna
Is generally grown as hedge or for ornamental purpose in
gardens but thers is no commaearcial cultivation.

The state has 96 lakh ha land under cultivation. Around
10 per cent of the land of the state is categorised as cultivable
waste. Kachchh alone has got about 37 per cent of the land
under this category. The encouraging performance of different
provenances of mehndi at Kethara (Kachchh} and trials at
RRS, Kukuma (Bhuj) indicate the possibility of cultivating
mehndi on marginal and salt affected soils also. As a large
area in different agroclimatic zones of the state is sall affected
(Table 5) where arable crops are not remunerative, mehnd
cultivation is feasible with appreciable returns.

Table 5. Area (lakh ha) under salinity in different agroclimatic
zones of Gujarat

Agroclimatic zones Area Area under parcentags
{lakh ha) | salinity (lakh ha)

South Gujarat 10:00 1 11.00
(high rainfall)

South Gujarat 11.00 1.41 10.36
Middle Gujarat 24.00 062 2.58
Morth Gujarat 23.00 o010 0.43
Morthwest 35,00 28,15 80.43
Morth Saurastra 35.20 647 18.41
South Saurastra 17.00 9.34 54.94
Bhal and coastal area| 12.00 11.21 93.42
Total 167.20 5841 34.93

In arid and semi-arid region of Gujarat whera rainfall is low
as well as ermatic, soils are salt affected, sandy to sandy loam with
poor water holding capaeity, the underground water Is brackish
and not fit for irigation and hampering economical cuitivation of
arable crops, the cultivation of mehndi in such area or as a
biofence on farm borders in normal fertile soils has a bright
prospectiveas a rainfed plantation crop.

Fig. 2. An overview of henna cultivation at CAZRI, RRS, Bhu|

A few farmers have come forward for cultivation of henna
on small scale in kachchh region. Since, crop can be cultivated
in diverse soil types from sandy to stony wastelands unfit for
commercial crops, its cullivation can be expanded on these
areas on individual or co-operative basis by NGO's or village
panchayats. The cultivation of mehndi in such problemalic
areas will not only improve economic condition of the farmers
but will also Improve/maintain soll ferility by contralling soil
erosion through wind and water.
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Scope of Henna In Semi-arid Tropics of Southern India

G. Pratibha and G. R. Korwar
Central Research Institute for Dryland Agriculture (ICAR)
Santoshnagar, Saldabad, Hyderabad-500059, India

Henna, Lawsaiia inermis is an importan! dye-yielding crop.
The praliminary studies ¢conducted at CRIDA revaaled thal henna
is & promising perennial bush. lts cultivation under dry lands is
profitable arid sustainable (Korwar and Pratibha, 1998).

Henna is grown commercially in south but not much was
exported. The preduction in south cannot meet the reguirements
of {he local market also. Hence the crop has tramendous scope
for further expansion in marginal drylands of semi-arid regions.
The main reascn for this Is the erop orice established does nat
require any special altention or much recurring expenditure,
Studies on standardization of agrotechnigues for henna to oblain
higher yield and guality were initiated at CRIDA from 1994. The
results of the studies are briefed here.

Diversity in Henna Accessions

The yellow flowered henna is mostly cultivated in arid and semi-
arid regions.  There are no released varieties in India. However
morphological variation and differance in yield and quality exisls
in differenl accesslions. Hence considerable scope exists for
germplasm selection for high vield and lawsone content.
Research studies were initiated to identify superiar lines from
different accessions collected from Rajasthan and Andhra
Pradesh. The studies indicated that the collections from Pali
recorded higher yields when compared to other acosssions
where as accessions from Sojat recorded higher lawsone
content (Table 1).

Soiland Climate

The henna |s adaptable to wide range of climatic conditions. Itis
tolerant to drought condition. The corralation coefficients were
worked oul between rainfall, temperature vs. yield and quality to
study the Influence of environment on yield and quality. It was
cbserved that the guality of henna was significantly negatively
correlated with rainfall and minimum temperature, where as it
was positively correlated with maximum temperatures (Table 2.
However it was also observed thal only some accessions had
significant correlation with environmental factors, while other
accessions do not have any significant correlation with
environmenl. Hence seleclion of accessions, which do not
respond much to environmeant, may be given priority.

Deep fine sandy or medium textured well-drained soil is
cansidered best for henna cultivation. The scils of the semi-arid
regions are alfisols with a pH of 7.5. The available nitrogen,
phosphorous and potassium ara low. The water holding capacity
of the soils is also low. The sludies indicated that heana could
successfully be cultivated in saline soil Fourteen per cent
increase in yield in saline soils was observed when compared to
nomal soil. The quality of leaf was also betier in saline soils.
Application of Glyricidla in saline soils recorded higher yield and
quality overchemical fertilisers and no fertilizer application (Fig 1)
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Nursery Practices

Hennais propagated by both  cuttings and seediings. Howaver
seedlings are preferred over cutlings as the survival of seadiings
(88%) is better when compared to cuttings (67%). The better
survival of seediings is due to better root growth than cuttings,
Research resulls of the experiments st CRIDA revealed that
cuttings recorded higher yield where as seedlings had better
quality than cuitings. The higher yield In cuttings is due to more
branching. Early flowering was ohserved in cuttings than
seedlings. Due to flowering the photosynthates are diverted to
fliowers and seed formation. Hence the photosynthates available

Table 1. Leaf yield and quality of different accessions (Average of 4 years)

Accession = Jung
Yield g/pl Lawsone % Leaf. Stem ratio (%) Yield gipl Lawsone % Leaf: stem ratio (%)

FRSN 65.82 2.08 14.55 9.83 232 21.24
PRSO 18.97 221 10.94 3.81 240 1977
JEF 37.70 175 15.94 3.87 2.20 14.43
Spjat 1 15.41 214 9.68 220 279 1657
Local 1 27.70 1.87 13.42 232 2.85 16.00
Spjat 2 14.01 1.98 12:99 1.29 3.15 17.09
Local 2 11.70 172 12.50 13T 420 18.38
Sojatd 18.04 By 14.44 1.96 3.06 18.80

Table 2: Correlation cosfficients belween different variables

Variable Yield Lawsone L-S Ratio
Rainfall 0.66 -:598 -0.590
Maximum Temperature -0.58 594 0.734
Minimum Temperature 0.55 -0.498 0537
L-5 Ratio ~0.25 0.354 -

for synthesis of secondary metabolites are reduced which in turn
reduces the lawsone content,

Henna seeds have a hard seed coat and take lot of time to
germminate and the germination percentage was poor. Herce
different seed treatments Ilke sprouting (seeds were soaked in
waler for overnight and the seeds ara spread an maist gunny bag
and covered with another bag. The gunny bag should be watered
in the morning and evening after 3 days the seeds can ba sown in



raised nursery hed), soaking for 24 hrs, soaking for 7-10 days
with changing water and acid scarification were tried, but the
germination percentage was 70-80 per cent in sprouting
treatment. The seediings are slow in growth for initial 30 days.
Hence three months old seedlings are transplanted for better
survival. The seeds are sown in a raised nursery bed during the
month of March. The nursery is often infested by cuscuta. The
seeds of henna resemble the cuscuta seeds henoe it is difficult o
eradicate them from seed lot, so care should be laken to collect
seeds from a clean plantation.

When cuttings are to be transplanted, the cuttings should
be keptin the poly bags and after roofing, 3-4 months old cuttings
are transplanted into main fields. Trials were conducted at CRIDA
to study the influence of temperature, humidity and hormones on
the rooting of cuttings. The cuttings were kept in both opan and
indiganous mist chambers: The mist chamber was used to raise
the temperature and humidity. Itwas observed that, there was 70
percent rocting in indigenous mist chamber where as itwas only
15 per cent outside. Treatment of cuttings with 200 ppm I1BA
recorded significantly higher rooting over control and higher
concentrations. The rooting percentage and root dry weight was
better in mist chambar when comparad to oulside even without
hormone treatmeant this could be dus to higher temperature and
humidity in the mist chamber. Transplanting of seedlings with
onsel of rains in second fortnight of June recorded significantly
highersurvival percentage.

In agroforestry system seedlings were transplanied at
2mx1m spacing. When seedlings ars planted at 2mx1m spacing,
microsite improvement increased the survival percentage and
yields over no microsite improvement, There was 29, 44 and 16
per cent increase in yields with microsite improvement over no
microsite improvementin 1896, 1897, and 1998 respectively. The
positive influence of microsite improvement could be atiributed to
better moistura retention and higher nutrient content in these
plots, which was mainly due to FYM and tank siit application. The
bulk density decreases and porosity increases due to microsite
improvement, this decrease in bulk density helps in better root
growthand increases the yield (Pratibha and Korwar, 2004). The
quality of leaf was belter in microsile improvement especially in
post-rainy season,

Nutrition

Henna removes a large quantity of nutrients from soil, A yield of
1000 kg ha™ of dry leaves removes 180-180, 100-150, 10-30
kg ha' of nilrogen, potash and phosphates. Hence timely and
adequate application of chemical fertilizers s important to
achieve better vield and quality. N plays a viial role In promoting
vigerous growth, as this crop |s cultivated for dry leaf. Application
of 80 kg ha' N has recorded higher ylelds and Is on par with 80
kg ha" in arid regions (Rao et al, 2003). The input levels vary
enormously in different locations depending upon soll type.

Mutrient and environment inferactions seem to play a
significant role In the over all response of the crop to applied
nutrients. The trials revealed that application of fertilizers
recorded higher yields and quality over no fertilizer application. In
another trial preliminary results indicated that combination of
FYM+NPK recorded higher ylelds over organics or inorganic
alone.

Dry leaf vield and quality of leaf were influenced by nitragan
and phosphorus application. Application of 80 kg N ha' and 30
kg P ha" respectively recorded higher yields. Where as higher
lawsona content was abserved in no nitrogen and 30 kg ha™ of P
applications.

Irrigation

Henna is usually cultivated as rainfed crop. Wherever irrigation
facilities are available the crop can be irrigated after Decembar
{post-rainy season) to increase the yield. However frequent
irrigations are believed to decrease tha leaf quality by lowering
the dye content.

Harvesting and Post-harvesting

Henna is harvesled usually twice a year (May and December) in
the semi-and regions. The crop establishes well and starls
acanomic yield after second year. Harvesting should be done on
a clear sunny day. The crop is harvestad after it is fully mature. If
the harvesting Is done after the crop Is fully mature, the leaf starts
dropping. The farmers usually say that their yields are reduced
due to leaf drop. After cutting, the leaf is allowed to dry while still
attached to the stem and leaving the crop In the field may do this.
The rainy season harvest yields are more when compared to
posl-rainy season,

The crop after harvesting should be dried properly,
otherwise the leaves loose colour and there is fast detericration
of quality on storage. Retention of a desirable attractive green
colour is assisted by drying in the shade but this is impractical
when there is large area and in the absence of suitable facilities.
For maintaining post-harvest quality use of simple, inexpensive
driers In humid climates is essential. Studies revealed that drying
at aptimur temperature of 50° C malntains the colour and higher
dye content. The deterioration in quality on storage also was fast
in sun and shade drying when compared to oven drying (Fig. 2).
Most of the dried leaf can be simply detached by beating the stem
on the ground. This should be done on a clean surface o avoid
soil contamination and the inclusion of exiransous matter.
Packing in clean hags should be made as soon as possible after
the harvest, to avoid deterioration during storage.

Quality

The major pigment in henna leaf responsible for orange colour is
lawsone: The lawsone content of leaves varled from 2-2.58%. The
lawsone content depends on various factors like environment,
agrotechniques. A simple estimation method of lawsone confent
was developed at CRIDA (Pratibha and Korwar, 1999). Further it
was observed that use of tap water around pH of 7-7 .5 oraneutral
buffer for extraction of colour helps in obtaining good results
when compared to distilled water. Additional quality tests may be
made for adulterants and microbial load.
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Economics

Aboul 40 per cant of the total leaf production of henna is exported
to France, UK, Syra, Algeria, Jordan, USA atc. The average
yield of henna under semi-arid region was 2-2.5 t/ha, the average
cost of cultivation will ba Rs. 15,000 for astablishment and
recurring cosls every year will be on weeding and harvasting.
it will be around Rs. 4000 to Rs. 5000 ha". Trials in CRIDA
revealed thai, the equivalent ylelds were in the order Henna =
Bixa = Indigo = Sunflower > Sorghum. Henna recorded higher
economic retums over arable crops like, sunflower, sorghum and
other dye crops like indigo and bixa (Fig. 3).

L

W Bixs B Hanna B indigo BSF BSorghum

Fig.3. Econmics of different crops

The labour cost is the major cost component for henna
cultivation. Harvesting of henna involves lot of labour and labour
cost is high, hence harvesting the crop by using any simple
machines would help in reducing the costs. Further compared

with other crops henna has the capacily to give assured income
under unfavorable conditions when compared to other crops.

There is considerable scope of growing henna for the
economic development of the semi-arid regions and wasta lands,
It can also be cultivated on marginal lands and on lands, which
are unsuitable for cultivation of atherarable crops.
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Agri-history, Uses, Ecology and Distribution
of Henna (Lawsonia inermis L. syn. alba Lam.)

Suresh Kumar, Y.V. Singh and Manjit Singh
Central Arid Zone Research Institute, Jodhpur 342003 India

Henna, today found all over the world, is a native of the
Old World tropics and is believed to have originated in Maorth
Africa (Egypt's arid area or perhaps Ethiopia). Egyplian people
have been using henna since very sarly days of clvilisation for
medicinal and cosmetic purposes. In fact some of the oldest
mummies found, including a woman, had traces of henna In
hair weave, Pyramid wall etchings, specifically in the tomb of
Teta/Teti in Saggara (c.2281 BCE) which mentions "henu”
appears to be the first true mentioning of Henna. The writings
of ancient Greeks and Romans show how henna was used
and exported from Egypt (Miczack, 2001).

Agri-history

Henna is abundantly cultivated in Egypt in gardens for its
strong smelling of flowers and farm crop for its leaves since
2000 BC (Gode, 1989). Henna appears io have reached India
around the Mauryan dynasty, for use by the rich and royal as
hair colour and perfume. s commercial cultivation started
much later. Prior to introduction of henna, Indians used Laksa
ree dye to stain their hands. There were many other botanicals
in use like alta, turmeric, kumkum, myrtle (Myrlus communis),
alkanet (ratanjot), indigo, madder, etc. Though henna is widely
distributed in African & Asian continent, but sysiematic
cultivation of henna initiated in Egypl during mohmedans era
around 6-7 AD. Henna possibly migrated to Sind from Egypl
via |ran in cultivated form around 712 AD. Later, Md. Gauri
defeated Prithvi Raj Chouhan in 1192 AD and his commandent
belonging to slave dynasty appointed as sultanate of Delhi
established henna gardens around Faridabad, Gurgaon
around 1200 AD, which was referred in Aine Akbari (Gode,
1988). These Turkish rulers were fond of dyeing their halr in
reddish brown colour as # is most commen ritual in Islamic
culture. The “Night of Henna" and patterned henna designs on
women came with the Mogul invasions and slowly caught on
by the 16" century. It was in cultivation at Faridabad and
surmounding up to 18980, but hike In land prices due to
urbanisation wiped it out of cultivation. Even today thare ara
about twenty small or big faclories in Faridabad dealing with
henna processing and frade. In the mean time, henna
cultivation has started taking shape about 100 years back in
Rajasthan around Bhawani Mandi, Kota and Sojat but actual
expansion occurred after independence. Sojat and surrounding
areas wers fraditionally under cotton. Area under henna in
Sojat region rose from 157 ha In 1853 to 35000 ha in 2003
{(Anonymous, 2003),

Due to the fact that henna has been in existence and
used for thousands of years, there are plethora of names
associated with it, The ancient Arabic name Henna or Hinna is
by far the' most used and well known of all the names. Hinna,
meaning to dve red, appears fo have originated in Arablc
speaking Persia. In India the henna plant is separated into the
two main colours of flowers produced. Madayantika for the
white to yellowish flowers and Kuranaka for the red, pink and
deep purple colour of the flowers. Mehndl is possibly the
shorter version of the Sanskrit word (Mendijka, meaning
myrtle that encompasses number of plants. Orniginally henna
when introduced to Indla was thought to be one type of myrtle
and thus was known as Hina Mehndi, but then Hina seems to
have been dropped (Miczack, 2001).

Economic Uses

Henna leaves containing lawsone are used to colour skin,
nails, body and hairs as natural harbal dye all over the world
and is also getting popular for tattooing. Henna is used as drug
for medical as well as veterinary purposas (Ghosh, 1599;
Kumar and Gopal, 1998). Plant has also ability to cantrol
various plant dissases caused by bacteria, fungal and
nematodes (Korayem, and Osman, 1992; Singh and Singh,
1997, Satish et al., 1999). The henna root is used in jaundice
and enlargement of the spleen. The leaves are extemally
applied for headache (mild analgesic), rubbed over the soles of
the feet in the buming of the feet. The decoction of the leaves
is used as an astringent and gargle in sora throat. It is also a
remedy for spermatorrhoea. The essential ofl is used to keep
the body cool. The leaves are used as a prophylactic against
skin diseases, jaundice, leprosy and smallpox. They are used
axternally in the form of a paste or decoction against boils,
burns, bruises and skin inflammations. Alcohollc extracts of
Lawsonia leaves show mild antibacterial activity agalnst
Micrococcus pyogenes var. aureus and Escherichia coli
(Kirtikar and Basu, 1981}, It was extensively used as a dye In
silk and wool Industry. Use of henna during beatification
preparation of the mummies and other diverse uses have been
discussed by Miczack (2001).

Its flower are used to make scent, Scent manufacturing is
very common in India al Kannanj (U.P.) and Ujjain (M.F.). Hina
Aftar is traditionally produced by soaking crushed flowers in oll
for many days. lts pungent nature is because of beta-ionone
that provides both an antifungal and bactericide properties.
Egyptians used henna more for its medicinal uses, eventhough
today we see it more as a cosmatic or for its perfume use,

Botany

Lawsonfa inermis L. of family Lythraceae is a tall shrub to small
trae, 2-6 m high. It is glabrous, multibranched with spine lipped
branchiets which are grsen when young but turn red with age.
Leaves are opposite, entire, glabrous, sub sessile, elliptical,
broadly lanceolate (1.5-5.0cm x 0.50-2.0cm), acuminate having
depressed veins on dorsal surface. It has whitish, small,
fragrant flowers in large terminal cymes. Each flower has
4 sepals, 2 mm calyx tube with 3 mm spread lobes. Petals are
ohovate, white or red and stamens inserled in pairs on the rim
of calyx tube. Ovary is 4 celled, style up to 5 mm long and
erecl, Fruils are small, brownish capsules, 4-8 mm in diameter,
many seeded, opening irregularly into 4 splits. Style (s
persistent, seeds 3 mm across, angular with thick seed coat.

Geographical Distribution

It oceurs naturally in North Africa mainly in countries of Algeria,
Cyprus, Egypt, Eritrea, Ethiopia, Indenesia, Iran, Irag, Jordan,
Kenya, Kuwait. Lebanon, Libya. Malaysia, Moracco, Oman,
Philippines, Qater, Saudi Arabia, Syrian Arab Republic,
Tanzania, Tunisla, Turkey, Sahara and Yemen. In many of
these countries, it naturally occurs along water courses and
semi-arid region where it can withstand drought and dryness. It
has been introduced into countres like Australia, Benin,
Burkina Fasa, Cameroon, Gentral Africa, Chad, Cango, China,
Gabon, Gambia, Ghana, Guinea, India, Libsria, Mali,
Mauritania, Miger, Nigeria, Pakistan, Senegal, Sierra Leone,
Spain, Sudan, Togo. and Zanzibar.
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Ecological Requirements

It prefers well drained sandy to sandy clay loam soils in younger
and oider alluvial plains. It's temperature limits are 19 to 27°C.
Soil pH could be 4.3 to B.0 with gravels and pebbles in it. Even
poor, stony and sandy soil can also become its abode. It is
believed that dry, hot iran bearing soils produce henna with high
lawsone content. Moist, fartile soils produce henna with lower
lawsone levels. However, it needs field level confirmation.

In India most of henna is cultivated In Fali district of
Rajasthan. The Pali district, lies between 24°45'-28°29'N and
72°47-7T4% 18'E at 212 m abova mean sea lavel, receives

rainfall within a range of 360 mm to 550 mm per annum. The .

soils of Pali district are sandy loam with pH 8.1, EC 0.18 dSm”,
organic carbon 0.37%, low available N (213 kg ha), available
phosphorus 11.0 kg ha " and exchangeable K 250 kg ha’'. The
soil has 45% sand 36% silt, 18% clay, 1.36-1.49 g cm™ bulk
density, 18.5% (w/w) field capacity and 8.6% (w/w) permanent
wilting point {(-15 bar tension). The depth of soll varies from 20
cm to 60 cm in the area. The subsurface layers is calcareous
at many places in Sojat and surrounding areas. The calcarecus
layer rich In calcium helps to retain water in subsoil and Ca
found in natural form provides sirong base to improve the
guality of henna leaves. Sojat and Marwar occupies 90% of the
total area under mehndi in India. It occupied around 28% and
22% of total culturable land at Sojat and Marwar, respectively.

Henrna regenerates easily from stem cuttings. Seeds
bafore sowing in nursery are kept dipped in water for 3-7 days,
with daily change of water and are then kept in small heaps,
moist and warm for a few days. This requirement of its
germination therafore, needs a thorough understanding of its
germination ecology. \Water travel seems as the maosl important
method of transportation. Miczak (2001) has opined that henna
was carried lo various areas via water, such as the Nile and
aven the sea, as salt water does not effect the gemmination
capabilities.

Estimation of Area under Henna

Itis widely balieved that some 35-40 thousand hectares of area
I8 under its cultivation. Mehndi cuitivation Is spreading fast in
the adjoining areas of Sejal. in Magaur and Jodhpur district.
This not only requires extension services in the new areas for
better yield, but it also warrants an enhanced logistics for its
procurament, processing, packaging and quality control
besides collecting revenue and cess for the treasury.
Estimating area under its cultivation every year is therefore, a
foremost requirement for a host of planning agencies, This has
so far been done by the conventionat field based patwari level
assessmenis, even though techniques of remole sensing have
marched ahead. Possibility of using this modern tool for
estimating area under henna has been examined here.

Vegetation undar sun can either absorb, reflect or transmit
the radiations and this can be best expressed as follows.

= AR+ AA+ AT

I = inciden! radiation

R = reflected radiation
A = gbsorbed radiation
T = transmitted radiation
A = wavelength

Green leaves have poor reflectance in blue and red
speciral region of the visible spectrum. It has high reflectance,
high transmittance and very low absorption in the near Infra-
red region (0.8 to 1.2 micron) in which 45-50 per cent of
incident light is reflected. This reflected energy is captured by a
sensor n a satellite orbiting around earth and sent back to
earth stations where it is retrieved as images. These picture
images are called pixels the size of which varies as per
resolution. This reflectance can also be altered by status of soil

Where

moisture roughness, organic matter, clay and sand proporiions,
Vegetation detection basically Involves differentiating the
reflective properties of vegetation from its soil background. In
the next step, a particular species in larger spreads could he
mapped by its specifiic spectral response behavior compared to
other species. An exercise on spectral responses of mehndi
was carried out to assess ils pelential for |arge scale mapping.

#
4
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Flg. 1. Spectral responses of henna and other crops In Jodhpur

The spectral reflectance of Henna, Sonamukhi (Cassia
angustifolia} and Mung bean were recorded between 11 AM to
1PM on 199.04 al CAZR|I Campus. Each object was
referenced with respect to white reflective piate of 'spectralon’
using ocean optics speclrometer A sample plot of reflectance in
450-850 nm range (Fig. 1) revealed that these curves are most
separable in 600-700 nm range and 750-850 nm range which
correspond to red and mid infrared range. It may therefore be
possible to detect henna plantation using a suitable vegetation
index on remote sensing dala. Area under henna can be
confimed using maximum likelihood classifier approach in
both supervised and un supervised classification approach. In
depth studies for at least two growing seasons are required to
arrive at tanglble conclusions.
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Natural Variability, Propagation, Phenology and
Reproductive Biology of Henna

Manjit Singh, 5.K. Jindal and Deepa Singh
Cantral Arid Zone Research institute, Jodhpur-342 003 India

Over a century aga, Darwin {1858 noted the universality of
natural variation and this formad the inspiration for his graat work
on the evolution of spedcies by natural selection. Genetic diversity
found in tree and shrub species is a part of nature's strategy for
defence and survival against all types of risks encountered in
their long life span (Heybrock, 1878). The use of diversity of wild
spacies for genstic gain is the basis of improvement work.
Henna is not found In natural habitat in India and is under
cultivation in few pockets. The pocketsare also shrinking, as the
earlier locations In Punjab and Faridabad are no more growing
this species due fo changes in land use. In 1955 out of the
estimated henna production of 65,000-70,000 md in the country,
Faridabad in district Gurgaon and Bardoli and Madhi in Dist Surat
contributed about47 percent and 41 per cent. The contribution of
Rajasthan was lass than 5 per cent (Anon, 1962), Al prasant,
most of henna is cultivaied in Sojat area of Pall district of
Rajasthan. As the plantations are established using seedlings
raised from seed collected randomly, the plantations represent
the segregating material and/or mixture of various genotypes.
The results presented in this article are based on our survey of
farmers' field in Sojat and surrounding areas.

