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1. Preface

Inn the recent years chimatic sitiations were farsh and wnpredictabie. Untimely winter rains during the vrbi
seasout i e past ¢eoo years Ieve cansed seven damage tn mosd of the seed spree crops. Cumen and condander Beg Hhe
fearding seed spices have faced huge loss due bo Modie and abiviie factors both. T cemin, due Lo rafes spectfically durng
Hoeering and post fiening stage caweed Altemaria baght incidence ot figh mte, whereas, Radstorms masded the
cropsito preces. In corfander, rains in e eardy groveth stage ercated a gl morsture fevels i thie feavy soisof eastern
regptons of Rufastian e, b prodominant-oomaindercul rat ing orea vafled Harots reglon, comsisting of Kota, Bane,
Bundli el Miaalavvar favoring growthof protomyees fungus cosing Reasy fnefence of st gatl. Seed spives are fargely
prenitet o reende fniovic and aftorts factors, thevefone it iy uemost fnportant to deliver technology (o sustam e apeonrig
sthialicnges for sustarmabilityof these crops,

JCARNRCSS iv movally vesponsible for develuping sustaimble tochmndpgies for seed spices, Turieties are the
mast cructael feclisofogy for up scaffiy the producteeity per il area 1t o sutier of great peivifoge and appoeciation
Mor the contre because duning the present year from NRCSS, vhree saneties of sead spices fave feen idomtified and
refecsed for Rupastian state vz, Fenmpreel V-3, v 4A3-95 an eardy vamiery and Wigela- AN 30 Mokeover,
e VIRCLY vty A r-1 g'cun?rﬂiprr.:jhmf;u he hﬂﬁh rewislant aganist stmll.gwffm moe Livar 100 dimwoust naton
taricl it for the fast pooo veares m bhe diseact of Kota, Baran, Malawarand adioieing areas of MR wihere the o iseese is
occurmimg i severe form, The cenere 15 dedionsed” o By o fecter production, proteciion and post Garvest
technidogies. The centre 15 also strempihenng He seed producrion programme i large by adapting farmers parliopatory
mode. The recent advances in seed sptce vesearcliand development-are purt of Hie annual progress repont prosented, few
teshnodogies which are wnder pipe fine mentioned in the report need to be Mghlghted for emplasizing the center's
protentiol ontoomes Le, pner Green cormader and Amer Fentgreel- 3 feaf purpose varteries for fiandl summer sedaon
e arnd and semi anid avea and numerons value adided productsef seed spdoes witich are under patenting provess, Buring
ehhie peprartding period the centre fas spricad Teewinggs o tie far sasters regiony of te country and e afto Semonstrated”
teclinologies i the inibal area_for entering indo non-traditional arras. Frends ik farmers faics, farmers training
pragranrmie, FLIYs eic lave becowe aniteghal work for the cont e, Bestdes o National Semidmaron Wi-tech hortdculeure
aats adso opganised wieh was pressdid by Sigeified persons fike D06 NS RICAE, Padna sl (De) KL Chadlia and

Fafara sti? (0 ) Blarma Syl

Al progress report is a docameny reflecting vhe soul of aw wseiente, I feed ohe present docuwents will
defimtely provede an inaght for the exnstence of NRC on Seed Spioes, Apurer and 25 yearly progress i scod speoe

—
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resgerrch, ‘The significant aclitevements of varetal development made by the centre during the perod o worthy for
applanse, [ congratulate the entire team for thedr shucerecfforts. Muaking an effort in positive dinection will de ¥ cater
st af success frtform of small technologies which ity add up and cast into d package for fiarmessing potential of o crop,
bl biris T hope andwash ehal NRCSS will surely maly them walk fn pathof seed soices fetterment reacling glofal need

ol

Ajimer Balraj Singh
e 2, 2004
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3. Executive Summary
3.1 Crop improvement

3.1.1 New Varneties

Fenugreek. Ajmer Fenugreek-4 (AFg-4), a high
vielding variety released for Rajasthan State
Ajwain: Ajmer Ajwain-23 (AA-93), a early
maturing variety released for Rajasthan State

Nigella; ajmer Migella-20 [AN-20). a high yielding
variety released for Rajasthan State

3.1.2 Plant genetic resountes managemant

-

Evaluated total 880 lines of seed spices which
includes coriander [S85 lines), fennel (72 lines),
ajwain (96 lines], dill (48 lines), nigella {43 lines)
and celery (36 lines)

Maintained G& germplasm lines of seed spice
crops which includes cumin (S0 lines) and anise
(1B lines)

Multi-location trials conducted for 180 lines of
major seed spice crops which includes corlander
(60 lines), fennel (50 lines), fenugreek (50 lines)
and eumin (20lines)

Prepared a core germplasm set of 156 carlander

genotypes representing the total variability of
585 genotypes

3. 1.3 Broeding programme

Nine coriander populations selected from stem
gall infected sites were advanced

Advance selections were performed (o enhance
the quality and yield in the gene pools of
coriander created for small seed size, high hasal
leaves, medium height and higher number of
umbels per plant to enhance the guality and
yield

Cumin genotypes CE-4, CE-7, CE-8, CE-13.and CE-

15 were found promising for most of the yield
contributimg traits, Forty cumn lines tested in
Fusariumm will sick plot showed presence of
considerablevariability for diseases reaction

Fenugreek genotypes A3-47-1 (7.09 g/ha) and
A3-43-3 (7.0 g/ha} performed better than best
check AFg-3 (5.92 a/ha)

Fenugreek genotypes iz, Cl-32-17, AFg-3, AFg-B,
AL-1-2 were promising under limited water
stress condition, genotypes wiz, C1-32-17, Afg-3,
AM 293, B7 19, Afg-4 performed well under
complete water stress conditions, AFg-3 was
sultable under all the water stress conditions
provided while genotype CL-32-17 performed
very well under control and stressed conditions

Fennel gengtypes UF-206 (22.79 g/ha) and AF-
12-5-14 (20.16 a/ha) were found promising
compared to check varieties

AA-G1, 3 new ajwaln varietywas found at par with

AA-2 for guality estimates |ike essential oil,
phenol, flavanaid, antioxidant content and taral
all

Nigella genotype AA-20 performed best
compared to check varieties Pant Krishna and
Acad Kalong: at two locations ie., NRCSS, Ajmer
and ATC, Koka

Colary genotypes A-Cel-5 (23.37 g/plant) and A-
Cel-6 (1956 g/plant] were found promising
compared to check in a trial conducted at PAL,
Ludhiana
Anize early population selected from progenies
of AAnt-17 were advanced

RAPD analysis of 69 fennel and 59 corlander
genotypes showed 1522 % and 28.05 %
pelymorphism respectively

3.2 Crop production

1.2.1 Weed management

The critical crop-weed competition period In
fennel and ajwain was found to be 63 and 95 days
respectively

Among nine weedicides tested, weed
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management by oxadiargyl (6% EC) was maost
effective in all seed spices, whereas,
pendimethalin acted well in all the seed spices
except fenugreek and anise

3.2 2 Intercropping

* Under arid fruit orchard + Seed Spice
intercropping sysetm, in Ber + Fenugreek gave
highest coriander equivalent yield followed by
Ber + Migella, whereas, in Anola based system
Ancla + Ajwain resulted in highest coriander
equivalent yield followed by Anola+ Nigella

* Intercropping of 1:2 fennel with knolkhol in 12
intercropping ratio exhibited the highest fennel
equivalent yield (1712 kgfha), net return
(Rs.1,26, D0O/ha) and BCR (2.85) followed by 2:2
intercropping ratio

» Intercropping of 12 dill with knolkhal gave
highest dill equivalent yield {1936 kg /ha), net
return (Rs.1,13, 265 / ha) and BCR [ 2.72) it was
at par with 1:1 ration of dill with cabbage

1.2.3 5cwing mathod and fertigation

*  Under paired row transplanting or seed sowing
method on 75 cm wider raised beds fennal, dill,
awain, and celery gave higher yield than four
row geometry on 150 om raised beds. Fennel
yleld was recorded higher (1079.2 kg/ha) In
transplanted crop with mulch compared to seed
SOWN Crop

« Drip fertigation showed higher seed yields in
fenugreek, carfander, fennel, celery, nigelia
compared to crops mised under sprinkler, micro
sprinklerand surface irrigation methods

3.2.4 Edaphic factors affecting croap growth

» Alkalinity infiuenced coriander and fennel crop
growth

* Plant growth and nutrient uptake was
significantly affected in coriander and fennel
with increase in RSC levels

* Soll temperature significantly affected growth

and nutrient wptake in coriander, Mitrogen
content increased with decréase in temperature
while K and Cu content decreasad with decrease
i temperature

= Higher soil compaction levels significantiy
affected branching and seed yield in coriander

1.2, 55ummer/offsegson cultivation

= Summer season performance of coriander under
green shade net showed Ajmer Green Coriander
as best compared to check variety ACr-1 and
others

+ Ajmer Green Coriander showed late flowering
|55.75 DAS) and higher yield [2960.47 kg/ha
gréeen leaves) with two cuttings, moreaver it also
showed minimum powdery mildew incidence
|PDI-8.33)

= Summer season performance of fenugreek under
green shade net resulted AFg-S as best entry
compared to check variety Hisar Sonali and
others

