International J. Seed Spices 1 (1), June 2011:1-7

India's response to world demand of seed spices
M. M. Anwer*, R. K. Kakani and M. A. Khan
National Research Centre on Seed Spices,Tabiji 305 206 Ajmer (Rajasthan) INDIA
ABSTRACT
Spices have a profound influence on the course of human civilization. They permeate our lives from birth to
death. In everyday life, spices succor us, cure us, relax us, and excite us. Ancient peoples uses spices, not
only to add flavour to foods and beverages, but as medicines, disinfectants, incenses, stimulants and even
as aphrodisiac agents. Spices exports have registered substantial growth during the last one decade. During
the year 2009-10, the spices export from India has registered an all time high both in terms of quantity and
value. In 2008-09 the export of spices from India has been 470,520 tonnes valued US $ 1168 million registering
an increase of 19% in rupee value and 6 % in quantity over 2007-08. India commands a formidable position in
the World Spice Trade with 47% share in Volume and 40% in Value. It has increased from 203,398 tonnes
valued US $ 241 million in 1995-96, registering an annual average growth rate of 10.10% and 29.59% in
quantity and value terms, respectively. Indian spices and spices products reaches more than 135 countries in
world. The seed spices account for about 36% and 17% of the total area and production of spices in country.
India is exporting around 10 percent of its production only. If our consumption level remain same than to
meet out world demand and to retain our prime position as seed spices exporter we have to double our
production within five year period. This is a great challenge for us as other countries like Morocco, Russia
and Bulgaria for coriander, Turkey, Iran and Egypt for cumin, Egypt, China, Romania and Russia for fennel,
Morocco and Bulgaria for fenugreek, Iran and Egypt for ajowan, Germany and Hungary for dill, Southern
France and China for celery, Bulgaria, Cyprus, Germany and Russia for anise, Pakistan, Sri Lanka and Egypt
for nigella.
Strategies to increase production and export : (1) By regular and assured supply of seed spices through
proper production planning and production strategy by development of new elite varieties, area expension
and protected cultivation, etc. (2) By increasing quality through organic seed spices production and
cultivation with high seed replacement rate . (3) By assuring quality of the material through providing proper
threshing, winnowing, grading and storage facilities at the producing and / or collecting centres. (4) Testing
and certification by national referral lab for quality of the produce for export. (5) By encouraging the small
scale processing units (cleaning, grinding, extraction units etc.) in major assembling centres. (6) By
promoting the value added products like powder, oil and oleoresins. (7) Standardization of technologies for
quality production and post harvest management. (8) Transfer of modern production and post harvest
technology through a new socio economic model of scientists' consultancy for contract farming between
farmers and Industry/commerce/exporters to ensure clean production and traceability. (9) Establishment of
market intelligence and production planning. (10) Lower the cost of production.
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lkjka'k
Eklkys ekuo lH;rk ij ,d xgjk izHkko NksM+rs gSaA ;s gekjs thou esa tUe ls e`R;q rd O;kIr gSA jkstejkZ
dh ftUnxh esa elkys gesas bykt] vkjke vkSj mRrstuk rd iznku djrs gSaA izkphu yksx Hkh elkyksa dk mi;ksx [kk|
vkSj is; inkFkksZ dks Lokfn"V cukus ds fy, gh ugha vfirq nokbZ;ksa] jksxk.kquk'kd] dkeksÌhid dkjdksa ds :Ik esa Hkh
mi;ksx djrs FksA elkyksa ds fu;kZr esa fiNys ,d n'kd ds nkSjku Ik;kZIr o`f}ntZ dh gSA o"kZ 2009&10 ds nkSjku
Hkkjr esa elkys dk fu;kZr ek=k vkSj ewY; nksuksa ds lanHkZ esa mPprk ntZ dh gSA o"kZ 2008&09 esa Hkkjr esa elkyksa dk
fu;kZr 470520 Vu ftudk ewY; 1168 feyh;u vesfjdh MkWyj dh dher ds fglkc ls 2007&08 ls dze'k% 19
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izfr'kr vkSj 6 izfr'kr ek=k esa o`f}ntZ dh xbZ AHkkjr esa ewY; esa 40 izfr'kr vkSj ek=k esa 47 izfr'kr fgLls ds lkFk
fo'o elkyk O;kikj esa ljkguh; fLFkfr gkfly dh gSA 1995&96 ds 2410 feyh;u MkWyj ewY; ds 203398 Vu dh
rqyuk essa ewY; vkSj ek=k ds lanHkZ esa 29-59 izfr'kr vkSj 10-10 izfr'kr dh okf"kZd vkSlr o`f}nj ntZ dh xbZA lalkj
ds yxHkx 135 ns'kksa ls vf/kd ns'kksa esa Hkkjrh; elkys ,oa elkyk mRikn igqprsa gSA ns'k esa elkyksa dk mRiknu ,oa
dqy {kS=Qy dk 17 izfr'kr ,oa 36 izfr'kr dze'k% chth; elkyksa ds [kkrs esa gSaA bl mRiknu dk dsoy 10 izfr'kr
gh Hkkjr fu;kZr dj jgk gSA ;fn gekjk [kir Lrj leku jgrk gS] rc Hkh gesa fo'o dh ekax dks iwjk djus ds fy,
vkus okys ikWp lkyksa esa gekjk mRiknu nqxuk djuk gksxkA ;g ,d cgqr cM+h pqukSrh gS D;ksafd nwljs ns'k tSls /kfu;s
ds fy, cqyxsfj;k] :l vkSj eksjksDdks] thjs ds fy, feJ] bZjku] rqdhZ] lkSaQ ds fy, :l] jksekfu;k] phu] feJ] esFkh
ds fy, cqYxsfj;k vkSj eksjksDdks] vtokbu ds fy, feJ vkSj bZjku] fMy ds fy, gaxjh vkSj teZuh] lsysjh ds fy,
phu vkSj nf{k.k Qzkal] foyk;rh lkSaQ ds fy, :l] teZuh] lkbil vkSj cqYxsjh;k] dyksath ds fy, feJ] Jhyadk
vkSj ikfdLrku gels izfrLi/kkZ dj jgs gSA
mRiknu o fu;kZr c<+kus ds fy;s ;kstuk% ¼1½ chth; elkyksa dh leku ,oa fuf'pr vkiwfrZ mfpr mRiknu ;kstuk
,oa mRiknu j.kuhfr ds ek/;e ls tSls ubZ dqyhu fdLeksa] {kS= foLrkj vkSj ljaf{kr [ksrh bR;kfnA ¼2½ elkyksa dh
xq.koRrk c<+kus ds fy, muds tSfod mRiknu c<kuk ,oa mPp cht izfrLFkkiuk nj cukrs gq;sA ¼3½ mRiknu eas mfpr
[kfygku] xzsfM+x vkSj Hka.Mkj.k dh lqfo/kk iznku djds lkexzh dh xq.koRrk lqfuf'pr dh tk ldrh gSA ¼4½ fu;kZr
vkSj mRiknu dh xq.koRrk ds fy, jk"Vªh; jsQjy iz;ksx'kkyk }kjk ifj{k.k ,oa izek.kuA ¼5½ NksVs iSekus ij izkslsflax
;wfuV ¼lQkbZ] fudklh vkfn½ dks izeq[k laxzgd dsUnzksa ds fy, izksRlkfgr djds A ¼6½ ewY; laof/kZr mRikn tSls rsy]
ikmMj ,oa vkWfy;ksjsftu ds mRiknu dks c<+kok nsdjA ¼7½ xq.koRrk mRiknu ,oa dVkbZ mijkUr Qly izca/ku
izks|ksfxdh;ksa dk ekudhdj.kA ¼8½ LoPN ,oa vuqekfxZuh; mRiknu ds fy, oSKkfud ijke'kZ ;qDr fdlku ,oa
m|ksx@fu;kZrdksa ds chp vuqcaf/kr [ksrh }kjk uohure mRiknu rduhfddksa dk gLRkkUrj.kA ¼9½ Cktkj lwpuk ra=
,oa mRiknu ;kstuk dh LFkkiuk A ¼10½ mRiknu dh ykxr de djukA
INTRODUCTION

variety of spices like black pepper, cardamom (small and
large), ginger, garlic, turmeric, chilli, coriander, cumin,
fennel, fenugreek, dill, ajowain etc. Out of the 109 spices
listed by the International Organization for
Standardization (ISO), India produces as many as 63
owing to its varied agro climatic regions. Almost all the
States and Union Territories (UTs) of the country grow
one or the other spices. It is a source of livelihood and
employment for large number of people in the country,
both for rural population, who grow them, and the urban
populations, who process and trade in them.

Spices have a profound influence on the course
of human civilization. They permeate our lives from birth
to death. In everyday life, spices succour us, cure us,
relax us, and excite us. Ancient peoples such as the
Egyptian, the Arab and the Roman made extensive uses
of spices, not only to add flavour to foods and beverages,
but as medicines, disinfectants, incenses, stimulants
and even as aphrodisiac agents. No wonder they were
sought after in the same manner as gold and precious
metals. Spices are non-leafy parts (e.g. bud, fruit, seed,
bark, rhizome, bulb) of plants used as a flavouring or
seasoning. They are used to add flavour to foods and
beverages, and as herbal medicines. It is basically
defined as vegetable products or mixtures thereof, free
from extraneous matter, used for imparting aroma in
foods.

Out of the total 63 spices grown in India, 20 are
classified as seed spices with 36 per cent share in area
and 17 per cent share in production of total spices in
India. Main seed spices of India are Coriander, Cumin,
Fennel, Fenugreek, Dill, Ajowain, Celery, Anise, Nigella
and caraway.

Spices Grown in India

Seed Spices Production Status:

India is known as the 'Land of Spices' as foreign
invaders invaded India for spices in ancient times. Vasco
De Gama discovered sea route to India is only for spices
trade. India is the largest producer, consumer and
exporter of spices and spice products. It produces a wide

Seed spices crops are extensively cultivated in
the arid to semi arid region of India during rabi season
covering 865 thousands hectares with production of 577
thousands tonnes annually. Distribution of seed spices
in world and India is given in Table 1 and 2.
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Table 1: Distribution of seed spices in world and India.

Source: Spice Board of India
Table 2: Distribution of seed spices in India.
Crop

Distribution in India

Coriander

Rajasthan, M.P., A.P., Tamil nadu, Gujarat, Karnataka, U.P., Orissa

Cumin

Gujarat, Rajasthan, U.P.

Fennel

Gujarat, Rajasthan, M.P., Haryana, U.P.

Dill

Rajasthan, Gujarat, J & K, U.P., Orissa, M.P., Punjab

Fenugreek

Rajasthan, M.P., Maharashtra, Haryana, U.P., Gujarat,

Source: Directorate of Arecanut and Spices Development, Calicut, Kerala
Crop wise area, production and productivity
statistics from 2002-03 to 2006-07 were presented in
Table 3. It clearly shows the importance of seed spices
in the Indian economy. Some of the seed spices are
grown in those areas where other crop cannot be taken.
Thus these are lifeline for those farmers. In India Gujarat
and Rajasthan are major seed spices producing states.
For coriander, fenugreek and ajowain, Rajasthan
contributes 65%, 85% and 73% of total production of
India, respectively. For cumin, fennel and dill Gujarat
contributes maximum to the tune of 63%, 90% and 60%
of total production of India, respectively. Besides
Rajasthan and Gujarat other seed spices producing
states as detailed in Table 2.

total area and production of spices in country. India is
exporting around 10 percent of its production only. If our
consumption level remain same than to meet out world
demand and to retain our prime position as seed spices
exporter we have to double our production within five
year period. This is a great challenge for us as other
countries like Morocco, Russia and Bulgaria for
coriander, Turkey, Iran and Egypt for cumin, Egypt,
China, Romania and Russia for fennel, Morocco and
Bulgaria for fenugreek, Iran and Egypt for ajowan,
Germany and Hungary for dill, Southern France and
China for celery, Bulgaria, Cyprus, Germany and Russia
for anise, Pakistan, Sri Lanka and Egypt for nigella.
Seed Spices Export Status:

Seed Spices Demand Status:

India exports raw spices as well value added
items to the nearly 70 countries in the world and meeting
51 % of the global demand. Average export growth is 8.5
% annually. The share of seed spices export to total
spices is only 18 per cent in terms of quantity. During
the year 2009-10, the spices export from India has
registered an all time high both in terms of quantity and
value. In 2008-09 the export of spices from India has
been 470,520 tonnes valued US $ 1168 million
registering an increase of 19% in rupee value and 6 % in

The estimated world demand for major seed
spices and share of producing countries for 2007 is given
in Table 4. It clearly shows that India is largest producer
of these three major seed spices for the whole world.
The prevailing world wide demand for seed
spices is estimated to be 1,50,000 tonnes, of which India
contributes 70,125 tonnes annually accounting for 46.8
per cent of the total world trade valuing to Rs. 362 crores.
The seed spices account for about 36% and 17% of the
3
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Table 4: Estimated world demand for 2007 of major seed spices and share of producing countries.
Crop

Quantity in M.T.

Coriander

World demand
106000

Cumin

88675

Fennel

15000

Share of producing countries
India
26000
Bulgaria
20750
Iran
9520
Canada
9340
China
5330
Morocco
3630
Syria
3430
Romania
2710
Egypt
2500
India
28000
Syria
20830
Iran
10231
China
6100
Afghanistan
2645
Turkey
1400
Ethiopia
1560
India
5250
Egypt
3500
China
1600
Bulgaria
1000
Turkey
650

Source: Spice Board of India
quantity over 2007-08 (Anonymous, 2009). India
commands a formidable position in the World Spice
Trade with 47% share in Volume and 40% in Value. It
has increased from 203,398 tonnes valued US $
241million in 1995-96, registering an annual average
growth rate of 10.10 % and 29.59 % in quantity and value
terms, respectively. Indian spices and spices products

reaches more than 135 countries in world. India's export
of seed spices item and year wise are given in Table 6.
The leading among them are USA (21%), Malaysia (7%),
UAE (6%), China (6%) and UK (5%). Major markets for
seed spices are USA, UAE, UK, South Africa. Crop wise
major markets where Indian seed spices are exported
are given in Table 6.

Table 6: Major markets for seed spices
Spices

Markets

Coriander

Malaysia, U.A.E, U.K, Saudi Arabia, South Africa, Sri Lanka,
Singapore, Nepal, etc

Cumin

U.S.A, Nepal, UAE, Brazil, U.K. Singapore, Malaysia, etc

Celery

U.S.A, South Africa, Netherlands, Japan, etc

Fennel

U.S.A, U.K., UAE, Saudi Arabi a, South Africa, Malaysia, etc

Fenugreek

Japan, Sri Lanka, UAE, South Africa, U.K, Nepal, etc.

Source: Spice Board of India
Constraints in Export:
Good growth is observed in spices consumption
due to increasing trends towards eating ethnic foods in
developed countries, increasing affluence of consumers
in Asia, latin America and Middle eastern developing
countries as these are appreciated as natural, rather
than artificial additives for seasoning and flavouring of

foods. But the increase in seed spices exports is not
sufficient in other words low as there is great potential.
The constraints for low rate of seed spices exports are :
1.
Low and inconsistency in production
2.
Poor quality of produce both in extrinsic e.g.
physical purity and cleanliness and intrinsic quality
4
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430840

43036

63535

10816

12788

Cumin

Fennel

Fennugreek

Ajwain

Dill Seed

8648

10205

79683

51752

202980

405390

Prod.

2003-04

676

944

1254

1203

471

796

Yield

Source: Spice Board, Calicut, India

508990

Area

Corriander

Crop

14595

15381

50400

39820

367678

396310

Area

10408

9528

62745

51026

176068

296050

Prod.

2004-05

713

619

1245

1281

479

747

Yield

9351

24300

33393

40909

403033

357040

Area

5660

8334

38990

61307

199854

257068

Prod.

2005-06

605

343

1168

1499

496

720

Yield

11083

31657

44984

61128

409033

361767

Area

9679

15850

55780

92260

176511

287647

Prod.

2006-07

873

501

1240

1509

432

795

Yield

-

32000

55000

48000

429000

397000

Area

-

16000

55400

62000

172000

242000

Prod.

2007-08

-

503

1005

1283

402

611

Yield

Table 3: Area production and productivity of coriander, cumin, fenugreek, fennel, ajwain, dill seed and celery during 2002-03 to 2006-07
(Area in ha, Prod. in tones, and Yield in kg/ha)

International Journal of Seed Spices

6

15525

4165

12670

74720

Fenugreek

Celery

Other Seeds

Total

2759.8

332.2

150.1

340.3

278.2

981.9

677.1

Value

Source: Spice Board, Calicut, India

5725

12879

Cumin

Fennel

23756

Quantity

2005-06

Coriander

Crop

70125

8000

3550

8500

3575

26000

20500

Quantity

3625.2

224.0

132.1

269.9

238.0

2015.0

746.2

Value

2006-07

82100

8850

2900

11100

5250

28000

26000

Quantity

5077.5

312.5

132.5

330.0

285.0

2915.0

1102.5

Value

2007-08

133325

17500

3650

20750

8675

52550

30200

Quantity

9510.1

649.9

233.3

717.5

431.5

5440

2037.9

Value

2008-09

145300

15500

5000

21000

6800

49750

47250

Quantity

9856.95

589.0

266.3

697.2

563.4

5482.45

2258.6

Value

2009-10 (E)

(Quantity in tones and value in Rs. Millions)

Table 5: Commodity wise export of seed spices from India
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e.g. essential oils content, residual toxicity,
microbial load, etc.
3.
Low exploration of value addition potential
4.
Lack of quality management in production
5.
Lack of proper training to the spice grower, traders,
processors and exporters
6.
Lack of market intelligence
7.
Competitive prices from other sources
Strategies to Increase Production:
It is expected that the export can be doubled if
India broaden the supply base by export of minor seed
spices viz ajowan, dill, anise, caraway and nigella in
addition to major seed spices. In this endevour NRCSS
has succeeded in development of production
technology of such seed spices. The efforts are being
made to acclimatize caraway, anise and celery to semiarid conditions. For increasing the production of seed
spices we have to increase not only the productivity but
also to explore new potential area where these crop can
be grown successfully with higher productivity.
The foremost task now is to breed varieties of
seed spices having higher yield and also resistance to
biotic stresses (Fusarium wilt and Alternaria blight and
powdery mildew in cumin, coriander and fenugreek) and
abiotic stress like limited moisture and heat tolerance.
We have also to improve the intrusive quality of all the
seed spices for fetching high value in international trade.
For this purpose we have to wider our genetic resources
by incorporating germplasm from centre of origin,
mutation breeding and biotechnological approach.
Population improvement programme should also be
started by using gene pool concept with immediate and
long term needs of improvement. New breeding
initiatives should also be taken to exploit the heterosis
potential by searching or inducing for male sterility using
chemical hybridizing agents (CHAs) or other nonconventional methods.
For production technology research our
mandate should be such that we can harvest maximum
for per unit input used means we have to develop
techniques for maximum water use efficiency, nutrient
efficiency, weed management, integrated disease and
pest management. Besides this our production
technology should be such that it would not use
hazardous chemicals not only for bio-safety but also for
soil heath and sustainable production in long run. We
should also develop techniques for different conditions
like protected environment to harvest assured and
maximum production per unit area.
In changing scenario of competitiveness,
quality of produce would be major issue needing a fool-

proof quality assurance mechanism. Share in valueadded products of spices has to be increased through
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Performance of nigella (Nigella sativa L.) as influenced
by sowing dates and crop geometry in semi arid eco-system
S.S.Meena*, M.M. Anwer, R.S.Mehta, G.Lal, K.Kant, Y.K.Sharma, M.K. Vishal,
K.L.Jingar and Shiv Ram Meena
National Research Centre on Seed Spices,Tabiji 305 206 Ajmer (Rajasthan) INDIA
ABSTRACT
A field experiment was conducted during 2008-09 to find out the effect of sowing dates and crop
geometry on growth and yield of nigella at Research farm, Agriculture Research Station (MPUA&T), Bhilwara,
Raj. Growth, yield attributes seed yield of nigella was significantly influenced by varying date of sowing.
Sowing of nigella on 15 th October produced the highest seed yield of 8.21 q ha-1 with maximum test weight,
seed yield plant-1, capsule weight, number of seeds capsule-1, number of capsule plant-1, number of branches
plant-1, plant height at various growth stages, which were significantly higher over rest of the sowing dates.
The crop geometry of 25 X 10 cm gave the highest plant height at 40 and 90 DAS as well as at harvest, number
of capsule plant-1, number of seeds capsule-1 and test weight. Therefore sowing of nigella on 15th October at 25 X
10 cm row to row and plant to plant spacing, respectively was found best for higher growth and yield of nigella.
Key words: Nigella, (Nigella sativa), crop geometry, date of sowing, seed yield.

Lkkjka'k
Ekgkjk.kk izrki d`f"k ,oa izk|ksfxdh fo'o fo|ky; ds d`f"k vuqla/kku dsUnz] HkhyokM+k ij o"kZ 2008&09 esa dyksath esa
cqokbZ ds le; ,oa Qly {ks=ehrh ds izHkko dks tkuus ds fy, ,d iz{ks= iz;ksx yxk;k x;kA Qly dh cqokbZ ds
le; eas ifjorZu ls blds o`f} rFkk mit ij egRoiw.kZ izHkko ns[kk x;kA ftl dykSath Qly dh cqokbZ 15 vDVwcj
dks dh xbZ Fkh mldk lcls T;knk cht mRikn 8-21 fDo- izfr gsDVs;j ik;k x;kA lkFk esa bldk VsLV otu] cht
mRiknu izfr ikS/kk] dSIlwy otu] chtksa dh la[;k izfr dSIlwy] dSIlwy dh la[;k izfr ikS/kk] Vgfu;ksa dh la[;k izfr
ikS/kk] ikS/ks dh mpkWbZ blds fodkl dh fofHkUu voLFkkvksa esa egRoiw.kZ :Ik ls vPNk ik;k x;kA mu ikS/ksa ds ouLir
ftudh cqokbZ vU; le; ij dh xbZ FkhA ftl Qly ds {ks=ehrh dk 25 x10 ls-eh- ij yxk;k x;k FkkA mlesa lcls
T;knk mpkWbZ] dSIlwy dh la[;k izfr ikS/kk] chtksa dh la[;k izfr dSIlwy rFkk VsLV otu ns[kk x;kA vr% mi;qZDr
rF;ksa dks /;ku esa j[kdj dykSath dh cqvkbZ 15 vDVwcj ,oa 25 ls-eh- drkj ls drkj dh nwjh vkSj 10 ls-eh- ikS/ks ls
ikS/ks dh nwjh lcls T;knk ikS/ks ds fodkl ,oa mRikn ds fy, loZJs"B ekuk x;k gSA
INTRODUCTION
Nigella (Nigella sativa L), a minor and annual
herbaceous seed spice crop belonging to the family
Ranunculaceae is a very ancient crop which originated
in the southern- Eastern Europe, the Balkans and
Hindustan . It is widely cultivated throughout South
Europe, Syria, Egypt, Saudi Arabia, Iran, Pakistan, India
and Turkey (Riaz et. al. 6). Nigella grain is used as
seasoning of vegetables, legumes and different type of
baked products (Atta, 2). It has been used as herbal
medicine for more than 2000 years As seed spice, it is
*Corresponding author's present address: National Research Centre on
Seed Spices, Ajmer-305206, (Rajasthan); E-mail ssmnrcss5@yahoo.com

also used as food additive and flavour in many countries.
The essential oil of Nigella have been found to
contain about 67 constituents, many of which are
capable of inducing beneficial pharmacological effects
in humans ( Aboutabl et. al.1). The black cumin is
extensively used in traditional medicines for healing
various respiratory and gastrointenstinal diseases in the
various countries. The whole seed and their extracts
have antidiabetic, antihistaminic, antihypertensive, antiinflammatory, antimicrobial, antitumor .Its seed contain
thymoquinone and monoterpene having variety of
therapeutic effects on digestive disorder gynecological
disease and respiratory system ( Boskkbady & Shahabi.
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3). Another use of black cumin seeds is as seasoning for
food stuff like bread and pickles. The black cumin
therefore aopears to be potential multipurpose crop of
varied use. To realise the full yield potentiality of nigella,
agro-techniques have to be standardised and optimised
for realising higher yield. Non monitory input also affect
growth and yield of nigella. Non monitory inputs plays
very important role in securing higher yield of a crop in
particular set of agro climatic condition. Time of sowing
and crop geometry is important non monitory input which
affects growth performance and yield of crop. Therefore,
present investigation with an object to find out optimum
sowing date and crop geometry was conduced at
research farm of ARS, Bhilwara.

RESULTS AND DISCUSSION
Sowing dates
Perusal of data in (Table 1 and 2) reveals that
date of sowing significantly influenced the plant height at
various periodical growth stages, days taken to
branching, number of branches plant-1, days taken to
flower initiation, number of capsule plant-1, number of
seeds capsule-1, capsule weight, seed yield plant-1, test
weight and seed yield kg ha-1. Sowing of nigella on 15th
October exhibited the highest plant height at 45 DAS
(11.52 cm), 90 DAS (47.54 cm) and at harvest (
60.47cm) as well as yield attributes like number of
capsule plant-1 (51.76), number of seeds capsule-1
(92.67) capsule weight (27.21mg) seed yield plant-1
(9.04 g) and seed yield (0.74 q ha-1). The highest growth
parameters, yield attributes and seed yield of nigella
was recorded at 15 th October which might be due to
favourable agro-climatic conditions available during the
period which, facilitated
better germination, crop
establishment and less chances of occurrence of
diseases and pest which might have occurred in late
planting situation. These results corroborate with those
reported by Meena et al (4) in coriander.

MATERIALS AND METHODS
A field experiment was conducted
during
2008-09 at the research farm of Agricultural Research
Station (MPUA&T), Bhilwara, (Rajasthan). The soil of
the experimental area was loamy sandy soil having low
organic matter (0.25%), available nitrogen (182.60 kg
ha-1), phosphorus (13.5 kg ha-1) and sufficient available
potassium (167.25 kg ha-1), slightly alkaline with pH
(8.02) and EC (0.071 dSm-1). Fifteen treatment
combinations comprising five dates of sowing (viz. Ist
October, 15th October, 30th October, 15th November and
30th November) and three crop geometry (viz., 20 x 10
cm, 25 x 10 cm and 30 x 10 cm) were taken in
randomized block design with factorial approach. The
seeds of variety Ajmer-Nigella-1 were sown keeping
seed rate of 25 kg ha-1. Recommended dose of fertilizers
as well as other standard agro-techniques were used for
raising good crop. 30 kg nitrogen and 60 kg P2O5 per ha

Crop geometry
Critical examination of (Table 1 and 2) reveals
that plant height at various periodical growth stages,
days taken to branching, number of branches plant-1,
days taken to flower initiation, number of capsule plant-1,
number of seeds capsule-1, capsule weight, seed yield
per plant, thousand seed weight, seed yield kg ha, fatty
oil and essential oil content were significantly influenced
with varying crop geometry. Sowing of nigella at 25 cm
row to row and 10 cm plant to plant spacing exhibited
the highest plant height at 45 DAS (9.47cm), 90 DAS
(38.52cm) and at harvest (48.52 cm) as well as yield
attributes like number of capsule plant-1 (36.23 ) number
of seeds per capsule (83.17) and seed yield (4.88 q ha-1)
but highest capsule weight and seed yield plant-1 was
recorded with sowing of nigella at 30 cm row to row and
10 cm plant to plant spacing. However, sowing of seed at
25 x 10 cm row to row and plant to plant spacing
remained at par with rest of the crop geometry in respect
to plant height at all the growth stages, days taken to
branching and flowering as well as seed yield ha-1. The

were supplied through urea and DAP, respectively. Full
dose of phosphorus and half dose of nitrogen was
applied as basal at the time of sowing and remaining
nitrogen was given 30 DAS. Weeds were controlled by
manual hand weeding as per need of the crop.
Harvesting of the crop was done manually by pulling
the dry plants out of the soil and removing the roots.
In the study, nigella was evaluated for plant height, the
number of branches plant-1, number of capsule plant-1,
number of seeds capsule-1, test weight, seed yield (kg
ha1). Statistical analysis of data was done by standard
procedure suggested by Panse and Sukhatme (5).
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10

November

November

CD (P=0.05)

SEm ±

Row to Row spacing 30*10 cm

Row to Row spacing 25*10 cm

Row to Row spacing 20*10 cm

Crop geometry

CD (P=0.05)

SEm ±

30

th

15

th

30 October

th

1 October
th
15 October

st

Date of sowing

Treatment

0.37

0.13

9.36

9.47

9.22

0.47

0.16

6.30

6.07

1.97

0.68

36.69

38.52

36.61

2.54

0.88

24.83

36.92

41.27

47.54

11.52
11.44

35.80

90 DAS

11.41

45 DAS

Plant height (cm)

1.64

0.57

48.19

48.52

48.16

2.12

0.73

29.22

43.36

57.27

60.47

51.13

At harvest

0.87

0.30

11.69

11.16

11.60

1.12

0.39

8.48

11.04

12.63

13.04

12.22

Number of
days taken
to branching

0.46

0.16

11.73

11.36

11.84

0.60

0.21

9.33

11.31

12.53

12.98

12.07

90 DAS

1.59

0.55

73.00

73.47

73.00

2.05

0.71

71.00

70.00

74.78

76.00

74.00

At harvest

Number of branches
-1
plant

Table 1. Effect of sowing dates and crop geometry on growth parameters,
number of days taken to branching and flower initiation in nigella

0.37

0.13

9.36

9.47

9.22

0.47

0.16

6.30

6.07

11.44

11.52

11.41

Number of
days taken to
flower
initiation
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November

November

CD (P=0.05)

SEm ±

Row to Row spacing 30*10 cm

Row to Row spacing 25*10 cm

Row to Row spacing 20*10 cm

Crop geometry

CD (P=0.05)

SEm ±

30

th

15

th

30 October

th

15 October

th

1 October

st

Date of sowing

Treatments

3.41

1.78

33.41

36.23

32.87

4.41

1.52

13.31

26.42

46.29

51.76

33.07

No. of
capsule
-1
plant

4.59

1.58

80.32

83.17

76.55

5.92

2.04

65.69

77.47

84.09

92.67

80.16

No. of
seeds
-1
capsule

2.48

0.86

23.62

21.15

22.77

3.20

1.11

15.01

18.08

26.92

27.21

25.34

Capsule
weight
(mg)

0.99

0.34

6.04

5.40

5.53

1.28

0.44

1.42

3.69

8.41

9.04

5.70

Seed yield
-1
plant (g)