Natural Variability

The mean, range, standard deviation and coafficient of varation
of twalve characters recorded on 84 planis studied during 2000
and 2001 in natural stands of henna are given in Table 1. Plant
height ranged from 60 ¢m 1o 180 cm with a mean of 99.10 cm.
Canopy diameter ranged from 35 to 205 cm with a mean of 86.26
cm. Lawsone per cent ranged from 0.55 to 2.00 with a mean
value of 1.14. Weight of 10 fruits had a range of 0.20 g o 0.71 g
with a mean of 0.48 g. Number of seeds per fruit had a range of
18 to 63 with 2 mean value of 36.33. Weighl of 100 seeds had a
range of 0.05gto 0.15 gwithamean of 0.08 g. The coefficient of
variation was 25 to 38 per cent in different traits. Maximum
coefficientof variation was obsarved for lawsone.(38.07%),

Besides the above-mentioned characters, data were also
recorded on approximate age of the crop, type of soil, type of area
(racky/plain), irrigated/non-irrigated, associated crops,
diseased/healthy, etc. There is no standard method to estimata
the age of hanna, sa information from the owners of field was

relied upon. The approximate age ranged between 15 to 25
years. Type of soil in almost every field was sandy, though in a
few fields it was gravely sand. In moslt of the fields, crop was
rainfed, and had pale-white flowers. However. many hedge
plants at CAZRI had reddish flowers (Fig. 1)

The analysis of data of 84 shrubs revealed that most of the
relationships were non-significant. Positive and significant
correlations were observed in combingtions of height with
canopy diameter and length of leaves with width of leaves; 100
fresh leaf weight with 100 dry leaf weight; length of fruits with
width of fruits-and weight of 10 fruits; width of fruits with weight of
10 fruits; and weight of 10 fruits with number of seeds per fruit,
Lawsone per cenl was negatively associated with 100-seed
weight. {Table 2).

Fig. 1. White and red flowars of henna

Genetic divergence

Assessment of genetic divergence among 84 accessions of
henna was carried out, using non-hierarchical Euclidean cluster
analysis, and the resulis are presented in Table 3. The inter-

labla 1, Mean, range, S0 and CV of L, inermis plants surveyed during 2000 and 2001 in Sojat (District Pall) (n = 84}

Characters Mean Range Standard Coefficient of

daviation variation (%)
1. | Helght of plant {cm) 99.10 G0-180 27.76 28.01
2. | Canopy diametar {cm) 96 26 35205 26.15 27.18
3. | Lenath of leaves (cm) 3,55 2.00:550 1.80 28.1%8
4, | Width of leaves (cm) 1.30 0.50-2.50 0.40 30.78
4. | 100 fresh leaf weight (g) 5.494 2.50-3.50 1.7T 29.79
6. | 100 dry leaf weight (g) 212 0.90-3 40 0.64 30.18
7.. | Lawsone percent 1.14 0.55-2.00 0.32 38.07
8. | Length of frulls {em) 0.30 0.20-0.60 0.10 3333
8. | Width of fruits (cnt) e 0.40-0,80 0.13 24.52
10, Welght of 10 fruits (g) 0.48 0.20-0.71 0.13 27.08
11.] No. of seeds/fruit 36.33 18-63 10.78 29.82
12,| 100-seed weight {g) 0.08 0.05-0.15 0.02 25.00

e




Table 2. Correlation matrix of characters of L. lnermis

# 1 2 3 4 5 6 7 8 8 10 11 12
1 1.0 0:35% 0.1 -0.13 0.18 .05 0.12 -0.1 -0.15 0.01 -0.17 0.04
“ 1.00 0.1 0.05 0.05 0.02 0.09 0.04 0.09 -0.04 0.03 -0.01
| 1.0 D75 -0.0 -0.0 -0.0 -0:1 -0.10 <0.10 -0.12 0.13
L} 1.00 0.02 -0.0 -0.0 -0:1 -0.14 -0.07 -0.08 0.01
5 1.00 1 0.0 0.0 -0.12 0.14 0.03 019
(7] 1.00 0.0 0.01 -0.03 0.18 012 -0.23*
7 1.00 -1 -0.09 -0.02 0.2 .4
8 1.00 A e g.22* 0.21 0.05
=] 1.00 0.28* 0.21 0.06
10 1.00 0.27* 0.08
11 1.00 0.1
12 1.00

#Charactars 1 1o 12 ag in Table 1, “p=<0.05; **p<0.09.

cluster distances between the five clusters formed ranged from
280 to 3.B0 indicating that groups are scattered more or less
uniformly. Maximum inter-cluster distance was betwaen clustar
Nand V.

Table 3. Intercluster distance belween centerolds of five
clustersof L. inarmis

Cluster | Il il [\ v

I 0.00 3.61 2.80 2.92 3.10
] 0.00 324 3.44 3.40

i 0.00 340 332
v 0.00 3.80
v 0.00

The entries included In the present investigation are from
same geographical area but from different farmers' fields. This
indicates that material from the same ragion might also have
genatic divergence. Cluster |ll appears to be more promising as it
had highest lawsone content as well as plants with bast height
and spread when compared with other groups.

The observations suggest that there is ample amount of
variation in populations of henna in the fields. There s in general
high contribution of site characteristics, age, location, etc, when
data is collected from naturally occurring populations of trees and
shrubs dispersed over wide geographical area. In this Grop,
however, variation due to environmenial parameters is likely to be
less as the avaluation was done from well established fields, crop
is ratooned every year at aimost the same time by all the farmers,
and all the fields were located in a small area distributed around
Sojat.

Henna is one of the few perennial shrubs under cultivation
in arid and semi-arid region. The natural variahility still available
in the fislds means that there is scope of selection for
improvement of this crop through on-farm or on-station trials.

Propagation Through Seed

Infarmation on propagation methods of any crop is & pre-requisite
for any genelic improvement programme. Our observations
during survays of henna revealed that propagation of hanna is
done mainly by seeds for commercial cultivation and by cuttings
for nedge piantation as this gives flexibility in time of planting and
uniformity of planttype.

The seads have a xeromorphic structure, The optimum
temperature range for seed germination is from 25° to 30°C. A
study on depth of sowing demonstrated that seeds on soll surface
germinate best (88.8%), whereas those sown 2.5 cm desp do nat
germinate (Bukin, 1983).

Seeds are sown in nursery beds by the farmers during
March. They are first soaked in water for 10-15 days and then
sawn in beds (Anonymous, 1862). Daily imrigation is required in
the initial stages. When the seedlings are 5-6 month old and are
30-45 cm tall, they are transplanted in the fields during rainy
season (July-September), either singly or 2-3 together, Once
established, the plants continue te flourish and yield successive
crops of leaves for about two decades. The yield is low during the
first 2-3 years. Seed was collscted from tan plants from Sojatand
nursery was raised using the methad being followed by the
farmers (Fig. 2).

Fig. Z. S8eedlings of henna in nursery

Seed germination of 10 genotypes of henna up to one
manth after sowing ranged from 44 percent ta 100 per cent with
a mean of 73.6 per cent. Per cent survival ability of seedling in
these genotypes after one month ranged from 23.1 to 95.0 per
cenl witha mean of 68.9 per cent.

Variation in seed germination (open vs shade)

Resuilts obtained from the seed germination and survival ability of
seedlings of henna sown in March of single genotype showed
that germination percenlage of seeds grown in 50 per cent shade
was higher (90.0%) as compared to those sown in open (60.0%).
But survival ability of seedlings in open was more (91.7%) than in
shade (50.0%). It appears that due to favourable temperature
and hurmid conditions: in shade, germination Is better, but these
seadlings are less hardy and hence have less survival with
reference to those germinated In the open. It may also be due to
more disease incidence in moist conditions in shade.




Tabie 4. Shoot length (em) and ANOVA in Lawsonia inermis seedlings of 10 genotypes at different growth stages

Genotypes 1-manth 2-month 3-month 4-month 5-month
LiS=1 4.20 533 1 ‘I.G? 16.80 18.53
Lis-2 1.30 4.30 6.53 BT 10.17
Lis-3 1.00 17T 243 367 4.80
LiS-4 1.80 3.43 5.10 .07 8.57
LiS-5 2.00 3.00 5.73 7.83 9.37
LiS-6 0.0 2.80 417 513 .60
LiS=7 1.50 3.7 6.27 8.30 10.37
LiS-A 2.80 4.97 £.00 1D.83 12.77
Lis-8 {J.E.D 2.20 517 Tl 8.27
LiS-10 5.80 .33 13.33 16,57 18.63
Mean 2.19 3.83 6.78 9.21 11.00
+SE. 0.50 1.56 288 349 3.73
CD5% 113 NS 6.73 7.88 8.42
CD1% 1.62 NS NS NS NS
Source of
variation (df) ol e
Rep (2) 0.30 318 10.12 B.53 7.58
Treat. (8) 8.16* 8.43 31.79" 57.80° 67.12"
Error  (18) 0.38 3.65 13.34 18.92 20.98
Genetic parameters
GCV 73.57 32.94 36.58 20,39 3564
PCY 78.80 59.83 65.12 B0.88 54,78
Heritability 87.00 30.30 31.50 41.80 42 30
GA 310 1.43 2.87 4,84 526
GA as % of mean 141.55 37.33 42.33 52.55 47 .81

"p<0.05, “p<0.01

Variation In seedling characters

Seedlings of ten genotypes were raised in net-house by sowing
their seeds in March after soaking in water. The analysis of
variance of seadling height recorded from first to fifth month
growth stages revealed that it differed significantly at 1, 3, 4, and
S-month growth siage (Table 4),

Genotypic coefficient of variation was maximum at 1-month
stage (73.57%), whereas, it was more or less same for rest of the
stages, varying from 32.94 to 39.39 percent, The same trend was
observed for phenotypic coefficient of variation, where maximum
valus was for 1-month (78.80%) and for the rest it varied from
54.78 10 65.12 per cent. Heritability was high (87%) at 1-maonth
stage and decreased to 30.30 per cent at 2-month stage,
increasing slightly, thereafter in the 3, 4 and 5-month stage. The
genetic advance as per cent of mean was maximum for 1-manth
stage (141.55%), and it decreased in subseguent stages
fluctuating between 37.33 per cant to 52.55 percent (Table4).

Values of herifability and other genetic parameters for

heritability at initial growth stage can be attributed to seed sizs,
seed waight or matemal inheritance (Adams and Jolly, 1977).
From 2-month onwards, heritability first decreased and then
increased in final stage of growth. Fluctuations in trend of
heritability, have also been observed in lemperate frees
(Franidin, 1979).

The genetic parameters tend to stabilize at 4- and 5month
stages. Thus juvenile selection at 1-month stege may be
Incorrect and 4-month stage may be earfiest stage to undertake
any exercise in selection. The validity of such selection can be
confirmed only after working out the juvenile-mature
relationships.

There were significant diferences among genotypes for
seedling height, but there were frequent changes in rank of
genotypes with growth. Such inferences have alsc been
reportad in Sitha spurce by Samuel and Johnstone (1979).

Vegetative Propagation
Vegelative propagation was attempted in February-March in net-

height, In gensral, were more at one-month stage.

High

house having 50 per cent shade using A4, NAA 8 |BA singly and

Table 5. Mean values for various characters recorded during vegetative propagation of L. fnermis using auxins (IBA, IAA, NAA)

Hormone used Cancantration Percantage of No. of roots/ | Length of roots/ Fresh weight of Dry weight of
fppm] roating cutting cutting icm) rocts! cutting (g) | roots/ cutting (g)
Control - 533 38 i 0.43 0.15
IBA 3000 80 2.5 3.5 0.54 0.19
IBA 5000 100 4.8 9.5 0.99 0.35
IBA 7000 100 5.0 8.6 0.76 0.20
1AA 3000 100 B 114 1.10 0.35
I1AA 5000 100 a9.7 138 1.05 0.38
1AA 7000 100 5.3 123 1.23 0.45
MNAA 3000 83.3 38 8.8 0.88 0.30
NAA 5000 a0 B4 4.6 0.38 0.15
NAA 7000 100.0 4.3 16.4 1.18 0.40
Mesain 20.7 5.7 BT 0.86 029

.




in combination during 2001, The results obtainad from vegetative
propagation of henna using single hormaones (IBA, I1AA and NAA)
are presented in Table 5 Percentage of rooting over the
treatments vaned from 53.3 lo 100 per cent, with a mean of 80.7
percent, Itwas possible togetcent per cent rooting by using IBA
or |IAA. Best performance for all the cbserved characters except
farnumber and length of roots per eutting was given by 7000 ppm
IAA(Fig. 3& 4},

Fig. 3. Sprouted henna cuttings In nursery

in the present study it was observed that the exogenous
application of auxins increases rooting significantly over control.
It may be attributed to the well known fact that auxins play
mullifarious roles related to the division and elongation of
meristem, differsntiation of cambial initials into root primordia and
the mobilization of reserve food materials by enhancing the
activity of hydrolysing enzymes.

Vegetative propagation in different months

Results for vegefative propagation of henna during different
months without use of any hormone are presented in Table 6.
Roaoting per cent ranged from 33.3 to 100 per cent with a mean of
72.8 per cent. Cent per cant rooting was ssen in the months of
March, July and August. Maximum number of roots per cutting
was observed in March (9.3), length of roofs per culting in
Novermber (18.8 cm) and fresh and dry weights of roots per
cutting in January (0.98 g and 0.30 g, respectively). But overall
best performance was shawn in the month of July, which showed
100 per cent rooting and values for all other characters were at
par with the highestvalues.

Effecl of different months and seasons on rooting have
been studied in several plants, viz. Melia azedarach L. (Gupta et

al., 1989), Korean Fir (Kirn and Kim, 1988) and Prosopis cineraria
(Arya etal., 1993),

There js wvariation in sead germination in different
eccessions. In general, Il is not difficult to raise nursery, even
though initial soaking, proper sowing depth, maintenance of
maoisture during initial germination stages are some of tha critical
points. Henna is and easy te root specles and vegetative
propagation is also not a problem.

Fig. 4. A rooted cutting of henna
Phenology and Reproductive Biology

No genetic improvement or biodiversity conservation programme
can be a success in the absence of precise information on mating
system, i.e. degree of selfing or out crossing: This Infarmation
will have bearing on method of sampling during surveys, and
method of genelic improvement programme o be followed. How
much seed is to be collected, whenitis to be collected, howitisto
be collected, how many genotypes should be included in the
orchard, what scheme of genelic improverment is to be followed, *
and many cther such questions refated to genetic impravernent
can be answered with authority only If one is sure about the
phenology and reproductive biclogy in the species under

Table 6. Mean values for various characters recorded during vegetative propagation of L. inarmmis .ovar various months

Morth of planting Percent-age of Mo, of roots! Length of roots/ Fressh weight of rocts/ Dry wi.of roots/
rooting cutiing cutting (em) cutting (g) cutting (g}
January 60.0 6.7 129 0.98 0.30
Fabruary 93.3 6.9 12.9 0.49 0.13
March 100.0 83 102 0.42 0.13
April 86 6 5.9 11.3 0.37 0.11
May 333 4.5 16.0 0.30 0.10
June 333 5.0 13.2 0.40 0.10
July 100.0 6.8 14.8 0.82 0.27
Mugust 100.0 5.2 10.1 0.88 0.29
September 80.0 48 = F; 22 0.41 0:13
Qctobar 133 4.6 12.6 042 0.14
MNovember 86.6 5.3 18.8 .22 0.07
December 46.6 2:2 18.1 0,19 0.05
Grand mean T28 57 133 0.50 0.15
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Table 7. Mean, range and S.D of varlous fruit and seed characters in Herna

Mean Range 5.D.
No. of days required to complete anthasis 16.25 11.50-23.00 345
Length of inflorescence (cm) 5.60 4.10-7.20 D.88
No. of lowers/inflorescence 68.30 32.60-90.80 18.35
Fe cent pollen viability at full bloom B5.81 §2.50-99.10 -
Length of fruits {cm) 0.3 0.20.5 0.1
Width of fruit (cm) 0.5 0.4-0.8 D12
100 fruit wieght (g) 5.1 3,262 D:15
No of seeds per fruit 3re 32,3-49.0 8.24
100 seed weight (g} 0.07 0.05-0.10 D.01

consideration. Hence efforls to genarate this information are
must for sound geneatic improvement programme and efficient
utifisation of the genatic variability in the long run,

Shrubs are parennial in nature and there are no distinct (i e
qualitative) morphological markers in most of the shrubs. Under
this situation the only effective way to work out the mating system
is either by using traditional methods that regard the classification
of the pollen vectors, the structure and characteristics of floral
organs, elc. (Fig. 5) or by understanding the crossing behaviour
and sead sef by imposing different methods of pollination, or by
using biochemical or molecular markers (which are narmally co-
dominant, can be easily quantified, and are hardly affected by the
environment).. As far as shrubs are concerned information is
limited and only recently these studies have received a growing
attention. In henna there was ne information available on this
aspect. The information gathered in the last four years by the
authors on phenclogy and reproductive biology of henna, a
monotypic genus under cultivation in arid and semi-arid pockets
in Pali and Jodhpur districts of Rajasthan, is surmnmarised here.

Fig. 5. Closeup of a henna flower.
Phenology

Length of inflarescence and number of flowers par inflorescence
were recorded on ten well-developed inflorescence on each of
the 10plants. Number of days required to complete anthesis was
also studied on ten inflorescence in each of the ten selecied
plants. Viability of pollen grains in the 10 selected plants was
determined using acetocarmine stainability test. For determining
flower to fruit ratio, five inflorescence on each of the ten selected
plants ware taggad.  Fruit and seed relaied characterislics were
studied on tan ripe fruits from sach of these plants. The resuiis
obtained are summarized.

Duration of anthesis : In the ten inflorescence tagged in each of
the ten selecled planis, number ol days required for opening of

first flower to last flower, ranged from 8 to 25 days with a mean
value of 16,25 days (Fig. 6). Average number of days for anthesis
ranged from 11.50 days to 23.00 days in the ten selected plants
(Tabla 7).

Fig. 6. Different stages of anthesis In the inflorescence of henna

Flowering in most of the plants was observed during
September. The average number of days required for complete
anthesis were about 16 days. Length of individual inflorescence
had a range of 2.40 cm to 9.00 cm with & mean value of 5.6 cm
and standard deviation of 0.99. Maximum mean length of
inflorescence was 7.2 cm whereas minimumwas 4.1 cm.

MNumber of flowers per individual inflorescence had a range
of 27 to 142 with a mean of 68.30 and standard deviation of 18,35
Maximum mean number of flowars (average of ten inflorescence)
was 90.8, whereas minimum numberwas 32.6.

When the flowering was in full bloom, percentage of viable
pollen grains in the selected plants ranged from 62.50 to 99.10
par cant with a mean of 85.81 per cent. The resulis obtained from
the pollen viability test of the same plants after 15 days showed
that the percentage of vieble pollen grains ranged from 45 80 o
82.50 per cent with a mean of 71.18 per cent. Comparisan of
percentage pollen viability of both the durations indicated that
there was a decrease |n pollen viability after 15 days of full blaom
flowering to the extent of 6.4 to 37.8 per cantin nine plants and
increase (21.4%) in only one plant. On an average there was
20.21 percent decrease in pollen viability.

Fruit related characteristics : Berries are green when young,
turn blue black later on and are non-edible. Malure brown berrias
dehisce into four splits (Fig. 7). Length of fruits ranged from 0.20
to 0.50 cm with @ mean of 0.30 cm. Width ranged from 0.40 to
0.80 em with a mean value of 0.50 crn. Weight of 100 fruits had a
range of 3.2 t0 6.2 g with a mean value of 5.1 g. Number of seeds
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per fruit ranged from 32.3 to 49.0 with 2a mean of 37.8. 100-seed
weight had a range of 0.0510 0,10 g with a mean value of 0.07 g.

Fig. 7. Mature dehisced brown berries of henna

Flowering started in July and continued till mid-September
i different plants. Flowering was asynchronous, i.e. flowers were
developing at different times on same shrub. One flower aut of
avery 2 .34 flowers sets into fruit and the rest drop as such. This
may be due o lack of pallinators, or physlological reasans like
high tamperature and moisture stress, competition for space and
limited food resources. Asynchronous fiowering and low fruit set
has been reported in other arid zone trees like Tecomella
unduwlata (Jindal el al.,1985) and Salvadora persica (Jindal et al.,
1997).

Reproductive biology

To study reproductive biclogy, ten shrubs grawing in genetics
nursery of CR Farm of CAZR|, Jodhpur were selected randomily.
All the six lypes of breeding systems were studied and for each
system 500 buds were taken. These were; i) natural open
pollination, where buds were lagged and allowed to pollinate
naturally; il cross pollination, where buds were emasculated and
were crossed manually with pollen from other flowers; iii) sibbing,
where whole inflorescence was bagged with butter paperbags as
such; iv) open pollination, where buds were emasculated and left
open; v) selfing where single buds wera bagged with butter paper
bags; and vi) apomixis, where buds were emasculated and
bagged with butter paper.

Out of the six modes of pollination studied in henna,
maximum fruit set (42.6%) was observad in natural open
pollination, followed by hand cross pollination (33.2%), sibbing
{14.6%) and open pollinaticn afteremasculation (2.4%). Nofruits
were formed in buds tagged for selfing and apomixis { Table 8).

Table 8. Breeding system in L. inermis

Type of Nao. of No.of | Parcentage
pallination buds fruits of fruits
tagged formed formed

Natural open pollination 500 213 42.6
Cross pollination 500 166 332
Sibbing 500 73 146
Open pollination 500 12 24
alfing 500 0 0
ﬁpnmi’uia 500 0 0

A |large number of ingects were seen around the plants,
Insects belonging to Zygoptera, Coleoptera, Catopsilla sp. and
some baelles wara pradating on larval stages of other insects,
On the basis of the observations (Table 8) it can be concluded
that henna |s both self and cross-pollinated species. Scented
flowers, abundance of insects and presence of leaves along with
inflorescence all suggest that the mode of pollination may be by
inveriebrale transpert. However, 14.6 per cent fruit set during
sibbing suggests lack of self-incompatability and pollination even
in the absence of fiying insects. Further studies are thus required
to establish agents and mode of pollination. According to Miczak
{2001) henna is a seff pollinating speclas, its seeds are so hardy
that they must be soaked in water to facilltate garmination. Hence
water seams to be perfect mode of seed migration.
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Muitilocation Evaluation of Henna for Plant Height,
Leaf Yield and Lawsone Content

S.K. Jindal*, Manjit Singh®, 8.N. Jaimini** and P.R. Kothar[**
*Central Arid Zone Research Institue, Jodhpur
= SDAU, Sardarkrushinagar, Gujarat
“*RALU, Bikaner, Rajasthan

The most important economic component in henna is the
isaf yield {from farmers' point of view) and high dye content (from
industrialists point of view). At present there is no established
practice of providing higher prices for leaves having more
dye(lawsone), as price in the market is still based on the visual
assessment by the buyer. However, purchasers know the areas
and fields producing better quality leaves, as they are involved In
this trade over decades and have experience regarding quality
differences in the produce. They are also aware of variation in
quality from different states. For example, the produce from
Gujarai or irfigated areas fetches much lower price as compared
tothat of Sojat. Hence, a multi-location trial comprising of twenty
clones selected from different parls of Rajashtan and Gujarat by
Dr Jaimini during 2000 and 2001, was established al three
different locations viz, Jodhpur, Sardarkrushinagar and Bikaner
having average annual rainfall of about 500, 320 and 250mm,
respectively. The cultings of these twenty clones were rooted at
Sardarkrushinagar and were transplanted to field at respective
stations in randomized complete block desion having three
replications at each |ocation during August 2001. Plot size was a
single row.of 3mlength accommodating six plants per row. Shrub
to shrub distance within and between rows was 0.5m and 1.0m
respectively.

Genotype x environment interactions have great role in the
manifestation of the characters. Genotype performancea may vary
significantly ovar locations and as a breeder the aim Is to develop
high vielding cultivars with better yield for different arsas (Perkins
and Jinks, 1968). Such accessions are likely to perform better
during different years, as the rainfall in arid 2nd semi-arid region

is arratic both in terms of distribution and guantity. Al present
there is no released variety of henna and only populations raised
from seed are in exislence al farmers' fields. So one of the
prerequisite for undertaking improvement programme was fo
understand the variation in economic iraits under different
agroclimatic conditions over years. Data collected on three
randomly taken plants from each plot over different locations for
piant height and dry leaf yield per plant are discussad here.
Lawsons content in dry [2aves of different clones in different
years was estimated spectrophotometrically at Jedhpur using
mathod of Pratibha and Korwar (1899).

Mean plant height of different accessions of one and two
year old plants at Jodhpur, Bikaner and SK Nagar is given in
Takle 1. Grand mesn height of different accessions was
maximum (17 1em) at Bikaner and minimum (B7cm) at SK Magar,
when the plants were one year old. Accession SK Nagar showed
maximum height of 270cm at Bikaner where as it had minimum
height of 68cm at SK Nagar, At Jodhpur only two accessions Pali
and Khedbram performed better. At SK Nagar, accession Malan
showed maximum height followed by Khedbram and Pali.
Considering the mean height of different accessions of threa
locations, accession Pall had maximum height of 148em followed
by accession SK Nagar, Malpur and Dhandhuka.

When the plants were two year old, the grand mean height
was almost same al Jodhpurand SK Nagar. Accession Khedbram
showed maximum height of 174cm at Jodhpur and 175cm at SK
Nagar. Considering the mean al bolh the |ocations the other
accessions which showed better performance in terms of height
were accassions Malan, Sarofra, Malpurand Dhandhuka,

Table 1. Plant height {¢cm) and dry leaf yield () per plant of ane and two year old planiation of mehndi al different locations.