« AFp.5 showed late flowering (35.7% DAS} and
highest yield (3633.02 kg/ha green leaves) with
two cuttings, moréover minimum Insact count
was recorded on AFg-5

3.2.6 Non edible oll cakesapplication
* In cwmin, neem cake application equivalent 1o

100 % RDN showed minimum wilt incidence
compared 1o absolute controd

* In coriander, castor cake with castor cake ash
equivalent to 100 % RON increased number of
leaves, plant height and branching

1.2.7 Post harvest management

= Varlous value added praducts like fennel-aonla
squash and RTS, dill-aonla sguash and RTS,
coriander-aonla squash and RTS, probiotic drink
of seed spices, dill-aonla capsules as functional
food, dill Parag, dill Prash, mehtica tea were
developed, the same are under the process of
patenting

—
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3.3 Crop protection

5.3.1 Survey and surveillance

Survey of seed spice growing areas of Rajasthan
weore done during flowering and maturity stages,
diseased plant samples were collected for further
studies

Severe incidence of stem gall was abserved in the
coriander growing areas of Rajasthan specifically
Kota, Baran and lhalawar districts, NRCSS
corjiander variety ACr-1 was found to be free from
stem gall in the demonstration trials in Baran
district

Root knot and lesion nematede population were
recorded incumin samples

Honay bee Apis florea wos recorded as most
important pollinators of all seed spice crops

3.3.2 Disgase management

Trichoderma isolate Cu-7-01 showed maximum
reduction in Fusarium wilt under pot conditions,
lsolates Cu-7-02, Cu-3-01 and T. wride were at par

Fenugreek leat blight (a newly reported disease)
causal organism was further studied;
svympltomatology, pathogenicity and
morphological imvestigation confirmed the
identity of pathogenic fungus as Alternaric
giternate

in-vitre bio afficacy test apainst Alternoria
aiternata showed maximum growth inhibition by
application of Neem oll and garlic extract

Pest management

Seed wasp damage reduced significantly in fennel
by inter cropping fennel with dill in 2:1 ratlo.
Application of botanicals fe., Karan] meal 500
kg/ha. + Spray of Karan) ol 2% or insecticide Le.,
Clothianidin 50 % @1.0 kg /ha at 60 DAS as soil
incorporation showed effective control of sead
wasp in the crop, moreover no insecticidal
residue was detected in seed after harvest

Clgarette beetle (L serricorne) damage was
minimized during storage by application of
diatomeous earth @ 0.2%in cuminand ajwain
Further observation showed maximum beetle
mortality and lowest seed damage by the
application

Impregnation of cumin and ajwain seed by own
soad pil (1.0 w/v) before storage inclose container
gave maximum protection against beetle
population

Relative efficacy of botanicals and bio-pesticides
against aphid on coriander was tested

Maximum reduction in pest population was
recorded for organic salt (78.05%) followed by ker
extract [76.13%] and tumba fruit extract
[75.40%].

Varietal screening of corander against aphid
under field conditions showed Rajasthan
Coriander-684 infested with minimum aphids
(3.50/ Umbel) followed by ACr-1

RCr-41 had the maximum
(6.14/Umbel}

in coriander insect population were observed
throughout cropoycle

Among 24 insect visitors there were
Hymenoptera (9 species), Diptera (6 species),
Hemiptera (3 species), Coleoptera (2 species),
Meuroptera (1 species) and Lepidoptera (3
species)

In fennel insect population were observed
throughout life cycle

Among 23 insect visitor there were Hymenoptera
[6 species), Diptera (6 species), Hemiptera (3
species], Colenprera (3 species), Neuroptera (1
species| and Lepidoptera (4 species)

aphid count

Impact of pollinators on corlander yield was
assessed and highest seed yield {1275.06 kg/ha)
was obtained in caged plots (with honeybee]
whereas in control jcaged without honeybee) it
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was 565 69 kg Ma)

Impact of pollinator on fennel was assessed,
highest seed yleld {1592.63 kg/ha) was obtalned
in caged plots [with honeybee) whersas, In
control (caged without honeybee] it was only
268.25 kg/ha

3.4 Basic sciences

3.4 1 Quality Profiling

Quality attributes and medicinal properties were
assessed among 15 genotypes of coriander and
19 genotypes of fenugresk

A rapid screening method for estimating 4-
hydrosyisoledcine in fentgreek was developed

3.4, 2 Diseases resistance

In cumin against Fuserium wilt the effect of
antionidants wiz., ascorbic acid, salicylic acid,
jasmonic acld and benzoicacid were assessed and
all the treatment showed significant effect In
reducing the disease incidence compared to
controd

In cumin application of antioxidants viz., ascorbic
acid, salicylic acid, jasmonic acid and benzoic acid
Increased plant germination, vigour, growth and
development

3.4.3 Seed Friming

Hydro-matrix seed priming followed by matrix
priming with synthetlc soil proved best in
hastening the germination by 4 days in 90 % seed
compared to control (8 days)

In cumin, priming studies showed that variety GC-
&is more responsive Lo priming than RZ-209

seed physialogical studies of cumin indicated
that flavenoid content in seed coat is mainly
respansible for delay in seed germination

In cumin. exogenous application of lasmeonic acld
100 ppm, Proline 600 uM, BH, TuM, 548, 7 uM,
KHZPO4 1%, PEG [BOOD) 20% gave significantly
higher yield than contral.

3.5 5ocial sciences

Designed and developed the administrator
modules for the database while data compilation
on major APMC/seed spices mandi and scheme
on seed spices fram secondary/various sources is
uncler progress

Development of seed spices atlas of India using
GiS approach s in progress, data compiled for
Eastern state mainly West Bengal, Odisha, Assam
and Bihar

Prepared thematic map on area, production,
productivity, soil texture, soll depth, Mandi in
India, AESR etc for all the ten major and minar
sesd spice crops

In NEH regions, two farmers training were

organised at Pashigat, Arunachal Pradesh and
Guwahat|, Assam.

In NEH regions 220 demonstrations on seed
spices wiz, coriander, fenugreek, ajwain and
nigella were given to farmer's of Arunachal
Pradesh and Assam states

3.6 Externally funded projects
1.6.1 NMPH Project

Chemo-profiling have been done far essential oil
extracted from 91 fennel germplasm lines,
essential oil content ranged on percent basks from
1.0 in GF-2 to 3.28 in AF05-12-1, Anethole was
found most abundant compound in all fennel
genctypes

Chemo-prafiling have been done for eszential oil
extracted from 141 coriander genotypes

Methanal seed extract of BO cariander
germplasm was also analyzed for total phenolic
and Navenoid cantent

A steam distillation unit for essential oll
extraction from crop residues has been
established at the centre, and a comparative
analysis of essential oil abrained from seeds and
crop residues of cumin and ajwain hase been done

—
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3.5.2 DET Project

«  Total 148 farmers ol Ajmer district were selected
for dissemination of the technology on bio-
contrel agents, distributed blocontrol agents
Trichoderma viride, Verticillium leconii and Neem
oll for contral of wilt and aphids In cumin,
corfander and fennel crops

*  Orgainsed training programmes for farmers on
production and application of biocontrol agents
for better crop management

3.7 Other Activities

= Under MIDH programme 44 FLDs and three
farmers trainings ie., two at NRCSS, Ajmer and
one at KVE Barmer were conducted in Rajasthan
state

» In NEH region 02 farmers training of 2 days were
conducted, one in collaborationwith CPRI-Region
Station Shillong. Meghalaya and another with
MRC on Orchids, Pakyang, Sikkim.

* |n TSP regions of Rajasthan covering districts of
Dungarpur, Banswara and Pratapgadh 109 FLD's
of seed spice crops and two farmers training
programme were conducted

« Organised two farmer fairs, one in Sep, 2014
dedicated for sale of seeds spices guality seed
among farmers of improved cultivars and anather
in the month of féb, 2015 for demonstration of
seed spice technology at NRCSS and also to make
farmers aware about the recent progress

+ During the reporting penod more than 11000
farmersvisited NRCS5
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Spices havea profound influsnceon the course of
human civilizaton. They permeate our everyday life,
provide succor, cureand relax ws. Ancient cvillzation {nom
Egyet, Arab and Rome made extensive wse of spices, not
only o add flaver o foods and beverages, bur as
medicines, dismfectants, incenses, stimulantsand even as
aphrodisiac agents, Non lealy parts (e.g. bud, fruit, seed,
bark, rhizoma, and bulh) of spices plants were used for
flavouring or seasoning agents to foods and beverages,
and as herbal medicines.

