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I. Cumin (Cuminum cyminum)
Abstract
Cumin is grown in India besides several other countries. It is an important crop of Rajasthan and Gujarat and some
adjoining states. The crop suffers due to wilt (Fusarium oxysporum f.sp. cumini), blight (Aternaria burnsii), powdery
mildew (Erysiphe polygoni) and seed borne microorganisms. Some more diseases have been reported but research
has not been done. Measures to control the diseases have been identified and recommended.
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Introduction
Cumin is an important seed spice crop grown in many
countries like Bulgaria, Egypt, Argentina, Turkey,
Bangladesh, Iran, China, Italy, Pakistan etc. In 2010-11
cumin was grown in 5.08 lac hectares with 3.12 lac tones
production and 0.6 tons per hectare productivity in India.
The area under the crop is increasing as some
nontraditional areas are coming under cumin cultivation.
The main cumin growing areas are Rajasthan and Gujarat
as well as parts of Madhya Pradesh and Uttar Pradesh.
It is exported to many countries including Bangladesh,
Japan, Malaysia, Nepal, Pakistan, Singapore, USA etc.
Its products oleoresins and oils are exported to USA,
UK, and Germany etc. Cumin seeds contain 2.5 -4.0%
volatile oil, aldehydes, cuminol which attributes to its
medicinal properties. It is carminative, diuretic, stimulant,
digestive, tonic, appetizer, stomachic, astringent etc.
(Champawat and Singh, 5; Singh et al., 55). The crop is
subjected to many pathogens causing diseases which
negatively influence the yield (Dange, 9 and Sharma et
al. 49). Recently, Sharma et al. (44) reported the status
of cumin diseases on farmer’s fields in cumin-growing
districts of Rajasthan and Gujarat. The major cumin
diseases observed on farmer’s field were wilt, blight, and
powdery mildew in moderate to severe form. Other
diseases like phyllody and parasitic plant Orobanche were
the emerging problems in cumin.
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Cumin diseases
1. Wilt : Fusarium oxysporum

f.sp. cumini
2. Blight : Alternaria burnsii  Uppal,

Patel  and Kamat
3. Powdery mildew : Erysiphe polygoni  DC
4. Seed borne microorganisms
5. Seed and seedling damage
6. Root rot : Fusarium spp.
7. Leaf spot : Alternaria alternata
8. Bacterial blight : Pseudomonas cumini
9. Root knot: Meloidogyne incognita
10. Orobanche cernua Loefl.
11. Witches broom: Phytoplasma
1. Wilt (Fusarium oxysporum f.sp. cumini)
The disease was first reported from Ajmer district of
Rajasthan by Gaur (16). The fungus was identified as
Fusarium oxysporum by Patel et al. (41). The disease
has been reviewed by Champawat and Singh (5). Most of
researches were undertaken in Rajasthan and Gujarat as
the crop is concentrated in these states. Wilt is an
important disease of cumin with incidence upto 25.7%
but may be 60% in some cases. Losses in yield up to
25% have been reported from North Gujarat and upto 60%
in Rajasthan. The disease occurs at all stages of crop
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growth. The plants wilt and die when they are up to 5 cm
height. The leaves droop down. The roots exhibit browning
of vascular region when split open, when the wilting takes
place at flowering proper flowering and fruiting do not occur.
The diseased plants produce small, thin, shrivelled seeds.
The pathogen is internally seed borne as well as soil borne
associated with diseased plant debris. The intensity of
the fungus is more in top soils. The density of the pathogen
increases under continuous planting of cumin in the same
field. The pathogen survives in soil as hyphae and
chlamydospore. The chlamydospores are heat tolerant.
Under moist condition the lethal temperature range is
60-62°C and under dry conditions it is 62-65°C. The wilt
disease is enhanced when Meloidogyne incognita attacks
the crop prior to attack of wilt pathogen (Sharma and
Trivedi, 52). Arora et al. (2) when planted 25 cumin cultivars
at 15 days interval from 15 October to 15 December
observed wilt when the crop was eight weeks old. The
least wilt was in December sown crop and maximum wilt
in October sown crop.
Management
The cultivars RZ-223 and GC-4 tolerant to Fusarium wilt
and RZ-209, GC-3 and GC-1 are other popular cultivars of
cumin. Rotation with non host crop like mustard, pearl
millet is useful. Increased application of K decreases wilt
incidence. Seed treatment with carbendazim is better.
Soil treatment with Vapam checks the disease. Seed
treatment with T. harzianum, reduces wilt incidence. Soil
solarization is beneficial in controlling Fusarium wilt
(Lodha and Kumar, 28). Organic amendments of soil with
mustard cake (1%), Incorporation of mustard residues in
soil reduce Fusarium propogules. Application of caster
cake and poultry manure before sowing reduces wilt
(Dange 9). According to Diyora and Khandar (11) mustard
cake was the best followed by groundnut cake. Sharma
et al (47) observed the effect of bio-priming with
antagonistic microflora on wilt incidence of cumin. They
found talc based formulations of Trichoderma viride best
followed by Aspergillus versicolor., T. harzianum and
Psuedomonas fluorescens. For one kg seed 10 g talc
based formulation 10 g FYM powder and 5 g gum arabic
were mixed in 50 ml water and primed and incubated for
five days under moist condition at room temperature in a
heap on plastic sheet. These seeds were sown in field.
They showed good emergence,  vigour and least disease.
Deepak et al. (10) observed minimum wilt disease when
Trichoderma harzianum grown on sorghum grains was
applied in soil 24 g/6m2. Omer et al. (40) observed
increased resistance in plants to wilt when cumin seeds
were soaked in 800 ppm ethaphon. Sharma and Bohra
(51) while making rhizosphere studies observed
association of minimum mycoflora when super phosphate
and goat dung was applied. This resulted in minimum
wilt also. Singh et al. (56) found that seed treatment with

T.harzianum formulation resulted in good control of wilt
and gave higher yield. Numerous Trichoderma isolates
have been isolated from cumin rhizosphere soils which
have shown antagonistic activity against cumin wilt
pathogen F. oxysporum f.sp. cumini (Sharma et al. 46 &
50). The isolates of T. koningiopsis, T. asperllum and T.
harzianum were identified as potential bioagents in
reducing wilt incidence under field conditions. Seed
dressing and soil application with Trichoderma viride,
Trichoderma harzianum, and Pseudomonas fluorescens
lowered wilt disease incidence in cumin.
Bhatnagar et al. (4) found seed treatment with
carbandazim 1 g, T.viride 6 g per kg seed and neem seed
kernel extract at 10% in combination resulted in minimum
wilt incidence (7.2%) and maximum yield (5.4 q/ha).
Chawla and Gangopadhyay (6) found seed treatment with
Psuedomonas fluorescens + T. harzianum resulted in least
disease incidence and better growth, yield contributing
parameters and higher seed yield. Seed treatment with
P.fluorescens alone was also very good in performance.
Meena et al. (37) have recommended summer ploughing,
crop rotation of three years, use of healthy disease free
seed, seed treatment with suitable fungicides or bioagents
for managing wilt of cumin.
2. Blight (Aternaria burnsii )
Alternaria blight was reported first from Gujarat by Uppal
et al. (58). Now, it is a common disease in all the cumin
growing areas favoured by humid and cloudy weather.
Small necrotic spots develop on all the aerial parts which
enlarge, coalesce and turn brown to black. Under humid
conditions stem and flowers are also infected which may
be killed. Either seeds are not formed on diseased plants,
if produced they remain small, shriveled, very light and
blackish. 23-28°C temperature is optimum for disease
development (Ghemawat and Prasad, 17). Early planting
results in greater severity of the disease. The pathogen
is seed borne and seed transmitted. It is also soil borne
surviving in crop debris. Sekhawat et al. (53) have reported
five pathogenic groups of which the isolate from Jalore
district was most virulent. Volatile oil content of seeds is
reduced due to the disease. According to Lakra (27) the
incidence of Alternaria blight increased with the increase
in the duration of dewfall, leaf wetness, relative humidity,
congenial temperature and number of rainy days. Arora
et al. (2) planted 25 cumin cultivars at 5 days interval
from 15th October to 15th December and observed that
period of ten weeks from sowing was favourable for
initiation and spread of the blight. December sown crop
had least disease incidence. The highest blight incidence
was in October sown crop (Champawat and Singh, 5).
Management
Seed treatment with difolatan, captan is beneficial.
Cuman, mancozeb, copper oxychloride, zineb are
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recommended as spray (Gemawat and Prasad, 19).
Sharma et al. (45) recently evaluated ten fungicides of
which propiconazole (0.1%), carbndazim + iprodione
(0.2%) chlerothalonil (0.2%) were better in giving least
disease incidence and higher yield. Akbhari and Dhruj (1)
tested nine fungicides and found three sprays of
Mancozeb (0.2%) best in checking the disease resulting
in higher yields. It was followed by propiconazole.
Cumin plants are generally attacked by A. burnsii after
flowering. This is a low sugar disease. It has been observed
that maltose and sucrose are not present in plants before
flowering. They are present at flowering and disappear in
mature plants and seeds. D-mannose and benzedene
have been found in plants before flowering but not at
flowering and in diseased plants. Presence of maltose
and sucrose after flowering and in the diseased plants
exhibit their support to the pathogen and to make the
plant susceptible. The presence of Dt serine and
phenylamine creat favourable conditions for the disease
development (Gemawat and Prasad, 19).
Trichoderma harzianum when applied in the soil grown on
sorghum seeds (24 g/6 m2) resulted least blight disease.
Similarly when 10% spore suspension of T. harzianum
was used as seed treatment and as spray at flowering
resulted in best control of the disease (Deepak et al, 10).
Meena et al. (37) in advanced production technology of
cumin have recommended seed treatment with thiram or
carbendazim to control seed borne pathogens and  mixing
of 100 g Trichoderma formulations with one kg seed to
control all the diseases of cumin. Prophylactic spray of
0.2% Mancozeb or Difolatan or Zineb is suggested during
cloudy weather or at first symptoms.
The plant protection schedule comprising seed treatment
with carbendazim + thiram (1:1) or tebuconazole, soil
drenching with metalaxyl or carbendazim and foliar
application of mancozeb followed by propiconazole and
dinocap in later stage proves effective to combat wilt,
blight and powdery mildew diseases of cumin (Sharma
et al. 48). Further, prophylactic application of
chlorothalonil followed by two sprays of azoxystrobin or
propiconazole effectively manages the cumin blight
disease under field conditions.
3. Powdery mildew (Erysiphe polygoni DC)
The fungus is ectoparasite on aerial plant parts resulting
in yield losses upto 50% under favourable weather
conditions. The disease appears in February and March
at the flowering time. The disease spreads fast under
warm (27-35°C) and moist conditions. The seeds formed
on the diseased plants remain small shriveled and lighter
in weight. All the plant parts get covered with white
powdery mass of conidia. The late sown crop under
irrigated condition gets severely affected. The fungus
perpetuates as dormant mycelium on the seed. The perfect

stage is not formed in India. Under severe disease
situation total failure of the crop has been observed
(Champawat and Singh, 5). The disease is common in
Bulgaria where perithecial stage has been reported (Dodoff
and Naceff, 12).
Management
Single dusting of 300 meshes sulphur 20-25 kg/ha at the
time of flowering in January is essential. Dinocap (0.1%),
carbendazim  (0.1%), tridemorph (0.05%) and wettable
sulphur (0.2%) are also effective (Sharma et al. 43; Mathur
et al, 36; Gohil et al., 20, Meena et al., 37).
4. Seed borne microorganisms
Jain and Jain (23) found ten fungal   species associated
with cumin seeds- Alternaria alternata, Aspergillus flavus,
A. niger, A.ochraceus, Bipolaris hawaiensis, B.spicifer,
Curvularia prasadii, Chaetomium sp. Fusarium miniliforme
and Rhizopus oryzae. These are not usual pathogens
causing diseases of importance in cumin but they influence
the germinability of seed. Pathogens of some important
diseases are also seed borne.
5. Seed and seedling rot
Several microorgamisms get associated with seed like
Aspergillus sp., Penicillium spp. Drechslera rostrata,
Curvularia lunata, Curvularia spp. Alternaria alternata,
certain bacteria directly or through soil result in seed rot.
Some seeds germinate, several fungi like Pythium sp.
Rhizoctonia bataticola, R.solani, F. solani, F.equiseti etc
attack them and cause pre and post emergence mortality.
Some seedlings completely rot under high moisture level
of soil.
6. Root rot
Root rot of cumin is caused by six  species of Fusarium-
F. oxysporum, F. solani, F. monileforme, F. dimerum,
F.equiseti and F. lateritium. Hashem et al. (21) tested
effectiveness of some natural safe essential oils in the
control of cumin root rot of which the essential oil from
cumin, basil and geranium showed highest effectiveness
in controlling the disease. In China the root rot has been
reported due to F. oxysporum, F.solani, Rhizoctonia sp.
and an unidentified Deuteromycetes fungus (Shujuan et
al., 54).
7. Orabanche
Orabanche cernua has been reported as parasite of cumin
in arid western plains zone and traditional plains of luni
basin by Maharshi (34). The affected plants exhibit poor
growth or even die prematurely. Orobanche was further
observed in Jodhpur and Nagaur districts in a limited area
(Sharma et al. 44).
8. Witches broom
It has been reported to result in 7-30% yield losses in
Rajasthan and is caused by Phytoplasma. Tetracycline
hydrochloride suppresses the disease (Jai Narayan, 22).
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The cumin plants showing disease symptom resembled
to the phytoplasma disease, phyllody has been observed
in few fields in Jodhpur and Barmer districts of Rajasthan
(Sharma et al. 44).
Other diseases
Cumin crop suffers due to leaf spot caused by Alternaria
alternata. The spots are water soaked, and then get dried
with lot of sporulation which gives black colour to the
diseased plant parts.
Bacterial blight caused by Pseudomonas cumini has been
reported but no detailed observations have been made.
Meloidogyne ingognita results in root knot problem in
cumin also but no detailed investigations have been made.
The yellowing disease, plants showing yellowing of the
plant with the appearance of symptoms in fruits and
leaves, where seed become hollow and remained yellow
green even the healthy crop matures.  The affected part
is easily rupture and become watery, after harvest the
seeds remain hollow and light weight, which can clearly
differentiate from the healthy seed.  The prevalence of
yellowing symptoms was observed on farmer’s field in
Ajmer, Nagaur, Pali and Jodhpur districts of Rajasthan
up to 25 per cent (Sharma et al. 44).
It appears essential to be careful about new problems in
cumin, if required researches should be undertaken on
host-pathogen relationship leading to proper management
measures.
Conclusive remarks
Cumin is an important condiment in Indian kitchen. It is
grown in India in more than five lakh hectare with more
than three tones production. The crop suffers due to
several diseases which negatively influence the yield.
National Research Centre on Seed Spices of Indian
Council of Agricultural Research, New Delhi is responsible
for undertaking researches on cumin and seed spices.
Attempts are being made to evolve high yielding varieties
of cumin with resistance to pathogens causing diseases
to increase productivity. Multidisciplinary approach is
being made to look after different aspects concerning
production technology. Presently, efforts are being made
to successfully try cumin in non-traditional areas.
Future thrust
Search for sources of resistance to various important
pathogens causing important diseases like Fusarium wilt,
Alternaria blight and powdery mildew is essential. Surveys
must be made on the recommendations of WTO to find
hot spots for diseases for screening of germplasm and
cultivars and disease free areas for the production of high
quality pathogen free seeds. As organic agricultural
production technology is gaining importance in cumin,
non chemical methods for disease control need
exploitation like cultural methods, botanicals and

microflora antagonistic to concerned pathogens, (Khare
et al, 25; Khare and Tiwari 24;26).

II. Caraway (Carum carvi L.)
Caraway seeds are used as condiment in India in kitchen
due to aroma. The crop is native to north and central
Europe and Western Asia. In India it is cultivated in Jammu
and Kashmir, Himachal Pradesh and Uttarakhand.
Caraway oil is an important commodity. In Norway and
Germany it is grown as annual and biennial crop. The
National Research Centre on Seed Spices at Ajmer has
evolved two selections of caraway NRCSS-ACar-91 and
94 for cultivation under semi-arid conditions (Malhotra and
Vashishtha, 35).
Caraway is mild stomachic, carminative and useful to
control stomach ache, indigestion, diarrhoea, chronic
fever. It is antihelmintic, lactagogue and antidermatitic
etc. Its oil contains carvone which is used to kill worms
of intestine specially hookworm (Singh et al., 55). The
essential oil of caraway is rich in carvone (80.9%) and
limonene (8.8%). The oil has antimicrobial effects against
Gram-positive and Gram-negative bacteria, yeasts and
molds (Damianova, 8).
Caraway diseases
1. Alternatia blight Alternaria alternata
2. Powdery mildew Erysiphe polygoni
3. Septoria blight Septoria carvi
4. Umbel bronzing Phomopsis diachenii
5. Blight and rot Mycocentrospora deighton
6. Anthracnose Colletotrichum dematium
7. Sclerotinia rot Scerotinia sclerotiorum
8. Rust Puccinia apii
9. Common or Western

celery mosaic
10. Seed borne microorganisms
1. Alternaria blight
This is a serious disease of caraway. All the aerial plant
parts leaves, branches and inflorescences are attacked.
First small water soaked spots are formed which turn
brown and then black due to heavy sporulation of the
fungus. In certain cases plants die. There are losses in
yield due to the disease. The pathogen is seed and soil
borne.
2. Powdery mildew
Powdery mildew is an important disease of caraway in
some areas. The above ground parts are infected. First
small, white specks are formed on leaves; later these
spots coalesce and cover larger areas of foliage. The whole
plant gets covered with whitish powder which are the
conidia of the fungus. The leaves dry prematurely and
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falloff. The inflorescence is also attacked reducing the
quality and quantity of the produce.
3. Septoria blight
Septoria blight caused by Septoria carvi has been reported
from Australia (Bedlan, 3) and Poland (Machowicz and
Zalewska 29). It caused necrosis of leaves, petioles,
stems, umbels and seeds. S.carvi is a weak pathogen
due to which other pathogens like Fusarium spp., R. solani,
Colletotrichum sp., Botrytis cinerea, Alternaria spp. and
Phoma exgua  masked the symptoms of the pathogen
(Machowicz et al., 30). Anthrocnose of caraway caused
by Mycocentrospora acerina has been reported from
Netherlands which is favoured by increase in leaf wetness
period. Reduction of nitrogen levels and methods to
decrease the leaf wetness period reduce the disease
severity. Decrease of seed sowing rate from 8 kg to 4 kg
per hectare keeps the disease at lower level (Evenhuls et
al., 13).
4. Umbel bronzing
Umbel bronzing in caraway was found in Germany due to
Phomopsis diachinii with optimum growth temperature of
25C and Alternaria spp with optimum temperature 25-30
(Gabler, 15). Gabler (14) developed a method for detecting
P. diachenii based on an indirect ELISA assay with
polyclonal antibodies. Injuries of the plant epidermal
tissues significantly increased the disease incidence
(Mochowicz et al., 31), The disease has been reported
from Hungary to exhibit shoot and umbel blight symptoms
with reddish brown discoloration and occasional wilting.
Fruits usually fail to set (Nagy, 38)
5. Vanev (59) reported Mycocentrospora deighton to cause
disease on Carum carvi  in  Bulgaria, giving symptoms of
blight and rot.
6. Antracnose caused by Colletotrichum dematium has
been reported by Zalewska (60). The pathogen did not
allow seed germination and caused necrosis of emerging
seedlings.
7. Sclerotinia rot
Sclerotinia sclerotiorum causes watery soft rot and
cottony rot in caraway. The stem at the base shows
rotting. The water soaked portion spreads downwards and
the roots are also rotted. The cottony white fungus moves
upwards. The leaves droop down and dry. If higher humidity
prevails the hyphae cover most of the stem. Black sclerotia
are formed by the fungus on the surface as well as within
the stem. Under dry weather brown cankers are formed
on the stem and the plant dies. The sclerotia get mixed
with the seed and the fungus perpetuates in the soil (Chupp
and Sherf, 7).
8. Rust
Rust caused by Puccinia apii Des occurs on caraway in

Europe including Great Britain. In aerial stage yellowish
pustules are formed followed by cinnamon brown uredo
stage and black telial stage later (Chupp and Sherf, 7).
9. Common or Western celery mosaic
The virus attacks caraway plants in USA. The young
leaves exhibit vein clearing, crinkling, malformation,
twisting and mottling with green and yellow. The virus is
transmitted through aphids. The virus becomes
ineffective when treated at 1400F for ten minutes. (Chupp
and Sherf, 7).
10. Seed borne microorganisms
Mackinaite (32) tested caraway seeds for seed borne
microflora and found 55 species of fungi associated with
seeds- Alternaria alternata, Ascochyta biforae, Botrytis
cinerea, Fusarium spp., Phoma spp., Phomopsis spp.,
Rhizoctonia sp., Verticillium albo-atrum causing plant
spots, wilts and rots. Saprophytic mycotoxins producers
like species of Aspergillus, Penicillium, Alternaria,
Cladosporium, Ulocladium etc. also prevailed. Mackinaite
(33) in further studies reported Phomopsis diachenii
Stemphylum botryosum, Ascochyta biforae, Fusarium
avenaceum, Botrytis cinerea, Phoma anethi to be more
commonly associated with seeds. Odstricilova (39) found
A. alternata and Cladosporium cladosporioides to be most
commonly associated with seeds besides Cladosporium
herberum, F. avenaceum, F.culmorum, F.equiseti,
Fusarium sp. Epicoccum nigrum, Trichothecium roseum
and Aureobasidium sp. Sziczeponek and Mazur (19)
detected pathogens associated with caraway seeds and
isolated 383 fungi of which species of Alternaria, Fusarium
and Epicoccum were predominant.
Regina and Raman (42) analysed the affect of Aspergillus
flavus, A. niger and Fusarium moniliforme associated
with caraway seeds and found reduced protein,
carbohydrates and total oil and increased fatty acids.

Management
It is necessary to treat the seed with Thiram, Captan,
Difolatan, Thiram+ Bavistin (2:1) 0.2% by weight before
sowing. For foliar diseases Mancozeb or Zineb 0.2%
should be sprayed in water. For powdery mildew
Karathane 0.05% or wettable sulphur 0.2% may be
sprayed at fortnightly interval as per need.
Future Strategies
The production of caraway is restricted in cooler areas of
North India particularly in Jammu & Kashmir, Himachal
Pradesh and Uttarakhand, it needs to be tried in states
like Madhya Pradesh around Amarkantak and Pachmarhi.
Similar areas must be tried in other states also with higher
altitude. Varieties need to be developed resistant to
diseases and other biotic stresses. Attention is required
to produce pathogen free high quality seed. Areas free
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from disease causing pathogens or less disease prone
areas should be found out by survey. Importance is being
given on organic production of seed of spices, hence
botanicals and antagonistic microflora should be tested
for the control of patghogens causing diseases (Khare
et al., 25; Khare and Tiwari, 26).
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Abstract
Front line demonstrations on cumin consisting two improved varieties (GC-4 and RZ-209) with the scientific interventions
viz., seed treatment (Bavistin @ 2.5 g kg-1 seed and Trichoderma viride @ 4 g kg-1 seed, to save from soil born fungi)
and application of recommended doses of nutrients (40:30:0 AND 40:40:0 kg/ha NPK) for balanced nutrition with
appropriate plant protection schedule (Two sprays of malathion (0.2%), two sprays of Dithan M-45 (0.2%) and one
spray of karathan (0.1%) for the control of aphids, blight and powdery mildew, respectively) were carried out at farmers’
fields in four village namely Sangar, Daua, Chandan and Bhairwa of District Jaisalmer, Rajasthan during Rabi season
of 2012-13. Study revealed that 27.56 % overall yield was increased over farmers’ practice under the FLD of improved
cumin varieties with the technological interventions of seed treatment with Bavistin (2.5g kg seed-1) and application of
40 kg each of N and P fertilizers with the maximum yield of 672 kg ha-1. The overall extension gap of 170 kg ha-1 and
technical gap of 360 kg ha-1 were recorded in the study with 36.00 per cent technology index. Maximum additional
return (Rs. 22750 ha-1) in demonstration with highest effective gain (Rs. 1745 ha-1) and incremental B: C ratio (4.29)
was obtained in the year 2012-13. However, the overall average additional return was Rs. 21250 ha-1 with effective gain
of RS. 16162 and incremental B: C ratio of 4.18.

Key words : FLDs, farmers' practices, improved varieties, scientific technology, technological gap, yield, net returns,
       B: C ratio, cumin.

Introduction
The king of seed spices, cumin (Cuminum cyminum L.)
is a member of family Apiaceae and grown in arid and
semi arid regions of India especially Rajasthan and
Gujarat (Lal et al., 3). Annually, it is grown in about 507850
hectares area producing about 314220 tonnes
(Anonymous, 1). Average national productivity of this crop
is remaining very less (619 kg/ha) in spite of making so
many efforts by the developmental agencies.  The major
factors responsible for low productivity are: low level of
awareness among the farming community about area
specific recommended package of practices, less
availability of high yielding and resistant varieties, lower
adoption of recommended plant production and protection
technologies. Introduction of high yielding varieties tolerant
to diseases can do the miracles in the growing area.
Application of appropriate doses of fertilizers at right time
with other recommended practices (irrigation and
intercultural operations etc.) also play a crucial role with
respect to the productivity of cumin. Besides these,
effective management of biotic and a-biotic stresses at
crucial time with the help of available chemicals and
organic means is also very important to increase the
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productivity and production of the crop, which ultimately
enhanced the net returns and benefit cost ration of the
growers.
Jaisalmer, situated in the Thar Desert of Rajasthan,
represented by huge undulated sand dunes with scorching
heat (up to 48o C temperature) in summers and receives
very low rainfall. It is newly emerging district, started cumin
(being low water loving and low input oriented crop)
cultivation few years back. The district is blessed by the
God with underground water at many places and farmers
started exploiting it by tube wells. The farmers of this
district were very far away from the improved agricultural
technologies and were doing the farming with available
local varieties and practices.  Keeping these facts in mind,
two high yielding varieties of cumin with the scientific
interventions like seed treatment and recommended dose
of fertilizer application with appropriate plant protection
schedule through front line demonstrations were tested
on three farmer’s fields by National Research Centre on
Seed Spices (NRCSS) with the following objectives:
1. To exhibit the performance of high yielding cumin

varieties with scientific interventions (package of
practices).
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2. To compare the yield levels of local cultivar with
farmers practice and FLD fields with scientific
interventions.

3. To calculate and compare the economics of farmers’
practice and scientific interventions.

Materials and methods
The present study was carried out by the National
Research Centre on Seed Spices (NRCSS), Ajmer during
Rabi season from 2010-11 to 2012-13 (03 years) on the
farmers’ fields of four villages viz., Sangar, Daua, Chandan
and Bhairwa of Jaisalmer district in The Thar Desert of
Rajasthan having arid climate. In all 26 frontline
demonstrations in about 13 ha area in different villages
were conducted. Each demonstration is of 0.5 ha in area.
The soils of the district is generally sandy in texture,
contains low nitrogen, low to medium phosphorus and
medium to high potash having organic carbon from 0.17
to 0.21 % with low water holding capacity.
Two varieties of cumin viz., GC-4 and RZ-209 were tested
through Front Line Demonstrations (FLDs) with seed
treatment, application of phosphate and nitrogen fertilizers
and appropriate plant protection schedule as interventions
compared with local variety grown with farmer’s practices.
The materials and inputs required for the study with
respect to front line demonstration (technologies
demonstrated) and farmers’ practice are given in Table 1.
In demonstration plots, a few critical inputs in the form of
quality seed, balanced fertilizers, agro-chemicals were
provided and non-monetary inputs like timely sowing in
lines and timely weeding and irrigation were also
performed. Whereas, traditional practices were maintained
in case of local practice or local checks. The
demonstration farmers were facilitated by the NRCSS and
CAZRI scientists in performing field operations like field
preparation, sowing, sprays, weeding, harvesting etc.
during the course of the training and visits.
The seed was treated with Trichoderma viride (4g kg-1)
and Bavistin (2.5g kg-1) in a closed container and then
shade dried for some time before sowing. Line sowing
was performed with the help of multi seed spices seed
cum fertilizer drill developed by CIAE, Bhopal. The
phosphorous was supplied through DAP (46% P2O5)
before sowing at the time of field preparation. The nitrogen
was given in three split doses. First through DAP (18 %
N) before sowing in the field as basal dose (15.65 kg N)
and remaining through urea (46% N) after 40 and 65 days
of sowing as top dressing. Two sprays of malathion (0.2%)
at 15 days interval (with the incidence of aphids), two
sprays of Dithan M-45 (0.2%) at 15 days interval (at 60
and 75 DAS) and one spray of karathan (0.1%) for the
control of aphids (with the initial appearance of
symptoms), blight and powdery mildew, respectively were
applied. Growing of locally available variety of cumin

without seed treatment and application of only 20 kgha-1

nitrogen at 60-65 days after sowing with indiscriminate
use of pesticides and fungicides is the farmer’s practice
prevailing in the area. The sowing was done during second
week of November. The front line demonstrations were
conducted to study the gaps between the potential and
demonstration yield, extension gap and technology index.
Data with respect to yield and output for FLD plots and
on local practices commonly adopted by the farmers of
the area under study were collected and evaluated.
The grain yields of demonstration units were recorded
and analysed. Different parameters as suggested by Yadav
et al. (5) were used for calculating gap analysis, costs
and returns. The details of different parameters are as
under:
Extension Gap = Demonstration Yield (DY) – Farmers’
Practice Yield (FPY)
Technology Gap = Potential Yield (PY) – Demonstration
Yield (DY)

PY - DY
Technology Index = ×100

PY
Additional Cost = Demonstration Total Cost – Farmers’
Practice Total Cost
Effective Gain = Additional Return – Additional Cost
Additional Return = Demonstration Return – Farmers’
Practice Return
Net returns = Total (Gross) Returns – Total Cost of
Production
Incremental B: C Ratio = Additional Return / Additional
Cost
Results and discussion
Grain yield
Significant improvement in the grain yield was recorded
with the interventions given in demonstrations as
compared to farmers’ existing practices. Maximum yield
(672 kg ha-1) under FLDs was recorded in the year
2012-13 with was 27.08 per cent higher than the yield
(490 kg ha-1) obtained under farmers’ practice. The
increase in grain yield under demonstrations was 24.92
to 27.67 per cent higher than farmers’ local practices. On
the basis of the above study, it is inferred that an overall
yield advantage of 27.56 per cent over farmers’ practices
was recorded with per hectare yield of 640 kg ha-1 under
demonstrations carried out with improved varieties and
scientific cultivation practices (Table 2).
Gap analysis
It is revealed from the data (Table 2) that an extension
gap of 157 – 182 kg per hectare was found between
demonstrated technology and farmers’ practice and on
average basis the extension gap was 170 kg per hectare.
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The extension gap was highest (182 kg ha-1) during 2012-
13 and lowest (157 kg ha-1) during 2011-12. Such gap
might be attributed to adoption of improved technology
especially high yielding varieties sown with the help of
seed cum fertilizer drill with balanced nutrition and
appropriate plant protection measures in demonstrations
which resulted in higher grain yield than the traditional
farmers’ practices.
The study further exhibited a wide technology gap during
different years. It was lowest (328 kg ha-1) in during 2012-
13 and highest (382 kg ha-1) in during 2010-11. The
average technology gap of all the years was 360 kg ha-1.
The difference in technology gap in different years is due
to better performance of recommended varieties with
dif ferent interventions and more feasibility of
recommended technologies during the course of study.
Similarly, the technology index for all demonstrations in
the study was in accordance with technology gap. Higher
technology index reflected the inadequate proven
technology for transferring to farmers and insufficient
extension services for transfer of technology. On the basis
of four years study over all 36.00 technical index was
recorded, which was reduced from 38.20 (2010-11) to
32.80 (2012-13). Hence it can be inferred that the

awareness and adoption of improved package of practices
has increased during the advancement of study period.
Economic analysis
Variables like seed, fertilizers and pesticides were
considered as cash inputs for the demonstrations as well
as farmers’ practices. Data of economic analysis
presented in Table 3 exhibited that on overall average
basis, an amount of Rs. 21588 ha-1 was incurred under
demonstrations and Rs. 16500 ha-1 under Farmers’
practice (FP). An average additional amount of Rs. 5088
ha-1 was incurred under demonstrations than FP. Economic
yield as a function of grain yield and sale price were taken
into consideration.  Maximum additional returns (Rs.
22750 ha-1) were obtained in the year 2012-13 due to
higher grain yield. The higher additional returns and
effective yield obtained under demonstrations could be
due to improved variety, scientific proven technology, non-
monetary factors, timely operations of crop cultivation
and scientific monitoring. The lowest and highest
incremental benefit: cost ratio (IBCR) was 3.87 and 4.36
in the year 2011-12 and 2010-11, respectively depends
on produced grain yield. Overall average IBCR was found
as 4.18. The results of the study confirm the findings of
front line demonstrations by Lal et al. (2) on cumin and
Singh et al. (4) on seed spices.