0.09

0.03

0.41

0.44

0.38

0.11

0.04

0.10

0.14

0.53

0.74

0.53

Seed yield
-1
plot (kg)

0.17

0.06

2.10

2.12

2.01

0.23

0.08

1.77

1.95

2.20

2.39

2.06

Thousand seed
weight (gm)

0.98

0.34

4.53

4.88

4.18

1.27

0.44

1.07

1.55

5.91

8.21

5.90

Seed
yield
-1
q ha

Table2 Effect of sowing dates and crop geometry on yield attributes ,seed yield and quality of Nigella

2.92

1.01

30.08

31.09

29.23

3.76

1.30

27.59

29.42

30.53

33.30

29.82

Fatty oil
(%)
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better performance of crop with respect to growth
parameters, yield attributes and seed yield 25 x 10 cm
geometry might be due to optimum space availability for
growth and development of individual plant which, might
not be possible in close spacing where severe
competition for light, nutrient and water may result
drastic reduction in per plant yield that may not be
compensated with higher plant population. Similarly
wider spacing, though may result higher seed yield plant1
but on account of less population, the increased yield
plant-1 can not compensate yield loss on account of thin
plant population. Similar results were reported by Singh
et. al. (7) in nigella.
Thus sowing of nigella on 15th October with 25 x10 cm
crop geometry is the best for getting higher growth as
well as seed yield.
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Growth and yield of cumin (Cuminum cyminum L.) as
influenced by irrigation methods and protected cultivation practices
G. Lal*, S.S. Meena, S.P. Maheria, R.S. Mehta and M.M. Anwer
National Research Centre on Seed Spices,Tabiji 305 206 Ajmer (Rajasthan) INDIA
ABSTRACT
A field experiment on effect of irrigation methods and protected cultivation practices on growth and
yield of cumin was carried out at NRCSS Ajmer. The experiment comprising of five treatments of protected
cultivation namely, Plastic walk in tunnel, Insect proof net tunnel, Shade net tunnel, Plastic low tunnel and
Open conditions (Control) in main plots and three irrigation method treatments (Pressurized drip irrigation,
Low pressure drip irrigation and Flood irrigation) in subplots was conducted with three replications in split
plot design. The soil of the experimental plot was sandy loam, with low organic carbon and nitrogen, medium
in available phosphorus and sufficient in available potassium. Impact of climatic variations and methods of
irrigation was observed with respect to plant growth, flowering, fruiting and yield. The insect proof net tunnel
protection resulted highest plant height at all growth stages, branches per plant at harvest, number of umbels
per plant, number of seeds per umbel and highest seed yield followed by shade net tunnel. Among irrigation
methods, low pressure drip irrigation exhibited significantly the highest plant height at 45 and 90 DAS as well
as at harvest, umbels per plant and umblets per umbels and seed yield. Thus it is inferred that insect proof
net tunnel with low pressure drip method of irrigation is better for realizing better growth and yield of
cumin as compared to other methods.
Key words: Cumin, Drip irrigation, Protection, Tunnel, Plant growth, Yield

lkjka'k
thjs ¼D;wfeue lkbfeue½ dh c<okj ,oa mit ij flapkbZ dh fofHkUUk fof/k;kas ,oa lajf{kr [ksrh dh iz.kkfy;ksa ds izHkko
ij v?;;u djus ds fy;s jk"Vªh; chth; elkyk vuqla/kku dsUnz] vtesj es ,d iz{ks«k iz;ksx fd;k x;kA bl iz;ksx esa
lajf{kr [ksrh iz.kkyh ds ikWp mipkj tSls fd IykfLVd pkyku lqjax] dhV vo/kksjd lqjax] 'ksMusV lqjax] IykfLVd
fuEu lqjax] [kqyh fLFkfr ¼fu;fU«kr½ eq[; IykV es fy;s x;s rFkk flapkbZ dh fofHkUu i)fr;ksa tSls fd ncko fMªi
flapkbZ] de ncko fMªi flapkbZ o izpkfyr flapkbZ mi&IykV esa fy;s x;s A mi;qZDr iz;ksx dks rhu vuqdj.kksa ds lkFk
LifyV IyskV fMtkbu es fy;k x;kA iz;ksx okys iz{ks«kz dh feÍh cyqbZ nqeV Fkh ftles tSfod dkcZu dh ek«kk ,oa
miyC/k u«ktu dkQh de Fkk rFkk QkLQksjl e?;e Fkk ysfdu miyC?k ikSVsf'k;e iz;kIr ek«kk esa FkkA tyok;q
ifjorZu dk ikS/kkas dh c<okj] iq"iu] Qyu rFkk mRiknu ij v?/;u fd;k x;kA dhV vojks?kh IykfLVd lqjax esa thjs
dh c<okj] mit ,oa xq.koRrk vf?kdre ik;s x;sA blds ckn nqljs LFkku ij lsM usV lqjax jghA flapkbZ dh fofZHkUu
fof/k;ksa esa de ncko okyh cwan& cwan flapkbZ i)fr esa ikS/kksa dh vf/kdre c<okj ,oa mPp xq.koRrk;qDr thjs dh
vf/kdre mit izkIr gqbZA vr% thjs dks dhV vojks/kh lqjax esa yxkdj de ncko okyh cwan&cwan flapkbZ i)fr ls flapkbZ
djds vf/kd mit ,oa ykHk izkIr fd;k tk ldrk gSA
INTRODUCTION
Protected cultivation practices can be defined
as a cropping technique wherein the micro climate
surrounding the plant body is controlled partially/ fully as
per the requirement of the plant species grown during
their period of growth. With the advancement in
agriculture, various types of protected cultivation
*Corresponding author's, E-mail glal67@yahoo.co.in

practices suitable for a specific type of agro-climatic
zone have emerged. Production under structures not
only increases the total annual yield per unit area, but
also improves the quality. Vegetables have a better
flavor and appearance when they are grown in a
controlled environment, where growers can make
precise adjustments of nutrients and other inputs.
Environment control allows raising plants anywhere in
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the world at any time of the year i.e. crops could be
grown under the inclement climatic conditions when it
would not be otherwise possible to grow crops under the
open field conditions (Brahma, 1)

diseases & insect pests which consequently may
increase the plant growth, development and yield with
quality produce. Hence, the present study was
undertaken to find suitable environmental protected
structure for growing the crop during peak cold season
(December and January) and irrigation method for
realizing higher yield and economic return of cumin
cultivation.

Water has played a central role in sustaining life
on earth. Over the years, this precious natural resource
has been rapidly diminishing as a result of rising
population, economic development and its irresponsible
use by mankind. In India about 80 per cent available
water is used for agriculture where water use efficiency
is very low nearly 35-40 per cent due to use of inefficient
methods of irrigation. Moreover nearly 65-70 per cent
area is still rainfed where productivity is very low as
compared to irrigated agriculture. In most part of the Asia
including India, water is increasingly becoming scarce
and costly due to continuous lowering of water table on
account of burgeoning population. Agriculture's share of
fresh water supply is likely to decline by 8 to 10 %
because of increasing competition from other sector
(Seckler et al., 2). With fast decline of irrigation potential
and continued expansion of population and economic
activity in most of the area located in arid and semi-arid
region, the problem of water scarcity is expected to
increase further (Rosegrant et al.,3). Drip irrigation
method supply moisture directly in the root zone
therefore, there are very less chance of water loss
through conveyance, percolation and evaporation
resulting in higher water use efficiency.

MATERIALS AND METHODS
A field experiment on effect of irrigation methods
and protected cultivation practices on growth,
development and yield of cumin was conducted at
research farm of NRCSS, Ajmer during 2008-09 with an
objective to study the performance of cumin in protected
environment during adverse phase of climatic
conditions. Treatments comprising of five protected
structures namely Plastic walk in tunnel, Insect proof net
tunnel, Shade net tunnel, Plastic low tunnel and Open
conditions (Control) in main plots and three irrigation
method (Pressurized drip irrigation, Low pressure drip
irrigation and Flood irrigation) in subplots were taken in
split plot design with three replications. The soil of the
experimental plot was sandy loam, with low organic
carbon and nitrogen, medium in available phosphorus
and sufficient in available potassium. Water holding
capacity of soil is low due to sandy nature of soil thus it
require frequent application of irrigation with less water
use efficiency. Impact of climatic variations and method
of irrigation was observed with respect to plant growth,
flowering, fruiting and yield. The variety GC-4 of cumin
was sown at 30 cm row to row spacing using 15 kg seed
/ha. Plant to plant spacing was maintained at 10 cm.
After establishment of the crop, drip laterals having
drippers at 30 cm spacing were placed in between two
rows of the crop. The protected structures as per
treatments were erected during December-January and
meteorological parameters were recorded in each
treatment. The healthy crop of cumin was raised
following standard agronomic practices. The
observations in respect to growth parameters at various
growth stages on five plants in each treatment was
recorded and averaged. Harvesting of the crop was
done at physiological maturity and per hectare yield was
recorded accordingly. The data were statistically
analysed as per the method suggested by Panse and
Sukutma (5).

Cumin (Cuminum cyminum L) is one of the most
important seed spices commonly grown in arid and semi
arid region of India. In India it is mainly cultivated as rabi
crop in Rajasthan, Gujarat and in some parts of MP and
UP. As it is grown in rabi season, the occurrence of cold
waves and frost many a times in the month of December
and January causes heavy loss to the crop by chilling
injury. Besides this the cloudy weather during the
growing season especially at flowering and fruit initiation
periods owing to western disturbances is the major
factor for spreading of diseases like blight, powdery
mildew and insect pests like aphids which also cause a
severe loss to the crop ( Meena et al. 4).The crop can be
saved from these types of biotic and abiotic stresses by
giving some environmental protection. Protected
structures provide protection to the crop especially
during December-January from low temperature, frost,
14
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RESULTS AND DISCUSSION

Yield attributes and yield of cumin were
significantly influenced with irrigation methods. Data
presented in Table 2 revealed that application of
irrigation by low pressure
drip system exhibited
significantly highest umbels per plant (20.97),
umbellates per umbel(5.17),seed per umbellate (5.51),
test weight (5.09g) and seed yield per ha (1302.78 kg).
The higher yield attributes and yield under low drip
irrigation system might be due to maintenance of
congenial moisture status in the vicinity of root zone of
the plant which facilitate better absorption of water and
nutrients in the plants accelerating the photosynthetic
process leading to better translocation of
photosynthates from soil to plant system favouring more
yield attributes and yield of cumin. The findings are in
conformity with those reported by Malhotra et al. (8) who
obtained higher plant height and yield in seed spices with
drip irrigation as compared to other methods of irrigation.

Effect of protection structures
Growth attributes like plant height at 45 and 90
DAS as well as at harvest and branches per plant of
cumin were significantly influenced with different
protected cultivation practices. The plant height at
various growth stages and branches per plant at harvest
were recorded highest in insect proof net tunnel. The
lowest values of these growth attributes were exhibited
in plastic walk in tunnel (Table 1).The highest plant
height at various growth stages and branches per plant
in insect proof net tunnel was obtained due to the
influence of better meteorological parameters and less
evapo-transpirational loss of water along with
moderation of climate which facilitated better growth and
development of crop (Singh and Singh, 6)
Various protected cultivation practices
significantly influenced yield attributes and yield of
cumin. The highest umbels per plant, umbellate per
umbel, seed per umbel, test weight and seed yield were
obtained in insect proof net followed by shade net tunnel
(Table 2). During December and January the low
temperature in open condition reduce physiological
process and metabolic activities of the plant but insect
proof net helped in moderating temperature which
resulted in favoring of higher physiological process
leading to higher photosynthesis and better
translocation of photosynthates from source to sink
hence, higher yield attributes and yield were obtained in
the crop sown in insect proof net. The higher yield
attributes and yield were recorded in insect proof net
which might also be due to non entry of insects inside
which eliminate chance of reduction of yield due to biotic
stress.

Interaction effect between protected cultivation
practices and irrigation methods
Critical examination of data in Table 3 revealed
that test weight and seed yield was significantly
influenced with interaction effects between protected
cultivation practices and irrigation methods. The highest
test weight of 5.13 g and seed yield of 1393.75kg/ha was
recorded in the crop raised in insect proof net tunnel and
irrigated with low pressure drip system followed by insect
proof net tunnel cultivation irrigated by pressurized drip
system. Insect proof net tunnel protected cultivation
resulted higher test weight and seed yield at all the levels
of irrigation. Similarly, low pressure drip irrigation
resulted higher test weight and yield as compared to
other methods of irrigation at all the levels of protected
cultivation (Table 3). Better moisture status in the vicinity
of root zone of the crop through out the cropping season
along with effective elimination of insect pest and
diseases and moderation of microclimate in insect proof
net tunnel resulted higher test weight and seed yield as
compared to other treatment combinations.

Effect of irrigation methods
Irrigation methods did not significantly influence
plant height at 45 and 90 DAS as well as at harvest and
branches per plant at harvest. However, low pressure
drip irrigation system resulted higher plant height at all
the growth stages and branches per plant over flood
irrigation (Table 1). The higher plant height and branches
per plant with low pressure drip irrigation might be due to
supply of moisture directly in the root zone to a greater
depth compared to flood irrigation method resulting in
congenial moisture status in soil favouring better
absorption of nutrient and water resulting in better
growth of plant ( Singh and Singh, 7).

CONCLUSION
Thus it is inferred that insect proof net tunnel
with low pressure drip system of irrigation is better for
realizing higher growth, development and yield as well
as minimum incidence of insects-pests and disease in
cumin as compared to other methods.
15
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Table 1 Effect of irrigation methods and various
protected cultivation practices on growth attributes of cumin
Plant height at
45 DAS (cm)

Treatments

Plant height at
90 DAS (cm)

Plant height at
harvest(cm)

Branches
/plant (Nos.)

(A ) Protected cultivation practices
P1-Plastic walk in tunnel

6.74

21.28

24.47

5.20

P2-.Insect proof net tunnel

7.97

28.29

30.71

6.48

P3-Shade net tunnel

7.50

23.29

30.10

5.96

P4-Plastic low tunnel

7.04

21.64

27.39

5.37

P5- Open conditions

7.25

22.18

29.79

5.61

SEm±

0.24

0.74

0.95

0.19

CD (P=0.05)

0.78

2.41

3.08

0.60

I1. Low pressurized drip irrigation

7.45

23.85

29.09

5.83

I2- Pressurized drip irrigation

7.31

23.26

28.54

5.77

I3- Flood irrigation

7.15

22.89

27.84

5.57

SEm±

0.15

0.47

0.58

0.12

CD (P=0.05)

NS

NS

NS

NS

(B) Irrigation systems

Table 2 Effect of irrigation methods and various
protected cultivation practices on yield attributes and yield of cumin
Treatments

Umbels/plant

Umbellate/umbel

Seed/umbellate

Test Weight (g)

Seed (kg /ha) yield

P1-Plastic walk in tunnel

10.45

4.48

4.88

2.48

166.11

P2-Insect proof net tunnel

20.97

5.17

5.51

5.09

1302.78

P3-Shade net tunnel

17.52

4.94

5.15

4.47

1037.64

P4-Plastic low tunnel

11.76

4.63

5.06

3.77

365.42

P5.Open conditions

13.70

4.74

5.10

4.00

604.72

SEm±

0.47

0.12

0.12

0.13

22.34

CD (P=0.05)

1.52

0.40

0.38

0.42

72.84

I1.Low pressure drip irrigation

15.84

4.86

5.24

4.24

797.42

I2 Pressure drip irrigation

14.71

4.80

5.13

3.87

681.08

I3 Flood system

14.09

4.72

5.04

3.78

607.50

SEm±

0.29

0.09

0.10

0.08

14.03

CD (P=0.05)

0.86

NS

NS

0.23

92.54

(A ) Protected structures

(B) Irrigation methods
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Table 3: Interaction effects between protected environment
and irrigation methods on yield attributes and yield

P/I
treat

Test Weight (g)

Seed yield (kg /ha)

I1

I2

I3

I1

I2

I3

P1

3.46

2.01

1.97

288.75

122.08

87.50

P2

5.13

5.12

5.01

1393.75

1260.83

1253.75

P3

4.67

4.42

4.31

1190.83

1064.58

857.50

P4

3.82

3.78

3.70

469.58

323.33

303.33

P5

4.10

4.01

3.89

644.17

634.58

535.42

SEm±

0.17

31.38

0.17

CD (P=0.05)

0.51

92.54

0.51
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Sulphur and phosphorus content and their uptake by fenugreek
(Trigonella foenum-graecum L.) under levels of sulphur,
phosphorus and phosphate solubilizing bacteria
R.P. Meena*, B.L. Meena and A.K. Dahama
Department of Agronomy, College of Agriculture
Swami Keshwanand Rajasthan Agricultural University, Bikaner - 334006, India.
ABSTRACT
A two years field experiment was conducted at Agricultural Research Station, Beechwal, Rajasthan
Agricultural University, Bikaner during rabi season of 2000-01 and 2001-02 to study the effect of phosphorus,
sulphur phosphate solubilizing bacteria on fenugreek. Application of sulphur upto 60 kg S ha-1 significantly
enhanced sulphur and phosphorus content both in seed and straw and their uptake and, also seed and straw
yields of fenugreek. Applied 60 kg P2O5 ha-1 significantly increased phosphorus content in seed and straw
whereas significant increase in sulphur content in seed and straw, sulphur and phosphorus uptake, seed and
straw yields were observed upto 40 kg ha-1. The sulphur and phosphorus content in seed and straw, sulphur
and phosphorus uptake and seed and straw yields influenced significantly under inoculation of fenugreek
crop to PSB.
Key words: Fenugreek, Trigonella foenum-graecum (L.), yield, content, uptake, phosphorus, sulphur, PSB.

Lkkjka'k
d`f"k vuqla/kku dsUnz] chpoky] jktLFkku Ñf"k fo'ofo|ky;] chdkusj esa o"kZ 2000&01 vkSj 2001&02 esa jch ekSle
ds nkSjku esFkh ij QkWLQksjl lYQj QkWLQsV ?kksyd thok.kqvksa ds izHkko ij nks o"kZ dk 'kks/k fd;k x;kA lYQj dk
60 fdxzk@gsDVs;j dk mi;ksx cht rFkk pkjs esa lYQj vkSj QkWLQksjl ek=k dks c<+krk gS rFkk buds mnxzg.k esa
o`f}djrk gS vkSj lkFk gh lkFk esFkh ds chtksa o pkjs ds mRiknu dks c<+krk gSA 60 fdxkz@gsDVs;j mi;ksx fd;k x;k
P2O5 cht rFkk pkjs esa QkWLQksjl ek=k dks c<+krk gSA tcfd chtksa o pkjs esa lYQj fd lkFkZd o`f}] lYQj vkSj
QkWLQksjl vf/kxzg.k rFkk cht o pkjk mRikndrk vf/kxzg.k rFkk cht o pkjk mRiknu ;s lc QkWLQksjl
lksyqchykbfpax cSfDVfj;k ds Vhdkdj.k ls izHkkfor gksrs gSA
INTRODUCTION
Fenugreek (Trigonella foenum-graecum L.) is
an important condiment crop grown in northern India
during Rabi season. It occupies a prime place amongst
the seed spices. The use of fenugreek is multipurpose as
every part of its plant is utilized in one form or the other.
Its seeds are used as condiment and vegetable for
human consumption and as a concentrate for cattle.
Seeds are used in Ayurvedic medicine for curing
stomach ailments especially the digestive disorders.
Oral contraceptives are also prepared from the steroid
'diosgenin' which is extracted from fenugreek seeds.
The nutrient content and their uptake and yield of
fenugreek are strongly influenced by the application of
sulphur and phosphorus fertilization on sandy soils. The
* Corresponding author's present address: Programme Coordinator,
Krishi Vigyan Kendra, P. B. No. 8, Distt.- Rajsamand (Raj.) 313 324
kvkrjsd@yahoo.co.in

Haplogypsides of Arid Rajasthan are low to medium (711 kg/ha) in available phosphorus (Joshi, 3). Thus the
use of phosphate solubilizing bacteria is helpful in
improving the availability of native as well as applied
phosphorus to the crop plants. Therefore, the present
study was undertaken to know the effect of different
levels of sulphur, phosphorus and phosphate
solubilizing bacteria on sulphur and phosphorus content
and uptake and yield of fenugreek.
MATERIALS AND METHODS
A field experiment was conducted at Agricultural
Research Station, Beechwal, Rajasthan Agricultural
University, Bikaner during Rabi season of 2000-01 and
2001-02 to study the effect of four levels of sulphur (0,
30, 60 and 90 kg S ha-1), four levels of phosphorus (0, 20,
40 and 60 kg P2O5 ha-1) and two levels of phosphate
solubilizing bacteria (Control and PSB) on fenugreek

-1

0.2170
0.2279
0.2382
0.2411
0.00248
0.00859
-1
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PSB0
PSB1
SEm±
CD (P = 0.05)

C. PSB

P0
P20
P40
P60
SEm±
CD (P = 0.05)

0.2281
0.2340
0.00085
0.00242

0.2195
0.2289
0.2366
0.2392
0.00121
0.00343

B. Phosphorus (P2O5 kg ha )

S0
S30
S60
S90
SEm±
CD (P = 0.05)

0.2283
0.2341
0.00085
0.00241

0.2192
0.2291
0.2369
0.2396
0.00120
0.00340

0.2169
0.2281
0.2384
0.2414
0.00243
0.00843

Sulphur content in grain
(%)
2000-01
2001-02

A. Sulphur (kg ha )

Treatments

0.2018
0.2065
0.00075
0.00212

0.1955
0.2024
0.2080
0.2107
0.00106
0.00301

0.1914
0.2017
0.2102
0.2134
0.00210
0.00728

0.2022
0.2068
0.00073
0.00206

0.1961
0.2025
0.2085
0.2109
0.00103
0.00292

0.1919
0.2020
0.2106
0.2134
0.00242
0.00838

Sulphur content in straw
(%)
2000-01
2001-02

0.391
0.408
0.0018
0.0051

0.374
0.398
0.409
0.418
0.0025
0.0073

0.378
0.395
0.411
0.415
0.0039
0.0136

0.393
0.410
0.0017
0.0049

0.376
0.400
0.411
0.420
0.0025
0.0071

0.379
0.397
0.413
0.417
0.0031
0.0108

Phosphorus content in grain
(%)
2000-01
2001-02

Table 1: Effect of sulphur, phosphorus and phosphate solubilizing bacteria
on sulphur and phosphorus content in grain and straw by fenugreek.

0.141
0.146
0.0005
0.0015

0.134
0.143
0.148
0.150
0.0007
0.0022

0.135
0.143
0.148
0.149
0.0010
0.0035

0.141
0.147
0.0006
0.0017

0.135
0.143
0.148
0.151
0.0008
0.0025

0.136
0.142
0.148
0.150
0.0011
0.0038

Phosphorus content in straw
(%)
2000-01
2001-02
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9.49
11.25
12.78
13.02
0.175
0.606
9.27
11.55
12.72
13.00
0.125
0.353
11.03
12.24
0.088
0.250

9.63
11.54
12.64
12.87
0.128
0.364

20
11.19
12.15
0.091
0.257

11.07
12.33
0.085
0.242

9.38
11.56
12.75
13.13
0.121
0.343

9.55
11.25
12.90
13.11
0.189
0.656

Phosphorus uptake (kg/ha.)
2000-01
2001-02

9.49
11.28
12.83
13.08
0.190
0.660

Sulphur uptake (kg/ha.)
2000-01
2001-02

A. Sulphur (kg ha )
S0
9.74
S30
11.60
S60
13.22
S90
13.50
SEm±
0.198
CD (P = 0.05)
0.688
-1
B. Phosphorus (P2O5 kg ha )
P0
9.89
P20
11.88
P40
12.98
P60
13.30
SEm±
0.149
CD (P = 0.05)
0.421
C. PSB
PSB0
11.52
PSB1
12.51
SEm±
0.105
CD (P = 0.05)
0.298

Treatments

14.26
15.46
0.125
0.355

12.44
14.86
15.99
16.16
0.177
0.502

12.49
14.44
16.23
16.29
0.321
1.111

13.85
15.00
0.131
0.371

12.13
14.44
15.49
15.65
0.185
0.525

12.21
14.02
15.72
15.77
0.304
1.054

Grain yield (q/ha.)
2000-01
2001-02

Table 2: Effect of sulphur, phosphorus and phosphate solubilizing bacteria
on sulphur and phosphorus uptake and yield of fenugreek by fenugreek.

40.61
42.69
0.414
1.172

36.07
41.75
44.07
44.71
0.586
1.658

36.37
41.00
44.42
44.80
0.635
2.199

39.38
41.42
0.415
1.176

35.02
40.54
42.86
43.19
0.588
1.663

35.31
39.80
43.04
43.46
0.582
2.016

Straw yield (q/ha.)
2000-01
2001-02
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variety Rmt-1. Thirty two treatment combinations with
sulphur in main plots and phosphorus and PSB in subplots were replicated thrice in a split-plot design. The soil
of the experiment was loamy sand in texture, low in
organic carbon (0.11%), available nitrogen (119.47 kg
ha-1) and available phosphorus (12.16 kg P2O5 ha-1) and

Effect of PSB
The sulphur and phosphorus content in seed
and straw, sulphur and phosphorus uptake and seed and
straw yields influenced significantly under inoculation of
fenugreek crop to PSB treatment as compared to no
PSB culture treatment was used in both the years. The
increased sulphur and phosphorus content and uptake
and finally yield was probably because of the beneficial
effect of PSB in increasing the availability of P in the
rhizosphere and secondly synthesis of growth promoting
substances and vitamins produced by phosphobacteria
that further augmented the growth of plants which
ultimately increased nutrient content and consequently
increased uptake with higher yields. Ramesh and
Sabale (5) have reported similar results

medium in available potassium (195.50 kg ha-1) and
available sulphur (9.67 ppm). The soil was slightly
alkaline in reaction (pH 8.3). Fenugreek variety Rmt-1
was sown at 30 cm row spacing using a seed rate of 20
kg h-1. The treatment wise application of sulphur was
done 21 days before sowing and incorporation of full
dose of phosphorus through DAP was undertaken as per
treatment prior to sowing. A common dose of 25 kg N ha-1
was applied through urea by adjusting the amount of N
supplied by DAP in treated plots. Phosphate solubilizing
bacteria (PSB) was applied @ 10 g / kg fenugreek seed.
Sulphur and phosphorus was estimated by using the
standard methods as described by Tabatabai and
Bremner (8) and Jackson (1), respectively.
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RESULTS AND DISCUSSION
Effect of sulphur
Application of sulphur upto 60 kg S ha-1
significantly enhanced sulphur and phosphorus content
both in seed and straw and their uptake and seed and
straw yields of fenugreek over control and 30 kg S ha1
and remained at par with 90 kg S ha-1 (Tables, 1 and 2).
The soil application of S might have improved the
sulphur status in the rhizosphere as well as in the plant
system as a whole with increased metabolic activity at
the cellular level enhanced phosphorus content and
uptake by plant and their translocation to reproductive
structures which ultimately increased the yield and
finally uptake. Naphade and Wankhede (4) and Singh
and Ram (7) have reported similar results in mungbean
and chickpea, respectively.
Effect of phosphorus
Data presented in Tables, 1 and 2 showed that
60 kg P2O5 ha-1 significantly increased phosphorus
content in seed and straw over 0 and 20 and 40 kg P2O5
ha-1 whereas sulphur content in seed and straw, sulphur
and phosphorus uptake, seed and straw yields over 0
and 20 kg P2O5 ha-1 during two years study. Jat et al., (2)
and Sheoran et al., (6) also reported increased
concentration as well as uptake of sulphur and
phosphorus due to phosphorus fertilization in fenugreek.
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Growth and yield of coriander (Coriandrum sativum L))
as affected by sheep manure, vermi-compost and bio-fertilizer
R.S. Mehta*, M.M. Anwer, S.K. Malhotra, G. Lal, O.P. Aishwath, S.S. Meena, K. Kant and M.A. Khan
National Research Centre on Seed Spices,Tabiji 305 206 Ajmer (Rajasthan) INDIA
ABSTRACT
A field experiment on influence of varying organic sources of nutrients on growth and yield of
coriander was conducted at research farm of NRCSS, Ajmer during Rabi season of 2003, 2004 and 2005. The
experiment comprising of absolute control, three levels each of sheep manures (5.0, 7.5 and 10.0 t ha-1) and
vermi-compost (2.0, 3.0 and 4.0 t ha-1) and recommended dose of fertilizer with and without Azotobector was
laid in randomized block design with three replications. The organic sources of nutrients were applied one
month before sowing and coriander seeds were inoculated with Azotobactor. Based on three year study it
was found that all organic and inorganic sources of nutrients with and without Azotobector proved to be
superior and exhibited higher yield over absolute control. Application of Azotobector as sole as well as in
combination with sheep manure, vermi compost and recommended doses of fertilizer resulted higher
growth, yield attributes and yield over absolute control. The association of Azotobector with all sources of
nutrients proved beneficial and resulted higher growth and yield over without Azotobector. Application of 7.5
t ha-1 sheep manure with Azotobector resulted highest plant growth of 27.4,54.2 and 90.3 cm at 40 DAS, 80
DAS and at maturity respectively as well as yield attributes, seed yield (789 kg ha-1) , net return ( Rs 24325 ha-1)
and BCR(1.61) over rest of the treatments. Thus, it is inferred that application of 7.5 t ha-1sheep manure with
Azotobector is better for realizing the highest yield, net return and BCR.
Key words: Azotobector , Coriander, Recommended dose of fertilizer, Sheep manure and Vermi-compost

lkjka'k
jk"Vªh; chth; elkyk vuqla/kku dsUnz vtesj ds vuqla/kku iz{ks= ij 2003&2006 ds jch ekSle esa iks"kd rRoksa ds
tSfod Jksrksa dk /kfu;s dh c<+okj vkSj iSnkokj ij izHkko ns[kus ds fy;s ,d iz{ks= iz;ksx fd;k x;k A bl iz;ksx eas
thok.kq [kkn ds lkFk rFkk thok.kq [kkn ds fcuk HksM+ dh eSaxuh ds rhu Lrj ¼5-0]7-5 ,oa 10-0 Vu izfr gS½ vkSj oehZ
dEiksLV ¼2-0] 3-0 ,oa 4-0 VUk izfr gsdVs;j ½ j[ks x;sA buds lkFk ,d Lrj moZjd dh flQkfj'k dh [kqjkd rFkk ,d
Lrj iw.kZ fu;fU=r j[kk x;kA ;g iz;ksx jsM+ksekbtM CykWd fMtkbu esa fd;k x;k ftles lHkh VªhVesaVl ds rhu
vuqdj.k yxk;s x;sA iks"kd rRokas ds tSfod Jksrkas dks Qly cqokbZ ds ,d eghus igys [ksr es Mkyk x;k rFkk
rduhdh izksxzke ds fglkc ls cqokbZ ls igys ,tksVkscsdVj tSfod [kkn ls chtkas dks mipkfjr fd;k x;kA rhu o"kZ
ds v/;;u ds vk/kkj ij ;g ik;k x;k fd tho.kq [kkn ds lkFk ,oa thok.kq [kkn ds fcuk iks"kd rRokas ds lHkh tSfod
Jksrkas ls iw.kZ fu;fU=r VªhVesVa dh vis{kk T;knk iSnkokj izkIr gqbZA ek= thok.kq [kkn dk iz;ksx rFkk iks"kd rRokas ds
fofHkUu Jks=kas ds lkFk thok.kq [kkn dk mi;ksx djus ls iw.kZ fu;fU=r iz;ksx dh rqyuk esa /kfu;s dh vf/kd c<+okj
,oa iSnkokj izkIr gqbZA iks"kd rRokas ds lHkh dkcZfud =ksrkas ds lkFk tSfod [kkn feykuk vf/kd ykHkizn lkfcr gqvkA
7-5 Vu izfr gsDV;sj HksM+ dh HkSaxuh ,oa tSfod [kkn ,tksVkscsDVj ds iz;ksx ls vf/kdr c<+okj ,oa mit xq.k rFkk
mit¼789 fdxzk izfr gS ½ 'kq}ykHk ¼24]325 :Ik;s izfr gsDV;sj½ ,oa ch-lh-vkj¼1-61½ izkIr gqvkA
vr% ;g fu"d"kZ fudkyk x;k fd thok.kq [kkn ,tksVkscsDVj ds lkFk 7-5 Vu izfr gsDV;sj HksM+ dh eSaxuh mi;ksx es
ysus ij /kfu;k dh vf/kd mit ,oa ykHk izkIr fd;k tk ldrk gSA
*Corresponding author; Email-rsmagron@yahoo.co.in
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(2.0, 3.0 and 4.0 t ha-1) and recommended fertilizer
(RDF)with and without
bio-fertilizer was laid in
randomized block design with three replications. The
organic sources of nutrients were applied before sowing
and seed of coriander (Variety ACr-1) was treated with
bio-fertilizer (Azotobactor) and after drying in the shade
was sown at row to row spacing of 30 cm and during first
manual weeding plant to plant distance was maintained
10 cm. Weed management was done by manual
weeding. Disease and pest of the crop were controlled
by use of neem based organic insecticide and pesticide.
Five plants were selected randomly from each plot and
their dry weight was taken after drying in oven at 70 o C
for 72 hours or till constant weight was obtained. The
concentration of N in plant at various growth stages was
determined by Kjeldahl method (Piper,3), P by
Vanodomolybdate yellow colour method and K by Flame
photometer (Jackson,1). Nutrient accumulation/plant/
day was determined by multiplying nutrient content with
dry matter accumulation/day.Observations on plant
height, branches per plant, yield attributing characters
viz. umbel per plant, umbellate per umbel, and seed per
umbellate and yield were recorded during harvesting.
Pooled means of data of the three years were
statistically analyzed.