Indka ks known as the ‘Land of Spices’ and is the largest
producer, consumer and ewporter of spices and spice
products. Il produces a wide variety of spices like biack
pepper, cardamorm [small and large), ginger, garlic,
turmeric, chilli, corfander, cumin, fennel, fenugreek, dill,
ajwain ebt. Out of the 108 sploes listed by the
International Organaation for Standardization {1507, India
produces as mamy as 63 owing o its varied agro-climatic
regions. Almost all the states and Union territories (UTs)
of the couniry grow gng or the aother spices. 1115 a source
livelihood and employment for large number of people in
rthe country, both for rural population, who grow them,
and the urban population, who processand tradein them,
Bt of the total 63 splces grown in India, 20 are classified
a5 seed spices with 36 per cent share in ared and 17 per
cent share in production of tatal spice in India. Main seed
spices of India are coriandear, cumin, fennel, fenugreak,
dill, ajwain, celery, anise nigella and caraway,

Seed spice crops are extensively cultivated in the and and
sermi arid région of India durlng cabl season covering an
ared of 13.83 lakh ha [E] with production of 12.10 lakh
ones [E) annually In India. major area cowvered under
different seed spices 5 5.31 lakb ha in corlander, 5.93 lakh
b 0 cumip, 093 lakh ha in fepugresk, 0,99 lakh ha in
fennel and 0.39 lakh ha in ajwain with their production in
the countryis 503, 354, 1.13, 1.43 and 0. 26 lakh (E) tones
respectively. The productivity ol coriander. cumin,
fenugreek, fenmel and ajwain was 9.1, 6.2, 14.6, 17.1 and
BB g/ha respectively, The amea and production of sesd

4. Introduction

spices forthe yearof 2013-14 are presen in Annexure i,
The prevailing world wide demand for seed spices s more
than 200000 vones, of which India alone contribites
2535250E) vonnes annually (201314} valued at T 2456.6
(E} crores. india is exporting only 10,80 per cent of its
production. If aur consumption level remaing same then
to mest global demand and bo retaln our prime position 3%
seed spies export we have to double our production
within five year pariod. This ks a great challenge for us as
athercountries like Bulgaria for coriander, Syria for cumin,
Epypt for fennel, Morocoo for fenugreek are competing
with highar yield per unitarea,

India commands leading position in world spices trade
with B, 17,250 tons of spices in volume and § 1373539
crare in valug. The seed spices gxport from India has
registered an all tme high both in term of guantity
{253525 tonnes) and value {T 2456.6 crares). The major
market for different seed spices are USA, UAE, UK and
soulh Africa,

Matipngl Research Centre on Seed Spices, Tabiji, Ajmer
camg info existence gn 22 April, 2000 as per the
recommendation of the working group of Department of
Agricultural Research and Education which approved
establishment of National Research Centre on Seed
spices, Ajmer during LXth five year plan, Thus, this
Imstitute was set up with 3 broad-based framework o
address diverse agricultural issues related o water and
land resouUrcEs management, CTop Improvement, orop
protection, agro-processing and so0g-economic aspects
ina helistie manner for enhancing resesrch capacity and
for providing a backstopping for improvement in
productivily, sustainability and guality with reference to
expon valee of seed spices which play an important role in
national ecanaomy. The Centre has now completed a
decade and has achieved many major achievements
which have left & strong impression among all the
stakeholders inwvolved with seed spices and has been
successtul in ensuring an increase in the income of sead

—
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spices growing farmers, provide good produce to the
consumers as well as raise the prafit of all the stakeholder
which in turn has Fulfilled the dream of earning mare
foreign exchange in the couniry,

4.1 Location and Climate

The MRCSE is located in Tabiji larm area on thie Ajmiar-
Beawar road 13 km away from railway station in the city.
The Ajmer city s weil connected by road armd radlway line
to dhmadabad and Delhi with distance of 516 km and 388
km, respectively In opposite directions. The nearby
Firport i3 Jaipur, situated about 125 kraway fram Ajmer,
The centre lles on 74" 35' 39" € 1o 74" 36' 01" longitude
and 367 22' 13"t 367 22 31° N Iativtide at an dleltude of
460.17 m above mean sea level. The soil of the research
farm |z zandy loam, poor in fertility and water holding
capacity, having pH 8 to 8.3, EC 0.07 to 0.12 and 0.15 to
L23% oprganic carbon, available N 178.5 kg ha-1 {ow),
PO 12 kgha (medium], K 0BS5S kgfha' low), Ca 214 7 kg
ha' [high], Mg 258 kg ha' (medium), 5 27 kg ha'
(mediuml.

The rainfall in the area is highly erratic and more than 90%
of the raln is received during July to September with
several Imtermittent lang dry spells. The monsoon rains
gendrally cammmence by the énd of June but sometimes
delayed till the first week of August. The rminfall is
confined tothe perlod mosthy betweean July to Seprembar,
the rainfall werages bétween 250-500 mm with 3
maximum of 750 mm In good rainy years and 50-200 mm
I scanty rainy years, The temperature ranges from 2-5'C
during lavwary and 41-45°C during May The winter
shiowers are meagre, Occurrence of drought is freguent,
The anniual koss through PET is 1566imm, The aocurfence
of frost is also observed occasionally, generally after agap
of every 2-3 years. The relathve humidity in the district s
generally higher than 60% during the moansoon Season
reaching to as high as 75%, but the anmual average
humidity is less than 50%. The agro meteoralogical data
for the cropping year for which the results are presented
iri this report and other weather parametars ane grian in
Annezurel,

4.2 Mandate

« To conduct basic, strategic and applied research to
enhance production, productivity and guality of seed
spiceswith reference to export and domestic demand.

«  To serve as the national repository of information on
seed spices and establishing global gene bank for seed
splces

« To establish relevant institutional linkages nationally
-and internationally, offer consultancy and traiming.

= Proyiding adeguate Infrastructure for seed splces
research, by establishing modern labaratory for
analyais af plant, seed produce with expart fitness.

* To 'monitor the adoption of new and existing
technologies to make sure that research is targeted to
the neads of Farming community.

Mandate crops

Prisently following ten seed splce cropsare the mandate

Crops:

1, Coranpder{Cariendrum sativiemL ]

Curmin (Curmvirim cyrmirum L)

Fenmel {Faeaitulem vulgare Wil )

Fenugreek [Trigoneia foenum-grascum, frigonelio

cowmiciiaralL.)

5, Ajwain | Trochyspermum ommi Sprague)

B, Dl {Arethum graveolens L., Anethum sowo Kurz.|

7

8

Bowo

Kigella [Migelia sativir L)
. hnise{Pirmpeneia onisurn L)
9, Celery (Apium graveclensL.)
10. Carawary [Corumcomnil)

4.3 Objectives

« Collection, evaluation, character|zation and
conservation of germplasm,

«  Breeding variety with high yield patential, quality and
resistance tobiotic and abiotic siresses.

* Developing efficient agro-technigues for achseving
the high production and productivity.

*  Evolving better and efficient management system for
control of pests and diseases,

¢ Studyof nutritional and water management aspects.

+  Development of package on organiz farming of e
seed spices for export; based onemnvironment friendly
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production and potential tachnology. 4.1 5taff position as on 31-3-2013
+  Research on seed technology for production of
quality seeds of improved varieties. Grade Samctioned Filled Vacani
«  Siudy of economics of production and marketing, Lcientific 2041 2251 -
*  Development .nf pre and post |'Ii."|'EI'E1I: techmalogy for Techrical 8 7 1
better processing, storage and utilization.
- Development of export oriented technology for | Administration 11 4 4
export of raw and value-added products. Supporting 2 7
*  Transfer of technology for farmers and estension
agencies, Tatal 42 ig 5

4.2 Financial outlay [2014-15)

IHESE,A_Imﬂ Plan 2018-15 Mon-Flan 2014-15
HEAD RE Expenditure RE Expenditure
Establishiment Cxpemies ERR]I] 000 335.00 385.21
Ta .00 .01 2.00 &.00
Other charges mcluding Equipmani oo 0,00 4.00 196
informatkan Technotogy 5.00 5.04 (0o .00
Lisrary Books & fourmals .00 0,00 0.00 i0.00
Works .00 0.00 0.o0 0.0
HRtD 2400 7849 50 .50
Farmiture & Fisture fuhi .00 4.00 392
Total Research & Dperathon sxpanses 7500 74,96 4500 dd Ty
Toal Adrmn sxpenies GE D0 045,00 dd.00 44,15
Gueest Howse - Malnienance d.an .00 d.an 0,00
Gther Miscellansaues (1 EH]i] .00 2.00 1.499
MEH 1.00 1.00 {00 .60
TSP 2.40 2.00 .00 i0.00
PENSHIN (00 0.0 1306 13.06
Grand total 150.00 190,00 505.56 505.56
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Project 1{Cl}): Conservation, characterization
and utilization of genetic resources in seed
spices

C1-1: Management of plant genetic résources of
sead spices crops (2014-19)

(R.K. Kakani, R.5. Meena, R. K. Solanki, 5.5. Meena, Y. K,
Sharma, 5. Choudhary, ALK, Verma, Harisha CB,, Honapps
Asangi and Diwakat ¥.)