Accassion One year old Two year old

Jodhpur Bikanar SK Nagar Mean Jodhpur SK Nagar Mean

Ht Ly Hi Ly Ht Ly Hi Ly Ht Ly Ht | Ly Ht Ly
Amirgarth 104 18] 130 7 82 T 105 11.0 155 28 | 138 67 | 147 47.5
Anand 114 72| 138 25 81 7103 | 346 127 44 | 148 | 1171 | 137 Tr.5
Dhandhuka | 132 36| 2085 47 85 91 141 | 30.6 170 86 | 145 | 160 | 158 | 123.0
Khedbram 182 | 47 | 145 24 | 1086 33 | 134 | 346 174 82 | 475 B5 | 175 88.5
Kothara 118 24 | 180 30 82 10 [ 130 | 21.3 153 53 | 147 | 121 | 150 87.0
Malan 96 28 142 18 | 108 12| 115 | 186 163 55 185 | 110 | 174 B25
Malpur 132 39 | 200 42 94 42 | 142 | 41.0 161 35 | 167 | 200 | 164 | 117.5
SK Nagar B 28 | 270 64 69 12 | 143 | 348 140 46 | 120 3 [ 130 59.5
Sarotra 129 3r | 155 36 | 98 16 | 127 | 29.6 143 52 | 188 | 125 | 166 B8.5
Sidhpur 128 22 146 27 g7 10 | 120 [ 19.6 168 41 143 54 | 151 47.5
Vasda =] 21 175 49 i B | 116 | 26.0 130 a1 123 | 112 | 127 71.5
Ajmer 125 42 | 158 26 90 168 | 124 | 28.0 138 51 144 | 127 | 141 8e8.0
Bikaner 94 38 [ 141 25 T3 B | 103 | 2386 131 71 122 81 | 127 76.0
Jobner 125 3s | 122 15 87 gl 111 | 196 150 71 140 7O | 145 7.5
Jodhpur T8 12°| 2156 53 71 81122 | 2486 104 42 | 112 | 108 | 108 | 75.0
Jadiya 89 18 | 1850~ | 20* | 76" 8* | 108 | 15.7 145 25 |146* | 49* | 146 | 37.0
Fali 158 48 | 182 a7 | 103 11 | 148 | 38.8 153 88 | 148 84 | 151 21.0
Panchotiya | 111 51 150 24 91 A B b S 2 120 BO. | 13B | 145 | 129 | 1125
Sojat a1 27 | 200 &8 80 101 120 | 316 100 48 | 112 79 | 1086 63.5
Way 100 14 | 217 43 76 4} 131 | 203 134 23 | 120 B8 | 127 | 445
Mean e B2t 179 | 353 87 |138 | 124 | 274 142 (8531 143 | 105 | 143 78.1
3D 22 | 147 | 385 | 16.2 12 10 - - (2001 | 216 | 227 37 -
Minimum 74 12 116 7 69 4 agl 118 100 23 112 54 | 106 3r.0
Maximum 158 72 | 270 64 | 108 42 | 148 | 41.0 174 88 | 188 | 200 | 175 | 123.0

“Values missing, estimated mean on the basis of overall mean values. Ht = height, Ly = dry leaf yield.
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Dry leaf yield per plant of different accessions over different
locations s given in Table 1. Dry leaf yield per plant afterone year
was In range of 33-35g per plant at Jodhpur and Bikaner,
whereas, it was almos!t one-third at 8K Nagar. Maximum values
were recorded for accession Anand at Jodhpur, accession SK
MNagar at Bikaner and accession Malpur at SK Nagar
Considaring the maan at three different locations, it varied from
11g per plant to 419 per plant. The highest vielder was Malpur
(41q) followed by Pali (38.8g), Panchholiya (35.3g), Anand
{34.6g) and SK Magar (34.6g). The low yielders were Amirgarh,
Jadiya, Sidhpur and Jobner.

When the plants were two year old, Mean dry leaf yield per
plant of the population was 53.1g at Jodhpur and It was almost
double at SK Nagar. Pali accession was best at Jodhpur whereas
Malpur showed the best perfformanca at SK MNagar. The olther
accassions which showed more than 140 g dry leaf vield per plant
at SK Magar weare Dhandhuka (160 g) and Panchotiya (145 g).
Considering the mean at both the locations, Dhandhuka was the
highest yielder (123 g) followed by Malpur (117.5 g) and
Panchotiva (112.5 g). All the other accessions were in the range
of 37.0 to 1.0 g per plant. Lawsone content of dry leaves of
Mehndi at different locations of one and two years old plantation
Is givenin Table 2.

When the plants were one year old, lawsone content
ranged between 0.30 per cent for accession Anand and 2.24 per
cent for accession Pali. Other accessions Ajmer, Jobner and
Vasda had more than 1.3 per cent Jawsone content. Al Bikaner,
lawsone contentwas more than two times from that of Jodhpur. It
rangad between1.11 to 3.18 per cent. The accessions which had
more than 2.8 per cent lawsone of dry leaves at Bikaner were
Malan, Anand and Ajmer. The mean values of both the locations
had a range of .80 per cent for Jadiya to 2,14 per cenl for Ajmer.
The mean value was 1.78 per cent. The other accessions which
had mare than 2 per cent lawsone content were Malan, Jobner
and Pali.

When the plants were two year old, mean lawsone content
was 1.98 per cent at Jodhpur and about its half at SK Nagar. The
accessions which showed more than 2.2 per cent lawsone were
Amirgarh, Anand, Kothara, Ajmer, Jadiya and Wav at Jodhpur.
There was no accession having more than 1.63 per cent lawsone
content at SK Magar. At SK Magar, the accessions which had a
lawsone content of 1.05-1.83 per cent were Vasda, Ajmer, Wav,
Kothara and Malpur. Taking the mean values of Jodhpur and SK
Magar, Maximum lawsone content was observed by Ajmer
(1.86%) followad by Vasda (1.79%) and Wav (1.72%). The
lawsone content at Jodhpur in the first year of establishment was
1.07 per cent, and there was an increase of 85.0 per centin the
second vear of establishment.

There seems to be genotype X environmaent interaction for
all the characters as rankings of different accessions varied from
lacation to location and over years of eslablishment. So, fo
identify high yielding genolypes with high lawsone content, the
accassions should be evalualed at many locations,

At present there are no variaties of mehndi. For immediate
gains accessions like Khedbram and Dhanduka can be multiplied
forevaluation at farmers’ fields.
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Teble 2. Per cent lawsone of dry leaves of mehndi at different locations after one and two years of establishment

Accession One year old Two year old
Jodhpur Bikaner Mean Jodhpur SK Nagar Mean

Amirgarth 1.05 2.80 1.83 2.22 0.73 148
Anand 0.30 3.08 1.68 221 0.65 143
Phandhuka 0.99 2.33 1.66 2.00 0,85 1.43
Khedbram 0.84 243 1.64 1.868 0.68 1.27
Kaothara 1.30 2.40 1.85 232 1,057 1.69
hMalan 1.08 3.18 2.13 2.08 0.85 147
Nalpur 145 233 1.74 218 1.05 1.60
SK N agar 0.73 1.79 1.26 1.81 0.72 1.32
‘Sarofra 0.99 2.36 1.68 1.48 1.00 1.24
Sidhpur 1.12 2.08 1.60 1.88 0.65 1.27
Vasda 1.34 2.23 1.79 1.94 1.83 1.79
Ajmer 1.38 290 2.4 2.20 1.51 1.86
Bikaner 1.20 2.52 1.86 213 0.81 147
Jobner 1.72 2.52 212 207 0.62 1.35
Jodhpur 1,16 2.23 1.70 1.82 0.88 1.35
Jadiya 0.48 1.1 0.80 221 1.00% 1.81
Pali 224 2.0 2.13 187 0.68 1.18
Panchotiya 0.80 2.52 1.66 1.50 0.83 1.7
Sojat 0.79 2.80 1.80 1.85 1.00 1.43
Wav 0.81 268 1.78 213 1.30 1R
Mean 1.07 2.48 1.78 1.88 0.80 1.44
SD 042 0.38 - 0.23 0.28 -
Minimum 0.30 1.1 0.80 1.48 0.62 147
Maximum 224 3.18 2.14 2.32 1.83 1.86

“Values missing, estimated mean on the basis of averall mean values.
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Traditional Methods of Cultivation and Processing of Henna

Manjit Singh, S5.K, Jindal, Z.0. Kavia, B. L. Jangid and Khem Chand
Ceniral Arid Zone Research Institute, Jodhpur - 342 003 India

Many shrubs of the region yield products of economic
value. Lawsonia inermis. commonly known as mehndl or
henna is & small elegant bush culiivated in seml-arid areas
(Kolarkar et af., 1981) vielding dye, oil and having many other
uses like natural pesticide against nematodes, prophylactic
agent against skin diseases, skin inflammalions, sore throal,
etc. [All and Sayeed, 1987). |t can withstand adverse climatic
conditions and can acl as an anti-erosion measure on sloping
lands. The principal colouring matter, lawsone, is used for
dyeing hair, hands or other body paris, clothes, silk, wool, efc.
singly or in combination with different plani products or
chemicals. The dye/leaves are exported to verious European
and Arahian countrias.

Henna Is commonly propagated using cuttings for hedge
and by seed for commercial plantation and is under cultivation
in some paris of Rajasthan and Gujarat. In Rajasthan, its
cultivation is concentrated in Scjat and surrounding areas In
Pal district (Kavia af af,, 2004) Sojat is also the major centre
for marketing and processing of mehndi leaves. The average
annual leaf production is about 3-4 lakh quintals, which
fluctuates depending upon the rainfall. For exampla, during
the dreught of 2002 the production |s estimatad to be only 10%
of the normal. Henna was under cultivation in Faridabad and
some other pockets of Morth India.

In Pali district henna is mainly cultivaled as a rainfed crop
and cultivation area is concentrated around ancient town Sojat
city (historically known as ‘Tambavati Nagan'). Sojat and
Marwar Jn tehsils of Pall district constitute around 95 per cent
area under henna cultivation (Khem Chand sf al, 2002), the
remaining part is constituted by other tehslls of district and
adjacent iehsils of Jodhpur and Nagaur. In this region main
product of commercial value in henna crop Is its leaves. In
Sofat araa henna culiivation is considered more than 60-70
years old. I was |nitially cullivated only by farmers of Mali
{gardener) community on small scale during early years but
now a day it is cultivated by all and on larger scale.

The main prometing factor in growth of its area was that it
requires only one time planting and during later years only two
operations are required, viz., onpe or two intercultural
operations and harvesting of leaves. There is no major threat
or damage to the crop from grazing amimals and thus no
fencing and after care is nesded. But 1o harvest rainwater,
bunding around the field is practiced. It looks like ‘planting ence
and harvesting for whole life", only with cost of intercultural and
harvesting operations: Existing cultivation, processing and
trade practices in Sojal are a unigue blend of the farmers'
innovations, development of markeling procedures and
refinement of processing methods.  During surveys we
interacted with the farmers, commission agents, traders and
other persons involved in works related to henna  The
traditional practices in vogue in the region are discussed
balow.

Nursery Raising

Raising henna seedlings from seads in nursery reguires
assured irrigation water supply. that too of good quality, in the
months of March to June. These praconditions for raising
henna nursery don't allow every farmer to go for it, hence
mainly farmers around Sojat city, Sojat road and Kantalla

{(Marwar Jn. Tehsil) villages having irrigation facilities grow
henna nursery. Farmer inlerested in establishing new crop of
henna has to make advance booking of seedlings from these
nurseries for assured supply of quality seediings, The nursery
growers sell 1 on monopolistic rates In a good rainfall year
when most optimum conditions for henna transplanting prevall,
It means seedlings of desired quality i.e. of proper growth
stage, thickness of slem, vigour, and better plant type; is not
always available. Very tender, or woody {older seedlings) don't
give good results in lerms of esiablishment,

The appropriate period reported by farmer for raising
nursery is February-March. Seeds are soaked in water for 10-
15 days before sowing in the nursery beds. Sead are not sown
deep, moisture Is maintained for first 15 days, The seedlings
can be transplanted in July-September when they attain height
of about a fool (6-month old seedlings). Indigenous tillage
practices of water harvesting and conservation play an
impartant role in establishment of the seedlings.

Tillage Practices and Transplanting

Fali district, recejves average annual rainfall of over 400 mm.
Soil type in cullivaling area varies from sandy loam to clay
loam. There is problematic soil type in some areas. Mehndi is
also being cultivated in such problemalic areas. Soil has hard
strata or murrfium at the bottom. N allows more rainwater
retention in soil. Major part of cultivation is tillage practices that
cover indigenous way of ralnwater harvesting in the figld and
congervation of moisture In soll. Broadly, tillage practices could
be grouped as pre- and post-transplanting practices.

Fre-transplanting practices and Transplanting : Farmears
harvest the rainwater in field and prepare field by pulverizing
the soil. These practices result in betler establishment of
seadlings and their better growth, Pre-lilage practices adopted
by the mehndi cultivators are !

s  Erection of 3-4 feet broad bund (at base) and of 4-5 feet
height around the field so that rainwater of that fiald
remains in the same field. The bund |5 provided with
cover of thorny material 1o protect it from the damage. In
subsequent years the branches of henna lefl afler
shedding of leaves are put on these bunds for their
protection. The practice of bunding for rainwater
harvesting is alsc popular in Nawabshah region of Sindh
and Bhera and Mailsi of Punjab in Pakistan.

& Deep ploughing of the field |s done. Usually mehnd
cultivators plough their field 30-35 cm deep so that
maximum rainwater percolates in soil. The retained
moisture helps in proper survival of transplanted
seedlings and their growth

® Entire figld is divided In to fragmenis of one bigha (about
1500 sq.it.) with the provision of small bund of 1-1.5 feet
height. Locally it is called as "Math", Such math checks
flow of rainwater in that area and checks erosion. It also
facilitates tillage practices,

Transplanting is done by using T-shaped iron rod called
'Halwani'. Plant te plant and row lo row distance observed in a
recently planted field was 30 ¢m or so (Fig. 1), In two year old
plants 11-18 fillers could be counted. The number was much

.



Fig. 1. Transplanting of seedlings using halwani

» Preparation of seedlings (separation of tender and
damaged seedling, cutlings of roots and shoots so that
there is about 10-15 em root and 15-20 cm shoct left after
cutting, making bundles (Fig. 2).

»  Transportation of bundles to the field,

® Opening of holes (with help of halwani) in the field (at
desired geometry),

s  Putting seedling in the hole,

e  Packing the soil around the seadling (very important) with
help of wooden stick or heel of foot,

s  Checking of proper packing of seedlings

Fig. 2. Ladies making bundies of henna seedlings
after cutting roots and shoots

Transplanting work of henna generally has fo be
completed in very short span of time e within one or two
days, for getting high rate of success In establishmenl of
seedlings. The optimum elimatic conditions for transplanting of
henna include high soil meisture content, cloudy weather and
light rainfall. Especially light showers of rain are a boon for
establishment of seedlings. Every farmer would like to take
advantage of these conditions that generally prevail only for
few days during July-August in this region,

Team of persons having well defined roles does the
transplanting. MNormally cne persen makes holes using an
indigenous implement, another transplants the seedling and

higher in old plantations. The transplanting work of henna has
various operations including-

the third presses it with the heel or wooden stick, In addilion,
persons are required for cutting, transporting of seedlings, and
few more for other minor operations. If there is one man to
open hole in the fleld during transplanting of henna, it will
require at least seven other persons to help him in operations
related to transplanting work in prevalent traditional method.

Post-transplanting practices : Farmers usually put their hard
labour in standing crop. Primary agronomic practices being
followed are cleaning of the fields using ‘kudal’. In cases,
where labour is too costly farmers alsoc remove weeds by
ploughing using bullocks. Pulverising the scil was the major
operation. Deep hoeing practices are adopted for parcolation
of rainwater |n soll. It facllitates conservation of moisture and
such fillage praclices also allow proper aeration and better root
development These practices are:

e Deep ploughing in standing crop is done with the use of
bullock plough as inter-culture operation in belween the
rows after first year of fransplantation and some farmers
cantinued it for many years. Till date many growers used
to plough their mehndi fields with bullack driven ploughs,
Deep ploughing helped in retention of rainwater in soil
and better oot development.

e  In standing mehndi crop farmers do desp soil working by
using special khurpifl kasi (Fig. 3). This is baing dane after
every rainfall during the ralny season from July to mid-
September till the crop remains dwarf. This practice is
stopped after adequate sprouting of mehndi so that newly
sprouted branches may not get damaged. The secret of
viable and good crop production is the indigenous tillage
practices.

Fig. 3. Weeding and Hoeing using traditional tools

There was hardly any disease and the farmers did not
spray the crop with any insecticide. It was reported that during
good rainfall years castor semi-looper appesrs and damages
the crop, at times severaly. Even if the crop is fully defoliated
farmers cut the branches in October so as o get new growth
during next year, A pollen feeder Mylabiis pustulata, cammonly
known as blister beetle was sesn hovering on L inermis
fiowers in large numbers during the survey. Mo farmer
reported the use of any fertilizer.

Harvesting and Threshing

The branches of the shrub are cul near the base (8-8"), The
cutting is dane malnly by women who use |eather glove in the
left hand and sickle (non-serrated half circle) in the right hand
(Fig. 4). The harvesting of 1-yr old plants is done bit carefully,



Fig. 4. Sickle and leather glove - the traditional tools Tor
harvesting henna

once old, it is ruthless. Most of the farmers harvest In
September-October. After harvesting, the branches with leaves
are collected on any clean place near the crop field for sun
drying. These are turned upside down daily for 3-5 days using
wooden |mplement ‘Bewla’ (having about 6 ft handle and a fork
in the front). Thereafter these are thrashed using the same
implement. Leaves dry but branches stay fiexible. The general
view was that if the plants are harvested early, the quality of
leaves is not up to the mark. The branches don't seem lo have
much utility. Mainly these are thrown over the fence (Fig. 5] ta
raise it as mentioned earlier or are used as fuel for making
bajra chappatis (sogra). In India mostly men undertake the job
of transportation of harvest to the threshing floor and then 1o
market. In henna growing parts of Pakistan, camel is still used
frequently for this purpose.

Fig. 5. Crop residue (branches) of henna over field bunds

Management of established henna plantation thus
invoives operations fike one/two hoeing and weeding.
harvesling, threshing and filling of bags at threshing floor.
However, these are linked with rainfall and carried out by all
the cultivators at the same time, Consequently there is shortfall
of skilled labourers and the competition for hiring labourers
among the cultivalors raises fabour charges to a great exient.
At the time of hoeing and weeding the labour charges go up to
Rs. 150-200 per labour per day as compared to normal rate of
Rs. 80-70. Further at the time of harvesting this could go as
high as a woofing Rs. 350-500 per |sbour per day. In this
situation large farmers (having more capital to invest) are able
to carry out operations in lime, but the medium farmers are

constrained and consequantly operations are delayed causing
losses in the form of low overall production and productivity.
Small farmers generally do not hire labour and only family
labour is used (Fig. 8). The time of harvest is most crucial
because if farmer delays harvesting he may |cose produce In
the form of shedding of leaves, if he goes Tor untimely /early
harvesting, there (s a risk of spoilage of harvested leaves in the
field due to even a vary light showar of rain or moist (humid)
weather.

Fig. 6. Family of a small farmer harvesting henna crop

As the crop area is concentrated in faw tehsils of Pali
district much Innovations in the direction of mechanisation of
warious operations has not been made and farmers ara left to
follow the tradittonaliconventional method of hoeing, weeding
and harvesting. Tha hoeing and weeding in the crop is carried
out simulianeously in one operation using the lecalf indigenous
hand hoe (having 8-9" inches broad sharpened blade at one
end other end narrowed to have long wooden handle of 4 - &' fi
length, locally called as 'kassi') and one normal labour only
does the operation in 0.05 ha area per day, thus complate
heeing and weeding In one ha will need around 20 man days.
The ftraditional method of harvesting using extra large size
heavy weight sickle having broad blade, is time consuming and
needs skill. Harvesting in one ha takes around 12.5 to 15
man-days that too only through skilled labourers. Collection of
the harvest and its transportation to threshing floor takes
around 20 man-days per ha. The threshing of harvast afier one
day by beating with local wooden tools like a rake/simpla long
wooden sticks to separate leaves from the stalks takes 6-7
man-days per ha,

Henna requires very good rain for establishment but a
very light shower of rain at the harvest is enough to spoil the
crop. Henna is harvested generally after withdrawal of
monsoon i.e. last week of September to second week of
October. Matural greenish colour of leaves of henna in
presence of moisture changes to rusty; this happens even if
the leaves are filled in bags but exposed 1o moistened air. The
price of such produce (leaves) goes down drastically in tha
markel In general farmers complete harvesting in shortest
possible time period to ascape such situation. Some farmers
harvest very small area at a time so as thrashing and filling of
bags can be done within next two-three days. Effiuent farmers
cover their produce either with plastic sheets or tarpaulin,

Quality of Produce

Sojat Is famous for the guality of leaves. The bags used for
filing the leaves are made by stitching two bags and can
accommodate about 40 kg (a maund) of dry leaves. Ona can
sea women and few men involved in marking such bags locally



in Sojat City (Fig. 7). The quality of leaves determines the price
At present the quality of leaves is assessed by the traders on
visual basis, experience. origin, etc. Henma, being a
commercial cash crop and having high risk of guality
deterioration due to various factors like exposurs to rain,
sunlight and |ong storage, needs better storage and marketing
facilities. The henna growing areas of Pali district have a sub-
mandi yard (govt. regulated market) in Sojat city, where
cultivators sell their produce. During our visit to Sojat market
meant for trading of henna leaves, we could collect three types
of samplas as differentiaied by the traders. Thesa wara :

Small green leaves (Grade 1); This was the produce having
uniform ‘green leaves harvested from mature shrubs (in
Oclober). Lawsone centent in these was 3.0 per cent as
estimated using the method of Pratibha and Korwar {1999},
The values of lawsone are essantially for comparisons and are
not absolute.

Yellow-green mosaic leaves (Grade 2); These wera also
harvested from mature shrubs but early (September) when
leaves were not lhat stiff. According to market persons, thay
have no difference with respact to the best quality leaves as far
as colour content is concemed but the price of such leaves is
law, The lawsone content in these was 2.6 per cent, L.e. only 14
per cent less than grade 2 leaves.

Light to dark leaves (Grade 3) : Leaves harvested from
mature plants but got exposed to rains: These were
considered to have only 60% of the colour by the traders, The
lawsone content in these was only 2.08 per cent i.e. 30 per
cent less than the grade 1 leaves.

Storage

The preduce from henna being in the form of dry leaves is
voluminous. This factor results in requirement of large area for
storage of produce that should be covered to protect the
produce from exposure to rain/moisture and direct sunlight.
Some big farmers have big sized tin sheds or halls to store the
produce, but majority of farmers cannot afford such structures
owing to financial constraints. This compels them to sell their
produce at the prevailing market price. Though mandi yards
have fin sheds bul these are not sufficient for the produce of
the area and the voluminous produce is put in open and
consequantly every year it results in iosses of lacs of rupees.

Marketing

The price of hanna leaves fluctuates to a very wide range, as it
is not supported or regulated by government, In a good
produclion year the price goes as.low as Rs. 1000-1200 per
guirtal in comparison to a low production year when price goes
as high as Rs. 2500-3000 per guintal or even more. The lack of
slorage facility further aggravates the situation.

There is lack of standard marketing procedures and
faciliies. The farming community is generally not satisfled with
the mandi procedures and facilities. For example, 8 deduction
of 3.5 to 4 kg is made per bag of 3540 kg in lieu of bag's
weight and inert material, etc. The sale procedurss in mandi Is
'open auction’. The traders put their hands in upper portion of
any bag and pick parl of produce and just on that basis decide
the quality of henna. Average farmer complains that quality of
his produce is generally under estimated and that feiches him
low price. As already mantioned the mandi yard doesn't have
sufficient shed for storage of produce of farmers thus they have
to sell their produce as early as possible at prevailing rates.

Processing

Al present there are above 25 major factorles at Sojat for
processing of leaves. In these factories the material is first
cleanad In rotatary drum having sieves of three different grades
where dust and fine particles get removed. Thereafter, the

Fig. 7. Men and Women stitching jute bags in Sojat market

leaves are blown oul of the machine. The bemes/slones or
heavy soil particles are left near the fan. The cleaned leaves
are then threshed in a thresher where fine mixture of leaves s
obtained as one can get by crushing a dry leaf in hand. This
mixlure is free from dust, branches, soll, etc. This leaf 'choori’
Is then pulverised in pulverisers. Prior to the pulverisers,
machines having big circular grinding stones were in use.
Today these dircular stonas can be seen lined up outside the
factories. The fine powder is blown up and is sucked at the
other end. Here also some debris which is heavy gets
accumulated at the base and is removed. As excessive
heating can lead to loss of colour, pulverisation is normally
done by many during night. During the cleaning of leaves and
pulverising 12-18 per cent loss of matter was reported. It (s
mainly the dust, fruits and seeds.

There ara few factories that can give the mehndi at the
low rate. The cleanliness is compromised and leaves of other
plants are also some times added. Leaves of khejr (or possibly
jal) are commonly added. These days leaves of amii (Cassia
auricwlata, whose bark is used for tanning leather) are also
used as aduiterants. Most of the factories provide pure henna
powdaer. Some of them, however mix green colour after
processing to give the powder an attractive look.

Henna growers of the region through their experience,
observations and as per local conditions have evolved
methods to get sustainable income during various conditions.
Henna has been a boon to the people of the region. Even
though it is-an important dye crop, but its cultivation is in a
small localized region. There were no reports of gluts of leaves
in the market. Limited planned research has been done on this
shrub species.
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Agrotechniques for Henna (Lawsonia inermis L.) Cultivation
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Henna (Lawsonia inermis L.) or mehndi is & highly
, branched perennial shrub cuitivated as ratoon crop under
cutting management due to its good regeneration ability, Its
dye bearing leaves constifute the main economic produce. The
I=aves of this shrub are small, simple and opposite. This plant
i5 ane of the oldest sources of plant dye compound known to
man. Its leaves contain the reddish orange dye named lawsone
that has been used sinee biblical times as a cosmetic dye. It
also served as a textile dye until the advent of synthetic dyes.
Many ayurvedic and unani medicines are based on the
curative properties of henna |leaves and other plant parts.
Henna is a fast growing small shrub planted as highly dense
plantations on agricultural or degraded wastelands, saline
solls, shallow gravelly lands, etc. Hs plantations are sustainable
under coppice system for 15-20 years.