Table 1. Details of existing farmers’ practices and scientific interventions for cumin production.

S. No. Intervention Farmers’

practice

Scientific proven technology

demonstrated

1. Use of seed Locally

available seed

GC-4 and RZ-209 as improved varieties

from CRRS (SDAU), Jagudan and

SKNCOA (SKRAU), Jobner

2. Sowing method Broadcasting Line sowing by tractor operated seed cum

fertilizer drill

3. Seed treatment No seed

treatment

Seed treatment by Bavistin (2.5g kg-1 seed)

and Trchoderma viride (4g kg-1 seed)

4. Fertilizer

application

20:0:0 kg

NPK/ha

40:30:0 and 40:40:0 kg NPK/ha)

5.. Plant protection

measures

Irregular use of

chemicals

Two sprays of malathion (0.2%), two sprays

of Dithan M-45 (0.2%) and one spray of

karathan (0.1%) for the control of aphids,

blight and powdery mildew, respectively
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Table 2. Grain yield and gap analysis of frontline demonstrations on cumin at farmers’ field

Year Area

(ha)

No. of

FLDs

Potential

yield

(kg/ha)

Demo.

yield

(kg/ha)

F.P

yield

(kg/ha)

Yield

increase

(%)

Ext.

gap

(kg/ha)

Tech.

gap

(kg/ha)

Tech.

index

(%)

2010-11 5 10 1000 618 447 27.67 171 382 38.20

2011-12 4 8 1000 630 473 24.92 157 370 37.00

2012-13 4 8 1000 672 490 27.08 182 328 32.80

Overall

average

4.33 8.67 1000 640 470 27.56 170 360 36.00

Demo.= Demonstration, FP=Farmers’ practice, Ext.= Extension, Tech.+ Technology

Table 3. Economic analysis of front line demonstrations on cumin at farmers’ field

Year. Cost of
cash

inputs

(Rs/ha)

Fixed
cost

(Rs/ha)

Total cost

(Rs/ha)

Add.
cost in
demo.

(Rs/ha)

Sale
price of
grain

(Rs/qt)

Total returns

(Rs/ha)

Additional
returns in

demo.

(Rs/ha)

Effecti
ve gain

(Rs/ha)

INC
B:C
ratio

(IBCR)
Demo. FP Demo. FP

2010-11 6400 15000 21400 16500 4900 12500 77250 55875 21375 16475 4.36

2011-12 6564 15000 21564 16500 5064 12500 78750 59125 19625 14561 3.87

2012-13 6800 15000 21800 16500 5300 12500 84000 61250 22750 17450 4.29

Overall

average

6588 15000 21588 16500 5088 12500 80000 58750 21250 16162 4.18

Demo. = Demonstration, INC = Incremental, FP = Farmers’ practice

Conclusion
Average yield of the FLDs with improved varieties and
scientific technologies was 27.56 per cent higher than
the yield under farmers’ practice. Front line demonstration
programme was effective in changing attitude, skill and
knowledge by using improved varieties and recommended
package of practices of cumin cultivation including
adoption. It has been verified that yield advantage can be
attained by the use of improved varieties, seed treatment,
application of balanced nutrition with appropriate plant
protection schedule on farmer’ fields. Both the varieties

of cumin (GC-4 and RZ-209) can be recommended for
western arid Rajasthan with technological interventions
like seed treatment with bavistin (2.5 g kg-1) and application
of 40 kg ha-1 each of nitrogen and phosphorous with two
sprays of malathion (0.2%), two sprays of dithan M-45
(0.2%) and one spray of karathan (0.1%).
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Abstract
Effect of cryogenic grinding technology on enhancing analgesic and antipyretic activities of coriander seed extract
have been analyzed. Seed extracts of both the genotypes, RCr 436 and Sudha showed considerable analgesic and
antipyretic activities. Results indicated that seed extract of cryo ground seeds were more effective than non cryo
ground seeds and RCr 436 was more effective than genotype Sudha. Seed extract of non cryo ground seeds of
genotype RCr 436 when administered as drug was able to reduce the rectal temperature by 0.330C after 5hrs while
seed extract of cryo ground seeds of genotype RCr 436 was able to reduce the rectal temperature up to 0.60C which
was at par with paracetamol-150 where rectal temperature was reduced up to 0.850C after 5 hrs. It could be concluded
that medicinal quality of coriander and similar herbs to can improve significantly by adopting cryogenic grinding
technology in ayurved and other natural therapies for various ailments.

Key words : Analgesic and antipyretic activities,Coriandrum sativum L., cryogenic grinding technology, seed extract.

Introduction
Spices have been known for ages as effective therapeutic
food. The power of spices to impart biological activity is
now slowly emerging as an area of interest for human
health. The seed spices constitute an important group of
agricultural commodities and known for producing
numerous biologically active chemical compounds,
secondary metabolites or phytochemicals which act as
a natural defence system for host plants. Ground seed
powder is the major form of spice consumption. The
grinding of spices is done to obtained smaller particle
size with good product quality in terms of flavour and
aroma. In the normal grinding process temperature rises
in the grinder to the extent of 95oC which is responsible
for a loss of volatile oil in the tune of about 30% and other
important metabolites with dark coloured powder thus
inferior quality of the produce. The quality of the produce
can be significantly increased by cryogenic grinding
technique using liquid nitrogen that provides the
refrigeration needed to pre-cool the spices and maintain
the desired low temperature by absorbing the heat
generated during the grinding operation. The high quality
ground product would have domestic as well as
international market. This advantage of cryogenic grinding
has more significance in case of seed spices since these
crops are known for their flavour and medicinal properties.
Though, India is one of the leading producer of the spices
in the world but grinding of spices done using traditional
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grinding technique available in the country. Only few
developed countries having cryogenic grinding technology.
Also, limited research information is available on
cryogenic grinding of spices. Coriander (Coriandrum
sativum L.) is a medicinal and culinary plant from the
umbelliferae family and one of the important seed spice
crop. A native of eastern Mediterranean region, coriander
is now widely cultivated in many other parts of the world
for its leaves, seeds and essential oil production. It is
commonly grown in India, Pakistan, Bangladesh, Russia,
Central Europe, Morocco, and China. India is the world’s
largest coriander producer, where the seeds and leaves
of this spice are widely used for various food applications
and essential oil extraction. Coriander seeds have a
health-supporting reputation. Coriander has been used in
medicine for thousands of years (Mathias, 8). The first
medicinal uses of the plant were reported by the ancient
Egyptians. General references to coriander’s medical
uses are also found in classical Greek and Latin literature
(Manniche, 7). The coriander fruits are believed to aid
digestion. Coriander is also used externally to treat ulcers
and rheumatism. These and several other medicinal uses
are recorded by Hegi (3). In some parts of India, it has
traditionally been used for its anti-inflammatory properties.
Today, the plant is still sometimes used for these purposes
in folk medicine. The medical uses of coriander in the
modern era are described by Cicin (2). In India, the fruits
are considered carminative, diuretic, tonic, stomachic,
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antibilious, refrigerant and aphrodisiac. They are used
chiefly, however, to conceal the taste or smell of other
ingredients in pharmaceutical preparations (Jansen, 6),
and to correct the gripping qualities of rhubarb and senna
(Bhatnagar 1). The seeds are chewed as a remedy for
halitosis. The antibacterial effects of the essential oil of
coriander are mentioned by Pruthi (10). Coriander is
believed to be a natural aphrodisiac and previously it was
extensively used in certain preparations, combined with
other herbs.
Looking to the significant medicinal properties of
coriander, a study was conducted at National Research
Centre on Seed Spices to analyzed medicinally important
compounds and antioxidant activity in seed extract of
coriander by Saini (11). He reported genotypic variation
in total phenolic, flavonoid content and antioxidant
properties of coriander genotypes. Further, Saxena et al.,
(12) analyzed the effect of cryogenic grinding technology
on total phenolic, flavonoid content and antioxidant
properties of coriander genotypes and found significant
effect of cryogenic grinding over normal grinding. In
continuation to this, present study was undertaken to
find out the effect of cryogenic grinding technology on
analgesic and antipyretic activity of methanol crude seed
extract of coriander genotypes RCr 436 and Sudha. This
is the first report on effect of grinding technology on
medicinal properties of seed spices i.e. coriander.
Materials and methods
Seeds of two genotypes of coriander were obtained from
seed store of National Research Centre on Seed Spices,
Tabiji, Ajmer (India). The seeds were cleaned and used
for grinding. Cryogenic grinding of seeds was done using
cryogenic grinder (Hoso-Kava Alpine, Germany) model
Fine Impact Mill 100UPZ at Central Institute for Post
Harvest Engineering and Technology, Ludhiana. Feed rate
of material was set at 1 kg/hr with screw speed 3 rpm.
The speed of pin mill was set at 10,000 rpm. Inlet
temperature was adjusted to below -50 and outlet
temperature was -5 to 15ºC. Product particle size was
set on 50 microns. In the process of cryogenic grinding
the material is feed into a feeder hopper and dropped into
a conveyor where the material to be processed enters
the pre-chilled conveyor. Liquid nitrogen is then sprayed
and blended directly onto the material. The material is
conveyed via a stainless steel special design auger. The
auger not only transports the grinding media, but also
mixes it with liquid nitrogen for greater cooling efficiencies.
Liquid  nitrogen  is  added  until  the  temperature  of  the
material  is  reduced  to  a  predetermined  set  point.
This  set  point  is  the  glass  transition  temperature  of
the  material. The extremely low temperature in the grinder
solidifies oils so that the spices become brittle, they
crumble easily permitting grinding to a finer and more
consistent size. Finally the brittle material enters an

impact (pin) mill where it is ground to a desired
particle size. Computer controls the entire process.
The Cryo ground powder was quickly packed in aluminum
foil packets using sealing machine and opened at the
time of analysis. Non cryogenic grinding was done
separately by domestic mixer grinder (Sujata, model
Dynamix, 810 W).
Preparation of seed extract
Cryogenic and non cryogenically ground seeds (10 gm)
of coriander was extracted with 50 ml methanol twice.
Supernatant from both extraction were pooled and
methanol was evaporated in rotary evaporator. This crude
seed extract was used for analysis of analgesic,
antipyretic and anti-diabetic activities.
Analgesic activity (Tail Immersion Method)
Prior to the experiment, the animals (rats) were screened
for a sensitivity test by immersing the tip of the tail gently
in hot water. Method involves immersing extreme 5 cm of
rat’s tail in water bath containing water at a temperature
of 55±0.5ºC. The rats which withdraw the tail within 5
seconds were selected for activity. After each
determination tail was carefully dried. Each animal served
as its control at 0 and 10 min interval, the average of the
two values was taken as the initial reaction time. The
reaction time for the same group was taken at interval of
30, 60, 90, 120, 180 and 240 min followed by the
administration of the standard drug pentazocine 10 mg/
kg, i.p and crude seed extracts of cryo and non cryo
ground coriander seeds of genotypes Sudha and RCr 436.
A cut off period of 10 seconds was observed to avoid
damage to the tail. Rats were divided into four groups
containing six rats in each group.
Group I: Rats were given only vehicle
Group II: Rats were given Pentazocine in single dose
(10mg /kg bw, p.o.)
Group III: Animal were given Seed extract (NC) @ 200
mg/ kg bw, p.o.
Group IV: Animal were given Seed extract (C) @ 200 mg/
kg bw, p.o.
Antipyretic Activity (Brewer’s Yeast Induced Pyrexia
Model)
Brewer’s yeast induced pyrexia rat model was used to
determine the antipyretic activity of seed extracts. Initial
rectal temperature of each rat was recorded using digital
clinical thermometer. Rats were given 10 ml/kg b.w. of a
15% aqueous suspension of brewer’s yeast
subcutaneously to induce pyrexia. After 18 h, rats that
showed minimum increase of 0.5ºC in rectal temperature
were selected and temperature was recorded. Rectal
temperature was determined at the interval of 1, 2, 3, 4
and 5 h after the administration of the extracts and
standard drug paracetamol 150 mg/kg b.w. Control group
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received equivalent volume of sterile water. Rats were
divided into four groups containing six rats in each group.
Group I: Rats were given only vehicle
Group II: Rats were given Paracetamol in single dose @
150mg /kg bw, p.o.
Group III: Animal were given seed extract (NC) @ 200
mg/ kg bw, p.o.
Group IV: Animal were given seed extract (C) @ 200 mg/
kg bw, p.o.
Results and discussion
Table 1 and 2 showing the data based on tail immersion
method as described in materials and methods to evaluate
analgesic activity of crude seed extract of coriander
genotypes Sudha and RCr 436. Tail immersion time of
Group 1 rats is ranging from 1.26±0.05 to 1.32±0.03
seconds while the rats of group II were given standard
drug Pentazocine-10 (150mg /kg bw, p.o.) showed
1.30±0.12 seconds tail immersion at beginning which
increased up to  3.73±0.12 after 60 minutes. After that
immersion time decreased and reached 1.73±0.13
seconds after 240 minutes. Rats of group III were given
seed extract of non cryo (NC) ground seeds @ 200 mg/
kg bw, p.o of genotype Sudha and RCr 436. As compare
to group I rats tail immersion time was more in group III
rats ranging from 1.29±0.07 to 2.40±0.09 seconds,
maximum (2.40±0.09) being observed after 60 minute in
genotype Sudha. Seed extract of genotype RCr 436
showed similar trend being observed maximum
(2.41±0.09) after 60 minutes. The immersion time after
60 minutes was slightly more in genotype RCr 436 than
Sudha. Rats of group IV were given seed extract of cryo
(C) ground seeds @ 200 mg/ kg bw, p.o. In case of
genotype Sudha, the tail immersion time was ranging
from 1.34±0.11 to 2.92±0.33 seconds which was
considerably more than group I and III immersion time
and showed very close value with group II (Table 1). Results
were very promising in case of genotype RCr 436. When
seed extract of cryo ground seeds of genotype RCr 436
were given to the rats of group IV the immersion time was
ranging from 1.44±0.11 to 3.01±0.33 seconds being
observed maximum after 90 minutes. These values are
very close to group II where rats were given Pentazocine
@ 150mg /kg bw, p.o. Moreover after 180 minutes the
time was more (2.68±0.19 Sec) in group IV than group I,
II and III. Results indicated that seed extract of cryo ground
seeds were more effective than non cryo ground seeds
and RCr 436 was more effective than genotype Sudha.
Table 3 and 4 showed the data on antipyretic activity of
crude seed extract of coriander genotypes. Rats of group
I served as control, the rectal temperature of control group
rats was ranging from 37.65±0.11 to 38.45±0.030C.
Standard drug paracetamol @ 150mg /kg bw, p.o. was

able to decrease the rectal temperature up to 37.80C ±0.11
after 1 hr of administration and come down to the level of
37.60C±0.06 after 5 hrs (Table 3). Seed extract of non
cryo ground seeds of genotype RCr 436 when
administered as drug was able to reduce the rectal
temperature from 38.530C±0.09 at 0 hr to 38.20C±0.09
after 5hrs. However, seed extract of cryo ground seeds of
genotype RCr 436 was showing at par results with
paracetamol-150 being observed 37.900C±0.07 after 3 hrs
and 37.740C±0.03 after 5 hrs.
Similar results were obtained with genotype Sudha (Table
4). Among both the genotypes RCr 436 was found more
effective in both analgesic and antipyretic activity.
Plants have been a variable source of natural products
for maintaining human health. Emphasis has been
given on more intensive studies devoted to natural
therapies in the last decade. Studies conducted from time
to time revealed that many plants have chemical
components and biological activities that produced definite
physiological action in the body and, therefore, could be
used to treat various ailments (Omale et al., 9). The most
important of these bioactive constituents of plants are
alkaloids, tannins, phenolic and flavonoids compounds
(Hill et al., 4)
In a previous study we reported that cryogenically ground
seeds of coriander resulted in more quantity of methanolic
crude seed extract, total phenolic and flavonoid contents
as well as anti oxidant activity as compare to non cryo
ground seeds (Saxena et al., 12). More pronounce effect
of genotype RCr 436 may be due to the presence of more
phenolics as compare to genotype Sudha. Coriander plant
has been used for various medicinal purposes. From
present study it could be concluded that medicinal quality
of the herbs similar to coriander can improve significantly
by adopting cryogenic grinding technology in ayurved and
other natural therapies for various ailments.
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Table 1: Analgesic activity of seed extract of coriander genotype Sudha.

Average tail withdrawing time in secondTreatment/
Dose (mg/kg)

0 min 30 min 60 min 90 min 120 min 180 min 240 min
Only vehicle 1.26±0.05 1.28±0.042 1.28±0. 04 1.27±0.05 1.29±0.05 1.30±0.047 1.32±0.03

Pentazocine-10 1.30±0.12 2.00±0.05 3.73±0.12 3.35±0.09 2.86±0.15 2.23±0.14 1.73±0.13

Seed extract (NC) 1.29±0.07 1.40±0.07 2.40±0.09 2.02±0.22 1.85±0.14 1.50±0.14 1.35±0.08

Seed extract (C) 1.34±0.11 1.44±0.10 2.56±0.17 2.92±0.33 2.15±0.27 1.68±0.19 1.51±0.11

Table 2: Analgesic activity of seed extract of coriander genotype RCr 436

Average tail withdrawing time in secondTreatment/
Dose (mg/kg)

0 min 30 min 60 min 90 min 120 min 180 min 240 min
Only vehicle 1.26±0.05 1.28±0.042 1.28±0. 04 1.27±0.05 1.29±0.05 1.30±0.047 1.32±0.03

Pentazocine-10 1.30±0.12 2.00±0.05 3.73±0.12 3.35±0.09 2.86±0.15 2.23±0.14 1.73±0.13

Seed extract (NC) 1.31±0.07 1.35±0.07 2.41±0.09 2.08±0.22 2.0±0.14 1.70±0.14 1.55±0.08

Seed extract (C) 1.44±0.11 1.64±0.10 2.66±0.17 3.01±0.33 2.85±0.27 2.68±0.19 2.41±0.11

Table 3: Antipyretic Activity of seed extract of coriander genotype RCr 436

Rectal temperature (0C)Treatment/ Dose
(mg/kg)

-18 hrs 0 hrs ½ hrs 1 hrs 2 hrs 3 hrs 4 hrs 5 hrs
Disease Control 37.65

±0.11
38.56
±0.17

38.6
±0.17

38.63
±0.17

38.65
±0.17

38.63
±0.16

38.43
±0.03

38.45
±0.03

Paracetamol- 150 37.58
±0.07

38.45
±0.11

38.47
±0.12

37.8
±0.11

37.7
±0.09

37.67
±0.06

37.61
±0.07

37.6
±0.06

Seed extract (NC) 37.47
±0.07

38.53
±0.09

38.52
±0.09

38.49
±0.09

38.4
±0.08

38.32
±0.07

38.24
±0.09

38.2
±0.09

Seed extract (C) 37.48
±0.06

38.3
±0.07

38.27
±0.06

38.23
±0.07

38.05
±0.07

37.90
±0.07

37.76
±0.04

37.74
±0.03

Table 4: Antipyretic Activity of seed extract of coriander genotype Sudha

Rectal temperature (0C)Treatment/ Dose
(mg/kg)

-18 hrs 0 hrs ½ hrs 1 hrs 2 hrs 3 hrs 4 hrs 5 hrs

Disease Control 37.65
±0.11

38.56
±0.17

38.6
±0.17

38.63
±0.17

38.65
±0.17

38.63
±0.16

38.43
±0.03

38.45
±0.03

Paracetamol- 150 37.58
±0.07

38.45
±0.11

38.47
±0.12

37.8
±0.11

37.7
±0.09

37.67
±0.06

37.61
±0.07

37.6
±0.06

Seed extract (NC) 37.50
±0.07

38.55
±0.09

38.48
±0.09

38.45
±0.09

38.4
±0.08

38.35
±0.07

38.30
±0.09

38.24
±0.09

Seed extract (C) 37.48
±0.06

38.45
±0.07

38.40
±0.06

38.23
±0.07

38.18
±0.07

37.98
±0.07

37.96
±0.04

37.84
±0.03
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Abstract
The present study was carried out at Horticultural Research Station, Devi hosur (Haveri), University of Horticultural
Sciences, Bagalkot during November 2012 – January 2013. Phenotypic coefficient of variation ranged from 2.13 (days
to maturity) to 53.58 (number of secondary branches at 60 DAS). Genotypic coefficient of variation ranged from 0.70
(plant height at 30 DAS) to 52.92 (number of secondary branches at 60 DAS). Genetic advance ranged from 0.08
(number of primary branches at harvest) to 2.04 (plant height at 30 DAS). The estimates of heritability ranged from
10.60 per cent (plant height at 30 DAS) to 99.15 per cent (plant height at 45 DAS). High heritability with high GAM was
observed for traits, number of umbels per plant at 60 DAS and at harvest, number of umbellets per umbel at 60 DAS
and at harvest, number of seeds per umbellet at 60 DAS and at harvest, thousand seeds weight, seed yield per plant
and seed yield per hectare. Moderate heritability was recorded for charecters, herbage yield and harvest index.
Moderate GAM recorded in days to fifty percent flowering and harvest index. The data revealed the existence of large
amount of variability in most of the characters.

Key words : Coriander, Plant height, fresh weight and dry weight.

Introduction
Coriander commonly known as “Dhania” (Coriandrum
sativum L.) belongs to family Apiaceae. Coriander fruits
are an important spice of many countries of Europe,
Northern Africa, West, Central and South Asia. It is mainly
used as condiment in the preparation of curry powder,
pickles, sausages and seasonings. Seeds are also used
in the preparation of confectionary and liquors. Due to its
pleasant aroma, tender shoots and leaves are used in
chutney, soups and salads. Besides condiment, coriander
also has medicinal values. The dry seeds are said to
have carminative, diuretic, stomachic and aphrodisiac
properties. Green leaves of coriander are also used for
culinary purposes.    Rajasthan, Gujarat, Madhya Pradesh,
Tamil Nadu, U.P. are the major producing states of
coriander in India.  In Karnataka, coriander is mainly grown
under rainfed conditions both in kharif and rabi season in
an area of 8124 hectare with the production of 6129 mt
(Anon., 2009). The average yield of coriander in India is
low. One of the main reason for low yield in coriander is
due to non availability of region specific genotypes. Apart
from selection of suitable genotypes, optimum sowing
season, nutritional requirement and resistance to biotic
stresses are important factors for accomplishing the higher
yield in coriander. Very limited scientific information is
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available on germplasm evaluation of coriander for higher
yield under transitional Zone of Karnataka, though farmers
are using their own genotypes for cultivation. In order to
increase the yield, production, productivity and quality
components of this important seed-spice-cum-leaf yielding
crop, breeding of high yielding coriander varieties become
inevitable. Hence, the present study was undertaken to
evaluate the different genotypes for growth and yield
parameters under transitional zone of Karnataka.
Materials and Methods
The trial was laid out at field, Horticultural Research
S t a t i o n ,  D e v i  h o s u r  ( H a v e r i ) ,  w h i c h  l o c a t e d  a t  1 4  

0 47' N
latitude, 750 21’ E longitude and an altitude of 563 m
above MSL. Sixty one germplasm lines (DCC 1 to DCC
59, DWR 1 and Ajjampura local) were raised in randomized
complete block design (RCBD) with two replications. Each
germplasm line was raised in flat beds of 2.0 x 1.5 m in
size and seeds were sown at the rate of 15 g per bed in
row spaced 30 cm apart. Five randomly selected plants
in each germplasm in each replication were tagged for
recording observations on plant charecters and the mean
values were subjected to statistical scrutiny. Observations
on growth and yield parameters were recorded using five
randomly labeled plants in each plot by avoiding border
row plants. The data recorded on various characters were
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subjected to Fishers method of analysis of variance by
following the formula as given by Panse and Sukahatme
(1957) was applied for analysis and interpretation of data.
The level of significance used in “F” and “t” test was at
p=0.05 and critical difference (CD) values were worked
out wherever “F” test was significance.
Phenotypic and genotypic components of variances were
estimated from ANOVA with the help of the formula
suggested by Singh and Choudhary (1979).

     MSS treatment MSS error
Genotypic var iance Vg

Number of replications




Phenotypic variance (Vp) = Genotypic variance + MSS
(error)
Genotypic and phenotypic coefficients of variability were
computed by the method proposed by Burton and Devane
(1953).
Heritability in broad sense for all the characters were
computed as the ratio of genetic variance to phenotypic
variance as suggested by Hanson et al. (1956) and
expressed in percentage

 2 Vph bs % 100
Vp
 

Where, Vg and Vp are genotypic and phenotypic
variances, respectively.
Genetic advance for each character was worked out by
adopting the formula given by Johnson et al., (1955).

GA = h2p × k
 Where, h2 = Heritability

k = Selection differential which is equal to 2.06
at 5 per cent intensity of selection
sp = Phenotypic standard deviation
Genetic advance as percent mean was estimated by using
the formula

GAGAM 100
X

 

Where, G A = Genetic advance,  X = General mean

Results and Discussion
The results of the analysis of variance for different
quantitative characters of 61 germplasm lines of coriander
are presented in Table 1. The result indicated that there
is highly significant (P= 0.01) difference among germplasm
for twenty eight characters of growth and yield parameters.
This indicated the presence of high degree of variation
between the germplasm lines. Similar were reported by

Sharma and Sharma (1989), Gurbuz B (2001) and
Beement Mengesha and Getine Alemaus (2010) in
coriander.
High values of PCV was recorded for number of primary
branches at harvest, number of leaves at 30 DAS, fresh
weight of the plant at 45 DAS, dry weight of the plant at
harvest, number of seeds per umbellate at 60 and at harvest
and seed yield per plant which indicate that maximum
amount of variability is present in germplasm for these
characters. These results are in conformity with the results
of Singh et al. (2005) in coriander.
High value of GCV was observed for fresh weight of the
plant at 45 DAS, dry weight of the plant at 60 DAS and at
harvest, number of seeds per umbellate at 60 DAS and
also at harvest, seed yield per plant due to genetic
makeup of coriander, indicating that selection forthese
character would be possible. Similar results were obtained
by Rajput and  Singh (2003) and Abhay et al. (2011) in
coriander and fenugreek.
High PCV and GCV estimates were recorded for plant
height at 30, 60 DAS, fresh weight of the plant at 30
DAS, dry weight of the plant at 60 DAS, number of seeds
per umbellate at 60 DAS and at harvest, 1000 seed weight,
seed yield per plant, seed yield per hectare indicates
maximum variability existing in the germplasm for these
characters and offers good scope for improvement by
simple selection through these characters. Similar findings
were obtained by Rajput and Singh (2003), Patel et al.
(2008), in coriander and ajowan.
Heritability, genetic advance and genetic advance over
per cent mean
High heritability was noticed for plant height at 45, 60
DAS, number of primary branches at 45 and 60 DAS,
number of secondary branches at 45 and 60 DAS, number
of leaves 30, 60 DAS and at harvest, fresh weight of the
plant at 45 DAS and at harvest, dry weight of the plant at
harvest, number of umbellates per umbel at harvest,
number of seeds per umbellate at 60 DAS and at harvest,
1000 seed weight, seed yield per plant and seed yield
per hectare. Similarly, high heritability estimates were
also reported bySingh et al. (2006) and Rajput and Singh
(2003), indicating that these characters are less influenced
by environmental factors. High genetic advance was
observed for number of umbels per plant at 60 DAS and
probably the character was controlled by additive gene
action; selection for this character will improve the yield.
These results are in conformity with the findings of Singh
et al. (2006) in coriander.
High genetic advance as per cent of mean was observed
for number of secondary branches at 30 DAS, number of
leaves at 30 DAS, fresh weight of the plant 45 DAS, dry
weight of the plant at 45 and 60 DAS and at harvest,
herbage yield and number of umbellates per umbel at
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harvest, number of seeds per umbellate at 60 DAS and
at harvest, seed yield per plant and per hectare, indicates
that these characters were governed by additive genes
and selection will be effective for improvement of these
traits. Similar results are also reported by Beement
Mengesh and Getine Alemaus (2010), Singh et al. (2006)
in coriander. The heritability has been estimated only in
the broad sense and it includes all additive, dominant
and epistatic gene effects. However, the heritability in

broad sense is an indicator of the possible limit of
heritability.
Among 61 genotypes evaluated for different growth and
yield contributing traits, the genotypes DCC 28, DCC 38,
DCC 42, DCC 47, DCC 57 and DCC 5 were found
promising in both herbage and seed yield under
transitional zone of Karnataka. These were found to be
best genotypes for multiple traits so these can be used
as parents for future breeding programme.