Collection and conservation of germplasm

ICAR-MNRCSS [s holding 2094 permplasm lines of ten seed
spices crops. Crop wise total germplasm assemblage
available at thecenterisgivenimtable 5.1,

Table 5.1 Towal germplasm assemblage at MRCSS

MRCSE Callection NAGS
Crop Indiganows  Exotic  Lost Awvallabla  Holding
Cumin 100 i - 1n7 247
Caarimmide 1G9 3 27 JAS S1B
Fanisgreek B2 G & 135 Ti3
Fenma 11E 3 FL a6 207
Ajwmin ag 1 g g1 i1l
Inli 108 5 5 108 111
Wigalla 21 3 - 24 249
Ty E1- - L an
Anise (k13 18 12
Caraway R 2 a F | in
Trtal TEG E3 128 714 094

5. Research Achievements

Multi location evaluation was alse conducted for

coriander (60 lines), fennel {50 lines), fenugreek {50 lines|
and cigmin [ 20 ling)

Coriandar germplasm evaluation

Fiekd wiew of coriander germalasm evaliation

Conander germplasm sgt of 535 lines was evaluared in
augmented block design [ABD) with 4 check varieties viz,,
Co-1, RCr-435, Hisar Sugandha and Hisar &nand, Among
the germplasm set, only 567 entrles germinated for which
observations were recorded on. 18 characters. The fotal
variability recerded js summarnzed in jable 5.3, Based onp
recorded date a core set representing the total variability

Tabbe 5.3 Variability recorded in corfandey

Evaluation and maintenance of germplasm

All the crop curators maintained permplasm of respective
crops as per requitement through sib-mating. The
curatprs also evaluated the permplasm and recorded
cbservations as per descriptors. In the reporting year
followingnumberaf germplasm were sown in the field for
malrtenance and evaluation (Table 5, 2],

Table 5.2 Mumber of sesd spioe germiplasm lines maintained
anevaluated during 2013-14

Crop Numbar of Crop Mumber of
germplasm germplasm

Cariander 585 Cumin * 50

Ajwain B Higaila 43

Fennel T2 Celery 36

hilf 48 Anise ® i8

* Maimenance only

Characters Min Max Average CV (%)
Kumber of basal leamps 1.0 i1 1.36 &5 0
Lenpth of longest basal leaf 25 434 1304 Lr3
Number of leafiets 1.0 5 3.88 1749
e langed bacal keal

Flant height wp 56 1125 TFrar 1v3
o main umnbeal [m)

Plangheiphl up toctopg fom) 452 12585 9138 1530
Primary branches 3B 12 .03 1744
Secondary branches Ly A4 2 1112
Urnbels f plar 155 B4d 506 21.17
Umbeltates / umbel 30 LN 564 1386
Frusts  umbel 15 H2 3POTF 21
Yield / plant |g] 116 362 1.4 ALTh
Streaks on siem 1.0 210 . -
Stem pubescence 140 i0 .

Sierm oolowr 160 210 - -
Flowwar colour 10 a0

Arrang. of Umibedlatos 1.0 20

main urmnbel

—
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wask developed by making different classes for each
character.

On the basis of categorized classes, manually 156
germplasm lines were selected to prepare the core set
exhibiting

= Slightly lowermean than the population mean

» Almost same range as that of the population recorded
= Increased standard deviation than pogulation mean
+  Increased coefficient of varlation [%) than population

»  Representing most of the geographical regions
Fennel germplasm evaluation

Germplasm evaluation

Sivty five accessions were avaluated along with four
chisghs iz, AF-1 BFE-101, AF- 125 and GF-2 in g ARD. Wids
range of variability was observed for all the characters
studied. Seventesn promising accessions identified on
the bass of yeld were, &F-72 (7.4 g/h), AF-302 {65 g/h),
AF-164 [6.5q/h), AF-25616.1 a/l), AF-17 (5.3 q/h), AF-257
[4.6 gfh), AF-197 (4.3 g/hl, AF-236 (4 afh), AF-157 (3.8
a/hlAF-01-521 (3.3 q/h), AF-32 (3.3 a/h], AF-134 (3.2
a'hl, AF-299 (3.2 g/hl. AF-138 (2.8 a/h). AF-30 (2.5 afh),
AF-01-172-4 (25 qfh), AE-11 [2.5 g/h) as compared to
checks AF-1 (2.4 g/hl. RF- 101 [1.45 q/h} and RF-143 [1.05
g/h).

Table 5.5 Variability recorded in ajwain

Characters Min  Man Average OV (%)
Draws t0 geErminatoan q 17 1181 1504
Plant height fom) 747 1488 10505 13.03
Pl brdnches! plasit 74 17 lo4] 2054
Ser. branches) plamt 1318 376 XM0E 2048
Days o S0% fhonwering a0 187 9418 1061
Length of | internade 046 292 130 3783
at S0 Meweringlom)

Effective anches/ plant 1416 3143 22843 1751
Die of main umbel fem) 414 a5 L % i
Umibels fplant 1416 3143 I26.ET 1677
Urnibeliares / umbal 1B 15 1277 19.68
Leeds fumbeliate a2 26 B2 B3L
Bays taken o 75% maturity 135 i3 1518 3136

Fenugreek germplasm evaluation [Mult location)

Fifty germplasm lines of fenugreek were tested in ABD
with 5 checks viz., Hisar Suvarna, Hisar Sonall, RME-361,
RWIE-1 and AFE-3, The variability recorded in the iested
lines is presented intable 5.6.

Table 5.6 Variability recorded in fenugreek garmplasm lines

Table 5.4 Varkability recorded in fennel
Character Min  Max Average OV [%)
Pri, branch/plamt 4.2 i 6B 19.63
sec. branch/plant 5B 24 126 31.55
Umbel/plant 80 1232 428 47.01
Umbellatef/umbel 18 45 274 18.99
Seed/umbellate 19 425 29.2 15.68
Plant height [cmj 90 £i0 1543 14.66
Test weight [g) ig 2.4 6.8 22.2

Apwain germplasm evaluation

Ninety six lines of ajwain were tested in ABD with four
checks wiz, Ab-1, AT, GA-1 and Lam selection,. The
variability recordad is glven Intable 5.5

Characters Min  Mad  Mean (GOV %) POV %)
Dmys to S0% 4888 TOIE S497 5366 5691

Mawering

Day of 75% 132 13620 13396 0000 1.0714

rmatirity

Mant helght {om] 6632 10143 BY1E D586 8.017

Prl. branches/plant 397 708 526 5857 137108
Sec. branches/plarm 484 1084 727 12877 21160
Pods on main gtem 970 JEE 1334 BSE3 11095
Pod per plant 2566 E4.50 52X 142116 15229
Pod length (cm) 840 118 108 3063 027

Shelfing {%] 452 6435 6103 10BRS 12172
Saeds per pod B16 1970 1378 OEN7 11.253
Tpsd weight () 9.30 1909 1401 13T9R 14379
Wishd per plont (g) 199 12236 810 25088 29,145
Celery Germplasm Evaluation

Thirty s germplasm lines were evaluated along with one
chieck Le., A-Cel-1in RBD of 3 X2 m' plot size. Wide range
of variability was mcarded for 3l the characters sudied,
Out of 36 lines, 3 promising accessions Karnauli-16 (1,52
g'h) and Karnauli-3 {1.37) gave significantly highet yield
than the check A-Cel-1 [1.Z9 afhl. Total warmbility
recorded is glvenin table 5.7,
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Table 5.7 Variabilfity recorded in celery genatypes

Table 5.8 Mean performance of fennel genotypes tested under

Characters Min. M. Mean  CV%
Flant tepight {cmij 71 184 1739 1006
Limbel/ umbe| 1 a5 126 1r1
Seedfumasllsta g 2B 186 19.5
Urnbalf plant 210 514 3218 a0, 2
Brimary branchas 3 10 T 1¥5
Secondary branches 9 28 136 263
Yok (gl 20.1 47.9 6.2 22.2

120 Cytogenetical and biochamical
characterization of cumin (2012-16)

(R. K.Solankiand 5. 5. Rathare)

Weloss was found o be normal in genobype tested, 7
bivalents: were observed sugpesting the basic number
n=l. Mo maiatic sbnormalities were pbserved, Melotic
division in PMC occurred In the tempersture range of 12-
18" C. It was observed that the event of pachytene and
diakinasis were fixed in very low frequency (out of 100
fields scanned only 510 showed these two events), in the
cell cyele duration of these 1wo events may be oCcurting
very fast or may be less frequent as compared to other
events which may be affecting total recombination
frequency at the given time, Turther biachemical variation
studied for engyme activity was alza found to be
significantly variable in cumin genatype GC-4and RZ-209.

Project 2 (Ci): Genetic improvement of seed
spices for improving productivity, quality and
tolerance to bioticand abiotic stresses,

C1-&; Breeding for high yield, guality and rasistance
to biotic and abiolic stress in fenned { 2009-15)

(R.5. Meena, R. K. Kakani, 5. N, Saxena, R.5. Mehta,
R.D. Meena, Krishnia Kant and 5. Choudhary)

Initial evaluation trial of fennel

Fifteen penotypes were ovaluated In RBD with three
replication and three check varieties, analysis of varfance
revegled sipnificant difference amang the genotypes for
all the traits inchading seed vield. Sead vield rangad from
9.23-22.79 g/ha, UF-206 {22.79 q/h] and AF-12-5-14
{20.16 g/h) were high ylelders showing 18.08 % and 4.4 %
higher yield than best chack AF-1 (19 30 qfha), The mean
performance of fernel geriotypes is givenn tablg 5.8,

T
Entries Test weight (g)  Yield a/ba  Essential oil %
AF-05:12-] 4,36 11.04 110
AF-] 5.11 19.30 233
AF-12-5-14 141 20,16 2.70
AF-12-5-15 4.77 1793 2.00
AF-12:5-29 1.86 1816 327
AF-12-533 5.43 1635 2T
AF-12.534 459 14.05 253
AF-12-5-56 6,19 1501 &3
AF-12-5-59 5.70 1353 267
BF-135% 5473 15.73 258
AE-F2-53 2460 1393 100
&) FNL-7 521 11,29 168
RF101 5.27 13250 2.50
RF-135 6.59 1146 267
UF-131 505 14 53 LT
133 54 9,23 L0
UF-168 6.10 14,68 217
UF-206 5.55 1.7 2.70
Mean 5.20 14 67 259
50 0.6 2.49 0.38
ch 117 a.:22 L.I5