Henna has been under cultivation In India since 12"
century. For long it was grown [n the arid and semi-arid tracts
of Punjab, Madhya Pradesh and Gujarat. However, as other
crops replaced henna in these regions its cultivation has
gradually shifted fo the arid fringes of Rajasthan. Currently, Pali
district in Rajasthan has the maximum area of about 35.000 ha
under henna with an annual production of about 35,000 tones
dry leaves worth Rs. 70 crore, Sojat area is the main centre of
henna cultivation and processing in Pali district. Additional
produce comes from the old farms and field bhoundary
plantations in Gujarat and Madhya Pradesh.

Selection of Plant Type

The yeliow flowered henna s cultivated in arid Rajasthan as
dye-crop, of which two types are recognized. They are locally
known as desi and muraliya type. The desi type has a leafy
canopy with larger green leaves while the muraliya type has a
woody canopy with small leaves of distinctly greyish green
colour and hard peinted branchlets. The desi type is favourad
for cultivation in view of its higher leaf yield potential.

Soll and Climatic Requirement

Henna can be grown on wide variety of socil and climatic
condiions. However, deep, fine sandy or medium textured
well-drained soil is considered best for henna cultivation. This
crap shows resistance to soll salinity. The henna fields in Pali
district of Rajasthan have 40-80 cm deep sandy loam to clay
loam soils with calcareous substratum wilth soil pH ranging
from 7.7 to 9.0. This region lies in the transitional belt of arid
weslern Rajasthan that receives an average annual rainfall of
aboul 450mm. It requires moderate temperature of abaut 30-
35°C during active growth period. As a dye crop, it requires
hot, dry and sunny weather conditions with RH <50% at
maturity for higher dye contenl

Nursery Practices

Henna can be propagated through cuttings as well as by
seedlings. Propagation through cuttings is the main method
used for raising hedges. However, seedlings are preferred for
field planting due to their higher survival rate and economy.
Henna seads have a hard seed coat and therefore, seeds are
trealed before sowing to break hard seed coat. Normally seeds
are soaked in water for 8 to 10 days, with frequent changing of
water that gives about 20 per cent germination. Soaking of
seeds in 3.0 per cent salt solution for 24 hours results in 80-70
per cent germination. Mursery beds about 30 m?® size are
prepared and one kg seed mixed with fine sand are broadcast

in these beds. Sowing is done during first fortnight of March,
when lemperatures are optimal for germination (25-30°C).
About 6-8 kg seed is needed to ralse seedlings for
transplanting ons hectare. To meel the nutritional need of
seedlings 10 t FYM ha' is applied to the nursery beds before
sowing.

The henna seedlings are very delicate, extremely
sensitive to water stress and hot desiccating winds and grow
slowly for first 3040 days after emergence. Therefore, during
this period, the beds are watered regularly once every two
days in the evening or during night; |ater irrigation is reduced to
once every 3-5 days depending on weather. Windbreaks are
provided around the nursery for protection from hat dry winds,

Regular weeding is practiced by hand picking and
suitable control measures are adopted to check seediing
diseases llke damping ofi, bacterial leaf spot, and leaf bilght.
Henna nurseries are often affected by dodder infestation. As
the fruiting bodies and seed of this higher plant parasite
resemble those of henna it is difficult to eradicate it from seed
lot. Acecordingly, to avoid dodder infestation the seed for
nursery should be obtained from clean fields. In about 3-4
months the seedlings altain 30-40 cm height and are suitable
for transplantation in the figld.

Transplantation

Transplantation is carried out during rainy season in the month
of July-August. Gne deep ploughing using mould board or disc
plough |s followed by disc harrowing and planking. Before
leveling, one final ploughing with country plough is considered
desirable. Seedlings o be transplanted are cut from both ends
s0 as o leave about 10cm of both main stem-and tap root, and
the root portion is drenched with anti-termite pesticide.
Thereafter, the seedlings are transplanted in the field at a
spacing of 30 x 30 cm in peg holes as traditional practice.
Proper placement of the transpiants and scil packing along
with receipt of rainfall soon after transplantation are vital for the
establishment of seedlings. Triale al Central Arid Zone
Research Institute, Pali showed that planting at 45 cm x 30 cm
spacing gave highest dry leaf yield followed by 60 cm x 30 cm
spacing (Table 1).

Table 1. Effect of crop spacing on leaf yield (kg ha') of henna
during successive harvesis under ralnfed condifions at Pali-
Marwar (Rao et al., 2003)

Spacing 1985 2000 2001 Pooled
(354 mm) | (245 mm) {800 mm)

30 x30em 401.2 4031 12423 682.2
45 x 15 em 2054 386.7 1118.8 B00.3
45x30cm | 5006 BO3.4 13997 a04.2
80 x 15¢cm 3389 376.2 11382 B17.8
80 x 30 cm 428.2 77B.1 1398.2 B6T.5
CD(P=0.05)| 742 86,2 2087 e

Traditional and improved plant arrangements: are shown
in Fig. 1 and 2, respectively. Experiments at Pali and Jadan are
shown in Fig. 3. and 4. This indicates that at wider spacing the
assimilate: supply for an individual plant was sufficient to
sustain numerous vegetalive sink (Amon, 1292). These
spacing are also suitable for mechanical cultivation. Recant



studies conducted at CAZRI, Pali revealed that 30 cm wide
and 15 cm deep furrows openad at 60 cm distanca for planting
henna seedlings helped in rainwater conservation and beter
eslablishment of seedlings. In subsequent years the space
batween two rows can be used to conserve rainwaler and
controlling weeds by opening deep furrows. This technique
may prove highly efficient in ralnwater conservation especially
during years of low rainfall to attain sustainable production of
henna and also for cultivation of henna in areas receiving less
than 400 mm rainfall,

Fig. 1. Traditional planting practice of henna

Fig. 2. Improved planting plmctlca.of henna

Fig. 4. Henna trial al CAZRI experimental area, Jadan
Nutrition

At present very little or no fertilizer is being used for henna
cultivation in our country. In trials conducted at Central And
Zone Research Institute, RRS, Pall henna crop responded to
nutrition. Application of farmyard manure at 5 t ha" proved
beneficial in terms of seedling establishment and dry leal yield
and guality (Table 2). It should be mixed well in scil during field
preparation before transplanting. |t is essential to apply
nitrogen and phosphorus. Nitrogen fertilization stimulates tiller
growth and leaf development and Phosphorus plays important
role in formation of roots, their proliferation and improvement in
their functional activity,

Table 2. Effect of Farmyard manure on dry leaf vield (kg ha™) of
henna under rainfed conditions at Pall-Marwar

Farmyard manura Leaf Yiald (kg ha™)

Mo FYM 7o
FYMat51ha' 1089

Fig. 3. Henna cultivation at CAZRI, RRS, Pali

After the establishment of plants, N should be applied
every year at 60 kg per hectare in two equal splits, first just affer
the first rain and second split about a month later (Table 3).
Phosphorus at 40 kg PO, per hectare should be applied and
mixed in the soil entirely al a time in the crop root zone along with
first split of N application. Henna crop also shows response to
the application of secondary nutrient and micronutrient.
However, nutrient x erwviranment interactions sesm lo play
significant role in the overall response of the crop to applied
nutrients (Rao efal., 2004).

Table 3. Effect of nitrogen levels leal vield (kg ha') of henna
during successive harvests under rainfed conditions at Pall-
Marwar

Nitrogen 1689 2000 2001 Poolad
{kg ha") (354 mm) | (245 mim) (500 mm)

0 382.2 510.9 1145.7 €79.6
30 3058 543.7 1228.7 7221
80 3904 567.9 1326.6 761.6
a0 408 8 5758 1339.3 774.5
CD (P=0.05) | NS NS 1443 "
Irrigation

Henna i= usually grown as a rainfed crop during kharif season.
Therefore, o maximize rainwater harvest and meisture
availability, henna plantations are bunded along the periphery of
the fields. However, in absence of adequate rainfall or prolonged
drought spell during rainy season, irfigation is beneficial. And



where Irrigation facilities are available, second harvest is also
possible and the crop is usually irrigated at an interval of 15-20
days. Befora the crop reaches physiological maturity, it is left un-
irigated for about a fortnight to achieve high dye content in tha
lzaves. Besides providing a second crop during rabl seasaon,
imigation alscenables raising an Intercrop of wheat in the henna
fields. Frequent irrigation is, however, believed to decreasa the
leaf quality by lowering dye content.  Singh and Mann (1979)
minimized the installation cost and water use by 50 per cent using
single lateral between two or three rows in vegetable crops. In
such a case plants within rows are usually spaced closer than
normally recommended. Drip irrigation system in henna (Fig. 5)
designed to provide one lateral for each pair of rows and one
dripper between two plants i.e. ane dripper will pravide irrigation
to four plants. This system enables two additional harvest of
henna crop apart from main season crop by malintaining
restricted deficitirrigation.

Fig. 5. Henna under drip system of irrigation
Interculture

Weeding and soll working are essential to conserve soil moisture
in the fiald. At least one hoeing-cum-weeding is required after a
month of transplantation or growth in ratoon crop. Pre-
emergence application of Atrazine at 1.0 kg a.f per hectare will
control most of the broad leaf weeds and annual grasses.
Mechanical operations are avoided in the new plantation to
pravent njury to the fresh transplants. Interculture in the ratoon
crop, however, is possible employing bulleck or tractor drawn
imptements, if rows are spaced at45.0r 60 cm, respectivaly.

Crop Protection

Termite is the major pest of henna in the fisld. It can be controlled
by soil application of Chloropyriphos (10%) or Furadon 10G at 25
kg ha" during field preparation and by dusting of standing crop
with Chloropyriphes or Furadon. Under prolonged moisl and
cloudy conditioris thare may be high incidence of semi-loopers
thal can be controlled by foliar spray of Quinalphos 30 EC at 1.25
litreha.

Harvesting and Yield

Henna takes about 1-3 years to become fully establistied in fizld,
Economic praduction of leaves start from the third vear onwards
that continues for the next 15-20 years. The first harvest is taken
at about 100-110 deys in the main growing season. Leafy
branches are cut 8-10 crm above the ground  (Fig. 6) using sharp
heavysickleand protective glove made of tough leather.

The crop is harvested when the leaves are fully mature and
yet retain their green colour. This stage Is indicated by the onset
of ripening of the capsules as well as by the |eaves on the main
slems that begin to turn yellow and fall Harvesting |s also
dependent on the rainfall as dry period of a forinight is assantial

before the harvest of the leaves. Late rains delay the harvest of
the crop, To achieve better vegetative growth and also get
produce of better quality, farmers generally resort to removing
llowers and immature fruits before the harvest, especially when
there is delay in the harvest due to late rains. The harvested
branches are fully dried in the open (preferably in shade) and
then baaten on the ground to collect the leavas. Drying during the
menths of Oct.-Nov. generally takes 4-5 days. Dried leaves are
finally stored in gunny bags in a dry place for marketing. For
storage and transport big bags prepared by stitching two gunny
bags are commonly used by the farmers and these can
accommodate about 40 kg leaves.

Fig. 8. Freshily harvested henna flald

The average dry leaf yield under rainfed conditions in Pali
region |s about ona tonne per hectare; higher yield up to 2.5 { per
hectare is obtained under irmgation (Anonymous, 1987). Under
the warm continental climate of Azerbaijan the crop yields around
1.5 perhectare dry leaves.

Prospects

There s considerable scope of growing henna for the economic
development of the arid regions. Due to its drought hardiness it
can be cultivated on land that are drought prong, marginal or
unsuitable for arable cropping to give assured economic retumns
at low cost or investment (Khemchand et af,, 2002), The seml-
arid transitional plains of Luni basin in Rajasthan i.e. the area
extending from the northern foot hills of the Aravalli to the sandy
arid plains of the west, holds good promise for henna cultivation
as a cash crop in a systematic manner. Further, its parsistence in
the field might help to check or even reverse the desertification
processes in vulnerable areas.
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Henna or mehndi (Lawsonia ingrmis L, syn. alba Lam.) a
perennial shrub (Fam. Lythraceae) is cultivated for obtaining
lawsone from leaves and perfume from flowers. Henna leavas
were possibly used in ancient Egypt, much as they are today,
in the form of a paste to colour the palms of hands, the soles of
feet, the nails and hair around 2000 BC. The hands, feet and
hair of several mummies were found to be stained red with
henna {Gode, 1999). However, women's henna traditions may
have since been continuously practiced for as long as 9000
years ago (Jones, 2002). It is cultivaled in Egypt, Sudan
(Africa) Pakistan, Yemen and India (Asia). In India it occupies
about 40,000 ha area out of which 35,000 ha alone is in Pali
district (Sojal and adjoining tehsils), It is also cultivated in
Gujarat in the form of hedges on the field bunds. Henna
cultivation at Kannauj and Ujjain is for hanna perfume. Around
90 per cent of total production of henna dry leaves is produced
in Pali district of Rajasthan and Sojat is a major centre for its
processing and trading in India. Export to other countries is
done from Delhi and Mumbai.

The biophysical limit of henna in terms of annual rainfall
is 200-4200 mm (Anonymous, 2004). The climate as well as
soil type and topography of the area favour hanna cultivation in
the region. Farmers traditionally plant this crop in 30 cm x 30
cm spacing. The productivity varies from 400 kg ha” in low
rainfall years to 1000 kg ha” in good rainfall years. Higher plant
population in closar row spacing compete for water, nutrient
and light and hence early drying and shadding of lower |eaves
cause considerable loss in yield particularly in low rainfall
years,

The shorlage of water to rainfed crops can be resolved by
increasing total water availability to crop plants or restricting
evaporation losses relative to franspiration by integrating
various management options like soil moisture conservation,
planting configurations, eliminating weeds and judicious
application of nutrients (Singh and Saxena, 1998). Such
information is meagre or lacking in henna cultivation In India or
elsewhere in the world.

The use of the concepts of planting configurations and in
gitu moisture conservation and their integration in optimising
the production of henna in arid fringes (District Pall) are
described below.

Climatic and Seil Characteristics of Arid Fringes
Climatic characteristics

Fali district lies between 24%45' - 26°29' N and 72°47' - 74°18'
E at 212 meters above MSL. The climale of Pall district, a
typical site on the fringes of arid in Indian par of the Thar
Desert, is and lo semi-arid, The rainfall pattemn of Pali, Sojat
and Marwar is shown in Figure 1. The average rainfall for Pall
{1968 to 2004) and Sojat (1964 to 2004) is between 400 to 420
mm whila at Marwar it ranges from 460 to 550 mm (1980-
2004). The minimum rainfall for producing a crop In dry farming
area with summer rainfall pattern is estimated as 500 mm
(Koeppe and Long, 1958). Number of years having rainfall
below or equal to 500 mm was 28 oul of 37 for Pali, 29 out of
41 for Sojat and 15 out of 25 years for Marwar. Such frequent
occurrence of low rainfall years led to exhaustion of
groundwater levels in the region. Around 85 per cent of annual
rainfall occurs between July to September in arid fringes.
Temperature is between 30-35°C with RH =80% during July-

August, Bright sunshine (cloud free sky) 8.5-9.4 hours with 36-
40°C termperature and RH <50 % from mid September lo early
October is common feature In the region.

Rainfall Pattern of Pali
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Fig.1. Rainfall pattern of Pali, Sojat and Marwar Jn
Soil characteristics

The soils are sandy loam with pH 8.1, EC 0.16 dSm', organic
carbon 0.37%, low available N 213 kg ha’, available
phosphorus 11.0 kg ha” and exchangeable K 250 kg ha'. The
soil has 45% sand, 36% silt, 19% clay, 1.38 -1.49 gfem” bulk
density, 18.5% (w/w) field capacity and B-6% (w/w) permaneant
willing point (15 bar tension). The silica bonding in between
clay particles leads to crusting as a result most of ralnwater is
lost in the form of runoff. Alsa low infiltration rate 10-12 mm hr',
causes runeoff during heavy rains. The Aravalli range with small
hillocks at the arid fringes coupled with sloppy land causes fast
runcf in the region. Hence farmers practice bunding around
the field to conserve walter,

Planting Configuration

Higher piant density has been a shotgun for enhancing
transpiralion relative to non-growth relaled evaporation losses

.



in high rainfall areas or irrigated condition (Mukammal and
Bruce 1960, and Blum, 1970)

In arid region, paricularly rainfed condition, dense
canopy growth may be disadvantageous as il may exhaust the
available soll molsture from roct zone during drought (Singh,
1877). So in such areas, one has to be more cautious in
deciding optimal plant densily and row spacing for sustainable
praduction.

Hence an expariment was conducted to evaluate the
effect of row spacing and plant density on henna from 1987 to
20071 established through seediing in 1998, In 1537, 719 mm
rainfall was received during cropping season. Higher plant
densilies in 30 cm x 30 cm, 45 em x 15 ¢m, 80 cm x 15 cm and
45 cm x 30 cm spacing produced 27.5, 21,7 168 and 12 per
cent higher yield of dry henna leaves than that to 60 cm x 30
cm in one year old henna crop during 1997 (Rao et al., 2003).

In subsequent year (15998] low rainfall (145.1 mm) caused
poor sprouting owing to abiotic (low moisture content) stress.
In good rainfall years like 2001, 45 cm x 30 cm and €0 cm x 30
om spacing yielded 12.7 and 12.6 per cent higher produce than
30 em x 30 cm spacing. But in low rainfall years (mean of
1998, 99, and 2000), 45 cm x 30 c¢m and 60 ¢cm x 30 cm
spacing provided 64 and 50 per cent higher leaf yield,
respectively, than that of 30 cm x 30 ocm spacing. Mean of five
years data (1997 to 2001) also revealed that wider row spacing
performed better over closer row spacing (Table 1),

Table 1. Mean dry leaf yield and biomass production of henna
{1887-2001) as influenced by row spacing and plant density

Yield Spacing (cm) cD
parameters i

30x30 | 45x15 | 45x30| B0x15 | BOx 30
Dry leaf 557 505 693 509 553 %
(kg ha™)
Biomass 1288 | 1228 | 1621 | 1237 | 1518 i
(kg ha'')

CD=* **(F=0.05and 0.01) based on logarthmic fransformation

Our findings are in confirmation to observations made for
sorghum by Tomar and Saini (1978) and for pear millet and
arid legumes by Shankamaravan and Singh {1885). Though
45cm x 30cm produced highest yield but it was gt par with
60cm x 30cm under Pali conditions. The later planting
arrangement had a population of 58,000 per heclare. Vyas
{2009, personal communication) also reported thal a
population of 50,000 plants per hectare was optimum under
prevailing rainfall condition at Bhuj (Kutchchh).

Another way to reduce crop canopy exposure to solar
radiation is to change the spatial arrangements of plants from
conventional regular row to double or friple row planting. By
bringing in the highest packing fractions of space beiween
rows, paired row or triplet row planting may suppress early
plant growth (Amon, 1975), increase root elongation (Haynes
af al,1959) enhance senascence of mutually shading lower
leaves in the row zone (Burch and Johns, 1978} and result in
efficient use of soill moisture.

Keeping this principal in mind an experiment comprising
these planting configurations along with fr-siu moisture
conservation technigue on the production of henna was
initisted at Jadan (CAZRI, Pali) in 2003. Plant density In
60 cm x 30 cm spacing standardized by Rao et al. (2003) and
Vyas (2005) was considered to be an optimal density for
experimentation in ard fringes.

Planting in 60 cm regular rows (RR) was compared with
paired row, triple row, inter row, inter paired row and inter triple

—

row water harvesting. Row to row distance and plant-to-plant
distance within row were kept 80 cm and 30 cm, respectively in
RR and inter row water harvesting treatments [IRWH).

In paired row planting geomietry, distances were 45 cm
betwsan row-to-row, 90 em hetween row pairs and 25 cm
within rows. In triple row distances were 25 cm between row-
to-row, B0 cm between pairs of triple rows and 40 cm as inlra
row spacing. These three planting configuration were
integrated into water harvesting in another sel, wherein 80, 90
and 60 cm space bstween row (RR), row pairs (paired row)
and triple row (Tr), respectively was used to open 30 cm wide
and 15 cm deep furrows before the onset of monsoon (Fig. 2)
Tractor operated furrow making in IRVWH is shown in Fig, 3 and
4, Thus, there were six freatmenis. Henna without water
harvesting Is shown in Fig. 5. In first year, plants were planted
in furrows in inter row water harvesting treatment. While in
IPRWH and ITRWH, the space betweern pairs of double or
triple row was raised a little to conserve water in planting zone.

Bl em
s R, | T (WS SR O R« R{(60 o 30 o)
il em
Joem fe———o O RWI(E0CHm ¥ 30 em)
15 ,:mI i r_' ’i\' 2 Stecm wide snd 20 em
BWem deep i
t_ig‘%m&\_'ﬁ_lm_ O IFRWH (ReR = 45 om.
| = PaP=25om within & row; on
Stm 103 em 105 el 10 e wids & 20
&0 . umdcepﬁm'owb

emp= T | O ITRWH (R = B=25 om P >
[Sem b = S P=30) emi on 05 emhad, 30
165 gim cm wided 20 emdeep fimow

Flg. 2. Tractor operated water harvesting system

In the year 2003, 297 mm rainfall was received during
July and August; thereafter the season was dry. Of 287 mm
rainfall, 123 mm was received between August 26 to 30. Hence
gap filling was done to attain complete plant population density
in each treatment. Establishment percentage was computed
around 15th August. Paired row and triplet row arrangement
resulted in BS and 81 per cent astablishment while regular row
plantation had only 58.5 per cent plant stand establishment

Fig. 3. Tractor operated furrow making and wead cantral

Curing 2004, furrows were opened between the row, row
pairs, and friple row pairs before the onset of monsoon and
around 30 days after first rainfall. A total of 237 mm rainfall was
received during July and August and there was no rain afier



Seplember 6 at Jadan. The yield of dry leaves and biomass of
middle row was low in triple row in comparison to regular row
planting during 2004 dus to competition for water.

Fig. 5. Henna without water harvesting
In-situ Water Harvesting

In conditions of dry land farming the solution to soil molsture
problem lies in the storage of rainfall in the potential root zone
by means of water harvesting (Singh, 1985). In 2003, henna
planted in furrows/catchments provided 90 to 95 per cent
establishment and the highest yield (184 kg ha”) was obtained
with paired row followed by triple row and inter row water
harvesting. In 2004, only 237 mm rainfall was received during
cropping season that was inadequate to mest the waler
requirement of henna.

Integration of planting geomstry Into watar harvesting
resulted in 108 per cent increase over no harvesting
treatment. The significance of compressed planting geometry
into water harvesting (ITRWH) for minimizing evaporation
losses through better canopy spread on planting zone had
been refiected by obtaining 12.8 per cent higher yield over no

water harvesting, Better planting configuration provided 17 per
cent more yield than farmers practice (Rao sf al, 2003) and
when it was integrated Into water harvesting, 10.8 per cent
additional yield was obtained. This integration of planting
configuration into water harvesting brought about 28 per cant
increase over farmers practice in ard fringes.

Conclusion

The use of the concepts of planting configuration as well as
waler harvesling together enhanced the yisld of henna by 27
per cent over conventional farmers' practice. Water harvesting
within row, row pairs or triple row pairs had not anly conserved
moisture but also minimized the infestation of weeds. Further,
integration of balance nutrient, biofertilizers, IPM, crop residug,
and gypsum, etc. into water harvesting needs to be
investigated to develop complele package of practices for the
henna growers in arid fringes.
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Henna- Legume Intercropping System for Sustainability in Arid and Semi-arid Region
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Growing of crops in mixed stands is regarded as more
productive then growing them separately for better use of land
and to avoid the risk of crop fallure due to unceriain climatic
conditions (Andrew and Kassam, 1978). In and fringes of
Rajasthan in Pall district, henna replaced traditional cropping
syslem in last few decades owing lo higher price for its dry
leaves. Henna crop proved highly remunerative cash crop for
the: farmers having large holdings. Farmers belonging to small
and marginal categories unable to bear establishment cost of
henna due to lack of financial resources are still cultivating
traditional crops in mixed cropping system during khani
season. Crops often fail due to recurring droughts; it is
therefore, difficult for small and marginal farmers to eamn their
livelihood under such hostile environmental conditions, Henna
being able to praduce even with low rainfall (Rao ef al., 2003),
may prove useful for intercropping system with treditional
legume crops. The intercropping of legumes with cereals has
been proved energy efficienl technology for sustainability
(Papendick ef al,, 1976).

In this chapter, emphasis is given on cullural factors as
choice of compatible components of crops with divarse
morphology, crop geometry and density, relative time of sowing
of component crops and compsetitive ralations.

Background to Intercropping Systems

Growing of two or more crop species simultanesusly in the
same field during growing season is called intercropping.
Common characteristics of different forms of intercropping are
that they have the effect of intensifying crop production and
exploiting more efficiently environment with limiting or
potentially limiling growth rescurces (Papendick ef al, 1976,
Tranbath, 1982),

Andrews and Kassam (1976) identified four main types af
intercropping

e Mixed Intercropping : Growing component crops
simultanecusly with no distinct row arrangement; this is
commonly used in labour intensive subsistence farming.

° Row intercropping Growing component crops
simultaneously in differenl rows; this is used in
mechanized agriculture and. In present research on
intercropping, because it permits crop specific operations

. Strip eropping : Growing component crops simultaneously
In different strips to permil the independent cultivation of
each crop

» Relay Intercropping : Growing component crops in ralay,
so that growth cycles overlap.

Crop Combination a Factor for Intercropping

Henna Is a perennial shrub with deep rooting system generally
planted in 30 cm aparl rows in arid fringes of western
Rajasthan. It attains a height of 65 to 85 cm and had a spread
of 80 cm upon full growth. Once planted, crop continues to
yield for 15-20 years. Cutting js done from the base of crop in
the last week of September to first farinight of October. Since it
is rainfed, the farmers take one crop during July to September.
The first approach mentioned above dossn't suit to henna crop
while remaining three suits well. The growth of henna subsides
due ta low temperature during winter and thus there is scope to
ralse additional crop under conserved moisture (taramira,
mustard, wheat and gram) i.e. relay cropping, provided it rains
in the end of September. Such situation prevails once in five

years, hance very litle scope of adopting this approach in this
region.