Sl.
No.

Source of variance Replication Treatment Error

1 Plant height (30 DAS) 0.26 0.11NS 0.21

2 Plant height (45 DAS) 0.60 0.27** 0.23

3 Plant height (60 DAS) 0.21 0.85** 0.23

4 Number of primary branches (30 DAS) 0.23 0.20NS 0.27

5 Number of primary branches (45 DAS) 0.72 0.15** 0.20

6 Number of primary branches (60 DAS) 0.51 0.31** 0.25

7 Number of secondary branches (30 DAS) 0.16 0.30NS 0.33

8 Number of secondary branches (45 DAS) 0.19 0.92** 0.20

9 Number of secondary branches (60 DAS) 0.20 0.22** 0.55

10 Number of leaves (30 DAS) 0.62 0.16** 0.59

11 Number of leaves (45 DAS) 0.10 0.25** 0.91

12 Number of leaves (60 DAS) 0.53 0.36** 0.14

13 Fresh weight of the plant (45 DAS) 0.14 0.10** 0.49

14 Fresh weight of the plant (60 DAS) 0.17 0.10** 0.57

15 Fresh weight of the plant (at harvest) 0.40 0.70** 0.26

16 Dry weight of the plant (45 DAS) 0.49 0.28** 0.23

17 Dry weight of the plant (60 DAS) 0.20 0.34** 0.28

18 Dry weight of the plant (at harvest) 0.61 0.56** 0.25

19 Herbage yield 0.23 0.12** 0.81

20 Days to 50% flowering 0.51 0.81** 0.35

22 Number of umbels per plant 0.63 0.60** 0.12

24 Number of umbellates per umbel 0.14 0.97** 0.45

26 Number of seeds per umbellate 0.59 0.49** 0.37

27 1000 seed weight 0.22 0.62** 0.64

Table 1: ANOVA for morpho metric traits and yield attributes in coriander germplasm lines
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Abstract
Effect of grinding conditions i.e ambient and cryogenic on average particle size, colour parameters, specific heat,
thermal conductivity, thermal diffusivity, glass transition temperature, volatile oil, total phenols, total flavonoids, and
antioxidant activity of coriander powder were investigated. All the parameters varied significantly with the grinding
conditions. Cryo-ground coriander powder retained almost doubles the phenol content and antioxidant activity as
compared to ambient grinding. Specific heat increased from 14.64±0.13 kJ/kg-K to 19.10 ±0.12 kJ/kg-K with increasing
temperature (-100ºC to +100ºC) at both the grinding conditions. Thermal conductivity and thermal diffusivity increased
from 0.047±0.001 W/m-K to 0.068±0.002 W/m-K and 8.88±0.14 × 10-6 m2/s to 11.23±0.19 × 10-6 m2/s respectively in
a temperature range of -40°C to 60°C. A higher value of glass transition temperature was found at ambient grinding
conditions. Specific heat, thermal conductivity and thermal diffusivity displayed second order polynomial relationships
with temperature.

Key words : Ambient grinding, coriander, cryogenic grinding, flavonoids, volatile oil, specific heat.

Introduction
Coriander is a major seed spice crop grown, throughout
the sub continent for either green leaf purpose or seeds
and has prime position in flavouring foods. In India, major
coriander growing states are Rajasthan, Gujarat, Andhra
Pradesh, Uttar Pradesh, Madhya Pradesh, Himachal
Pradesh etc. The most common use of coriander seed is
in curry powders, where it is the bulkiest constituent, often
rough ground, to give a crunchy texture. The most important
constituents of coriander seeds are the essential oil which
varies between 0.03-2.6 percent.  Other constituents such
as crude protein, fat, crude fibre and ash contents vary
from 11.5-21.3%, 17.8-19.15%, 28.4-29.1% and 4.9-6.0%,
respectively (Akgul, 1; Diederichsen,2; Kaya et al., 4;
Ramadan and Morsel, 5).
The essential oil and various extracts from coriander have
been shown to possess antibacterial, antidiabetic,
anticancerous, antimutagenic, antioxidant and free radical
scavenging activities (Sreelatha et al., 8; Zoubiri and
Baaliouamer, 6). In addition to its culinary value, coriander
is known for its wide range of healing properties. It is
generally used in gastrointestinal complaints such as
anorexia, dyspepsia, flatulence, diarrhea, griping pain and
vomiting. Coriander fruit is also reputed as refrigerant, tonic,
diuretic and aphrodisiac, while, the oil is considered useful
in flatulent colic, rheumatism, neuralgia, etc. Coriander is
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also used as antiedemic, anti-inflammatory, antiseptic,
emmenagogue, antidiabetic, antihypertensive, lipolytic and
myorelaxant, and possess nerve-soothing property (Jabeen
et al., 7).
Grinding is one of the most common operations used to
produce coriander powder for consumption. However, in
ambient grinding of spices, temperature rises to the extent
of 42 -93°C as grinding is the most power consuming
operation because only 1% of the energy imparted into
the material is utilized for loosening the bond between
particles, whereas almost 99% of input energy is dissipated
as heat, rising the temperature of the ground product. The
rise in temperature causes the loss of volatile oil and
flavouring constituents. In high oil bearing material, oil
comes out from oil bearing material during grinding, which
makes ground product gummy, sticky and results in
chocking of sieves through which the product passes
(Singh and Goswami, 9). The loss of volatile oil, moisture,
and colour can be significantly reduced by a cryogenic
grinding technique. Liquid nitrogen at -195.6°C provides
the refrigeration needed to pre-cool the spices and maintain
the desired low temperature by absorbing the heat
generated during the grinding operation.
The knowledge of thermal properties such as specific heat,
thermal conductivity, and thermal diffusivity constitute an
important and essential engineering data for designing of
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processing equipment e.g. cryogenic grinder for coriander
and other similar spices. Other quality parameters of final
product will be helpful in validation of technology. These
data are necessary for simulation and modelling of heat
transfer phenomenon in the grinder. In addition, knowledge
of the thermal properties leads to optimize processing
and knowledge-based development of all processes and
equipment that deal with the heat transfer in coriander
processing.
Limited information is available on physicochemical,
thermal and antioxidant properties of coriander powder
ground at ambient and cryogenic conditions. Therefore,
this study was performed with the objective to compare
some of the major quality characteristics such as volatile
oil, total phenols, flavonoids content, colour parameters,
antioxidant activity and thermal properties viz. bulk thermal
conductivity, specific heat and bulk thermal diffusivity of
coriander powder, ground at different conditions.
Materials and methods
Sample preparation
The coriander seeds were procured from local market of
Ludhiana, India. The seeds were cleaned manually to
remove all foreign matter, dust and dirt, broken and
immature seeds. The  initial moisture content of the seeds
was determined 8.7% dry basis (db) by vacuum oven
method (temperature 70 ºC and  pressure 100  mm  Hg)
as per Singh and Goswami, 10,  until a constant mass
was obtained.
The prepared samples of coriander seeds were divided
into two lots.  One lot was ground in the grinder at ambient
condition and another lot was ground at cryogenic
conditions (below -50oC) using a laboratory grinder (M/s
Hosakowa Alpine, Germany, Model: 100UPZ, three-phase
motor, 3 HP, 10000 rpm). The ambient and cryogenic
ground coriander powder samples were packed and sealed
in moisture free and water proof flexible polythene bags
for further analysis.
Grinding parameters of coriander powder
Particle size distribution of ambient and cryo ground
coriander powder was determined in duplicates using a
vibratory sieve shaker with a set of Bureau of Indian
Standards (BIS) sieves. Average particle size (Dp) of
ambient and cryo ground coriander powder were calculated
using following equation:
Averageparticlesize,

              Dp =    FM
366.1135.0                                    (1)

Where  F.M. is fineness modulus.
Colour attributes of ground coriander powder
Colour attributes of ambient and cryo ground coriander
powder was determined by using Hunter Colorimeter

(model no. 45/0 L, U.S.A). Following formula were used
to determine different attributes:
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Where, ‘L’ is known as the lightness and extends from 0
(black) to 100 (white). The other two coordinates ‘a’ and
‘b’ represents redness (+ a values) to greenness (– a values)
and yellowness (+ b values) to blueness (–b values),
respectively. Hue angle (h0) is the attribute of the colour
by means of which the colour is perceived. Chroma (C*) is
the attribute of colour used to indicate the degree of
departure of the colour from gray of the same lightness.
Browning index (BI) is the intensity of pure brown colour
(Gupta et al., 2011)
Thermal properties of ground coriander powder
The specific heat of ambient and cryo-ground coriander
powder was determined by using the Differential Scanning
Calorimeter (DSC 6000 Perkin Elmer, USA) operated
by Pyris software. Before conducting the experiments,
the DSC was calibrated using indium at scanning rate of
10oC/min. For determination of specific heat, ambient and
cryo ground coriander powder samples were kept in an
aluminium crucible (capacity 10 L)  in small quantity
(5 -5.5mg) . The aluminium crucible was sealed and run in
the DSC for the temperature range of -100°C to +100°C.
The DSC provided thermogram, in which ordinate shows
the heat flow rate (mW mg-1) as a function of time and
temperature. Specif ic heat and glass transition
temperature (Tg) were determined from the thermogram
according to the procedure given in software. All
experiments were performed in triplicate and the mean
values were reported.
The bulk thermal conductivity was measured by using
portable thermal conductivity meter (Model: KD-2 PRO,
Decagon Devices, Inc. USA). The ambient and cryo ground
coriander powder were filled into 100 ml beaker and
completely tapped, then the beakers were covered using
aluminium foils and stored overnight in deep freezer (Model:
U 410-86, New Brunswick Scientific, England) at -50°C to
obtain the conditions below 0°C. For the higher
temperature i.e. above 0°C, the powder samples were kept
in recirculation type tray dryer (M/s BTPL, Kolkata, India)
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at 60°C for 4h. Thermal conductivity meter was calibrated
with glycerine. After calibration, the powder sample was
taken out from the deep freezer and immediately a single
needle probe (Model: KS-1, 1.3 mm diameter × 60mm
long) of thermal conductivity meter was inserted in the
sample and reading was recorded at intervals of 2 min.
The average bulk density (b, kg/m3) of ambient and cryo-
ground coriander powder was determined by using standard
method (Mohnsein, 11) and it was expressed as the ratio
of mass by volume.
The bulk thermal diffusivity of ambient and cryo ground
coriander powder was calculated from the obtained values
of bulk thermal conductivity, specific heat and bulk density
of ambient and cryo-ground coriander powder using the
Eq. (6):

p

b
b C

k


                               (6)

Where, b is the bulk thermal diffusivity in m2 s-1, Cp is the
specific heat in kJ kg-1 oC-1, kb is the thermal conductivity
in W m-1 oC-1 and b is the bulk density in kg m-3.
Chemical properties
Essential oil was extracted from ambient and cryo-ground
ground coriander powder by hydro distillation using
Clevenger apparatus lighter than water type. Oil was
quantified as volume by weight percentage (Saxena et
al., 22).
The ambient and cryo-ground ground coriander powder
(10 g) was extracted with 50 ml methanol twice.
Supernatant from both extraction were pooled and
methanol was evaporated in rotary evaporator. This crude
extract was used for determination of the total phenol and
flavonoids concentration, as well as antioxidant activities.
Total phenol concentrations were determined using a Folin-
Ciocalteu assay, as described by Amin et al., (12). An
aliquot of 0.1 ml from 1,000 ppm crude methanol extract
was taken in a test tube and made the volume 1 ml by
adding solvent. 3 ml of 10 % sodium carbonate was added.
Previously 10-fold diluted Folin-Ciocalteu reagent was
added to the mixture. The mixture was allowed to stand
at room temperature for 90 min and then absorbance was
measured at 710 nm. Gallic acid was used as the standard
phenol. The amount of phenolic content was calculated
by using the standard curve of Gallic acid having R2 value
ranged from 0.96 to 0.99 and was expressed as mg Gallic
Acid Equivalents/g crude seed extract.
Total flavonoid concentration was determined by using
previously reported method by Chang et al. (2002).  One
ml of crude seed extract was taken in a test tube and
100µl aluminum chloride (1M) solution was added carefully
from the side wall of the test tube followed by addition of
100µl potassium acetate. The total volume was made

4 ml by adding 2.8 ml of solvent in the test tube. After 30
minute incubation of reaction mixture at room temperature
stable yellow colour was developed. Absorbance was
measured at 517 nm. Quercetin was used as the standard
flavonoids. The amount of flavonoid was calculated by using
the standard curve of quercetin having R2 value ranged
from 0.96-0.99 and was expressed as mg Quercetin
Equivalents/ g  crude seed extract.
The antioxidant activity of crude extract was evaluated on
the basis of its activity in scavenging the stable DPPH
radical using the method described by Shimada et al.
(13). Crude seed extract was diluted in methanol to give
at least 5 different concentrations. An aliquot (1, 1.5, 2,
2.5 ml) of the extract of each concentration was mixed
with 1 ml of 1 M DPPH solution. The mixture was then
homogenized and left to stand for 30 min in the dark. The
absorbance was measured at 517 nm against a blank of
methanol using a spectrophotometer. DPPH solution plus
methanol was used as control and Butyl hydroxyl toluene
(BHT) was used as a standard reference synthetic
antioxidant with R2 value ranged from 0.95 to 0.99. Results
were expressed as mg Butyl hydroxyl toluene (BHT)
Equivalent/g crude seed extract. Results were expressed
as a mean standard deviation from three replicate
measurements. The percent scavenging effect was
calculated as follows

517 517

517

A of control A of extract
Scavenging effect (%) 100

A of control


 

                                                (7)
Statistical analysis
Analysis of variance for quality characteristics were carried
out using LSD of AgRes Statistical software (Version 3.01,
Pascal International Software Solution, USA). Regression
analysis was carried out using Microsoft Excel 2003
software to determine the relationship between temperature
and thermal properties.
Results and discussion
Average particle size of coriander powder
Perusal of table 1 revealed that average particle sizes with
either grinding conditions i.e ambient and cryogenic were
ranging from 0.37±0.001to 0.41±0.025 mm. This may be
due to the fact that at ambient grinding due to generation
of heat there is increase in temperature and the moisture
and oil content in the spice sample remains in liquid state
which leads to a sticky mass if grinding continues. This
results in deterrence of smaller particle size (Singh and
Goswami, 9).
Colour parameters
The colour parameters i.e L, a, b, hue, chroma and browning
index of ambient and cryogenically ground coriander
powder are illustrated in Table 1.  It was depicted that the



International Journal of Seed Spices

28

colour parameters L (indicator of lightness), chroma and
browning index (intensity of brown colour) were found to
be varied significantly with grinding conditions whereas a-
value, b – value and hue varied non significantly with grinding
conditions. In case of ambient grinding due to rise in
temperature powder turns into dark in colour and lost its
brightness. On the hand, in cryogenic grinding, a light
and vivid powder obtained due to preservation of brightness
and natural lust of powder (Meghwal and Goswami, 17).
Specific heat
The specific heat of ambient and cryo-ground coriander
powder was found to increase with increase (Figure 1) in
temperature (-100 to 100°C). The specific heat followed a
second order polynomial relationship with temperature
irrespective of the grinding conditions. The results are in
agreement with the findings of Singh and Goswami (10)
who reported specific heat of cumin seed as a non linear
function of temperature. Nevertheless other research
workers (Tang et al, 19; Wang and Brennan, 18) observed
linear relations of specific heat with temperature for other
agricultural materials. A higher value of specific heat in
the temperature range of -100 to 100°C was found for cryo-
ground coriander powder as compared to ambient ground
coriander powder. This may again be due to fact of more
retention of volatile oil and moisture due to inert grinding
during cryogenic grinding (Singh and Goswami, 9). The
specific heat of coriander powder found to be varied
significantly with the grinding conditions and temperature
at 5% level. The empirical equation showing the
relationship of temperature with specific heat at both the
grinding conditions is described in Table 2. The values of
specific heat increased from 14.64±0.13 kJ/kg-K to
19.10 ±0.12 kJ/kg-K in the range of temperature -100°C to
100°C at a moisture content of 8.7% (db).
Thermal conductivity and thermal diffusivity
The variation of thermal conductivity with temperature at
both the grinding conditions is shown in Figure 2. It can
be observed that the thermal conductivity increased with
increase in temperature from -40°C to 60°C irrespective of
grinding conditions (Figure 2). However the thermal
conductivity of cryo-ground ground coriander powder was
higher than ambient ground sample of coriander powder.
This may be accredited by lower particle size obtained in
cryogenic grinding of coriander as compared to ambient
grinding of coriander. As lower is particle size, larger surface
to area ratio, more particles will conduct heat leading to
higher thermal conductivity. Similar increase in thermal
conductivity with decreasing particles size of tomato
powder was reported by Kadam et al., (20). The thermal
conductivity at given temperature followed second order
polynomial relationship regardless of grinding conditions
(Table 3). The results are in agreement with the findings of
Singh and Goswami (10) who reported thermal conductivity

of cumin seed increased non-linearly with temperature.
The values of thermal conductivity varied from 0.047±0.001
to 0.068±0.002 W/m-K in the range of temperature -40°C
to 60°C at a moisture content of 8.7% (db).  The analysis
of variance for thermal conductivity showed that grinding
conditions and temperature significantly affected the
thermal conductivity at 5% level (Table 2).
The relationship between temperature and thermal diffusivity
of coriander powder at both the grinding conditions is
shown in Figure 3. It can be observed that the thermal
diffusivity increased with increase in temperature despite
of the grinding conditions. The variation of thermal diffusivity
with temperature exhibited a second order polynomial
relationship (Table 3).  Singh and Goswami (10) also
reported increase in thermal diffusivity of cumin seed with
increase in temperature and the relationship was non-linear.
The analysis of variance for thermal diffusivity showed that
temperature and grinding conditions both significantly
affected the thermal diffusivity at 5% level (Table 2). The
thermal diffusivity varied from 8.88±0.14 × 10-6 m2/s to
11.23±0.19 × 10-6 m2/s with increase in temperature from
-40°C to 60°C at moisture content of 8.7% dry basis.
Glass transition temperature
It can be scrutinized that lower value of Tg was incurred for
cryo-ground coriander powder (Table 1) as compared to
ambient ground coriander powder which may be due to
plasticizing effect of water (Mrada et al., 21). As in
cryogenic grinding, pre-cooling of raw spice and the
continuous low temperature maintained within the mill
reduces the loss of volatile oils and moisture (Singh and
Goswami,10) whereas in ambient grinding increase in
temperature leads to loss of moisture and volatile oil
leading to increase in glass transition temperature.
Essential oil and total flavonoid content
Volatile oil content in the spice powder is a measure of its
aroma and flavour, and hence its quality. Higher the volatile
oil content in spice powder, the higher is its market value
in financial terms since spices are valued for their aroma
and flavour (Gopalkrishnan et al., 14). The essential oil
content and total flavonoid content of coriander powder
was found to be varied significantly (Table 2) with the
grinding conditions i.e ambient and cryogenic.  Higher
values of essential oil content and total flavonoid content
(Table 1) were observed in cryogenically ground coriander
powder as compared to ambient ground coriander powder.
This may be due to the fact that at higher grinding
temperatures, mass transfer increased due to increase in
vapour pressure which resulted in a loss of volatile oil. The
results are in agreement with the findings of Saxena et
al., (15) who reported a significant increase in volatile oil
content and total flavonoids content of cryo-ground
coriander of different genotypes.
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Total phenolic content and antioxidant activity
The phenol content by Folin-Ciocalteu reagent method
and antioxidant activity by DPPH free radical scavenging
% is shown in Table 1. The cryo-ground coriander powder
retained approximately double the total phenols and
antioxidant activity respectively (Table 1). As phenolics
are quite heat unstable and reactive compounds (Cheynier,
16) and during ambient grinding there is temperature rise
leading to reduction in phenols which can be appreciatory
reduced in cryogenic grinding i.e grinding at very low
temperature.  The enhanced retention of total phenolic
content and antioxidant activity may be due to the fact
that in cryogenic grinding the vaporization of liquid nitrogen
to the gaseous state creates an inert and dry atmosphere
which ultimate reduces the loss of quality parameters of
spices (Singh and Goswami, 9). Higher phenolic content
and antioxidant activity was also found in cryo-ground
coriander and fenugreek genotypes (Saxena et al., 15).
Conclusion
Grinding conditions significantly affect quality attributes
such as average particle size, colour parameters, volatile
oil, total flavonoids, total phenols and antioxidant activity
in DPPH assay, specific heat, thermal conductivity,
thermal diffusivity, glass transition temperature. The
specific heat, thermal conductivity and thermal diffusivity
followed second order polynomial relationship with
temperature. The cryo-ground turmeric powder acquired
almost doubles the total phenols and antioxidant activity
in DPPH assay indicating that the cryo-grinding of spices
retains their unique flavour and medicinal properties.
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Table 1. Effect of grinding conditions on the quality characteristics of coriander powder

S.No Parameter Cryo-ground Ambient ground

1 Average particle size (mm) 0.37±0.001a 0.41±0.025b

2 Volatile oil (%) 0.20±0.02a 0.15±0.03b

3 Total flavonoid content (%) 0.30±0.05a 0.10±0.02b

4 Total phenols (ppm GAE 1000-1 ppm) 64.05±0.34a 31.27±6.96b

5 DPPH Scavenging (%) 61.82±3.03a 32.15±2.57b

6 Colour parameters

L

a

b

Hue

Chroma

Browning index

64.86±1.47a

17.39±0.82a

36.29±0.44a

77.71±1.38a

25.18±0.95a

52.78±2.53a

56.92±0.52b

5.61±0.14a

27.20±2.97a

78.22±1.35a

27.78±2.90b

70.64±9.59b

7 Glass transition temperature (°C) 101.81±2.26a 111.79±1.92b

Mean values with the same superscript letters within the same column do not differ significantly (p > 0.05)

Table 2. Analysis of variance for thermal properties of ambient and cryogenic ground coriander powder

Source Degrees of
freedom

Mean square F-value p-value

Specific heat
Grinding method 1 4.81 553.24* 0.00

Temperature 5 12.61 1451.44* 0.00
Thermal conductivity

Grinding method 1 1.74 × 10-4 64.59* 0.00
Temperature 5 1.75 × 10-4 64.04* 0.00

Thermal diffusivity
Grinding method 1 0.30 102.26* 0.10

Temperature 5 3.17 7.14* 0.00
* Significant at p?0.05; NS Not significant
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Table 3. Regression relationship of thermal properties with temperature at different grinding conditions of coriander
 powder.

S.No Parameter Grinding
conditions

Regression equation R2

Cryogenic k= -5 ×10-7T2 + 18.43 ×10-5T + 0.06 0.991 Thermal
conductivity Ambient k= 5 ×10-7T2 + 14.775 ×10-5T + 0.05 0.99

Cryogenic α = -15.31 ×10-6T2 + 0.03T + 9.85 0.982 Thermal
diffusivity Ambient α = 63.635 ×10-6T2 + 0.02T + 9.52 0.97

Cryogenic Cp =-10.535 ×10-5T2 + 0.02T + 18.47 0.993 Specific
heat Ambient Cp = -13.395 ×10-7T2 + 0.02T + 17.87 0.99

Figure 1. Effect of grinding conditions on specific heat of
coriander powder

Figure 2. Effect of grinding conditions on thermal
conductivity of coriander powder

Figure 3. Effect of grinding conditions on thermal diffusivity
of coriander powder
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Yield optimization in fennel using improved seed,
bio-regulator and foliar fertilization

N. K. Sharma
Swami Keshwanand Rajasthan Agricultural University

Agricultural Research Station, Keshwana, Jalore-343001

Abstract
A technology package of improved variety RF-125, with foliar spray of bio-regulator NAA 20 ppm at flower initiation
followed by foliar spray of 1% soluble NPK (19:19:19) at grain development stage was tested at 111 farmer’s field in
district Jodhpur, Pali, Sirohi and Jalore, which is a part of Transitional Plain of Luni Basin of Rajasthan. The average
seed yield of fennel under technology package was 11.65 q ha-1 however; in farmer’s practice it was 8.12 q ha-1.
Therefore, there was an increase of 43.47% in seed yield of fennel besides control of gummosis. The control of
gummosis and yield enhancement might be attributed due to regulatory effect at cellular level, optimum nutritional
environment and high yield potential of the variety.

Key words : Fennel, foliar spray, gummosis, NAA, seed yield, soluble NPK.

Introduction
Fennel (Foeniculum vulgare L.) belongs to family
Apiaceae (Umbelliferae) is an important seed spice valued
for its aroma and digestive properties. It has very high
export potential and its commercial value is determined
by colour, appearance, taste, pungency, texture, shape
and volatile oil content, etc. In India, it is mainly cultivated
in the states of Gujarat, Rajasthan and Uttar Pradesh. It
requires cool, dry and frost free climate for proper growth
and development. Fennel is mainly cultivated as rabi crop
and sown through direct seeding method in the month of
October-November. It is also cultivated as kharif crop,
where nursery is raised in the month of May-June and
field transplantation is done in July-August during rainy
season. The yield potential of transplanted fennel is higher
than direct seeded crop (Jaitawat et al., 3). In India, fennel
has occupied average area of 81890 ha with the
productivity of 1535 kg/ha while in Rajasthan it grows
in26967 ha area the annual production of 26157 tonnes
production having 970 kg/ha productivity.  (Anonymous,
1). The major area under fennel cultivation in Rajasthan
has been covered by district Sirohi, Jodhpur, Nagaur and
Tonk. District Dausa and Sawai Madhopur are also
emerging as new areas for its cultivation.
Gummosis in the inflorescence is a major problem of fennel
in Rajasthan, which is adversely affecting seed formation
and ultimately production and productivity of the crop. In
gummosis, sap from flower buds come out after bursting
of cells. Later on it becomes black and gummy after
developing mould and fungus on cell sap. Gummosis is
considered as physiological disorder, which may be
associated with the varietal adaptability, nutritional,
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moisture and environmental stresses. Therefore,
cultivation of suitable varieties, application of bio-regulator
and optimum nutrition may be helpful to overcome this
problem.
Hence, keeping in view, a farmer participatory action
research under RKVY programme was undertaken with
the objective to validate and disseminate the technology
at farmers field with farmer participation.
Materials and methods
The present study was conducted in Transitional Plain of
Luni Basin of Rajasthan at 111 farmer’s field in districts
Jodhpur (74), Jalore (10), Pali (12) and Sirohi (15) during
rabi 2011-12. A technology package of improved seed
(variety RF-125) with foliar spray of bio-regulator NAA
(20 ppm) at flower initiation stage followed by foliar spray
of 1% soluble NPK (19:19:19) at grain development stage
was tested and compared  with farmer’s practice. The
demonstration was laid out in strips of 0.40 ha area at
each location. Sowing was done through direct seeding
method @ 10 kg/ha during October-November under
irrigated situation. Experimental inputs like seed, bio-
regulator and soluble NPK were provided to famers under
RKVY project. Field day cum training programmes were
also organised at experimental sites to witness the effect
of technology package vs. farmer’s practice in fennel.
Results and discussion
Results revealed that technology package comprising
improved seed and foliar spray of bio-regulator NAA
(20 ppm) at flower initiation stage followed by spray of
1% soluble NPK (19:19:19) at grain development stage
provided control of gummosis and enhanced seed yield
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of fennel up to considerable extent. The average
seed yield of fennel under technology package was
11.65 kg/ha however; in farmer’s practice it was
8.12 q/ha. Therefore, there was an average increase of
43.47% in seed yield of fennel by using technology
package. District wise yield levels varied between 927 to
1229 kg/ha under technology package and 7.42 to 8.33
kg/ha in farmer’s practice (Table 1a & 1b).
The control of gummosis and enhancement of seed yield
in fennel might be attributed due to regulatory effect at
cellular level by NAA, optimum nutritional environment
by NPK and high yield potential of variety RF-125. Menaria
and Maliwal (4) registered 13.47% increase in seed yield
of fennel by foliar spray of NAA (100 ppm). They also
reported optimum fertilizer dose of N, P, K, S, and Zn
@90, 40, 20, 20 and 5kg/ha respectively for harnessing
the maximum seed yield, number of umbels plant-1 and
test weight in fennel. Jaitawat et al. (2) stressed upon
skill oriented training programme while reported the view
of fennel growers in district Sirohi. In another study,
Jaitawat et al. (3) pointed out unavailability of improved

seed as major constraints in transplanted fennel.
Therefore, improved cultivation practices including suitable
variety, bio-regulator and optimum nutritional management
needs to be promoted at farmer’s field for yield optimization
of fennel.
Conclusion
The use of improved seed and  foliar spray of bio-regulator
NAA (20 ppm) at flower initiation stage followed by 1%
soluble NPK (19:19:19) at grain development stage is
helpful in managing gummosis and optimizing the seed
yield of fennel.
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Table 1a. District wise minimum, maximum and average seed yield of fennel under
    technology package and farmer’s practice.