Fig 1 Seed yield (g/ha) and essential oil % in fennel genotypes
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Dwarf fennel genotype maintained

Extra dward fennel plant identified earlier is being
maimained through sib mating. However, seed setting
was very less, sufficient seeds have heen harvested from
thwarl plants and attempts were made to oross with high
yielding variety e, AF1, Hybrid seeds were very weak
and shrunken which did not germinated on sowing.
Efforts are going an for making successful recombinanis.
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C1-7: Breading for high yield, guality and resistance
to biotic and abiotic stress in celery (2003-15)

(R.5. Meena; R.K. Kakani, R.D Meena, 5 Choudhary
and Krishna Kant)
Iritial Evaluation Trial

A multiHlocation trial comprising of 11 genotypes was
conducted at MRCES, Ajmer and PAU Ludhiana during rabi
2013-14, Dwe to heavy hailstormon 28 Febroary 2004 at
MRCSS was severely affected the crop and actusl seed
vield could not be harvestad. A% PA&U Ludhiana trial was
conducted suocessfully, Two genotypes, A-Cal-5 [23.37g]
antd A-Cal& [1956g] were found hest for yield as
compared ta checks, The genotypic perfarmance for seed
yigld is givenin the graph below

250 , 234
) 196
Erun-“ 174 s 17
i g8 .
150 Lg13 il
g il U 118
5 w0 5
=
® 501
b
om
R-METO TR OS GG
-2 23 F TR E832e 3
22327311113
& Genotypes “:1

Fig 2 5eed yield recarded in celery during 2013-14

Some celery plants have been identified showing early
maturity (32 days after transplanting] a5 compared to
check ACel-1 [70 days after transplanting) and other
celery accéssions. Soeds wore harvested and preserved
for Further exparimeants,

(-8 Bresding for high yield and guality wn dill
lAnethum groveolens L and Apethum sowe Kure.)
(2009-15)

(R.K.Kakani,R.5. Meena and Y.K. Sharma)

One station trial was conducted with 12 test gniries and
two check varigties vir, AD-1 and AD-2. The population
AD-GT matured warly as compared 1o other populations.
The trial canpot be harvested successfufly due to hail
storrn more than B0 percent loss was recorded

Ci-9: Breading far high yield and improved guality in
ajwain for Rebiand Kharif season (2008-2015)

(5.5. Meena, R.K. Kakani, R.S5. Meena, R.D.
Meena, K. Kant and R.S. Mehta)

Minty six genotypes of ajwain were evaluated with Tour
checks viz, AA-1, AA-Z, GA-1 and Lam Sel:Z in ABD,
hazimum variability was recorded for seed yiekd/plant
[55.75%] (Muble 5.8). Cuality profiling of ajwain variety
AA-D3 and AM-2 was also carried out (Table 5.9). The
varlability recorded |s presented intable 5.9,

Tabbe 5.9 Variability recorded inajwain

Characters Min. Max Mean OV (%)
Days to garmination 9 7 1181 1504
Plarmt height (om] 742 1488 10505 1108
Frimary branchesy plant T I? 1041 3054
Secondary branches/plant 1318 3276 21908 2048
Days to 50% Rowenng &0 147 #1589 1061
Umbels fplant 1416 31431 2687 1677
Umbeliates / umbsal T8 L] 13737 19649
Seeds fumbeliais 42 26 1862 B35

Seed yield foland (g) 12 144 4444 RS

New ajwain variety released for Rajasthan State

Ajwaln variety A8-593 was released for Rajasthan state in

30" meeting of State Seed Sub Committes on Agriculture

and Horticulture Craps held on 8.01.2015.

The parformance details of the variety are

« Ayerage seed yield 9.0 g/ha with normal crop
geometry [40cm = 20cm)

#  Matures in 123 days (10-45 dayz early than identified
chack varieties)

« Higher per day productivity ie, 10.83 kgfday in
agranomic tnal with changed geometry

« Gives 14.15 g /ha seed yield with 30 cm x 15 om crop
geometry

o Posses iodging resistance (ncase of heavy dew

* Can be sasily identified by characters days to flowering
and aracl growlh habil
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Breading for high yicld and impraved guality in
nigella

{5.5. Meena, R_K. Kakani, R.5. Meena and K.Kant)

Two advance varietal trials were conducted at iwo
lacations i.&, NRCSS, Ajmer and ATC, Kota to test 04
pramising genobypes of nigella ncomparision to 02 eheck
varietios viz,, Pant Krishina and Azad Kalongl. Plant helght,
number of branches, days ta 50 % flowering, other yield
artriburing trafes and sasd yield kg/ha were récorded,
Genotype AN-I0 gave the highedt yield st both the
locations 2000 kg /ha |Ajmer) and 1006 kg/ha (Kata), The
otherdata of anclary traits are given intable 5.10.

Tabie 5.10 Performance of nigella genotypes in trial [Ajmer)

Gemabypes Sdliquaf plant Sﬂ-dﬂ"lﬂE“ Wield (kg hal
Afmar Eota Ajmer Ajmer HKota
AM-] 5013 5600 7869 25575 L7 74
frad Kalaunji {c] 56 17 5200 7953 61325 T H23
Rani Krishna jc) 5139 3950 3818 48795 5R jf4
AN-T1 5317 SEOND 7RO GOS0 5095 i |
HE Sal-10 GEdE 5075 8113 5250 E76  BA6
AH-20 TETY G150 9594 6900 00C 1006
Savt 20 1M 76 181 434 028
o3t 5% BIS 534 832 576 713k A3
() 20 654 K72 657 GBS LET

New nigella variety released for Rajasthan State

Nigella variety AN-20 has been released for Rajasthan
state in 30" meeting of State Seed Sub Commitiee en
Agriculture and Horticulture Crops held on 8.01.2015.

Tha perfarmance details of the variety are;

10,25 g/ha average seed yield [42-43% higher than
Arad Kalongiand AN-1].

* At parwith other varieties in ttal seed oil yield.
Cl-15; Genetic enhancement of anise for yield and
yield contributing traits (27011-16)

{ K. Solankiand O.F Alshwath)

Fifty sarty population developed by making selection in
the genotype AA-17 were evaluated and advanced. Ten
superior genoiypes were evaluated for yield and other
traits bust the cropwas damaged severaly by hailstorm:

Ci-18; Genomic study of seed spices [fennel and
cariander) (2012-15)

I5. Choudhary and M.K. Vishal)
Diversity analysis of coriander and fennel varieties using

molecular markers

RAPD analysis was done to kmow the  maolecular
relationzhip among germpolasm lines and redeased variotiss
of coriander (59 finas) and fennel (69 lines) OPB primer
serles ‘was used, total 1553 RAPD bands were generated in
589 line= of codander, 252 bands were polymorphic
representing 16.22% polymorphism. Cluster analysis based
on binary data using UPGMA method delineated the
genotypes inbo bwo major groups. Genetic smilarity matris
was caleulated on the basis of Jacoards algorithm for RAPD
data. Further characterization is in progress.

Fig 3 PCA analysts of RAPD data for corlander genotypes.

In fenmel, ranal 2062 bands were amplified of which 576
were palymorphic showing 28.05% polymorphism,
Cluster anahysis of 1 - 0 bivariate data using UPGMA
method delineated the genotypes into four groups and
the data was turthe: used for constrecting a dendrogram.
Genetic similarity matrik woas calculated on The basis of
Jlatcards algarithm for RAPD data. Furiber
characterization isin progress.

=
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C1-19; Enhancing genetic variabiity in cumin (2012 18)

(R.K.5alanki, R.5. Meena, Y.K. Sharma, R.K. Kakani, A
K. Yermaand H.5. Mahla)

During the period 505 single plamt selections were
adhvanced, a staton trial comprising of 10 genotypes and
twa checks (RZ-209 and GC-4) was conducted and, 40
gntries were tested in wilt sick plot, Ample amount of
varlability was observed for growth behaviour, plant
height. no ol umbels, test weight. Variation was also high
for plant architecture, plant height, biomass, number of
umbels and test weight, whereas, varlathon for umbellers
per umbel was found very low. Genotypes CE-13, CE-15,
CE-7, CE-8 and CE-4 were promising. Unfortunatefy, dus
o severe hallstorm damage happensd in eumin alfecting
the crop significantly.