Alley cropping with henna (henna as alley) and
component crops as inlercropping may prove an economic
alternative to the farmers in the region. The arid and semi-arid
areas at the fringes of the Thar desert has the typical summer
rainfall climatic conditions where monsoon rains are confined
from mid-June to. Septamber end. The rainfall ranges betwaen
300-800 mm. Since crop has short stature and completes its
life cycle between July to September, shor statured and short
duration legumes have the scope of intercropping with hanna.
Pearl millet, sesame ar sorghum are not advised as they have
more height than henna and may suppress henna for light
interception.

Indices for Evaluating Productivity and Efficiency

Willey (1985) suggested different indices lo evaluale
productivity and efficlency per unit area of land of cereal-
legume Intercrop systems, These include comparisons of
absolute yield, caloric equivalent, and in economic terms,
gross returns from intercrops and sole crops. In henna dry
leaves are major component for marketing, hence, the yields of
component crops are to be transformed intc relative henna
value.

Relative Yield Total : The mixture yield of a component crop
expressed as a proportion of its yield as a sole crop from the
same replacement series is the relative yield of the crop (Van
den Bergh, 1968). The sum of the relative yields of component
crops is called Relative Yield Total and is denocted by RYT.
When the RYT Is equal to or less than 1, there is no advantage
to intercropping.

Calculation of RYT is originally based on tha replacement
serles In competition studies, where proportions of the
components in binary mixtures are varied but overall crop
densities remain constant. The same calculation can in fact be
applied to any density situation in intercropping. However,
Mead and Riley (1981) have argued against its use because
the objectives of intercropping are essentially agronomic, that
is to find the best ways of growing crops together.

Land Equivalent Ratio : Willey and Osiru (1872) proposed the
goncept of the Land Equivalent Ratio (LER) as an index of
combined yield for evaluating the effectiveness of all forms of
intercropping. LER is defined as the total land area required
under sole cropping to give the yields oblained in the
intercropping mixture. It is exprassad as:

REANES
LER= | — |+ =
Y] \r
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Where, Y is the yield per unit area, Y, and Y, are scie
crop yields of the component, , and | and Y, and Y, are
intercrop yields (Mead and Willey, 1281), The pariial LER
values L, and L, represent the ratio of the yields of crops, and

when grown as intercrops, relative to sole crops. Thus
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Li=| —| andL=|_L
2 7,



LER is the sum of the two partial land equivalent ratios ;
LER=L +L

When LER = 1, there is no advantages to inter cropping
in comparison with sole cropping. When LER >1, a large area
of land Is needed to produce tha same yield of sole crop of
each compenent than with an inlercropping mixture. For
example, when LER = 1.25, 25 per cent more land is nesded
to produce the same yield form the components as sole crop.

Area Time Equivalent Ratio: Hiebsch (1980) as a
modification to LER proposed The Area Time Equivalent Ratio
{ATER): This takes Into account the duration of the crop i.e. the
time It occuples from planting to harvesting: it also permits
evaluation of crops on a yield-per-day basis, It does not appear
io have been adopled widely. Il is calculated as

ater= (L1, +f-ﬁjy
T

Where L, and L, are relative yields or partial LERs of
component crops |, and , t, and t are the durations (days) for
crops | and,, and T is the duration {days) of the whole intercrop.

Staple Land Equivalent Ratio: Here the objeclive is to
produce a fixed yield of one-component (staple) crops usually
cereal, and some yield of the legume. Reddy and Chetty
(1984 proposed the concept of Staple Land Equivalent Ratio
(SLER) as on extension of the LER. It is estimated as:

AN
SLER= | = B | =
(YJ 2
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Where Y,/ Y, is “The desired standardized yield” of staple , P,
is the proportion of land devoted to intercropping, and Y,/ Y, is
the relative yield of crop . It is peculiar to Indian condition.

Comparison of RYT, LER, ATER and SLER : RYT Is based
on replacement series, while ATER and SLER restricted to
specific intercrop situation. ATER s only appropriate in system
with component crops of contrasting maturities. When
components are of similar growth durations, ATER values are
similar to RYT and LER. Among these four, LER |s considered
lo be most appropriate general functions lo determine the
efficiency of the intercropping with legumes. When differences
between growth duration of component are substantial, time
becomes an important element and ATER is considered to be
more appropriate index of efficiency of the system.

Competitive Relations Between Component Crops

Component crops compete for growth factors when grown on
same piece of land. Production efficiency could be improved by
minimizing interspecific competiticn bstween the component
crops for growth limiting faclors. 1t is thus desirable to grow
craps of contrasting maturities so that they may complement
each other rather competing for the same resources at the
same time. In hennadegume intercrop systems, henna may act
as dominant and legume as dominated component. So
intercropping of legumes with henna {as dominant crop) needs
proper attention. It would be more appropriate either to select
short duration legume (maturing earlier than henna) or select
long duration legume (maturing later than henna). The helght
should not be more than henna crop and their canopy should
be erect. Time of sowing factor is to be considered carsfully, In
general vield of intercrop is low than sole crop because of low
population and competition for water, nutrients and light on
same piece of land. Intercropping has one advantage that
either both components provide yield or one componant may
yield while other may fail under aberrant weather condition. So
farmer is able to harvest some produce. It also improves sail
haalth.

Factors Affecting Intercropping System

Light : the rale of dry matter production in crops depends on
the sfficiency of intercaption of photosynthetic active radiation
(PAR) (Biscoe and Gallagher 1977). The amount of light
intercepted by the component crops in an inlercrop system
depends on the geometry of the crops and foliage architecture
(Trenbath, 1982). Generally taller crops and high densities may
cause reduced growih and yield of companion legume. The
higher overall productivity of Intercrop system compared to sole
crop may be attributed fo better ulilization by & crop canopy
composed of plants with different foliage distributions {Willey
and Roberts, 1978). Intercropping system allows better spread
of light over greater |leaf area during sarly stage than sole crop.

Water . Water is the most important soil factor in arid/semi-arid
and sub tropical reglons for any intercropping system because
inadequate rainfall may frequently limit crop production (Baker
and Norman, 1975). Depth of rooting, lateral reot spread and
root-density are factors that affect competition for water
between component crops (Babalola, 1280; Haynes, 1980).

Nutrients : Balance nutrifion of companent crop is the most
important factor. However, farmers do not apply any fertilizer to
henna and legume in this region, Bul these crops may compete
for N, P and K and other micronutrients. Since henna is
perennial erop it may exhaust these nutrients in the long run.
S0 balanced application of nutrients is essential to attain the
sustainable production of any intercropping system.

Agronomic Factors Influencing Productivity of
Intercropping

Crop density, plant spacing and arrangement, relative times of
sowing of companent crops are some of the factors, which
influence the efficiency of intercrop systems.

Component crop density ; Lakhani (1976) reported that the
ovarall densities and the relalive proportions of component
crops are important in determining vields and production
efficiency of intercropping system. In henna one has to
carefully design replacement series or proportions and plant
densities to ebtain the sustainable production of henna and
legume crops.

Plant arrangement and spacing : Row arrangements, in
contrast to arrangement of component crops within rows,
improve the amount of light transmitted to the lower legume
canopy. Such arrangements are required to enhance legume
yields and efficiency of any intercrop systemn. In henna such
studies have nct been conducted anywhere in the world.
Henna crop attzins a helght of 65-85 cm at peak growth stage
and canopy spread is around 60 cm in general towards rows
and 30 cm within rows. However, within rows overlapping is
observed. In siudies conducted by Rao ef al. (2003), it had
been observed that 60 cm x 30 cm spacing provided 17 per
cent more yield than regular row spacing (30 cm x 30 cm). So
to provide sufficiant light to component legume crap, proper
planting arrangement needs standardization. Considering the
60 cm circular spread by henna plant different planting
arrangemeant designs have been worked oul and following
systems were incorporated in our study to compare the
perfarmance and compatibiiity of henna-legume intercropping
systemn for sustainable production at the fislds of small and
marginal farmers in arid fringes.

* Intercropping system in 1:1 proportion : In this system one
row of henna (space at 1.2 m) was alternated with one
row of legume and each crop component was spaced at
60 cm from sach other. In this system the plant population
proportion in per unit area land would be 50:50 (Fig. 1).

e Intercrop system in 1.2 proportions : Two rows of
legumes &t 40 em distance were planted in between two
rows of henna (spaced at 1.20 meter). In this case,
population of legume would be twice to that of henna on
same pigce of land (Fig. 2).



Fig. 2, Henna legume intercropping in 1:2 ratio

Intercrop system in 1:3 proportions : In this system three
rows of legumes in between two rows of henna (1.20
meter] are incorporated. Legume populations would be
thrice to thal of henna (Fig. 3).

Flg. 3. Henna legume intercropping In 1:3 ratio

Intererop system 1:5 proportions : growing legume
components with henna In 5:1 proportion, where in henna
is spaced at 3.8 meter and fiva rows of legume planted in
three meter space. The proportion of legume to henna
would be B3:17 in this system. Each row whether of
henna or legume are spacad at 60 cm from the other one,

s  Sirip-crop system : A 2.4-meter wide strip of henna was
alternated with 2.4-meter wide strip of legume (Fig. 4). In
this system population percentage propartion would be in
a ratio of 50:50. Selection of 2.4-meter wide strip was
considered on the criteria that sowing of legume and
interculturing between rows is possible with tractor-
operated equipments. Both the components are spaced
at 60 cm apart so as to facilitate interculture with tractor to
control weeds and conserve soil moisture. This system
may have an advantage over replacement series
described above because crops may not compste for
light interception as both are ralsed on separate strips.
Secondly both crops may have different zone for soil
moisture and nutrient extraction. However, the advantage
of lequme in fixing nitrogen may not be there as is with
replacement series of inter-crop system described above.

Fig. 4. Henna lagume strip cropping

e  Alley crop system in 2:4 propariions: In this system two
rows of henna were planted in isosceles configuration in
60 em rows at 3-meter distance. Four rows of legume
were arranged in the open sirip. Legume and henna
would be in the proportion of 66:23 in this system. Henna
would be maintained in the form of hedge from third year
onwards after plantation,

s  Allay crop system in 2:10 proportion: Paired row of henna
in isosceles configuration at 60 cm are planted at 8-meter
distance. The 6-mefer space was used o plant 10 rows of
legume component. Population of legume and henna
would be in 10:2 proportions in this systam, which means
population of legume and henna would be in 83:17
propartions,

Henna seedlings were transplanted with onset of effective
rains in July 2003. A total of 258.5 mm rainfall was received
from July to August 28 in 2003, Since the year was tha
establishing year, no intercrop was planted. In second year the
intarcrop component i.e. legume could be planted on August 4,
2004 after raceiving effective rain showers. The plot size was
kept 144 m x 10 m and experiment was laid out in a
randomized block design with four replications. There wers two
sule crops of henna and legume components. In legume
component shorl duration cultivars of moong bean RMG-268
and clusterbean RGC-836 were included in the study. There
was no rainfall in July and September, First pre-morsoon
shower of 33 mm was received on June 14. There was very
litthe rains from June 15 to July 29. On July 30, 2004 good rains
were received which continued till 25" August 2004. Thereafter,
it was totally dry till harvesting. Thus henna received 308.4 mm
rainfall whereas legume compeonent recsived only 226 mm
rainfall from July 30 to August 25. As a result legume
component was severely affected with moisture stress. Moong




bean failed to produce any grain yield while clusterbean could
produca some yield.

Relative Time for Sowing of Component Crops

The relative time of sowing of component crops may be
imporfart management variable for any intercrop system.
Andrews (1972) pointed oul that différential sowing Improves
productivity and minimizes competition for growth limiting
factors in intercropping. This may be effective in areas having
long duration rainy season where long duration intercrop like
pigean pea or castor may take the advantage of rainwater after
the harvest of dominant crop. In arees, particularly the arid
fringes that generally receive rains In betweaen 300-580 mim,
differantial time of sowing may not be effective preposition. In
henna-legume inlercrop system, henna is permanent and
perennial component, the sowing of legume may prove
declding factor. As the rainfall is for very short peried in arid
and seml-and fringes of the Thar Desart, legume component
may have to compete for same available water supply in the
season. Since the growth of henna after first rainfall is slow due
to time taken for sprouting of culms, the sowing of legume
crop component can be delayed up to 20" July at the most.
Further delay in sowing may be affected by early withdrawal of
maonsaon like the vear 2004,

The Role of Legumes in Intercrop System

Generally farmers grow henna without any kind of ferilizer
application In the region. Since henna is a perennial
component it may deplete essential nutrient from the soil
profile. Legume-component may replenish nitrogen
requiremen! to some exient and its roots biomass may. alsa
replenish some ofher nutrients. There are three main sources
of nitrogen supply to crop: these are N fixed by the legume
component from atmosphere, from ferilizer and from soil.
Study conducted at CAZRI| revealed that moong bean and
clusterbean contribute about 290 and 300 g g of soll in 0-15
ocm soil depth respeclively by fixing atmospheric nitrogen
{Kumar ef af., 1988). The resultant change in soil N after the
narvest and return of residues may be calculaled as:

N =N (residues} - N ((uptake from soil)

Legume based intercropping with henna would be
definitely help in N budgsting and improving the production of
henna-legume inlercrop system in the region.

Initial Achievements

Prevailing drought conditions, particularly in legume
component, affecied the production of legumes during 2004,
The results obtained in respect of henna-clusterbean intercrop
system are described below.

Clusterbean could produce some grain yield, which
revealed that clusterbean has the ability to produce grain when
compared to moong bean, however the yield levels were quite
low. About 228 mm rainfall received between July 30 lo August
25 was not sufficient to meet the watar raquirement of the crop
25 there was severe meisture stress during September. Pure
henna produced highest yield (517 kg ha™) followed by strip
cropping (411 kg ha'). Economic analysis also indicated that
sole hanna crop gave a net profit of Rs, 5,142 ha” followed by
sirip cropping (Rs. 2,822 ha™). The overall pictura will emerge
after 2-3 years when henna will attain peak growth.

Future Research Thrusts

Intercropping of henna with legumes may prove advantageous
prepesition for small and marginal farmers dwelling inarid and
semi-arid fringes of the Thar Deserl. Some areas for future
research are as follows

« Optimisation of plant density and row arrangamant in
henna legume intercrop system.

e Morphological compatibility of different genotypes of
legume with henrna,

# The pathways of N lossas from henna-legume intercrop
system to maximize utilization of N-nutrient.

# The application of low rates of N and P |n order to
encourage N, fixalion of intercrop legume and provide
better root biomass of legume.

e The amounts of fixed N in below ground parts of
component crops to permit accurate estimales of N
balances in henna-legume intercropping systems.

s Quantification of competition for light. moisture and
nufrient wnder different intercropping systems and
selection of compatible legume compaonent with henna.

Results from sludy will definitely encourage henna
cultivation along with legume so as farmers may obisin food
grains for their dally consumption and extra income from henna
that is generally sold at the rate of Rs, 2,200/~ per 100 kg in the
region. A good intercrop system may provide 800-1000 kg dry
leaves of hanna (about 50% of main/sole crop of henna) after
three yaars of plantation, which may provide around Rs.
17,800 - 22,000 (additional total income) to the farmers
depending upon market price.
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Plant Protection in Henna

and Henna for Pest and Disease Management

M.P. Singh and Satish Lodha
Central Arid Zone Research Institute, Jodhpur - 342 003 India

Until reeently henna crop in the arid reglons was
considered to be generally free from the attack of insect pasts
except termites. With the increase in the area over the years
since its introduction in the region, there have been increasing
instances of attack by various pests in recent years. The castor
semilooper, Achaea fanata Linnaeus causing heavy defoliation
is on its way to establish as a major pest on henna, although its
appearance so far has been rather sporadic (Fig. 1). In our
studies initiated few years ago it was first observed damaging
henna in 1889, the next year its intensity incressed and the
following season during August-September in 2001 it acquired
epidemic form In areas around Sojat. The severity of attack
varied in different hanna cultivating fields, the larval population
per bush ranged from 3 fo 27 in the locations surveyed. The
pest did not appear in same seriousness |n subsequent years.
However, with the expansion of castor cultivation in the arid
reglons, this insect may prove to be a major pest on henna
during coming years espacially during good rainfall years. The
cultivators were accustomed not o use any pesticides on
henna foliage, but the attack of the semilooper enjoined many
io adopt protective measures, adding to the cost of cultivation
or reduced remuneration on yleld, In laboratory trials,
quinalphos and fenitrathion proved lo be effective insecticide
against the semilooper (Singh, 1982). Bt based formulations
may be used as well,

Fig. 1. Semilooper damaging henna crop

Termite atlack in henna, which is mostly a rainfed crop,
accentuates during waler stress conditions. The damage is
more during the initial establishment phase, when a good
number ol saplings succumb to the termite injury. The
destroyed saplings are often replaced in the following season
When the damage occurs in established stage, often no
replanting is done. The current practice is not to adopt pre-
planting soll application of any pesticides for the prevention of
termiles, Because of close planting currently in practice, spot
treatment is inconvenient. It would be wise lo treat soil with
dust formulation of inseclicides like endosulfan before planting
to protect the plants In Initial stage. Biological control agenis
like: Metarrhizium anisopliee and Beauverla sp may bs used
against the termites.

The crop was also observed nfesled by the mealy bug
Ferrisia virgata Cockersl, devitalizing the plants at main stem

and branches. Verma (2003) reported bug population up to 20
per plant. At many places the blister beetles (Mylabris spp.)
were observed damaging inflorescence in September. In the
new leaves after pruning of henna raised as hedge,
unidentified aphids were observed at some locations In
Rajasthan (Fig. 2), In northeast India, infestation of the aphid
Tinocailis kahawaluckalani (Kirkaldy) has been reported
(Agarwala el g, 1989). Nagaraja ef al. (1994) reported
infestation by Helopeltis antonii, a mirid bug on henna plants
serving as hedgs. In China, henna has been raported infested -
by the white fiy Bemisia afer (Fu et al,, 1998). In Irag, henna
has been reported hosts of Meloidogyne javanica, the root knot
nematode (Stephan, 1988). Detalled studies on the insects
associated with henna and their management in the and and
semi-ard environment is need of the hour.

Fig. 2. Aphids on henna leaves

There are no major diseases associated with henna in
the arid regions at present. In areas around Sojat, leaves were
observed to exhibit small brownish spots, the cause of which is
unknown. In the Philippines, [eaf spot on henna have been
reparted o be caused by Cercospors sp. (Quiniones and
Dayan, 1881). Narain (1983) reported it to be a host for
Alternaria tenuissima. Bagyanarayana ef al. (1988) described
Ovulariopsis lawsoniae from Hyderabad. Firdous! et al. (1990)
reported occurrence of Alternaria allernata on living leaves in
Karnataka. Sharma and Singh (1882) recovered
Sporidesmimum adscendens from dead stems of henna,
Henna is also known to be a symptomless carrier for Fusarium
spp, which cause Bayoud disease (vascular wilt) of date palms
in the Zagora region of Morocco, but it did not seem to favour
the multiplication and spread of Fusarum oxysporum f.sp.
albedinis in soll (Tantaoui, 1993). Teotia (1995) reported the
occurrence of Dotryodiploidea theobromae on its leaves in
West Bengal. From China Song and Li (2002) repoded
ocourrence of Asterina fewsonlicola sp. nov. parasitic on this
crop.

Henna for Pest and Disease Management

Henna itself is being used for the management of insect
pests and diseases caused by varous pathogens like fungi,
bacteria, viruses, nematodes, etc. Ali [1998) ascribed the
antifungal, antibacterial, antiviral, immunoinhibitory,




immunostimulatory, nemalicidal and toxicological effects of
hanna o aliphatic constituents, triterpenoids, sterols,
naphthoquinone darivatives, phenolic constituents, coumarins,
xanthones and flavonoids found in this plant

Dwivedi and Garg (1997) reporied the ovicidal effect of
henna leaf extract on the rice moth Corcyra cephalonica.
Mathew ef al (1999) found that leaf extracts inhibited the
reproductive ability of the cardameom aphid, Pentalonia
nigronervesa f. cafadii completely at 25 and 50 per cent
concentration In small cardamom. Dwived| and Kumari (2000)
evaluated henna extract as repellent against Callosobruchus
chinensis end found moderate activity, El-Basheir and Fouad
{2002) have reported the effectiveness of henna in different
combinations against the head lice Pediculosis capitis in Egypt.
Singh and Sharma (2003) reported the effectiveness of seed
coaling of green gram (Vigna radiafa) with henna oil in
providing protection sgainst pulse beetle Callosobruchus
chirensis. In a similar study Singh and Yadav (2003) found that
henna oil at 10 ml kg™ seed was effective against C. chinensis
in green gram beyond 150 days after treatment. The oil at 10
ml kg seed was effective even after 9 months of treatment,
Meena and Bhargava (2003) lested the efficacy of henna
extractfoil in controlling Corcyra cephalonica infesting rice and
found the fecundity, eqg viability and longevity of both males
and female C. cephalonica decreased with increasing
concentrations of the extract and the oll.

Singh and Singh (2001) studied the molluscicidal
properties of extracte of leaves, bark and seeds of henna
against Lymnaea acuminata and indoplanorbis exustus and
found the seed extract to be the most toxic. Combinations of
henna with Cedrus deodora or neem were more toxic than
their individual components,

Whereas henna plants are reported to be a host for the
nematode Meloidogyne javanica, a number of studies indicate
the use of henna for suppression of the root knot nematodes.
Kurmari et al. (1987) reported that methanolic extracts of henna
leaves at a dose of 4 mg mi" or at 1:5 dilution, caused high
larval mortality in M. javanica, with oil extracled from Lhe seeds
also causing though lower mortality. The bark extracts of henna
caused significant suppression of larval hatching in the
nematode M. incognifa (Rafig et al, 1891). The nematicidal
potential of the henna plant against the root knot nematode M.
fneognita in lomate was studied by Korayem and Osman
(1992), who found that henna reduced tomato root gall
numbers, number of the egg-laying females and rate of the
namatode reproduction, when tomato and henna were grown
together. Also, the same reduction in these nematode
blological processes was found when tomato plants wera
grown in soil containing root exudates of henna but in lesser
amounts. Jain and Trivedi (1997) also studied the nematicidal
activity of henna against root-knot nematode, Meloidegyne
fncognita infecting chickpea and found that its leaf powder as
organic amendments caused a marked decline in number of
root galls, eggs per egg-mass and final nematode populations,
indicating a reduction in severity of disease. Further, the
average root and shoot length, dry and frash weight of the crop
tended to increase In amended soll. Plant extracts from henna
have been successfully used as dyes for differentiating
between inactive living and dead nematodes in laboratory tests
{Gaur and Chandel, 1998) Javed st al (2001) reported
inhibition of eggs and juvenile mortality of M. javanica in tomato
following treatmant with henna. Dama (2002) studied the effect
of naturally accurring napthoquinones on root-knot nematode
M. javanica and found plumbagin, juglone and lawsone to be
nematicidal,

The activity of henna leaf extract against Cochliobolus
miyabeanus was lested by Natarajan and Lalithakumarl (1987).
The anti-fungal factor contained in the leaf was identified as 2-
hydroxy-1, 4-naphthoquinone (lawsone). In vive, spraving rice
leaves with the exiract gave bettar control than seed treatment.
Its extract also exhibited fungistatic activity against Rhizoctonia
solani, causal organism of sheath blight of rice (Ansari, 1385),
Kurucheve et al [1997) recorded complete inhibition of
sclerotial growth of Rhizoclonia solani, the causal agent of
sheath blight of paddy rice with the cold-water extracts of
henna during in vitro testing for fungitoxicity. The plant extract
maintained the fungitoxicity following thermal treatment at 70°C
for 10 minutes. Bhadauria and Kumar (1999) reported the
flavonolds from extracts of henna to exhibit the highest fungal
growth inhibition of Candids albicans. Jayashree ef al. (2000)
reported henna extracts to be effective in inhibiting spore
germmination of the rice blaslt pathogen Pyricularda oryzas.
Pandey et g/, (2002) recorded 90% mycotoxicity of leaf extracts
against Helminthosoporium sativum (Cochliobolus sativus).

Extract of henna was also found effective in checking fruit
rot of lemon caused by Collstofrichum glososporipides
(Glomerella cingufata) and Botryodiplodia theobromae where
pre-inoculation treatments were more effective than post-
inoculation (Babu and Reddy, 1988). The antifungal activity of
henna has also been reporied against PFestalotiopsis
mangiferae causing leaf-spot disease in mangoes (Ral, 1996).
Kurucheve and Padmavathi (1997, 1998) have reported the
effectivanass of henna leal extract against Pythium
aphanidermatum causing damping off of chillies.

In the experiments with alcoholic and aquenus solutions
of henna and lawsone, Milet-Clerc et al (1989) found that
whereas the solutions had no antfungal activity against
Pityrosporum ovale, lawsone showed fungistatic and fungicidal
activity at one per cent w/v. Ghewande (1988) reported
aqueous leaf exiracis to be effective in controlling diseases of
groundnut caused by Phaeoisariopsis personala
(Mycosphaerella berkeley’) and Puccinia arachidis with
increase In yields. Bansal and Sobti (1980) also reported the
effectiveness of henna extract against Aspergillus flavus in
groundnut. Aqueous and ethanol leaf extract of henna at 25
per cent (wiv) concentration completely inhibited the conidial
germination of P persenata causing late leaf spot of groundnut
in Gujarat. El-Sayed and Badawey (1991) cbserved that
powdered henna inhibited mycelial growth and delayed
sporulation of Aspergillus parasiticus and also inhibited
aflatoxin production by the fungus. Agueous and ethanol leaf
extracts were highly |nhibitory to conidial germination up to one
per cent concentration. Ethanelic extract up to 60°C was highly
stable and retained its fungitoxic effects (Kishcre et al., 2001).
In Andhra Pradesh groundnut crop freated with henna extract
contained late leaf spot disease (M. berkeleyl) progress up to
85 DAS. Pod yields in plots sprayed with henna extract was 20
pear cant higherr than the control plots (Kishore st al., 2002).