INTRODUCTION
Coriander (Corandrum sativum) is one of the
major seed spice belonging to Apeaceae family. In India
it is mainly cultivated in Rajasthan, M.P, Gujarat,
Karnataka, UP, Rajasthan ranks first in area and
production contributing more than 80% of total coriander
production in our country. Traditionally the nutrient
management of coriander is being done by the
application of chemical fertilizers. Works on many crops
including seed spices on other crops have shown that
excessive and imbalance use of chemical fertilizers and
pesticides have deteriorated physical, chemical and
biological properties of soil and polluted our environment
which is not conducive for sustainable crop production
as well as maintenance of soil health for a longer
period. Sheep manure and vermi compost are very
good source of organic nutrition for supplying nutrition
to plant for longer period and helpful in maintaining
proper soil physical , biological
and
chemical
condition. Moreover, the demand of quality seed spices
all over the world is increasing, which is only possible to
produce the crop under organic farming. In nutrient
management system, bio-fertilizer is one of the
important components having low cost and eco-friendly
input and possessing tremendous potential of supplying
nutrients which can reduce the chemical fertilizer dose
by 2550% (Pattanayak et al.2).

RESULTS AND DISCUSSION
Growth parameters

However, meager information on the effect of
organic source of nutrition with bio-fertilizer in coriander
and nutrient requirement of crop at varying phenological
stages are available. Therefore, an attempt was made
evaluate different organic sources of nutrition with
Azortobactor for realizing higher yield and profitability of
coriander production.

Growth parameters like plant height and dry
matter accumulation at all the growth stages and
branches per plant were significantly influenced with
different sources of nutrition during all the three years.
Result revealed that at 40 DAS the highest plant height,
dry matter accumulation per plant was recorded in crop
grown under recommended dose of fertilizers with
Azotobactor however at 80 DAS and maturity of crop 7.5
t sheep manure ha-1with gave significantly higher plant
height, dry matter accumulation and branches plant1
(Table1). In early crop growth stages the higher growth
parameters of coriander with application of
recommended doses of fertilizer might be due to early
release of nutrient which promoted higher growth
initially. However organic sources along with
Azotobactor released nutrients for longer period which
promoted growth in later stages of crop growth. Overall
improvement in the crop growth under the influence of

MATERIALS AND METHODS
The field experiment was conducted at
Research Farm of NRCSS, Ajmer (Rajasthan) during
Rabi of 2003, 2004 and 2005.The experiment was
conducted on the same site during all three years. The
soil of the experimental site was sandy loam with a pH of
8.9 and having 0.23 percent organic carbon and 75.2,
32.8, and 233.5 kg ha-1 available N, P2O5 and K2O
respectively. The experiment comprising of sixteen
treatments including absolute control, three levels of
sheep manure (5.0, 7.5, and10.0 t.ha-1),vermi-compost
23

24

CD (P=0.05)

T15: SM @ 10.0 t/ha+BF
T16: Rec. fertilizer +BF

T14: SM @ 7.5 t/ha +BF

T13: SM @ 5.0 t/ha + BF

T12 :VC @ 4.0 t/ha +BF

T11 : VC @ 3.0 t/ha +BF

T10 VC @ 2.0 t/ha+ BF

T9 : Bio-fertilizer

T8: Rec. fertilizer

T7: SM @ 10.0 t/ha

T6: SM @ 7.5 t/ha

T5: SM @ 5.0 t/ha

T4: VC @ 4.0 t/ha

T3: VC @ 3.0 t/ha

T2: VC @ 2.0 t/ha

T1 :Absolute control

Treatment

51.7
53.5
49.4
52.5
51.4
49.3
47.4
49.5
52.5
54.4
51.5
54.2
53.5
52.5

28.6
29.5
27.6
26.2
25.4
31.3
25.4
28.5
29.7
30.6
28.7
27.4
26.2
32.5
5.94

77.4

48.7

3.39

65.3

46.6

20.4
27.3

9.64

87.5

89.4

90.3

80.4

86.6

82.5

79.4

66.4

85.5

86.5

88.4

79.3

85.5

81.3

Maturity

80 DAS

40 DAS

Plant height (cm)

0.77

6.12

6.94

7.42

6.84

7.64

7.14

6.48

4.48

5.12

5.92

6.40

5.75

6.85

6.12

5.50

4.24

80 DAS

1.25

11.28

11.98

12.70

11.46

11.80

9.62

10.34

7.52

10.35

10.45

11.45

10.32

11.18

10.40

9.25

7.12

Maturity

0.77

7.25

7.45

7.52

5.56

7.42

7.12

5.42

5.56

6.75

6.85

6.92

5.26

6.92

6.75

5.12

5.25

No of
Branches/
plant

VC= Vermi-compost. SM = Sheep manure, BF = Bio-fertilizer

0.17

2.10

1.30

1.32

1.44

1.92

1.85

1.65

1.38

1.72

1.24

1.40

1.54

1.68

1.65

1.45

1.20

40 DAS

Dry matter accumulation
per plant (g)

Table.1 Effect of sheep manure, vermin-compost and bio-fertilizers on yield and economic of coriander production
(Pooled of year 2003, 2004 and 2005)
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25
6.25
7.25
7.02
7.21

23.45
26.65
25.42
24.85
2.80

T15: SM @ 10.0 t/ha+BF
T16: Rec. fertilizer +BF

CD ( P=0.05)

T14: SM @ 7.5 t/ha+BF

T13: SM @ 5.0 t/ha+BF

T12 :VC @ 4.0 t/ha+BF

0.73

6.85

T11 : VC @ 3.0 t/ha+BF

T10 VC @ 2.0 t/ha+ BF

T9 : Bio-fertilizer

26.28

6.42

24.12

6.48

6.80

25.45

24.82

5.60

22.85

5.64

6.25

25.18

23.25

5.68

23.80

4.26

5.24

22.45

18.94

4.15

18.25

6.38

Umbellate
/umbel

Umbels
/plant

23.85

T8: Rec. fertilizer

T7: SM @ 10.0 t/ha

T6: SM @ 7.5 t/ha

T5: SM @ 5.0 t/ha

T4: VC @ 4.0 t/ha

T3: VC @ 3.0 t/ha

T2: VC @ 2.0 t/ha

T1 :Absolute control

Treatments

3.56

32.45

32.85

33.65

30.12

33.24

31.15

29.24

26.50

31.45

31.85

32.65

29.12

32.24

30.15

28.24

25.24

Seeds/
umbel

0.60

4.80

5.38

5.45

4.66

5.45

4.82

4.46

3.76

4.65

4.75

4.81

4.36

5.12

4.72

Seed
yield/pla
nt (g)
3.55
4.36

708
80.41

764

789

667

775

711

634

514

712

742

715

648

738

642

569

453

Seed
yield (kg
/ha)

-

13775

16375

15125

13875

15375

14375

13375

11375

13675

16275

15025

13775

15275

14275

13275

Cost of
cultivation
(Rs/ha)
11275

35400
-

38200

39450

33350

38750

35550

31700

25700

35600

37100

35750

32400

36900

32100

28450

22650

Gross
return
(Rs/ha)

21625
-

21825

24325

19475

23375

21175

18325

14325

21925

20825

20725

18625

21625

17825

15175

11375

Net
return
(Rs/ha)

1.57
-

1.33

1.61

1.40

1.52

1.47

1.37

1.26

1.60

1.28

1.38

1.35

1.42

1.25

1.14

1.01

BCR

VC= Vermi compost. SM= Sheep manure, BF= Bio-fertilizer
Selling price of coriander Rs.50 /kg

1.22

10.45

11.22

11.27

10.48

10.84

10.50

10.44

9.44

10.46

10.65

10.76

10.48

10.65

10.40

Test
weight
(g)
9.35
10.16

Table.2. Effect of sheep manure, vermin-compost and bio-fertilizers on yield and economic of coriander production
(Pooled of year 2003, 2004 and 2005)
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0.68
0.81
0.91
0.92
0.70
0.66
0.62
0.78
0.08

T10: VC @ 2.0 t/ha+ BF

T11 : VC @ 3.0 t/ha+BF

T12 :VC @ 4.0 t/ha+BF

T13: SM @ 5.0 t/ha+BF

T14: SM @ 7.5 t/ha+BF

T15: SM @ 10.0 t/ha+BF

T16: Rec. fertilizer +BF

CD ( P=0.05)

0.65

T6: SM @ 7.5 t/ha
0.95

0.75

T5: SM @ 5.0 t/ha

T9 : Bio-fertilizer

0.91

T4: VC @ 4.0 t/ha

T8: Rec. fertilizer

0.81

T3: VC @ 3.0 t/ha

0.61

0.71

T2: VC @ 2.0 t/ha

T7: SM @ 10.0 t/ha

0.58

26
0.01

0.19

0.10

0.11

0.15

0.18

0.16

0.14

0.11

0.17

0.10

0.11

0.12

0.16

0.14

0.12

0.09

0.07

0.96

0.66

0.71

0.88

0.91

0.85

0.76

0.63

0.92

0.52

0.57

0.71

0.85

0.75

0.66

0.54

Nutrient accumulation
(mg/plant/day)
up to the age of 40 days
N
P
K

T1 :Absolute control

Treatment

0.27

2.49

2.82

3.01

2.76

2.96

2.88

2.61

1.79

2.06

2.38

2.57

2.20

2.75

2.44

2.19

1.67

0.05

0.50

0.56

0.65

0.52

0.60

0.58

0.51

0.34

0.43

0.47

0.50

0.42

0.54

0.47

0.41

0.31

0.25

2.34

2.65

2.83

2.59

2.79

2.70

2.44

1.67

1.90

2.23

2.41

1.89

2.58

2.29

2.05

1.57

Nutrient accumulation
(mg/plant/day)
At the age of 40-80 days
N
P
K

0.40

4.28

4.54

4.81

4.32

4.45

3.64

3.89

2.84

3.90

3.96

4.30

3.87

4.24

3.93

3.47

2.65

0.09

0.94

0.98

1.03

0.90

0.98

0.79

0.84

0.60

0.84

0.85

0.91

0.81

0.91

0.84

0.73

0.54

0.41

4.29

4.61

4.88

4.37

4.53

3.67

3.94

2.85

3.92

4.00

4.35

3.91

4.24

3.94

3.48

2.67

Nutrient accumulation
(mg/plant/day)
At the age of 40-120 days
N
P
K

Table 3 Influence of organic input on rate of nutrient accumulation at various stages of coriander
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Fig.1 Effect of organic sources of nutrition on economic analysis of coriander production

microbial fertilization with organic sources of nutrition
seems to be on account of their impact on nutritional
environment and involvement in various physiological
processes in the plant system which are considered to
be pre-requisite for growth and development of plant.
These results corroborate with those reported by Mehta
et al (6,7) in ajwain and dill.

development which resulted higher yield attributes and
yield of coriander. Mehta et al (9) reported higher yield of
ajwain and dill with application of increasing levels of
organic sources of nutrients. Similar results were also
reported by Meena et al. (6) in Ajwain. Large number of
factors which have direct and indirect impact on the yield
of the crop. Application of sheep manure vermi- compost
and Azotobactor were responsible for improvement of
physical, chemical and biological properties of the soil
which in turn enhance availability and uptake of macro
and micro- nutrients which consequently improved the
plant health and yield of the crop. Application of organic
manures along with Azospirillum enhance nitrogen
fixation ranging from 20 to 40 kg ha-1(Verma and
Bhattacharya,8). Prabhu et al (4) reported significantly
higher yield of coriander with 25 % recommended dose
of fertilizer + FYM 10 t ha-1+ Azospirallum + VAM over
other combination of nutrient sources.

Yield and yield attributes
Application of different sources of organic as
well as inorganic sources significantly influenced the
yield and yield attributes of coriander over absolute
control. The result revealed that application of sheep
manure, vermi compost at all levels and recommended
doses of fertilizers with and without bio fertilizer resulted
significantly higher yield attributing characters viz.
umbels plant-1, umbellates umbel-1, and seeds umbellate1
and yield over absolute control. The application of
sheep manure @ 7.5 t ha-1 with bio-fertilizer exhibited the
highest yield of coriander being at par with 4.0 t vermi
compost and 10.0 t ha-1 sheep manure with bio-fertilizer
(Table 2). Sheep manure and vermi-compost release
nutrients over longer period of time communserating the
need of crop plants resulting in better growth and

Nutrient accumulation in plant at various growth stages
Nutrient accumulations plant-1day-1 at various
growth stages were significantly influenced with different
sources of nutrition. Result revealed that at 40 DAS the
highest nutrient (N,P and K ) accumulation plant-1 day-1
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was recorded in RDF dose with bio-fertilizers but at 80
DAS and maturity,7.5 t ha-1 sheep manure with
Azotobactor exhibited the highest nutrient accumulation
plant-1 day-1 (Table 3). In the initial growth stages of crop
the higher nutrient accumulation in coriander with RDF
might be due to easy availability of nutrient along with
faster dry matter accumulation but in later stages of crop
growth organic source along with Azotobacrtor released
nutrient for longer period which facilitated more nutrient
absorption resulting in higher nutrient accumulation.
Therefore, supply of nutrient to the plant varies with
stages and sources of nutrients which must be taken
care for efficient nutrient management for precise
farming to achieve desired yield.

cropping sequence. J. of Ind. Soc .of Soil Sci.
55: 1849.
3.

Piper, C.S. 1996. Soil and Plant analysis Hans
Publishers, Bombay

4.

Prabhu,T.Narwadakar, P.R, Sajindranth and
Rathore, N.G.2000. Effect of integrated nutrient
management on growth and yield of coriander
(Coriandrum sativa L) .South Indian Horticulture
50 : 680-684.

5.

Meena,S.S.,Mehta, R.S. and Vashishtha, B.B.
2009. Influence of sheep manure, vermicompost and Azotobactor spp. on growth and
yield of ajwain (Trachyspermum ammi
Sprague). J. of Spices and Aromatic Crops,
18(2): 100-103.

The economic analysis revealed that the
highest gross return, net return and BCR were recorded
with 7.5 t ha-1 sheep manure along with Azotobactor
followed by 4.0 t ha-1 vermi-compost with Azotobactor.
The result further exhibited that inoculation of seed with
Azotobactor in combination with different sources of
organic nutrition resulted higher gross return, net return
and BCR over sole application of organic nutrients.

6.

Mehta, R.S. Malhotra, S.K.Vashishtha, B.B. and
Meena, S.S.2007. Effect of Vermi-compost,
sheep manure and bio-fertilizer on yield
attributes and yield of Ajowan (Trachyspermum
ammi
Sprague) cv. NRCSS-AA-1. In
Production, Development, Quality and Export of
Seed Spices. S.K. Malhotra and B.B.Vashishtha
eds), PP 270-273.

CONCLUSION

7.

Mehta, R.S.,Malhotra,S.K.,Vashishtha, B.B.
and Meena, S.S.2007.Influence of sheep
manure vermin-compost and bio-fertilizer on
growth and yield of dill
(Anethum
graveolense kurz) cv NRCSS-AD-. In
Production, Development, Quality and Export
of Seed Spices. S.K. Malhotra and
B.B.Vashishtha eds), 274-277.

8.

Verma,L.N and Bhattacharya (1990).Role of
biotechnology in supplying plant nutrients in the
nineties. Fertilize News .35, 87-97.

Economic analysis

Based on three year study it is concluded that
application of 7.5 t ha-1sheep manure followed by 4.0 t
vermi-compost with bio-fertilizer is better for realizing
higher yield and profitable production under sandy loam
soil.
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Analysis of soil suitability evaluation for major seed spices in
semi-arid regions of Rajasthan using geographic information system
+

O.P. Aishwath*, H.R. Singh**, A. Velmurugan and M.M. Anwer
National Research Centre on Seed Spices,Tabiji 305 206 Ajmer (Rajasthan) INDIA
ABSTRACT
Soil suitability evaluation for crops is a prerequisite to achieve optimum utilization of the available
land resources for desired agricultural production and future land use planning. Out of total production of
major seed spices in India, Rajasthan and Gujarat contributing more than 80 per cent and known as seed
spice bowl. Therefore, study was undertaken to determine soil suitability for cumin, coriander, fennel and
fenugreek in four districts comprising Ajmer, Bhilwara, Pali and Rajsmand using GIS approach for potential
land use. The factors like soil texture, pH, soil depth, slope, drainage, coarse fragmentation and erosion were
taken for soil suitability class. As per the FAO frame work, parameters classify in four suitability categories ie
highly suitable, moderately suitable, marginally suitable and not suitable. The GIS statistics reveals that total
study area was 3564000 ha. Out of total area 4% area is moderately suitable for cumin with little limitations of
soil and water. However, 74% and 1% area is marginally suitable with limitation of water-soil and soil,
respectively. For coriander, 40%, 21% and 5% area is under marginally suitable with the some limitations of
water-soil, soil and water, respectively. Two per cent area is moderately suitable for coriander. In case of
suitability with erosion-water and erosion-water-soil limitations, it was 3% and 5% marginally suitable for
coriander, respectively. Soil suitability for fennel indicates that 66% area is marginally suitable with the slight
limitation of soil and water. The 4% and 8% area is moderately and marginally suitable, respectively, with
limiting factor erosion, water and soil. In case of fenugreek, the marginally and moderately suitable areas are
66% and 2%, respectively with some limitation of water and soil. The area under marginally suitable with
limiting factors, erosion-water-soil and erosion-water is 5% and 3%, respectively. Therefore, it can be
concluded that out of total area 22% soils are not suitable for cumin and fennel and 24% soils are not suitable
for coriander and fenugreek, while rest of the area is moderately to marginally suitable for these crops with
some limitations of soil, water and erosion.
Keywords: Soil suitability, Land use planning, GIS, coriander, cumin, fennel, fenugreek.

Lkkjka'k
okafNr d`f"k mRiknu ds fy;s mi;qDr Hkwfe lalk/ku dk mi;ksx rFkk Hkfo"; esa Hkwfe mi;ksx ds fy;s lqfu;kstu gsrq
e`nk mi;qDrrk dk ewY;kadu ijeko';d gSA eq[; chth; elkyksa ds dqy mRiknu dk 80 izfr'kr mRiknu jktLFkku
o xqtjkr esa gksrk gSA vr% bl {ks= dks Hkkjr dks chth; elkyksa dk eq[; mRiknu dsUnz ekuk tkrk gSA mRiknu dh
xgurk dks /;ku esa j[krs gq, jktLFkku ds pkj tuinkas ¼vtesj] HkhyokM+k] ikyh o jktleUn½ dh e`nk mi;ksfxrk
dk v/;;u HkkSxksfyd lwpuk iz.kkyh ¼GIS½ }kjk /kfu;k] thjk] lkSaQ o eSFkh ds fy;s fd;k x;kA Hkwfe mi;qDrrk dh
Js.khdj.k ds fy;s e`nk d.kkdkj] ih-,p-] e`nk xgjkbZ] <yku] ty fudkl] dadM+&iRFkjksa dk izfr'kr o e`nk dVko
dks ekin.Mksa esa lfEefyr fd;kA ,Q- ,- vks- QzseodZ ds vk/kkj ij e`nk mi;qDrrk dks pkj Jsf.k;ksa ¼vR;f/kd
mi;qDr] e/;e mi;qDr] lhekUr mi;qDr o vuqi;qDr½ esa foHkkftr fd;k x;kA th-vkbZ-,l- vkdM+ksa ls irk pyrk
gS] fd dqy v/;;u {ks= 3564000 gSDVs;j- FkkA dqy {ks=Qy dk 4 izfr'kr thjs ds fy;s e/;e mi;qDrrk okyk ik;k
x;k] ftlesa fuEu Lrj ij ty o e`nk leL;k;sa Hkh gSaA tcfd 74 izfr'kr o 1 izfr'kr {ks=Qy lhekUr mi;ksxh Fkk]
ftlesa dze'k% ty&e`nk o HkwfedVko&ty&e`nk eq[; lhekUr dkjd FksA /kfu;s ds fy; lhekUr mi;ksxh e`nk ds
dqy {ks=Qy dk 40 izfr'kr] 21 izfr'kr o 5 izfr'kr {ks=Qy dze'k% ty&e`nk] e`nk rFkk ty lacf/kr leL;kvksa ls
* Corresponding author's E-mail: opa_scn@yahoo.co.in
** Times Postgraduate Institute of Philosophy and Science, Dehradun, India
Agriculture & Soil Division, Indian Institute of Remote Sensing, Dehradun, India

+
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xzflr ik;k x;kA dqy {ks=Qy dk 2 izfr'kr Hkw&Hkkx /kfu;k ds fy;s e/;e mi;qDr Ikk;k x;kA lkSaQ ds fy;s dqy
{ks=Qy dk 66 izfr'kr Hkkx lhekUr mi;ksxh ik;k x;k ftlesa ekewyh rkSj ij e`nk o ty leL;k;sa lfEefyr gSaA
dqN ty o e`nk leL;kvksa ds lkFk dze'k% 4 izfr'kr o 8 izfr'kr {ks=Qy e/;e o lhekUr mi;ksxh FkkA eSFkh ds
fy;s dqy {kS=Qy dk 66 izfr'kr o 2 izfr'kr {ks=Qy dze'k% lhekUr o e/;e mi;ksxh ik;k x;kA lhekUr mi;ksxh
e`nk ds 5 izfr'kr o 3 izfr'kr {ks=Qy esa dqN Lrj ij Hkwfe dVko o ty leL;k;sa ik;h x;haA vr% la{ksi esa dgk tk
ldrk gS fd dqy {ks=Qy dk 22 izfr'kr Hkkx thjs o lkSaQ ds fy;s mi;ksxh ugha gSA rFkk 24 izfr'kr Hkkx /kfu;k o
eSFkh ds fy;s vuqi;qDr gSA rFkk ''ks"k {ks=Qy bu Qlyksa ds fy;s e/;e ls lhekUr mi;ksxh gSA ftlesa ty] e`nk o
e`nk dVko dh lkekU; leL;k;sa Hkh gSaA
INTRODUCTION

deficiencies some extensions to current GIS have been
advocated, primarily through the integration with
decision-making tools drawn from other concerned
disciplines (Chulmin, 4; Openshaw, 10; Armstrong and
Densham, 3; Goodchild, 7). Recently, soil suitability
maps and area productivity overlaid to show the position
of turmeric in the important turmeric growing states for
determining the productivity of the crop using GIS. A
highly suitable location may not result in larger yields
than suitable or marginally suitable areas. Suitability
maps are useful to determine areas which will have the
greatest success for growing a particular crop in a region
(Parthasarathy, et al., 11). One of the promising areas for
the horizontal expansion of crops in Egypt is Farafra
oasis in the New-Valley Governorate studied by Wahba,
et al, (14). It deals with agricultural soil suitability
evaluation of this oasis on the basis of computer
program "MicroLEIS" and presented as planning
agricultural soil suitability maps. Evaluation of these
biophysical variables of soil and topographic information
in GIS context will helpful in crop management options
for intensifications or diversifications at local level and
that could be used by farmers to select their cropping
patterns.

Agricultural suitability mapping involves
identifying land use patterns and assessing whether the
current use is the most feasible both economically and
environmentally. It is essential to have such activities is
an accurate inventory of current land use. Asset
mapping, like all other agricultural practices, is scale
dependent, so various strategies for different study
scales should be employed. The GIS required to serve
such research and that must incorporate high
functionality and an ability to work with both raster and
vector data structures. For further information from
agricultural statistics, raster image data, and vectorized
productivity field data, all add elements to the overall
study in the tabular form for the clarity. Such data
integration, however, is only half of the story, and equal
efforts need be applied in mapping and understanding
relationships evident in the compiled information. This
has resulted in considerable research and development
of models that can support the location planning and
decision-making processes. This approach usually
considers a comprehensive set of factors in determining
vulnerability of land for various development activities
and vice versa. With the recent development of
computer hardware and software technology,
Geographic Information System (GIS) has emerged as a
valuable computer-based tool in supporting a variety of
spatial problem tasks. However, there is a widespread
agreement that the current GIS technology does not yet
provide sufficient capabilities needed to fully support
complex spatial decision problems (especially those
with imprecision and loose structure) (Chulmin, 4; Fedra,
5; Keenan, 8). As argued by Chulmin (4) the current GIS
technology does not provide decision-making modules
capable to reason about decision and are primarily
based human judgments for problem solving. In other
words, the user should have the decision rules in place
before GIS can be utilized. To overcome these

India is well known throughout the world as the
'Land of spice' because it possess favorable climatic
conditions suitable for the growth and development of
spices, Whereas, Rajasthan and Gujarat are known as
the bowl of seed spices. The major seed spices are
coriander, cumin, fennel and fenugreek, which occupy
large area. The minor seed spices group consists of
ajwain, dill, celery, aniseed, nigella (kalonji) and
caraway. The major producing states of seed spices are
Rajasthan, Gujarat, Chhattisgarh, Haryana, Madhya
Pradesh, Andhra Pradesh, Tamil Nadu and Uttar
Pradesh. The prevailing world wide demand for seed
spices, India contributes 55.7 per cent of the total. The
seed spices account for about 36% and 17% of the total
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area and production of spices in country. As demand is
increasing at export level as well as internal
consumption resultant area expansion of these crops in
the specific agro-climatic zones need site suitability
analysis for the specific seed spices crop for higher
quality and quantity of production (Aishwath and
Vashishtha, 1). Under the conservation farming, natural
resources are to be utilized without manipulating them
for crop production. The aim of this study is to delineate
the suitable areas for major seed spices using soil
variables and topographic database through GIS which
will fulfill the following two objectives. To find out the land
site suitability for cumin, coriander, fennel and fenugreek
in Ajmer, Pali, Rajsmand and Bhilwara districts of
Rajasthan. To prepare the site suitability map for cumin,
coriander, fennel and fenugreek.

of it (85-90%) received between June to September.
This region experiences one or two winter shower
particularly in December and January. The soil moisture
regime is Aridic or Ustic and temperature regime is
hyperthermic. The length of growing period is between
60-120 days. There is a one or two light showers
experiencing occasionally in December or January.
b) Preparation of crop suitability maps:
FAO framework was used for assessing the
suitability of soils for various kinds of land utilization
types. The land suitability defined as “the fitness of
given type of land for a specified kind of land use”.
Suitability is a measure of how well the qualities of a land
unit match the land requiment of a particular form of land
use. Thus suitability is assessed for a relevant use for
each of the land units.

METHODOLOGY

FAO frame work of classification describes the
suitability of a land use in four categories, namely orders,
classes, sub classes and units. All the land is divided into
two suitability orders according to whether the land is
suitable or not for a given land use type (LUT). S=
suitable, N= not suitable, for the land use. The suitability
orders are divided into suitability classes indicating the
degree of suitability.

Methodology involves a sequence of activities
that starts with decision, problem recognition ends with
recommendation. The quality of decision making
depends upon the sequence on which activities are
undertaken. The steps involved in arriving at site
suitability classification of seed spices crops are as
follows:
a) Study area:

S1: highly suitable- it represents lands having no
significant limitations to sustained application of defined
use.