Seed yield of fennel (kg/ha)Particulars
Technology package Farmer’s practice

District Jodhpur  (74 farmers)
Minimum 5.00 2.50
Maximum 25.00 17.50
Average 12.29 8.15
District Pali (12 farmers)
Minimum 5.00 3.75
Maximum 17.05 15.00
Average 10.29 8.33
District Sirohi (15 farmers)
Minimum 5.00 4.00
Maximum 16.25 12.50
Average 10.54 8.25
District Jalore (10 farmers)
Minimum 5.00 3.75
Maximum 17.50 12.50
Average 9.27 7.42
Over all mean 11.65 8.12
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S.
No

Particulars Seed
yield

(kg /ha)

Yield increase
over farmer’s
practice (%)

Treatment
cost

(Rs.ha-1)

Additional
benefit

(Rs.ha-1)

Net
benefit

(Rs.ha-1)

B:C
Ratio

1. Technology package
 Improved seed

variety RF-125 @ 10
kg/ha

 Foliar spray of NAA
20 ppm at flower
initiation stage

 Foliar spray of 1%
soluble NPK
(19:19:19) at grain
development stage

11.65 43.47 1185 17650 16465 14.89

2. Farmer’s own seed &
management practices

8.12 - - - - -

I. Treatment cost per hectare:
  NAA= Rs. 117
  NPK= Rs. 468
  Labour= Rs. 600

II.  Rate of fennel seed= Rs. 50/kg

Table 1b. Seed yield of fennel as affected by technology package at farmer’s fields.
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Abstract
Ninteen germplasm lines of fennel (Foeniculum vulgare Mill.) along with two check lines (RF 125 and AF 1) were
evaluated for seed yield, quality and Ramularia blight resistance during 2011-12 and 2012-13. Significant differences
among the entries for all the characters studied indicating the existence of variability among genotypes. None of the
line was found immune (completely disease free) against Ramularia blight of fennel, only one entry (AF-87) was
recorded resistant with PDI (14.7). Three germplasm lines viz. AF0-52 with PDI (18.7); AF05-1-3 with PDI (20.0) and
AJ-FNL-2 with PDI (24.0) were found moderately resistant and rest of the entries were screened as susceptible and
highly susceptible with average high PDI (30–50) and very high PDI (<50.0) respectively.  Period of 16 weeks from
sowing (90 to 120 days old plants of fennel) was favourable to initiate, development and further spread of the Ramularia
blight disease. The maximum grain yield was obtained from the variety AF05-1-3 (17.8q/ha) followed by from the
variety AF05-3-1 (17.5q/ha), whereas, the maximum biological yield was recorded in the fennel variety RF-125 (803.3
q/ha) and AF-1 (796.79/ha). Similarily, maximum test weight was recorded in AJ-FNL-1 (7.9g) followed by AF-1 (7.4g).
AF05-1-3 was recorded Ramularia blight resistant (PDI 20.0) with higher seed yield (17.8q/ha).

Key words : Foeniculum vulgare, Ramularia blight, germplasm, disease screening

Introduction
Fennel (Foeniculum vulgare Mill.) is an important seed
spice crop, mainly grown in the states of Gujarat,
Rajasthan and Uttar Pradesh. In India, fennel is cultivated
in the area of about 61680 ha with annual production of
105320 tonnes (Meena et al, 4). In Rajasthan 26973 ha
area was under cultivation of fennel with 26157 tonne
production during 2010-2011 (Anon., 1). Fennel is
vulnerable to many diseases, and like other crops, fennel
is also attacked by many fungal diseases (Mukerji and
Basin, 7). Ramularia blight caused by Ramularia foeniculi
Sibilla is one of most important disease and cause
considerable damage to the quality and quantity of the
seed (Jaiman et al., 8).
The disease reduces photosynthetic capacity of the green
fennel crop which results in reduction of seed yield and
quality. The disease first appears on the leaves and may
cover the whole plant with gray spots under favourable
climatic conditions (Parashar and Lodha, 5; Kumari and
Prasad, 2). Ramularia blight of fennel can be managed
using fungicides such as tridemorph .01% (Lakra, 9);
Emcarb (carbendazim + mancozeb) @ 0.2% (Jaiman et
al., 8) but the chemical fungicides are expensive and
hazardous to health. Therefore the present investigation
was carried out to screen the germplasm lines of fennel
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against Ramularia blight for their further utilization in
breeding programme for development of high yielding and
resistant varieties against Ramularia blight disease.
Materials and methods
Ninteen fennel germplasm lines viz. (AF-05-2, AF-87, AF-
01-30-1,  AF-05-06-1, AF-05-7- 1, AF-05-12-1, AJ-FNL-1,
AJ-FNL-2, AJ-FNL-3, AJ-FNL-4, AJ-FNL-5) with two checks
(AF-1 and RF-125) planted at National Research Centre
on Seed Spices, Ajmer during rabi season of 2011-12 and
2012-13 were screened for the Ramularia blight resistance
(under natural epiphytotic conditions). Observations for
grain yield, biological yield, test weight (weight of one
thousand seeds) was also taken after harvest of the crop,
The treatments were distributed statistically in randomized
block design (RBD) and the plots size kept was 3 m × 2
m with three replications of each. Disease severity was
recorded on leaf surfaces, stems, inflorescences and fruits
at 120 and 160 days after sowing (DAS). From each plot,
twenty plants were randomly selected and Ramularia
blight severity was recorded by following 0-5 disease rating
scale (Jaiman et al., 8; Kakani et al., 3) as: 0 = No
incidence/Healthy; 1 = Symptoms on leaf tip and leaves
only; 2 = Symptoms on leaves and petiole; 3= Symptoms
on leaves, petiole and stem; 4 = Symptoms on leaves,
stem and inflorescence; 5 = Symptoms on leaves, stem,
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and inflorescence including seeds. Based on these
observations, per cent disease intensity (PDI) of the
disease was worked out using formula given by (Wheeler,
6). The seed yield from individual plots was also recorded
and converted in per hectare basis.

100
Sumof the individual disease ratings

PDI =
Total number of plants observed×maximumgrade

Results and discussion
The results revealed that none of fennel germplasm was
found immune (completely disease free) against the
Ramularia blight disease (Table 1). From all the entries
only AF-87 was given resistant (R) reaction with Ramularia
blight with PDI 14.7 (Table 1). Three lines of fennel
germplasm viz. AF0-52 with PDI-18.7, AF05-1-3 with PDI-
20.0 and AJ-FNL-2 with PDI-24.2 were given moderately
resistant (MR) reaction. The minimum PDI of Ramularia

blight was observed in AF-87 (PDI-14.7) followed by AF05-
52 (PDI-18.7). The check varieties RF-125 and AF-1 were
given highly susceptible disease reaction and highest PDI
(69.3 and 61.3) among the all test entries.
The average grain yield obtained was varied in all test
entries (Table 1) from 7.4 to 17.8 q/ha. The maximum
grain yield was obtained from AF05-1-3 (17.8q/ha) followed
by AF05-3-1 (17.5q/ha), whereas, AF05-7-1 and AF05-5-
1 (7.4q/ha) were the lowest yielder entries. The biological
yield was recorded maximum in the check varieties RF-
125 (803.3 q/ha) and AF-1 (796.79/ha). The test weight
(weight of one thousand seeds) was also varied from 5.25g
to 7.9g. The maximum test weight was recorded in AJ-
FNL-1 (7.9g) followed by AF-1 (7.4g) while the minimum
test weight was found in AF05-6-1 (5.25g). Conclusively,
the fennel germplasm line ‘AF05-1-3’ among all the entries
was recorded as the best entry in terms of Ramularia
blight resistance as well as seed yield.

Table 1. Fennel germplasm showed Ramularia blight disease response and yield qualities during 2011-12 and
  2012-13 (pooled for two years).

S.No. Fennel
genotype

Ramularia
blight (PDI)

Disease
Reaction

Seed
Yield
(q/ha)

Biological
Yield
(q/ha)

Test
Weight

(g)
1 AF0-52 18.7 MR 11.6 616.7 7.26
2 AF-87 14.7 R 13.7 650 6.12
3 AF 01-30-1 38.0 S 14.2 743.3 7
4 AF 05-6-1 36.0 S 12.4 671.7 5.25
5 AF 05-7-1 41.3 S 7.4 640 5.75
6 AF 05-3-1 34.0 S 17.5 646.7 7.4
7 AF 05-3 50.7 HS 11 563.3 6.44
8 AF 05-1 34.0 S 11.5 743.3 5.85
9 AF 05-4-1 52.7 HS 9.8 746.7 7.04

10 AF 05-5-1 44.7 S 7.4 560 5.82
11 AF 05-1-3 20.0 MR 17.8 663.3 6.7
12 AF 05-8-1 40.7 S 11.2 546.7 6
13 AF 05-9-1 30.7 S 16.8 636.7 7.15
14 AF 05-12-1 52.7 HS 14.7 706.7 6.98
15 AJ-FNL-1 35.3 S 13.1 563.3 7.9
16 AJ-FNL-2 24.0 MR 13.2 546.7 6.53
17 AJ-FNL-3 36.0 S 11.5 610 7.31
18 AJ-FNL-4 43.3 S 9.1 613.3 7.42
19 AJ-FNL-5 44.7 S 10.9 733.3 6.59
20 AF-1 61.3 HS 11 796.7 7.49
21 RF 125 69.3 HS 11 803.3 7.15

CD  at 0.05% 2.53                                  4.22           12.0          11.0
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Abstract
Fenugreek (Trigonella foenum -graceum L.) is an annual herbaceous legume. It is bestowed with numerous therapeutic
effects, such as hypocholesterolemic, hypoglycemic ,anti-inflammatory, anti oxidative and many more. In this study
16 genotypes of fenugreek were analyzed for the quantitative estimation of some of the phytochemical components of
fenugreek viz. total phenolics, flavonoids, tannins, ortho-di-hydroxyphenols, total sugars and total proteins, total
carotenoids, phytic acid and total antioxidant activity. The results indicate that fenugreek is a perfect blend of all these
components that make it beneficial nutritionally as well as therapeutically.

Key words : Fenugreek, Phytochemicals, hypoglycemic.

Introduction
Fenugreek is an annual leguminous crop belonging to
the family Leguminosae, that finds application in traditional
medicines. It is also used as a spice, vegetable and forage
in India and Oriental countries. Fenugreek displays
hypocholesterolemic (Sharma,17) and antidiabetic effects
(Shani ,16; Khosla et al.,8). Fenugreek also possess
restorative properties as it is traditionally consumed as
methipak by pregnant and lactating women in India (Mital
and Gopaldas, 11). Fenugreek is also a laxative (Riad
and El Baradie, 15).Besides these properties fenugreek
is a potent anti oxidant as well (Ravikumar and
Anuradha,14).Keeping in view the vast benefits of
fenugreek ,the present study aimed at the quantitative
estimation of some phytochemical components of
fenugreek, that are responsible factors for the various
benefits extended by fenugreek.
Materials and Methods
Samples and Reagents
The seeds of different fenugreek genotypes were obtained
from Vegetable Research Centre (Pantnagar, Uttarakhand)
which is under Coordinated Varietal Trial (2011-2012). All
the standard compounds used in the study were obtained
from Sigma. All the solvents and reagents were of
analytical grade obtained from Himedia.
Extract Preparation
Five grams of powdered seeds of each variety was dipped
in 50 ml 80% methanol and kept in an orbital shaker for
72 hours. The supernatant was filtered and concentrated
under vacuum and the residues obtained were re-dissolved
in 80% methanol. The extracts obtained were stored at
4ºC for further use.
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Total phenolics estimation
The method of Wolfe et al., 26, was followed for
total phenolics quantification. Methanolic extracts
(0.125 ml) were mixed with water (0.5 ml) and Folins
reagent (0.125 ml) was added to the reaction
mixture .The reaction mixture was incubated for 6 minutes.
Sodium carbonate (7 %) was added and the volume
of the resulting solution was made upto 3.0 ml with
double distilled water. Absorbance was recorded at
760 nm after 90 minutes incubation. Gallic acid was taken
as standard.
Flavonoids Estimation
The method of Dewanto et al., 5,  was used for total
flavonoids estimation. Extract of fenugreek genotypes
(1.0 ml) was mixed with 4.0 ml double distilled water
followed by the addition of 0.6 ml of 5 % sodium nitrite.
The reaction mixture was incubated for five minutes and
10 % aluminum chloride was added after the incubation.
The resulting solution was incubated for one minute and
2.0 ml of 1 molar sodium hydroxide was added followed
by the addition of 2.4 ml of double distilled water. The
absorbance was measured at 510 nm. Quercetin was
taken as standard.
Tannins Estimation
The method of estimation was devised by Swain and Hillis,
23. Aliquot of methanolic extract (1.0 ml) was taken and
volume was made upto 8.5 ml with distilled water.0.5 ml
of Folin Denis reagent was added to the above reaction
mixture. Saturated sodium carbonate solution (1.0 ml)
was added after 3 minutes incubation. The solution was
mixed well and absorbance was measured at 760 nm.
Tannic acid was used as standard.
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Ortho dihydroxy phenols
The method given by Nair and Vaidyanathan,12,  was
followed for the estimation. Methanolic extract of different
genotypes (5.0 ml) was evaporated to dryness. The residue
left was dissolved in 1.0 ml water and 0.5 ml of 10% TCA
was added to it followed by 1 ml of 10 % sodium
tungstate,0.5 ml of 0.5 N HCl and 1.0 ml sodium nitrite
(0.5 %).The solution was thoroughly mixed.2 ml of 0.5 N
NaOH was added after 5 minutes. The absorbance of the
resulting colored solution was read at 540 nm. Catechol
was used as standard.
Sugar Estimation
For the extraction of sugars, one gram of sample was
boiled with 80 % ethanol twice and 70 % ethanol thrice in
a water bath. The supernatants were pooled and ethanol
was evaporated under reduced pressure. For precipitation
of proteins saturated basic lead acetate was used and
excess lead ions were removed using sodium oxalate.
The extract so obtained was used for estimation of free
sugars using Dubois method, 6.
Protein Estimation
Proteins were estimated by Bradford method, 2. Bovine
serum albumin was taken as standard.
Total Carotenoids
The estimation was done following the protocol given by
Talcott and Howard, 24. Briefly two gram sample was
homogenized in 20.0 ml. ethanol solution containing BHT
(200mg/l).Then centrifugation was done at 29000 g for 20
min. The volume of the resulting supernatant was made
upto 100 ml. with ethanol. Afterwards 25 ml hexane was
added with vigorous shaking followed by 12.5 ml water
with shaking. The solution was left for 30 minutes and
after incubation the hexane phase was taken .Absorbance
of the hexane phase was taken at 470 nm with hexane
as blank. B-carotene (1-4 µg/ml) was used for standard
curve preparation.
Phytic Acid
For Phytic acid estimation the method of Davis and Reid,
4  was followed. Sample (0.5 gram) was refluxed with
20 ml of 0.5 M nitric acid for 3-4 hours. The resulting
solution was centrifuged to obtain supernatant for
estimation of phytic acid. The volume of supernatant
(0.5-1 ml) was made upto 1.4 ml and 1 ml ammonium
ferric sulphate was added. The test tubes were thoroughly
mixed and placed in boiling water bath for 20 minutes.
Amyl alcohol 5 ml and 0.1 ml ammonium thiocynate
solution was added to each test tube followed by thorough
mixing. The resulting solution was centrifuged for
5 minutes and the colour developed in the amyl alcohol
layer was estimated at 465 nm,15 minutes after the
addition of ammonium thiocynate. Standard phytate was
taken for standard curve preparation.

Total antioxidant activity
For the estimation of total antioxidant capacity
phosphomolybdenum method given by Prieto et al., 13,
was followed. Sample extract (0.1 ml) was mixed with
1.0 ml of reagent (0.6 M sulfuric acid, 28 mM sodium
phosphate and 4 mM ammonium molybdate. The resulting
solution was incubated for 95ºC for 90 minutes. The
absorbance of the color developed was read at 695 nm.
Blank consisted of 1 ml of the reagent and 0.1 ml of the
solvent used for preparation of sample extracts. The total
antioxidant capacity was expressed as equivalents of
Ascorbate, that was taken as positive control.
Statistical analysis
The data analysis was done using SPSS 20 statistical
analysis software. Means have been compared using
Duncan’s multiple range test (p<. 05).
Results and discussion
Total Phenolics
The total phenolics content in different genotypes under
study has been given in table 1. Phenolics have been
associated with anti oxidant activities (Cook & Samman,
3). By virtue of their anti oxidant properties phenolic
compounds exhibit anti cancer potential (Smith et al.,
20) .Consumption of a diet rich in anti oxidants is the
best way to ward off risk of oxidative damage. As fenugreek
genotypes have appreciable phenolic content ranging from
11.40 ± .06(AFG 4) to 22.06 ± .09 mg/gram (PRM 45),it
can be regarded as a natural antioxidant. The anti oxidant
potential of fenugreek has also been confirmed by previous
investigations (Ravikumar and Anuradha, 14). Phenolics
content in fenugreek was estimated by Singh et al.,(
18),which was 6.56±0.96 mg/gm.
Flavonoids
Flavonoids are one of the constituents of the diverse family
of Polyphenolics. Fenugreek is rich in flavonoids as well.
The genotypes analyzed showed a flavonoid content
ranging from 5.49 ± .032(Pant ragini) to 10.4 ± .04 mg/
gram(LFC 105) (Table 1). The presence of flavonoids also
strengthens the anti oxidant potential of fenugreek. A study
conducted by Subhashree et al., 22 showed the
correlation between anti oxidant activity and flavonoid
content. So the substantial amount of flavonoids present
in fenugreek further reinforce it’s antioxidant potential.
Flavonoids also serve as potent anti cancer agents
(Skibola and Smith, 19).  Myriads of mechanisms viz.
inhibition of oncogene expression, tumor suppression,
inhibition of cell proliferation, free radical scavenging etc.
Besides being anti oxidant and anti carcinogenic agents
flavonoids also possess anti bacterial activity (Havsteen,7).
Tannins and orthodihydroxy phenols
These components are also a part of the vast family of
polyphenolics. Fenugreek genotypes showed tannin
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content ranging from 3.07 ± .05 mg/gram (NDM 19)
to 7.83 ± .09 mg/gram(AFG 3) (Table 1).The ortho di
hydroxy phenol content varied from 356 ± .025 µg/gm
(AFG 3) to 522.38 ± .01 µg/gm (HM 348) (Table 1).Tannins
are also considered as anti viral,anti parasitic and anti
bacterial compounds( Lu et al.,10, Kolodziej and Kiderlen
9; Akiyama et al., 1).Tannins also exhibit antiulcer activity
and hence in the near future there are possibilities
of finding novel therapeutic agents of natural origin
helpful in treatment of diseases like ulcerative colitis
(Souza et al., 21).
Total sugar and Protein
The sugar content in the fenugreek genotypes tested
varied from 71.76 ± .20 (AFG 3) to 133.86 ± 0.09 mg/
gram(UM 330) whereas the protein content varied
from 40 ± .26 (AFG 3) to 108.6 ± .20 mg/gram (HM 348)
(Table 2).The presence of significant amount of sugar and
protein indicates the nutritive value of fenugreek. As
fenugreek is consumed as vegetable and used as forage
also, the presence of high protein and sugar content affirm
the nutritional benefits of fenugreek consumption. The total
sugar and protein content has been estimated by Singh
et al., (18) and it was found to be 113.33±9.01and
109.33±16.65 mg/gram respectively.
Phytic acid
The phytic acid content in the genotypes under observation
varied from 129.44 ± .01(Pant ragini) to 219.44 ± .005
(AFG 4) (Table 3).Phytic acid, although a chelating agent,
is an efficient antioxidant, as it prevents iron catalyzed
oxidation reactions. It is an antibacterial agent as well.
Owing to these properties it can be used as a food
preservative(Veucenik et al.,25).
Total carotenoids
The total carotenoid content in the genotypes varied
from 1085.34 ± .04 (Pant ragini) to 480 ± .01(HM 348)
(Table 3).
Total antioxidant activity
The assay used for determination of total antioxidant
activity is based on the reduction of Mo (VI) – Mo (V) by
the antioxidants present in the sample. The antioxidants
react with the reagent and subsequently form the green
coloured complex which is measured at 695 nm.(Prieto
et al.,13).The total antioxidant activity of the genotypes
has been given in Table 3.The minimum value has been
shown by LFC 105 0.76 ± .10 and maximum has been
shown by UM 366 1.45 ± .13.
Conclusion
The results of the above study show that fenugreek is
rich in diverse phenolics, thus confirming it’s utility as an
antioxidant of natural origin. As the synthetic antioxidants
are associated with side effects, a naturally occurring
anti oxidant is the best possible remedy for the prevention

of oxidative damage and inflammatory diseases. Besides
being rich in polyphenolics fenugreek is a rich nutrient
reservoir also as indicated by its high sugar and protein
content. So fenugreek can be considered a nutritionally
as well as pharmacologically important legume.
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Table 1: Total phenolics, flavonoids, tannin and ortho dihydroxy phenol content in seeds of different fenugreek genotypes

     Genotypes  Total Phenolics

    (mg/gm)

Flavonoids

(mg/gm)

Tannins

(mg/gm)

Ortho dihydroxy
phenols

 (µg/gm)
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HM 348 11.67 ± .02 f 7.94 ± .02 b, c 6.73 ± .04 c 522.38 ± .01 a

HM 355 13.77 ± .08 d 9.68 ±  .01 b, c 4.47 ± .02 f 364.28 ± .08 d

UM 330 12.25 ± .03 f 8.01 ± .04 b, c 4.19 ± .05 g 409.52 ± .01 c

UM 364 13.57 ± .03 d 6.97 ± .01 d 4.16 ± .06 g 466.19 ± .01 b

UM 365 16.38 ± .03 c 7.46 ± .05 c, d 4.71 ± .02 f 442.6 ± .01 b, c
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NDM 20 16.44 ± .03 c 6.68 ± .04 d 6.92 ± .07 b 440.95 ± .04 b, c

RMt 361 14.03 ± .02 d 5.49 ± .032 e 6.02 ± .063 d 456.6 ± .01 b, c

Hisar Sonali 13.66 ± .03 e 8.46 ± .053 c, d  5 ± .09 f 444.2 ± .06 b, c

Pant Ragini 14.04 ± .02 d 3.81 ± .04 e 3.72 ± .02 h 457.14 ± .01 b, c

Values have been represented as ± Standard deviation (n=3).The values in the table with
different superscripts are significantly different (p< .05) according to Duncan’s multiple range
test
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Table 2: Total Sugar and total protein content in fenugreek genotypes

S.NO. Genotypes Total Sugar (mg/gm) Total Proteins
(mg/gm)

1 PRM 45 110.9 ± .03 b, c 45.7 ± .30 h

2 AFG 3         67.7 ± .02 f 40 ± .26 h

3 AFG 4 104.16 ± .05 c,d 39 ± .09 i,j

4 LFC 105 103.46 ± .05 c,d 43.85 ± .05 h

5 LFC 103 125.76 ± .28 a, b 75.5± .21 c

6 HM 348 94.6 ± .07 c,d,e 108.6 ± .20 a

7 HM 355 82.73 ± .13 e,f 88.45 ± .09 b

8 UM 330 133.86 ± .09 a 62.7 ± .08 e

9 UM 364 101.15 ± .25 c,d         38.2 ± .11 j

10 UM 365 78.93 ± .08 e,f 61.12 ±.2 e,f

11 UM 366 71.86 ± .26 f 55.8 ± .07 f,g

12 NDM 19 83.6 ± .10 e,f 51.45 ± .12 g

13 NDM 20 71.76 ± .20 f 88.65 ± .07 b

14 RMt 361 91.13 ± .14 c,d,e 57.75 ± .05 e,f

15 Hisar Sonali 78.83 ± .06 e,f 44.3 ± .12 h

16 Pant Ragini 83.06 ± .11 e,f 69.75 ± .14 d

Values have been represented as ± Standard deviation (n=3)
The values in the table with different superscripts are significantly different (p<.05) according to Duncan’s
multiple range test.

15. Riad, S. and El-Baradie, A.A. 1959. Fenugreek
mucilage and its relation to the reputed laxative
action of this seed. Egyptian Journal of
Chemistry.2:163–168.

16. Shani, J., Goldschmied, A,. Joseph ,B.,
Ahronson, Z., and  Sulman, F.G. 1974.
Hypoglycaemic effect of Trigonella foenum-
graecum and Lupinus termis (Leguminosae)

seeds and their major alkaloids in alloxan diabetic
and normal rats. Arch Inter Pharmacodyn
Ther.210:27-37.

17. Sharma, R.D. 1986. An evaluation of
hypocholesterolemic factor of fenugreek
seeds (T. foenum- graecum) in rat. Nutr Rep lnt.
33 : 669-677.



International Journal of Seed Spices

44

Table 3 :Phytic acid,Total carotenoid and total antioxidant activity of fenugreek genotypes

Genotype Phytic Acid

   (µg/gm)

Total carotenoids

   (µg/gm)

Total anti oxidant
activity (Ascorbic

acid
equivalents/gm)

PRM 45 183.05 ± .01 d 745.34  ± .003
b,c,d,e,f

1.23 ± .01 a,b,c

AFG 3 175.27 ± .01 d 525.34 ± .01 f,g 1.08 ± .02 a,b,c

AFG 4 219.44 ± .005 a 749.34 ± .003
b,c,d,e,f

1.01 ± .03 d,e

LFC 105 131.66 ± .005 g 853.34 ± .005 a,b,c,d 0.76 ± .10 f

LFC 103 194.16 ± .01 c 810.67 ± .05 b,c,d,e 0.83 ± .07 e,f

HM 348 153.33 ± .01 f  480 ± .01 g 0.96 ± .004 a,b,c

HM 355 171.11 ± .01 d 605.34 ± .004 d,e,f,g 0.96 ± .05 a,b,c

UM 330 194.44 ± .01 c 677.34 ± .03
b,c,d,e,f,g

1.08 ± .11 b,c

UM 364 194.16 ± .002 c 557.34 ± .01 c,f,g 1.19 ± .09 c

UM 365 155 ± .005 f 938.67 ± .01 a,b,c 0.87 ± .10 d

UM 366 208.33 ± .005 b 706.67 ± .05
b,c,d,e,f,g

1.45 ± .13 a,b,c

NDM 19 196.11 ± .005 c 689 ± .06 b,c,d,e,f,g 1.07 ± .12 a,b

NDM 20 215.27 ± .005 a,b 796 ± .06 b,c,d,e 1.05 ± .15 d,e

RMt 361 148.33 ± .01 f 961.34 ± .001 a,b 1.31 ± .16 a

Hisar Sonali 196.94 ± .003 c 957.34 ± .06 a,b 1.26 ± .05 a,b,c

Pant Ragini 129.44 ± .01  g 1085.34 ± .04 a 1.11 ± .08 d,e

Values have been represented as ± Standard deviation (n=3).The values in the table with different superscripts
are significantly different (p<.05) according to Duncan’s multiple range test.
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Abstract
The genusHaloxylonconsists of 25 species that grow in arid and saline areas.Haloxylon species are among the
important salt accumulators of Thar Desert of India. They are used as fuel, fodder and food by local habitants.
Besides, salt extracted (locally known as saji) from it is also used as special ingredients of Bikaneripapad(dehydrated
circular disc made of cereal or pulse flour) industriesdue toits unique taste. Present study was conducted to estimate
genetic diversity in two species of Haloxylon(Haloxylonsalicornicum; common name-lanaand H. recurvum; common
name- kharalana) on the basis of various morpho-chemical characteristics and RAPD markers. Twenty one genotypes
(fifteen genotypes of H.salicornicum and six genotypes of H. recurvum) were examined with 10 RAPD primers of which
four primers produced 28 scorable bands all of which were polymorphic.  Jaccard’s similarity index based on RAPD
revealed 35.4% average similarity with a range of 4.3 to 86%. Morpho-chemo typing based Manhattan dissimilarity
coefficient depicted a similarity level of 70.6% to 98.8. % with 87.51% average similarity. UPGMA clustering method
for RAPD as well as morphological and mineral parameters generated a dendrogram with two main groups representing
each species. The grouping generated on the basis of morphological and mineral parameters also showed a similar
trend with the grouping generated by RAPD analysis. It is suggested that this information can be used for preservation
of diversity in Haloxylon spp.