Table 5,11 The range of variation obierved in cumin lines

Trait Minbmurm Manbmurm
|Frequency) {Frequency)

Plaid hght {emi 20-25117) Sl SO

Mo of pnmmsy hianchas. 4 | 108) B[l

Mo setondary ranches  @-5 [31) 18-11 {32

Mo of Umlsh per plart 1520 14) 4145 (1)

Mo of Wirmisi®ets gir plant Balos 4 TTE Mare thmn (7]

Seeds per wmibed 26-30152) E6-40 [R)

et welght §iEgl Below 2.0 g [53] More than 4.6 ()

Soed yigld per plant (g1 Below 1.5 5 234) Above 458 (2]

= .h‘ul' i, W ‘l—-ﬂ - l‘ -
Spreading type cumin genotype with low biomass

C1/13,2.1: Breeding for high yield, powdery mildew
resistance and suitability 1o mited moisture
condition in fenugresk (2013-18)

(R.K. Kakani,5.N. 5axena, R.K, Solanki, Y.K. Sharma,
55, Rathore and R. 5, Mehta)

AFg-4: A new variety released for Rajasthan state

Twiy entries vz, AFg-3 and AFg-4 were evaluated in
conrdinated varietal trial on fenugreek during 2009-10,
2010-11 and 2011-17 at 12 locations around the country
at Guntur, Dholi, Udalpur, Jabalpur, Farzabad, Hisar, Ajmer,
Jobrer, Coimbatore, Jagudan, Pantnagar and Raigarh.
Based on thase coordinated trial one fenugreek variety
AFg-4 was identified and released for Rajasthan state in
30" meeting of State Seed Sub Commities on Agriculture
and Horticulture Crops held on 2012015,

The performance details of thevariety ace -

« Sped yield (1925 gfha) waz 12.53% higher as
campared to national check Har Sonali in 11 trials
conducted at different locations.achoss the Rajasthan
stane

»  AFg-A gave 13 64 gfna average seed yield which was
17.62 % higher than national check Hisar Sonall in
coordinated trials.

«  AFg.d gave 26.38 g /ha seed yield with spacing 22.5cm
row spacing and fertigation of MPK 50,50,25 kg/ha

«  AFg-d s moderately resistant to powdery mildew and
ool rog,

*  AFg is also superior i guality as its seed containg
099 % S-hydrowyisolucine (4HIL) which was 11.9 %
higher than the natlonal check Hisar Somall I:I:I..EdH:l. =
seed also contains 1,74 % diosgenin which was 30.8 %
higher than natienal check Hisar Somali {1.33%). Seeds
are alsa rich in crude filre 21.7 % wihich was 11 per cent
higherthan Hisar Sonall [13.91%]

»  AFg-4 pave 16.32 gfha seed yield, which is higherthan
the chack entries, thus having approv 16 % superioniy
over RWt-1 and BPE-305. In testing at Adaptive Trial
Centreunder Govt, of Rajasthanin Zone [Ha

It can be easily identified throwgh the characters listed
in BUS testing

Evaluation offenugreek genotypes under CVT

Two entries namely AFg-5 and AFg-& were submitted for

coordinated testing (o AICEP on Spices, Theseantries ane
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selectad on the basis of yiald in station trial conducted at
MRCSS, Ajmern Eleven advanced lines developed through
mutation breeding has been evaluated in randomized
block design with three check varieties viz., AFE-1, AFg-3
and Hisar Sanali using three replications, A3-47-1 was the
tughiest vielder with 7.09 g/ha seed yvield followed by A3-
43-1(7.0 g/ha) as compared to best check L.e. AFg-3 15,92
afha). Perfarmance was not good due to hall storm

damage,

T B R
| JL‘. I I I I I I I
'\. ‘|| ‘F. 5 1
;-":‘ . .q-u £ # #P H_L;"'"
#’) ¥ .;“ &

Fig & Periormance of fenugreek genatypes for seed ylald
{a/ha)in trial

Evaluation of fenugreek genotypes in limited water
enmvironments

Thirteen selected fenugreek genotypes werg Sown i
three different environmaent iz, no woker stress, water
stress at mid term irrigation stage and water stress ak
terminal Irrigation stage. All the genotypes showed
significam imeraction with environment. Water stress
affected all the parameters studied. Stress given at
midberm growth stage does not affect seed yield in most
of the penatypes. Whareas terminal water stress affected
seed yield significantly. Some genotypes were promising
for limited water stress condition (CH-32-17, AFg 3, AFR 6,
AL-1-2}. Most of the genolypes were able to mitigate
adverse effect of midberm water stress when crop was
irrigated &t terminal growth stage. Many genotypes
perfarmed substantially pgoad under situation af
complets warer stress (C1-32-17, AFg 3, AM 293, BZ 19,
AFg 0). AFp 3 [recently released variety] found suitable lor
all tested environments cornpared o other genotypes.
CL-32-17 is another genotype which performed very well
under both control as well as sbressed conditions.
Genotypes AM 413, RME 305 exhibited lowest seed yield
under various conditions,

o i Uil = LB el irewy
= e gl e w Cainfilebg e
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Fig & Seed yizld of different fenugreek genotypes under
varlous stresses and control conditions

Ci/13.2.24 Breeding for high yvield, small seed size
and stem gall resistance in coriander{2013- 18]

(R.E. Kakani, Y.K. Sharma, R.5. Meena and 5N,
Saxena)

Evaluation of coriander populations

Mine coriander populations hawe been evaluated in
randarnized block design with 3 check varieties viz., ACr-1,
Higar Sugandh and RCr-435, The trialcannot be harvested
successtully dus to hail starm damage which caused mone
(han B0 per cant loss,

Gene pool (Compaosite] maintenance:

Three gene poals vir., of early maturing and high vielding
genotypes; of genotypes having small sized seed; of
genotypes having 4 bazal leal, medjum haight, higher ng,
of sead per umbel and high yiald; which were created
thraugh sibmating are being maintained. Selections were
carried out within the pools for advancement,

Project 3 {CPd): Development and refinement

of efficient crop production technologies of
seed spices.

CPd-17: wentification of critical stage for weed
managemant in seed spices {corander, ajwain and
tenmel} [2010-15)

[R. Singh, G. Lal, R. 5. Mehta, 5. Choudhary and 0. P,
Aishwath)

Twa field experiments involving fennel and apsain were
conducted ab NRCSS, Ajmer. There were 18 mreatments
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comprising of initial weed free and weedy periods of 15,
30, 45, 60, 75, 20, 105, 120 days afer sowing [DAS], The
treatments were replicated three times ina randomized
block design, Weed density and diry weight was recorded,
Weed flora of the esperimental field consisted of
Chenopadivm murale L, Chenopodivm atbum L., Cynodan
dactilon L and Cyperus rofundus. Keeping the field wead
free uptoinitial 15 days reduced the weedl count 35 well 35
their dry weight significantly as compared to conditions
allowing the weeds bo come at 15 DAS and then removing.
The magnitude of weed dry weight and weed count vary
in different crops but the trend remained same in both the
crops. The weed dry weight increased with the increase of
weedy peripd from 15 DAS o harvest stage and if
docreased with increase in weed froo perlod from 15 DAS
fo harvest stage. Maximum seed yield of ajpwain and
fenpel (63815 and 1407 3 Kg/ha] were recorded in weed
free throughour growth perlad trearment, where as
lowest were recorded [6.85 and 257.7 kglhal in woedy
check. The critical stage for weed competition in ajwain
and fennel were 63 and 95 days respectively (Fig 7). The
loss in yield due 1o weeds (weedy throughout growth) in
ajwain and fenpel were 6313 and 11496 kg/ha
respectivly as compared with weed free plois. The loss in
yiEld due to weeds (weedy uplo 15 DAS o weedy
throughout growth periad) ranged 35.2-93.9% in ajwain
antd 9.2-81.7 % in fennel as compared with weoed freg
plots, There ane negative returns due o very less yield of
apwaln and fenned In weedy throughout growth perlod
plots {Tabie5.12).
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Fig 7 Critical stage {days after sowing] hor weed competition
Ih ajwain

Table 5.12 Seed yield and net returns of ajwain and
ferned wnder different treatments of weedy and weed froe
period (DAS)

Treatment Seed yield (kgfha)  Net returme
[T4ha)

afwain  Fepnel Ajwzin  Fepnel
Weedy up to
15 OA% 41315 LdIF7 A3300 ZARIR
30 DA% 7148 11553  1EIGY 18478
45 DAS 188481 11147 2856 16995
60 DAS 146,74 2T -11063 A578
75 DAS 11019 7EY.3 -15855 17561
90 DAS #7486 6630 -1BEY3 3834
105 DAS F883 BOLT -2541%  -6588
120 DA% 13.69 5447 -30523 8672
135 DAS - 4483 - -14005
150 345 1813 JE9AY
Wieedy B3 LT -34581 13839
Waed fron Lp to
15 0a% a753 2AES 3 13811 17589
0 0AS TERI 360 15205 150845
45 0as 10630 4T0.7 -A2&02 9005
B0 OAS 19667 GH4E3 -S43 -A005
75 DAY 18552 G35.0 -311 2583
20 0AS 436,11 @610 8E13 -192%
105 DA% 39278 JELT 0866 2095
120 DAS 466,11 B513 41381 586l
135 DAS - Gan 7 3161
150 OAs “ LOB8.7 15338
Weed free 638.15 LaDr3 GR3IIS  I9l6]
LD at 5% 333 2B4.4

B Eo@y ol B B 1D AP0 i Bl 38 EBL-108 J1G
ermnm o daps ey asmag (k]

Fig 8 Critical stage [days after sowing] for weed oompetition
in fernnel
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Evaluation of pre emergence or early post emergence
herbicides forseed spices

An experiment was conducted using 9 herblcides
(Pendimethalin, Oxadiargyl (6% EC), lsoproturon,
Owadlargyl (B0%WP}, iImazethapyr, Butachior, Metnbuzin,
Owyflourfen and Glyphozale| as pre emargence or early
post emergence herbitides to evaluate their impact on
wiesd control and crop growth of major and minor seed
spices. The response of different herbicides was varying in
diffgrent orops. Best herbicldes were Duadiargyl [6% EC)
for all the seed spices foliowed by Pendimethalinin all the
crops except fenugreek and anise.