The major seed spices growing areas lies in
Rajasthan particularly in major area of Ajmer and other
southwestern districts from the Ajmer. The study was
carried out in the four central districts (Ajmer, Bhilwara,
Pali and Rajsmand) of Rajasthan in India (Fig.1). These
are geographically located between 24o5' to 27o25' N
latitude and 72o80' to 75o50' E longitude. The surface
area covers approximately 3564000 hectares land. The
entire study area belongs to the Aravalli landscape,
young and old alluvial and aeofluvial plains nearly level
to gently slope on calcareous sediments. The
topography is almost flat with gentle to moderate slope
or in patches is more than 10%. Dominant soil orders are
Inceptisols, Entisols and alfisos. Major soil series
covered under study areas are Pisangon, Beawer,
Bandanwada, Jharwasa and Tilonia of Ajmer district,
Ulela, Kotri, Kheri, Ladpura of Bhilwara district, Jaitaran,
Sanderao, Sumerpur and Desuri of Pali district and
Devgarh, Kama and Delwara of Rajsmand. The detailed
soil Taxons in study area are given in fig. 2. Climate of the
area characterized by hot and dry in summer, cold
bracing winter, semi-arid and subtropical type. The
average annual rainfall of the area is 536 mm and most

S2: Moderately suitable- it represents lands having
limitations, which will reduces the production levels and
/or increase the cost of production, but is physically and
economically suitable for the defined use.
S3: Marginally suitable- it represents the land having
limitations, which will reduce the production levels and
/or cost such that it is economically marginal for the
defined use.
N: Not suitable- it mainly disguises lands which is
unsuitable for a particular use at present but which might
be use in the future.
Suitability subclasses are the divisions of
suitability classes which indicate not only the degree of
suitability but also the nature of the limitation that make
the land less than completely suitable. The subclass
code is suffixed with the suitability class code. The main
subclasses are: w-for wetness, e- for erosion hazards, ssoil limitations and c- for climatic limitations. The
suitability units are divisions of suitability sub class
designated by numbers within the subclasses which
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marginally suitable for coriander, respectively. However,
2% area is moderately suitable for coriander with some
limitations of water-soil. Moreover, 24% area is not
suitable for coriander as it cannot tolerate the high soil
pH and salinity. However, under study area soils are
having high pH (>8.5) in many of the pockets and salinesodic in nature. Besides that underground water is also
have appreciable amount of salt and slightly sodic in
nature. Some of these information are coined with the
literature reveals that variation of soil properties within
the area as well as matching of the soil properties with
more than one suitability class to different extents by
Nisar, et al, (9) for various crops in Karnataka. They
designed the Boolean methods to assign a pixel to a
single class and no provision exists for assigning partial
suitability to each of the appropriate suitability classes.
The evaluation of the spatial variability of relevant terrain
parameters is carried out using geographic information
system while assigning the land suitability for crops in
Kalyanakere sub-watershed in Karnataka. Nine
parameters (eight of soil and one of topography) are
considered and suitability analysis is carried out by fuzzy
membership classification with due weightage factors
included to accommodate the relative importance of the
soil parameters governing the crop productivity.
According to the field information, they reported
maximum area was under finger millet. However, the
crop-land evaluation results of their study reveal that
maximum area is potentially suitable for growing ground
nut also.

meant to be managed similarly. The detailed soil
characteristics used for the site suitability classification
are given in Tables 1, 2, 3 and 4. Total study area falls in
the same climatic condition, hence not considered as a
separate factor.
The study area was extracted from the
NBSSLUP map on 1:50,000 scale using, thereafter soil
suitability criteria (as defined by FAO) for seed spices
were linked with spatial and non-spatial data layers
using Arc GIS software version 9 and prepared the
suitability map (Fig. 3, 4, 5 & 6). Digitized polygons of soil
mapping units were liked to an attributes table of
quantitative soil properties (Aishwath and Anwer, 2). The
suitability criteria were defined based on the literature
available on seed spices.
c) Flow Chart for preparation of soil suitability map
NBSS&LUP soil map

Study area selection
Extraction of study area

Preparation of soil
attribute information

Linking of spatial and
non-spatial data layers

Site suitability for cumin (Cuminum cyminum)

Suitability criteria for seed spices

Out of total area 4% area is moderately suitable
for cumin with little limitations of soil and water. However,
large area 74% and 1% is marginally suitable with
limitation of water-soil and soil, respectively (Fig. 8).
Though, 22% area is unsuitable for cumin production.
This is because of indirect impact of soil compaction
caused by structure collapse with the use of sodic water
resultant partial root anoxia leads to the hamper of plant
growth and chlorophyll synthesis. Most of the land
physiographic terrains are plains and even water
stagnation for a small period invites the infection of
diseases. On the other hand, cumin can moderately
tolerate the salinity and covers large area for its
production. Taking similar factors, study was carried out
by Praveen et al, (13) in Haripur Upazila, Thakurgaon
district of north-west part in Bangladesh for rice crop.
Relevant biophysical variables of soil and topography

Suitability map

RESULTS DISCUSSION
Site suitability for coriander (Coriandrum sativum)
After preparation of factor maps and the weight
of composite layers were obtained, then the physical
suitability map at four suitability classes (S1, S2, S3, N)
was evaluated for the coriander considering nine soil
parameters (Fig. 7). The GIS statistics reveals that total
study area was 3564000 ha. Out of which, 40%, 21%
and 5% area of coriander is under marginally suitable
with the some limitations of water-soil, water and soil,
respectively. Two per cent area is moderately suitable for
coriander. In case of suitability with erosion-water and
erosion-water-soil limitations, it was 3% and 5%
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found significant.

were considered for suitability analysis. All data were
stored in Arc GIS 9.0 and the factor maps were
generated. For Multi-Criteria Evaluation (MCE),
Pairwise Comparison Matrix known as Analytical
Hierarchy Process (AHP) was applied and the suitable
areas for rice crop were identified. To generate present
land use/cover map, Terra/ASTER 22 March 2003
satellite image was classified using ERDAS Imagine 8.7
by means of supervised classification. According to the
land use/cover map, the rice cultivated area was
reported 6727.88 ha. However, the crop-land evaluation
results of their study identified that 37 percent of total rice
crop currently being used was under highly suitable
areas and 25 per cent was under moderately suitable
areas. A substantial portion (35 per cent) was under
marginally suitable areas.

Site suitability for fenugreek
(Trigonella foenumgraecum)
In case of fenugreek, out of total study area
(3564000 ha), the marginally and moderately suitable
area is 66% and 2%, respectively with some limitation of
water and soil. The area under marginally suitable with
limiting factors, erosion-water-soil and erosion-water is
5% and 3%, respectively (Fig. 10). However, sizable
area is under unsuitable for fenugreek accounts 24% of
the total. This is because of fenugreek is a leguminous
crops and sensitive to the soil salinity and alkalinity.
Moreover, study areas have some problem of soil
alkalinity and pockets of soil salinity. This study is a
partial corroboration of Ghaffari et al., (6) and they
assessed the land and climatic suitability for wheat using
GIS at Karkheh River Basin (KRB), Iran. Data on longterm average annual rainfall, accumulated temperature,
soil, and topography were used, and reported that that
under current climate and soil conditions 8.7, 7.6, and
28% of the area is highly, moderately, and marginally
suitable for winter wheat and the remainder (55.7%) is
unsuitable.

Site suitability for fennel (Foeniculum vulgare)

Soil suitability for fennel indicates that 66% area
is marginally suitable with the slight limitation of soil and
soil-water. The 4% and 8% area is moderately and
marginally suitable, respectively with limiting factor
erosion, water and soil (Fig. 9). However, 22% area is
not suitable for the cultivation of fennel. Being a deep
root crop, it need deep soils, whereas most of the areas
CONCLUSIONS
are having rock outcrops are shallow with poor water
Out of total area 3564000 ha, 22% soils are not
store house. Not only that this crop takes about five
suitable for cumin and fennel and 24% soils are not
months for its maturation needs more stored soil water or
suitable for coriander and fenugreek, while rest of the
irrigations, limits its area in these four districts. In
area is moderately to marginally suitable for coriander,
contrast to this most of the soils of this area are
cumin, fennel and fenugreek crops with some limitations
calcareous and sodic in nature have ample opportunities
of soil, water and erosion. Based on the soil suitability
for fennel cultivation, as this crop requires slightly
mapped area, seed spices production can be economize
calcareous soil for its fullest growth and development
by spending least money on soil, water and land
and also for yield and quality. Soil properties are very
resource management for long-term sustainable
much responsible for yield and quality of crop as
production by planning base on map. It is also
described by Parthasarathy, et al., (12) taking Piper
recommended that this study gives primary results for
nigrum L crop. They found that volatile oil was directly
site suitability of seed spices. Therefore, more number of
linked with altitudinal diversity, and shows great
parameters like irrigation facilities, crop physiology
adaptability to a wide range of climatic and soil
should be considered for mapping suitability class to
conditions, which leads to inter-species diversity. Piper
achieve the precise farming of seed spices in the area.
nigrum collected from the Western Ghats of Karnataka
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Fig.2 Various soil Taxons of study area
Fig.1, Mapping polygons of study area
comprising four districts of Rajasthan
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Fig 3 Soil suitability map for coriander

Fig 5 Soil suitability map for fennel

Fig 4 Soil suitability map for cumin
Fig 6 Soil suitability map for fenugreek
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Analysis of antioxidant activity, phenolic and flavonoid content of
fenugreek (Trigonella foenum-graecum L.) seed extracts
S. N. Saxena*, Sourabh Karwa, Rohit Saxena, Tarun Sharma, Y. K. Sharma,
R. K. Kakani and M. M. Anwer
National Research Centre on Seed Spices,Tabiji 305 206 Ajmer (Rajasthan) INDIA
ABSTRACT
Fenugreek (Trigonella foenum-graecum) is an important seed spice. Dried seeds of which is
consumed in food and beverages as a flavoring additive and as a medicinally active compound. Crude
extracts of fenugreek were prepared by using accelerated solvent extraction system with different solvents
such as methanol, ethanol, dichloromethane, hexane and distilled water. Extracts were subjected for the
measurement of total phenolic content (TPC) Total Flavonoid Content (TFC) and antioxidant activity. The
results reveal that all extracts of the fenugreek exhibit considerable antioxidant activity. These findings
suggest that the fenugreek extracts could act as potent source of natural antioxidants.
Keywords: Fenugreek (Trigonella foenum-graecum), Antioxidant activity, Phenolic contents,Flavonoids.

Lkkjak'k
eSFkh ,d egRoiw.kZ chth; elkyk gSA eSFkh ds 'kq"d cht Hkkstu ,oa is; inkFkksZa esa Lokn] lqxa/k ,oa vkS"k/kh; xq.k
c<+kus ds mi;ksx esa fy;s tkrsa gSaA eSFkh dk xk<+k nzO; rhoz ?kksy ra= fof/k }kjk cuk;k x;kA esFksukWy] ,FksukyW]
MkbDyksjksesFksu] gsDtsu ,oa vklqr ty }kjk lkj nzo izkIr fd;k x;kA izkIr nzo lkj esa dqy fQuksydh; ek=dksa]
dqy QysosukW;M ek=dksa ,oa vkDlhjks/kh rRoksa dk v/;;u fd;k x;kA ifj.kke ;g n'kkZrs gaS fd eSFkh ds lkj nzo esa
vkDlhjks/kdksa dh vPNh ek=k ik;h x;hA ifj.kkekuqlkj eSFkh dks ge mi;ksxh izkd`frd vkDlhjks/kh ds :Ik esa
mi;ksx dj ldrs gSaA
INTRODUCTION
Herbs and spices have been extensively used
as food additives for natural antioxidants. Spices and
aromatic herbs are considered to be essential in diets or
medical therapies for delaying aging and biological
tissue deterioration (Frankel, 10). The search for
naturally occurring antioxidants as alternatives of
synthetic antioxidants is of great interest both in industry
as well as in scientific research.
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
*Corresponding author's; E-mail: shail.saxena@redifmail.com

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).
It has been mentioned the antioxidant activity of plants
might be due to their phenolic compounds (Cook and
Samman, 8). Flavonoids are a group of polyphenolic
compounds with known properties which include free
radical scavenging, inhibition of hydrolytic and oxidative
enzymes and anti-inflammatory action (Frankel, 10).
Some evidence suggests that the biological actions of
these compounds are related to their antioxidant activity
(Gryglewski et al. 11). In the longer term, plant species
(or their active constituents) identified as having high
levels of antioxidant activity in vitro may be of value in the
design of further studies to unravel novel treatment
strategies for disorders associated with free radicals
induced tissue damage.
The purpose of this study was to evaluate different seed
extracts of fenugreek by measuring total phenolic
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content and total flavonoid content and their possible
relation with antioxidant properties.

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.

MATERIALS AND METHODS
Seeds of two released varieties of fenugreek AM
1 and RMt 305 were obtained from seed store of
NRCSS. Obtained seeds were cleaned and used for
preparing extracts of different organic solvents and
distilled water. The extracts were prepared in methanol,
ethanol, dichloromethane (DCM), hexane and distilled
water. The antioxidant activity, total phenolic content and
total flavonoids content of different seed extracts of two
varieties was analyzed.

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
(1992). 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 0.950.99. Results were expressed as a mean standard
deviation from three replicate measurements.

The dried seeds (30 gm) of each variety were ground to
fine powders separately, by milling. The resulting
materials were extracted with hexane, dichloromethane,
methanol and alcohol using Accelerated Solvent
Extractor (Dionex India Pvt. Ltd.). Extraction in distilled
water was done manually in a mortar and pestle after
soaking the seeds for overnight. Extraction was
repeated three times and supernatants were pooled for
further analysis. Final concentration was adjusted to
5mg/ml of seed material. These diluted extracts were
used for determination of the total phenol and flavonoid
concentration, as well as antioxidant activities.

The percent scavenging effect was calculated as
follows:

Total phenol concentration was determined using a
Folin-Ciocalteu assay, as described by Amin (2) with
slight modification. An aliquot of 0.1ml extract (5 mg/ml in
respective solvent) was taken in a test tube and made
the volume 1ml by adding solvent. 3ml of 10% sodium
carbonate was added. Previously 10-fold diluted FolinCiocalteu 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.

Total phenolic content expressed as mg Gallic
Acid Equivalent/g seed material and flavonoid content
expressed as mg QE/g in different seed extracts from
two genotype of fenugreek are given in Table 1.

Total phenol concentration was determined by using
previously reported method by Chang et al. (6) 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

In variety AM 1 total phenolic content was ranging from a
maximum of 16.07 mg GAE/g in distilled water extract to
a minimum of 3.51 mg GAE /g in hexane extract while in
variety RMt 305 it was ranging from a maximum of 16.42
mg GAE /g in distilled water extract to a minimum of 5.06
mg GAE /g in hexane extract. Methanol extract showed
less phenolic content than distilled water extract in both
the varieties (Table 1).

Scavenging effect (%) =

A 517 Of Control–A 517Of Extract
x100
A 517 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.
RESULTS AND DISCUSSION
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Different organic solvents have different polarity and
therefore have different nature to extract the
compounds. Tangkanakul et.al., (22), Souri et.al., (20)
and Budrat and Shotipruk (4) used methanol for
extraction of total phenol content in fenugreek and other
plant species while Kaur and Kapoor (15) used ethanol
extract for measurement of antioxidant activity and total
phenol. Content of some Asian vegetables. In present
study, however, maximum phenolic contents were
observed in distilled water extract closely followed by
methanol extract. Almost similar result was obtained by
Bukhari et al. (5) while analyzing antioxidant activity of
extracts from fenugreek seeds. In contrast to phenolic
compound, total flavonoid content was maximum (6.06
mg QE/g) in ethanol extract of var. AM 1 which is closely
followed by distilled water extract (5.56 mg QE/g).
Methanol extract yield very less flavonoid content (1.84
mg QE/g). In variety RMt 305 flavonoid content was
maximum in distilled water (5.51 mg QE/g) followed by
ethanol (3.68 mg QE/g) and methanol (1.79 mg QE/g).
Total flavonoid content was more in var. AM 1 as
compare to RMt 305

Dichloromethane and methanol extracts shown at par
scavenging effect which was more than distilled water
extract but less than ethanol extract.
The phenolic and flavonoid content may contribute
directly to the anti oxidant activity (Awika et al. 3). While
measuring antioxidant activity and total phenolic content
of some Asian vegetables Kaur and Kapoor (15)
categorized fenugreek in high phenolic contents
vegetables group and observed very high antioxidant
activity. Contrary to this in present study we observed
high antioxidant activity of ehtanol extract in both the
variety but phenolic content was less than methanol and
distilled water extract. Methanol extract, however,
showed good antioxidant activity with high phenolic in
both the varieties (Fig 3 & 4). There seems a reasonable
relationship between antioxidant activity and flavonoid
content in both the varieties. Ethanol extract showed
high flavonoid content with high antioxidant activity.
Similar to the results of present study there are many
reports in which 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. (7) 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.

Antioxidant activity
Due to presence of different antioxidant
components in plant tissues it is relatively difficult to
measure each antioxidant component individually.
Therefore several methods have been developed in
recent years to calculate the total antioxidant activity of
biological samples (Al-Saikhon et al. 1, Gazzani et al. 12,
Kahkonen et al. 13, Chu et al. 7, Tang et al. 20). The use
of DPPH radical provides an easy, rapid and convenient
method to evaluate the antioxidants and radical
scavengers (Soler-Rivas et al. 19, Kansci et al. 14,
Roginsky and Lissi, 16). Different solvents have been
tried by various workers for extraction of antioxidants
from the samples (Kahkonen et al. 13). In prsent study,
seed extracts prepared in five different solvent viz.
methanol, ethanol, dichloromethane, hexane and
distilled water, were screened for their possible
antioxidant and radical scavenging activity by DPPH
method. Butyl Hydroxyl Toluene (BHT) was used as
standard antioxidant.

From the present work, it could be concluded that
solvent used for extraction is very important for effective
extraction of the plant constituents. Since methanol and
ethanol are highly polar therefore able to extract more
phenolic compounds. Presence of more phenolics in
distilled water extract indicated that fenugreek seeds
contain water soluble phenolic compounds which may or
may not contribute to the antioxidant activity. Genotypic
variability for antioxidant activity in fenugreek could be
exploited as a potent source of natural antioxidant along
with other medicinal properties. Further studies are
needed for the isolation and identification of the active
component in the extract.

All seed extracts of both the varieties exhibited
concentration dependent radical scavenging activity (fig.
1 & 2). Most effective radical scavenging activity was
shown by ethanol extract in both the varieties while
distilled water extract was found least effective. Hexane,
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Table 1: Total Phenolic and Flavonoid Content of different seed extract of two genotype of fenugreek
Total Phenolic Content
(mg GAE/g)
S.No.
1.
2.
3.
4.
5.

Seed extract
Methanol
Ethanol
Hexane
DCM
D. Water
SEm ±
CD (0.05)
CV (%)

Total Flavonoid
Content (mg QE /g)

AM 1

RMt 305

AM 1

RMt 305

14.23
4.46
3.51
5.83
16.07
0.50
1.56
9.92

13.08
6.66
5.36
5.06
16.42
0.61
1.87
11.27

1.84
6.06
5.56
0.17
0.52
10.78

1.79
3.68
5.51
0.19
0.60
15.35

Figure 1: DPPH radical scavenging activity of fenugreek variety AM 1
seed extract Each point represents the mean of three replications.

Figure 2: DPPH radical scavenging activity of fenugreek variety
RMt 305 seed extract. Each point represents the mean of three replications.
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Fig 3: Relationship between antioxidant activity and phenolic content in AM 1 and RMt 305.

Fig 4: Relationship between antioxidant activity and flavonoid content in AM 1 and RMt 305.
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Variability studies in fenugreek (Trigonella foenum-graecum L.)
R. S. Meena*, R.K. Kakani, M. M. Anwer, Alka Panwar, Sharda Choudhary and Shiv Ram Meena
National Research Centre on Seed Spices,Tabiji 305 206 Ajmer (Rajasthan) INDIA
ABSTRACT
An experiment was conducted during 2006-08 to study the genetic parameters in a set of seventeen
released varieties of fenugreek. Among the characters studied, plant height, no. of primary branches and
yield /plant had high heritability and genetic advance suggesting that improvement for these characters
could be brought about by directional selection. Pod length, pod width pods/plant and 1000-seed weight
exhibited high heritability with low genetic advance but these characters must be taken up in advance
generation.
Key words: variability, genetic parameters, fenugreek, Trigonella foenum-graccum,

Lkkjka'k
esFkh dh l=g foekspu iztkfr;kas ds vuqoakf'kd iSjkehVj v/;;u ds fy; o”kZ 2006&08 esa ,d ijh{k.k fd;k
x;k FkkA v/;;u fd;s x;s iSjkehVj esa ikS/kk ÅapkbZ] izkFkfed 'kk[kkvksa dh la[;k ,oa mit@ikS/kk us mPp
vuqoakf'kdrk rFkk vuqoakf'kd vfxze iznf'kZr fd;k rFkk blesa ;g Hkh Kkr gqvk fd bu y{k.kks eas funsf'kr p;u }kjk
lq/kkj yk;k tk ldrk gSA Qyh yackbZ] pkSM+kbZ izfr ikS/kk Qfy;ksa dh l[;Wk rFkk 1000 cht Hkkj Hkh mPp
vuqoakf'kdrk iznf'kZr fd;s] ysfdu vuqoakf'kd vfxze de ik;h x;hA vr% bu y{k.kksa dks vkxs ds vuqoakf'kdrk esa
iqu% v/;;u ds fy; vko';d le>k x;k gSA
INTRODUCTION

MATERIALS AND METHODS

Fenugreek (Trigonella foenum-graccum L.) is
major seed spice crop grown in India for domestic and
export purposes. It belongs to family Fabaceae. It is
diploid species with chromosome number of 2n =16
(Frayer, 3). Fenugreek is indigenous to Western Asia
and South Europe and is now cultivated in India,
Pakistan, France, Argentina and North Africa. It also
have high diosgenin. Information on the nature and
extent of genetic variability, heritability, expected genetic
advance and correlation coefficient is an important
prerequisite for framing any selection programme. Yield
is a complex character, which is highly influenced by the
environment. Selection based on yield alone will limit the
improvement, where as the yield component characters
are less complex in inheritance and influenced by the
environment to a lesser extent.

The present study was carried out during 200608 at the experimental fields at National Research
Centre on Seed Spices Ajmer (26° 27' 0" N, 74° 38' -1" E
and 700 meter above sea level). The soil of field is sandy
loam in texture. Winters (December to March) are very
cold with minimum temperature touches nearly 5°C. This
study was carried out with 17 release varieties of
fenugreek in India namely Hisar Madhavi, Hisar
Suvarna, Hisar Mukta, Hisar Sonali, Pant Ragini, CO2,
Rajendra Kranti, Azad Methi-1, GM-2, Lam Selection1,
RMt-351, RMt-305, RMt-303, RMt-1, RMt-143, NRCSS
AM-1 and NRCSS AM-2. These collections also include
5 national varieties mostly grown in all fenugreek
growing area of India. This experiment was laid in
randomized block design with three replications. Plot
consisted of 2 m long, 6 rows spaced 0.5 m apart. Plant
spacing within rows were maintained at 0.1 m. Fertilized
@ 20 kg N /ha., 40 kg P2O5 / ha., and 20 kg K2O/ha were

Keeping this in view the present study was undertaken to
estimate the genetic variability between the released
varieties and to understand the heritability behaviour of
yield and components in fenugreek.
*Corresponding Author:, Email:
rsm_nrcss@yahoo.co.in, rsm.nrcss@gmail.com

applied in the soil before sowing. The crop is managed
with good agricultural practices. Ten plants were
randomly selected per plot and observations were
recorded on days to 50% flowering, plant height, no of
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Table.1 Range, mean, coefficient of variation, heritability and genetic advance in fenugreek

S.
No.

Characters

Range

Mean ± SEm
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PCV
%

GCV
%

Heritability
%

Genetic
advance
%
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primary branch per plant, pod length, pod width, pod per
plant, seed per plant, days 80% maturity, seed yield per
plant, test weight and seed yield per plot. Analysis of
variance in respect of all the characters was done as per
method suggested by Panse and Sukhatme, (7).
Genetic variability for the different characters was
estimated as suggested by Sharma et.al. (8). Heritability
(broad sense) and genetic advance as percentage of
mean were calculated as per Johnson et al. (5).

An overall consideration of results revealed that grain
yield could be improved through selection for days to 50
% flowering, plant height, no. of primary branches, pod
length and seed yield /plant. Pod length and pod width
had high heritability with high genetic advance it
indicates that most likely the heritability is due to additive
gene effects and selection may be effective.
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RESULTS AND DISCUSSION
The analysis of variance indicated significant
differences among varieties for all the characters. The
high estimates (>15%) of genotypic coefficient of
variation (GCV) were recorded for plant height, number
of branches, yield /plant and 1000 seed weight. This
indicated of adequate genetic variation among the
varieties and sensitivity of the attributes for making
further modification by selection. Similar trends were
observed for phenotypic coefficient of variation (PCV) for
the given traits. However, the estimates of PCV were
higher than corresponding GCV for all the characters
explaining environmental factors in influencing their
expression (Table 1). The wide difference between PCV
and GCV to reflect their susceptibility to environmental
fluctuations. High heritability was obtained for days to
50% flowering (98.30%), plant height (95.70%), number
of branches (84.60), yield/plant (90.30%) and pod width
(74 %) while it was moderate for 1000-seed weight, pod/
plant (56.50), pod length (63.50%) and days 80%
maturity (28.80%) which clarified that they were least
affected by environmental modification and selection
based on phenotypic performance would be reliable.
High estimates of genetic advance (as percentage of
mean) was realised for plant height (35.42%), number of
branches (37.54%) and yield/plant (37.22%) whereas
the value was moderate for days 80% maturity which
elucidated that they could be improved to a large extent.
Similar findings have been reported by Dabas et al. (1),
Mathur (6) and Dwivedi et al. (2); however, Vashistha et
al. (9) and Gipson and Balakrishan (4) detected high
heritability estimates for plant height and pod length.
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Genetic diversity in fenugreek assessed through RAPD-PCR
Sharda Choudhary*, Minakshi Sahwal, R.S. Meena, R.K. Kakani, Cherian Mathews,
S. Farook Ali, Alka Panwar, Shampoo Gena, Manoj Saini and M.M. Anwer
National Research Centre on Seed Spices,Tabiji 305 206 Ajmer (Rajasthan) INDIA
ABSTRACT
Experiment was conducted during 2010 to study genetic diversity of released varieties of fenugreek
from Hisar and Pantnagar. Five varieties of fenugreek were collected and germinated in the pots under
normal conditions at room temperature. Genomic DNA of the varieties were extracted using CTAB method
and checked on 2% agarose gel for good quantity and quality of DNA. Checked DNA samples were amplified
and subjected to RAPD analysis in order to ascertain their genetic diversity. Fifteen polymorphic primers
generated a total of 131 reproducible and scoreable amplification fragments across all the 5 varieties.
Dendrogram and chrometogram show that all the varieties were divided into four different clusters
genetically distant from each other. Hisar Sonali and Hisar Suverna were differ from Hisar Mukta and Hisar
Madhvi but little bit similar to each other in comparison to varieties Hisar Mukta and Hisar Madhvi but highly
different from Pant Ragini Hence clear cut genetic diversity among four varieties of Hisar and also between
the variety from Pantnagar (Pant ragini) were observed.
Key words: RAPD, PCR, Fenugreek, genetic diversity, DNA.

Lkkjka'k
;g iz;ksx lu~ 2010 esa eSFkh dh fglkj rFkk iUr uxj dh tkjh dh xbZ fdLeksa ij mudh vkuqoaf'kd
fofo/krk ds v/;;u ds fy, fd;k x;kA eSFkh dh ik¡p tkjh dh xbZ fdLesa bu LFkyksa ls ,df=r dh xbZ rFkk lkekU;
rkieku o lk/kkj.k gkyr esa buds cht xeyksa esa iz;ksx'kkyk esa gh cks;s x;sA LQqVu ds Ik'pkr budh ifÙk;ksa ls lhVh-,-ch- fof/k }kjk Mh-,u-,- fudkyk x;k rFkk fudkys x, Mh-,u-,- fd xq.koRrk rFkk ek=k dk ifj{k.k 2 izfr'kr
,xjkst tsy ij fd;k x;kA ifj{k.k fd, x, Mh-,u-,- dks ih-lh-vkj- e'khu ls dbZ xq.kk la[;k esa c<+k djk vkj-,ih-Mh- vkadyu fd;k x;k rkfd vkuqaof'kd fofo/krk dk v/;;u fd;k tk ldsA dqy iUnzg cgq:ih izkbejksa us eSFkh
fd ikWp fdLeksa ls vkadyu ;ksX; cS.M izLrqr fd, MsMªksxzke rFkk dzksesVksxzke ls ;g Li"V gS fd ikWpksa fdLesa pkj
leqgksa esa foHkkftr gS tks fd vkuqoaf'kd :Ik ls ,d nwljs ls vyx gSA fglkj lksukyh rFkk fglkj lqo.kkZ] fglkj
eqDrk o fglkj ek/koh ls iwjh rjg ls vyx gS ijUrq buds ifjis{k eas ,d nwljs ls dkQh leku gS lkFk gh lkFk fglkj
fd ;s pkjksa fdLesa iUruxj fd fdLe iUrjkfxuh ls iwjh rjg ls vyx gSA bl izdkj bl iz;ksx esa fglkj fd pkjksa
fdLeksa ds e/; rFkk pkjksa fdLeksa fd iUrjkfxuh ds lkFk vkuqoaf'kd fofo/krk lqLi"V gSA
INTRODUCTION
Fenugreek belonging to the Leguminacae
(Fabacecae family) is a well known aromatic and
medicinal herb. It is extensively grown in the tropical and
sub-tropical regions of India during winter season for its
seeds, tender shoots and fresh leaves. It is commonly
consumed as fresh vegetable and as a spice (seed) to
flavor liquors, bread, fish, salad, soups, cheese, curry
and also in manufacturing of pickles, perfumes, soap,
cosmetics and cough syrup. Indians and Egyptians
know it as cultivar species.
*Corresponding Author:, Email: shardaajmer@yahoo.com

The genetic diversity is analyzed by using morphological
as well as genetic based tools, DNA techniques (Bennici
et al., 2) and advanced molecular methods. (Barazani et
al., 1; Shiran et al., 10). The PCR based method for DNA
profiling, random amplified polymorphic DNA (RAPD)
techniques (Welsh & McClelland, 13; Mir Ali & Nabulus,
8, Fracaro et al., 6) has been extensively applied in
assessment of genetic diversity of various plant species
and is also quite helpful in detecting genetic variability
within short time (Khan et al., 7). RAPD is the very
popular and widely used class of molecular marker and
uses 10-base primer to amplify the random portion of
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genome (Williams et al, 14). It is a dominant class of
marker useful for cultivar identification. In this study five
fenugreek varieties were analyzed with RAPD primers to
characterize the available germplasm and establish the
genetic distance among them.

enzyme (containing 1.5 mM of MgCl2).The programme
involved Initial denaturation at 94°C for 4 min, followed
by 32 cycles of 94°C for 1min, at varying temperature °C
(annealing temperature varies depending on RAPDs
primers) used for 1.5 min, and 72°C for 2 min. This was
followed by a final extension step at 72°C for 10 min.