Key words : Chenopodiaceae,Haloxylon spp., minerals,saline soils,saji, Halophyte

Introduction
India is one of the countries severely affected by Land
degradation (including desertification in drylands). The
total area of degraded land is estimated to affect at least
one-third of the 328 mha geographical area in India. In
degraded land, arid areas (49.5 mha) are the worst
affected, especially in the western part of Rajasthan state
that includes the Thar Desert (20.87 m ha), as well as in
arid Gujarat (6.22 m ha). The rehabilitation and ecological
restoration are major tasks in the Thar Desert due to over-
exploitation of fragile resources, recurrent drought, high
wind, poor sandy soils, wind erosion, salinity-alkalinity
and vegetation degradation. The success of an ecological
and vegetation restoration largely depend on choosing
the appropriate genetic sources, and the use of native
plants (Sheng et al., 30), especially in harsher
environments of Thar Desert.
The amount and partitioning of genetic variation within a
species andits distribution within and among populations
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is correlated with the factors that govern the maintenance
of variation,inbreeding, population history, and gene flow
(Ayres and Ryan, 3; Sheng et al., 30). Despite extensive
ecological research on plants from arid regions, there is
a lack of information on concerning levels of genetic
variation in these systems (Hu and Wang, 12).Knowledge
of the genetic structure of xerophytic plants is central to
designing effective conservation strategies for restoration
and rational exploitation of vegetation especially in
stressful environmental conditions.
Long-lived perennials like Haloxylon due to its great
drought resistance and saline tolerance are ecologically
important component of deserts, particularly in Thar
Desert, where they display high levels of endemicity. The
Haloxylon spp., members of family chenopodiaceae, are
among the important xerophytes of Thar Desert of India.
H.salicornicumandH. recurvum-succulent undershurbs-
are important members of this genus which are able to
produce biomass in barren lands, without water supply.
Haloxylonspp. are also used as fuel, fodder and food by
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local habitants. As a dominant desert species, it plays
an important role in the maintenance of the structure and
function of the whole desert ecosystem by reducing wind
speed and ameliorating the arid climate.It perpetuates
by seeds and creamy white or light pinkish flowers appear
during September-October months.
The plants have good economic and environmental values
for the inhabitant of Thar Desert of western Rajasthan.
The details of economic products, production cost and
returns are explained in Rathoreet al. (24). The labor cost
is major component of cultivation cost. The cultivator can
get $ 238.4 ha”1 returns.H. salicornicum (common name
lana) grows naturally in sandy undulating hummocky plain
dunes, inter-dunes and also in course of the ancient
Saraswati river(Shanker and Kumar, 29). Hence, plants
thrive under adverse conditions of sandy and saline soils
of this region. Ash of plant is also used as a tooth powder.
H. salicornicumseeds having 18.60% crude protein could
replace about 25% of the conventional sesamum cake in
the concentrate for lactating cows (Anonymous, 2). The
plant is a good soil binder and stabilizer of sand dunes.
H. recurvum is a good source of crude Sodium Carbonate-
Barilla or saji-khar.
The saji is an essential and vital ingredient in papad making
industries (Rathoreet al., 24), and contributes to
organoleptic quality in terms of crispness and expansion
of fried papads. Papads are flat, thin, circular product that
can be roasted or fried instantly. On dry weight basis,
saji contains 31% Sodium and 34%. Carbonate. Ash
extract of this plant is in high demand in papad industries
as its salt is a special ingredient for unique taste of famous
Bikaneripapad. Carbonate of soda obtained from species
is used in soap and glass industry (Khan and Qaiser,
15). The ash is also used as substitute of soap for cleaning
clothes. In Pakistan, plant is burnt to get carbonate of
soda which is used as an alternate of soap for cloth
washing. In India the plant ash is used as a substitute of
soap by washer. The ash of crude saji has 1143-1391
meq Na L-1, 97-153 meq K L-1 and 101-210 meq Mg L-1.
Among anions CO3, HCO3, Cl and SO4 constitute 960-
1180, 20-30, 315-420 and 31-202 meq L -1,
respectively(Rathoreet al., 24).
Despite its ecological and economical importance, both
species are suffering from severe loss due to land
reclamation and cultivation, over-grazing, over-cutting and
digging, consequently both species are in a state of
extinction (Dagla, and Shekhawat, 7) and increased
mobility of sand dunes; and little is known about its genetic
aspects. Moreover, the plants are found as wildstands in
Thar Desert, their systematic cultivation is difficult.
Second, because of the overuse of these species, their
existence is in the state of extinction. So, conservation
of such gene pool acclimatized to hot region with high
salinity is important for arid region. A literature search

reveals that with some exceptions of morphological
studies, the scientific information on this xerophyte is
completely lacking. It is presumed that the information
on morpho-chemical and nutritive variation of Haloxylon
spp. will help in identifying species for specific purpose.
So in present investigation, the variability has also been
studied at molecular level using RAPD (random amplified
polymorphic DNA) markers.
Materials and methods
Plant materials
Twenty one genotypes of Haloxylonspp. (fifteen genotypes
of H. salicornicum and six genotypes of H. recurvum)
werecollected from different parts of Thar Desert.  All these
genotypes are maintained under field condition at regional
research station, Central Arid Zone Research Institute,
Bikaner (India). The studied region experience low and
erratic annual rainfall (100 and 150 mm.), extreme
temperatures (-3.0 to 49.0°C), long sunshine duration (6.6-
10 hours), low relative humidity (20%-60%)/high wind
velocity (9-13 kmh-1) and high evapo-transpiration (1600-
1800 mm). The soils are poor in nutrients, wind erosion
occurs on a mammoth scale and paucity of water is a
perennial bottleneck.
Morphological and Mineral analysis
A plant-wise morphological and seed mineral analysis
was undertaken to determine the diversity for morpho-
physiological characters. Observations were recorded on
plant height, number of branches, stem colour, canopy
area, flowering time, flower color, seed shape, seed
moisture and seed weight (without perianth). Flowering
time, stem colour and flower colour were recorded in
natural day light on simple visual basis. Sodium,
potassium, magnesium, iron, zinc and copper were
analyzed in seed (1gm) after overnight digesting in triacid
(10 ml of concentrated HNO3, 4 ml of 60% perchloric acid
and 1 ml of concentrated H2SO4). The contents were
heated on a hot plate at 230°C until the brown fumes
ceased. The contents were cooled, brought up to 100 ml
with distilled water and filtered through Whatman No. 42
filter paper. The filtrate was fed into a GBC-932 Atomic
Absorption Spectrophotometer to analyze mineral
composition (Bhishnoi and Brar, 5). All chemicals used
were of analytical or reagent grade.
The data collected on various traits varied with the unit of
measurement; hence the means of morphological and
nutrition observations were standardized by dividing with
standard deviation. Manhattan distance coefficients were
calculated for morpho-chemical parameters. UPGMA
based dendrogram was constructed using Manhattan
dissimilarity coefficients after the standardization of
observations. All calculations were done using computer
program NTSYSpcver 2.02 (Rohlf,25). Arithmetic mean,
standard deviation and coefficient of variation (CV) were
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calculated for each trait using standard formula given in
Chandel (6).
Random amplified polymorphic DNA assays
Genomic DNA was extracted from approx. 1 g of tender
twigs using CTAB method of Doyle and Doyle (8) and
treated with RNase, assessed on 0.8% agarose gel,
quantified using UV/VIS spectrophotometer (Thermo
scientific UV-VIS). After quantification, DNA samples of
approx. 25 ng/µl were prepared for PCR amplification.
Ten primers of OPG series (OPERON TECHNOLOGIES’
Inc., Almeda, California) were screened initially against
two plants from each species for RAPD analysis. The
PCR reactions were carried out in a volume of25ìl
consisting of 1x assay buffer, one unit of Taq DNA
polymerase (BangloreGenei Pvt. Ltd., India), 200ìM of each
dNTPs (BangloreGenei Pvt. Ltd., India), 0.2ìM primers
and 50 ng of templet DNA. PCR amplifications were
performed in a CGI-96 thermal cycler (Corbett Research,
Australia) under the following conditions: 94oC for 4 min;
44 cycles of 94oC for 1 min, 37oC for 1 min, 72oC for 2 min
followed by a final step of extension at 72oC for 4 min.
The PCR products were mixed with 10X DNA loading buffer
and separated on 1.2% agarose gel containing 0.5ìg/mL
of ethidium bromide.
Scoring of the bands was performed by visual analysis of
the gel photographs. For each RAPD primer, the presence
(1) or absence (0) of reproducible bands in each accession
was scored to generate rectangular data matrix (qualitative
data matrix). The RAPD bands were scored for the
presence (1) or absence (0) and each band that was
regarded as a locus. Similarity matrix was constructed
using the Jaccard’s similarity coefficients and subjected
to UPGMA (unweighted pair-group method with arithmetic
averages) analysis to generate a dendrogram using
NTSYS pc 2.02. The discriminatory power (D) of included
primers was analyzed using the method ofTessieret al.
(32).Polymorphic information content (PIC) that provides
ameasure of the degree of polymorphism of a marker was
calculated according to Anderson et al. (1).
Result and discussion
Diversity analysis of morphological and minerals
parameters
Very few studies have focused on the role of desert
plantsespecially perennials even though xerophytes play
a vital role in soil rehabilitation and production in desert
ecosystems due to stabilization of dune surface,
prevention of wind erosion, and stability maintenance of
desert ecosystems (Wang et al.,34; Li et al.,18). Many
of the these xerophytes are underutilized and/or neglected
plant species and have great potential for exploitation in
view of the valueof their economic products for use as
food, fodder, medicine, energy and industrial purposes
(Kumar et al.,17).  Keeping in view, a study was conducted

to analyse the variability of Haloxylon species from the
Thar Desert of Western Rajasthan (India), by analyzing
its morphological, chemical and genetic diversity.
Diversity in arid plants with respect to size, morphology,
growth, penology, chemical constituents and reproductive
behavior is a common phenomenon. All the results on
the quantitative morphological and mineral parameters
studied, with range, mean and CV value, are presented
in table 1. Stem colour varied from dirty white to white in
lanaand dark green to light green in kharalana. Flowering
started in lanafrom mid of August and continued upto
October while in kharalanaflowering started in last week
of September and continued upto December. Flower
(perianth) colour in lanawas white or creamy white
whereas it was yellowish to pinkish in kharalana.
Variations in perianthcolour of these species of
Haloxylonhave also been reported earlier by Kumar et al.
(16). It is suggested that these variations in colours of
the flowers and perianth may be an indication of adaptation
to arid conditions.
Seed polymorphism is a common feature in plants of
Indian desert. This includes production of viable seeds
with difference in size, shape, weight, seed coat pattern,
dormancy, germination requirements etc. (Sen, 28; Bansal
and Sen, 4). Seed shape in lanawas mostly horizontal,
flattened and orbicular while only flattened and orbicular
seed shape was observed in kharalana. The plants of
lana (H. salicornicum) were in general larger in size in
appearance than kharalana(H. recurvum). The maximum
plant height was 167.5 cm in lana whereas in case
of kharalana it was 85.0 cm. The results are in agreement
with Kumar et al. (16) where plant height in
H. salicornicumranged from 36.0-125.0 cm after five
years of planting. Similarly, the mean of canopy wasmore
than double in lana (5.15 m) in comparison to kharalana
(1.83 m). However, the variations in number of branches
were lesser in both species as number of branches were
10 to 33 and 9 to 25 for lana and kharalana, respectively
(Table 1).
In present investigation significant variation in seed weight
and seed moisture content were observed. In case of lana,
seed weight was 0.559 to 1.042 g whereas in kharalana
it was 3.82 to 4.139 g. The results are in accordance with
Sheng et al. (30) where seeds of H. ammodendron showed
2.99g seed weight. Kumar et al. (16) reported that the
seed size, shape and colour are frequently changed by
the conditions under which the plant grows. As per
observed coefficient of variation, seed weight was found
to be most variable trait (CV = 90.32%) followed by canopy
area (CV = 45.35%) and number of branches
(CV = 34.32%). The plant height was less variable than
these traits with a CV value of 30.91%. However, seed
moisture content was detected as comparatively less
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variable trait (CV = 24.47%). The low moisture content of
Haloxylon plants indicates adaptability and its hardiness
in adverse conditions of the desert with scanty and erratic
rainfall. Rosenthal et al. (26); Vyaset al. (33) and Kumar
et al. (17) also reported low moisture content in the wild
stands of desert plants.Efficient use of soil moisture and
less transpiration are important features of the desert
plants.
The differential growth pattern and seed characters of the
two species resulted into higher diversity among various
traits estimated. Further, the intra-species diversity was
lesser than inter species.  Interestingly mean value for
the sodium and potassium content were 298.5 and 738.0
mg 100 g-1 for lanaand 677.2 and 699.6 mg 100 g-1 for
kharalana. The sodium was about 2-3 times higher in
kharalana than lana whereas potassium content was at
par. It means, kharalana is able to adjust more efficiently
in saline conditions without enhancing the potassium
influx. This might have reflected in seed weight and
biomass production of this species. Different species of
Indian jujube (an important arid plant) also varied
significantly in Na and K accumulation in different parts
of the plants and were linked with salt tolerance
mechanism (Guptaet al.,10).  The high values of mineral
contents in seed may attribute to the saline nature of soil
where the plant grows. This may cause accumulation of
minerals in this halophytic specie. This indicates that
Haloxylon spp. contains higher amounts of mineral
elements and can be used as a minerals rich feeding
source for browsing animals. Moreover, the good mineral
status also supports the survival of plant in its harsher
habitat (Rakiæet al.,23). It can be concluded that the
higher value of certain mineral contents along with high
CV, provides an opportunit ies for selection of
Haloxylonspp.

Haloxylon is important sources of carbonate salts for
papadindustries. However, their conservation for future
generations is limited, principally due to over-exploitation
and urbanization in papad industry.In present study, Fe
was found more variable than zinc, copper and manganese.
Copper content with least CV (3.76%) was at par in both
the species. Similarly, manganese content was also not
varied much between these species (Table 1). One of the
probable biochemical defense reactions to salinity and
drought stress is the production and accumulation of
Reactive Oxygen Species (ROS). Zinc is required for
scavenging of ROS including super oxide radical and H2O2.
This explains the higher accumulation of Fe in seeds.
Moreover, Uptake of Na element by plants leads to
accumulation of Zn in cells to protect the biomolecules
from ROS (Jamalomidiet al.,14). High concentrations of
salts in seed usually are extremely important for such
plants, considering that minerals get accumulated in

seeds thus protect the plant by reducing the accumulation
of minerals, such as zinc, calcium, magnesium, and iron
(Erdman, 9) especially in aerial parts.
The Manhattan dissimilarity coefficient values ranged from
0.0121 (VJ-1 and AN-1) to 0.294 (HS-41 and VJ-2) with
an average of 0.125 (Table 3) for morphological and
chemical parameters. The UPGMA-based dendrogram
had clearly grouped all the genotypes in two major groups
(group A and B) at 77.69% between group similarities at
an average cut off value of 0.12 (Fig. 2a). The UPGMA-
based dendrogram had clearly put all the individuals into
three major groups.Group A consisted of total 15
genotypes of H. salicornicum with 94.87% within group
similarity whereas group B consisted of total 6 genotypes
of H. recurvum having 96.95% within group similarity.
RAPD analysis
This work, for the first time, reports on the application of
RAPD markers for assessing genetic variability in
H. salicornicumand H. recurvum genotype. RAPD
markers, along with appropriate statistical procedures,
are suitable for genetic variation analyses (Vyas et al.,33)
especially in plants where no sequence based markers
has been developed. Therefore, RAPD analysis was carried
out in DNA isolated from 21 different genotypes because
it is relatively simple, fast, and it can provide a cheap
way of randomly screening a large part of the genome
(Lowe et al.,20). Ten decamer primers of OPG series were
screened to analyse genetic diversity and relationship
among different accessions of Haloxylon collected from
different localities of Western Rajasthan. Reproducibility
and quality of amplification profiles was tested for each
primer and only four primers could be considered for the
analysis. PCR fragments having same mobility were
considered as identical fragments, receiving equal values
regardless of their staining intensity. Similar to present
study, the problems of non-amplification of RAPD primers
have also been detected earlier in desert plants (Vyaset
al., 33).Considering all four primers and genotypes, a total
of 28 clear and reproducible bands were obtained, with
100% polymorphism. The size of amplicons generated
varied from 275 (OPG 15) - 1650bp (OPG 2). The number
of polymorphic RAPD bands was in the range of 6 (OPG
2, OPG9) to 9 (OPG15) with an average of 7 bands per
primer. The discriminating power (D value) for RAPD
primers ranged from 0.757 (OPG-2) to 0.976 (OPG-15)
whereas PIC (polymorphic information content) values had
a narrow range from 0.296 (OPG-9) to 0.455 (OPG-16)
(Table 2). All the RAPD primers produced a very good
range of discriminatory power which correlates with the
assumption that all the primers generated distinct profiles
for all the plant samples. The amplification profile obtained
with the primer OPG-9 is represented in Fig. 1.
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Jaccard’s similarity coefficients among the all pair-wise
combinations of genotypes ranged from 0.043 to 0.857
with a mean genetic similarity of 0.354 (Table 3). This
value is comparable with study of Sheng et al. (30) where
level of genetic diversity in H. ammodendron was 0.333.
Genetic diversity of plant populations are largely
influenced by the factors such as mating system, genetic
drift, evolutionary history and life history (Loveless and
Hamrick,19). The present study corroborated the general
concept of outcrossing species are characterized by their
innate ability of possessing higher levels of genetic
diversity than selfing and clonal plants (Rossettoet al.,27).
Maximum similarity (0.857) was found between HS-3/HS-
16 and HS-7/HS-16, while the minimum (0.043) was found
between HS-35/VJ-1 and HS-35/AN-3.In comparison to
present study, the few other studies of population genetic
diversity of long-lived desert perennials also revealed high
levels of genetic polymorphism (Martínez-Palacios et al.,
21; Shresthaet al., 31).
RAPD, being a multi-locus marker with the simplest and
fastest technique, has been successfully employed for
the determination of intra-species genetic diversity in
several plant species (Gupta et al., 11). Intra species
similarity was higher than inter species. The average intra-
species diversity of H. salicornicumwas 47.7% (52.3%
similarity) while in H. recurvumit was 36.4% (63.6 %
similarity). The H. salicornicumshowedhigher diversity
compared to H. recurvumthis could be because of low
variation within H. recurvumand small population size.That
most genetic diversity existed within populations for H.
salicornicum is consistent with the general trend in other
outcrossing species (Huff et al., 13) based on RAPD
variation.
Though RAPD was found to reveal diversity more
efficiently, clustering was more conspicuous with chemical
and morphological parameters. The combined information
can be used for selection of desired genotypes and to
preserve the diversity.The average dissimilarity revealed
through morpho-chemical parameters was lower than the
RAPD suggesting usefulness and efficiency of the RAPD
profiles to analyze diversity (Vyaset al., 33). In diversity
analysis, multi-fragments nature of RAPD primers also
offers advantages over morpho-physiological and chemical
characteristics where limited numbers and more similar
patterns of their expression restrict high diversity
especially among perennial desert plants. Further,
advantage of molecular markers is their relatively higher
discriminatory power generated by more balanced
distribution of allele frequencies (Patra and Chawla, 22).
Based on the degree of divergence, 21 genotypes were
grouped into two clusters, cluster I and cluster IIwith
11.17% between group similarities at an average cut-off

value of 0.46 (Fig. 2b), such that the genotypes within
the cluster have lesser divergence values than those
between clusters. The first cluster contains genotypes of
H. salicornicum while genotypes of H. recurvum
constituted cluster second.The level of diversity is the
direct indication of good adaptability of these wild species
in arid region. The wider diversity in other arid plants has
been reported (Vyaset al., 33).However, such studies in
Haloxylon spp. are completely lacking.
Thus, it is concluded that there were significant variability
in morpho-chemical characteristics of Haloxylon species.
Furthermore, by parallel comparison between phenotypes
and RAPD analysis, it was shown that accessions with
similar phenotypes do not necessarily have closer
relationships (Fig 2). Vyaset al. (33) and Kumar et al.
(17) also found differences between molecular and
chemical data of wild stands of Calligonumpolygonoides
and Capparis decidua, respectively. Therefore, in order to
describe the population diversity for perennial species, it
can be strongly recommended to use both morphological
and molecular assays as complementary methods.
Moreover, we believe that the traditional classification
depending on phenotypes is not much reliable. Though
RAPD was found to reveal diversity more efficiently,
clustering was more conspicuous with chemical and
morphological parameters. The combined information can
be used for selection of desired genotypes and to preserve
the diversity.In the end, it is proposed that the habitats of
Haloxylonspp. should be protected and meanwhile,
numbers can be increased by artificial propagation.
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Table 1: Range,Mean and coefficient of variance (CV) of different morphological traits and seed mineral content
              analyzed in 21 genotypes of Haloxylonspp.

Range*
Range*

CV
Traits

H. salicornicum(Lana) H. recurvum(Khara Lana) Both Species

Seed moisture (%)
2.98-7.03

(4.24±1.31)
2.99-4.94

(4.12±0.41)
24.47

Plant height (cm)
92.5-167.5

(130.83±21.81)
42.5-85

(68.75±16.03)
30.91

No. of branches
10-33

(18.07±5.93)
9-25

(17.17±7.08)
34.32

Canopy area (m)
3.33-7.25

(5.15±1.11)
1.05-2.22

(1.83±0.77)
45.35

Seed weight (g)
0.559-1.042
(0.77±0.15)

3.82-4.72
(4.139±0.32)

90.32

K (mg/100g)
617.5-745.0

(677.2±31.17)
582.5-802.5

(699.6±76.15)
6.92

Na (mg/100g)
225.6-371.8

(298.5±45.11)
612.8-928.2

(738.0±110.14)
50.50

Cu (mg/100g)
11.44-12.87
(12.04±0.40)

11.95-13.10
(12.47±0.50)

3.76

Fe (mg/100g)
5.49-7.92

(6.64±0.71)
6.32-10.03
(8.16±1.41)

16.24

Zn (mg/100g)
4.27-6.19

(5.12±0.59)
4.23-4.95

(4.60±0.24)
11.33

Mn (mg/100g)
15.79-19.38
(17.28±1.02)

16.16-19.26
(17.63±1.14)

5.96

*Data in parenthesis indicate mean and standard deviation

Table 2: List of RAPD primers showing total and polymorphic amplicons generated along with PIC and discriminatory
 power of each pattern for 21 genotypes of Haloxylon spp.

Primers Sequences
(5’-3’)

Total no.
of
bands(a)

Total no. of
polymorphic
bands
(b)

Polymorphism
(b/ax 100)

PIC Discrimination
index (D)

OPG-2 GGCACTGAGG 6 6 100 0.358 0.757
OPG-9 CTGACGTCAC 6 6 100 0.296 0.947
OPG-15 ACTGGGACTC 9 9 100 0.424 0.976
OIPG-16 AGCGTCCTCC 7 7 100 0.455 0.890
Total 28 28 100
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coefficient
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Abstract
The study was undertaken at Basic Science unit, National Research Center on Seed Spices, Ajmer to analyze of
medicinally important compounds and antioxidant properties of Anise (Pimpinella anisum L.) seed extract and shoot
callus. Total essential oil content of anise accession was measured 3.29%. The total oil from anise seeds was 9.5 %.
Total Phenolic Content was recorded 0.87 mg GAE /g in methanol extract which was significantly higher than hexane
extract (0.742 mg GAE/g seed). Similarly, Total Flavonoid Content (TFC) was also higher in methanol extract being
observed 0.104 mg QE/g seed as compared to 0.06 mg QE/g seed in hexane extract. Total antioxidant was found
more (0.039 mg BHT E/g seed) in hexane extract than methanol extract (0.027 mg BHT E/g seed). Scavenging % was
higher (60.97%) in hexane extract than methanol extract (20.47%). EC50 value of methanol extract was significantly
higher (0.006 mg BHT E/g seed) than hexane extract (0.0026 mg BHT E/g seed).  Total Phenolic Content (TPC) in
shoot callus of anise was significantly varied from a minimum of 72.87 mg GAE/g Dwt on combination of KN and NAA
to a maximum of 95.40 mg GAE/g DWt on combination of BAP and NAA. However, in case of total flavonoid content
maximum TFC (18.64 mg QE/g Dwt) was found on combination of KN and IAA while remaining treatments showed at
par value ranging from 4.27 to 4.47 mg QE/g Dwt. Total antioxidant was found more (5.25 mg BHT E/g Dwt in methanol
extract of the callus produced on combination of KN and IAA which is closely followed (5.00 mg BHT E/g Dwt) by
callus extract produced on combination of BAP and NAA. The similar trend was also reflected in scavenging % where
35.11 % radical scavenging was observed on methanol extract of the callus produced on combination of Kn and IAA.
EC50 value is however, minimum (6.34) on combination of BAP, IAA while the treatments with high scavenging %
showed more EC50 being observed 7.92 on BAP, NAA, 7.48 on KN, IAA and 7.16 mg BHT E/g Dwt on KN, NAA
combinations.

Introduction
Seed spices group comprises all those annuals whose
dried fruit or seeds are used as spices. The seed spices
are aromatic vegetable products of tropical origin are
primarily used for seasoning, flavouring and imparting
aroma to the food and beverages. They are characterized
by pungency, strong odour, sweet or bitter taste. Out of
the seed spices grown in India, the most important are
coriander, cumin, fennel and fenugreek and put in the
category of major seed spices while few other seed spices
like ajowan, dill, nigella, celery and aniseed constitute
minor seed spices group. Most of these spices belong to
the family Apiaceae except fenugreek and nigella which
are from family Fabaceae and Ranunculaceae,
respectively. Almost all of the seed spices crops are
cultivated in India and has got the privilege to be called
as the largest seed spices producing country in the world.
Most of the states in India grow one or more seed spices,
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but major growing belt spread from arid to semi arid
regions covering large area in Rajasthan and Gujarat. This
group of spices possess prominent place in Indian national
economy because of high domestic consumption and
growing demand for export.

Apart from being a potential exportable commodity and
source of foreign income all seed spices are well known
for their medicinal value since centuries in traditional
medicinal systems like Ayurveda, TCM, Unani medicine.
These medicinal uses of spices and herbs have been
used to cure right from common cold to diabetes, from
cough to cancerous tumors.
Among different seed spices listed above anise is
important crop used both as spice and traditional
medicine. Anise (Pimpinella anisum L.) is a flowering plant
in the family Apiaceae native to the eastern Mediterranean
region and Southwest Asia. It is known for its flavor, which
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resembles liquorice, fennel and tarragon. It is a
herbaceous annual plant growing up to 3 ft (0.91 m) tall.
The leaves at the base of the plant are simple, long and
shallowly lobed, while leaves higher on the stems are
feathery pinnate, divided into numerous leaves. The flowers
are white, approximately 3 mm diameter, produced in
dense umbels. The fruit is an oblong dry schizocarp,
3 – 5 mm long. It is these seed pods that are referred to
as “aniseed”.http://en.wikipedia.org/wiki/Anise -
cite_note-0 Anise plants grow best in light, fertile, well
drained soil. The seeds should be planted in mid October
to mid November. Because the plants have a taproot,
they do not transplant well after being established, so
they should be started either in their final location or
transplanted while the seedlings are still small.
Western cuisines have long used anise as a moderately
popular herb to flavor some dishes, drinks, and candies,
and so the word has come to connote both the species
of herb and the licorice-like flavor. The most powerful flavor
component of the essential oil of anise, anethole, is found
in both anise and an unrelated spice called star anise. It
is one of the oldest known spice plants used both for
culinary and medicinal purposes since ancient times.
There is evidence that anise was used in Egypt as early
as 1500 B.C. To aid digestion the Romans enjoyed anise-
spiced cakes after heavy meals and it was spread
throughout Europe by Roman legions. In the Bible there
is mention of paying tithe with anise in the book of
Matthew. In 1305, anise was listed by King Edward I as a
taxable drug and merchants bringing it into London paid
a toll to help raise moneys to maintain and repair London
Bridge (Weiss, 11).
Anise enjoys considerable reputation as a medicine in
coughs and pectoral affections. In hard, dry coughs where
expectoration is difficult, it is of much value. It is greatly
used in the form of lozenges and the seeds have also
been used for smoking, to promote expectoration. The
volatile oil, mixed with spirits of wine forms the Liqueur
Anisette, which has a beneficial action on the bronchial
tubes, and for bronchitis and spasmodic asthma, Anisette,
if administered in hot water, is an immediate palliative.
For infantile catarrh, Aniseed tea is very helpful. It is made
by pouring half a pint of boiling water on 2 teaspoonfuls of
bruised seed. This, sweetened, is given cold in doses of
1 to 3 teaspoonfuls frequently. It is also claimed that anise
is effective bait for rats and mice and the distilled oil
dabbed onto a fishing lure will improve a fisherman’s
chances. Dogs are also attracted by anise. It is often an
ingredient in dog food. Anise oil is a good antiseptic and
is used, mixed with oil of Peppermint or Gaultheria
(Wintergreen) to flavour aromatic liquid dentifrices. Oil of
Anise is used also against insects especially when mixed

with oil of Sassafras and Carbolic oil (Weiss, 11).
In the present study medicinal properties of anise have
been evaluated by analyzing total oil content, volatile oil
content, total phenolic content, flavonoid content and
antioxidant properties of crude seed extract of anise.
These medicinally important compounds were also
analyzed in hypocotyl callus developed on MS medium
supplemented with various combinations of cytokinins and
auxins.

Materials and Methods
Seeds of anise were obtained from seed store of NRCSS
and used for essential oil, oleoresin extraction and
preparing seed extracts in methanol and hexane.
Estimation of essential oil content
Essential oil from seed powder was estimated using all
glass Clevenger apparatus (Clevenger 4), utilizing 25-30
g ground seeds powder
Estimation of oleoresin
Oleoresin content was extracted using Accelerated
Solvent Extraction System. The Accelerated Solvent
Extractor is a system for extracting either organic or
inorganic compounds from a variety of solid or semisolid
samples at a variety of pH values. This can be used with
organic solvent, aqueous buffer, water, and small amounts
of mineral acids. The system accelerates the traditional
extraction process by using solvent at elevated
temperatures and pressures. Pressure is maintained in
the sample cell to maintain the heated solvent in a liquid
state during the extraction. After heating, the extract is
rinsed from the sample cell into a collection vessel and is
ready for analysis. 30 gm seeds were ground in a mixer
and loaded in sample holder of machine. Hexane was
used as solvent.
Preparation of seed extracts
The dried seeds (30 gm) were ground to fine powders
separately, by milling. The resulting materials were
extracted with hexane and methanol with Accelerated
Solvent Extractor following the same method as in
isolation of oleoresin. All the extracts were centrifuged
thrice and supernatants were pooled for further analysis.
Final concentration was adjusted to 5mg/ml of plant
material. These diluted extracts were used for
determination of the total phenol and flavonoid
concentration, as well as antioxidant activities.

Estimation of total phenolic content
Total phenol concentration was determined using a
Folin-Ciocalteu assay, as described by Amin et al., 1)
with slight modification. An aliquot of 0.1ml extract (5
mg/ml in respective solvent) was taken in a test tube and
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made the volume 1ml by adding solvent. 3ml of 10%
sodium carbonate was added. Previously 10-fold diluted
Folin-Ciocalteu reagent was added to the mixture. The
mixture was allowed to stand at room temperature for 90
minutes and then absorbance was measured at 710 nm.
Gallic acid was used as the standard phenol. The amount
of phenolic content was calculated by using the standard
curve  of Gallic acid prepared with respective solvent having
R2 value ranged from 0.96-0.99 and was expressed as mg
Gallic acid equivalents/g (mg GAE / g ) seed material.
Estimation of flavonoid content
Total phenol concentration was determined by using
previously reported method by Chang et al., (2) with slight
modification. One ml of suitably diluted sample was taken
in a test tube and 100µl aluminum chloride (1M) solution
was added carefully from the side wall of the test tube
followed by addition of 100µl potassium acetate. The total
volume was made 4 ml by adding 2.8ml of solvent in the
test tube. After 30 minute incubation of reaction mixture
at room temperature stable Yellow color was developed.
Absorbance was measured at 517 nm. Quercetin was
used as the standard flavonoids. The amount of flavonoid
was calculated by using the standard curve  of Quercetin
prepared with respective solvent having R2 value ranged from
0.96-0.99 and was expressed as mg Quercetin equivalents/
g (mg QE / g ) plant material.

Antioxidant assay
The antioxidant activity of each extract was evaluated on
the basis of its activity in scavenging the stable DPPH
(1, 1-Diphenyl-2-picrylhydrazin) radical, using a slight
modification of the method described by Shimada (9).
Each extract was diluted in methanol/ Ethanol / Hexane
/ Dichloromethane and distilled water to give at least 5
different concentrations. An aliquot (1, 1.5, 2, 2.5 ml) of
the extract of each concentration was mixed with 1 ml of
1 M DPPH. The mixture was then homogenized and left
to stand for 30 min in the dark. The absorbance was
measured at 517 nm against a blank of methanol using a
spectrophotometer. DPPH solution plus methanol was
used as control and Butyl hydroxyl toluene (BHT) was
used as a standard reference synthetic antioxidant with
R2 value ranged from 0.95- 0.99. Results were expressed
as a mean standard deviation from three replicate
measurements.
The percent scavenging effect was calculated as follows:

  517 517

517

A of Control-A of Extract
Scavengingeffect % = ×100

A of Control

The EC50 value for each sample defined as the
concentration of the test sample leading to 50% reduction

of the DPPH concentration was calculated from the non
linear regression curve of the test extract.
Raising of shoot callus
Seeds were surface sterilized with 0.1% mercuric chloride
for 4 minutes and thoroughly washed with sterilized
distilled water for 4-5 times. These surface sterilized seeds
were placed in a sterilized test tube on a filter paper for
germination in a BOD at 25°C (Plate 1 A and B). Lower
half of filter paper was emerged in distilled water.
Hypocotyl segment from germinated seedlings were used
as explants for callus induction. To obtain explants,
healthy germinated seedlings were taken. Roots were
cut at the root shoot junction. Hypocotyl segment of
0.5-1.0 cm length was cut leaving the apical shoot tip
with primary leaves. These explants were inoculated on
to the Murashige and Skoog (1962) medium
supplemented with auxin (NAA and IAA: 0.1, 0.5, 1.0
mg/l) and cytokionins (BAP and Kn: 1.0, 3.0, 6.0 mg/l)
alone and in combination for callus inductioin. Cultures
were incubated at 27+1°C under fluorescent light in a 12/
12-hour photoperiod. Light intensity was maintained at
35µ mol M-1 S-1 at bench level.
Preparation of extract of callus
Healthy and viable callus from four combinations of
cyokinin and auxins were taken and placed in a oven to
dry. Dry weight of callus was calculated and grind with
methanol. Grinding solution was centrifuged and
supernatant was collected for analysis of TPC, TFC and
antioxidant activity.