Extracts of Lawsonia alba (L. inermis) were found lo
exhibit high inhibitory effect on tobamovirusaes on tobacco by
MNagarajan et al. (1990} and Khan ef al. (1991), Ethanolic
extract of Lawsomnia inermis showed selective antifungal activity
against Colletotrichum capsicl, Fusarium pallidoroseum,
Bolryodiplodia thecbromaze, Alternana alfernata, Peniciliium
cifrinum, Phomopsis caricas-papayae and Aspergilius niger in
Malayasia (Mohamed ef al., 1996). In the i vilro evaluation of
botanicals for mycotoxic properties against Alfernaria alfemata
causing brown spot disease of tobacco, Shenoi et af (1999)
found significant reduction in the radial growth of the fungus at
1:1 concentralion of henna |leaf extract.




In cotton, henna extract inhibited spore germination and
mycelial growth of Affernaria macrospors and Myrothecium
ronidum during in vitro tesis and also exhibited activity against
Xanthomonas campestiis pv. malvacearum (Bambawala et al.,
1995). In vivo tests showed that Lawsonis alba controlled
myrothecium leaf spot on cotton plants. Henna extract also
gave good control of X campesirs pv. malvacearum,
corroborating the jn vitro studies. Singh and Tripathi (1995)
found in their studies thal agueous extract of henna leaves
completely inhibited the mycelial growth of F oxysporum f.sp.
fentis causing will diseasa in lentil.

In experiments with French bean Ravi et al (2000)
observed that seed treatment + foliar spray of aqueous leaf
extract of henna, as well as sead treatment alone, significantly
improved the seedling emergence, reduced the Collstotrichum
findemuthfanum disease incidence, increased lhe yield per
plant and 100-seed weight. Further, the resulting seeds were
found to be free from seed infection under blotter method.
Seed treatment followed by foliar spray was more effective
than seed treatment alone. In soybean, seed treatment + a
foliar spray with henna leaf extract (1%) + alum (0.1%) proved
effective against leaf anthracnose and pod blight incidence
{Chandrasekharan e! al, 2000 ab; Chandrasekaran and
Rajappan, 2002).

Satish st al (1999) while studying the antibacterial
activity of plant extracts on phylopathogenic Xanthomonas
campestris pathovars found that henna showed high
antibacterial activity, based on the zone of inhibition in a
diffusion assay. The naturally occurring naphthoguinones
compounds from henna have been reported Inhibiting the
bacteria Escherichia coli, Klebsiella pneumaonias,
Campylobacier jejuni, Staphylococcus sp., Bacillus sp.,
Mycobacterium sp., Corynebacterium diphtheriae and fungi
Aspergillus sp., Helminthosporium sp. and yeasl Candida
albicans (Dama sf al., 19498).

On the other hand, the leaves of hanna have also been
reported exhibiting synergistic effect on the beneficial
bacterium Bacillus thuringfensis var. tenebrionis against
Leptinotarsa decemlineata In Iran (Kahrizeh et al., 2003). The
effectiveness of Bl under field condilions is reduced because
sunlight inactivates its spores and crystals. Therefore the
formulation must conlain uliraviclet protectanis. Zareie el al.
(20603) tried mixtures of molasses and henna for improving B,
thuringiensis residual activity against Galleria mellonalla larvae
and found the treatmenis to minimize loss of activity of Bt.

Henna may play useful role in public hygiene too, While
screening plant species for inhibition of bacterial population of
raw water, Kumar and Gopal (1999) found the highest
effectiveness of henna in reducing the bacterial population of
raw drinking water.
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Composition of Henna Powder, Quality Parameters
and Changing Trends in its Usage

P.K. Roy, Manjit Singh and Pratibha Tewar|
Central Arid Zone Research Institute, Jodhpur - 342 003 Indla

Henna is used for dyeing and staining hair or skin
primarily In the form of wet pack of its dried leal powder. This
form of usage |s advantageous because the natural dyes are
not very stable in solution and are prone to oxidation,
browning, discoloration, pH colour shift, fading and attack by
UV light. However, these adverse effecis are less applicabls to
the dry powdered natural dye stuff either dry or as wet packs.

Thus, considering the common use of henna leaf powder
in the formulation of dyeing preducts it is necessary fo
understand the nature of henna powder and its various quality
parameters.

Physical Constituents

Being pulverised leaves the henna powder consists of the
physical remnants of the diverse histological features of whole
henna leaf. These include brocken pieces of cuticle and
epidermis of leaf lamina, manoclinal crystals of calcium oxalale
(about 15 to 40 microns In diameter), rosettes of leaf
parenchyma tissue or druses, sections of vascular bundle
fibres and vessals with annular thickenings. Further, the air-
dried leaf powder contains about 3 to 10 per cent meisture and
minar volatile substances.

During processing of the leaves care I3 required to
remove all type of foreign matter Including branches and
berries of henna. Many a times farmers also remove berries
from the standing crop in the field (Fig. 1) as it adds to the
value of the produce and may also lead to increase in the leaf
growth.

Chemical Constituents

Henna powder Is rich in colouring pigments amounting to about
12 to 15 per cent by welght (Paranjpe, 2001). Among them
tawsone or 2-hydroxy-1.4-naphthoquinone is the main dye
compound for which henna is famous as a natural dyestuff (Lal
and Dutt, 1833): It cccurs at varying concentration from less
than 1.0 to about 3.0 per cent or even more in rare occasions.

Besides the photosynthetic and non-phetosynthetic
pigments, the powder cantains gallic acid, glucose, mannitol,
fats, resins (about 2 per cent) and 'mucllage (CSIR, 19862),
Cther organic compounds found are luteolin and iis glucosides;
lacoumarin (Bharadwaj et al., 1978); laxanthanes |, Il and Il
(Bharadwa] ef ai, 1977, 1978); fraxetin, scopoletin and
esculetin (Chemical Abstr, 1982, 97: 107-108%; and the
phenclic glucosides lawsoniaside and lalinoside {J, Nat. Prod.
1988, 51:725).

Quality Parameters

Henna powder guality is determined by its colour, purity, its
dyeing property and fineness (BIS, 1985). The colour of
powder i based on the colour of the dried leaves and varies
from olive green to brown. It seems to be influenced by the
original harvest and subsequent drying (curing) conditions. In a
study conducted at Pali it was found that leaf harvesting/drying
time: affected the powder colour (Table 1}. However, the colour
appeared to be unrelated to its dye content.

Further, in case of leaves gelting maoist while drying the
leaves turm on a dark rusty brown colour dua to the leaching
out of the dye and produce brown coloured powder. The
procassing conditions under which tha powder is prepared may
also afiecl powder colour, Higher processing temperature
during grinding is known fo increase browning of powder and

loss of pigments presumably due to more of oxidation of
pigments under such conditions. In general, the consumer
acceptability is higher for green colour, perhaps because this
colour s sensed as praof of the herbal erigin, freshness and
purity of the powder,

Table 1. Henna powder colour and dye contant as affected by
time of harvest

Month of harvest and curing® | Powder colour | Lawsone
content (%)
June Rusty brown 2.38
July Greenish brown 2.68
August Brown 275
Seplember Yellowish brown 2.80
October Green 282

" Lealy branches were cut and air driad in the open under shade gway
from direct sunlight at roem temparature and the dried |sgves
obtained wera ground to fine powder using laboratory grinding mill.

Pure henna powder has considerable amount of waler-
soluble constituents. Cold water extraction of dry powder yields
aboul 25 o 32 per cent of water-soluble matter. The range of
other constituents of pure hanna powder as specified under the
Indian standards is: crude fibre 10 to 15 per cent, mineral
mattar B to 12 per cent, acid insoluble ash 3 to 6 per cent and
lawsone pigment at least 1.0 per cent by mass (BIS, 1985).
Table 2 presents the comparative values of these guality
parameters obtained in a sample of hanna powdar from Sojat
(Pali) in Rajasthan. The sample broadly conforms to the
requiremants. Lawsane content is highly satisfactory. 1t also
meets the minimum requirement of fineness of the powder
(indicated by the material passing through 250 micron sieve)
that should be at least 95 per cent wheraas in the sample
tested it is around 98 per cent. Extraneous sand is slightly
more and it may not be desirable to have more than 5 per cent
of such matter.

Table 2. Quality of henna powder from an Industrial unit at
Sojat (Pali) in Rajasthan (Test method IS 7159:1984)

Characteristic Estimaled value (% mass)
pH (1% salution) 5.7
Moisture and volatie matter 4.4
Cold water extract 26.0
Crude fibre 8.3
Mineral matter 12.3
Acid insoluble ash 54
Extranecus sand 8.3
Lawsone contant 2.4
Presence of extraneous dyes Mot detected
Fineness of pawder (l.e material 959
passing through 250 micron sleve)

Lawsone dye present in henna powder is an acid
mordant dye and stains well in acid bath. It naturally imparis a
raddish orange stain on binding to the keratin of hair and skin
surface. Areas with more layers of dead skin stain deeper to
produce brown or dark brown colour. The henna powder
having this dyeing quality is generally calegorised as 'red
henna'. However, some henna powder produces black or very
deep brown shades. These are acknowledged as 'black



henna'. There is mention in literatura that mixing of henna and
indigo In different proporfions can give shades of brown on
hair, but not on the skin, A mixture of one part of henna and
two paris of indigo, Henne-Rang as is called, imparts a brown
tint, while henna-rang containing one part henna and three
parts of indigo gives a dark brown calour (Hill, 1955)

As most of the henna powder is consumed in preparing
hair dye and black |s the nalural hair colour of choice,
sometimes the henna powder may be charged with extraneous
dyes In order to change the colouring potential to black. Use of
synthetic black dyes like PPD i.e. para-phenylenediamine in
the henna powder in the past proved unhaalthy and detrimental
to the safety of henna powder. HPLC methods are now
available to identify and quantify para-phenylenediamine in
black henna samples (Brancaccio et al., 2002).

Number of other salts and dyes are combined with
henna to produce various shades. The criginal colour of henna
is only ona ‘orange red. Its intensity can vary due to varlation in
lawsone content and frequency of use. To get different shades
of colour there are number of folk tips like addition of allspice,
cinnamon or nutmag, apple cider vinegar or lemon juice; egg
yolk or whole egq; cloves or clove oll; cognac, tea, coffee, ete.
It is possible that many of the formuiations in market are
combination of varlous plant products, but no quality standards
could be traced for such products in the country.

Flg. 1. Ladles removing berrles before harvest of tha crop
Changing Trends in Usage of Henna

Henna s possibly the worlds oldest cosmetic and is still
used widely all over the world. According to Catherine
Cartwright (2001) there is very persuasive evidence that henna
was used as early as 7000 BC by the Neclithic people. The
early centre of the use of henna as a woman's adornment
seems to have been the eastern Mediterransan, where |t
grows wild. [t is mentioned in the Bible as "Camphire® in the
Song of Solemon, and was used by the Canaanite women In
pre-biblical times. Henna was used in Palestine from the
earliest historical period, and there are Roman records of
henna being used by Jewish people living in Jerusalem during
the historical period of the birth of Christ. When Islam began in
the 6-Tth centuries AD, henna was incorporated into the
customs of Muslims. As Islam expanded quickly into other
countries, the use of henna went with it. Henna was grown and
used in Spain, by Christians and Moors from the 9th century
AD o 1587 when the Spanish Ingulisition autlawed It.

In India, henna is seen fraquently on wemen in miniature
paintings after 1500 AD, though patterning is very rare until
after 1700 AD. In Hindu India during this period, henna
cerainly is part of the cosmetic routine used by wives and
cancubines to look their best. Henna is also depicted on Kali

and other Hindu deities during this period, and up to the
present day. By 1700, the bridal celebration of the Night of the
Henna was a well-established part of Muslim India's traditions.
A portrait of Mumtaz Mahal has one of the earliest patterned
hennas on her hands. Dip henna and simple patterns adomn
most women portrayed in Indian arl since 1800, Henna
patterning in India has become very complex and beautiful in
the 20th century, and is used as part of the calabration,

Meahndiis an art using henna as an exprassion of culfural
or spintual meaning, The art varles from country to couniry,
spanning different cultures and religious traditions, and making
it possible to recognize distinctions in cultural style. There are
threa main traditions that can be recognized, aside from the
modermn use of henna as a trendy temporary tattoo, Generally,
Arabic (Middle-eastern) mehndi fealures large, floral pattermns
on hands and feet, while Indian (Asian) mehndi uses fine line,
lacy, floral and paisley patterns covering entire hands,
forearms, feet and shins; and African mehndi art is large, and
bold with geometrically pattemed angles. African mehndi
patterns usually use black henna while Asian and Middie
Eastern mehndl is often reddish brown (Anon. 2004).

Many countries like USA and Germany recommend
henna usage only as a hair dye. Even though Ame's Test
shows thal henna is not mutagenic, but para-phenylane
diamine/ 1,4-phenylenediamine (PPD), a common adulterant,
has mutagenic activity. Black henna gensrally contains high
amounts of PPD. PPD itself is not black nor has any smell.
Many products on sale in the local market may be adulterated
with PPD. PPD has many names like PARA, p-
aminoaniline, C.| 78080, P-diaminobenzene, Zoba black D and
many others., Thus henna should not be used by pregnant
women (in Africa henna has been used lo induce abortions),
both men and women actively dealing with fertility problems or
undergoing treatment for such, people with a GBPD-deficiency
and people with skin sensitivities, allergies to para-
phenylenediamine (PPD) etc.
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Lawsone : Biosynthesis, Estimation, Extraction and its Derivatives
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Lawsone, a secondary plant metabolite, is used as
natural colorant. The compound belongs to quinone group and
has been identified as 2-hydroxy-1,4-naphthoquinane, It is the
maijor constituent of henna powder that is made by pawdering
dried leaves of Lawsonia inemrmis. Tribal women (Bhils) in
Udaipur (Rajasthan) use Impatiens baisamina flowers as
substitute of henna dye (Sharma, 1929). Lawsone and related
naphthoquinones have alsa been isolated from Impatiens
balsamina, |. capensis, |. paliida, and cther impatiens species
(Thompson, 1971). Lawsone and its derivatives have varous
uses in agriculiure and medicines besides the cosmetics
industry.

Lawsone in crystalline form appears as yellow needles
with m.p. 190°C and shows UV absorption at . (C.H.OH)
2455, 248, 274, 324 nm (logs 4.17, 4.21, 414, 3.40). lis
absorption in IR region occurs at wave number v, (KBr) 3150,
1674, 1640 cm’.

Biosynthesis

In the plant lawsone is synthesised through the succinyl
benzoate pathway. In this pathway chorismic acid (chorismate),
an intermediate of the shikimic acid pathway, reacts with
a~ketoglutaric acid from the Tricarboxylic acid cycle to form
succinyl benzoate (succinyl benzoic acid), The later, in turn, is
converted to lawsone as in henna or some other quinones in
plants, e.g., juglone (5-hydroxy-1,4-naphthoquinone) in Juglans
species of Juglandaceae family, and alizarin (an
anthraquinane) in plants of the Rubiaceae family(Strack, 1997).

The succinyl benzoate pathway initially involves the
conversion of chorismate (chorismic acid) to its isomer
isochorismate by the enzyme isochorismate hydroxymustase.
Isochorismate in tum |s converted to 2-succinyl benzoic acid in
the presence of 2-oxoglutarate and thiamine pyrophaosphate.
This reaclion constitutes a new aromatisation process.
Subsequently the succinyl benzoate is activated at the succinyl
residue to give a mono-CoA ester, requiring ATP in the
process. The metabolic steps beyond the CoA-ester leading to
the synthesis of quinones including lawsone are unknown.
However, the formation of 1 4-naphthoquinene, the
intermediate product leading to juglone (an isomer of lawsone)
synthesis was reported by Strack (1997). Lately, De-Eknamiul
(1948) generated information on the biosynthesis of lawsone in
Impatiens balsamina, the other known source of lawsone
basides henna.

fn vitro root culture studies of impatiens balsamina by De-
Eknamkul (1999} confirmed the biosynthesis of lawsone from
succinyl benzoic acid (Fig 1), It was found that the feeding of
radiolabelled o-ketoglutaric acid precursor to the cultured roots
effectively led to the labelling of both lawsone and its
methylated form (Me-lawsone) produced in the roots, This

clearly demonstrated the role of a-ketoglutaric acid as
precursor in lawsone biosynthesls. However, during this
process no labelled intermediates could be detected and led
De-Eknamkul {1999) to suggest that the conversion of succinyl
benzolc acid to lawsone was rapid and regulated by multiple
enzymeas organised tightty as high molecular weight enzyme
complex; The enzyme o-methyltransferase involved in the
methylation of lawsone in i balsamina, however, appeared to
be loosely bound to this enzyme complex as addition of nen-
labelled lawsone interfered with the concentration of labelled

Me-lawsone produced in the rool. CoASH, ATP and Mg™ were
important cofactors in the conversion of succinyl benzoic acid
to lawsone.
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Fig. 1. Biosynthetic pathway of lawsone proposed by De-
Eknamkul (1999)

Degradation : Lawsone gets degraded in humus. Wessendorf
ef al. (1995) isclated a bacteria, Pseudemenas putida strain L2
that is capable of using lawsone as sole source of earbon and
anergy. Salicylic acld and catechol were isolated as
intermediates during degradation, Salicylic acid is converted to
catechol by salicylale 1-monooxygenase. Catechol 1,2-
dioxygenase catalyses ortho-fission of catechol, which is then

metabolized via the f-ketcadipate pathway.

Extraction and Chemical Synthesis

Lawsone can either be extracted from henna leaves or can be
synthesised from 1,4-napthoquinone. For ils extraction,
crushed henna leaves are Ireated wilh agueous sodium
carbonate. The solution is acidified and extracted with
chloroform. Upon removing the solvent crude lawsone s
obtained. Lawsone of high purity can be produced sither by
column chromatography or thin layer chromatography.
Lawsone can also be prepared in the laboratory through
Thiele-Winter acetoxylation. 1,4-Napthoquinone is treated with
acelic anhydride in the presence of an acidic catalyst. The
derivative so obtained Is hydrolysed to hydroxyhydroguinone
derivatives which on oxidation vields desired hydroxyguinone
compounds. Lawsone can also be prepared fram 1,3-
dehydronaphthalene as shown below.
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Fig. 2. Synthesis of lawsone from 1,3-dehydronaphthalene

Catalytic conversion of 2-naphthol to 2-hydroxy-14-
naphthoguinone has been achieved by Yan sf al, (2004) under
mild conditions. It involves catalytic oxidation of 2-napthol by
molecular oxygen over letra(4-methoxyl-phenyljporphyrinate
iron(lIl} chioride catalyst in an alkali methanol solution at 50°C.

Estimation of Lawsone Content

Price of henna leaves or powder In the market is dependent an
its lawsone content and purity. |t is therefore useful to quantify
lawsane content in henna leaf malerial. It can be estimated by
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spectrophotometric or chromatographic methads as described
in the following paragraphs.

Spectrophotometric methods

Two water extraction spectropholemetric methods, the one
advocaled by BIS ie. Bureau of Indian Standards (IS1)
(1S:7150-1984; reaffirmed 1995; Amendment No | & 2 April
1990 & July 2004) and another one developed by Pratibha and
Korwar (1989), and one sclvent extraction spectrophotometric
method developed by Vardanyan et al. {(1988) are available in
litarature. The brief description of these is as below !

BIS method: In this method 2.0 g of prepared (dry leaf
powder) sample is soaked in 100 ml of 5 per cent (w/v) sodium
bicarbonate solution for aboul eight hours with intermittent
shaking. The mixture is allowed lo seitle avernight and then
filtered thraugh 2 filter paper. Thereafter, 10 ml of clear filtrate
is made up to 25 ml using distilled water in a valumetric flask.
The optical density of this sclution is measured with a
spectrophotometar at 480 nm and the per cenl lawsane
content in the sample is determined by referring to a calibration
curve prepared at this wavelength using 0 to 50 ppm
concentration of lawsone.

Method by Pratibha and Korwar {1899): It is a relatively
simple method and requires less time. The procedure of this
colorimetric method involves the soaking of 100 mg finely
ground leaf material of henna In 20 ml water for two hour
periad. Thereafter the mixture is centrifuged for 20 min at 5000
rpm and the clear supernatant is separated out in a test tube.
The absorbance of the supernatant is measured at 452 nm
wavelength. Further, & calibralion curve is preparad by plotting
the conceniration versus the absorbance at this wavelength in
the concentration range 0 to 70 ppm of the pura dye. The
lawsone content in the sample is then calculated as: Lawsone
In sample (mg/g) = PPM in test sclution x dilution factor.

The method is useful for comparative studies. Our studies
suggest that the estimates of lawsone get affected by pH and
best results are obtained near neutral pH,

Solvent extraction methcd of Vardanyan et al. (1986):
Under this methed 150-200 mg powdered |eaves of henna is
digested in 80 mi alkaline distilied water (pH 9-9.5) at 80°C for
half an hour and thersafter the digested mixture is filtered. On
reaching the room temperature the extract [s made up o 100
mi volume with distilled water and acidified to pH 4.5 5.0 using
HCl Lawsone in the aquedus solution (s then extracted with
chioroform at 1:1 ratio. The separated organic |layer is dried
using sodium sulphate and its absorbance recorded in an UV-
visible spectrophotometer at 338 nm wavelength, Based on the
relationship between lawsone concentration and oplical density
(absorbance) the concentration of lawsone in the extract s
worked out and converted to the dye content of leaf sample.

Chromatographic methods

Thin layer chromatography is commonly used both for
idertification as well as estimation of lawsone. HPLC is also
useful in analysis of mixtures of dye and other chemicals.

TLC Identification @ To identify the presence of lawsone,
extract 20 g of powder with 150 ml n-hexane using Soxhlet
apparatus so &s to remove fats and then exlract the dys with
methanol for 8-10 hours, and concentrate the selution under
low pressure before using it for TLC. One mg of lawsone in
one mi of methanol may be taken as referance. Apply about
20ul of the sample as well as standard on TLC plate made
using silica gel (thickness = 0.2 mm) and run the plate using
solvent system of TEA that is Toluene: Ethyl acetate - Acetic
acid (5 : 4 : 1), For visualising the spots, spray the plate with
ter per cent ethanolic polassium hydroxide and observe in
normal light. The lawsone appears as blood red spot with Rf
value of around 0.6.

High Performance TLC method | Fer chromatographic
estimation of lawsone, the TLC plates are prepared by using
silica gel 60 and are of 0.2 mm thickness as In the identity test.
The gels loaded with known guantity of the sample and
standard solution are run using TEA and developed by
spraying 10% ethonolic KOH (followed by heating at 110°
C for 30 min). These are scanned at 560 nm for estimation of
lawsone in the sample. The peak area of the sample
compared with the calibration curve provides an estimate of the
dye cantent. This method is commonly used for estimation of
lawsone in the drugs [Quality Standards of Indian Medicinal
Plants, Vol.1).

HPLC method : Various methods of lawsone estimation using
HPLC are available in literature and the latest one reported by
Yan st al. (2004) involves the following conditions. Hypersit
oDs; 10 Fressure, 7.8 Mpa; Mohbile phase, H.O./
MeOH/MeCN (2v/1w/1v); flow rate, Tmlimin. Lobstein et af.
(2001) developed and validated a convenient and reliable
reversed phase HPLC method for guantitative determination of
naphthoguinonas prasent in the aerial parts of Impatiens
glandulifera, Many a times para-phenylenediamine is added to
henna powder and is labelled as black henna. This chemical is
known to have adverse reactions on skin. Brancaccio ef al.
{2002) used HPLC fo identify and quantify lawsone and para-
phenylenediamine in temporary black henna tatioo.

Lawsone Derivatives

Maphthaquinones having hydroxy groups directly attached to
the guinone ring constitute a very interesting class of
compounds, and the majority of the compaounds from this
group exhibit unigue biclogical activity. The most
representative natural naphthoqguinone with  bioactivities is
vitamin K known as antihemarrhage vitamin, MNaturally
oecurring hydroxyquinones are attractive synthetic targets due
to their biological activity and their participation in biochemical
processes (Spyroudis, 2000). The chemical and biclogical
activity of quinone is largely dependent on the substituenis
present either on the gquinonic or on an adjgcent nngs.
Substituents can be introduced into the molecule by several
ways like substitution, cyclisation, addition reactions, efc.
Lawsene is one of the simplest hydroxyguinone. Preparation
of some-of the lawsone dernivatives is discussed here.

Alkyl substitution

There are relatively few reports on the alkylalion of
hydroxyquinones. One of the first methods was the reaction of
diacyl percxides with lawsone lo produce a great variaty of
naphthoquinones possessing antimalarial activity (Fieser sf ai.,
1948). Better resulis are obtained from the reaction of acylaied
lawsorie. with a carboxylic acid In the presence of
peroxysulfate-mediated radical decarboxylation reaction
{Khambay ef al., 1897). Nanomycin is the antibictic having the
5-hydroxy-1,4-naphthoguinone structure, In the field of animal
drugs, 2-methyl-1,4-naphthoguinone is used as a hemostatic, a
feed additive. Many of the naphthoquinone derivatives can ba
also utilized for the infection drugs as anti-fungal agents, anti-
virus medicines and antibacterial agents.