MATERIALS AND METHODS

The PCR products were resolved on 1.5 % agarose gel
using 1x TBE buffer with 10 ml of tracking dye., The gels
were stained by Ethidium bromide (Sambrook et al., 9) to
separate the amplified fragments. The electrophoresis
was done for 90 minits at 80 volts. 5ul of molecular
weight marker (1 bp, 100 bp DNA ladder) was also
loaded to compare the molecular weight of amplified
products. After electrophoresis, gel was observed and
visualized under UV and photographs were taken with
the help of Gel- Documentation system.

Five fenugreek varieties maintained in
germplasm collection at NRC on Seed Spices, good
quality of seeds of were collected and germinated in the
pots at room temperature in the biotechnology lab of
NRCSS, Ajmer and after germination (15 days old
plants) were used in this experiment. DNA was isolated
from fresh leaves of the Fenugreek plants following the
method described by (Dellaporta et al., 3).
Approximately 20-25 fresh leaves per fenugreek plant
were collected aseptically and cut with disinfected
scissor and washed with distilled water. After drying with
blotting paper the leaves were crushed to a fine ground
powder in liquid nitrogen and extracted with
cetyltrimethylammonium bromide (CTAB), hot
extraction buffer [100 mM Tris-HCl, pH = 8.0, 1.4 M NaCl,
20 mM EDTA, 2%CTAB, 1%w/v PVP (polyvinyl
pyrrolidone) and 2% (v/v) ß-mercaptoethanol]. The
mixture was incubated at 60°C for 1 hour, followed by
two extractions with chloroform/isoamyl alcohol (24:1).
Isopropanol was used to precipitate nucleic acids and
the pellet obtained was dissolved in Tris-EDTA (TE)
buffer (10 mM Tris-HCl, pH = 8.0 and 1 mM EDTA, pH =
8.0). Co-precipitated RNA was removed by digestion
with RNaseA. Remaining impurities were extracted with
processed phenol and chloroform. Total DNA was
precipitated using Sodium acetate and cold ethanol. The
precipitate was washed twice with 10 mM Ammonium
acetate in 75 % ethanol and the pellet was dissolved in
TE buffer. The purified DNA was quantified by gel
electrophoresis, and its quality verified by
spectrophotometry. After checking the quality and
quantity, DNA was diluted with double distilled water to a
final concentration of 50ng/l and stored at 40C.

DNA fragment size was observed by photograph
directly. Total number of band within each line and
number of polymorphic bands were noted. RAPDs
behave as a dominant marker (Shiran et al., 10), it is tend
to be bistate (present or absent) type of scoring. Each
DNA fragment amplified by a given primer was
considered as a unit character and the RAPD fragments
were scored as a binary variable (one) for presence and
(zero) for absence of each of the primer accession
combination.
Therefore, the intensity of bands was not taken into
account and the fragments with the identical mobility
were considered but those identical fragments were
scored which have only major bands and faint bands
were not considered. The presence or absence of
polymorphic and non-polymorphic bands were scored in
a binary data matrix. The data was further analyzed by
making Dendrogram using NT-sys software.
RESULT AND DISCUSSION
Genetic similarity was calculated for selected
five fenugreek varieties (Hisar Madhvi, Hisar Sonali,
Hisar Suvarna, Hisar Mukta and Pant Ragini.) from Hisar
and Pantnagar. Analysis of the preserving data using 20
RAPD primers showed that 15 primers generated bright
and reproducible amplified products which detected
polymorphism among the accessions used. Using the
described DNA extraction strategies and amplification
condition with selected primers, good and clear patterns
were obtained for various accessions. Results of

Polymerase Chain Reaction (PCR) was carried
out in MJ PTC 100 thermal cycler (MJ Research Inc.,
Waltham, MA, USA). Twenty RAPD primers (Operon
Technology, USA) were used in this study to analyse the
fenugreek varities. The RAPD reaction mixture (25 l)
contained50 ng genomic DNA, 0.5 IU Taq DNA
polymerase, and 1x reaction buffer supplied with the
48
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amplification pattern obtained by RAPD in different
varieties of fenugreek are shown in Fig 1. In this study 20
primers having 10 bp of OPB series from Operon
technologies (OBP-1 to OBP-20) produced
polymorphism and all accessions are distinguishable by
unique RAPD profiles. These data indicated that RAPD
markers were efficient for assessment of fenugreek
genetic diversity.

Suvarna. Cluster-4 was composed of only one verity
Pant-Ragini. In this cluster verity Pant-Ragini is entirely
different from rest of 4 varieties at the similarity
Coefficient 0.52. At this distance this verity formed a
solitary group. Last cluster (four) was very different from
rest of three clusters. The results revealed that genotype
comprising cluster 4 consisted of single genotype.
As seen in the Fig 2 of dendrogram 15 primers showed
(75%) polymorphism, the chromatogram also showed
same level of difference. We considered two parameters
viz profile height and profile distance. On the basis of
these two parameters the clear cut difference were
observed between all the five varieties using OPB series
of primers. Out of the 15 primers, 8 primers (OPB 2, 6, 7,
10, 11, 13, 14, 16) showed very high profile height
(53.33%) of the variety Pant Ragini which is totally
different from rest of the four (Hisar Suverna, Hisar
Sonali, Hisar Mukta, Hisar Madhvi) variety whereas 5
primers (OPB 4,5,12,17,18) show very low profile height
(33.33%) which is also very different from rest of the four
fenugreek (Hisar Suverna, Hisar Sonali, Hisar Mukta,
Hisar Madhvi) varieties. Only 2 primers (OPB 3, 16)
showed similarity between Pant Ragini and other four
(Hisar Suverna, Hisar Sonali, Hisar Mukta, Hisar
Madhvi) varieties. Hisar Mukta and Hisar Madhvi were
from the same cluster as showed in dendrogram also
showed similar profile height (Fig 3).

Fifteen polymorphic primers generated a total of 131
reproducible and scoreable amplification fragments
across all the 5 accessions.
The number of RAPD bands detected by each primer
depends on primers, sequence and extent of variation in
specific genotype (Shiran et al, 10) therefore, the
number of bands varied in different accession. The
number of bands generated varied from 1 to 7 with an
average of 4 bands per primers. The primers OPB-7
gave maximum polymorphism with 16.9%. Seven
polymorphic fragments were observed in varieties Pant
Ragini, followed by six polymorphic fragments in
varieties Hisar Suvarna and five in
Hisar Sonali.
Primers OPB-4, 7, 10 and 12 were polymorphic in all the
five varieties followed by primers OPB-3, 13, 14 and18.
Polymorphic fragments were the highest in Pant-Ragini
with Primer OPB-5 and followed by same with OPB-6.
Primer OPB-2 and 11 were polymorphic with the
varieties Hisar Suvarna, Hisar Sonali and Hisar Madhvi.
Primers OPB-16 and 17 were polymorphic with the
varieties Hisar Suvarna, Hisar Sonali and Hisar Madhvi.
The varieties with diverse pattern for RAPD are
suggested to be used for further study and to select
parents for inheritance or linkage groups (Eujayl et al.,
4). High polymorphism revealed that RAPD could
resolve genetic variation among crop germplasm,
identification of cultivars and for estimating genetic
relationship (Silva et al, 11; 12b).

Profile distance were almost same (53.33%) for primers
(OPB 2, 4, 5, 6, 7, 10, 11, 12, 13, 14, 15). Only 22%
showed the difference which were very minor difference
because peak height is not much differ from each other.
As shown in the chrometogram (Fig 3) Hisar Sonali and
Hisar Suverna were differ from Hisar Mukta and Hisar
Madhvi but little bit similar to each other in comparison to
varieties Hisar Mukta and Hisar Madhvi but highly
different from Pant Ragini. It was also supported by
dendrogram generated using the same varieties and
primers.

Dendrogram (Fig 2) show that all the varieties were
divided into four different clusters genetically distant
from each other. Cluster-1 was composed of two
varieties (Hisar Mukta and Hisar Madhvi). Out of the five
varieties, two Hisar Mukta and Hisar Madhvi were closer
to each other and their similarity coefficient is 0.78.
Cluster-2 and 3 were composed of one variety each
namely Hisar Sonali and Hisar Suvarna, respectively.

SUMMARY AND CONCLUSION
Five fenugreek varieties namely Hisar Suverna,
Hisar Sonali, Hisar Mukta, Hisar Madhvi and Pant Ragini
were selected and subjected to RAPD analysis OPB
series of primers (1 to 20 RAPD primers). In the RAPD
analysis we get got 4 clusters in dendrogram. In these 4
clusters, cluster I have two varieties Hisar Suvarna and
Hisar Sonali which are similar to each other. Cluster II, III

In these clusters variety Hisar Sonali was closer to Hisar
Mukta and Hisar Madhvi as compared to verity Hisar
49
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Figure 1: Different banding patterns in agarose gel of five varieties of fenugreek Hisar Suverna,
Hisar Sonali, Hisar Mukta, Hisar Madhvi and Pant Ragini with primer OPB-7 and OPB-4.

Figure 2: Dendrogram of five varieties of fenugreek
(Hisar Suverna, Hisar Sonali, Hisar Mukta, Hisar Madhvi and Pant Ragini) based on RAPD analysis
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Figure 3: Chromatograms of different primers were showing profile hight and Rf distance
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and IV were having only one variety each Hisar Mukta,
Hisar Madhvi and Pant Ragini, respectively. The cluster
II and III are little bit similar to cluster one but the cluster 4
which have variety Pant Ragini was extremely differ from
rest of the three clusters (cluster 1, 2, 3) .
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Management of seed wasp systole albipennis walker
(hymenoptera: Eurytomidae) in coriander.
Krishna Kant, Y.K. Sharma, S.R. Meena, S.S. Meena, and R.S. Mehta
National Research Centre on Seed Spices,Tabiji 305 206 Ajmer (Rajasthan) INDIA
ABSTRACTS
Field experiment was conducted for integrated management of seed wasp of coriander at field level
by using manipulation of date of sowing, application of plant products and synthetic insecticides The result
revealed that late sown crop( 15th November) suffered less from seed damage while yield was also recorded
lower in late sown crops. Among plant products uses of NSKE-5%, Neem oil 1% and 2% and Karanj seed
powder extract-5% gives maximum protection against the pest and recorded less than 3.0% seed damage.
Maximum seed yield of 9.4 and 9.0 q/ha
was obtained with Neem oil-2% and NSKE-5% .In synthetic
insecticides application of Thiomethoxam-0.025% gave maximum protection (2.7 % damage) and seed yield
12.7 q/ha.
Key words: coriander, Systole albipennis, plant products insecticides.

Lkkjka'k
/kfu;k ds cht rrS;k ds lesfdr izca/ku ds fy, ,d {ks= iz;ksx lapkfyr fd;k x;k ftlesa ,d {ks= bdkbZ
esa cqokbZ ds le; esa cnyko] okuLifrd@ikni mRiknksa rFkk la'ysf"kr dhVuk'kdksa dks mi;ksx esa fy;k x;k ftlds
ifj.kke Lo:Ik ;g ns[kk x;k fd nsjh ls cqokbZ dh xbZ Qly de izHkkfor Fkh] tcfd ys[kktks[kk esa mRiknu de
izkIr gqvkA ftu ikni mRiknksa dk mi;ksx fd;k x;k muesa uhe fucksyh vdZ 5 izfr'kr] uhe rsy 1 izfr'kr ,oa 2
izfr'kr vkSj dajt cht vdZ 5 izfr'kr }kjk uk'ktho ds fo:} vf/kdre laj{k.k iznku fd;k rFkk dsoy 3 izfr'kr
cht dks uqdlku igqWpkA uhe rsy 2 izfr'kr rFkk uhe fucksayh vdZ 5 izfr'kr ds mi;ksx ls vf/kdre mRiknu
dze'k% 94 fDo@gsDVj rFkk 9-0 fDo@gsDVj izkIr gqvkA la'ysf"kr dhVukf'k;ksa esa Fkk;ksesFkksDtke 0-025 izfr'kr
}kjk uk'kthoh ds fo:}vf/kdre laj{k.k ik;k x;k rFkk cht dk mRiknu 12-7 fDo@gsDVj izkIr gqvkA
INTRODUCTION
Seed wasp (Systole albipennis Walker) is
specific pest of coriander and fennel that has been
reported from Asia, Africa and Europe, whose larva
damage the fruit and survive in them. Infestation occurs
at field level but it remained continue during storage of
seed (Nagy and Tetenyi, 1986; Gupta, 2002). Jansen
(1981) described the serious losses of coriander fruits
caused by chalcid (Systole albipennis) in Ethiopia. The
wasp is phytophagus and female after inserting its
ovipositor through the fruit wall lays eggs in between the
pericarp and ovule in the developing fruits under field
conditions. The egg laid by female wasp hatches and
developing larva feeds upon and destroys the embryo
and/or endosperm consequently. The damage by wasp
has been reported about 30 percent in coriander, 27
percent in dill, 20 percent in cumin and 10 percent in
*Corresponding author's; E-mail: kknrcss@gmail.com

ajawan. (Mittal and Butani, 1994) .Butani and Mittal
(1989) recorded that fruits of fennel was also infested by
midge and the infestation varied from 16 to 19 percent
and market value of the seeds reduced up to 40 percent.
Looking to the damage caused by seed wasp in
coriander, which reduced the yield and quality of seed,
present investigation was management of seed wasp
through manipulation of sowing date and application of
plant products and use of selective synthetic insecticides.
MATERIAL AND METHODS
Field experiments using fallowing treatments
were conducted during Rabi season of 2008-09 at
National Research Centre on Seed Spices, Ajmer. The
experiments were laid out in Randomized Block Design
in three replication. Popular coriander variety Ajmer
Coriander-1 was sown with row and plant distance of 30
and 10 cm. All recommended practices were fallowed to
raise the crop
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A) Date of Sowing: To study the impact of sowing time
on incidence of wasp, the coriander crop was sown on
three different dates (25th October, 5th November and 15th
November) at 10 days intervals. The percent damage of
seed was recorded at harvest.

NSKE 2 % and karanj oil 2% were also gives good
control of the pests. Maximum seed yield of crop was
obtained with the application of Neem oil-2% (9.4 q/ha)
and NSKE-5% ( 9.0 q/ha).
All the insecticides applied on the crop prevent
the damage of seed wasp on coriander and gave higher
yields. However, application of Thiomethoxam-0.025%
and Imidachlorprid-0.005% gave maximum protection
and received only 2.7 and 3.1 per cent seed damage
(Table-3). Other effective treatment were Dimethoate0.03% and Deltamethrin-0.0015%. Seed yield was
obtained highest in Thiomethoxam-0.025% application
(12.7 q/ha) followed by Trizophos-0.03%, and
Imidachlorprid-0.005% in which seed yield of 11.38 and
10.97q/ha was obtained. Patil et al, (2009) found that
uses of Endosulfan (0.07%) and Cartap
hydrochloride0.06% were found highly effective and
Neem oil-2% as moderately effective in protecting the
crop from damage of seed wasp in coriander. Application
of parathion methyl 0.025% and endosulfan 0.07% at
flowering stages of fennel minimize the infestation of
pest at field level (Singh, 2007).

B) Botanicals and plant products: Three applications
of Neem and Karanj based botanicals were applied at 10
days intervals from full bloom of flowering. The products
selected for the study were Neem Seed Kernal Extract(
NSKE)-2% , NSKE-5% , Neem oil- 1% , Neem oil-2%
, Karanj oil -1%, Karanj oil-2%, Karanj seed Powder
Extract -2% and Karanj seed powder extract -5%.
C) Synthetic Insecticides: Three applications of eight
insecticides were applied on the crop at 10 days intervals
at full flower bloom of the crop. The treatments were
Trizophos-0.03%, Chlorpyriphos-0.03%, Deltamethrin0.0015%, Endosulfan-0.03%, Thiomethoxam-0.025%,
Imidachlorprid-0.005%, Quinolphos-0.05% and
Dimethoate-0.03%.
The data on seed infestation by seed wasp was
recorded at maturity of the crop. Total 1000 seed in each
treatment were examined and thus percent damage was
worked out. Seed yield in each treatment was also
recorded after harvest and calculate per hectare basis.
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Table-1. Effect of Insecticides on seed damage and yield of Coriander
Treatments
th

25 Oct,08
th
5 Nov,08
th
15 Nov, 08

Per cent seed damage

Seed Yield( q/ha)

12.15
14
11.7

4.8
4
3.6

Table-2. Effect of plant products on seed damage and yield of Coriander
Treatments
NSKE-2%

Per cent seed damage

Seed Yield( Q.ha)
3
2.2
2.5
2.3
6
3.1
4.4
2.7
9.6
0.14
0.42
8.15

NSKE-5%
Neem oil-1%
Neem oil-2%
Karanj oil-1%
Karanj oil 2 %
Karanj powder-2%
Karanj powder-5%
Control
SEM
CD @5%
CV

7
9
7.8
9.4
5.9
7.2
7
7.5
6.2
0.31
0.89
9.26

Table-3. Effect of Insecticides on seed damage and yield of Coriander
Treatments

Per cent seed damage

Endosulfan
Chlorpyriphos
Trizophos
Thiomethoxam
Imidachlorprid
Dimethoate
Detamethrin
Quinolphos
Control
SEM
CD @5%
CV

5.

6.

9.2
7.8
11.38
12.7
10.97
9.5
11.9
8.2
6.6

0.28
0.81
9.08

0.34
0.97
7.66
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Effect of biopriming with antagonists on wilt and
seedling growth of cumin
Y. K. Sharma*, K. Kant, S. N. Saxena, M. M. Anwer, S. K. Lodha1, S. Sriram2 and B. Ramanujam2
National Research Centre on Seed Spices,Tabiji 305 206 Ajmer (Rajasthan) INDIA
ABSTRACT
Biopriming treatment is potentially able to promote rapid and more uniform seed germination and
plants growth associated with biological control agents (BCAs). In this study, we investigated the effects of
application of some biological agents on cumin seeds and their impact on seed germination, promotion of
seedling growth and wilt incidence. Biological control agents Trichoderma viride, Aspergillus versicolar
enhanced seed germination and also seedling growth indices including root length, shoot length, weight of
seedlings and reduced wilt incidence. In biopriming, the BCAs were applied to the seed improved by the
efficacy of BCAs and the highest amount of shoot length (6.55 cm), and shoot weight (0.14 g) was reached
with the application of T. viride, in comparison with other treatments and the control. The same treatment also
reduced wilt incidence and increased seed yield as compared to other treatments and control. As a
conclusion, biopriming with T. viride has provided very well establishment and adherence to the seed, before
planting, and thus is suggested as a proper treatment for enhancement of seed indices, improvement of
seedling growth and reduction in wilt incidence.
Keywords: Biopriming, Biological control agents, Seed germination, Wilt, cumin

Lkkjka'k
TkSfod fu;a=.k dkjdksa ds lkFk ck;ksizkbfeax ¼tSo vkoj.k½ ijh{k.k ,d leku cht vadqj.k ,oa ikS/kksa dh
'kh?kz o`f} ds fy, l{ke gksrk gSA bl ijh{k.k esa dqN tSfod dkjdksa dh thjs eas cht vadqj.k] ikS/kk dh o`f},oa mdBk
jksx izdksi in vUos"k.k ¼vuqla/kku½ fd;kA tSfod dkjd VªkbZdksMekZ fofjMh ,oa ,Lijftyl olhZdksyj vf/kd cht
vadqj.k] vf/kd ikS/kk o`f}ftlesa tM+ dh yEckbZ] ruk dh yEckbZ rFkk ikS/ks dk otu ,oa de mdBk jksx lfEefye
gSA lgk;d ik;s x;s tSo vkoj.k esa] vU; dkjdksa dh rqyuk esa VªkbdksMekZ fofjMh ds iz;ksx ls vf/kdre ruk o`f}¼655 lseh-½ vkSj rukHkkj ¼0-14 xzk-½ ik;k x;kA blh ds lkFk VªkbZdksMekZ fofjMh ds iz;ksx ls mdBk jskx ds izdksi esa
deh rFkk cht mit esa o`f}ikbZ xbZA blls fu"d"kZ ;g fudyrk gS fd VªkbZdksMekZ fofjMh ds }kjk tSo vkoj.k ls]
;g cht ij LFkkfir gksdj cht vadqj.k o`f} rFkk mdBk jksx esa deh ds fy, izHkkoh mipkj gSA
INTRODUCTION
Cumin (Cuminum cyminum) is an important
seed spices crop mainly grown in Rajasthan and Gujarat
states of the country. The crop is affected by many
diseases during the crop growing season, however, wilt
caused by Fusarium oxysporum f.sp. cumini is one of the
destructive disease which causes severe yield losses.
The disease is seed and soil borne in nature and difficult
to control after its appearance. Seed and soil borne
pathogens can be managed by seed and soil application
of biological agents (antagonists). Seed priming is now a
*Corresponding author's E-mail: yksharma.nrcss@yahoo.co.in
1Central Arid Zone Research Institute, Jodhpur, Rajasthan,
2National Bureau of Agriculturally Important Insects, Bangalore, Karnataka

widely used commercial process that accelerates the
germination rate and improves seedling uniformity in
many crops (Taylor and Harman, 7; Halmer, 4).
Inoculation of seeds with biological agents in
combination with priming has in several cases, been
reported to enhance and stabilize the efficacy of
biological agents (Callan et al., 2, 3; Harman et al., 5;
Warren and Bennett, 8) and to promote growth of plant
and uniform germination and improve the plant growth
(Bennett, 1). Biopriming in relation to beneficial
microorganisms has mainly been studied as method to
apply BCAs to seed with the purpose of proliferation and
establishment of the microbes on seed during priming
(Harman et al., 5; Wright et al., 9). There are few studies
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for selecting effective biological agents on cumin (Lodha
and Mawar, 6), but there is no specific study for a useful
way of applying biological agents on cumin seed. In the
present study we primed the seeds with talc based
formulations of biological agents viz. Trichoderma
hazianum, T. viride, Pseudomonas flurescens and
Aspergillus versicolar to increase the efficacy of
bioagents providing the conditions to establish the
bioagent on seed before planting.

planted in 25 × 10 cm row and plant spacing in
randomized block design with four replications.
Observations for wilt incidence and seed yield were
taken.
RESULTS AND DISCUSSION
The results revealed that bioprimed seeds
hasten the germination of seeds, as 65- 95% seeds in
biopriming treatments were germinated within 5 days of
incubation as compared to control (15%) in blotter test
(Table 1). Biopriming with bioagents also increased the
shoot length from 2.4 to 2.7 cm and shoot root ratio (0.6
to 0.8) as compared to untreated control (1.8 cm and
0.4).

MATERIALS AND METHODS
Planting material: A cumin seed of variety RZ 209
susceptible to wilt disease was used in lab, pot and field
experiments.

When bioprimed seeds were planted in pots
containing soil inoculated with test pathogen F.
oxysporum f. sp. cumini, the seed germination was
observed 40-46% as compared to 11% in untreated
control after 10 days of sowing. The treatments also
enhanced the growth of plant with increase in shoot root
ratio (1.5-1.6) and shoot length (5.1-6.7) as compared to
0.9 shoot root ratio and 4.0 cm shoot length in untreated
control (Table 2). The biopriming with bioagents also
reduced the pre and post emergence mortality as
compared to untreated control (Fig. 1). However, the
treatments were at par for the reduction in mortality. The
minimum plant mortality was observed in the seeds
primed with A. versicolar followed by T. viride, T.
herzianum and P. fluorescense.

Biological control agents: Aspergillus versicolar,
Trichoderma viride, Trichoderma harzianum, and
Pseudomonas fluorescense were used for biopriming of
cumin seeds.
Biopriming method: To prepare suspension for
biopriming of one kg seed, 10 g talc based formulations
of biological control agents, 10 g FYM powder and 5 g
Gum Arabica were mixed in 50 ml water. The cumin
seeds were primed with the mixture. The primed seeds
were incubated under moist condition at room
temperature in a heap on plastic sheet for 5 days. After 5
days of incubation the seeds were used for blotter test,
pot and field experiments.
Blotter test: The bioprimed seeds were placed on
moist blotters in 90 mm petriplates for germination and
growth characters. The seeds without treatment were
used as untreated control. Observations for number of
seeds germinated at different intervals and root and
shoot length after 10 days of incubation were taken.
Germination was considered to have occurred when the
seed developed at least 2 mm long radical. The
germination percentage was calculated based on total
number of seeds used and number of seeds germinated.

The bioprimed seeds when planted under field
conditions also showed good percentage of emergence
(66 to 74%) and growth vigour in comparison to control.
Maximum emergence was observed in the bioprimed
seeds of T. viride followed by A. versicolar and T.
harzianum. All biopriming treatments reduced the wilt
incidence as compared to untreated control at both crop
grwth stages i.e. 30 and 60 days after sowing (DAS). At
30 DAS, minimum disease incidence was observed in P.
flourescense followed by T. viride, A. versicolar, and T.
harzianum, but at 60 DAS, minimum disease incidence
was observed with T. viride followed by P. flourescense,
T. harzianum and A. versicolar (Table 3). This indicated
that establishment of biological agents like T. viride and
P. flourescense were antagonistic to the test fungus both
at initial stage by seed infection and also subsequent
infection from soil.

Pot and field experiment: The bioprimed seeds were
sown in the earthen pots containing sterilized soil
inoculated with F. oxysporum f. sp. cumini. Observations
on number of seeds germinated at different time interval,
root & shoot length at 30 days after sowing and pre &
post emergence mortality were taken.
In field experiment bioprimed seeds were sown
in mini plots (1 × 1m) in naturally infected plot of
Fusarium oxysporum f. sp. cumini. Counted seeds were
57
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Table 1. Effect of biopriming on germination and growth of cumin seeds in blotter test
Seed germination (%)
3 DAI
5 DAI

Treatments

BP with
BP with
BP with
BP with
Control

A. versicolar
T. viride
T. harzianum
P. fluorecens

0.0
15.0
5.0
5.0
0.0
* Mean of 10 seedlings

70
80
65
95
15

7 DAI

100
90
80
95
90

Growth characters
Shoot
ShootRoot length
length
root
(cm)*
(cm)*
ratio
3.3
2.7
0.8
3.6
2.5
0.7
3.8
2.4
0.6
3.4
2.7
0.8
3.9
1.8
0.4

Table 2. Effect of biopriming on germination and growth of cumin seeds in pot experiment
Treatments

BP with
BP with
BP with
BP with
Control

Seed germination
(%)
8 DAS
10 DAS

A. versicolar
T. viride
T. harzianum
P. fluorescens

18
24
33
31
1
* Mean of 10 seedlings

41
43
46
40
11

Growth characters
12 DAS

57
59
59
55
35

Root
length
(cm)*
4.3
4.1
3.4
4.4
4.4

Shoot
length
(cm)*
6.2
6.6
5.1
6.7
4.0

Shoot-root
ratio
1.5
1.6
1.5
1.5
0.9

Fig. 1. Effect of biopriming on pre and post emergence mortality of cumin plants
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Table 3. Effect of biopriming with bio agents on wilt disease of cumin under field conditions
Treatments
BP Trichoderma viride
BP Trichoderma harzianum
BP Aspergillus versicolar
BP Pseudomonas flourescense
Control
CD at 5%

Emergence
(%)
74
72
73
66
64
5.46

Wilt incidence (%)
30 DAS
60 DAS
2.6 (1.9)
14.6 (3.9)
6.9 (2.8)
17.5 (4.2)
6.7 (2.8)
19.1 (4.5)
1.8 (1.7)
16.0 (4.1)
11.7 (3.6)
25.3 (5.1)
2.40 (0.45)
4.52 (0.53)

Seed yield (Kg/ha)
297
241
232
193
133
55.41

* Values in parentheses indicate transformed values.
Biopriming with BCAs increased the studied
growth indices including shoot length and weight, shoot
root ratio of seedlings over the untreated control. It may
be a result of good establishment and adherence of
BCAs on the seed before planting, so they can properly
colonize the seed and affect these traits. These
experiments showed that inoculation of seeds with
biological agents enhanced and stabilized the efficacy of
biological agents and this result has also previously
been reported (Callan et al., 2, 3; Harman et al., 5;
Warren and Bennett, 8).

fluorescens AB254. HortScience 26: 11631165.
4.

Halmer, P. 2003. Methods to improve seed
performance. In: Benech-Arnold RL, Sanchez
RA (eds) Seed Physiology, Applications to
Agriculture. Food Product Press, New York.

5.

Harman, G.E., Taylor A.G. and Stasz T.E. 1989.
Combining effective strains of Trichoderma
harzianum and solid matrix priming to improve
biological seed treatment. Phytopathology 73:
631-637.

The present study suggests that biopriming with
biological control agents hasten the germination of
cumin seeds, enhanced the plant growth characters,
reduced wilt incidence and increased seed yield of
cumin.

6.