CPd-18: Standardization of
protitable cropping system with fruit crops (2011-
15]

(5.5 Meena, R.5. Mehta, G.Lal, O.P Alshwath. R.
Singh, K. Kantand R.D. Meena|

The study was conducted with six seed spice crops in
association with frulrtreesand inopen space. The highest
sepd, stover and Blological yeld of seed spices was
abtained In open space followed by with aonla
association. Fully grewn ber orchard +fenugreek
parformed better resulling highest cariander equivalent
yield (4318 kgfha) followed by ber + nigella. Fully grown
gonla orchard +ajwain resulted in highest corander
equivalent yald (B003 kg'ha) foliowed by aonka + nigella
(7B&1.11 kg/ha). Fruit yield of ber and aonla was recorded
higher with fenugreek. Due to hailstarm damage ber friit
yield and seed spices yield were very less than
expectation [Table 5.13).

sustainable and

4

| S Ty =
Ber & aanls archard kn kharid seasan

Tabbe 5.13 Effect of seed spice based inter cropping with: fruit

trees
Trealmests Sl ylal Straw yiald Feuil el CanBnded
thg/hal  (kpfhal  fkafhal  equivalent
yiehd [lg/ho)
By +Higella AT GEOD 1201700 436055
Biar +hnise 2E2 B0 B 00 10i3ioh 425500
fzr +Hai S N 1 T S R b -
Baar +Ajaam A0 00 65000 1]1BIA00 2 AZa4E7
Ber +Fanugress 13500 B4A00 1751000 2431839
Besp + cowinndsr 1E2.00 Bi1 00 12027080 429100
Pl -+ Negalie 26600 730000 £405000 2 FE51.11
Pasnila Al 28 00 BI100  £IATOO0  TRET.GT
LSRR LT e ] 150000 4353500 2 7536.72
fonla » Bl SES.OD 15%0.00 4408500 2 BOO3.61
Aonky «Fenugreet 534,00 161600 <S0RI00D  7796.55
Apnla « Conarder 25800 BAGO0  SaDA0D0D YG26.33
Sodr Ber 1236000 4130.00
Sole fonla - 4501500  7S02.50
Soie Mignla 45,00 10500083 = ti8.08
Sale Anlse 55,00 1700.00 . 582,22
Solle Fas ITMz00  5554.00 - 1063.11
Sole Ajwraln a28.00 135100 . GET. 77
Sole Fenugresk  1EOLO0  3704.00 - TILES
Sode Corlander B55.00 1652.00 - 5500
SefmvE 38.19 x4 105538 27024
O ath% 105, 75 MlArT 30eil3 17363
L8 %] 10.68 HI R 101 &[0

CPd-19: Screening of plant growth promoting
rhizobacteria for coriandear [ Coriondrum sativem L.)
(2011-15)

[B.E. Mishra, ¥ K. Sharma, O.F. Alshwath, Knshna Kant
and M. K. Vishal)

A Field expaciment was conducted during robi season of
2013-2014 1o evaluate effect of selected rhizobacterial
sirains  inoculants on growih and vield of corigndaer, A
randarmized hiock design expariment was laid out with 11
treatments and 3 replications on a plot sizé 4x3 m’, These
treatments included Azotebocter, Psewudamonods and
PSE Isolates from coriender rhizosphere. All the
rhizobacterial lsolates had positive effect on seedling
vigaur index compared to control (Fig 9). Highest seedling
vigour index was recorded lor TE followed by T4 and
minimum was found InT11l [conirel). These all
rhizobesctenal solates acoelerated the corander soed
goermination. Effect of PGPR |zolates on conender plant
biarmetrical data was rétarded a1 30, 60and B0 DAS. At 30
BAS observations revealed that treatment 175, T8 and T9

—
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increased the shoot length as well as oot length. All the
PGPR treatments induced early fiowering than controdl.
There was non-significant difference in root length, fresh
roak welght and dry root welght o 90 DAS of coriander
plants, However, significant ditference were recorded for
frech shoot weight and dry shoot weight at 30 DAL There
wiere sipnificant effects of PGPR treatrmont on total NFE
uptake by coriandérs plants as observed with analysis of
harvested crap and plant biomass (Table 5.14).

Swilling vigaw index

-:«--.‘-aa--.l--e--an-:-#é{aja

Seediingvigous
-BEEEEREE

based formulation prepared at microbiology lab of
MRCSS, Ajmer Due to seed bacterization of fenne! seeds
with P5SB, there was slightly early geemination of all
freatments in comparison o control, There wene
significant differencesin plant biometrical character at 300
&S Similarly, at 60 DASshoot length varied from 57 .62 1o
60,22 crmvand highest shoot lengih a4 well as fresh shoat
weight was recorded with T2 There was sigmificant
difference in fresh shoot weight, dry shoor weightand dry
root weight at 90 DAS in comparison to control. PSB
treated fennel plants showed slightly early 50 per cant
Mowering (116-118 DAS] as well as 75 per cent flowering
[121-123 DAS) than the contred, The highest seed yield
was recorded with T10 which was at par with TS and
rrdribemim s yield wias obsarved with control [5.15).

Table 5.15 Effect of PSB on Fennel plam biometrical data at
harvest stage

Fig %: Effect of PGPR treatment on corlander seediing wigour
e

Tabla 5.14 Effect of PGPR on corander plant biometrical data
at30DAS

Treatmenls Shool HRoot Fresh Fresh Dwy Dy
length fength Shoot Hoot Shool  Root

fem)  (em) wi gl we (gl W {E) W (gl

Azoro-d{TY)  7.13 980 045 009 008 0018
Arcto-5(T2) 783 W60 075 012 007 0017
Areto:7(13) 710 W37 056 W& 005 0008
Azomofi(T4) B3 1W06) 056 007 004 001
Azotodd(TS) 943 1227 OF 0@ 008 0015
Aroto-10 iTEL 7.29 1 A (LIS 022 0olo
Kmg's B-2(T7] 723 @33 651 o009 008 0020
ﬂm'!. B-9 I:Tl-] 9.30 L1237 10D6 14 o 6 1 N 1 4
ﬂu's B35 (T3] #.43 Wi A3 ST (01523 045 0aoin
PSBIS(TIO} B23 855 071 BOos 007 0020
Control (T11) P 950 Ay (LIRS 0.OF vla
SEm 041 055 038 o002 005 003
10| D05 1.71 1562 BIS kOS5 012 hoog

Treatments Plant Plamt Spds
helght fom) wt. g} vield fol. (2]

T 24 57 ZhE.4 183

L 203.2 218.5 1368
™ 15843 23H.15 1059
Ta 2001 2365 1153
5 200.97 27E 5

L+ 2023 2895.03 1628
[ 1599.3 205.83 1412
T’ 19917 ZI9.ET 15.67
k- 200.3 2243 12799
T 2003 Fhd &7 15.26
Coerimal 18588 224,93 1211
SEm .2 16:383 LT

i (Eas) 641 4981 5

CPd-20: Isolation and evaluation of phosphate
solubilising microprganisms for fennel [Foanicilum
willgare L)(Z011-15)

(B. K. Mishra, O.F. Aishiwath and 5.5. Rathora)

A beld experiment was conducted to evaluate the effect
of PSR isolates on growsh and yield of fennel. Ten affective
PSE isodates were used for seed bacterization using taic

C¥d-24: Fertigation scheduling for efficinnt nutrient
and water management in major and minor seed
spices (2012-15)

(R. Singh, B. Singh, G. Lal, R. 5. Mehta, H. Asangi and
S.PMaheria)

Standardization of Irrigation and planting/ sowing
technigues for seed spices

An experiment comprising of two factors (bed size and
planting method In fennel, dill, ajwain and celery) was
conducted under drip fertigation. Two kevels of factor A
(75 and 150 om wider raised beds] and & treatments of
factor B [transplanting of fennel with and without mulch,
direct seed sowing of fannel, dill, ajwain and calery) werg
conducted in factorial RBD with four replications. Twa and
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four number of crop rows were accommodated on raised
bed (FIRB) having 35 and 90 cm upperwidth of the raised
bed, respectively whereas spacing between two furrows
werg 75 and 150 om in nommel and wider beds,
respectively. The results showed that paired row
transplanting/sowing of fennel, dill, sjwain, and celery on
75 om wider raised beds gave higher yield than
transplanting fsowing af four row on 150 emorared beds,
The maximum yield (1079.2 kgfha) of fennel were
recorded under transplanted fannel with the miulch which
was higher by 159.4 kg/ha than seed sown. The lowest
yield was recorded in 2jwain (259.2 kgfha) directly sown
by seed (Table 5.16). The seed yield of dill and celery were
919.8and 1401 .0 kgtha,

Table 5.16 Seed yiald of fannel, dill, ajwain and celery as
influenced by bed size and sowing method under drip
fertigation

Treatment Sembed 150.cmbed Mean
Fennel transplantad 1.1x.8 9708 L0ak s
Fennel transplanted 1,137.5 LO20E 17E.2

with mulch

Fennel seed sown 10771 2000 G635
DII spmgl govven T41E 10958 Q15,8
Afwwain seed sown 26588 1455 2552
Celery saed wnwn 14958 1.306.3 L4010
Mean & OB5.6 923.9
Factors C.o. SEld) SE(m)
Factor|a| N5 23.0 16.3
Factor| B KLS 399 28.2
Factorii 3 B) 1153 Sk, 399