Many of naphthoguinone derivatives have potential
pesticldal activities. Lapachol a polential pesticide can be
synthesized on preparative scale from lawsone (Sun ef al,
1988}, In the first step, lithium salt of lawsane is prepared by
addition of lithium hydride to a frozen selution of the lawsone in
dimethyl sulfoxide. The lithium salt sc formed is alkylated with
3.3-dimethylallyl bromide to produce lapachol. Lapachol is
also known as anti-microbe and anti-protozoal for & long tine,
and a ot of ils derivatives have also been daveloped.
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Fig. 3. Conversion of lawsone inte lapachol

Alkyl group can directly be Introduced at position C-3 by
the reaction of lawsone with alkylborane (Bieber ef af,, 1999),
The product thus obtained is oxidativaly hydrolysed to produce
alkyl lawsone. Aryl group can also be introduced at position
C-3 of lawsone by its reaction with diazonium salts under
alkaling conditions (Brassard and L'Ecuyer, 1858).

Different 2-hydroxy-3-alkyl-1 4-napthoguinones have
been shown to have herbicidal activity (maximum in vitro
activity by nonyl to dodecyl homologues) and the mode of thair
activity is through inhibition of photosystem Il (Philip ef af.,
2002), 2-Aminc-3-chloro-1,4-naphthoquincne is also a
herbicide and it (s reported that the herbicidal activily rises
when substituents such as amino group, chloro group or
thioalkyl group are introduced al the 2 or 3 position of the
naphthoquinone. 2,3-Dicyano-1 d-dithia-3,10-anthraquincne is
a fungicide developed by Merck & Co., Inc. in Germany.
Derivalive 2-acetoxy-3-dodecyl-1,4-naphthoquinone Is a
miticide that has been reported to be synthesized from
jawsone.

Furan derivatives

MNapthofuranodiones are natural producis exhibiling a broad
spectrum of biological activity. These can be prepared by
reaction of lawsone with 2-bromopropanal through initial
alkylation of C-2 (Huot and Brassard, 1974). When lawsone is
freated with 3 4-dibremo-2-butancne, a mixture of furan and
dehydrofuran derivatives is obtained. Dehydrofuran and furan
derivatives/analogues can also be prepared by Lhe
regioselective (3+2) photo addition of lawsone with alkenes
and alkynes, respectively (Kobayashi ef al., 1991, 1983).
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Fig. 4. Regioselective photoaddition of lawsone
with alkenas and alkynes

Some of the other cyclisation reactions include formation
of 2 2-dichloroindane-1,3-diane through analogous oxidative
transformation of lawsohe in presence of FeCl, HCID, and
AcOH (Singh and Khanna, 1924).

Lawsone also undergoes various reactions within the
plant system of henna as many naturally occurring derivatives
of lawsone have been reported from henna. For example, 2-

methyl-8-hydroxy-1.4-naphthoguinone (isoplumbagin) was
isolated from stems of henna (Sarita-Gupta f &/, 1983). This
compound has been shown to cause 100 per cent mortality in-
wire of root knot nemalode gs compared to 58 per cent of
lawsone at concentrations of 200 pg/10 ml in waler (Dama,
2002).

Henna, in which lawsone is the active Ingredient, has
been widely used for colouring hair and skin since early time.
It is also used for various purposes in tradition medicine and
modern research has validaled many of these usages. It acts
as immunoinhibitory, immunostimulatory (Ali, 1996), as an
astringent and prophylactic agenl against skin-diseases
(Anand et al., 1892). It is also effective in treating ringwarms in
calves (Bosoglu &f al., 1998}, L. inenmis has also bean shown
to have broad-spectrum antimicrobial activity (Ahmad and Beg
2001) against bacteria such as Staphyiococcus aureus, and
other bacteria, It |s also reported to have antlviral properties.
Bark extract of L. inermis is of therapeutic value in treatment of
jaundice, and enlargement of spleen (Anand af al, 1992).
Lawsone has been shown to inhibil HIV vires from copying and
propagating as it prevenis the formation of protein coenzyme of
HIV-l. Lawsone derivatives and dichloroallyl lawsone are also
the Inhibitor of RMA synthesis in cancer tissue.

Similarly there are numerous reports of use of |awsone in
agricufture for control of plant diseases caused by fungi,
bacteria or nematodes. There have been innovative uses of
lawsone and il has been used for staining of intestinal protozoa
(Nor-Afandy et al., 2002), staining agent for proteing In
polyacrylamide gel electrophoresis (Ali and Sayed, 1987), for
differentiation between inactive living and dead nematodes
{Gaur and Chandel, 1898). Henna is harmless fo the skin.
Allergic reaction is rare. Mo mutagenic activity has been
observed in Ames' test. Thus, there is great scope of using
lawsone, and its derivatives for use in medicinge, agriculture
and cosmaetics.
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Micropropagation of Mehndi (Lawsonia inermis L.)

R. Raj Bhansali
Central Arid Zone Research Institute, Jodhpur - 342 003 India

Lawsonia fnermis is normally propagated through seeds
and cutlings. Convenlional methods of propagation have many
limitations. Propagation through seed means large variability,
In western part of Rajasthan, it is commercially grown in Sojat
and Pali districts. A large biodiversity is available in this région;
need identification, selection and multiplication of selected
desirable germplasm. Cgsmetic and pharmaceutical
companies largely need materals of high and uniform gquality
from naturally occurring stands. Since cell and tissue culturs
methods are rapid methods in multiplication, conseryalion and
improvement of elite germplasm can be exploited for the
enhancement of guality in henna plant (Bakkali ef af,, 1897;
Rout ef al, 2001). Lawsene aceumulation in normal and
transformed cultures has been reponead in L. inermis (Bakkali
at al, 1997) therefore development of in wire technigues for
mass propagation of L. inermis is highly warranted. The
prasent study describes a successful method for mass
propagation of L. insrmfs through tissue cullura.

Young nodal segments and seeds of L. inermis were
collected from the selected farmer's fields in Sojat and Jodhpur
areas of Rajasthan. Explants were washed wilh 2 per cent {(v/v)
detergent 'Tespol' (Qualigen, India) and rinsed several times
with running tap water. The freated sxplanis were further
gurface sterlized in 0.1 per cent (wlv) agueous mercuric
chloride solution for 15 min followed by four washings with
sterile distilled water. The nodal segments having axillary buds
and seeds were used for raising cultures.

The axillary buds were placed on semi-solid half strength
basal MMS medium (Murashige and Skoog, 1962, Raj
Bhansali, 1995) supplemented with different concentrations
and combinations of 6-benzylaminopurine (BAP: 0-5 ma/l),
kinetin (KN: 0-5 mg/l), naphthalene acetic acid (NAA) (0-2
mg/l} for shoot proliferation, multiplication and reoting. The pH
of the media was adjusted to 5.8 using 0.1N NaOH or 0.1N
HCI before autoclaving. 25 ml medium was dispensed into
culture tubes (25 x 200 mm) or 100 ml Erenmeyer flasks and
sterilized at 121°C and 1.06 kg cm® pressures for 20 min. The
cultures were maintained at 2842° C either under 16h
photoperiod or continuous light (65 mmol m?s™) from caoal,
white fluorescent lamps. The culturés were maintained by
regular subcullures at 3-week intervals on fresh medium. For
roat induction, excised shools were transfered to 1/2 MMS
basal medium supplemented with diffarent concentrations of
NAA (0-2 mg/l) or without hormone. Rooled micro-propagules
were planted in pots containing a sterile mixture of sand: =oil.
Twenty cultures were used per treatment and each experiment
was repeated at least three times. Cullures showing response,
number of shoots/culture and mean percentage of rooting were
recorded reguiarly.

Axillary Bud Proliferation and Multiplication

Bud proliferation and their multiplication were initigted from
apical and axillary explants of nodal buds and sesd explant
tissues of L. inermis within 8-10 days of incculation onto MMS
basal medium supplemented with BA, KN and NAA. Among
the different cytokinins tested, BA + KN were the mosl effective
for shoot proliferation and multiplication. The maximum shoot
proliferation was observed both in apical and axlllary
meristemns culturad on MMS medium supplemented with 1 mayl
BA, 0.5 mg/l KN and 0.1 mg/l NAA within 4 weeks of culture.
The shoois proliferated in large number as miniature plants
from dark callus tissues or nodal buds. Thare was no sign of
shool proliferation when explanis were cultured in media

devoid of cytokinin. At higher concentrations of BAP or KN. the
rate of shoot preliferation declined. Inclusion of higher amount
of NAA In the culture medium did not help in proliferation and
multiplication of shool. In mest of the cases, the growth was
inhibited and only 1-2 shoots elongated; some produced
compact dark coloured callus at the base of the explants.
Prolonged cuiture an the proliferation and multiplication media
resulted In the blackening of callus and at the basal ends of the
developing shools. There were huge differences among the
hormanal treatments for both the percentage of cultures with
multiple shoots and the mean number of shoots/culture. The
axillary meristems produced more number of shoots (8.8) than
the apical meristems (3.6) (Fig. 1).

Fig. 1. Proliferation of shoots from callus of apical bud of
Lawsonia inermis on MMS medium supplemented with
1 mg/l BAP, 0.5 mg/l KN, 0.1 mg/l NAA and 3% sucrose

The siudy also revealed that the continuous light (24h)
was more conducive to higher rate of shoot multiplication than
16h photoperiod. The highest percentage of cultures with
multiple shoots was observed on media conlaining 1 mg/| BAP,
0.5 mg/l KN and 0.1 mg/l NAA. The rale of multiplication was
high and stable with regular subcullure after every 25 days
(Fig.2}.

Induction of Rooting

Elongated shoots (5-7.5 cm long) wera rooted on MMS basal
medium supplemented with various concentrations of sither
MAA or without any hormone. The rooting in the in wvitro
developed shoots was enhanced on % strength medium devoid
of growth regulator and vitamins. Root initigtion took place
within 15 days of transfer to MMS basal medium supplemented
with NAA (Fig. 3). However, optimal rocting and growth of
micro-shoots ‘was observed on medium containing NAA with
2% (wiv) sucrose within 25 days (Fig. 4). The rooting ability
was reduced with the increase in the concentration of auxins in
the culture medium. The percentage of shoots forming roats
and days to rooting significantly varied with different
cancentrations of NAA.




Acclimatization and Establishment

Rooted wall developed plants grown in wiro were washed
tharaughly to remove the agar and then transplanted to sterile
pots containing garden soll, sand at the ratio of 2:1 {v'v), The
plant grew well and aftained 8-12 cm height within 4 weeks of
transfer (Fig. 5). The acclimalized plants were esiablished in
the pot condition and grew nomally without morphological
vanation

The improvement of axillary shoot formation of L. inermis

has been reported by Bakkali et af. 1897 and Rout ef al. 2001
Cultures in vitro depended on the iron concentration in the
cufture medium, Regeneraled shoots were rooted on a
hormone-free hatf-strength Murashige and Skoog medium (%
MS)} before transfer to greenhouse conditions. Present study
has suggested that in vitro methods can be used for mass
multiplication of salecled germplasm through seeds as well as
nodal bud explants. It Is also possible 1o conserve germplasm
Fig. 2. Induction of muitiple shoots of Lawsonia inermis on MMS of L. Inermis for breeding high dve yleiding strains. The use of
medium supplemented with 0.5 mg/l BA, 0.25 mg/l Kinetin MMS full strength and % strength medium with different
and 0.05 mg/t NAA after 25 days combinations of cytokinins for the induction and mulliplication

i of shoots derived from apical and axillary meristems are
essential for mass mulliplication of shools from callus as well

as from proliferation of nodal buds.

Fig. 3. Elongation of separated shoots on *x MMS medium without
hormone and vitamins

Fig. 5. Establishment of in vitro grown plants in pot.

The regulatory action of BAP in combination of KN helped
the in vitro shoot induction and multiplication in many plant
spacies (Raj Bhansali and Arya, 18978). The maximum shool
induction and multiplication was abserved both in apical and
axillary meristems of seedling explants cultured on MMS
medium supplementad with 1 mg/| BAP, 0.5 mg/l KM and 0.1
mg/l NAA. At higher concentrations of BAP or KN, the rate of
shool proliferation declined. The axillary buds produced more
number of shoats lhan the apical lips. Seed explanis were
better in morphogenetic potential than nodal bud explani
tissues bul leafy shoots were stouter from nodal segments.
Similar resufts were reported in Tecommelis undulata (Raj
Bhansali, 1993), Prosopis cineraria (Ramawal and Nandwani
1991) Zizyphus (Rathore ef al,, 1992} and Plumbago zeylanica
(Rout el al. 1999). Raj Bhansali and Arya (1978) also reporied
that BAP proved superior to other cytokinins for muitiple shoot
induction of many Cilrus species. Inclusion of auxins in the
culture medium did not help in sheot multiplication. Prolonged
cuiture on the proliferation and multiplication media resulted in
the blackening of the basal ends of the developing shoots may

Fig. 4. Rooting in the in vitro derived shoots on % MMS medium be because of production of dye in old cullures. The resulls are
supplementad with 1 mg/| NAA and 2% (wiv) consistent with earlier reports indicating cytokining and zuxins
sucrose after 25 days affect shoot muitiplication in other plants using shoot tip or
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axillary bud explants (Raj Bhansali, 1890 and 1993, Rout and
Das 1993). The results showed thal the number of shools per
culture was Increased In continuous light. The rate of
multiplication was high on confinuous subcuitures after 25
days. This might be due to the better adoption of i vitra grown
shoots and Induction of high regeneration ability (Zimmerman
1985, Raj Bhansali ef al., 1991).

The well elongated shoots rooted maximum on MMS
basal salts without auxin and cytokinin but with 2% sucrose.
The rooting abllity was reduced with the increase In the
concentration of MAA in the medium. The percentage of shoots
forming roots and time taken in rooting significantly varied with
different type of explants and germplasm. The rooted plantlets
were eslablished in the pots. In witro protocol for mass
multiplication of L. inermis by selecting type of explants tissues,
manipulating the nutrient salts of MMS, growth regulators and
culture conditions have been standardized. Bakkali ef al.
(1997) have determined |lawsaone in the plant material grown in
tissue cultures using a new HPLC method. This dve can be
used for staining protein in polyacrylamide gel electrophoresis
(Ali and Sysed,1880). They showed that lawsone accumulation
in viva Is restricted lo the aerial part of the plani. However,
hairy root cultures established by a co-culture method using
leaf segments of L. jnermis and Agrobacterium rhizogenes
NCIE 81596 have produced 0.13 per cent dry weight lawsone
content which is much lower than field grown plants. The
production of lawsone and tannin production has been
reported in hairy roots tissues incubated in the dark and
cultured in 2 MS or full MS rmedia (Bakkali et al., 1987a). This
also suggests the possibility of inducing lawsone and tannin
biosynthesis in root cultures by manipulating media
constituents and cultural conditions. Thus, i vitro methods
could prove excelient system for the study of biosynthetic
pathways of Z2-hydroxy-1,4-paphthoquinone and mass
muliiplication of selected superior germplasm of henna. These
biotechnigues will further facilitate in better understanding and
enhancing lawsone contents which will ultimately help in
development of de novo germplasm having more number of
dye molecules.
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Participatory Improvement of Henna

Manjit Singh, 5.K. Jindal and Sunil Jakhar
Central Arid Zone Research Institue, Jodhpur - 342 003 |ndia

Since the first domestication of wild plants about 12,000
years ago, farmer plant breeders have been responsible for the
development of thousands of crop varieties in hundreds of
species (Harlan, 1882), Plani breeding as a specialized activity
began about 200 years ago In industrial countriess. Modern
professional plant breeding developed in the early part of the
20th century (Simmonds, 1973). The emphasis of most of the
plant breeders has typically been on developing a relatively
small number of genetically more uniform varieties adapted to
wide, uniform and relalively low stress conditions with high
yields and stability. Farmers' varieties are characlerized by
narrow gecgraphical adaptation to marginal (relatively high
stress and variable) growing environments, and high yield
stability in those environments (Cleveland and Soleri, 2002).

Plant breeding by scientisis has become Increasingly
separated from plant breeding by farmers (Simmonds, 1979),
The distance is sspecially great in the case of small-scale
farmers planting in marginal growing envirenments with limited
access to external inputs. Participatory approach proposes to
reverse the historical trend of separation between farmers and
plant breeders. Plant breeding with farmers is a way to both
increase yields and other desirable production components in
marginal environment, while al the same time supporting in situ
conservation of crap genetic diversity (Welzien et al., 2000),

Participatory Crop Improvement has developed over the
past decade as an alternalive and complementary breeding
approach to Formal Crop Improvement (Almekinders and
Elings, 2001). The genetlc aspects of participatory crop
improvement can be divided into participatory varietal selection
and participatory plant breeding, former dealing with evaluation
of varielies where as the latter with the segregating
populations. Broadly speaking, participatory plant breeding is
the development of a collaborative plant breeding programme
invalving breeders and Tarmers, marketers, processors,
consumers, and policy makers. It involves close farmer-
researcher collaboration to bring about plant genetic
improvement within a species and farmers are active partners
implying empowering the farmer. The goal Is to increase
productivity and profitability of crop production through the
development and enhanced adoption of suitable, usually
improved varieties, besides building farmer skills to enhance
farmer selection and sead production efforts. The results from
participatory plant breeding are likely to be more efiective in
risk prone areas. It not only helps in better understanding of
needs of the farmers and traders through interaction, but also
ensures better performance and esasy adoption because of
selection under real situations from much larger populations
and aclive involvernent of farmers in making the selections.

Genotype x Environment Interaction is always an
important issue in plant breeding. Selections made at the site
of farmers with thelr active Involvement, analyzed in the
laboratory for their economic content and integration of this
feadback for developing populations for that specific region are
certainly expected to be more productive. In risk prone areas,
and unigue but important minor crops that are not the focus of
formal plant breeding sfforts, the development of populations
of neterogeneous material through participatory plant breeding
may be the ideal approach. Henna is a candidate species far
this breeding method as it is mainly under rainfed cultivation in
ard fringes of district Pali (Rajasthan). The approach is

worthwhile in henna because of the following reasons:

s There are limited germplasm collections of henna
available in the country,

e  Most of the cultivation Is concentrated in small pocket of
Pali district in Sejat Tehsil whera farmers have been
growing henna for last 50-80 years continuously and
conserving the local biodiversity,

e Large even aged unfform populations of the perennial
shrub (henna) are available.

" Over years traders and fanmers know better fields and
regions within this area. For example our interaction with
Milan Mehndi, the leading processor of henna leaves,
revealed that henna from village Kall Beri is of better
quality.

¢ Farmers have been harvesting the same field for many
years and know the plant type and their behaviour very
well,

e  Uniform populations spread over hectares, a close knit
society of producers and traders, 2 separale market
devoled only to marketing of henna leaves and
experience of farmars on this ratponing shrub providas
unigue opporiunities to undertake participatory plant
improvement programme.

e  This rainfed crop is bieing grown In limited area due to
unique aegro-ecological conditions. Undertaking
improverment pregrammes at research stations placed
away from this location, will need extra afforts, and is
likely lo be less productive, because of varations in
environmental conditions at station and on-farm. It will
always be a dream to raise such stands of uniform even
aged populations as can be seen in the farmers fields.
Even best on station efforts may not compensate for
G x E Interaction component,

° Farmers growing this crop are involved in all aspects and
understand needs and behaviour of the crop under
variable conditions. It needs no emphasis that each year
In arid and semi-ard regions is unique in the sense that
rainfall pattern and amount is seldom repeated and dry
spells are nol infrequent.

® Farmers have developed their own methods of water
harvesting like bunding the fields and use traditional tools
for weaeding, hoeing, etc. Selections with active
involvement of the farmers under the real farming
situations are likely o be better adopted lo the situations
existing in these fields,

In our efforts to initiate participatory plant improvement
pragramme in henna, the first step was to establish link with
farmers, traders and industralists, interact with them and
understand their needs (Fig. 1). Information on sites that are
considerad to yield better crop was collected from the traders
and indusirialists, Interaction with the farmers revealed the
presence of two ecotypes of henna in their fields, one having
vigorous growth and broad leaves referred as mehndf and the
other having narrow leaves, pointed primary branches and
seldom flowering (referred as muraliya). In some fields thers
were mixed populalion of bolh the ecotypes, whereas a few
farmers had ralsed separate siands of muraliya as it is believed
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that this ecotype has more dye. However, due to small leaf
size, low yield and spiny tips of branches thal make the
harvesting difficult, the farmers and skilled workers did not
prefer this ecotype. Few farmers during interactions also
differentiated mehndi into two maturity groups and actually
showed some of the plants whose basal leaves had fallen
earlier than the other plants. Such plants were having slightly
erect branching and were mentioned as khajuriva. Even
though farmers wish to have guality seedlings bul our
observations were that only random sead was collected. Even
though farmars' preferance was for late and minimum flowering
plant types (because in Sojat henna is being grown only for
leaf), there is unconscious wrong selection. Masimum seed in
seed lots collected al random is contributed by the early and
heavy seed producers. Even though farmers will prefer to
have late flowaring and less seed producing genotypes, but
majority of the plants from the randomly collected seed lots will
have the opposite attributes. Further, the people involved in
raising nursery are doing this specific business only and may
net be interested in collecling the seeds from selected plants
that are less flowering and late maturing. Every farmer desired
to have quality seedlings bul no such mechanism, established
saad orchard or variety was available in the market, Major
cost of hanna cultivation is during transplantation and about 50
per cent of the cost |s that of the seedlings alone.

Henna ance established is ratooned for 15 to 20 years or
evan more. Hence poor planis once established in the field will
continue to give poor yield year after year for 2 to 3 decades.
Thus it is utmost important to make genetic improvement in this
perennial species.

The plantations existing in and around Sojat represent
the land races and selections made by the farmers over years.
The results of the selections made by our team in collaboration
with farmers and skilled labourers involved in harvesting the
crop are presented in Table 1. Six plants were selected from
aach field of the ten farmers and data was recorded on height,
spread, etc. Leal samples and cuttings/seed was also collected
fram each of the plant separately, Lawsone content (mean of
six plant samples) in each field are also presented in fable 1.

Visits were undertaken in Cctober 2004 to farmers’ fields
just before the crop harvest The approach has been lo make
selections through active invalvement of the farmers, collect
leaves as well as seedleuttings of these plants. The leaf
samples collected from individual selected plant were analyzed

for lawsone content, so as to make selections out of the
selected plants using both visual parameters of farmer and
researcher and the actual non-visible economic parameter of
dye content. The plant type preferred by the farmers was the
one having broad leaves, good growth, late maturing (ie
without shedding of lower leaves) and having no or rminimum
flowering/fruiting. The cuttings (five of each plant), seed

(wherever available) and leaf samples from individual selected
plant in consultation with the farmer/ffield workers were
collected from sixty planis (six each from the ten fields).

Fig. 1. Scientists interacting with farmers at their fleld

The height in the sixty selected plants ranged from 100-
230 em; plant spread varied from 68 to 234 ¢m; and number of
tillers ranged between 16 and 37 with mean values of 181.2,
154.0 and 23.5 [n the respective order. Plant populations keep
on reducing over years and in some pockets few plants
perform much better and dominate. These have much better
morphological characters than rest of the populations, Of these
sixty plants, only fourteen were having medium
flowering/fruiting and the remaining 46 had only litte
flowering/fruiting. Lawsone content in the sixty plants ranged
from 1.60 to 2.80 per cent. Only twelve plants had lawsone
content less than 2.00 per cent and thirteen planis had more
2.30 per cent lawsone content. As a matter of fact, only five
plants had lawsone of 2.4 per cent or more. Majority of tha
plants {35) had lawsone content between 2.00 and 2.30.

In the ten fields, the average age of plantation was 20 to
30 years in elght fields and the other twa had 8-12 year old

Table 1. Morphological characteristics and lawsone content in the six plants selectad from tha fields of each of the lan farmers in and

around Sojat Read through participatory approach

Mame of farmer Village Approx. age of | Plant helght Plant spread | Tillers! plant Lawsone (%)
plantation {cm) {cm)

Nena Ram MNehda Bera 810 176.7 110.0 25.8 1.80
Nema Ram Sojat Road 10-12 148.3 138.8 253 2.09
Chena Ram Mall Sojat Road 20-25 193 8 181.7 297 213
Deva Ram Seervi Sojat Road 20-25 181.7 146.4 223 2.13
Gora Ram Siriyar Phanta 25-28 162.5 115.4 205 2.06
Raja Ram Mali NagaBari 25-30 195.2 180.6 237 217
Mohan Ran Mall Maga Berf 15-20 187.8 169.6 19.2 212
Kana Ram Naga Beri 25-30 181.2 153.4 227 2.24
Hema Ram Naga Beri 25-30 181. 7 1601 2007 2.4
Skilled labour Naga Beri 20-25 204.5 185.4 255 237
Cverall Mean 1812 154.0 235 213

5.0 257 351 4.8 0.22




plantation. The average height of the plants in the individual
field varied frem 148 to 195 cm, spread varied from 100 to 181
em and mean number of tillers ranged from 182 to 29.7.
Lawsona content varied from 1.90 to 2.37 per cent.

#As mentioned eerlier, during our interaction with
industrialists, we were told that leaves from Kali Beri area near
Sojat are of better gquality. Of the sixty samples collected, thirty
were from this area whereas the others wara from other
adjoining villages of Sojat. The perception of the traders was
clearly reflected in our analysis of lawsone content. The mean
lawsone in 30 samples from Kali Beri area was 2.21 per cent
as compared o only 2.06 from rest of 30 plants coliected from
rest of the ares. The plants having highest lawsone content
were also from Kali Berl area.

The purpose of the approach was to select the best
plants as per farmers' perception and further select out of
these plants on the basis of lawsone content. The resulls
show that at 20 per cent selection, i.e.. selecting only 12 plants
out of 60, the lawsone content was 2.43 per cent as compared
to that of 213 per cent of the sixty plants. The changs in
height, spread, tillers and the lawscone content at different
selection Intensities is presented in Table 2. The roocted
cuttings of selected plants will be used to establish the clonal
seed orchard and seed produced will be evaluated at farmers'
field.