Lodha, S. and Mawar, R. 2007. Integrated
disease management in seed spices. In:
Malhotra, S. K. and Vashistha, B.B. (eds)
Production, Development, Quality and Export of
Seed Spices. NRCSS, Ajmer.
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Arbuscular mycorrhizal fungal affection to fenugreek
(Trigonella foenum-graecum L.) cultivars under semi-arid environment
2
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ABSTRACT

A field experiment of seven fenugreek genotypes was conducted under arid environment to
investigate their root pattern and to evaluate the affection towards native arbuscular mycorrhizal (AM) fungal
species in typic helplustepts soil where the native population of AM spore was 38.34.4 of which 30% present
as Glomus mosseae and 20% found as Glomus fasciculatum. In general, twelve AM species present in the
native soil of which other AM species present more than 5% were Glomus aggregatum (8.3%), Sclerocystis
pakistanica (7.8%), Glomus constrictum (5.7%), Glomus dominikii (5.4%), Giagaspora albida (5.2%), Glomus
monosperum (5.2%), Glomus radiatum (5.0%). The result at critical growth stage (35 days after planting)
clearly demonstrated that Rajendra Kranti was more liked by AM fungal species where 85 times improvement
over bulk soil in spore density and 82% in root infection was observed. In general, in the rhizosphere of
fenugreek genotypes was dominated (50-79%) by Glomus fasciculatum and 79% spore under Rajendra
Kranti was found as Glomus fasciculatum in spite of 20% of the spore of Glomus fasciculatum only present in
the bulk soil.
Higher root length (3806 cm) was observed in Rajendra Kranti, while average root diameter was more
(0.60 mm) in NRCSS AM-1 and NDM showed maximum number of root tips (4996). The spore density in the
rhizosphere had a strong positive correlation (r = 0.992, p < 0.001) with root infection, and root length of
fenugreek was inversely correlated (r = -0.697, p < 0.05) with root diameter. The result clearly demonstrated
that inoculation with Glomus fasciculatum under fenugreek would be highly successful and fenugreek root
environment can stimulate AM fungi specially Glomus fasciculatum.
Key words: AM fungi, fenugreek, genotypes, root status, arid environment

Lkkjka'k
eSFkh dh 7 fdLeksa dk ewY;kadu mudh tM+ iz.kkyh o izkd`frd vkoZLD;wyj ekbdksjkty QatkbZ ds vkd"kZ.k
gsrq iz{ks= iz;ksx vtesj dh v/kZ'kq"d tyok;q ,oa fof'k"V gSiyqLVsIVl e`nk esa fd;k x;kA bl e`nk eas LFkkuh; ,-,eQaxh ds chtk.kq dh la[;k 38-3 ±
4-4 ¼izfr 50 xzk- e`nk½ FkhA ftlesa 30% Xyksel eksLlh rFkk 20% Xyksel
QSLlhdqysVe QatkbZ ds chtk.kq FksA lkekU;r% bl e`nk esa 12 ,-,e- QatkbZ dh iztkfr;kW izkd`frd :Ik ls fo|eku
FkhaA bu QatkbZ esa ftudh la[;k 5% ls vf/kd Fkh og fuEu gSa& Xyksel ,xzhxsVe ¼8-3%½] LdsysjksflfLVl
ikfdLrkfudk ¼7-8%½] Xyskel dafLVªDVe ¼5-7%½] Xyksel Mksfefudh ¼5-4%½] fxxkLiksjk vfYoMk ¼5-2%½] Xyksel
ekuskLieZ ¼5-2%½] Xyksel jsfM;kVe ¼5-0%½A eSFkh esa Qwy vkus dh 'kq:vkr ds le; ¼68 DAS½ fy;s x;s izs{k.k
n'kkZrs gSa fd jktsUnz dzkafUr iztkfr ds izfr ,-,e-Qaxh dk vkd"kZ.k lokZf/kd Fkk tks lkekU; e`nk ls 85 xquk vf/kd
la[;k esa FkhA rFkk tM+ks esa ladze.k 82% rd ik;k x;kA lkekU; rkSj ij eSFkh dh tM+ ifj{ks= e`nk esa Xyksel
QsfLldqysVe dk ckgqY; ¼50-79%½ FkkA jktsUnz dzkfUr fdLe dh tM+ esa Xyksel QfLldqysVe ds chtk.kq 79% rFkk
LFkwy e`nk esa blds 20% gh chtk.kq mifLFkr FksA
tM+ dh yEckbZ jktsUnz dzkfUr fdLe esa lokZf/kd ¼3806 ls-eh-½ Fkh RkFkk tM+ dk e/;e O;kl ¼0-6 feeh-½
vtesj eSFkh&1 esa lokZf/kd FkkA ,u-Mh-,e-&1 fdLe esa tM+ksa dh uksdksa dh la[;k ¼4996½ vU; leLr fdLeksa ls
* Corresponding author's present address: J. C. Tarafdar, CAZRI, Jodhpur
342003, Rajasthan, India, E mail: jctarafdar@yahoo.in; tarafdar@cazri.res.in
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vf/kd FkhA tM+ ifj{ks= e`nk ds chtk.kq /kuRo o tM+ ladze.k esa rhoz lg laca/k ¼r =0-992] P< 0-001½ ik;k x;kA tM+
dh yEckbZ dk lg laca/k tM+ dh eksVkbZ ds lkFk _.kkRed ¼ r =0-697] P< 0-05½ FkkA vr% ifj.kke iznf'kZr djrs gSa]
fd eSFkh esa Xyksel QsfLldqysVe ls Vhdkdj.k lQyrkiwoZd fd;k tk ldrk gS] tks eSFkh dh tM+ks dks mÙksftr dj
Qly mit dks c<+kus esa lgk;d fl} gksxkA
INTRODUCTION

MATERIALS AND METHODS

Fenugreek (Trigonella faenum-graecum L.),
most popularly known as “Methi”, is an important seed
spices in India and has tremendous genetic variation
(Rathore et al., 15). As a leguminous plant, their
phosphorus requirement is very high. Inoculation with
arbuscular mycorrhizal (AM) fungi may increase plant
acquisition of phosphorus (Tarafdar and Marschner, 19;
Tarafdar, 20). AM fungi are a major component of
rhizosphere microflora in natural ecosystem, and play
significant role in the nutrient cycling and transport to
plant in the native ecosystems (Peterson et al., 13).
AMF association are ubiquitous and play an important
role in the ecosystem diversity. They can modify the
structure and function of plant communities (Douds and
Miller, 3) and may be useful as indicators of ecosystem
change (McGonigle and Miller, 8). The population of
AMF varies greatly and their distribution is affected by
various biotic and abiotic factors (Mohammad et al., 9).
Preliminary studies have indicated that AMF are very
common in arid soils and form associations with most of
the plants growing in this environment . In general,
knowledge of mycorrhization of seed spices particularly
fenugreek is lacking. On the other hand, information of
this regards is very essential as plant roots produce a
wide variety of compounds, which may serve as
stimulants, attractants, nutrients, or genetic regulatory
signals for AM fungi prior to colonization (Akiyama et al.,
1). The stimulatory effect of root exudates on AM hyphal
growth is well documented (Vierheilig et al., 22).

A field experiment was conducted during rabi
season of 2007-08 at Tabiji Farm, Ajmer, Rajasthan with
seven diverse fenugreek genotypes (RMT-1, RMT-305,
UM-351, Rajendra Kranti, NDM, NRCSS AM-1 and
NRCSS AM-2). Each genotype was sown in 3 m 3 m plot
with 30 cm inter-row spacing. A based dose of N @20 kg
ha-1 and P2O5 @ 15 kg ha-1 was applied. Irrigation was
given once at the time of sowing. Three plants of each
cultivar with intact roots were carefully freed from soil at
critical growth stage (65 days after planting). The roots
were thoroughly washed free of soil in tap water followed
by deionized water. Shoots and roots were dried at 60C
to a constant weight, and dry weight was taken. The bulk
soil (six in number) was collected during the plant
harvest for control treatment. Rhizosphere soil samples
(soil adhering to the roots) were collected at 30-90 cm
depth along with root samples in five replicates from
each plant. Before sampling, the soils from the upper
layer were scrapped off to remove foreign particles and
litter. The collected soil and root samples were placed in
an insulated carrier for transport and immediately
refrigerated at 4°C upon arrival. The roots were
processed immediately.
To determine the per cent root colonization, root
samples collected from different plants were washed in
tap water and staining was done by the method of
Phillips and Hayman (14) for rapid assay of mycorrhizal
association. The root samples were cut into pieces of 1
cm length and placed in 10% KOH solution, which was
kept at boiling point for 7 to 8 minutes (depending upon
the hardness of the root samples). Roots were rinsed
with distilled water, treated with 1% HCl and stained with
0.05% w/v trypon blue in lactic acid-glycerol.
Assessment of colonization was conducted on each
sample by the glass slide method, in which 100 randomly
selected root segments of each replication were
determined microscopically. A segment was counted as
infected when hyphae, vesicles, or arbuscles were
observed. The infection percentage was determined by
the method given by Biermann and Lindermann (2).

Prior to exploiting the potential of AMF in relation
to seed spices, it is necessary to examine the spatial
distribution and colonization of these microbes in soil,
since AMF species vary with ecosystems (McGonigle
and Miller, 8) and are affected by edaphic factors
(Sanders, 17). Keeping these facts in mind, a field
investigation was carried out to evaluate spatial
distribution and colonization of AMF species present in
the rhizosphere and their influence to the fenugreek
genotypes.
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Spores of AMF from control as well as
rhizosphere soils of different cultivars were extracted by
wet sieving and decanting technique of Gerdemann and
Nicolson (5). Total spore numbers of mycorrhizal fungi in
the soil samples were estimated by the method of Gaur
and Adholeya (4) and spore densities were expressed as
the number of spores per 50 g of soil. All the spores
(including broken ones) were examined using Medilux20 TR compound microscope. Taxonomic identification
of spores up to species level was based on spore size,
spore colour, wall layers and hyphal attachments using
the identification manual of Schenck and Perez (18) and
the description provided by the International collection of
vesicular and AMF (http://invam.caf.wuu.edu).

days after sowing). The maximum root length was
observed in Rajendra Kranti (3806 cm) followed by RMT305 (2596 cm) and the minimum root length at that
growth stage was recorded (975 cm) in NRCSS AM-2. A
wide variation of root diameter was also noticed which
varies between 0.30 and 0.60 mm, NRCSS AM-1
recorded more root diameter (0.60 mm) while Rajendra
Kranti (which was recorded highest root length) showed
lowest root diameter (0.30 mm). Similarly, a wide
variation was also noticed among the number of tips
which varies between 1487 and 4996 with maximum
recorded by NDM and minimum by NRCSS AM-2
genotypes. The correlation value (r) showed (Table 4)
significant negative correlation (r = -0.697, p<0.05)
between root length and root diameter but there was no
correlation between root length or diameter with number
of tips. As root activity can modify soil physico-chemical
conditions (Morel and Hiusinger, 10), it is obvious that
variation between the genotypes may attract differently
to the soil microbial populations specially AM fungi.

Root length, diameter and number of tips were
estimated after using root image analyzer (Delta T scan
software) at 300 dpi resolution. Soil samples were
analyzed for pH and electrical conductivity on 1:2.5 soil:
water suspension. Organic carbon was estimated by the
method of Walkley and Black (23) using 1N potassium
dichromate and back titrated with 0.5N ferrous
ammonium sulphate solution. Available phosphorus in
soil was estimated by extraction with 0.5M sodium
bicarbonate for 30 min (Olsen et al., 11). Soil texture was
estimated gravimetrically by hydrometer method
(Jackson, 6). Microsoft excel 2000 was used in the
statistical processing of the data.

The plant biomass of different genotypes (Table
2) varies between 12.5 and 19.5 g plant-1. Maximum dry
matter was recorded at RMT-1 while minimum was
observed under NRCSS AM-1 genotypes. A wide
variation of nodule number was also noticed, which
varies from 23 to 253, but there was no relation between
total biomass and number of nodules in each genotype
(Table 4). The highest nodule number (253) was
observed by RMT-1, which also produced maximum
biomass. The lowest nodule number (23) was observed
in NRCSS AM-2.

REDULTS AND DISCUSSION
Physico-chemical properties of soil of the
growing area showed soil is sandy loam in texture had a
pH from 8.1 to 8.2, organic carbon between 0.26 to
0.27% and Olsen P level of 7.8 to 8.6 mg kg-1. In general,
soils are alkaline in reaction, low in organic matter
content and available P status. Twelve species of AMF
were identified in the bulk (control) soil where different
fenugreek species were cultivated. They were Glomus
mosseae (30%), Glomus fasciculatum (20%), Glomus
aggregatum (8.3%), Sclerocystis pakistanica (7.8%),
Glomus coustrictum (5.7%) Glomus dominikii (5.4%),
Glomus monosperum (5.2 %), Gigaspora albida (5.2%),
Glomus radiatum (5.0%), Glomus rubiforme (3.4%),
Acaulospora elegans (2.2%), Glomus geosporum
(1.8%).

Twelve species of AMF were identified from
fenugreek field, which was dominated by Glomus
species. It is evident (Table 3) that the occurrence of
various species of AMF varied considerably with
different genotypes. Interestingly Glomus mosseae was
dominated (30%) in bulk soil but all the genotypes of
fenugreek influencing more Glomus fasciculatum
population (50-79 %) in the rhizosphere which was
highest at Rajendra Kranti (79% of total spore). This
reveals a high specific consortium to each rhizosphere
with a higher degree of variance in species composition.
Glomus is to be the most abundant of all AMF genra
under arid environment (Tarafdar and Praveen-Kumar,
19), which may be due to its resistance to high soil
temperature (Panwar and Tarafdar, 12).

A significant difference in root length (Table 1)
was observed among the genotypes which vary
between 975 and 3806 cm at critical growth stage (35
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The density of viable AMF spores recovered
from the rhizosphere of different genotypes was ranged
between 96.7 and 325.0 (Table 3) which was 2.5 to 8.5
times higher than the population density (38.3) found in
the bulk soil. However, a considerable variation was
found under different genotypes. The spore density in
bulk soil was relatively low, which is common for arid and
semi-arid lands (Requena et al., 16). It is evident from
the data that maximum spore densities were recorded in
Rajendra Kranti (325) followed by RMT-1 (233.3) and the
lowest spore density were observed in RMT-305 (96.7).
These differences may be due to the differences in root
exudation, root length and other biotic factors. A strong
correlation (r = 0.992, p < 0.001) was also observed
between root colonization and number of AM spores
present in the rhizosphere soils (Table 4). The results
from Table 3 was very clear that fenugreek genotypes
strongly influencing AMF of Glomus fasciculatum, which
indicate that inoculation with Glomus fasciculatum, in
fenugreek field would be very successful as root
exudates help them to build up more in the rhizosphere.
Considerable variation in percent root colonization and
number of different AMF spores associated with the
plant rhizosphere was observed but no definite
correlation could be established between them (Kalita et
al., 2002). However, in our result very significant and
positive correlation (Table 4) between per cent root
colonization and AMF spores was noticed when working
with fenugreek but numbers of spores were not directly
correlated with any other factors tested.
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Table 1. Root length, diameter and number of tips under different fenugreek genotypes
Genotypes
RMT-I
RMT-305
UM-351
Rajendra Kranti
NDM
NRCSS AM-I
NRCSS AM-2
LSD (p = 0.05)

Root length (cm)
1604
2596
1560
3806
1718
2130
975
32.5

Diameter (mm)
0.52
0.45
0.51
0.30
0.54
0.60
0.47
0.05

Number of tips
1962
2364
1770
4607
4996
1916
1487
41.9

Table 2. Shoot and root biomass, number of nodules
under different fenugreek genotypes at critical growth stage
Genotypes
Biomass/plant (g)
Number of
nodules
Shoot
Root
Total
RMT-1
19.0
0.5
19.5
253
RMT-305
16.5
0.7
17.2
162
UM-351
14.5
0.6
15.1
128
Rajendra Kranti
16.4
0.7
17.1
93
NDM
18.0
0.5
18.5
57
NRCSS AM-1
11.7
0.8
12.5
50
NRCSS AM-2
14.7
0.5
15.2
23
LSD (p = 0.05)
0.24
0.01
0.27
10.3
Table 3. Root colonization, number of spores and dominant AM species
under different fenugreek genotypes
Genotypes
Control (bulk soil)
RMT-1
RMT-305
UM-351
Rajendra Kranti
NDM
NRCSS AM-1
NRCSS AM-2
LSD (p = 0.05)
* 50 g soil

Number of
spores*
38.3
233.3
96.7
145.0
325.0
170.0
220.3
129.7
4.6

% root
colonization
71.0
52.3
62.3
82.0
63.7
69.0
57.3
3.8

Most dominant AM species and
% present
Glomus mosseae 30%
Glomus fasciculatum 69%
Glomus fasciculatum 50%
Glomus fasciculatum 65%
Glomus fasciculatum 79%
Glomus fasciculatum 70%
Glomus fasciculatum 68%
Glomus fasciculatum 69%

Table 4. Correlation (r) value between important parameters
Parameters
Root length versus Root diameter
Root length versus No. of tips
Root diameter versus No. of tips
Total Biomass versus number of nodules
No. of spores versus root colonization
No. of spores versus root length
No. of spores versus root diameter
No. of spores versus number of tips
No. of spores versus total biomass
No. of spores versus no. of nodules

Value
-0.697*
NS
-0.433
NS
0.599
NS
0.602
0.992***
NS
0.616
NS
-0.411
NS
-0.465
NS
0.114
NS
0.074
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Effect of irrigation on blight and powdery mildew
intensity and yield in cumin
R. K. Jaiman,* N.R. Patel, K.D. Patel and D.K. Joshi
Centre for Research on Seed Spice, SDAU, Jagudan-382710 Dist. Mehsana (Gujarat)
ABSTRACT
An experiment was conducted during rabi season in 2004-05, 2005-06 and 2006-07 to study the effect
of irrigation depth and number of irrigations on the intensity of blight and powdery mildew and yield in cumin.
Depth of irrigation was non-significant while number of irrigation showed significant effect on powdery
mildew intensity. The minimum powdery mildew intensity was noticed in one irrigation and it was at par with
two irrigations and three irrigations. The minimum blight intensity was found in 0.4 mm depth of irrigation,
while for number of irrigation, minimum blight intensity was observed in one irrigation and it was at par with
two irrigations and three irrigations. The maximum yield was reported in 0.5 mm depth of irrigation and it was
at par with 0.6 mm depth of irrigation. Similarly in case of number of irrigation, the significantly maximum
yield was reported in five irrigations followed by four irrigations.
Key words: Cumin, Blight, powdery mildew, depth of irrigation, number of irrigation, yield.

Lkkjka'k
o"kZ 2004&05] 2005&06 rFkk 2006&07 esa jch ds ekSle ds nkSjku ;g iz;ksx fd;k x;kA blesa flapkbZ dh
xgjkbZ rFkk dqqy flapkbZ la[;k dk izHkko thjs esa pw.kZ vkflrk rFkk >qylk jksx dh rhozrk ,oa dqy mRiknu ij ns[kk
x;kA flapkbZ dh xgjkbZ vlkFkZd Fkh tcfd dqy flapkbZ la[;k pw.kZ vkflrk jksx rhozrk ds izfr lkFkZd Ikk;h x;hA
lcls de pw.kZ vkflrk jksx rhozrk dsoy ,d flapkbZ esa ns[kh x;hA U;wure >wylk rhozrk 0-4 ,e-,e xgjh flapkbZ
ij Ikk;h xbZA U;wure >qylk jksx rhozrk Hkh ,d flapkbZ ij gh ns[kh x;hA vf/kdre mit 0-5 ,e-,e- xgjh flapkbZ
ij ik;h xbZ blh izdkj ikWp ckj flapkbZ ds }kjk vf/kdre mit ik;h xbZ rRi'pkr pkj ckj flapkbZ ds }kjkA
INTRODUCTION
India is the largest producer, consumer and
exporter of spices in the world market (Peter et al., 5).
Among different spice crops, cumin (Cuminum cyminum
L.) is an important seed spice crop grown in India. Cumin
seeds are used as spice in Indian culinary for flavouring
soups, sauces, pickles and for seasoning breads and
cakes. Cumin crop is affected by many diseases but the
important among them are blight (Alternaria burnsii), wilt
(Fusarium oxysporum f. sp. cumini) and powdery mildew
(Erysiphe polygoni.) (Dange et al.,2). Blight is wide
spread in distribution appear in devastating form every
year and spread rapidly in humid and cloudy weather.
Under such favorable conditions, losses may be as high
as 80 per cent (Bandyopadhyay et al., 1; Gemawat and
Prasad, 3 and Savaliya, 6).Powdery mildew is also wide
spreading disease appear in devastating from every
* Corresponding author's present address:
Centre for Research on Seed Spice, SDAU, Jagudan-382710
Dist. Mehsana (Gujarat). E-mail: jaimanrs@ yahoo.com

year and cause heavy yield losses. There is no evidence
on effect of depth and number of irrigation on intensity of
blight and powdery mildew. This study was therefore
made to find out optimum irrigation aimed at preventing
incidence of blight and powdery mildew and obtaining
the most economical grain yield.
MATERIALS AND METHODS
The field study was conducted in a factorial
randomized block design (FRBD) with three replications
at Centre for Research on Seed Spices, Jagudan,
Mehsana, Gujarat in rabi season of 2004-05, 2005-06
and 2006-07. Three main plot treatments were irrigation
depth i.e. 0.4 mm, 0.5 mm & 0.6 mm while sub plot
treatment were five number. of irrigation i.e. one
irrigation, two irrigations, three irrigations, four irrigations
and five irrigations. Irrigation water of different depth as
measured with a parshal flume, was applied at each
irrigation. Irrigations were given when cumvlative pan
evaporation (CPE) reached the required value of depth.
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Table 1. Effect of irrigation on powdery mildew disease of cumin
Treatment Details
Depth of Irrigation
D1
D2
D3
S.Em.±
CD at 5%
YXD
No. of Irrigation
I1
I2
I3
I4
I5
S.Em.±
CD at 5%
Y X I
D X I
Y X D X I
CV%

PDI (PM)
2004-05

2005-06

2006-07

Pooled

85.00 (67.83)*
87.33 (71.68)
84.00 (67.62)
1.84
NS

53.67 (47.32)
56.67 (49.07)
58.33 (50.42)
0.78
2.26

75.47 (62.41)
75.87 (60.89)
78.87 (64.26)
1.97
NS

71.38 (59.19)
73.29 (60.55)
73.73 (60.77)
0.94
NS
NS

78.47 (62.49)
80.97 (64.39)
85.42 (67.98)
89.31 (73.68)
93.05 (76.67)
2.38
6.89
10.34

22.78 (28.40)
43.89 (41.39)
53.89 (47.30)
78.89 (62.78)
81.67 (64.81)
1.01
2.91
6.17

77.78 (62.33)
67.00 (54.99)
70.33 (57.07)
83.78 (68.12)
84.78 (70.08)
2.54
7.35
12.17

59.67 (51.07)
63.95 (53.59)
69.88 (57.45)
83.99 (68.19)
86.50 (70.52)
3.71
12.10
5.88
NS
10.19
10.42

* The data in parenthesis are transformed (arc sign) values
Table 2. Effect of irrigation on Blight disease of cumin
Treatment Details
Depth of Irrigation
D1
D2
D3
S.Em.±
CD at 5%
YXD
No. of Irrigation
I1
I2
I3
I4
I5
S.Em.±
CD at 5%
Y X I
D X I
Y X D X I
CV%

Blight (PDI)
2006-07

2004-05

2005-06

16.00 (19.97)
17.60 (21.11)
15.80 (20.52)
2.62
NS

45.33 (41.81)
46.00 (42.54)
52.00 (46.13)
1.09
3.14

41.60 (39.84)
50.47 (45.80)
51.20 (47.29)
1.25
3.61

34.31 (33.87)
38.02 (36.48)
39.67 (37.98)
1.03
2.91
NS

5.78 (12.93)
4.22 (11.22)
2.89 (9.35)
26.22 (28.83)
43.22 (40.34)
3.39
9.81
-

20.00 (26.19)
40.55 (39.43)
44.44 (41.63)
66.67 (54.85)
67.22 (55.37)
1.40
4.06
-

12.89 (20.87)
22.55 (28.11)
32.22 (34.43)
85.89 (68.43)
85.22 (69.71)
1.61
4.66
-

49.50

9.67

10.89

12.89 (20.00)
22.44 (26.25)
26.52 (28.47)
59.59 (50.70)
65.22 (55.14)
4.50
14.67
6.51
NS
NS
19.20

* The data in parenthesis are transformed (arc sign) values
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Table 3. Effect of irrigation on yield of cumin
Treatment Details
Depth of Irrigation
D1
D2
D3
S.Em.±
CD at 5%
YXD
No. of Irrigation
I1
I2
I3
I4
I5
S.Em.±
CD at 5%
Y X I
D X I
Y X D X I
CV%

2004-05

Yield (kg/ha)
2005-06
2006-07

Pooled

201.48
238.52
226.67
9.84
28.51
-

193.50
246.83
242.22
7.41
21.46
-

190.45
242.55
236.38
7.54
21.83
-

195.14
242.63
235.09
4.81
13.55
NS

185.18
214.81
214.81
229.63
266.67
7.06
20.45
NS
17.15

205.49
217.42
221.12
227.16
266.39
9.56
27.70
NS
12.61

194.51
212.76
218.93
225.24
264.20
9.73
28.19
NS
13.09

195.06
215.00
218.29
227.34
265.75
6.21
17.49
NS
30.30
NS
14.40

* The data in parenthesis are transformed (arc sign) values
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Cumin was sown by broadcasting in 4.0 X 2.4 m2 plot
size during second week of November using crop variety
GC-3 (wilt resistant variety). Recommended agronomic
practices were followed for all the treatments. First two
irrigations, just after sowing and 8 days after sowing
were common for all the treatments. Schedule of
irrigation was as follows :1st irrigation- 30 DAS, 2nd
irrigation- 45 DAS, 3rd irrigation- 60 DAS, 4th irrigation- 75
DAS and 5th irrigation- 90 DAS.The observations on the
intensity of disease was recorder after last irrigation from
20 plants randomly selected from each plot using 0-5
scale for blight and 0-4 scale for powdery mildew. Based
on these observations, per cent disease intensity (PDI)
of the disease was worked out. The seed yield from
individual plots was also recorded and converted in per
hectare basis.

concluded that the depth of irrigation have no effect on
intensity of powdery mildew, while, powdery mildew
intensity was increased significantly with increasing in
number of irrigations. In case of blight disease intensity,
depth as well as number of irrigations showed significant
effect. Blight intensity was increased with increase in
depth as well as number of irrigations. However, the
depth as well as number of irrigations showed significant
effect on yield. Yield increased with the increase of depth
as well as no. of irrigation in all the years as well as in
pooled results. Salam Nshwa (7) also reported that blight
incidence increased with increasing irrigation number.
Cumin blight was more severe in wet soil and high humid
condition (Patel et. al., 4).
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RESULTS AND DISCUSSION
The pooled data of powdery mildew intensity,
showed non - significant effect regarding depth of
irrigation, while number of irrigations showed significant
effect. The minimum powdery mildew intensity was
noticed in one irrigation (I1) and it was at par with two
irrigations (I2) and three irrigations (I3). The maximum
intensity was found in five irrigations (I5) and it was at par
with four irrigations (I4)(Table 1).
The blight disease intensity showed significant
result for depth as well as number of irrigation. The
significantly minimum intensity of blight was found in 0.4
mm depth of irrigation (D1) and maximum intensity was
reported in 0.6 mm depth of irrigation (D3). While for
number of irrigations, the minimum intensity of blight was
reported in one irrigation (I1) and it was at par with two
irrigations (I2) and three irrigations (I3). The maximum
intensity was found in five irrigations (I5) and it was at par
with four irrigations (I4) (Table 2).
The pooled of yield results showed significant effect of
depth and number of irrigations. The maximum yield was
reported in 0.5 mm depth of irrigation and it was at par
with 0.6 mm depth of irrigation. Similarly in case of
number of irrigations, significantly maximum yield was
recorded in five irrigations (I5) followed by I4, I3 and I2
(Table 3).
From the pooled results of the experiment, it is
69

International J. Seed Spices 1 (1), June 2011:70-72

Impact of date of sowing on incidence of aphid,
Acyrthosiphon pisum (Harris) as fenugreek
B.L. Meena, R.P. Meena and S.S. Meena
Department of Entomology, S.K.N. College of Agriculture,
Swami Keshwanand Rajasthan Agricultural University, Campus: Jobner- 303 329, INDIA

Lkkjka'k
esFkh ,d egRoiw.kZ elkyk Qly gS tks iwjs Hkkjr esa chtksa] lfCt;ksa rFkk vkS"k/kh; xq.kksa ds fy, mxkbZ tkrh
gS] cqokbZ ds le; esa Qsjcny dj dhVksa ds izHkko dks de djus dk rjhdk cgqr iqjkuk gSA orZeku v/;;u esa cqokbZ ds
le; esa ifjorZu dj ekgq ¼,fQM½ ds izHkko dks ns[kk x;k gSA nsjh ls cqokbZ ekgq izHkko dh c<+krh gS rFkk mRiknu
?kVkrh gSA esFkh dh Qly tks 30 vDVwcj dks cksbZ xbZ ij de ekgq dh l[a;k ns[kh xbZ ¼51-96@ikS/kk½ vkSj T;knk
mRiknu ¼12-40 fD@gs-½ Fkk tcfd Qly tks 20 uoEcj] dks cksbZ xbZ ekgq ¼,fQM½ la[;k T;knk ik;h xbZ 101-79@
ikS/kk rFkk de mRiknu ¼8-25fDo@gs-½Fkh blfy, esFkh dh Qly dk mi;qDr cqokbZ le; 30 vDVwcj Fkk rFkk
vf/kdre mRiknu izkIr gqvk D;ksafd dhV izdksi cgqr de FkkA
Fenugreek is an important spice crop cultivated for its
seeds as well as vegetable and for medicinal purpose
throughout the country. Insect-pests are one of the major
limiting factors for higher production of good quality
fenugreek leaves as well as seeds. Among the various
insect pests infesting fenugreek crop, the aphid,
Acyrthosiphon pisum (Harris) affects yield and quality
adversely (Joshi and Mathur, 4 and Krishnaiah, 5).
Manipulation of sowing dates is one of the oldest
methods used by to avoid excessive insect damage
without additional cost. The present studies were under
taken to find out the effect of date of sowing and varieties
on the incidence of aphid in semi-arid conditions.
The experiment was conducted in a randomized
block design at SKN Collage of Agriculture, Jobner,
Jaipur during winter of 1997-98. All the recommended
practices were followed to raise the crop. Fenugreek
different dates of sowing were considered as treatments.
Fenugreek variety Rmt-1 was sown at four different
dates of sowing i.e. October 30, November 6, 13 and 20
in 1997. There were four such treatments each
replicated six times. The plot size was 3 x 3 m and row to
row and plant to plant distance was 0.25 x 0.10 m,
respectively maintained by thinning. The observations
on the incidence of aphids were recorded at weekly
intervals from the first appearance till the harvesting on
five randomly selected tagged plants. Aphids were
* Corresponding author's present address: KVK, Rajsamand (Raj.)

counted visually on three leaflets, viz; upper, middle and
lower on each of the five tagged plants in each plot and
data thus obtained were transformed and subjected to
analysis of variance. Correlation between the date of
sowing and number of aphid as well as date of sowing
and yield was also calculated.
The date presented in Table-1 revealed that the
significant differences exists in aphid population and
yield on the crop sown on the four different dates. It was
observed that with delay in sowing the pest population
increased and yield decreased gradually. The crop sown
on 30th October, 1997 showed less aphid population
(51.96/ plant) and higher yield (12.40 q/ha) while, crop
sown on 20th November, 1997 exhibited higher aphid
population (101.79/ plant) and less yield (8.25 q/ha).
Thus, crop sown on 30th October was the best treatment
giving highest yield due to minimum incidence of aphid.
Gupta (1) and Jain (2) found increased aphid incidence
and thereby loss in yield by delaying the sowing
coriander. Jain and Yadav (3) reported that an increase
in population of aphid by 224 and 226/ 5 plants and
decrease in yield of coriander by 1.75 and 2.0 q/ha with
each delay in sowing by 15 days beyond 25 October
(1980) and 22 October (1981). Similarly, Meena et al. (8)
and Lekha and Jat (7) found less aphid infestation and
more yield on 30th October sown crop while maximum
aphid infestation and less yield were recorded on 20th
November sown crop. The correlation between the
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UM-144

Rmt-1

9.