Results and Discussion
Essential oil and oleoresin content
Total essential oil content from three replicate of anise
accession was measured 3.29%. The total oil recovered
from anise seeds was 9.5 % while in nigella accession
the oil recovery was 30.88%. It is known that genetic
constitution and environmental condition influence the
yield and composition of volatile oil produced by medicinal
plants (Ramezani et. al., 8, Omidbaigi, 6).
Total Phenolic and Flavonoid Content
Data presented in table 1 are the mean of three replicates.
Methanol seed extract containing significantly more
phenolic and flavonoid content as compared to hexane
extract. Total Phenolic Content was recorded 0.870 mg
GAE /g in methanol extract which was significantly higher
than hexane extract (0.7426 mg GAE/g seed). Similarly
Total Flavonoid Content was also higher in methanol
extract being observed 0.1045 mg QE/g seed as
compared to 0.0660 mg QE/g. seed in hexane extract.
Antioxidant activity
The seed extract of both the organic solvent evaluated for
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total antioxidants, free radical scavenging percentage and
EC50 value by doing antioxidant assay of 1, 1-diphenyl-2-
pikrylhydrazin (DPPH) scavenging activity, using a slight
modification of the method describe by Shimada (9). Butyl
Hydroxyl Toluene (BHT) was used as standard antioxidant.
Antioxidants activity was calculated by the formula
explained in the chapter material and methods.
Table 3 showed the total antioxidant like compound (BHT
equivalent/g seed) in seed extract of different organic
solvent with their antioxidant activity as DPPH scavenging
percentage and their EC50 value. EC50 value is that
concentration of antioxidants like compound in the extract
which required for scavenging of DPPH free radicals by
50%. This value is inversely proportion to the
concentration, less the value, more is the antioxidant
capacity.
The concentration of antioxidant like compound in seed
extracts was converted in to total content in dry seed
basis. Total antioxidant was found more (0.0393 mg BHT
E/g seed) in hexane extract than methanol extract where
it was 0.0274 mg BHT E/g seed. The same trend is
reflected in scavenging % where it was higher (60.979%)
in hexane extract than methanol extract (20.477%). EC50
value of methanol extract was significantly higher (0.0064
mg BHT E/g seed) than hexane extract (0.0026 mg BHT
E/g seed).

Relationship between antioxidant activity with
phenolic and flavonoid content
When free radical scavenging % of both seed extracts
were correlated with total phenolic and flavonoid content,
there seems a reasonable relationship between these two.
In both the crop and in both the extracts there was a
inverse relationship between scavenging % and total
phenolic and flavonoid content. Antioxidant activity in both
crops was much higher in hexane seed extract.
Tangkanakul et al., (10) while analyzing Antioxidant
capacity, total phenolic content and nutritional
composition of Asian foods after thermal processing found
that total phenolic content have a positive high correlation
(r2 = 0.90) with antioxidant capacity. This result indicates
that phenolics remained as dominant antioxidant
constituents in the sterilized foods.

Pourmorad et al., (7) also analyzed antioxidant activity,
phenol and flavonoid contents of some selected Iranian
medicinal plants and found that the extract of M. officinalis,
which contain highest amount of flavonoid and phenolic
compounds, exhibited the greatest antioxidant activity.
The high scavenging property of M. officinalis may be
due to hydroxyl groups existing in the phenolic
compounds’ chemical structure that can provide the
necessary component as a radical scavenger. In present

study, we also found positive relationship between total
phenolic content, total flavonoid content and antioxidant
activity (Fig 1).
While measuring antioxidant activity and total phenolic
content of some Asian vegetables Kaur and Kapoor (5)
categorized different crops as high, moderate and low
phenolic contents vegetables group and correlate this with
antioxidant activity.
In many reports it was observed that low phenolic content
material showing high antioxidant activity. This can be
explained on the basis of high anti-oxidant activity of some
individual phenolic units, which may act as efficient
antioxidants rather than contributing to high total
phenolics. The scavenging action of various phenolic
compounds is closely connected with their spatial
conformation. Similar results have been reported by Chu
et al. (3) in vegetables like white cabbage and crown daisy,
which despite having low phenolic contents had moderate
antioxidant activity. They attribute this to the presence of
some other phytochemicals such as phenolic acid,
ascorbic acid, tocopherol and pigments, which also
contribute to total antioxidant activity. Based on this they
recommended that antioxidant activity of vegetables
should be evaluated by different methods rather than
depending on the results of a single method.
Total Phenolic and Flavonoid Content (TPC & TFC)
from shoot callus of anise
With a view to assess the possibility of in vitro production
of important plant secondary metabolites, TPC, TFC and
anti oxidant activity was estimated in methanol extract of
callus. The callus was developed from hypocotyl segment
of in vitro generated seedling of anise. The hypocotyls
from 10-15 days old seedlings were inoculated on MS
medium supplanted with various suitable combinations
of cytokinin and auxin. The cytokinins selected were
Kinetin and Banzylaminopurin (BAP) and auxins were
Indole Acetic Acid (IAA) and Naphtalene Acetic Acid (NAA).
Healthy and green callus from each combination of
cytokinin and auxin was collected and mixed (This step
is necessary because in a callus old cells starts dying
and produced oxidized phenolic compounds which can
interfere in getting exact results. Well mixed callus
weighing 5 g was taken and placed in an oven to get dry
callus. The dried callus was again weighed and ground in
10 ml methanol. Grounded mixture was centrifuged and
supernatant was collected. From this supernatant 1000
ppm working solution was prepared and used for further
analysis of TPC, TFC and antioxidant activity. Total
Phenolic and Total Flavonoid Content (TPC & TFC) in
methanol extract of anise callus developed from different
combination of cytokinins and auxins are presented in
Table 5.



International Journal of Seed Spices

59

Total Phenolic Content was significantly varied from a
minimum of 72.8706 mg GAE/g dw on combination of KN
and NAA to a maximum of 95.4002 mg GAE/g dw on
combination of BAP and NAA closely followed by 91.4714
mg GAE/g dw on combination of BAP and IAA. However,
in case of total flavonoid content maximum TFC (18.6476
mg QE/g dw) was found on combination of KN and IAA
while remaining treatments showed at par value ranging
from 4.27 to 4.47 mg QE/g dw.
These differences in TPC and TFC showed effect of growth
regulators on production of phenolic compounds in tissue
culture. This effect was also visible through different callus
colour and callus morphology since there was creamish,
yellow and green coloured callus with friable or compact
morphology.
Antioxidant activity in methanol extract of shoot callus
of anise
Methanol extract of dried callus of anise is obtained from
various growth regulators combinations and evaluated for
total antioxidants, free radical scavenging percentage and
EC50 value by doing antioxidant assay of 1, 1-diphenyl-2-
picrylhydrazin (DPPH) scavenging activity. Butyl Hydroxyl
Toluene (BHT) was used as standard antioxidant.
Antioxidants activity was calculated as with seed extract.
Table 4 showed the total antioxidant like compound (BHT
equivalent/g seed) in callus extract with their antioxidant
activity as DPPH scavenging percentage and their EC50
value.
Total antioxidant was found more (5.2550 mg BHT E/g
dw) in methanol extract of the callus produced on
combination of KN and IAAwhich is closely followed
(5.0017 mg BHT E/g dw) by callus extract produced on
combination of BAP and NAA. Remaining two treatments
showed significantly less antioxidant content with a
minimum of 1.7910 mg to slightly more (3.5570 mg BHT

Table 1: Total Phenolic Content (TPC) and Total Flavonoid Content (TFC) of anise seed extract in different organic
  solvent :

Anise accession Total Flavonoid Content

(mg QE/g seed)

Total Phenolic Content

(mg GAE/g seed )

Methanol extract 0.1045 0.8740

Hexane extract 0.0660 0.7426

SEm (±) 0.0020 0.0130

CD 0.05 0.0081 0.0512

CV % 5.4446 3.6041

E/g dw) on  combination of KN and NAA.
The similar trend was also reflected in scavenging % where
35.11831 % radical scavenging was observed on methanol
extract of the callus produced on combination of Kn and
IAA followed by 31.92196% on combination of BAP and
NAA followed by 24.82358% on combination of KN and
NAA and 14.11374% on combination of BAP and IAA.
EC50 value is however, minimum (6.34062) on combination
of BAP, IAA while the treatments with high scavenging %
showed more EC50 being observed 7.92166 on BAP, NAA,
7.48179 on KN, IAA and 7.16448 mg BHT E/g dw on KN,
NAA combinations.
Relationship between antioxidant activity with
phenolic and flavonoid content
When free radical scavenging % of methanol callus
extracts were correlated with total phenolic and flavonoid
content, there seems a reasonable relationship between
these two. In contrast to seed extract callus extract
showed positive relation between TPC and TFC with
antioxidant activity. The combination of BAP and IAA
however, exhibit inverse relation where high TPC and TFC
resulted in to low antioxidant activity in both anise and
nigella accessions. Reason of this behavior is unknown
and need to be investigated.
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Table 4: Antioxidant activity of methanol extract of shoot callus of anise

Treatments
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Total Antioxidant
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Fig 1: Relationship between antioxidant activity with phenolic and flavonoid content of anise seed extracts.

Fig 2: Relationship between antioxidant activity with phenolic and flavonoid content of anise callus extracts.
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Abstract
In present communication, grinding characteristics coriander (cv. RCr-41), fenugreek (cv. AM-1) and black pepper
(cv. Panniyar–1) were investigated under ambient and cryogenic grinding conditions. The average particle size volume
surface mean diameter, mass mean diameter, volume mean diameter and specific surface of mixture of ambient
ground spices were found higher than that of cryogenic ground spices. The average particle size of ground coriander,
fenugreek and black pepper were 0.492 mm, 0.243 mm, 0.299 mm (cryogenic condition) and 0.843 mm, 0.430 mm,
0.408 mm (ambient condition), respectively. The energy constants and specific energy consumption under cryogenic
grinding were lower than that of under ambient grinding conditions for all studied spices. For black pepper energy
values i.e Rittinger’s constant and Kick’s constant were found as 23.5 and 27.2, and 90.8 and 84.6 for cryogenic and
ambient grinding conditions, respectively. This investigation recommends that grinding characteristics of coriander,
fenugreek and black pepper under cryogenic grinding condition was better than that of ambient grinding condition.

Key words : Coriander, Fenugreek, Black pepper, grinding characteristics, cryogenic grinding, Colour.

Introduction
Coriander (Coriandrum sativum) is an annual herb in the
family Apiaceae and native to southern Europe and North
Africa to Southwestern Asia. It has been used as a folk
medicine for the relief of anxiety and insomnia in Iran.
The seeds of coriander are almost ovate globular and there
are many longitudinal ridges on its surface. The length of
the seed is 3–5 mm and colour, when dried, is usually
brown, but also may be green, straw-colored or off white.
Fenugreek (Trigonella foenumgraecum) is an annual herb
that belongs to the family leguminosae, widely grown in
India, Pakistan, Egypt, and Middle Eastern countries.
India is the largest producer of fenugreek in the World
(Edison, 9). In India, Rajasthan, Gujarat, Uttaranchal, Uttar
Pradesh, Madhya Pradesh, Maharashtra, Haryana and
Punjab are the major fenugreek producing states.
Rajasthan has maximum area and production of about
more than 80% of India’s total production. Due to its strong
flavour and aroma fenugreek leaves and seeds are widely
consumed in Indo-Pak subcontinent as well as in other
oriental countries as a spice in food preparations, and
as an ingredient in traditional medicine. It is rich source
of calcium, iron, carotene and other vitamins (Sharma
et al.,17). Black pepper (Piper nigrum L.) is one of the
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most important spices and its fruits, known as berries,
are dark green in colour which becomes bright orange
and red when ripe. After sun drying, its colour changes
from grayish to dark brown. These are small dark brown
or nearly black spherical fruits with a more or less regular
and deep reticulate, wrinkled surface. It is consumed in
the form of whole, cracked, coarse or medium or fine
powder and oleoresin.
Grinding of spices is an age-old practice like grinding of
other food materials. It is an important unit operation to
increase the surface area of ground spice and therefore
availability of oil content and flavouring components..
Various factors affect the power consumption in grinding
operation e.g. structure of the material, grinding
mechanism and operating parameters (Das, 2). Grinding
is one of the most power consuming unit operations in
which almost 99% of input energy is converted into heat
due to friction whereas 1% is utilized for breaking the
bond between particles. In conventional or ambient
grinding of spices, temperature rises to the extent of 43-
950C (Singh and Goswami, 9) which causes the oil release
and loss of aromatic and medicinal properties of spices.
It makes ground product gummy, sticky and results in
chocking of sieves (Singh and Goswami, 9). Temperature
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rise of the ground product is a major concern of the
conventional grinding process and therefore it is necessary
to perform the grinding under lower temperature
conditions.
Cryogenic grinding of spices has been scientifically proved
to as a suitable technique with less loss of volatile oil
content and improved colour of the product. The flavour,
colour and nutritional values of the product were found
better in cryogenic grinding as compared to ambient
grinding (Shimo et al., 8: Saxena et. al., 2013). The
extremely low temperature in the grinder solidifies the oil
of spices and hence become brittle. The brittle spices
crumble easily, permitting grinding to a finer and more
consistent size (Stepien, 12). Limited research information
is available on grinding characteristics of spices
particularly under cryogenic grinding conditions. In present
study, grinding characteristics and colour attributes of
coriander, fenugreek and black pepper were studied to
investigate the influence of cryogenic and ambient grinding
conditions.
Materials and methods
Sample preparation
Coriander (cv. RCr-41) and fenugreek (cv. AM-1) were
provided from National Research Centre of Seed Spices
(NRCSS), Ajmer, Rajasthan, India while black pepper
(cv. Panniyar–1) was obtained from Indian Institute of
Spices Research (IISR), Kozhikode, Kerala, India.  The
spices were cleaned manually by removing adhered foreign
matter and immature seeds, if any. The initial moisture
content of the coriander, fenugreek and black pepper
seeds were determined (AOAC, 1) and found to be
12.1, 8.1 and 7.8 % w. b., respectively. The spice seeds
of 400 g each samples at its initial moisture content were
used for experimental purpose.
Experimentation
The experiments were conducted at Central Institute of
Post Harvest Engineering and Technology (CIPHET)
Ludhiana, Punjab, India. A laboratory grinder with pin mill
set up (M/s Hosakowa Alpine, Germany, Model: 100UPZ,
three-phase motor, 3 HP, 3000 rpm) was utilized for the
grinding of spices under cryogenic and ambient conditions.
For cryogenic grinding condition, liquid nitrogen (LN2) was
supplied at the entry of feed screw conveyor in the
pre-cooler to bring the feed material to low temperature
(-50 ºC or lower). Feed material from pre-cooler enters at
the centre of the pin mill through feed chute of feed hopper.
Grinding of spice was performed (feed screw speed:
4 rpm, and pin mill speed: 10000 rpm) and the final ground
product was collected at pin mill outlet. Control panel
was used to record the various parameters such as feed
screw speed (rpm), electric current (A) and pin mill speed
(rpm). The grinder was run at no-load condition and value
of electric current was recorded from the control panel.

The value of electric current was also recorded at on load
condition i.e. during the grinding of sample.
Theoretical considerations
The average size of seed, in terms of geometric mean
diameter, was determined by measuring the three linear
dimensions viz., length (L), width (W) and thickness (T)
of randomly picked spice seeds and using following
expression (Sahay and Singh, 7).

    Geometric mean diameter = 3 TWL 
Sphericity () is defined as the ratio of geometric mean
diameter (GMD) to the major intercept. It was calculated
using following expression

         Sphericity,  =
 

L

TWL 3

1



Sieve analysis of ground spices were carried out (Sahay
and Singh, 7), to determine the fineness modulus.
Fineness modulus is calculated by adding the total
percentages of a sample of the aggregate retained on
each of a specified series of sieves and dividing by 100.

100

sieveonretainedpercentTotal
FM 

Using value of FM, the Average Particle Size (Dp) was
calculated using following equation

   Dp =    FM
366.1135.0       (1)

True density (t) was determined by using gas (nitrogen)
pycnometer (make IQI, USA, Model2: Hymipyc). The
pycnometer was calibrated using calibration kit and
standard volume of steel ball having 1.0725 cc and after
this; the weighed samples were used in sample chamber
of the pycnometer for determination of true density.
The various grinding characteristics were evaluated using
following expressions (Sahay and Singh, 7)
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Where, mi,and Dpi are mass retained and mean diameter
in each increment, respectively
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Rittinger’s constant (C) was determined using Rittinger’s
law which states that the work in crushing is proportional
to the new surface created.

p f

1 1E C
x x
 

  
  

     (5)

where, xf  and xp are the diameter of feed and product,
respectively. E is the amount of work required to reduce
a unit mass of feed from xf to xp and C is Rittenger’s
constant.
Kick’s constant (CK) was determined using Kick’s law
which states that energy required to reduce a material in
size is directly proportional to the logarithmic size
reduction ratio.

        E=  fpK xxC ln      (6)

where, Ck is Kick’s constant and xp and xf   are the size of
product and feed, respectively.
The colour of ground spices (spice powder) were measured
using Hunter Lab labScan XE (Hunter Associates
laboratory Inc., Reston, Virginia, USA) in terms of
lightness (L), redness (a) and yellowness (b).  The hue
angle (h0) and croma (C) were computed using following
equations (Mridula et al., 5):

h0 = tan-1 (b/a)      (7)

and  2 2C a b       (8)

Specific surface of mixture (Ass) was determined using
following expression:

                 Ass = 







6/)(

1

tVSD       (9)

Where, sphericity of seed

Weight of one particle = tmD  3)2/()3/4(

Where, t and Dmare true density and mass mean diameter
of ground product, respectively.

Number of particles
Weight of one seed=

Weight of one groundpareticle  (10)

The feed rate (f) was calculated as a ratio of weight of the
feed (Ms) to time consumed during the operation of grinder
(t).

       Feed rate (f), kg/h =
t

M s

Energy consumption during grinding operation (ÄW) was
calculated by following expression

W = NLOL WW  = V × ( IOL - INL )

Where, V is operational voltage of operation and IOL and
INL are the current recorded at on load and no load
conditions, respectively.
Specific energy consumption (E) was determined by
using the following equation

E  = f

6.3W
   (11)

Results and Discussion
Figure 1 presents the grinding characteristics of coriander,
fenugreek and black pepper. For ground coriander, the
average particle size, volume surface mean diameter,
mass mean diameter and volume mean diameter were
found as 0.492 and 0.843 mm, 0.360 and 0.623 mm,
0.393 and 0.713 mm, and 0.323 and 0.523 mm for
cryogenic and ambient grinding conditions, respectively
(Figure 1a). The average particle size, volume surface
mean diameter, mass mean diameter and volume mean
diameter were found as 0.243  and 0.430 mm, 0.308  and
0.388 mm, 0.194  and 0.382 mm, and 0.231  and
0.301 mm, for cryogenic and ambient grinding conditions,
respectively for ground fenugreek (Figure 1b). For ground
black pepper, the average particle size, volume surface
mean diameter, mass mean diameter and volume mean
diameter were found as 0.299  and 0.408 mm, 0.326  and
0.369 mm, 0.263  and 0.410 mm, and 0.252  and
0.286 mm for cryogenic and ambient grinding conditions,
respectively (Figure 1c). It was observed that the average
particle size, volume surface mean diameter, mass mean
diameter and volume mean diameter were found lower in
cryogenic grinding as compared to ambient grinding
(Meghwal and Goswami, 4; Singh and Goswami, 9; Murthy
and Bhattacharya, 6). It may be due to fine powder obtained
in cryogenic grinding due to brittleness of the feed material
under cryogenic conditions.
Figure 2 shows the energy values of coriander, fenugreek
and black pepper. For coriander sample, energy values
i.e Rittinger’s constant and Kick’s constant were found
as 30.1 and 27.2, and 67.5 and 43.4 for cryogenic and
ambient grinding conditions, respectively (Figure 2a). The
energy values i.e Rittinger’s constant and Kick’s constant
were found as 3.8 and 6.1, and 18.3 and 19.8 for cryogenic
and ambient grinding conditions, respectively (Figure 2b)
for fenugreek sample. For black pepper sample, energy
values i.e Rittinger’s constant and Kick’s constant were
found as 23.5 and 27.2, and 90.8 and 84.6 for cryogenic
and ambient grinding conditions, respectively (Figure 2c).
The value of energy constants i.e. Rittinger’s constant
and Kick’s constant found lower in cryogenic grinding in
comparison to ambient grinding.
The colour values of ground coriander and ground
fenugreek are presented in Figure 3. For ground coriander,
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colour values such as L, a, b, hue angle and chroma
were found 51.1 and 46.6, 5.1 and 9.2, 53.8 and 51.4,
85.1° and 80.1°, and 61.3 and 52.6 for cryogenic and
ambient grinding conditions, respectively (Figure 3a). The
colour values e.g. L, a, b, hue angle and chroma were
found as 77.8 and 69.9, 3.8 and 4.6, 28.2 and 38.4, 82.5°
and 82,6°, and 27.7 and 38.9 for cryogenic and ambient
grinding conditions, respectively (Figure 3b) for ground
fenugreek. For ground black pepper, colour values such
as L, a, b, hue angle and chroma were found 33.4 and
35.2, 8.6 and 6.6, 29.7 and 24.1, 73.1° and 74.2°, and
46.7 and 42.4 for cryogenic and ambient grinding
conditions, respectively (Figure 3c). The cryogenically
ground samples are better in colour.
The values of specific surface of mixture, number of
particles/g and specific energy consumption for coriander,
fenugreek and black pepper under cryogenic and ambient
conditions are presented in Table 1.  For coriander,
fenugreek and black pepper, the values of specific surface
of mixture and number of particles/g were higher in
cryogenic grinding conditions in comparison to ambient

grinding conditions. The specific energy consumption for
coriander, fenugreek and black pepper was lower in
cryogenic grinding conditions in comparison to ambient
grinding conditions as expected by Meghwal and
Goswami, 4).
Conclusion
From present investigation on coriander, fenugreek and
black pepper, some grinding characteristics such as the
average particle size, volume surface mean diameter,
mass mean diameter and volume mean diameter were
found lower in cryogenic grinding as compared to ambient
grinding. The energy values i.e Rittinger’s constant and
Kick’s constant were found as 3.8 and 6.1, and 18.3 and
19.8 for cryogenic and ambient grinding conditions,
respectively for fenugreek sample. It was also observed
that for cryogenic grinding in comparison to ambient
grinding, less specific energy consumption was found.
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Table 1. Some grinding parameters of studied spices under different grinding conditions

Spice Grinding
condition

Seed geometric
mean diameter,

mm

Specific surface
of mixture,

mm2/g

Number of
particles/g

Specific energy
consumption,
kWh/tonne

Ambient 3.36 10251 3393 60.00Coriander
Cryogenic 3.36 18081 17397 52.22

Ambient 2.53 17857 27661 35.36Fenugreek

Cryogenic 2.53 22503 153752 14.43

Ambient 4.45 23544 40617 202.17Black
Pepper

Cryogenic 4.45 28971 102721 73.33
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Figure 1. Grinding characteristics under ambient and cryogenic grinding conditions (a) coriander (b) fenugreek and (c)
   black pepper
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Figure 2. Energy constants under ambient and cryogenic grinding conditions (a) coriander (b) fenugreek and (c) black
   pepper
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Figure 3. Colour attributes of ground spices under ambient and cryogenic grinding conditions (a) coriander (b) fenugreek
   and (c) black pepper
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Response of dill (Anethum graveolens L.) cultivars to different
date of sowing

Kirtee Nagpure, I.S. Naruka, S.S. Rathore and K.S.Verma
College of Horticulture, Mandsaur, Madhya Pradesh-458001

Abstract
A field experiment was conducted during the rabi 2012-13 at the research farm, College of Horticulture, Mandsaur
(Madhya Pradesh) to study the response of dill (Anethum graveolens L.) cultivars to different date of sowing. The
experiment consisting of four date of sowing viz., 5th October (D1)), 20th October (D2), 4

th November (D3) and 19th

November (D4), and three  cultivars viz., NRCSS AD-1(V1), NRCSS AD-2(V2) and Local cultivar (V3). was carried out in
factorial RBD design with four replications. The date of sowing significantly influenced the growth, yield and quality
attributes of different dill cultivars.  Maximum plant height at 40, 80 and 120 DAS , number of branches plant-1 at
harvest recorded with sowing on 20th October in the cultivar NRCSS AD-1 and days to 50% flowering with sowing on
05th October in the cultivar NRCSS AD-1. Minimum days taken to germination were taken with sowing on 05th October
in NRCSS AD-2 cultivar.  Maximum value in respect to yield and quality attributes such as fresh weight plant-1 at 40,
80 and 120 DAS, dry weight plant -1 at 40, 80 and 120 DAS, number of umbels plant-1, number of umbellets umbel-1,
number of seeds umbel-1, test weight, seed yield (q ha-1), chlorophyll content in leaves at 60 and 90 DAS (SPAD) were
recorded, with 20th October in the cultivar NRCSS AD-1. However, maximum biological yield (q ha-1), straw yield (q ha-

1) and essential oil content of seeds were recorded with sowing date of 05th October in the cultivar NRCSS AD-1. Thus
sowing of dill on 20th October will be variety NRCSS AD-1 is better for reaching higher growth and yield.

Key words : Anethum graveolens L. (European dill), Anethum sowa Roxb (Indian dill), date of sowing, cultivars

Introduction
Dill, popularly known as sowa, is one of the oldest
cultivated seed spices of India. There are two species of
dill under cultivation i.e. European dill (Anethum
graveolens L.) and another closely related is Indian dill
(Anethum sowa Roxb). Dill seed are used, both as such
and in ground form for its application as a condiment in
soups, salads, processed meat, sausages, sauces and
pickling. Ground seed is an ingredient of seasoning. Both
seed and oils are used in formulation of various ayurvedic
medicines. The gripe water is prepared from its seed,
which is used to improve digestion and control vomiting
in infants and children. In India dill seed is cultivated in
about 9.351 thousand hectare with production of about
5.660 thousand tones DASD (5). The dill is cultivated
commercially in Rajasthan, Gujarat, Maharashtra, Andhra
Pradesh and Madhya Pradesh states of India.
The optimum sowing dates plays a decisive role in growth
and production of dill. Sowing time is the most critical
factor for achieving higher productivity of dill. Advanced or
delayed sowing may cause substantial reduction in yield
due to its sensitivity to low or high temperature. Advance
planting induces early flowering on account of high
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atmospheric temperature which ultimately lead to poor
seed setting and hence low yield on the other hand, late
sown crop dose not attain required vegetative growth and
consequently results in poor yield.
The genotype performance varies with location season
and management practices phenotypic expressions of
the plant character is mainly controlled by the combined
product of genetic constituents of the plant and
environment very less information are available on optimum
date of sowing with improved variety of dill. Therefore, it is
essential to study the available genotype in different date
of sowing during rabi and summer seasons. The positive
effect of environmental factor on growth and yield could
be harnessed if the information on optimum time of sowing
is made available with the availability of improved varieties.
Materials and methods
The field experiment was conducted during rabi season
2012-13 at the research farm, RVSKVV, College of
Horticulture, Mandsaur (Madhya Pradesh) on light black
loamy soil having pH 7.2, EC 0.35 dS/m, low level of
available nitrogen (243 Kg ha-1), medium in available
phosphorus (19.75 Kg ha-1) and high in available potassium
(448.0 Kg ha-1). The average annual rainfall is 544.05 mm.
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The experiment was laid out in factorial RBD design with
four replications. There were 12 treatment combinations
compressing of  four dates of sowing viz., 5th October
(D1)), 20th October (D2), 4th November (D3) and 19th

November (D4), and 3 cultivars viz., NRCSS AD-1 (V1),
NRCSS AD-2(V2) and Local cultivar(V3). The pure, healthy,
disease and insect free vigorous and good quality dill seed
treated with carbendazim @ 2 gm per kg seed. The crop
were sown using the seed rate of 5 Kg ha-1 and then
sown in furrows opened at 40 cm row spacing and covered
with soil properly in prepared plot and thinning was done
at 30 DAS to remove the excess plants to maintain
uniform plant spacing 20 cm. Two weeding and hoeing
were done manually, first at 30 DAS and second at 60
DAS to control the season bound weeds. A basal dose of
well rotten farmyard manure @10 tonnes ha-1 was
incorporated in the soil before one month of sowing. In
addition to this, a uniform dose of 50 kg N ha-1 through
urea, 30 Kg P2O5 ha-1 through SSP and 20 Kg K2O ha-1

through MOP was applied for better growth and proper
nutrition of dill. In order to safe guard the plant against
aphids, dimethoate (0.03%) was sprayed on the plants
twice, wettable sulphur (3 g l-1) was sprayed to prevent
the crop from powdery mildew. First irrigation was given
just after sowing followed by light irrigation at 10 days
after sowing to facilitate proper germination and
establishment of the crop seedling. Subsequent irrigations
were given almost at fortnightly intervals as per need of
the crop. The crop was harvested with the help of sickle.
The harvested material of each plot was tied in bundles,
tagged and kept on the threshing floor for sun drying.
After sun drying the threshing of the individual plots was
done with the help of wooden sticks and winnowed to
separate seeds and straw. Seeds were weighed and plot
wise samples were taken. Seeds and straw were
separated for further analysis. Observations were recorded
on growth attributes viz., days to germination, plant height
(cm) at 40, 80 and 120 DAS, number of branches plant-1

at harvest and days to 50% flowering, yield attributes
viz., fresh weight (g) plant-1 at 40, 80 and 120 DAS, dry
weight (g) plant -1 at 40, 80 and 120 DAS, number of
umbels plant-1, number of umbellets umbel-1, number of
seeds umbel-1, test weight (g), biological yield (q ha-1),
straw yield (q ha-1), seed yield (q ha-1) and harvest index
(%) The quality attributes, chlorophyll content in leaves
was determined at 60 and 90 DAS with the help of SPAD
meter and essential oil content (%) of seeds was estimated
by clevenger apparatus by stem distillation method
A.O.A.C. (2).
Result and discussion
Effect of date of sowing
Significantly higher plant growth attributes viz. plant height
at 40(19.9), 80(70.3) and 120(155.9) DAS, number of
branches per plant at harvest (42.1) were recorded in 20th