Table 2. Plant height, spread, tillers and |awsone content at
different setection intensities on the basis of lawsone content

Table 3. Correlation of different traits (n = G0)

Characteristics | Height | Spread Tillers! Lawsma’
plant (%)
Height = orzg 0:291" 0.288"
Spread - 0.323" 0.488*
Tillersiplant = 0.146
Lawsone (%) -

Selection | Noof | Height | Spread | Tillers | Lawsona
(%) selected| (om) (em) /plant (%)
plants

100 60 1812 | 1540 235 2.135
80 48 | 1839 | 1604 237 2214
&0 36 188.4 | 1657 24.0 2273
40 24 188.3 | 1681 24.0 2.336
20 12 192.3 1784 23T 2430

Most of the henna fields are rainfed in Sojat and
surmounding areas where only one crop is harvested during
October. There are very few imigated fields where farmers are
able to take second crop. The gquality of henna from imigated
areas is considerad to ba poor. Even during low rainfall years,
very few farmers have the facility for supplemental imgation for
the main season crop of July-October. Crop of all the 10
farmers involved in participatory breeding was rainfed.

The correlations coefficients of morphological traits and
lawsone content are presented in Table 3. Lawsona content
had significant and positive assoclation with plant height and
spread with number of tillers, though positive, was non-
significant. The associalions suggest that plants having better
growth, which is a reflection of belter root system, provide
better lawsone. t may be interesting lo see the effect of
spacing and age of plantation on lawsene conteni. There are
various reports suggesting that higher temperature, |ow
moisture and stress results In higher lawsone content; henna
can tolerate salinity and various other adverse conditions; and
cannol survive at very low temperalures approaching freezing
point. There is need for quantification and screening of various
genotypes under such conditions for developing location
specific cultivars. As expected on the basis of synchronized
growth, the association of plant height, spread and number of
tillers was significant.

*p=0.08 " p= 0.01.

There are number of examples of participalory plant
breeding in different countries, espacially for strass conditions
Gypmaniasiri e! af. (2003) from their experience on farmer
participatory plant breeding for rainfed rice in Thailand have
stated that the modern high yielding rice varieties, being
developed and selected under more favourable station
conditions, are not always suitable under rainfed environmenl
In participatory research, farmers' priorities are better
understood and participatory plant breeding approach has
increased adoption and economic benefits from adoption. As
per Banziger and Cooper (2001), participatory plant breeding
has been suggested as an effective alternative to formal plant
breeding as a breeding strategy for achieving productivity
gains under low-input conditions as demonstrated by
comparison of formal plant breeding and participatory plant
breeding in tropical maize and wheal. Participatory Crop
Improvement principally aims at more affectively addressing
the needs of farmers in marginal areas In developing countries
(Almekinders and Elings, 2001). The studies undertaken in
different crops in rainfed areas suggest that the parlicipatory
approach may be more appropriate, cost eifeclive and more
productive.
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Henna Marketing, Processing and Trade in India

Khem Chand, B.L. Jangid, PK. Roy and Y.V. Singh
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Regional Research Station, Pali-Marwar - 306 401 India

Commercial henna Is a natural dyestuff preparad from its
dried leaves and used as cosmetic for application on hands
during feslivals and religious occasions. The dyeing of hair to
improve its lustre is also one of the important uses of herna
powder. The Sojat area in Pali district of Rajasthan is
worldwide famous for best quality henna production. The
henna leaves are fransformed into powder form following
different steps in the processing industry. Besides field
plantation, it is also cultivated in few other parts of the country
as a hedge and also for production of flowers for extracting oll.
The essential oils extracted from henna flowers are used in
perfume indusiry. Sojat is the major centre in the country for
marketing of dried henna leaves and its processing. The henna
processing industry generates non-farm employment thraugh
preparation of packaging material for henna |saves (Fig. 1),
transportation of leaves lo factory and in different operations
like cleaning, grinding and powder packaging, etc. (Khem
Chand ot al, 2003). The demand of henna powder and
finished products is growing in the world in general and Middle
East & Western world in particular due lo growing fear of
harmful health effects of synthetic dyes (Korwar and Pratibha,
1998).

Fig. 1. Preparation of jule bags In Sojat market
for filling henna leaves

Marketing of Dried Henna Leaves

The Market: Sojat city Sub-Mandi, that falls under jurisdiction
of Sojat road Agricultural produce markst i.e, Main Mandi, is
one and the only regulated market in the country meant salaly
for trading of henna leaves (Fig. 2), Though henna is also
marketed in small quantity in Bhawani mandi (Rajasthan) but
eventually it comas to Sojat for sale and processing. According
to the cfiicials of this regulated market about 80 per cent of
henna leaves produced in Rajasthan is marketed at this mandi.
The remaining 10 per cent is sold directly to processing
industry. The preduce from adjoining states Gujarat, M.P. and
other disiricts of Rajasthan (mainly from field boundary
plantation/ hedges) is also marketed in this mandi and
processed In Sojat city itself,

Facllities In the market: Though under normal weather
conditions harvested henna leaves are naot perishable but if

exposed to rain or direct sunlight the quality deteriorates. So to
protect henna produce in this sub-mandi yard there is a
significant storage facility in the form of open tin-sheds having
cemented platform of about two and half feet height
aboveground which are fully utilized by the farmers/
middlemen, The market has around 30 commission agents!
registered traders and lot of brokers (‘dalal') who facilitate
farmers and mandi officials to carry out smocth trading of
henna leaves. Over the years due to increasing production of
hanna, faciiities created are not sufficient and sometime |saves
are spoiled due to open storage. So there is a need for turther
expansion of facilities In mandi like more number of sheds,
guest house for farmers, bank, etc.

Fig. 2, Transaction of henna leaves in Sojat henna mandi yard

Marketing channels: The main marketing channels used by
farmers for sale of driad Henna |eaves arse:

1. Farmer {Producer)y——— Local middlemen —»
Mandi ———— Industries (Fig. 3)

2. Farmer (Producer) — s Mandi— 5 Industries

3, Farmer (Producer) ——— Industries

Fig. 3. Transportation of henna leaves from mandi to faclories
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About 70 per cent of henna leaves produced is marketed
through the ehannel number one (mentioned above) and of the
remalining around 20 per cent is marketed through channel two
listed above. Rest of the produce either reaches directly to the
processors or disposed off locally through retail sale. Since
dried hanna leaves need more space for storage and every
farmer cannot create this, so some farmers almost in each and
evary village (having significant area under henna) act as
middlemen and purchase the produce from other farmers and
either sell it In mandi when having sufficient volume to load a
truck or slore il in the expeclation of price rise in the market.

Quality assessment of henna leaves in market: The price of
henna dry leaves in the market is governed by quality of
leaves, which is ascertained on the basis of leaf weight, leaf
thickness, aroma, colour, and origin, efc,

The first hand impression is that all these methods ars
nor-parametric one but there are no other standard methods
available to get rid off these and make the trading more
authentic and reliable. This Is one of the biggest grievances of
farming community because accuracy of the gquality
assessment |5 totally based on the experlence of the traders
and it is always guestionable. For example in case a farmer
brings produce spoiled by rain the trader gives very low prices
{as low as 10-15 per cent of normal rates) for this without
considering the extent of damage in the guality. The analysis
of lawsone content in the lab suggests that there is only
marginal decrease |n lawsone content. As the crops primary
asconomic component is the lawsone content, It will be
worthwhile o assess the crop on the basis of dve conlent. At
present very simple, gquick, accurate and cheap
spectrophotometric method of lawsone estimation as described
by Pratibha and Korwar (1989) is available.

Trends in henna leaf marketing and price: The trend line in
the figure 4 indicates that In recent years the trade of henna
leaves in the Sojat city regulated markel is continuously
increasing. In the year 1995-96 the trade of henna leaves was
10264 tons which increased to around two and half times in the
year 2003-04 (24744 tons) with a significant annual compound
growth rate of 9 per cent. In terms of rupees the lrade was
20.53 crores with average price of Rs, 2000 per quintal in the
year 1995-98 which increased to Rs. 6537 crores with
average price of Rs. 2642 per quintal in the year 2003-04. In
general during low production years prices of henna leaves are
higher than good years bul it fluctuates to a wide range hence
the farmers only seldom fetch good price for their produce due
o inadequate markel Information or inability to store Tor long
time. The produce of the region is processed at Sojat and there
are no. reports of glut in production of henna leaves. The
produce of particular season is normally processed before the
next crop as storage beyond one year and moisture conditions
affect the guality of henna.

Processing of Henna Leaves

The processing industry: It is mainly concentrated in Sojat
city of Pali district (Rajasthan). Commearcial henna leaf
processing in the city bagan in 1957, Initially dried leaves were
powderad using stone grinders in traditional flour-mills. For
better quality of grinding the size of the emery stones in these
mills were increased and the larger sized emery stones used in
such burr mills were especially ordered from Kuchaman
(Magaur district). As the volume of processing increased
beyond the capacity of these stone burr mills, in early 1580s,

processing of henna leaves was also siarled in the hammer
mills with much higher tumover. However, the powder from
these unils was found to be inferior in gquality being blackish in
colour compared to the greenish colour powder obtained from
the bumr mills. It was found to be due to the higher temperature
conditions produced during processing in the hammer mills. To
overcome this limitation, several improvisations were tried in
these hammer mills. By 1985 the original cast iron hammers
were replaced by stainless steel hammers {initially fabricated at
Kanpur) after trials with hammers made from copper and then
aluminium in between. Further, cyclone asir-cooling lowers were
introduced to contral build-up of temperature during processing
that leed to blackening of the powder. The henna processing
and marketing company. the M. M. Sojatwala Co., at Sojat was
the pioneer in the introduction and refinement of the hammer
mill units. Finally, for greater control and efficient processing of
leaves, the pulverizers, in use in the limestone industry of
Sojat, were adopted. This development was again due to the
efforts of above manufacturer, Presently while the major
industries emplay the pulverizer units for henna procassing, all
above lypes of henna processing units are in operation
simultaneously at Sojat.
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Fig. 4. Recent Trends In henna leaves trade in Sojat city
Development of henna processing industry in Sojat :
e 1957: Commercial processing of henna powder started

e 1962: Special burr stone mills began to be installed for
prodycing henna powder (Fig. 5)

e 1980: Introduction of hammer mills in henna leal
grinding and processing

s 1980-85: Improvisations in the hammer component of
the units for improving gualfity of henna powder

Fig. 5. Grinding stones piled up outside the henna factory




s 1987: Cyclone air-cooling fowers [ntroduced in the
processing units for temperature control

e 1990's: Introduction of pulverisers

There are around 180 henna processing units in Sojat
{Trivani Kumar, 2004), It provides gainful employment to mare
than 3000 persons working in this industry. In addition to these
units around 50 trading companies are also working in the city.
Faridabad city in Haryana also has about 20-25 processing
units but comparatively more quantum of henna is processed
in Solat. In general sem| processad henna leaf is procurad by
processing industry at Faridabad city. The henna processing in
the units starts from Diwall (Sept. - Oct) with the arrival of the
maln harvest of kharif season (80 per cent of total production].
The processing units work day and night betwean Diwali and
Holi i.e. Sept. - Oct. to March- April. Thereafter until the next
growing seasan units are under operation during daytime only.
And during the crop growth season the units are mostly idle
and repair and malntenance work is carried oul.

Procurement of raw material: The major source of maw
material for the processors is henna sub-mandi, Sojat city,
wherefrom one can purchase the material of desired quality
and quantity through open auction method. The quantity of leaf
purchased by an individual processor al a time depends upon
the processing capacity of his unit and markel demand.
Whenaver processing industry receives big export orders, the
procuremant of raw material i.e. henna leaves increases in the
mandi and prices of henna leaf move upward. During
procurement process the processors assess the quality of raw
maierial based on leaf weight, thickness, aroma and visual
coleur. In addition importance is also given to the origin of
praduce (statef region of production) and whether the producs
Is from rainfed or irrigated fields or from hedges.

Stages in henna processing: Herna leaves pass through
different steges of processing viz., cleaning, leaf cutting,
grinding, screening, packaging, eic. before conversion into
powdar to be used by the consumers or other industry as
intermediary input. The various steps in processing are
discussed in brief hereunder:

o Cleaning: The dry henna leaves purchased in the market
are cleaned before further processing. Any soil material
present is separated oul by passing the leaves through a
rotating perforated drum (Fig. B) and the cleaned plant
malerial is blown out and collected. Thareafter fruiting
stalks and other branches pieces present along with the
lezves are removed in a similar unit with winnowing

Fig. €. Cleaning of henna leaves in a processing unit

process. During this process clean |eaves are collected al a
distance away from the heavier stalks, fruits and even stones
which gather near the oullet.

e Leaf cutling/size reduction: The whole leaves are pul
through a shredding machine that cuts down the leaves
into smaller pieces for easier transportation and
movement (Fig. 7 & 8).

Fig. 7. Crushing of henna leaves in a processing unit

e  Grnding: The shredded leaves are than fed to grinding
machine | hammer mill pulveriser for converting into
powder of desired particle/ mesh size.

e  Screening Scresning out the ungrounded fibre pleces In
another aerated rotating drum device further refines the
powder obtained (Fig. 9). The final ground powder of
highest purity Is collected and sent for packaging.

Fig. B. Filling of bags with crushed henna leaves

s  Packaging: The powder is packed in polythene packages
of different size and gquality as per requirement of buyers
or demand in the market and it is also used as
intermediary input for other herbal products (Fig.10- & 11).

L] During processing there [s loss of 12-18 per cent
depending upon the gqually of |leaves. Most of the
wastage |s due to seeds, branches, soll particles and
some loss s there during grinding and final processing.
The average cost of leaves is around Rs 25 per kg and
operational cost for its grinding, packing, etc is about Rs
10. The bulk selling price of henna powder varies from
Rs 40-55 per kg. The prices are, however, affectad by



the ranfall paltern that Iinfluences the growlh and also
international demand that is affected by production in
other henna producing countrias,

Fig. 9. Pulverisation of henna leaves to powder

There are hardly any units at Sojat involved in value
addition in terms of mixing eompounds for obtaining different
shades of henna or preparation of black henna which is a
combination of henna powder and para-phenylenediamine.
Henna produced at Sojet is generally of superior quality
Sometimes leaves from other plants of the region like those of
Cassfa spp., Prosopis spp are mixed. Such produce is either
consumed in local market at lower prices or at times is
exported as neutral (used in burial rites?) henna as per
demand.

Fig. 10. Mechanical Packaging of henna powder by women

Trade of Henna

The products: There are 153 manufacturers, experters and
suppliers involved in trading of differant henna based products
in the country (www. Indlamart.com). An estimated quantity of
35000 tons of henna powder was produced during the period
2003-04 by the processing industry in India. The processing
industry in Sojat mainly produce henna powder and it is further
used aithar in powder form by consumers or manufacturing of
different henna based products by other small scale or large
industries. The henna processing and other induslries that use
henna powder as intermediary inpuf, produce different
products viz. hair dyes, herbal hair conditioners, henna all,
plastic cones, henna paste tube, halr shampoo, cream, aroma

therapy products, powder and paste formulations for temparary
lattooing of paim and other body parts. About 80 per cent of the
powder is used in manufacturing hair dying and conditioning
products. Henna based herbal products are used for dying and
conditioning of hair and they contain besides henna powder
other hearbs like Bringhraj, Brahmi, Aonla, tea, Shikakai, etc.

Fig. 11. Automatic packaging of henna powder

Marketing channel of processed henna: The main marketing
channels used by processors for sale of processed henna
powder are:

1. Processor —» Wholesaler —» Retailar ——
Consumer

2. Processor — Retaller —= Consumer
3. Processor cum retaller — Consumer

About 50 per cent of the henna powder produced in the
processing industry is further sold through channel number one
mentioned above. The wholesalers in different cities procure
henna powder directly from the industry at Sajat and Faridabad
and further sell it to retailers. The consumers get their required
quantity from the retailers. The remaining 50 per cent of the
powder is sold through retailer or directly to the ultimate users,
The other henna based industries either get their required
henna powder from processing industry or through brokers in
Sojat and Faridabad. Similarly expor of processed henng is
also done by processors or brokers or by other industries that
uses powder as intermediate inputs for manufacturing of other
henna based products.
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Economic Scrutiny of Henna Cultivation

Khem Chand, B. L. Jangid and Y.V. Singh
Central Arid Zone Research Institute
Regional Research Station, Pali-Marwar - 306 401 India

In India the semi-arid part of Rajasthan has significant area
under commercial henna cultivation. Pali district of this part of
Rajasthan has around 95.26 per cent (Anonymous, 2002) of
state's henna area and Sojat tehsil of this district is worldwide
famous for best quality henna production. Both Sojat and
Marwar Jn. tehsils of the Pall have more than 93 per cant of
henna cultivation area of the district (Table 1).

Table 1. Tehsll-wise area under henna in Pall district (2000-01)

5. Noj Tehsil Area(ha) percent of district
il Pali 189 0.62
2 Ball 8 0.03
3 Dasur B1 0.20
4. Marwar Jn. 8479 27 87
b Sojat 19844 65.24
6. Raipur 1237 4.07
T Jaitaran 487 1.60
8. Rohat | 108 0.36
8 Sumerpur 5 0.02
Tetal 30418 100.00

Source: Digtrict Land Record Office, Pali

Commercial henna cultivation In arid fringes of Rajasthan
was serutinlzed as an economically viable agricultural enterprise
by the authors through a sample survey study (1998-2004)
among the farmers of Sojat and Manwar Jn. tehsils of Pali district.

Cropping Pattern of Henna Growing Farmers

Henna farmers have major portion of their land under henna
cultivation, Farmers allocate as high as 68 per cent area underits
cultivation (Khem Chand et &/, 2002). In addition to henna.
cropping pattern includes cereals (whaeat, pearl millet, sarghum,
etc.), oilseeds (sesame and rape-mustard), and cash crops
(vegetables, fennel, etc.). The pulse crops did not receive a
significant area in elther season (rabifkharif), [t may be due to the
fact that the major pulse crops in the area (moongbean and
mothbean) are cultivated in kharif season, which is dominated by
henna. The sorghum Is mainly cultivated for fodder purpose while
barley is both for fodder and concentrate feed for animal rearing
(bovines), which fermsan important enterprise in the study arsa.
Total cropped area in rabi was lower than kharifseason, since in
kirarifmost of the crops cultivated are rainfed hence farmers try to
cultivate maximum possible area, but in rabi season cultivation of
craps Is constrained by availability of irrigation water in the wells
due to depletion of groundwalter

Fixed Investment Incurred by Farmers

Fixed investment on a farm consists of axpensas on ltams of
permanent nalure, These resources do nol wipe oul with onetime
use. Authorsfound an average lived investment of Rs. 38,921 on
the farms of henna growing fanmers and three-fourth of this was
accounted by farm machinery and implements alone. The
Investment on well and engine/ pump set was 14 .81 and 4 39 per
cent, respectively, Comparatively low investmeant on walls is due
to the fact that in most cases 8-10 farmars have their share inone
well. Every individual farmer does not invest on purchase of big
farm machinery like tractors due to heavy Initial investment, The
use of farrm machinery on hiring basis is increasing in the area. In
henna cultivation farmars require tractor for field preparation and

most of the farmers in the area complete this operation by hiring
tractors,

Plantation and Establishment Cost

Henna is perennial shrub crop and farmers have fo invest a ot in
its plantation and establishment. Some farmers though
interestad in its cultivation are not abla fo cultivate the same dus
to initial high investment. Over the years due to Increasing
awareness among the farmers about henna cultivation the
demand for skilled labour and seedlings is Increasing in the
reqgion and this is pushing the prices of limited skilled labour and
quality seadlings in lhe area. Once established in the field, every
year hoeing/ weeding and harvesting operations haye to be
performead by the farmers.

Farmars, whe want to plant henna in their fields, need to
prapare for it well in advance as i incurs more expenses then a
naormal arable crop. Al the same time they have to book required
quantity seedlings in advance so that supply of quality seedlings
in time can be assured. Seadling growers also invest a lot in its
raising. They ensure proper supply of water in the field and
employ labour for proper maintenance of nursery. In the month of
July-August when farmers feel that conditions for henna
Iransplanting are suitable, they fransport seedling in their fields,
Atthis time there is a heavy compefifion among farmers for skilled
labour who can perform this operation perfectly and in limied
time span. Farmers treat seedlings with chloropyriphos for
protection of plants from the attack of termites.

It was found that on an average farmers have to invest an
amount of Rs, 25267 (2003-04) for plantation of henna on one
hectare area (Table 2), The costof seedling (47.83 per cent) isan
important constituent of the establishment cost, in view of the fact
lhat seedling growing requires assured irrigation facility during
the hot summer months of March to June and every farmer
cannot afford to grow It hence the seedling growers try to fetch
the maximum banefit from sale of seedling. The henna seedlings
are grown only in few pockeis of Pali districl where supply of
quality water Is assured. Furthar thera is always demand for good
quality seedling which nursery growers are not able o meet,
resulting inta higher sale price tobuyers.

Tabie 2. Initial cosl of plantation and establishment of henna (ha )

Components Share intotal cost
(Rs.) (%)
Labour 9062 35.86
Seedlings 12086 47 .83
Ploughing and related operations 4118 16.20
Total 25267 100.00

The labour cost (35.86%) 1= also an important constituent of
plantation and establishmant cost. Due to high demand of skilled
labourers for this work (which is to be completed within a period of
two-three days) wage rates are generally high during this period.

Recurring Expenses

Once henna is established in the field only hoaing, weading and
harvesting operations have to be camied out every year. Henna
requires less cara in comparison to arable crops grown in the
area because it is not damaged by animals. Farmers generally do
not use any fertilizer or plant protection measures for this crop,

,_



but in recent years incidence of Castar semilooper (Achoes
janala), causing damage lo henna leaves. has compelled the
farmers for random use of pesticides in some farms. During
hoeing/weeding ang harvesting operations wage rates in general
are high in the area since all the farmers want to compiete the
operation in time,

Table 3. Recurring expensas in henna cultivation (ha')

such yleld levels are possible enly under irfigated conditions.
The henna crap with B/C ratio of 1.88 gives highest relums in
comparison to other arable crops grown in the area during
teharif season. Since the crop has a yield potential of as high as
of 20 guintals leaves per ha (as found at CAZRI experimental
farm, Pall) the returns could be higher with better management
practices in this region.

Table 4. Retums from henna crop (ha ')

Components Share in total cost
(Rs.) (%)
A, Fixed cosl 3032 21.54

B. Varable cost

Labour 10266 72.92
Transport 172 0122
Packing 392 02,78
Interest on working capital 217 01.54
Total 11047 78.46
C. Total cosl (A+B) 14079 100.00

Production (g/ha) 1048
Price (Rs /q) 2532
Gross retum (Rs.) 26529
Total cost(Rs. ) 14079
Netreturn (Rs.) 12450
Return over variable eost (Rs.) 15482
Family labourincome (Rs.) 16655
B/C ratio 1.88

It was observed thal farmers spend an amount of Rs.
14079 for maintenance and harvesting operations per hectare
of henna planlation. The labour alone accounted for 72,92 per
cent of total recurring cost (Table 3}, which was mainly used for
hoeing & weeding, harvesting of leaves with tender branches,
threshing and packaging operations, etc. The wage rates were
found highest during harvesting and related operations, since
aspecially skilled labour is required Tor the same. The threat of
quality degradation of the harvested leaves due to rains also
forces the farmers to complete this operation within 8 minimurm
possible period, further pushing the wage rates. Attempls by
some farmers to harvest the leaves using mechanical
harvester to reduce labour cost didn't succeed.

Returns from Henna

Being a perennial crop, henna leaves are harvested every
year. The number of times a farmer harvest the leaves
depends upon growth of crop. Generally in rainfed fields it is
harvested once in a year but in some area where wheat crop is
taken with henna in rabi season with irrigation, farmer get an
additional yield from this crop. On an average farmer in the Pali
district in rainfed area gat 10.48 quintal dry leaf yvield of henna
per hectare particularly in good rainfall years (Tabie 4). The
production is highly dependent upon good and timely rzainfall as
it is a rainfed crop. Sometimes due to rains at harvest time,
quality of henna lsaves is degraded which means drastically
low price of henna leaves in the market. It was established that
farmers get average nel returns of Rs. 12450 after accounting
both fixed and variable cost incurred In henna cultivation.
Compared lo this Singh and Gupta (1298) reporied an average
gross return of Rs, 19,086 ha' during 1995-97 from wasteland
plantations of henna in Jodhpur. However, the nel profit of Rs.
36.000 ha" worked out by Kavia and Verma (2001) at the
production level of 32 quintals dry leaves under rainfed
conditions in Pali district appeared to be exaggeratad since

Growth of Henna in Rajasthan

The area under henna plantation increased from 16408 ha(1991-
92) to 30418 ha (2000-01) with an annual compound growth rate
{ACGR) of 7.75 per cenl while other arable crops either had low
or negativa growth rate in the same period (Khem Chand af al.,
2002). For example, the ACGR of Sorghum was 2.85 per cent,
Pearl millet was (-) 2.52 per cent and Sesame was (-) 9.62 per
cent. The favourable climate and increasing awareness among
farmers regarding this crop played a great role In expansion of
area under its cultivation in this part of arid Rajasthan, The
occurrence of frequent drought also encouraged farmers to divert
area in henna as farmers hardly getany income from arable crops
during drought situation while henna gives at least some returns
during this agriculturally harsh condition.

Though henna cultivation itsell is also constrained by high
labour cost, the profitability of henna and constraints in cullivation
of arable crops are prime governing factors motivating the
farmers to divert more area under henna cultivation. InL Juction
of some high level mechanical means, that could be in, red
implements or automatic machine for hoeing and wee.. g
(serving soil working purpose also), harvasting, etc. of the henna
can bring down the labour cost and that would be a huge step
towards promation of henna cultivation in the area.
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