10.

40.33
(1.60)
74.33
(1.87)
46.66
(1.66)
47.33
(1.67)
70.66
(1.84)
55.33
(1.72)
51.00
(1.70)
82.00
(1.91)
87.33
(1.94)
62.00
(1.79)
0.04
0.138

18.33
(1.26)
46.16
(1.66)
22.33
(1.34)
14.33
(1.15)
31.00
(1.49)
25.33
(1.40)
33.00
(1.51)
49.66
(1.69)
55.00
(1.74)
20.66
(1.31)
0.03
0.142

4.00
(0.60)*
8.66
(0.93)
5.33
(0.72)
3.66
(0.56)
13.00
(1.11)
7.33
(0.86)
9.00
(0.95)
11.66
(1.06)
16.00
(1.20)
7.66
(0.88)
0.15
0.456

36.33
(1.56)
62.00
(1.79)
41.66
(1.61)
32.33
(1.50)
57.66
(1.76)
46.66
(1.66)
50.00
(1.69)
66.66
(1.82)
70.33
(1.84)
54.66
(1.73)
0.04
0.129

25.12.97 01.01.98 08.01.98

18.12.97

* Figures in parantheses are log x value
** Peak aphid population

S. Em ±
C.D. at 5%

UM-143

8.

UM-118

5.

UM-128

UM-117

4.

7.

UM-116

3.

UM-127

UM-34

2.

6.

UM-32

1.

S. Varieties/
No.
entries
46.66
(1.66)
83.00
(1.91)
53.33
(1.72)
51.66
(1.71)
77.33
(1.88)
71.33
(1.85)
67.66
(1.83)
89.33
(1.95)
97.00
(1.98)
63.33
(1.80)
0.03
0.108

15.01.98
60.66
(1.78)
97.00
(1.98)
62.33
(1.79)
53.00
(1.72)
89.00
(1.94)
72.33
(1.85)
77.33
(1.88)
101.33
(2.00)
107.66
(2.03)
82.00
(1.91)
0.04
0.124

22.01.98
72.00
(1.85)
129.33
(2.11)
78.33
(1.89)
85.33
(1.93)
121.33
(2.08)
100.33
(2.00)
111.33
(2.04)
141.00
(2.14)
152.66
(2.18)
90.33
(1.95)
0.02
0.082

29.1.98

5.2.98
**
96.66
(1.98)
188.00
(2.27)
139.66
(2.14)
119.33
(2.07)
180.33
(2.25)
165.66
(2.21)
174.00
(2.24)
200.66
(2.30)
204.00
(2.30)
153.00
(2.18)
0.02
0.060
72.33
(1.85)
151.66
(2.18)
90.66
(1.95)
66.66
(1.82)
158.00
(2.19)
129.00
(2.11)
141.00
(2.14)
159.00
(2.20)
160.66
(2.20)
135.66
(2.13)
0.05
0.165

12.02.98
53.66
(1.72)
117.33
(2.06)
63.00
(1.79)
36.00
(1.55)
110.33
(2.04)
90.00
(1.95)
125.00
(2.09)
127.66
(2.10)
131.33
(2.11)
78.00
(1.89)
0.06
0.196

25.16
(1.40)
67.00
(1.82)
36.00
(1.55)
29.66
(1.47)
62.33
(1.79)
40.33
(1.60)
47.33
(1.67)
70.00
(1.84)
74.00
(1.86)
53.33
(1.72)
0.07
0.210

19.02.98 26.02.98

23.66
(1.37)
50.00
(1.69)
22.33
(1.34)
19.00
(1.27)
46.66
(1.66)
31.00
(1.49)
41.66
(1.66)
51.00
(1.70)
55.00
(1.74)
36.00
(1.55)
0.05
0.161

11.33
(1.05)
42.66
(1.63)
18.33
(1.26)
8.66
(0.93)
23.00
(1.36)
16.33
(1.21)
29.00
(1.46)
33.00
(1.51)
46.66
(1.66)
40.33
(1.60)
0.09
0.290

9.66
(0.98)
18.33
(1.26)
11.33
(1.05)
5.66
(0.75)
12.00
(1.07)
10.00
(1.00)
13.66
(1.13)
15.33
(1.18)
21.66
(1.33)
17.00
(1.23)
0.08
0.253

05.03.98 12.3.98 19.03.98

Table 2: Mean aphid population on different varieties/ entries of fenugreek rabi, 1997-98 (aphids/ plant)

67.45

96.74

90.99

73.63

65.45

80.04

43.61

52.30

85.97

43.20

Mean
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Table 1: Intensity of infestation of A. pisum and yield of fenugreek on different dates of sowing
Date of
sowing
30.10.97
06.11.97
13.11.97
20.11.97

Aphid population/ plant at peak period of infestation
Feb., 1998
March, 1998
rd
th
st
nd
rd
3 week 4 week 1 week 2 week 3 week
56.00
60.66
58.80
52.00
32.33
(1.76)
(1.79)
(1.78)
(1.72)
(1.52)
50.67
78.12
112.67
82.33
55.00
(1.71)
(1.90)
(2.06)
(1.92)
(1.75)
42.33
90.33
140.47
108.08
73.67
(1.64)
(1.96)
(2.15)
(2.04)
(1.87)
28.80
72.00
105.33
178.90
123.90
(1.47)
(1.86)
(2.03)
(2.26)
(2.10)

S. Em ±
C.D. at 5%

Mean
51.96
(1.72)
75.76
(1.89)
90.98
(1.96)
101.79
(2.01)
0.039
0.1710

Grain
yield
(q/ha)
12.40
11.00
9.75
8.25
0.198
0.7306

Figures in parenthesis are log (x+1) values.
dates of sowing and the incidence of fenugreek aphid
was positively correlated (r = 0.5709) which indicated
that as the sowing delayed, the incidence increased. The
correlation between yield and aphid was negatively
correlated (r = - 9039), that showed that as the
population of aphid increased, the yield also decreased.
These observations indicated that in the area of heavy
and regular aphid incidence, the crop should be sown in
the last week of October to minimize the losses caused
by aphid attack.

wheat mite in coriander. Indian J.Appl. Ent., 3: 510.
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Technological gap between recommendation and actual adoption
by the farmers of coriander (Coriandrum sativum L) and
cumin (Cuminum cyminum L) growing areas of Rajasthan
M.A. Khan*, M.M. Anwer, P.C. Chaudhary, R.S. Mehta and G.K. Tripathi
National Research Centre on Seed Spices,Tabiji 305 206 Ajmer (Rajasthan) INDIA
ABSTRACT
A wide gap between technological recommendation and actual adoption by the farmers of coriander
and cumin growing area of Rajasthan exists. Besides, various extension approaches tried so far for
dissemination of improved technology, the rate of technology adoption has been very low. The common
reasons for poor adoption of technology are inadequate extension services, inadequate input supply,
inadequate market infrastructure and letharginess of farmers lethargy. Other important reasons for low
acceptance are technologies themselves which are not economically viable or operationally feasible,
matching with farmers need and compatible with farmers over all farming system. An extensive survey of
three district viz., Baran , Ajmer and Jodhpur was conducted covering 2700 of coriander and cumin farm
families The selected responded were interviewed personally with the help of well structured pre-tested
interview schedule. In this study it was observed that maximum gap (100 %) was observed in varietal use,
value addition and chemical weed control in all the panchyat of selected districts in coriander and cumin. A
wide gap was found in the practices like use of recommended doses of fertilizer, sowing method, crop
geometry, and seed treatment, plant protection measures in cumin and coriander in all the adopted
panchayat of three districts. However fewer gaps were found with respect to seed rate, seed treatment and
method of sowing. Thus, it is necessary to devise an appropriate strategy to enhance technology
dissemination and adoption by the farmer for increasing production and productivity of coriander and cumin
leading to increase in overall income of farmer for improvement in standard of living.
Key words: Adoption, Coriander, Cumin, Dissemination and Technology,

Lkkjka'k
thjk vkSj /kfu;k dh mUur [ksrh ds fy, dh xbZ rdrhdh flQkfj'ks vkSj fdlkuksa }kjk mUur rduhdh
viukus esa cgqr vUrj gS A fofHkUu rduhdh izlkj ds ek/;eksa dks viukus ds ckotwn mUur rduhdh viukus dh nj
cgqr de gSA mUur rduhdh viukus dh de xfr ds fofHkUu dkj.kks es ls vi;kZIr foLrkj lsok,s vi;kZIr vknku
vkiwrhZ vi;kZIr cqfu;knh <+kps vkSj fdlku dh lqLrh vkfn izeq[k dkj.k gS A buds vykok mUur rduhdh dk
vkfFkZd ,o O;ogkfjd i{k Hkh ,d egRoiq.kZ dkj.k gS tks rduhdh viukus dh xfr dks fu/kkZfjr djrh gS A bu
dkj.kks dk fo'ys"k.k djus gsrw rhu ftyks tSls ckWjk] vtesj ,oa tks/kiqj ds 2700 /kfu;k vkSj thjk mxkus okys
fdlkuks dk O;kid losZ{k.k fd;k x;k - p;fur fd;s x;s fdlkuks dk vPNh rjg ls lajfpr iw.kZ ijh{k.k vuqlwfp dh
enn ls O;frxr :Ik es lk{kkRdkj fd;k x;k A bl v/;;u es ekywe gqvk gS fd thjk vkSj /kfu;k mRiknu djus
okys lHkh ftyks es mUur rduhdh viukus dh nj es vf/kdre vUrj mUur fdLe dk mi;ksx ewY; laonZu vkSj
jklk;fud fof/k ls [kjirokj fu;U¥.k es ik;k x;kA buds vykok mUur rduhdh viukus es O;kid vUrj
moZjdks dk mi;ksx Qly cqokbZ fof/k Qly T;kferh vkSj cht mipkj dh flQkfj'k vkfn es ik;k x;k A vr%
;g vko';d gS fd rduhdh izlkj ,oa fdlkuks }kjk rduhdh viukus dh nj dks c<+kus ds mi;qä izlkj
ek/;eks dk mi;ksx djuk pkfg, ftles thjk ,oa /kkfu;k dh mRikndrk c<+s rkfd fdlkuks dk thou vkfFkZd
n`f"V ls ÅWpk mB ldsA
* Corresponding author's, E-mail:mushtaqnrcss@yahoo.com

International Journal of Seed Spices

INTRODUCTION
Rajasthan and Gujarat states have emerged as
“Seed Spice Bowl” and together contribute more than
80% of the total seed spice of our country. Coriander and
cumin are important major seed spices of our country.
The major coriander producing states are Rajasthan,
Gujarat, Madhya Pradesh, Andhra Pradesh,
Chhattisgarh and Karnataka and cumin is mainly grown
in Rajasthan and Gujarat. Though Rajasthan enjoy
prime position in term of area and production of
coriander and cumin but productivity is very low. Lot of
efforts have been made for improving productivity of
these two crop by enhancing availability of input,
technologies and farm services. Inspite of existence of
various extension agencies like department of
agriculture, KVKs and agricultural universities, major
efforts were made for dissemination of improved
technologies on seed spices resulting in less adoption.
The common reasons for poor adoption of technology
are inadequate extension services, inadequate input
supply, and inadequate market infrastructure, and
farmers lethargy.Other important reasons for low
acceptance of farm technology lies in the fact that many
technologies themselves are not economically viable or
operationally feasible, stable, matching with farmers
need and not compatible with farmers over all farming
system. The technology varies with farming situation.
Therefore, technology recommended should be
matching with the complex diversified farming situation
so as to enhance its acceptability at farmer's level. Of
late it has been realized that inappropriateness of
technology itself is a major reason for poor adoption.
Therefore, the present study was made with a view to
analyze gap between recommendation and adoption of
technologies for coriander and cumin.
METHODS AND MATERIALS
Three districts namely Baran, Ajmer and
Jodhpur of Rajasthan growing coriander and cumin,
respectively were selected to know the status of seed
spice production, identification of gap between
technology recommendation and adoption by farmers.
Randomly three Panchayat viz. Anta, Atru and
Kishanganj from Baran and three panchyat
viz.
Pisangan , Masuda and Bhinay from Ajmer and
Falodi, Osian and Bhopalgadh from Jodhpur district
were selected. On the basis of productivity levels three
villages from each selected Panchyat of the entire three
district were selected randomly thereby total 27 villages
were covered in this study. 100 farm families from each
village cultivating coriander and cumin in respective
district were identified for undertaking this study. Thus,

the study consisted of total 1800 farm families of cumin
in Jodhpur and Ajmer district and 900 farm families of
coriander in Baran district. The selected responded were
interviewed personally with the help of well-structured
pre-tested interview schedule. The information on
adoption of technologies pertaining to coriander and
cumin cultivation were taken and recorded in the
interview schedule. The data collected were tabulated,
compiled and gap in adoption of technology was
calculated
RESULTS AND DISCUSSION
Critical examination of data presented in table1 reveals that maximum gap between technological
recommendation and adoption (100%) was observed in
varietal use, value addition and chemical method of
weed control in all the panchyat of three districts
covering coriander and cumin. A wide gap was found in
the practices like recommended doses of fertilizer,
sowing method, crop geometry, seed treatment, in
cumin and coriander in all the adopted panchyat of
Baran, Jodhpur and Ajmer. However fewer gaps were
found with respect to seed rate, seed treatment and
method of sowing. It is very clear that gap in adoption of
technologies with respect to complex practices which
involve high cost and not suitable to farmers economic
condition such as use of high yielding varieties, chemical
control of weed, insect pest and disease management
are less adopted by the farmers. The technology
adoption was faster in respect of the technology which
are simple, economical and resulting better return like
fertilizer application , sowing method, crop geometry and
intercropping practices. Mann et al (2) reported that
technologies which are not compatible with farming
situation and involve high cost are less accepted by the
farmer resulting in lower adoption rate and higher
technological gap between recommendation and actual
adoption.Jaiswal (1) and Nikhade also reported the
similar results.
With respect to Panchayat in coriander, the
higher technological gap was observed in Panchayat
Kishanganj followed by Panchayat Atru and lowest gap
was found in Panchayat Anta which indicates that
farmers of Panchayat Anta are better in respect to
perception and adoption of technology as compared to
farmers of Kishanganj and Atru as revealed with the fact
that productivity of coriander was higher in Anta.
Similarly, in case of cumin in Ajmer the Panchayat
Masuda bestowed higher gap between technological
recommendation and adoption as compared to Masuda
and Pisangan which exhibits that level of adoption of
technology in Bhinay which was higher as compared to
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100
35
43
68
67
68
67
100
70
84
84
100

2.Time of sowing

3.Sowing method

3.Seed treatment

4.Crop geometry

5.Seed rate

6.Recommended doses of
fertilizer

7.Chemical weed control

8.Irrigation management

9.Insect pest management

10.Disease management

11.Value addition

Atru

1.Improve variety

Technology

75
100

86

86

75

100

68

72

69

69

45

40

100

Kishan
ganj

Coriander ( Baran)

100

83

83

74

100

65

65

60

60

38

35

100

Anta

100

68

67

75

100

75

84

89

72

55

45

100

Pisangan

100

65

60

78

100

71

83

80

70

49

40

100

Masuda

Cumin ( Ajmer)

100

72

69

85

100

76

86

89

75

57

48

100

Bhinay

100

65

60

78

100

71

83

80

70

49

40

100

Newra

100

68

67

75

100

75

84

89

72

55

45

100

Falodi

Cumin ( Jodhpur)

100

72

69

85

100

76

86

89

75

57

48

100

Bhopalgadh

Table 1 Gap in technology adoption by farmers ( %) in selected panchyat of coriander and cumin growing district of Rajasthan
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Table 2. Productivity of coriander and cumin in different Panchayat
Sr.No.

Distt. & Panchayat

Coriander
( kg/ha)

Cumin
( kg/ha)

Baran ( Coriander)
1

Atru

1558

-

2

Kishanganj

1450

-

3

Anta

1760

-

Ajmer( Cumin)
1

Pisangan

-

767

2

Masuda

-

829

3

Bhinay

-

825

Jodhpur ( Cumin)
1

Osian

-

735

2

Falodi

-

703

3

Bhopalgadh

-

625

Pisangan and Masuda as revealed that productivity of
cumin in Bhinay was recorded higher (Table2). In
Jodhpur
the
gap analysis of technology
recommendation and adoption revealed that highest
gap existed in Bhopalgadh Panchayat and lowest in
Osian which indicates that farmers of Osian are more
responsive in technology adoption as reflected by
productivity level of cumin in the Panchayat. The
technology adoption facilitate use of available resources
efficiently thereby resulting in higher yield of the crop.
Therefore, higher yield of coriander and cumin was
recorded in the Panchayat in which fewer gaps exists
between technology recommended and adopted.
CONCLUSION
The study revealed that extent of adoption of
technology is reflected by nature and financial viability of
technology resulting in better return to farmers.
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Impact of front line demonstrations on the
yield of cumin in arid zone of Rajasthan
*

M.L. Meena and Dheeraj Singh
SMS (Agricultural Extension), CAZRI, KVK, Pali-Marwar
ABSTRACT
Cumin is one of the most important seed spices crop in India, which plays a major role in supplementing
the income of small and marginal farmers of Pali district in arid zone of Rajasthan. One of the major
constraints of traditional cumin farming is low productivity due to non-adoption of recommended package of
practices and improved varieties. To replace this anomaly, Krishi Vigyan Kendra under CAZRI (Jodhpur), Pali
had conducted Front Line Demonstrations at adopted farmers' fields.
The present study was carried out by Krishi Vigyan Kendra, CAZRI, Pali during rabi season in the
farmers' field of eight adopted villages of Pali district of Rajasthan. In total 204 front line demonstrations in 75
hectares area in different villages were conducted. Cultivation practices comprised under FLD viz., use of
improved variety, line sowing, balanced application of fertilizers and control of cumin aphid (Moyala) through
insecticide at economic threshold level showed that percent increase in the yield of cumin ranged from
57.64% to 76.92% over local check during the course of study from 2004-05 to 2008-09. The technology gap of
2.53 q\ha as minimum during 2008-09 to maximum of 6.60q\ha at the initial stage of study (2004-05) shows the
gap in demonstration yield over potential yield, but the gap reduced subsequently in the following years.
Key words: Evaluation, FLD, Technology gap, technology index and cumin.

Lkkjka'k
Tkhjk Hkkjr esa ,d eq[; chth; elkyk Qly gSA NksVs rFkk lhekar fdlkuksa dh vk; o`f} esa thjs dh eq[;
Hkwfedk gS ikyh ftys ¼jktLFkku½ esaA thjs dh mRikndrk de gksus dk eq[; dkj.k ijEijkxr [ksrh rFkk oSKkfud
rjhds ls [ksrh dk vHkko vkSj mUur fdLeksa dh deh gSA blh vfu;ferrk dks gVkus ds fy, Ñf"k foKku dsUnz dktjh
(CAZRI) ikyh] tks/kiqj us vf/kxzfgr fdlkuks ds [ksrksa ij ,d vfxze iafDr izn'kZuh yxkbZA orZeku v/;;u Ñf"k
foKku dsUnz (CAZRI)] ikyh esa jch lhtu ds nkSjku fdlkuksa ds [ksrksa ij vkB vf/kxzfgr xkaoks ¼ikyh ftys½ esa fd;k
x;kA dqy 204 izn'kZfu;ka tks 75 gsDVs;j {kS= rFkk fofHkUu xkaoks esa yxkbZ xbZA ,Q ,y Mh esa Ñf"k rdfudh;kW tSls
mUur fdLesa] ykbZu esa cqokbZ] mfpr ek=k esa moZjdksa dk iz;ksx rFkk thjs ds ekgq] eks;yk dk dhVuk'kh ls fu;U=d
bZdksuksehd FkzslgksYM ysoy vkfn ds iz;ksx ls thjs dh iSnkokj esa 57-64 izfr'kr ls 76-92 izfr'kr rd c<+r ns[kh
xbZ tks fd o"kZ 2004&05 ls 2008&09 ds Lfkkfu; psd ds eqdkcys vf/kd gSA rdfud deh ds dkj.k 2-53 fDo@gsDV;j mit 2008&09 ds nkSjku lcls de Fkh tcfd vf/kdre 6-60 fDo@gsDVs;j 'kq:okrh voLFkk ¼2004&05½
esa FkhA bl iz;ksx esa ;g fn[kk;k gS fd rdfudh xsi bu o"kksaZ esa yxkrkj de gqvk gSA
INTRODUCTION
Cumin is one of the important ingredients of
human diet through ought the world. It is used in large
number of processed foods as well as in daily food
recepies due to its agreeable flavor and aroma, and also
used in seasoning bakery products such as bread and
cake. Beside, it has medicinal importance and is used as
stimulant carminative, stoma chic, astringent and useful
against diarrhea and dyspepsia. Cumin seeds are also
* Corresponding author's SMS (Agricultural Extension), CAZRI, KVK, Pali-Marwar

used in number of veterinary medicines. On distillation,
the seed yields are about 3 per cent essential oil, which
has a characteristic odour and a little bitter taste. The oil
of cumin is used in perfumery, for flavoring liquors and
cordials. The aromatic odour of cumin seed is due to the
presence of cuminaldehyde or cuminal which ranges
from 2.5 to 4.0 per cent (Jaitawat, 2).
India is largest producer of cumin seed and it is
cultivated on 6.43 lacs hectares land with a production of
12.47 thousand tones in the year 2008-09. The cumin
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seed were exported to the tune of 13750 tonnes valued
worth Rs. 12280 lacs during the year 2008-09
(Anonymous, 1). The main markets for cumin are Japan,
USA, UK, Canada, Singapore, and UAE. The main
objective of Front Line Demonstrations is to demonstrate
newly released crop production and protection
technologies and its management practices in the
farmers' fields under different agro-climatic regions
farming situations. While demonstrating the
technologies in the farmers field, the scientist are
required to study the factor contributing higher crop
production, field constraints of production and thereby
generate production data and feedback information.
Front Line Demonstrations are conducted under the
close supervision of scientists of the National
Agricultural Research System comprising of ICAR
Institute, National Research Centre, Project
Directorates, Krishi Vigyan Kendras and State
Agricultural Universities and its regional research
stations. Front Line Demonstrations are organized in a
block of 2 to 5 hectares involving all those farmers whose
plots fall in the identified demonstration block. Only
critical inputs and training are provided from the scheme
budget, remaining inputs are supplied by the farmers
themselves. The purpose is to be convince extension
functionaries and farmers together about the
potentialities of the technologies for further wide scale
diffusion and Front Line Demonstration are used as a
source of generating data on factors contributing higher
crop yield and constraints of production under various
farming situation.

technologies under actual farm situation over locally
cultivated cumin crop.
METHODOLOGY
The present study was carried out by the Krishi
Vigyan Kendra under CAZRI (Jodhpur), Pali during rabi
season from 2004-05 to 2008-09 (5 years) in the
farmers' fields of eight adopted villages viz., Banta,
Bagwanpura, Bittura Kallan, Hingola Kallan, Inderwara,
Sodavas, Dhamali and Boosi of Pali district in Arid Zone
of Rajasthan. In total 190 frontline demonstrations in 65
ha area in different villages were conducted. Materials
for the present study with respect to FLDs and farmers'
practices were given in Table 1. In case of local check
plots, existing practices being used by farmers were
followed. In general, soils of the area under study were
sandy loam to low in fertility status. The FLD was
conducted to study the gaps between the potential yield
and demonstration yield, extension gap and technology
index. In the present evaluation study, the data on output
of cumin cultivation were collected from FLD plots,
besides the data on local practices commonly adopted
by the farmers of this region were also collected.
In demonstration plots, a few critical inputs in the
form of quality seed, balanced fertilizers, agro-chemicals
etc. were provided and non-monetary inputs like timely
sowing in lines and timely weeding were also performed.
Whereas, traditional practices were maintained in case
of local checks. The demonstration farmers were
facilitated by KVK scientists in performing field
operations like sowing, spraying, weeding, harvesting
etc. during the course of training and visits. The
technologies demonstrated are mentioned in Table 1
and compared with local practices.

The improved technology packages were also
found to be financially attractive. Yet, adoption levels for
several components of the improved technology were
low, emphasizing the need for better dissemination
(Sharma, 3). Several biotic, abiotic and socio-economic
constraints inhibit exploitation of the yield potential and
these needs to be addressed. The state-wise yields
obtained both under improved technology and farmers'
practice ranges from 5 to 12 q/ha between states and the
national average being 13 q/ha. Pali district has the
sizeable area under cumin cultivation but the
productivity level is very-very low. Keeping the above
point in view, the FLD on cumin using new crop
production technology was started with the objectives of
showing the productive potentials of the new production

RESULTS AND DISCUSSION
Results of 190 frontline demonstrations
conducted during 2004-05 to 2008-09 in 65 ha area on
farmers' fields of eight villages of Pali district indicated
that the cultivation practices comprised under FLD viz.,
use of improved variety (RZ 223), line sowing, balanced
application of fertilizers (N:P:K @ 30:20:20 kg/ha-1) and
control of cumin aphid through insecticide at economic
threshold level, produced on an average 70.22% more
yield of cumin as compared to local check (8.48 q/ha).
The results indicate that the Front Line Demonstration
has given a good impact over the farming community of
78
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Table 1.Particulars showing the details of cumin cultivation
practices under FLD and existing practices.
S.
No.

Existing
practice

Operation

Improved practices demonstrated

1.

Use of seed

Local seed

RZ223 an improved variety from RAU, Bikaner line
sowing by seed drill followed thinning at 30 DAS

2.

Sowing method

Broadcasting

Line sowing by tractor operated seed drill

3.

Fertilizer
application

20 :0 : 0 (Kg.
N:P:K/ha)

30:20:20 (Kg N:P:K \ha )

4.

Control of
cumin aphid
and blight
disease

No any control
measure

Four sprayings of Dimethoate, 30EC @ 500 ml
dissolving in 500 liters of water/ha, respectively at 15
days interval
For control of blight disease with Mancozeb 2 gm/liter
water

Technology gap = Potential yield - Demonstration yield
Extension gap = Demonstration yield - yield under existing practice
Technology index = {(Potential yield - Demonstration yield)/Potential yield}x 100
Pali district as they were motivated by the new
agricultural technologies applied in the Front Line
Demonstration plots. Data further showed that the yield
of cumin in the following years increased successively
which clearly speaks of the positive impact of Front Line
Demonstration over existing practices of cumin
cultivation (Table 2). Moreover from first year onwards,
farmers co-operated enthusiastically in carrying out of
Front Line Demonstrations which lead to encouraging
results in the subsequent years. The technology gap
observed may be attributed to the dissimilarity in the soil
fertility status and weather conditions. Hence, variety

wise location specific recommendation appears to be
necessary to minimize the technology gap for yield level
in different farming situations.
The highest extension gaps which ranged froth
4.21 q/ha to 5.52 q/ha during the period of study
emphasized the need to educate the farmers through
various means for the adoption of improved agricultural
production technologies to reverse this trend of wide
extension gap. More and more use of latest production
technologies with high yielding varieties will
subsequently change different this alarming trend of

Year

2004-05
2005-06
2006-07
2007-08
2008-09

Area No. of
(ha) FLDs

10
15
10
15
15

50
20
60
35
25

FLD

Existing
practices

6.40
7.36
8.54
9.62
10.47

2.34
3.20
3.66
4.10
6.26

% = Per cent,

%
increase
Extension
over
gap (q/ha)
existing
practices
57.64
76.92
75.00
74.28
67.25

4.06
4.16
4.88
5.52
4.21

q = quintal,
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Technology
index (%)

Yield (q/ha)

Technological
gap (q/ha)

Table 2.Exploitable productivity, technology gaps, technology index, extension gaps
and cost benefit ratio of cumin as grown under FLD and existing package of practices.

6.60
5.64
4.46
3.38
2.53

50.77
43.38
34.31
26.00
19.46

ha = hectare

Cost benefit ratio

FLD

Existing
practice

1.90
2.34
2.67
2.93
3.01

1.13
1.25
1.45
1.84
1.98
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galloping extension gap. The new technologies will
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varieties with the new technology. The technology index
shows the feasibility of the evolved technology at the
farmers' fields. The lower the value of technology index
more is the feasibility of the technology. As such,
reduction of technology index from 50.77% (2004-05) to
19.46% (2008-09) exhibited the feasibility of technology
demonstrated. Findings confirm with the finding of
(Singh et al., 5) and (Singh et al., 5).
CONCLUSION
It may be concluded that the frontline
demonstrations of proven technologies, yield potential of
cumin can be increased to a great extent. This will
substantially increase the income as well as the
livelihood of the farming community. There is a need to
adopt multi-pronged strategy that involves enhancing
cumin production through improved technologies in Pali
district. This should be brought to the access of farmers
through transfer of technology centres like KVKs.
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Boosting seed spices production technology
through front line demonstrations
*
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ABSTRACT
India is the largest producer, consumer and exporter of seed spices. The seed spices are welldistributed over different agro-climatic regions in India. The major growing belt of seed spices spreads from
arid to semi-arid regions, covering large areas in Rajasthan and Gujarat, which contribute more than 80% of
the total seed spices production in the country. The productivity of seed spices crops continues to be quite
low due to technological gaps in adoption of seed spices technologies and factors also. The yield of seed
spices can be increased by demonstrating their cultivation technologies at the farmers' fields the
supervision of scientists working in the operational area. Keeping the importance of Front Line
Demonstrations, the KVK, CAZRI, Pali conducted demonstrations on improved agricultural technologies of
seed spices crops in scientific manner at farmers' fields during the year 2006-07, 2007-08 and 2008-09 and
achieved the expected yields.