Transplanted fennel and seed sown fennel, dill, celery, ajwain
on 150 cm raised bed

Transplanted fennel and seed sown fenned, dill, celery, ajwain
on 75 cmraised bed

Effect of different nursery raising technigues and width
of raised beds on growth and yield of transplanted
fennel, ajwain, difl and celary

An experiment comprising of twao width of raisad
bed (75 and 150 cm wide] with five sowing/planting
methods [transplanted crop with mulch [TM],
transplanted crop whigre agrsary raised i sall, soll less
media (SLM), pro-trays (PT] and direct seed sown {DS) in
four seed spices (fennel, gjwain, dill and celery] were
conducted in spht plot design. The masimum yield of all
the crops were fecorded al transplanting with mulch
followed by the nursery raised in portrays. in all the four
tiops, the lowest yield was recorded with the seed sown
trop 3% compared with the transplanted crop. The
manimum yield [1250.0 kg/ha) of fennsl was recorded
under transplanted fennel with mulch which was higher
by 195.E kg/hathan seed sown [Table 5. 17},

Murseny ral I

50l tesEyits

Murgory r wed 0 prrays

Nursery raising method in of seed spices

—_—
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Tabbe 5.17 Effect of bed sive, nursery raising technigue on yield of seed spices [Fennel, dill, ajwain and celery transplanted under

drip fertigation
Treatmeant 75 cm bad 150 om bed
Nursery raising
method/crop  Fennel il Ajwain Celary Fennel ol Ajwain Celery
Hursery in sail LO7%.2 12542 2728 1and.l 1,050.0 140491.7 2711 1,504.2
Nursery #mulch 1,250 1,320:5 P | LE14. 5 1L075.0 L2125 358.3 L5938
Soillest media 1.108.3 1.091.7 2646 15250 2358 10458 2139.6 1.2917
Portrays 11604 1,104 2 3125 16438 1.014.6 11333 2833 1.200.0
Seed sown 1,054.2 283.4 234.4 13771 813.5 Q958 2313 1.254.2
Factors Factor (A]  Factor [8)  Interaclion Factor [C) Intersction Interaction Interaclion
AXB AN BXC AXB X C
SE(m) 9.8 13.9 156 155 2.0 3l.1 4.0
C.h. 215 38.0 551 436 N5 M5 1733

Effect of different irrigation technigues on growth and
vield of major and minor seed spices

An expetiment having 4 irrigation methaods (surface, drip,
sprinkler and micro sprinkler Irrigation] in main plot and 9
seed spice crops (Fenugreek, MNigelle, Anise, Coriander,
Ajwain, Celery, Dill, Fenngl and Cumin) In sub plat with
three replications was conducted ot NRCSS. Among the Fenugreek and eumnin under drip irrigation
irrigation methods, maximum average seed yield (4926 Table 5.18 Effect of differant irrigation methods on yield of
kg/ha) was observed under drip fertigation followed by ~ majorandminor sead spices

mini sprinklar (273.1 kg/ha), sprinkler [272.5 kp/ha) and Treatmient  hivigation method

lowest with surface irrigation (Table 5.19). Among the |5eed spice Surface  Drip Speinkler Mega-net hean
erops maximurn yhald was recorded in fenugreek (676.5 i Im Fortlgwlton, irciine m“ L
kg/ha) followed by fennel (597.8 kg/hal, celery and dill. Sqrrinkler]

Very less yield was observed for cuemin, ajwaln snd anise. Ferugreek 3334 15167 300 45959 BT6.5
The crop was severaly sHocred by hall storm hence poar  |Mecdla 215 233 @0 1264 1428

yield was theve in all the crops, The seed vield of  |eoroder sats  si8a 2693 a1 3se2
fenugreek, corlander, fenrel, celery, nigella were Ajwaln EO.4 935 T1E 2403 1185
" ; : - i} Celery 4685  B52.5 SO1.7 385.3 501.0
ﬂimﬁ?mh RIS Wiy oy S Ret o oill 4112 4183 4733 1736 359 1
Irrigation methads (Table 5.18). Fennel G763 7514 G3A4 3350 S97.8

Cuirmin B5:0 55 ran 7.0 d8.5

Mean®  IBLL 4926 1715 b B!

Factors Ch SE|d] SEIm]

Factorfa] 363 158 1.2

FactorfB]  35.7 179 27

FatorB] &t

s lewe

afl fi T3 59 336

Factar{A) at

same leved

af B 63 o oo
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CPd-25: Mutrient management for sustainable sead
spices production {corander and feanel | (2012-17):

(Q.P. Aishwath, R. Singh, B.K. Mishra, R.5. Mehta, B N.
Dubey and Harisha C. B.]

Thresh hold level of N requirement of coriander [ACr 1)
an soil test basis

Results revealed that plant helght, no of branches, stover
yield increased with higher doses of N, whereas sead yield
and nutrient Uptake were not canclusive due to crop loss
by hall storm during tha season Growih parameters
Indicated that plant height can be achieved mane than &
feel and as many as aboul 30 bianches, i coriander
fertilized appropriately, Chioropbiyll content and nutrient
content was also enhanced with N iputs {Fig 10 & 11).
However, carctenoids content decreased with increase in
W. which is directty correlared o soil and plant N content.
Avallability of N, P and Fe improved with higher dosesof N
imput (Fig. ). However, Min regains ae its initial status at
miedium |évels of N and exhbusted at hgher [ewels
Availability of Cu-and In always remalned lower to its
initial statis with all M levels.

Thicrepts! kool encets oo esi s ceianisr

S0 rustreend aunllabiisty with W ioseds
i wlF Rt

uhLLLLL;

Pt [onmi RO LN 1)
M lisiwnle

]

fnllabie Mg (kg ha ')

Fig 11. Effect of M levels on available macronutrients initial and
aftereotiander crop

Thresh hold level of P requirement of corlander (ACr 1)
on soil test basls

Resufts revealed that plant height, no. of branches, yield
were more with applied P, whereas yield and nutrient
dptake wera nat canclushe due to orop loss by hail stomm.
Leaf and root characteristics were followed the trend as
that of previous year, Macro and micronutrient content
were not influenced by P application, Soil available N
drastically reduced and avallable P enhahced with applied
P However, avallable K remained unmaffected. Avallable
micronutrients were also not sfected with applicationof
Pincariander (Fig. 12].

Avallabhe nutrients with ? input
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Fig 10. Effect of M levels on chlorophdl content in coriander
|leaves,

Fig 12, Effect of P lewels on soil avallable nutriens before and
after coriander crop

Response of corlander with integrated use of manures
and fertilizers.

The present expriment was affected significantly by
hailstormn, data on growth parmeters coptributing toyigld
were recorded. The observed traits reflected a positive
response of manures and fertilizers combingd application

TFig 13},

—
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Fig 13 Respanse of corfander with integrated use of N, P and
F¥iv

Response of coriander to potassium application

A pob experiment was carmied oul wilh 7 levels [0-30 kg
K.0 ha '), thers was no response of potassium observed as
the soil contained sufficent amount of K (=250 kg Kha '}
for the crop.

CPd-26; Evaluation of seed spices for edaphic skress
(coriander, cumin, fennel, fenugreek, anise, nigella
and calery) (2012-17)

(O.P Aishwath, RS Mehta, R.K. Yaday, R.L. Meena,
B.K.Jha and B. N, Dubey)

influence of alkafinity on coriander and fannal

Plant height and number of branches per plant decreased
with increase in RSC levels drastically beyond 10'or 12 RSE,
Seed and straw yield alsa decreasad with hugher levels of
RSC (Fig. 14). P K, Cu and Zn content decreased with
incriease in ASC levels, Nitropen conteni was [ow at low
RSC hecause of dilution effect, mione at misddle level and
again lower down by hindrance in absorption at very high
RSC levels. Fe content was also higher with higher levels of
RSC. Mutrient uptake decreased with ingrease in RSC
levels except for Fe (Fig 15).

BRI Dy bl sl e Sl e
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Flg 14, influence of RSC water on growth and yield of cordander
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bidsull,

Fig 15. influgnce of RSC water on nutrient uptoke of coriander

Performance of coriander with varying soll temperature
regimes

Early permination was noticed 3t soll temperatune
bestwieen 26, 76-29.96 € and reétarded at below and abovie
tem peratures, Howeyer, al the age of 62 DAS growth wias
more encouraging at the temperature 19.9-23.9 'C. AF
earhy stage, all the autrients wereg more 3t tempanatune
29.96 — 32.17 'C. However, af lateér stage content was
mare 3t temperatine 21.6-23.97C Morgover, N content
increased with decrease in temperature while K and Cu
content decreased with decreaze In temperature. This
Indicates that N will be the most limiting factor and K will
be a least imiting factor if temperature rises by climate
change{Fig 18).
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Fig 16 Perfarmance of corlander with varying soll temperature
regimes

CPd/13.6.1; Off Seazon production of coriander and
fenugreek for green leat (2014-17)

(G.Lal, B.5. Mehta, R. Singh, R.K. Kakani, 5.5 Rathare,
N.K. Meena, 5.P. Maheria)

Performance of coriandeér lines for green lesf under
SUMMEs SEason

—_—
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