October date of sowing, days to 50% flowering (89.7)
and minimum days taken to germination (6.9) of seed
were recorded in 05th October date of sowing (Table-1).
These significant variations may be attributed to vigorous
vegetative growth, which resulted with favorable climatic
conditions including sun light, proper aeration, and proper
nutritional environment in root zone as well as in the plant
system. This may be due to suitable climate conditions,
which facilitated better germination, crop establishment
and less chances of occurrence of diseases and pest as
compared to other sowing dates. Similar results were
also reported by Baswana et al. (4) in fennel crop.
The yield attributes significantly increased with early date
of sowing (Table 1 and 2). An adequate date of sowing in
life of a plant is considered important in promoting rapid
vegetative growth, number of branches per plant, plant
height. Highest fresh weight of plant at 40(7.9), 80(70.9)
and 120(270.9) DAS, dry weight of plant at 40(1.4), 80(8.7)
and 120(85.8)DAS, number of umbels per plant (82.8),
number of umbellets per umbel (31.3), number of
seed per umbel (535.1), test weight (5.8) and seed yield
q ha-1(16.1) was recorded with 20th October date of sowing.
However, highest straw yield q ha-1 (27.9) and biological
yield q ha-1 (43.3) was recorded with 05th October date of
sowing.  Improvement in overall growth i.e. plant height
and number of branches per plant with the early date of
sowing coupled with increased net photosynthesis towards
reproduction structure, on the other, might have increased
the yield attributes significantly. This may be due to the
fact that delay sowing could not have sufficient time for
vegetative growth, result in poor plant canopy which
adversely affected the fresh and dry weight of plant at 40,
80 and 120 DAS, number of umbels per plant, number of
umbellets per umbel, number of seeds per umbel and
test weight. The yield was reduces during the later sowing
dates as the plants do not have sufficient time for
vegetative growth and entered the reproductive phase at
a faster rate thus forces maturity due to high temperature
during seed development. Similar results were also
reported by Baswana et al. (4) in fennel, Randhawa et al.
(9) in fennel,  Anwer et al. (1) in dill and Meena et al. (8) in
anise.
The quality attributes significantly increased (Table 2) with
date of sowing. Maximum   chlorophyll content of leaves
at 60(5.0) and 90(1.9) DAS was recorded with 20th October
date of sowing  and essential oil content of seed(3.5)
with 05th October date of sowing.  Late date of sowing, in
general adversely affect the plant growth and development.
Thus, early date of sowing increased availability of
nutrients, light and moisture to plant coupled with
increased metabolic activity at the cellular level probably
might have increased the nutrients uptake and
accumulation in the vegetative plant parts. Increased
accumulation of nutrients especially in vegetative plant
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parts possibly with improved metabolism led to greater
translocation of these nutrients to reproductive organs
(seed) of the crop. Similar results were also reported by
Malhotra et al. (6) in dill.
Effect of cultivars
There was significant effect of cultivars on growth attributes
(Table 1). The cultivar NRCSS AD-1 was significantly
superior to cultivar NRCSS AD-2 and Local cultivar with
respect to growth parameters viz., plant height at 40(17.5),
80(67.6) and 120(149.4) DAS, number of branches per
plant (38.6) and days to 50% flowering(93.2). Minimum
days taken to germination(7.3) by cultivar NRCSS AD-2 .
This might be due to difference in their genotypic potential
and better adaptability to soil and climate. The similar
result was reported by Malhotra et al. (6) in dill, Malhotra
et al. (7) in nigella and Balai et al. (3) in coriander.
The yield attributes of dill significantly increased with
cultivar (Table 1 and 2). Maximum fresh weight of plant at
40(7.5), 80(68.2) and 120 (261.8)DAS, dry weight of plant
at 40(1.3), 80(8.3) and 120(79.5) DAS, number of umbel
per plant(79.7), number of umbellets per umbel(30.4),
number of seed per umbel(496.3), test weight (5.4), seed
yield q ha-1 (14.6), straw yield q ha-1 (25.1) and biological
yield q ha-1(39.7) were recorded in cultivar NRCSS AD-1
as compared to cultivar NRCSS AD-2, and Local cultivar,
which might be due to the greater genetic potential of the
cultivar NRCSS AD-1. The higher value for growth
parameters recorded in cultivar NRCSS AD-1 is might be
one of the reasons as these parameters contribute directly
or indirectly towards yield and yield attributing characters.
Similar results were also reported by Malhotra et al. (6) in
dill, Malhotra et al. (7) in nigella and Balai et al. (3) in
coriander.
The cultivar NRCSS AD-1 was significantly superior in
respect to quality attributes. The chlorophyll content of
leaves at 60(5.0) and 90(2.0) DAS and essential oil
content of seed(2.8) was higher under the cultivar NRCSS
AD-1 as compare to the cultivar NRCSS AD-2 and Local
cultivar which might be due to the difference in their
genotypic potential with respect to polygenic traits and
adaptability to soil and climate. The Similar results were
also reported by Malhotra et al. (6) in dill crop.
Economics
 The date of sowing and cultivars (Table 2) significantly
influenced the gross return, net return and benefit cost
ratio. The highest gross return (80591.6 Rs ha-1), net return
(67891.6 Rs ha-1) and benefit cost ratio (5.3:1) was
recorded with 20th October date of sowing. In the cultivars
highest gross return (73215.6 Rs ha-1), net return
(60490.6 Rs ha-1) and benefit cost ratio (4.7:1) was
recorded with cultivar NRCSS AD-1. The similar results
were also reported by Shanu et al. (10) in coriander and
Meena et al. (8) in anise.
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Abstract
Fennel generally known as Saunf (Foeniculum vulgare) belongs to Apiacae family, which is mainly cultivated in
Gujarat, Rajasthan and Uttar Pradesh. It is used as condiment and culinary spice. Fennel is cultivated in about 25,000
ha with a production of about 30,000 MT in our country (Spice Board India). Generally broadcasting method of sowing
is being practiced by farmers. However information regarding sowing time and proper spacing in direct sowing by seed
drill is required for better seed yield. In view of this, field experiments were conducted at Agricultural Research Sub
Station, Kumher (Bharatpur) during 2007-08 to 2009-10 with four dates of sowing i.e. 15 August, 30 August, 15
September and 30 September and three different methods of sowing i.e. broadcasting (dry sowing), sowing by seed
drill at 45 x 30 cm and sowing by seed drill at 45 x 45 cm in conserved moisture. The results revealed that 15 August
sowing and 45 x 30 cm plant spacing of fennel produced high mean seed yield (21.78 q ha-1) with highest net return
Rs. 63447 and C:B ratio 1:3.68 closely followed by 30 August sowing and 45 x 30 cm spacing (21.29 q ha-1) with net
return Rs. 61659 and C:B ratio 1:3.62. Hence, sowing of fennel in the month of August at spacing of 45 x 30 cm by
seed-drill in conserved moisture is better than spacing of 45 x 45 cm and broadcasting method of sowing.

Key words : Fennel, sowing methods,  sowing dates, spacing, seed yield, economics.

Introduction
India is the largest producer of fennel having 64.5% share
of total world’s production. It occupies an area of about
41,368 hectares with a production of about 58,265 tones
and productivity 1408 Kg/ha in India during 2010-11. Fennel
is grown largely in Gujarat, Rajasthan & Uttar Pradesh.
India being the world largest producer of fennel seeds
dominates in the world market with major export markets
at USA, Singapore, UK, UAE, Sri Lanka, Malaysia, Saudi
Arabia & Japan. It is tall, hardy and erect growing herb
and grows from 90-150 cm. in height (Lawrence, E., 4).
Fennel is mainly cultivated for its seeds (fruits) which
have a pleasing fragrance and a pleasant aromatic taste.
It is widely used in various Indian dishes for flavoring
soups, sauces, pastries, confectioneries, bread rolls,
liquors, meat dishes and in the seasoning of pickles. In
India, fennel seeds are chewed alone or in betel leaf. It
can be utilized as carminative, diuretic, expectorant and
stimulant, antispasmodic and stomachic. It is also used
in gastroenteritis, hernia indigestion and abdominal pain
(Said, 6). In India consumption of Fennel seed increases
in the month of March to June. These days are generally
hot, and Fennel seeds contain cool and refresher taste.
Essential oil extracted from fennel seeds is used for
manufacturing cordials and as a fragrant agent in toiletries
such as soaps and shampoos. The most fascinating

International J. Seed Spices 4(1), January 2014:76-78

*Corresponding author:  E-mail: ksindoaliya@gmail.com

phytonutrient compound in fennel, however, may be
anethole—the primary component of its volatile oil. In
animal studies, the anethole in fennel has repeatedly been
shown to reduce inflammation and to help prevent the
occurrence of cancer.
In Rajasthan shortage of available water, specially in rabi
season is well known and it is fact that if we sow any of
the crop in furrows with seed drill at conserve moisture,
the root framework develops deeper in comparison to crop
sown by broadcasting method. Secondly in view of the
long duration crop, if we sow the fennel crop late, i.e. in
month of October or November as in Flood Prone Eastern
Plain of Rajasthan state farmers generally sow the crop
with wheat consequently it receive short crop duration to
mature resulting in poor yield. The crop duration also
decides the yield of the crop. Hence sowing of the crop
at proper time to provide full duration for vegetative &
reproductive growth of fennel crop and sowing by seed
drill at conserve moisture helps in development of deeper
root framework, consequently low need of irrigation water.
Fennel is a long duration crop (205-215 days crop). It
requires fairly mild climate and is cultivated as a winter
crop. It is a cold weather crop in North India. Dry and cold
weather favours higher seed production. Conventionally
fennel is sown in September- October by broadcasting
method of sowing followed by irrigation. Maximum genetic
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potential of the fennel can not be harvested without
ensuring the proper date and method of sowing. The
present investigation was carried out with following
objectives:
(i) To find out proper time of fennel sowing to get

maximum seed yield.
(ii) To find out suitable method of fennel sowing to

get maximum seed yield.
Materials and methods
The present investigation aimed to gather information on
appropriate date of sowing and method of sowing of fennel
crop. The experiment was sown on 4 dates i.e. 15th

August, 30th August, 15th September and 30th September
with 3 methods i.e. 45 x 30 cm spacing at conserved
moisture, 45 x 45 cm. spacing at conserved moisture
and broadcasting method of sowing followed by irrigation.
Treatment combination- Date of sowing and plant spacing
1. 15 Aug - 45x30 cm 7. 15 Sept - 45x30 cm
2. 15 Aug- 45x45 cm 8. 15 Sept- 45x45 cm
3. 15 Aug- Broadcasting 9. 15 Sept- Broadcasting
4. 30 Aug - 45x30 cm 10. 30 Sept- 45x30 cm
5. 30 Aug- 45x45 cm 11. 30 Sept -45x45 cm
6. 30 Aug- Broadcasting 12. 30 Sept- Broadcasting
The experiment was laid out in a Factorial Randomized
Block Design with three replications during rabi season
from 2007-08 to 2009-10 at Agricultural Research Sub
Station (SKRAU) Kumher (Bharatpur), Rajasthan. The
experiment was conducted in heavy textured tank bed
situation. Harvested rainy water was used in first irrigation
and underground water which is saline in nature, was
given in subsequent irrigations.
The experiment plot comprised six rows each of 4 meter
length. Recommended uniform agronomical practices
were followed for raising the crop. Observations for grain
yield were recorded on whole plot basis. The mean of
each plot used for statistical analysis. The data were first
subjected to the usual analysis followed for a randomized
block design.
Results and discussion
Data shown in table 1 revealed that 15 August sowing
and 45 x 30 cm plant spacing of fennel produced high
mean seed yield (21.78 q/ha.) with highest net return Rs.
63447 and C:B ratio 1:3.68 closely followed by 30 August
sowing and 45 x 30 cm spacing (21.29 q/ha.) with net
return Rs. 61659 and C:B ratio 1:3.62. Hence, sowing of
fennel in the month of August at spacing of 45 x 30 cm by
seed-drill at conserve moisture was better than at spacing
of 45 x 45 cm and broadcasting method of sowing. As
fennel is long duration crop, it almost takes seven months
to mature. Sowing in month of August provides sufficient
time for vegetative and reproductive phase of the crop,

hence sowing in second fortnight of August gave better
yield in Flood Prone Eastern Plains of Rajasthan in
comparison to September sowing.
The low yield in case of late sowing (September) might
have been due to shorter vegetative growth period, smaller
plants and less leaf area which resulted in smaller
photosynthetic apparatus and thus less sink (umbels and
seeds) was developed accordingly. These results are
supported by the findings of Kaya et al. (3) and Mohan et
al. (5).
 Likewise line sowing by seed drill provides better seed
yield than broadcasting method of sowing. It may be due
to better root framework development occurred in plants
sown by seed drill in conserved soil moisture condition in
comparison to poor root framework developed in plants
sown by broadcasting method of sowing. These results
are also confirmed by Ayub et al. (1). Maximum genetic
potential of the fennel can not be harvested without
ensuring the proper sowing method. Maximum plant
density was recorded in broadcast method and minimum
in line sowing at 45 x 45 cm plant spacing. Transplanting
method of fennel gave 38% higher seed yield than direct
seeding (Yadav and Khurana, 7). Ahmed et al. (2) also
confirmed that row spacing 40 cm gave maximum plant
height (114.7 cm), seed weight/ umbel (2.2 g) and seed
yield per ha.
Conclusion
Sowing of fennel crop in second fortnight of August by
seed drill at conserved moisture at 45 x 30 cm plant
spacing gave best yield in Flood Prone Eastern Plains of
Rajasthan state in heavy textured tank bed irrigated
conditions. Sowing of fennel at conserved moisture also
save the precious water required for irrigation. Line sowing
with 45 x 30 cm crop geometry on 15 th August is
recommended to realize better yield and economic returns.
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Table 1. Response of fennel crop to sowing method and dates of sowing.

Fennel yield (q/ha)S.

No.

Treatment
combination

2007-08 2008-09 2009-10 Mean

Gross
income

Cost of
cultivation

Net
return

C:B
ratio

1. 15 Aug  45x30 cm 22.40 24.23 18.70 21.78 87120 23673 63447 1:3.68

2. 15 Aug 45x45 cm 20.70 20.00 17.43 19.38 77520 22833 54687 1:3.40

3. 15 Aug
Broadcasting

16.33 15.03 13.40 14.92 59680 21272 38408 1:2.81

4. 30 Aug  45x30 cm 21.27 24.33 18.27 21.29 85160 23501 61659 1:3.62

5. 30 Aug 45x45 cm 17.97 20.97 17.13 18.69 74760 22591 52169 1:3.31

6. 30 Aug
Broadcasting

15.97 15.07 13.17 14.74 58960 21209 37751 1:2.78

7. 15 Sept  45x30 cm 18.33 22.20 17.23 19.25 77000 22787 54213 1:3.38

8. 15 Sept 45x45 cm 17.57 19.97 16.00 17.85 71400 22297 49103 1:3.20

9. 15 Sept
Broadcasting

14.40 14.00 12.30 13.57 54280 20800 33480 1:2.61

10. 30 Sept  45x30 cm 16.47 19.90 17.43 17.93 71720 22325 49395 1:3.21

11. 30 Sept 45x45 cm 15.33 18.37 13.37 15.69 62760 21541 41219 1:2.91

12. 30 Sept Broad 10.07 12.03 11.27 11.12 44480 19942 24538 1:2.23

S.Em + 0.76 0.91 0.90

C.D at 5% 2.10 2.53 2.51

C.V. % 7.62 8.40 10.12
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Abstract
The performance of four recommended cumin varieties viz., RZ-19, RZ-209, RZ-223 and GC-4 was validated during rabi
2010-11 at eight farmer’s field in Transitional Plain of Luni Basin of Rajasthan. During 2011-12, a technology package
of improved seed (var. GC-4) and plant protection measures viz., installation of yellow sticky traps @ 12ha-1 at 50 days
after sowing and foliar spray of imidacloprid 17.80 SL @ 100 mlha-1 for management of aphid was tested at 33 farmer’s
field. During 2011-12, plant protection technology on management of sucking pest in standing crop of cumin was also
validated at 20 farmer’s fields in a technology village programme. Field day programmes were also organised at
experimental sites to witness the performance of cumin varieties and effect of technology package vs. farmer’s practice.
Improved cultivation practices including high yielding and disease resistant varieties GC-4 and RZ-223 followed by
plant protection measures viz., installation of yellow sticky traps @ 12ha-1 at 50 days after sowing and foliar spray of
imidacloprid 17.80 SL @ 100 ml ha-1 may be adopted for enhancing the production, productivity and quality of cumin
in Transitional Plain of Luni Basin of Rajasthan.

Key words : Cumin, farmer participatory approach, plant protection measures, seed yield, variety.

Introduction
Cumin (Cuminum cyminum L.) is an important seed spice
cultivated in India. It has very high export potential and its
commercial value is determined by colour, appearance,
taste, pungency, texture, shape and volatile oil content,
etc. It is used for flavouring the food products but in addition
it is also used in preservation of food and provision of
nutritional and health benefits (Nazeeem, 3). Cumin have
good antioxidant potential and this species can be used
to produce novel natural antioxidants as well as flavouring
agents that can be used in various food products (Nadeem
and Riaz, 2). The most important chemical component of
cumin is essential oil content, ranging from 2.5 to 4.5
percent. The essential oil is responsible for the
characteristic cumin odour (Peter, 4).
In India, cumin is mainly cultivated in Gujarat and
Rajasthan states. It requires moderately cool, dry and
frost free clean weather conditions for proper growth and
development. In Rajasthan, the major area under cumin
cultivation has been covered by district Barmer, Jalore,
Jodhpur, Nagaur and Jaisalmer. District Pali, Ajmer,
Bhilwara, Sirohi, Tonk and Churu have also occupied
some area under cumin cultivation. Presently, its
cultivation is becoming more popular in western Rajasthan
because of poor soil fertility, undulated topography and
less availability of irrigation water. The method of irrigation
mainly applied in cumin particularly on undulated
topography is sprinkler. In Rajasthan, cumin has occupied
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average area of 330634 ha with annual production of
114925 tones and average productivity of 348 kg ha-1

(Anonymous, 1).
Wilt, powdery mildew and blight are common diseases
and aphid is a major sucking pest adversely affecting the
production and productivity of cumin in western Rajasthan.
Cultivation of high yielding and disease resistant variety
is of paramount importance to harness higher yield of a
crop. The farmer participatory action research is a very
effective means for validation and dissemination of
technology among farmers. Hence, keeping in view, a
farmer participatory action research under RKVY
programme was undertaken with the objective to validate
the performance of varieties and plant protection measures
at farmer’s fields with farmer participation.
Materials and methods
The present study has been conducted at farmer’s fields
in Transitional Plain of Luni Basin of Rajasthan (zone IIb),
which covers whole area of district Jalore and Pali, and
part of district Jodhpur and Sirohi. The performance of
four recommended cumin varieties viz., RZ-19, RZ-209,
RZ-223 and GC-4 was validated during rabi 2010-11 at
eight farmer’s fields in different parts of zone IIb. The
experiment was laid out in strips of 0.40 ha and each
variety was accommodated in a strip of 0.10 ha at each
location. Experimental input like treated seed @ 15 kg
ha-1 and fertilizers @ N 30 kg ha-1 and P 20 kg ha-1 as per
zonal recommendation were provided to famers.



International Journal of Seed Spices

80

During 2011-12, a technology package of improved seed
(var. GC-4) and plant protection measures viz., installation
of yellow sticky traps @ 12 ha-1 at 50 days after sowing
and foliar spray of imidacloprid 17.80 SL @ 100 ml ha-1

for management of aphid was tested at 33 farmer’s fields
(Jalore 10, Pali 12, Sirohi 5 and Jodhpur 6 farmers).
The technology demonstration was laid out in strips of
0.40 ha at each location. Experimental inputs like treated
seed, recommended dose of fertilizers, plant protection
chemicals and yellow sticky traps were provided to famers.

In another programme during 2011-12, management of
sucking pest in standing crop of cumin at 20 farmer’s
fields in village Alwara, tehsil Sayala, district Jalore was
also under taken in a technology village programme.   In
this programme, only plant protection measures viz.,
installation of yellow sticky traps @ 12 ha-1 at 50 days
after sowing and foliar spray of imidacloprid 17.80 SL
@ 100 ml ha-1 were tested for aphid management in
standing crop of cumin.

As a part of extension activities, field day programmes
were also organised at experimental sites to witness the
performance of cumin varieties and effect of technology
package vs. farmer’s practice.

Results and discussion
Varietal performance
A wide range of variation for seed yield has been recorded
among cumin varieties. The maximum seed yield of 4.34
q ha-1 was recorded in variety RZ-223, which was followed
by GC-4, RZ-209 and RZ-19 with 4.22, 2.85 and 1.94 q
ha-1, respectively (Table 1). It was observed that the
productivity of cumin was mainly affected by the infestation
of wilt and blight diseases. Variety RZ-19 was found most
susceptible to diseases followed by RZ-209; however, in
case of GC-4 and RZ-223 disease infestation was much
lesser.

The cultivation of disease resistant variety is the most
important aspect to minimize the use of chemicals in
crop production. Present study revealed that RZ-223 and
GC-4 are potential varieties with high degree of disease

resistance. Therefore, cultivation of these two varieties
should be promoted for enhancing the production and
productivity of cumin in Transitional Plain of Luni Basin of
Rajasthan.

Effect of improved seed and plant protection measures
on cumin yield
The average seed yield of cumin under technology
package was 8.29 q ha-1 however; in farmer’s practice it
was 6.43 q ha-1. Hence, there was an increase of 28.93%
in seed yield of cumin by the use of improved seed (var.
GC-4) and installation of yellow sticky traps @ 12 ha-1 at
50 days after sowing and foliar spray of imidacloprid
17.80 SL @ 100 ml ha-1 for control of aphid (Table 2).
Therefore, yield optimization in cumin may be realised
with the use of disease resistant variety and plant
protection measures against aphid.

Effect of plant protection measures on cumin yield
The average seed yield of cumin under technology
package was 7.90 q ha-1 however; in farmer’s practice it
was 6.73 q ha-1. Technology package of plant protection
measures consisting installation of yellow sticky traps
@ 12ha-1 at 50 days after sowing and foliar spray of
imidacloprid 17.80 SL @ 100 ml ha-1 for management of
aphid has provided 17.38% higher seed yield over farmer’s
practice (Table 3).

Conclusion
Improved cultivation practices including high yielding and
disease resistant varieties like GC-4 and RZ-223 followed
by plant protection measures viz., installation of yellow
sticky traps @12 ha-1 at 50 days after sowing and foliar
spray of imidacloprid 17.80 SL @ 100 ml ha-1 for control
of aphid needs to be promoted for yield optimization of
cumin.
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Abstract
The response of different seed spices varieties in different date of sowing were tested under field condition during
winter season of 2011-12 in collaboration of National Research Centre on Seed Spices, Ajmer. Early sowing of fennel
on 10th October significantly increased the yield (8.96 q/ha) than mid and late sown condition whereas the mid season
sowing of coriander, ajwain and  fenugreek on 20th October  produced 14.74, 8.85 and 17.04 q/ha, respectively over the
early and late sown condition. The variety RF-125 of fennel, RCr-436 of coriander, AA-1 of ajwain and  Ajmer  methi-2
variety of fenugreek was found best in term of yield and yield attributes. The variety AF-1, RF-101 of fennel, ACr-1, RCr-
435 of coriander, AM-1 and RMt-143 of fenugreek was found to inferior in production of crop in Baran district of
Rajasthan.

Key words : time, fennel, coriander, ajwain,, fenugreek, cumin.

Introduction
Seed spices, an important group of horticultural crops,
are defined as vegetable products or mixture thereof, free
from extraneous matter, primarily used for flavouring,
seasoning and imparting aroma to foods. Rajasthan and
Gujarat have been emerged as “Seed spice bowl” and
together contribute more than 80% of total seed spices
produced in the country. In Rajasthan Baran district is
famous for coriander cultivation account for 84432 ha land
and other spices like fennel, nigella, fenugreek, ajwain
grown to some extent. The productivity of coriander in
the district is 16.58 q per ha during the year 2011-
12.Change in climatic conditions is resulting shifting in
seasons. The sowing time of seed spices are changing
in coming years due to increase of atmospheric
temperature. In present situation farmers use high seed
rate due to poor health of soil and water resources. There
is need to standardize sowing time for each crops taking
into consideration of  changes in  weather parameters
under change climatic scenario Therefore, an experiment
was carried out to standardize the sowing time of differ
rent seed spices grown in Baran district of Rajasthan.
Materials and methods
The response of different seed spices varieties in different
date of sowing were tested under field condition during
winter season of 2011-12 in collaboration of National
Research Centre on Seed Spices, Ajmer. The soil of study
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area is black cotton having good water holding capacity,
8.05pH and soil water retention between 0.1-15 bars is
24.9 and infiltration rate (0.2 cm/hr). The   experimental
soil contains 287, 21.9 and 281 kg/ha available N, P2O5
and K2O, respectively. Sowing of four types of seed spices
i.e. fennel varieties AF-1, RF-101, RF-125, coriander
varieties ACr-1, RCr-436, RCr-435, ajwain varieties AA-1,
AA-2, and fenugreek variety  AM-1,AM-2 and RMt-143
were sown on10th, 20th and 30th October 2011 and compared
with control local variety. The experiment is laid out in
factorial randomized block design with three replications.
The seed were sown in south to west direction for the
p e n e t r a t i o n  o f  l i g h t  t o  a l l  t h e  p l a n t  S i n g h et al.,(2). All
improved package of practices were followed to raise the
crop under irrigated condition under supervision of
N.R.C.S.S., Ajmer and K.V.K., Anta, Baran Scientists.
Vegetative growth of all the spices crops were measured
time to time and the yield data were recorded on the
basis of one square meter plot yield basis. The data was
analyzed as per statistical procedure given by Panse and
Sukhatme, (1).
Results and discussion
The results of the experiment presented in table 1 indicated
that the early sowing of fennel on 10th October was
significantly more effective to increased plant height,
number of branch, number of root, length of root, number
of umbel let s/umbel, number of seed/umbel, test weight
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and harvested highest yield  (8.96q/ha) than mid and late
sown condition. The fennel variety RF-125 sown resulted
highest yield (9.77q/ha) in comparison of AF-1, RF-101
and local variety. Highest yield of RF-125 was due to the
highest, number of umbel let per umbel and number of
seed per umbel. Vihol et. al. (3) incidence of blight disease
increased during crop stage i.e. last week of December
and February found in mid late sown of fennel.
Performance of all the coriander varieties sown in mid
season i.e. 20 th October was significantly better than
early and late sown condition (Table-2). Highest yield
(16.74 q/ha) was recorded in variety RCr-436 followed by
RCr-435, ACr-1 and local variety. The yield performance
of ACr-1 (11.03 q/ha) and local variety (10.08 q/ha) was
poor in the district. Lower yield of early sown coriander
was due occurrence of frost injuries during flowering period
and in late sown condition infestation of aphid and powdery
mildew was found. However, sowing of coriander in early
and late conditions was ineffective to increase number of
branches per plant and yield parameter of plant. The
germination of coriander was found poor in early sown
crop due to the high temperature of soil (Singh et al., 2).
The variety Ajmer Methi-2 exhibited the highest yield
(17.49 q/ha) in comparison AM-1, RMt-143 and Local
variety (Table-3). Sowing  of fenugreek  on  20 th October
found better   and  highest yield of 17.04 q /ha  was
obtained  which is significantly  higher over  early  and

late sown condition. In mid season the germination and
vegetative growth of crop was better than early and late
sowing.
The cultivation of ajwain was a new crop for the district
and local variety was not available for the comparison of
varietal effect. Among the two varieties of ajwain AA-1
performance was found better than AA-2 and sowing of
all two varieties on 20 th October non significantly
increased the yield of crop than early and late sowing
(Table-4). In mid season the germination and vegetative
growth of crop was better than early and late sowing. The
highest yield (8.05q/ha) was recorded in AA-1 variety than
AA-2 (7.92 q/ha).
Conclusion
Early sowing of fennel on 10th October is better than mid
and late sown condition whereas the mid season sowing
of coriander, ajwain and nigella on 20th October was
superior  for realizing higher  yield. The variety RF-125 of
fennel, RCr-436 of coriander, AA-1 of ajwain and  Ajmer
Methi-2 of  fenugreek was found best in term of yield and
yield attributes.
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Table-1: Effect of sowing time and variety on yield of fennel under irrigated condition

 Treatments No of umbel
Let

s/umbel

No of
Seed/umbel

1000
Seed
Wt.(g

Yield
/ha(q/ha)

Varieties
 AF-1 18.43 25.83 21.44 7.67
 RF-101 20.12 27.18 24.25 8.68
 RF-125 23.03 41.48 25.73 9.77
 Local 18.09 25.12 21.06 7.33
    S.Em 0.86 1.34 0.99 0.35
    CD(O=0.05) 2.56 3.98 2.93 1.05
Date of sowing
 10 Oct 19.96 30.23 23.53 8.96
 20 Oct 19.91 29.77 23.00 8.29
 30 Oct 19.90 29.71 22.84 7.84
    S.Em 0.70 1.09 0.81 0.29
    CD(O=0.05) NS  NS  NS 0.86
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Table-2: Effect of sowing time and variety on yield of coriander under irrigated condition

 Treatments No of umbel
Let

s/umbel

No of
Seed/umbel

1000
Seed
Wt.(g

Yield
/ha(q/ha)

Varieties
 ACr-1 7.00 57.79 11.21 11.03
 RCr-436 7.00 71.55 17.26 16.74
 RCr-435 7.00 71.16 17.38 15.79
 Local 6.50 56.36 44.45 10.08
    S.Em 0.32 3.05 1.84 0.65
    CD(O=0.05)  NS 9.05 5.48 1.93
Date of sowing
10 Oct 6.85 63.94 14.27 13.05
20 Oct 6.95 65.31 14.64 14.74
30 Oct 6.83 63.40 14.08 12.45
    S.Em 0.27 2.49 0.56 0.53
    CD(O=0.05) NS  NS  NS 1.58

Table-3: Effect of sowing time and variety on yield of fenugreek under irrigated condition

 Treatments No. of pods
/plant

No of
Seed/pod

1000
Seed
Wt.(g

Yield
/ha(q/ha)

Varieties
AM-1 35.28 27.00 17.78 15.55
AM-2 39.31 27.92 17.98 17.49
RMt-143 40.53 28.50 18.02 16.83
Local 33.72 27.00 16.58 15.40
    S.Em 1.78 1.30 0.83 0.71
    CD(O=0.05) 5.29 NS NS 2.12
Date of sowing
10 Oct 34.80 27.64 17.36 16.09
30 Oct 43.12 27.49 18.27 17.04
10  Nov 33.71 27.69 17.15 15.83
    S.Em 1.45 1.06 0.68 0.53
    CD(O=0.05) 4.32  NS  NS 1.56
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Table-4: Effect of sowing time and variety on yield of ajwain under irrigated  condition

 Treatments No of umbel
Let
s/umbel

No of
Seed/umbe

1000
Seed
Wt.(g

Yield
/ha(q/ha)

Varieties
 AA-1 11.38 12.38 2.17 8.05
AA-2 11.29 12.27 2.11 7.92
    S.Em 0.47 0.43 0.07 0.29
    CD(O=0.05)  NS 1.28 0.22 0.85
Date of sowing
10 Oct 11.07 12.09 2.11 8.04
20 Oct 11.93 12.89 2.22 8.85
30 Oct 11.01 12.01 2.08 7.08
    S.Em 0.39 0.35 0.06 0.20
    CD(O=0.05) NS  NS  NS 0.65
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Abstract
A total of 120 demonstrations having the similar number of traditional practices or local check were conducted in 14 ha
area of Dausa and Lalsot block of Dausa district of Rajasthan from 2009-10 to 2011-12. The variety RF-125 was used
in demonstration in all the villages and years. In front line demonstrations especial emphasis was given to use proper
seed rate, balance dose of fertilizers, proper irrigation schedule, proper and need based plant protection measures. In
demonstrations, it was found that yield of fennel in all years significantly higher (19.14 to 26.08 %) than local check
varying (19.14 to 26.08%) increase over local check. Technology gap was found lowest 250 kg per ha in 2009-2010 at
village Indawa and Nagariawas  followed by 580 kg in 2011-2012 at village Shahpura and Abhaypura. Extension gap
was found highest 300 kg per ha followed by 180 and 125 kg per ha that indicate more extension approaches needed
to meet out these gap. Technology index was found lowest 17.24% in 2009-10 at village Indawa and Nagariawas. On
the basis of present status of fennel in Dausa district farmers will get 22.12% additional yield which is sufficient in
narrowing the demand and supply gap and helpful in increasing the income of farmers. Study reveals that the entire
year   B. C. ratio found higher (1.69 to 2.36) than local check and additional B: C ratios were calculated 1.56 to 3.73
which shows technology disseminated through FLD were profitable.

Key words : Front line demonstration, fennel, impact, economics, B: C ratio

Introduction
District Dausa falls in Agroclimatic zone IIIa. namely “Semi
Arid Eastern Plains” covering Dausa, Ajmer, Tonk and
Jaipur districts. The headquarter of the zone is situated
at Agricultural Research Station, Durgapura, Jaipur. Fennel
(Foeniculum vulgare Mill.) is the most important spice
crop grown in rabi season in Dausa district of Rajasthan.
Fennel spice crop is becoming popular in the whole
district. It account for 6250 hectare area and 9375 metric
ton production (Anon, 1). The increase in area and
production in recent years is due to more return in fennel
cultivation and problem of Orobenche in mustard crop. In
view of this, front line demonstration on fennel was started
in the year 2009-10 by Krishi Vigyan Kendra, Dausa in
order to demonstrate the production potential and latest
advancement in package of practices among the farmers
with the view to popularised fennel cultivation instead of
mustard cultivation. This also enable field functionaries
to elucidate the production constraints and limitation in
the adoption of technology for onward transmission for
scientists to reorient their research accordingly. in order
to improve the productivity, all the latest and unfolded
technologies were carried out in front line demonstrations
plots under the direct supervision of the scientist by
supplying the critical inputs. Keeping in view the
importance of front line in enhancement of productivity
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and increase the monetary returns, the present study
was carried out.
Materials and Methods
The present study was conducted at the farmers fields of
Dausa district of Rajasthan during the rabi season of
consecutive three years from 2009-10 to 2011-12. A total
of 120 demonstrations and 14 ha area having similar
number of traditional practices or local check was carried
out in sandy loam soil under irrigated conditions. The
fennel crop was sown in mid October and harvested in
last week of April across the years. The variety RF-125
was used in demonstration in all the villages and years.
The front line demonstration were conducted in Chhareda,
Aluda, Paparda,Dharanwas, Bagpura, Jonn and Beegawas
in Dusa block and Indawa. Nagariawas and Shahapura in
Lalsot block of Dausa district. Special emphasis was given
on proper seed rate (10 kg/ha), balance use of fertilizers
(90 kg/ha N and 40 kg/ha P2O5), high yielding variety (RF-
125), seed treatment with pesticides, Irrigation at critical
stages and need based plant protection measures. In
traditional or local check plots farmers were using higher
seed rate (12-15 kg/ha), Imbalance use of fertilizers, local
or own seeds for sowing, improper seed treatment and
plant protection measures. The cross section data on
output of fennel crop and input used per hectare have
been collected from the front line demonstration and in
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control and used for further calculation on cost of
cultivation, gross returns, net returns, additional cost,
additional returns, B:C ratio.  The benefit cost ratio (B: C)
was calculated dividing the monetary return by the cost
of cultivation.
Yield gap, extension gap and technology index were
calculated as follows:-
Technology gap = Potential yield- Demonstration yield
Extesion gap = Demonstration yield- Farmers/ Traditional
yield
Technology index = Pi-Di/Di X 100
Where Pi= Potential yield of the crop
            Di= Demonstration yield of the crop
Results and discussion
Technology gaps: - Yield of front line demonstration trials
and potential yield of the variety and year were compared
to estimate the yield gap. Technology gaps (925) were
highest in the year 2010-11 in the villages of Chhareda
zone and lowest (250) in the year 2009-10 in the villages
of Indawa and Nagariawas. Though, the front line
demonstration trials were laid down under the supervision
of KVK scientists at the farmers’ fields. These exist gaps
between the potential yield and trial yield are may be due
to the soil fertility and weather condition hence, location
specific recommendations are necessary to bridged the
gap.
The extension gap for all the year in front line
demonstrations on fennel were lower as compared to
technology gap except in the year 2009-10. This
emphasized the need to educate the farmers in adoption
of improved technology to narrow the extension gaps.
Among the front line demonstration on fennel in different
years, extension gap was highest (300) at villages of
Indawa and Nagariawas in year 2009-10 and lowest (125)
at village   of Chhareda zone   in year 2010-11.
These findings are in line with the findings obtained
(Kaushik, 3).
Technology Index: - Technology index shows the
feasibility of the valued technology on the farmer’s fields.
The lower the value of the technology index more feasibility
of technology. Technology index was lowest in 17.24 per
cent in the year 2009-10, and highest 119.35 per cent in
2010-11. This indicates that in FLDs a wide gap exists
between the technology evaluated at research station and
farmer’s fields. Technology Gap and technology index
were also found by Sharma and Sharma (4).
Comparison of yield and economics:- The highest
fennel yield of front line demonstration were found 1650
kg/ha in 2009-10 at villages Indawa and Nagariawas
followed by 1330 kg/ha in 2011-12, And lowest yield were
found 660 kg/ha in 2010-11 followed by 950 kg/ha
2011-12. The Average yield of front line demonstration
were found maximum by the tune of 1450 kg/ha at villages

Indawa and Nagariawas  in 2009-10. The Maximum
percentage increase over control or traditional practice
recorded 26.08 per cent at villages Indawa and Nagariawas
in 2009-10 followed by 19.23 per cent at villages of
Chhareda zone in year 2010-11. Studies shows that
average percentage increase were found 22.12 per cent
which show that front line demonstrations found better
than farmers practices or control (Suryawansi and
Prakash, 5) for increasing the productivity of farmers
community of Dausa district.
On the basis of data presented inTable -2 for economics
of various front line demonstrations on fennel in different
years, the highest percent increase in gross return were
found 41.47 per cent in year 2011-12 followed by 26.08
per cent in year 2009-10. Average per cent increase of
gross return was found 28.47 per cent which is substantial
for the farming community of Dausa district. The highest
increase in net return were found 122.58 per cent  in year
2011-12  followed by 39.43 per cent in year 2009-10.
Average net return was found 51.00 per cent increase
which shows front line demonstrations can be increasing
the income of farming community of Dausa District. The
highest additional returns were found Rs 15200 per ha in
2011-12. The average additional return was found Rs 11043
per ha which helpful in increasing living standard of farmers
community. Among all front line demonstrations the
highest B:C ratio were found 2.36  in year 2009-10 and
followed by 1.85 in year 2010-11. Similar findings were
recorded by Hiremath and Nagaraju (2) with respect yield
and economic parameters of FLD. Additional B: C ratio
were found ranging 1.56 to 3.73 during this period which
shows technology disseminated through FLD were
profitable.
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Practically no molecular tools have been developed so
far for cumin (Cuminumcyminum) breeding. Microsatellite
markers (SSRs) are becoming the markers of choice for
marker assisted breeding, due to their high robustness
and polymorphism. Due to their co-dominant and usually
single-locus nature, SSR loci can be identified, and their
alleles can be recognized in different varieties and
genotypes of the same species and often in other closely
relatedspecies also.However, the development of
microsatellite markers through SSR library screening
isrelatively a time consuming and expensiveprocess
(Yashodaet al., 9). SSR markers with good transferability
can be applied for comparative mapping and genomic
synteny among genera.Therefore, it is highly valuable to
investigate the transferability of SSRmarkers among
related species/genera.There have been several reports
on the transferability of SSR markers in or across genera
among different crops (Whankaewet al., 8; Fan et al., 4).
Marker transferability offers a potential for low cost
development of SSR markers for species with very little
or no information on their genome. This can be
accomplished through the screening of primers from
different sources. But, the chances of successful cross-
species/genera SSR amplification are inversely related
to the evolutionary distance between the two species.
Under the present investigation SSR markers developed
on carrot were tested for their transferability to cumin,
both belonging to the Apiaceae (Umbelliferae) family, with
an idea to enable the application of marker technology in
cuminbreeding.Two cumin lines (GC-4 and RZ-209) were
used to evaluate the transferability of carrot SSR
markersand onecarrot line (GDC-1) was used as a positive
control. DNA was isolated from seven days old seedlings
using CTAB technique (Doyale and Doyale,3), purified
and quantified using Nanodrop (Thermo scientific, USA).
DNA was diluted to 20 ng/ul with TE buffer (10mM Tris–
HCl, pH 8.0 and 0.1mM EDTA, pH8.0) and stored at 4ÚC.
A set of 50 SSR markers previously developed by
Cavagnaroet al. (2) were analyzed. Initially, conditions
used for SSR amplification were those described for
thesource species (carrot). For those SSR that failed to
amplify or showed very weak amplification products, PCR
conditions were optimized by increasing/increasing the
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annealing temperature from 3 to 5ºC. PCR reactions were
performed in a final volume of 15ìlcontaining 1x PCR buffer,
1ul MgCl2, 0.5µl dNTPs, 1ìM of primers (10pmol), 0.3µl of
Taq DNA polymerase (5U/µl), and 20 ng of template DNA.
Amplif ications was carried out on thermal
cycler(Eppendorf, Germany) under the following
conditions: initial denaturation at94ÚC for 3 min, followed
by 35 cycle of 94ÚC for 30 sec, annealing temperature
(Ta)recommended for the source-species amplification
+5ÚC for 40 sec, and 72ÚC for 60 sec with a final extension
of 10 min at 72ÚC. The ampliûed fragments were
separated on 1.5% agarosegel and documented using
gel documentation system (Bio-Rad, Hercules, California).
Experiment was repeated twice with each primer to
examine the reproducibility. Amplification products were
scored as positive only if a sharp and reproducible band
of the expected size was observed. To evaluate the
transferability of SSR markers, the microsatelliteproducts
were classified into two classes based on the band
intensityand ease of scoring: (++) strong band and easy
score and (+) weak band and difficult to score. The
amplified fragmentswere classified as specific (+) if they
produced amplification products with a size similar
(within100 bp) to that of carrot (Table 1).
In Apiaceae, only a few publicly available SSRs have been
reported previously, and these were developed from carrot
(9 SSRs [Niemannet al., 6]) and celery (11 SSRs
[Acquadroet al.,1]). Given the advantages of identification
of transferable markers in cumin, an economically
important crop of Gujarat and Rajasthan, overall, 38%
(19/50) of the tested carrot SSRs successfully amplified
at least one PCR product of the approximate size expected
(Table 1). Of these,12 primers (63%) showed a clear and
strong PCRproduct (scored as ++). Amplified products
were highly specific as15 primersshowed a band of similar
size to that of the carrot control (Table 1, Fig. 1). Few
primers which could not amplify with the annealing
temperature described for the SSRs of source species,
the annealing temperature was changed to + 5°C.
Modifications in the PCR protocols especially annealing
temperature successfully amplified the product. Such
change is recommended earlier also for the successful
transfer of microsatellite primer pairs between species
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(Lendvay,5). Rossetto (7) reviewed cross-species
transferability in several plant species and concluded that
the average transferability across species in the same
genus was 76.4%, and across related genera was
35.2%.The outcomeof present study indicatethat there
is a potential for transferring SSR markers ofcarrotincumin.
These results are in agreement with Cavagnaroet al. (2)
where transferability of SSRs across Apiaceae taxa was
reported to widely vary among the accessions and was

found highly associated with the accessions’ phylogenetic
relatedness to carrot.
Transferability of carrot SSRs across genera has confirmed
in this study which indicate that the sequences flanking
the microsatellite regions are conserved between carrot
and cumin. Overall, results suggest that there is good
scope for wide use of identified markers in population
genetic diversity, molecular breeding and evolutionary
studies in cumin and also in among other Apiaceae
species.

Table 1.Transferability of carrot microsatellite markers to cumin.

Sr.
No.

Primer Primer Sequence Tm
(°C)

Product
Size (bp)

Quality
1

Specificity2

1 GSSR3 TTCTTCTTCATCTCTCCACAAGG/
TAAAACAGTCACACATCTCTC

50 266 ++ +

2 GSSR5 ATAATAAACCCAACCAGACCCC/
ATCAGGCAAATCCCATACTGAC

54 235 ++ -

3 GSSR35 AATTCACAATCACCGACTCTCC/
ACGTCAAAGCTCCTGTTCATTT

54 314 ++ -

4 GSSR81 TGGGTCTCTGGCCAATTCTA/
CAATTTGCACATAACTCATCAAG

52 233 + +

5 GSSR96 AGCGTCGTTTTCGCGAGT/
CGCGGTTAAAGCAAAGCTAAT

51 357 ++ +

6 GSSR111 GAGGAAGGGTAGATCCAGTCA/
ATGGGATGTCTTTCCCCTCTAT

59 295 ++ +

7 GSSR113 AGTGGTTGTGAGGTTGATTGTG/
TATGTCGGAAAGGTTCAATGCT

52 346 + +

8 GSSR140 GGATACGAAGGAAAGACTCCAC/
AGGAGAGTAAAAGATTGAGGACTTG

52 484 + -

9 GSSR142 GTAGAAACCTTTTGGCAGTAACG/
CCAAGACCATGAAGAAATCACTC

54 108 + +

10 BSSR14 TACCCATAACTCAAGTTGGATAATTC/
AATGTCTAAACCCACTGATTTAAAAG

54 224 ++ +

11 BSSR24 AACTGACCAGTTAAAATCTCCAGTAT/
TCACTTAAAAGTCTACAAAATGTGCT

59 212 ++ +

12 BSSR25 GTTGTTCCTATTCAGAGGACTTGT/
GGTAGTCTTGGAGGAGTTGAAGT

52 266 ++ +

13 BSSR40 AAACAACCAACGTCTAGCCTAAGTTC/
CATATTAACGAGGTCCGGACTAATCT

54 228 + +

14 BSSR41 AGCAACAGTAGCTTCCTTGATCTGTA/
AACATCACATCTGGATCTAAGCAAAG

56 172 + -

15 BSSR65 GGAAAAATTGCACCAGTAGTTGAAGCT
/ CGGTCTGTTTAAGGTGACAAAACTTG

60 216 ++ +

16 BSSR86 CCTAATTCGAGCCAACTTTAA/
TTGGGCTCGATTAAGTGTAAAAT

56 233 ++ +

17 BSSR87 TAAATGTGAATTCTCAAATGTCTCG/
GAGTTAGTGTAAATTGGGGCTTTTT

56 212 & 322 ++ +

18 BSSR88 CTGAATTTGGATAAGAATTTCAAGTG/
TGGTATGAAACCAAAATACGC

55 189 ++ +

19 BSSR96 AATGGTGTGAAGATTGTGCTTCTT/
CTACAAATGTTCAATGCTCCTCTTC

51 200 + +

1++= strong band and easy to score; + = weak band and difficult to score
2+ = amplified product of a similar size (within 100 bp) to that of carrot; - = amplified product was not of a similar

1++ strong band and easy to score; + weak band and difficult to score
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Fig. 1 A gel image showing carrot SSR markers amplification patterns in cumin (GC-4)
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Kasuri Methi or Paan Methi is an important crop of the
arid and semi arid region of Rajasthan. It is being grown
for different culinary purposes. Farmers who produce seed
of fenugreek (Trigonella corniculata L.) do not grow a
separate seed crop. They take 1 or 2 cuttings of green
leaves for fresh market and then allow the crop to mature
and seed set. But this practice decreases the seed yield
in fenugreek (Gill and Singh 1). Very little work has been
done on the seed production of “Kasuri” variety of
fenugreek. Keeping this in view an experiment was
designed to study the fertilizer requirement as well as
the effect of leaf cutting on this variety in Western
Rajasthan. The experiment was conducted during 2006-
2007 at the farm area of landscape and nursery Unit,
Rajasthan Agricultural University, Bikaner. The soil was
sandy loam with pH 8.4, organic carbon 0.15, available
P21 kg/ha and available K 124 kg/ha. The treatments
consisted of 2 levels of N (40, 60 Kg N/ha) 4levels of K
(25, 50, 75, 100 Kg/ha), and 2 treatments of leaf cutting
(no cutting, 1cutting). All the treatments were evaluated
in randomized block design with two replications. The
net plot size was 3 m x 2 m. The seed was sown in rows
30cm. apart on 23rd October each year.  P was given
basal @30 Kg / ha in all the treatments. The source of N
was Urea and of K was Murate of Potash. The whole
amount of P and K and half of n was applied before sowing,
whereas the remaining dose of N was top dressed 30
days after sowing. Observations were recorded on Plant
height, number of branches / plant, number of pods /plant
and seed yield.
An increase in N level from 40 to 60 kg/ha increased the
plant height, branches / plant, pods/plant and seed yield
during all the years, but it was not statistically significant
(Table1). However Pareek and Gupta (2) reported that N
increased the seed yield significantly up to 30 kg / ha.
Fenugreek does not require high N application, as it can
fix about 239 kg N/ha /year. Yawalkar (4), however, reported
60 kg N/ha optimum dose for “Kasuri” as well as common
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varieties of fenugreek. We found that the seed crop of
“Kasuri” does not require more than 45 kg N /ha.
Application of K significantly affected the plant height,
branches, pods/plant and seed yield (table1). All these
characters increased significantly with the increase in K
level. Maximum plant height, branches/plant, pods/plant
and highest seed yield were recorded with 75kg K/ha,
which was significantly higher than 25kg k/ha. For seed
yield, significant differences were observed between 50
and 75 kg K/ha, all these plant characters showed a
decreasing trend including seed yield. It indicates that
75 kg K/ha could be considered optimum for seed crop of
“Kasuri”.
Cuttings of green leaves reduced its seed yield by 33.0
%. Plant height, branches/plant, and pods/plant also
decresed significantly by 1 leaf cutting. These results
confirms the findings of Singh and Gill (3), Gill and Singh
(1) and Kanwar and Saimbhi (5).
The interaction effects were not significant during the Two
years of investigation period.
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Table1. Effect of different levels of nitrogen and potassium and leaf cutting on plant height and
number of branches / plant, pods/plant and seed yield of fenugreek (mean data of 2
years)

Treatment Plant height (cm) Branches/plant Pods/plant
Seed yield

(kg/ha)

N (kg/ha)

40 87.5 3.1 460.0 379

60 88.4 3.3 467.5 403

CD (P=0.05) NS NS NS NS

K (kg/ha)

25 82.9 3.3 409.5 319

50 87.2 3.5 449.0 380

75 98.0 3.8 482.6 440

100 91.6 3.7 464.2 390

CD(P=0.05) 4.8 0.2 34.5 50

Leaf cutting

cut 78.4 2.5 347.5 305

No cut 11.9 4.0 550.3 380

CD (P=0.05) 5.5 0.8 25.7 40

It was concluded that for getting highest seed yield of “kasuri” fenugreek, no leaf cutting should

be taken for vegetable purpose. Application of 40 kg N/ha +75kg K/ha was found adequate.

5. Kanwar J S and Saimbhi M S. 1993. Response
of seed crop of “kasuri” fenugreek (Trigonella
corniculata) to nitrogen, potassium and leaf
cutting.
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Rapid and mass screening methods for 4-hydroxyisoleucine
compounds in fenugreek seeds

S. S. Rathore, S. N. Saxena, R. K. Kakani, L. K. Sharma and Balraj Singh
National Research Centre on Seed Spices, Tabiji, Ajmer (Rajasthan)-305206

Fenugreek (Trigonella foenum-graecum L.) is a medicinal
plant with potential applications in the natural health
product industry. Fenugreek also has been used for over
two thousand years as a medicinal plant in various parts
of the world (Srinivasan, 10) and may be regarded as the
oldest medicinal plant in human history (Petropoulos, 7).
Fenugreek, perhaps, is best known for presence of the
distinctive, pungent aromatic compounds in the seed
(Max, 5) that impart flavour, colour and aroma to foods,
making it a highly desirable supplement for use in culinary
applications.
The putative bioactive compounds is
4 - hydroxyisoleucine. This compounds is among the
most frequently identified in the literature for their medicinal
and health attributes (Acharya et al., 1).
4-Hydroxyisoleucine is the most abundant free amino acid
(Approximately 80 % of the total free amino acids) in
fenugreek seeds (Sauvaire et al., 1984). A recent study
by Hajimehdipoor et al. (4) determined the content of
4-hydroxyisoleucine to be 0.4% in Iranian fenugreek
seeds. This unique amino acid has been shown to possess
both hypoglycemic and insulinotropic  properties in vitro
and in vivo using animal and human models, making it a
potential  candidate as a antidiabetic agent (Broca et al.,
3). 4-Hydroxyisoleucine increases glucose-induced insulin
release, in the concentration range of 100 µM to 1 µM,
through a direct effect on isolated islets of Langerhans
from both rats and humans. The stimulating effect of
4-hydroxyisoleucine was strictly glucose dependent
(Sauvaire et al. 8).
Branched-chain amino acids such as valine, leucine and
isoleucine are produced exclusively in plants. Since
humans lack the enzymes needed to synthesize these
amino acids, they represent essential amino acids that
must be consumed as part of the human diet (Binder
et al., 2). Sauvaire et al., (9) reported that treatment of
subjects with 4-hydroxyisoleucine has been shown to
result in insulin stimulating effects in animals, hence giving
it anti-diabetic properties. 4-hydroxyisoleucine treatments
produced a concentration dependent insulin response both
in vitro in cell cultures and in vivo in fasted dogs. They
also showed that 4-hydroxyisoleucine treatments were
effective after oral administration and improved oral glucose

International J. Seed Spices 4(1), January 2014:93-94

*Corresponding author:  E-mail: drssrathore@yahoo.co.in.

tolerance.
The choice of methods to provide analyses is determined
by the criteria of simplicity, accuracy, low cost and ability
to be applied to a large number of samples. In addition, it
was thought important to choose or design methods that
could be used manually for small numbers of samples
(< 25) for larger numbers (25-100). This communication
describes techniques that have been adopted for the
routine analysis of 4-hydroxyisolleucine.
Ten genotypes of fenugreek were procured from seed bank
of institute. Free amino acid was estimated by method
described by Moore and Stein (6). Five hundred mg of
ground fenugreek seeds were taken and added 10 ml
80.0% ethanol and filtrated. Extraction was repeated twice
and pooled. Reduce the volume of extract by evaporation.
Free amino acids were estimated by ninhydrin reagent. A
standard curve was prepared with the use of leucine. For
the estimation of 4-hydroxyisolleucine, amount of free
amino acid was multiplied by 0.80.
Results indicated in table-1 shows that
4-hydroxyisoleucine ranging between 0.31 % to 0.52 %
percent in fenugreek seeds of different genotypes.
Maximum 4-hydroxyisoleucine observed in Cl-32-17
(0.52 %) followed by AFg-6 (0.43 %) while, minimum
4-hydroxyisoleucine was observed in AM-413 (0.31 %).
Total free amino acids content was observed 0.65 %) in
Cl-32-17 followed by AFg-6 (0.54 %). Generally
4-hydroxyisoleucine analysis done by HPLC methods.
HPLC method is more sensitive in nature in comparison
to colorimetric method. But HPLC method is more
expensive and take more time than colorometric methods
as well it required a more skilful person. In comparison to
HPLC method colorimetric method is faster and cost
effective in nature. The results in present study are in lieu
of results obtained by previous workers by HPLC methods
(Hajimehdipoor et al., (4). The present colorimetric method
is also suitable for mass screening of 4-hydroxyisolleucine
in fenugreek.
It is concluded form present study that above method for
determination of 4-hydroxyisolleucine content in fenugreek
is simple, accurate, low cost and has ability to  applied
to a large number of samples.
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Table:1 Free amino acid content and 4-hydroxyisoleucine content in different genotypes of fenugreek.

Genotype Free amino acid
content (%)

4-hydroxyisoleucine
content (%)

CL-32-17 0.658 0.527
BZ-19 0.410 0.328
AFG-6 0.544 0.435
AM-327-3 0.467 0.373
AM-413 0.390 0.312
AL-1-2 0.458 0.367
AFG-5 0.396 0.317
RMT-305 0.513 0.410
AM-292 0.438 0.350
AMT-305 0.538 0.430
STDEV 0.084 0.067



Published by Dr. Balraj Singh and edited by Dr. S.N. Saxena for the Indian Society of Seed Spices, National Research
Centre on Seed Spices, Ajmer (Raj.) 305206, India and printed at Job Offset Printers, Brahmpuri, Ajmer.

CONTENTS
Disease problems in the cultivation of I.Cumin (Cuminum cyminum L.) II. Caraway (Carum carvi L.) 1-8
and their management leading to the production of high quality pathogen free seed—M. N. Khare,
S. P. Tiwari and  Y. K. Sharma
Performance of cumin varieties and technological interventions at farmers fields in Jaisalmer district
of Rajasthan—G Lal, R.S. Mehta, A.S. Godara, H.R. Mahala, S. P. Maheria and Balraj Singh 9-13
Cryogenic grinding enhances analgesic and antipyretic activities of coriander (Coriandrum sativum L.)—
Rohit Saxena, S.N.Saxena and Aditi Soni 14-18

Evaluation of coriander (Coriandrum sativum L.) germplasm for growth and yield under transitional zone
of Karnataka—Raviraja Shetty  G., Chethan T., Vishnuvardhana and  Mesta R.K. 19-24

Effect of grinding conditions on physico-chemical, thermal and antioxidant  properties of coriander powder—
P.Barnwal, K.K.Singh, Alka Sharma, A.K.Choudhary, S.N. Saxena 25-32
Yield optimization in fennel using improved seed, bio-regulator and foliar fertilization—N. K. Sharma 33-35
Characterization of fennel (Foeniculum vulgare Mill.) germplasm forRamularia blight disease resistance
and yield attributes—R.D. Meena, R.S. Meena, Balraj Singh, S.S. Meena, Y.K. Sharma, and N.L. Meena 36-38

Quantitative estimation of some phytochemical constituents of Fenugreek (Trigonella foenum- gracaeum L.)
genotypes—Neetu Pathak, Naveen Chandra Pant, J. P. Singh and Sanjeev Agrawal 39-45

Morpho-chemical and molecular diversity estimation of Haloxylon spp.- A neglected industrial halophytic
species in Thar Desert of Western Rajasthan (India)—R. R. Meghwal, A. K. Sharma, J. P. Singh, S. Kumar,
R. Sharmad 46-54

Analysis of medicinally important compounds and antioxidant properties of Anise (Pimpinella anisum) seed
extract and shoot callus—S. N. Saxena, M. Verma, R. K. Kakani, S. S.  Rathore, R. Saxena and L. K. Sharma 55-62

Grinding characteristics of coriander, fenugreek and black pepper under cryogenic and ambient grinding
conditions—P.Barnwal, Pankaj Kumar, K.K.Singh, Ashish Mohite, S.N.Saxena, T.J.Zachariah 63-70
Response of dill (Anethum graveolens L.) cultivars to different date of sowing—Kirtee Nagpure, I.S. Naruka,
S.S. Rathore and K.S.Verma 71-75
Effect of different sowing methods and dates on seed yield of Fennel (Foeniculum Vulgare Mill)—
Udai Bhan Singh and Khajan Singh 76-78
Enhancing cumin productivity through improved seed and plant protection measures - A farmer
participatory approach—N. K. Sharma and S. D. Ratnoo 79-81
Standardization of sowing time for seed spices  in Baran district of Rajasthan—D. K. Singh, L. Jat,
R. S. Mehta, S. Aswal, M. A. Khan, P. C. Choudhary and M.K. Shivhare 82-85
Impact of front line demonstration on fennel in Dausa district of Rajasthan—L.N.Bairwa,
J. K. Gupta and M. R. Dhakar 86-87
Transferability of carrot (Daucuscarota) microsatellite markers to cumin (Cuminumcyminum)—
Sushil Kumar, Mahendi H. Asamadi, Ranbir S. Fougat, Amar A.Sakure and Jigar G. Mistry 88-90
Response of Nitrogen, potassium and leaf cutting on seed yield of Kasuri Methi
(Trigonella corniculata) under hyper arid region of western Rajasthan—P. K. Singh, I. M. Verma,
Yogendra Sharma, Puneet Kumar, R. A. Sharma and Govind Singh 91-92
Rapid and mass screening methods for 4-hydroxyisoleucine compounds in fenugreek seeds—
S. S. Rathore, S.N.Saxena, R. K. Kakani, L. K. Sharma and Balraj Singh 93-94