Lkkjka'k
Hkkjr chth; elkyksa dk lcls cM+k mRiknd] miHkksDrk rFkk fu;kZrd gSA fofHkUu izdkj ds Hkkjrh; Ñf"k
tyok;q {ks=ksa esa chth; elkyk dh [ksrh dh tkrh gSA eq[; chth; elkyk mxkus okyk {ks= 'kq"d rFkk v/kZ'kq"d {ks=ksa
esa QSyk gqvk gSA jktLFkku rFkk xqtjkr ns'k ds dqy mRiknu dk 80 izfr'kr ls Hkh T;knk ;ksxnku djrs gSA chth;
elkyksa dh mRikndrk yxkrkj de gks jgh gS bldk dkj.k rduhdh deh rFkk bldk vfHkxzg.k gSA chth; elkyksa
dk mRiknu izn'kZfu;ksa ds }kjk] fdlkuksa ds [ksrksa esa mUur mRiknu rdfudh;ksa dk iz;ksx o oSKkfudksa dh ns[kjs[k
esa c<k;k tk ldrk gSA ds-oh-ds- dktjh] ikyh us chth; elkyksa ds fy, mUUr mRiknu rjhdksa dk izn'kZu fdlkuksa
ds [ksrksa esa fd;k rFkk ¼2006&07] 2007&08 rFkk 2008&09½ rFkk vk'kkuqlkj mRiknu izkIr fd;kA
INTRODUCTION
The seed spices constitute an important group
of agricultural commodities, playing an important role in
our national economy. Historically India has always been
recognized as a land of spices. Rajasthan and Gujarat
have been emerged as “Seed spices bowl” and together
contribute more than 80% of total seed spices produced
in the country. Out of 20 seed spices grown in the
country, coriander, cumin, fennel, fenugreek, ajowain,
dill, celery, aniseed and nigella are more important.
Major seed spices are coriander, fenugreek, cumin,
fennel and ajowain, whereas, dill, celery, caraway and
anise constitute minor group of seed spices. This group
of seed spices account for about 38 and 18% of total
area and production of spices in the country. India is
blessed with a wide range of agro-mastics condition from
tropical to temperate zones, costal plains to high
altitudes and semi-arid to highly humid evergreen
forests, therefore, it is an advantageous position to
produce a number of seed spices. Seed spices account
for about 38 and 18% of total area and production of
* Corresponding author's present address:
Programme Co-ordinatore, CAZRI, KVK, Pali-Marwar (Raj.)

spices. About 9.7 lacs ha area is under cultivated of seed
spices in the country. Out of which, major share is about
4-5 lacs ha covered in Rajasthan alone the total
production of seed spices in the country ranges between
5-6 lacs tones annually. During 2008-09, major area
covered under different seed spices is 3.97 lacs ha in
coriander, 4.29 lacs ha in cumin, 0.57 lacs ha in fennel,
0.65 lacs ha in fenugreek and 0.43 lacs ha in ajowain,
producing 2.52, 1.83, 0.74, 0.66 and 0.26 lacs tones
having productivity of 611, 402, 1283, 1005 and 503
kg/ha, respectively(Anonymous, 1). The area and
production of seed spices in Pali district is very low as
compare to state and national acreage and production.
Spices are valuable due to different aroma,
taste and flavour. They change flavour and taste drink or
edible food, whenever added to these products. The
aroma of seed spices is due to presence of volatile oil
and its quantity determines quality and value. Alkaloids
present in spices are responsible for pungency, which
are different in various seed spices. Now, spices are
uterus, stimulate digestion, increases appetite and give
strength in different forms like volatile oil and oleoresins
due to development of post-harvest technology. These
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products are of low volume and high value; hence their
storage, marketing and transportation have become
easier. These are used in Unani as well as Ayurvedic
medicinal preparations. The medicinal properties of
various seed spices are cumin powder with old jaggary is
used to improve appetite. It cleans urine and also gives
relief from burning inside the stomach. Fennel decoction
is given to women for blood purification and uterus
clearing. Fenugreek seeds ground into paste and one
teaspoon of the same on lukewarm water taken
internally at early morning is helpful in vata diseases,
especially in joint pain, back pan and tacking ajowain
powder with jaggery after delivery for days relives backache, clean the uterus, stimulates digestion, increases
appetite and gives strength Meena, et al.(4).

performance of recommended dose of phosphatic
fertilizers in ajowain and fennel in harvesting higher
crop yields.
2. To compare the yield level of local check (farmers'
field) and FLDs fields.
METHODOLOGY
Farmers' operational area of CAZRI, KVK, Pali
were selected as per allotment of FLDs to KVK by Zonal
Coordinator (Zone-VI). Accordingly, the FLDs under
cumin, fenugreek, fennel and ajowain crops laid out in
the villages, namely, Bhagwanpura, Hingola, Dayalpura,
Indarwara, Bittura, Sonaimanji, Padarli and Chandawal.
Regular visits by the KVK, CAZRI scientists to
demonstration fields were ensured and made to guide
the farmers. These visits were also utilized to collect
feedback information for further improvement in
research and extension programmes. Field days and
group meetings were also organized at the
demonstration site to provide the opportunities for other
farmers to witness the benefits of demonstrated
technologies. The critical inputs were duly supplied to
the farmers by the CAZRI, KVK, Pali. Data were
collected from the FLDs farmers and analyzed with the
suitable statistical tools to compare the yield of farmers'
field and FLDs.

The area and production of seed spices in Pali
district is very low as compare to state and national
acreage and production. Therefore, it is very essential to
demonstrate the high yielding varieties, resistant to
biotic and abiotic stress and other seed spices
production technologies which the farmers generally do
not adopt. Recognizing the importance of seed spices
crops in Indian agriculture is urgent need to ensure
household nutritional security, the Ministry of Agriculture,
Government of India taken the innovative methodology
to boost up the production of seed spices crops. Keeping
the importance of FLDs, the KVK, CAZRI, Pali
conducted demonstrations on seed spices crops viz.
cumin, fennel, fenugreek and ajowain at farmers' field
under irrigated situations in rabi season during the years
2006-07, 2007-08 and 2008-09. The objectives of the
study were follows:

RESULTS AND DISCUSSION
Performance of recommended high yielding
varieties of cumin
The progress of Front Line Demonstrations on seed
spices during the year 2006 and 2007 to exhibit the
performance of recommended high yielding variety i.e.
RZ 223 of cumin is presented in Table 1.

1. To exhibit the performance of recommended high
yielding varieties in cumin and fenugreek, and

Table 1: performance of recommended high yielding varieties of cumin (RZ 223)
Crop
season
Rabi 2006

Rabi 2007

Villages

HYVs in
FLDs

No.of
FLDs

Area
(ha)

Bhaganpura
Buttura
Weighted
Inderwara

RZ 223
RZ 223
Mean
RZ 223

3
3
6
5

1.5
0.5
2.0
2.0

The data in Table 1 revealed that in the rabi season 2007,
6 demonstrations of cumin covering 2.0 hectare in 2
villages with variety RZ 223 and local check were
planted. An average yield of 8.8q/ha of test variety was
obtained, as compared to 5.1q/ha of local check, where
per cent increase was accounted at 74.2 per cent,

Yield (q/ha)
RZ 223
8.5
9.1
8.8
7.8

Local
4.5
5.7
5.1
5.1

Increase
in %
88.9
59.6
74.2
52.9

respectively. During the Rabi season 2007, 5
demonstrations of cumin covering 2.0 ha in one village
with variety RZ 223 and local check were planted. An
average yield of 7.8q/ha of test variety was obtained, as
compared to 5.1q/ha of local check, where per cent
increase was accounted at 52.9 per cent.
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Performance of recommended dose of phosphetic fertilizer application (55 kg DAP/ha) in fenugreek
The progress of front line demonstration on seed spices during rabi, 2007, 2008 and 2009 to exhibit the performance
of recommended dose of 55 kg/ha DAP in fenugreek is presented in Table 2.
Table 2: Performance of recommended dose of phosphatic fertilizer application (55 kg/ha) in fenugreek.
Crop
season

Villages

Rabi 2007

Padarli
Dayalpura
Chandawal
Weighted
mean
Sonaimanji
Paderli

Rabi 2008
Rabi 2009

HYV in
FLDs

No.of
FLDs

Area
(ha)

Yield (q/ha)

RMt 305
RMt 305
RMt 305

10
3
3
16

3
2
1
6

15.8
14.9
16.1
15.6

No
DAP
10.13
11.10
10.98
10.74

RMt 143
AM 2

10
6

5
3

16.6
17.9

11.32
12.54

The data in Table 2 indicated that in the Rabi
season 2007, the application of 55 kg DAP/ha, as
demonstrated factor in 16 demonstrations covering 6 ha
of land in 3 villages resulted in 15.6 and 10.74q/ha yield
in DAP and non-DAP plots of fenugreek ( RMt.305),
respectively. This accounted for 45.64 per cent at
average increase in the yield. During the rabi season
2008, the application of 55 kg DAP/ha, as demonstrated
factor in 10 demonstrations covering 4 ha of land in one
village resulted in 16.6 and 11.32 q/ha yield in DAP and

DAP

Increase
in %
55.97
34.33
46.63
45.64
46.64
42.74

non-DAP plots of fenugreek (RMt 143), respectively
Table 2. This accounted for 19.10 per cent average
increase in the yield. In the rabi season 2008, the
application of 55 kg DAP/ha, as demonstrated, factor in 6
demonstrations covering 3 ha of land in one village in
17.9 and 12. 54 q/ha yield in DAP and non-DAP plots of
fenugreek (AM 2), respectively (Table 2). This accounted
for 42.74 per cent average increase in the yield Jaitawat
(2).

Performance of high yielding variety (RF 101) of fennel
The progress of front line demonstrations on pulses during rabi season, 2007, 2008 and 2009 to exhibit the
performance of recommended high yielding variety, viz., RF 101 of fennel is presented in Table 3.
Table 3: Performance of high yielding variety fennel (RF 101).
Crop season

Villages

HYV, FLDs

No.of
FLDs

Area
(ha)

Rabi,2006-07

Bittura
Dayalpura
Hingolla
Chandawal
weighted
Villages

RF 101
RF-101
RF-101
RF 101

2
2
2
2
8
No.of
FLDs

0.5
0.5
0.5
0.5
2.0
Area
(ha)

RF 101
RF 101
RF101
RF101

Crop season

Inderwara
Bhagwanpura
Bittura
Chandawal
Weighted
Villages

5
5
4
4
14
No.of
FLDs

2
2
1
1
6
Area
(ha)

Rabi,2008-09

Padarli

RF-101

5

2

Crop season
Rabi,2007-08

HYV, FLDs

HYV, FLDs
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Yield (q/ha)
RF
Local
101
13.8
09.1
14.3
10.6
13.9
11.7
12.5
08.3
13.63
9.93
Yield (q/ha)
RF
Local
15.0
11.8
14.6
10.9
13.2
10.0
15.5
11.0
14.58
10.93
Yield (q/ha)
14.4

10.17

Increase in
%
51.64
34.90
18.80
50.60
38.99
Increase in
%
27.11
33.94
32.00
40.91
33.49
Increase in
%
41.59
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The data in Table 3 revealed that during rabi
(2006-07) season, 8 demonstrations of fennel covering 6
ha of land in 4 villages resulted in 13.63 and 9.93 q/ha
yield in test variety RF 101 and local check, respectively.
This accounted for 38.99 per cent average increase in
the yield. In rabi (2007-08) season, 14 demonstrations of
fennel covering 6 ha of land in 4 villages resulted in 14.58
and 10.93 q/ha yield in test variety RF 101 and local

check, respectively. This accounted for 33.49 per cent
average increase in the yield. Five demonstrations of
fennel rabi (2008-09) season, covering 2 ha of land in
one village resulted in 14.40 and 10 q/ha yield test
variety RF 101 and local check, respectively. This
accounted for 41.59 per cent average increase in the
yield (Table 3).

Performance of recommended dose of phosphatic fertilizer (48 kg/ha) in ajowain crop
The progress of front line demonstrations on seed spices during rabi season, 2006-07, 2007-08 and 2008-09
to exhibit the performance of recommended dose of phosphatic fertilizer (48 kg/ha) in ajowain crop is presented in
Table 4.
Table 4 Performance of recommended dose of nitrogen fertilizers (48 kg/ha) in ajowain crop
Crop
season

Villages

HYV,
FLDs

No.of
FLDs

Area
(ha)

Rabi 2007
Rabi 2008
Rabi 2009

Bittura
Indewara
Chandawal

AA 1
AA 1
AA 1

5
5
5

1
.5
.5

The data in Table 4 showed that during rabi
(2006-07) season, 5 demonstrations of ajowain covering
1 ha in one village with variety AA 1 using DAP @ 48
kg/ha and without of demonstrations was obtained 5.6
q/ha, as compared to 3.5 q/ha of check, where per cent
increase was accounted at 60.00 per cent. Further, in
rabi (2007-08) season, 5 demonstrations of ajowain
covering 2 ha in one village with variety AA 1 using DAP
@ 48 kg/ha and without DAP (Local check)were planted.
An average yield of 6.9 q/ha of demonstrations was
obtained, as compared to 3.70q/ha of local check, where
per cent increase was accounted at 16.99 per cent
(Table 4).

Yield (q/ha)
DAP
5.6
4.9
5.0

No.DAP
3.5
3.0
2.8

Increase
in %
60.00
63.33
78.57

?There is need of duration high yielding cumin
varieties in this area to fit well in cumin-green gram
cropping pattern for timely sowing of cumin after
harvesting of green gram crop.
?Weed management studies for the cumin,
fenugreek, fennel and ajowain need to be
intensified for timely control of these unwanted
plants efficiently an effectively.
?The location based nutrient application for seed
spices to be thoroughly reviewed and
investigated.
?The use of bio-pesticides needs concentrated and
composite efforts both at research generating and
technology dissemination system.

During rabi (2005-06) season, in ajowain, 5
demonstrations covering 2.0 ha in one village with
variety AA 1 using DAP @ 48 kg/ha and without DAP
(check) were planted. An average yield of 5.0 q/ha of
demonstrations was obtained, as compared to 2.9 q/ha
of local check, where per cent increase was accounted
at 13.45 (Table 4).The results of this study are confirm
with the findings of the study carried out by Singh, Atar et
al, Khan (3), Mishra, et al. (5), Singh (7) Singh, et al. (8).
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Productivity, water requirement and economics of seed spice crops
production in transitional Luni river basin plain zone of Rajasthan.
M.L.Reager* and N.S. Deora
Krishi Vigyan Kendra, Keshwana, Jalore, S.K. Rajasthan Agricultural University, Bikaner (Raj.)
ABSTRACT
A comparative study of cereal, oilseed and seed spices was conducted increase of productivity,
water requirement and economics in transitional Luni river basin plain zone of Rajasthan. The results
showed that highest productivity was obtained in wheat (27.45 qt/ha) after mustard (13.08 qt /ha) and various
seed spices such as cumin, coriander, fennel and fenugreek produces comparatively less yield (5.05 to 9.28
qt/ha). Among the seed spices, coriander, fennel and fenugreek have statistically at par productivity to each
other, but having significantly higher over cumin. The water requirement of wheat was significantly higher than
cumin, coriander, fenugreek and fennel crop. Cultivation of cumin produces highest net return (Rs. 44102 /ha)
and B:C ratio (3.3) being statistically at par with fennel, followed by coriander (32181 and 2.9), fenugreek (19269 and
2.3). The wheat and mustard is having significantly lowest net return and B: C ratio over all seed spices.
Key words: Productivity, economics, seed spices, water requirement.

Lkkjka'k
jktLFkku ds ywuh unh csflu Iysu tksu esa [kk|kUu] frygu rFkk chth; elkyksa ds fy, rqyukRed v/;;u fd;k
x;k muesa mRikndrk o`f}] ty vko';drk rFkk vFkZO;oLFkk dks eq[; vk/kkj cuk;kA ifj.kkeksa ds vuqlkj
vf/kdre mRikndrk xasgq esa ¼24-45fDo-@gsDVs;j½ blds ckn ljlksa ¼13-08fDo-@gsDVs;j½ rFkk chth; elkyk
¼thjk] /kfu;k] lkSaQ rFkk eSFkh½ esa rqyukRed de mRiknu ik;k x;k ¼5-05 ls 9-28 fDo-@gsDVs;j½A chth; elkyksa
esa /kfu;k] lkSaQ rFkk eSFkh la[;kRed :Ik ls ,d nwljs ds yxHkx leku gS] ysfdu thjs ls T;knk gSA xsagq dh thjk]
/kfu;k] esFkh vkSj lkSaQ dh rqyuk esa xsgqW dh ty vko';drk vf/kd FkhA thjs dh [ksrh vf/kdre 'kq}equkQk
¼44102:@gsDVs;j½ vkSj ¼ch % lh½ vuqikr 3-3] blds ckn lkSaQ] /kfu;k ¼: 32181 vkSj 2-9½] esFkh ¼19269 vkSj 2-3½
vkrs gSaA xsagq vkSj ljlksa vkSlru U;wure 'kq}ykHk okyh Qlys ik;h xbZ] chth; elkyk Qlyksa fd rqyuk esaA
INTRODUCTION
Rajasthan is the largest state of India, having
158.6 lac ha. arable land. About two-third part of the state
is under arid and semi-arid regions. The water resources
in the state are only one percent of total water resources
in the country. Zone- IIB (Transitional plain of luni basin
agroclimatic zone of Rajasthan) which was covering the
all tehsils of Jalore and Pali district, Reodher, Sirohi and
Sheoganj tehsils of Sirohi distict, and Bilara and
Bhopalgarh tehsils of Jodhpur district. The rainfall varies
from 300 mm to 500mm in different parts. Mustard,
wheat, cumin and isabgoal are the main crops of rabi
season and some progressive farmers are also grow
fennel, coriander and fenugreek.
In Jalore district crops are mostly grown by lift
irrigation, where water is not only scarce but costly too.
The main crops of rabi season are not congenial for
higher yield due to parasite weed (orobanchy), which
*Corresponding author's present address Krishi Vigyan Kendra, Keshwana,
Jalore, S.K. Rajasthan Agricultural University, Bikaner (Raj.)

cause severe problem in mustard, less availability of
irrigation water in wheat, susceptible to diseases in
cumin and seed sheltering due to rain fall at maturity in
isabgoal. In this regard the seed spices constitute an
important group of agricultural commodities and play
significant role in farmer's economy. Rajasthan and
Gujarat have emerged as “Seed Spices Bowl” and
together contribute more than 80 per cent of the total
seed spices produced in the country. The crops covered
as major seed spices are coriander, cumin, fennel and
fenugreek. Seed spices have been used for their
biological properties (Kalia et al., 4), medicinal purpose
(Cichewicz and Patrick, 2), flavoring soup, liquor,
sauces, pastries confectionery bred roll, and meet
dishes (Banerjee and Sarkar, 1).
MATERIALS AND METHODS
The study was conducted at different location of
the district at progressive farmers field who are growing
wheat, mustard, cumin, coriander, fennel and fenugreek
crops, and farm of Krishi Vigyan Kendra, Keshwana,
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m3/ha.), which was statistically non significant with the
water requirement of coriander and mustard. However in
comparison of seed spices, fennel have the highest
water requirement (38750 m 3 /ha.) which was
significantly low as comprised to wheat (46250 m3/ha.).

Jalore during Rabi 2008-09 having silty loam soil with pH
8.2, EC 0.17 dS m-1, organic carbon 0.25 %, available
phosphorus 8.6 kg P ha-1 and available potassium 279.7
kg Kha-1.The treatments comprising of one cereal
(wheat), one oilseed (mustard) and four seed spice
(cumin, coriander, fennel and fenugreek) crops were laid
in RBD with four replication, located at four farmers
fields. Each location have one replication at four tehsil of
the district. The crops were sown in rows spaced at 30
cm apart through 'Kera' methods on 20 octember to 8
November, 2008. Yield, total water requirement, cost of
cultivation and net return of each crop per ha. were taken
from each crop.

Fennel have the highest total cost of cultivation
(Rs. 20806/ ha.) being statistically at par with cumin and
wheat. Coriander, fenugreek and mustard remain
statistically at par with each other. Cultivation of cumin
gave the highest net return (Rs. 44102 /ha) and B:C ratio
(3.3) being statistically at par with fennel, followed by
coriander (32181 and 2.9) and fenugreek (19269 and
2.3), respectively, net return and B:C ratio. The wheat
and mustard have significant the lowest net return and B:
C ratio over all seed spices.

RESULTS AND DISCUSSION
Result of the study revealed that highest
productivity was obtained in wheat (27.45 qt /ha)
followed by mustard (13.08 qt /ha) and various seed
spices such as cumin, coriander, fennel and fenugreek
resulted comparatively low yield (5.05 to 9.28 qt /ha).
Among the seed spices coriander, fennel and fenugreek
are statistically at par to each other, having significantly
higher productivity over cumin. Water requirement of
cumin was 19000 m3/ha. observed statistically the
lowest over crops, followed by fenugreek (30000

The net return and B:C ratio, were higher by
146.10 and 73.68 per cent in cumin, 79.58 and 52.63
per cent in coriander, 146.20 and 63.16 per cent in fennel
and 7.53 and 21.05 per cent in fenugreek over wheat. It
might be due to higher antimicrobial properties (Kalia et
al., 4), medicinal purpose (Mohan et al., 5) and low
production it have higher marketing value produces
higher net return and B:C ratio (Habib et al., 3 and Patel
et al., 6).

Table 1: Yield, water requirement and economics of cereal, oilseed and seed spices crops
Crops

Wheat
Mustard
Cumin
Coriander
Fennel
Fenugreek
S.Em
CD at 5%

Yield
(qt./ha)
27.45
13.08
5.05
8.15
9.28
8.65
0.374
1.13

Water
Requirement
3
(m /ha)
46250
33750
19000
35000
38750
30000
1682.219
5070.75

Total cost
of cultivation
(Rs./ha)
20510
15727
19023
16719
20806
15331
491.517
1481.59

Net Return
(Rs./ha)

B:C Ratio

17920
14346
44102
32181
44119
19269
1319.260
3976.68

1.9
1.9
3.3
2.9
3.1
2.3
0.086
0.26

*Selling price of Wheat-Rs.1400/-, Mustard-2300/-, Cumin-12500/-, Coriander-6000/-,
Fennel-7000/- and Fenugreek- 4000/- per quintal
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Expert System for Effective Selection of Seed Spices Varieties
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ABSTRACT
Seed Spices are the spices that are consumed and used as seed in the same form. Seed spices are
important export oriented commodities and about 12% of the total spices production (75,100 tonnes/year) is
exported in raw as well as value added products, realizing foreign exchange worth of Rs. 208.36 crore. For
getting the maximum yield and increase production the choice of the variety plays a very important role.
Varieties of greater significance have been developed by NRCSS Ajmer and other State Agricultural
Universities that had numerous characteristics in terms of plant, seed and some of the vital characteristics
important for farmers. To organize these varieties scientifically an Expert System on Seed Spices has been
developed by IASRI, New Delhi in collaboration with NRCSS, Ajmer. The system carries information about
varieties of 10 major seed spices that have been stored in its knowledge base. The system gives a procedural
approach to get new knowledge, rules and heuristics and disseminates the information on varieties to the
farmers, researchers and policy makers based on their requirement.

lkjka'k
chth; elkys os Qlysa gksrh gSa ftudk cht elkyksa ds :Ik es dke vkrk gSA chth; elkyk Qlysa fu;kZr esa cgqr
egRoiw.kZ Hkwfedk vnk djrh gSaA gekjs ns'k dk dqy chth; elkyk] mRiknu dk 12 izfr'kr fons'kksa esa fu;kZr fd;k
tkrk gS ftlls 208-36 djksM+ :Ik;s dh fons'kh eqnzk izkIr gksrh gSA chth; elkyksa ls vf/kd mRiknu ysus ,oa
mRikndrk c<+kus esa mUur fdLeksa dk egRoiw.kZ ;ksxnku gksrk gS chth; elkyk vuqla/kku dsUnz vtesj ,oa fofHkUu
d`f"k fo'ofo/kkfy; es chth; elkyksa esa dbZ egRoiw.kZ fdLeksa dk fodkl fd;kA bu lHkh mUur fdLeksa dh tkudkjh
dks O;ofLFkr :Ik ls mi;ksxdrkZvksa rd igq¡pkus ds fy, ,u-vkj-lh-,l-,l- us vkbZ-,-,l-vkj-vkbZ- ds lg;ksx
fo'ks"kK iz.kkyh esa nl chth; elkyks ds ckjs esa tkudkjh O;ofLFkr dh xbZ gS A bl fo'ks"kK iz.kkyh esa lwpuk,sa
izkIr djus dh fo'ks"k fof/k gS ftlls fdlku vuqla/kkudrkZ ,oa uhfr fuekZrk izkIr djds mi;ksx esa ys ldrs gSaA
BACKGROUND
India with diverse soil and climatic conditions
comprising several agro-ecological regions provides
ample opportunity to grow a variety of horticulture crops.
These crops form a significant part of total agricultural
produce in the country comprising of fruits, vegetables,
root and tuber crops, flowers, ornamental plants,
medicinal and aromatic plants, spices, condiments,
plantation crops and mushrooms.
The seed spices constitute an important group
of agricultural commodities and play an important role in
our national economy. Historically, India has always
been recognized as a land of spices. The state of
1.Division of Computer Applications, Indian Agricultural Statistics
Research Institute, New Delhi
2.National Research Centre for Seed Spices, Ajmer

Rajasthan and Gujarat has been emerged as “Seed
spice bowl “and together contribute more than 80 per
cent of total seed spices produced in the country. Out of
the 20 seed spices grown in the country, nine are
considered more important, viz., coriander, cumin,
fennel, fenugreek, ajowain, dill, celery, aniseed and
nigella. The crop covered as major seed spices are
coriander, fenugreek, cumin, fennel and ajowain
whereas dill, celery, caraway and anise constitute minor
group of seed spices. This group of seed spice account
for about 38 and 18 per cent of total area and production
of spices in the country (Khan et al, 4)
Seed spices are important export oriented
commodities and about 12% of the total spices
production (75,100 tonnes/year) is exported in raw as
well as value added products, realizing foreign
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exchange worth Rs. 208.36 crore. In the export market
besides quality of seed spices, the demand for essential
oil and oleoresin is also increasing.(Anwer et al). The
diversity of seed spices is not fully utilized and there is a
vast potential in exploring the world of seed spices which
in turn will give new high yielding and better quality
varieties. As these are high value crops their
development will surely ensure high economy to the
farmer.

set of rules and data from an expert or experts through
extensive questioning. This material is then organized in
a format suitable for representation in a computer. While
such systems do not often replace the human experts,
they can serve as useful adjuncts or assistants.(Kelly, 3)
For getting the maximum yield, the choice of the
variety plays a very important role. Disease resistance,
fertilizer responsiveness, lodging resistance and the
desired maturity are some of the important
considerations in choosing a variety for cultivation under
irrigated conditions. In due course of time varieties of
greater significance were developed that had numerous
characteristics in terms of plant, seed and some of the
vital characteristics important for farmers. Most of these
varieties have been documented with its various
characteristics. This documentation will have a better
significance if organized in a knowledge base of varieties
for seed spices.

Although there is no dearth of knowledge as far
as the production technology of spices and seed spices
are concerned. The knowledge deficit is of great
significance as far as our extension system and farmers
are concerned. The information generated by NARS can
be proved worthy if it is organized properly using IT
based technologies for knowledge management and
dissemination. Expert systems, one of the components
of IT, can be utilized in organizing, managing and
extending the generated technologies to the stake
holders. Developing an Expert System on Seed Spices
with a scientific knowledge base in the background could
be of utmost significance for the farmers, researchers
and a generation to come to harness the significant and
commendable job that has been done by the scientists of
this era.

Expert systems give suggestions for better
variety selection to improve over all crop production
according to the soil type(Aishwath et al. 1), the weather,
resistance to certain diseases and the user
requirements. The expert system software WHEATWIZ
developed in 1987 as an effective tool to assist Kansas
farmers, extension workers, and agri-business
personnel in variety selection for hard red winter wheat
(Zhang, 6)

During last 10 years of research a wide range of
varieties has been developed by the scientists of
NRCSS and other State Agricultural Universities for
various needs of farmers. The challenge was to organize
these varieties electronically so that the farmer's of the
country could get full benefit out of it and researchers
and students could use them for reference and include
them in their future research programmes. This was
made possible by developing Expert System on Seed
Spices by the scientists of IASRI, New Delhi in
collaboration with NRCSS, Ajmer. The system is an
example of IT application in agriculture extension. Even
illiterate farmers will be benefited from the touch screen
and play of voice recorded interaction with the computer.

Keeping in view the various characteristics of
seed spice varieties are classified into different
categories. Each category has various significant
characteristics. This classification had led a road map
and path for developing the knowledge base of the
system. Knowledge base comprises of data base, rules
and heuristics. The system has various production rules,
heuristics and a database designed scientifically to
accommodate various characteristics. An inference
engine that helps in dissemination of information based
upon users query.
The system has an exclusive variety selection
module with a scientific knowledge base in the
background. The module suggests a variety of farmer's
choice on any characteristics he wants to. He can have a
variety according to his state, sowing condition, yield, oil
content response to disease and insects. The entire
criterion mentioned above has been taken into

INTRODUCTION
Expert systems are computer system or
program that uses artificial intelligence techniques to
solve problems that ordinarily require a knowledgeable
human. The method used to construct such systems is
knowledge engineering. Knowledge Engineers extract
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consideration worked through requirement analysis
done jointly with knowledge engineers and subject
matter specialists.

solve the problem. The chaining mechanism used in this
system is forward chaining. The expert system gets all
facts from the user and chains forward to reach a
conclusion. Program modules are built by using IFTHEN rules, which is part of the inference engines or
inference procedures that manipulate and use
knowledge in the knowledge base to form a line of
reasoning

The system carries information about varieties
of 10 seed spices crops viz. cumin, coriander, fennel,
anise, celery, fenugreek, nigella, dill and caraway stored
in its knowledge base. This system contains both kinds
of knowledge, factual and heuristic. Factual knowledge
is that knowledge of the task domain widely shared,
typically found in textbooks or journals, and commonly
agreed upon by the experts in the field. Heuristic
knowledge is less rigorous, more experiential, more
judgmental.

User Interface
The user interacts with the system through a
user interface which uses closed type of questions.
Small tips of descriptions about the question were made
to recognize without effort. Images are shown in certain
circumstances, so that the user can understand the
query. A friendly interface enables inexperienced users
to specify problems for the system to solve and to
understand the system's conclusions.

SYSTEM DESIGN
System Architecture
The main components of Expert Systems are its
Knowledge base, Inference Engine and user's Interface.
The architecture and the

Expert Interface
Research findings and development of new
technologies are a continuous process. Keeping this in
view of the system gives a facility to update the existing
information and knowledge through an expert interface.
This interface is for exclusive class of users and experts.
By using the authorization code they can update the
system with latest information and knowledge.
Knowledge Base Editor
Knowledge base editor helps an expert or a
knowledge engineer to easily update and check the
knowledge base. Its user friendliness gives the expert a
power to update and add new information. In the
developed system, information can be updated as per
the requirement. It is evident from the architecture that
the information and knowledge can be directly entered to
the system using Expert Interface and users get
information through the user's interface.

Fig. 1. Expert Architecture
Knowledge Base
Knowledge Base stores the knowledge from the
domain experts and facts about the domain it is the
integration of knowledge collected from the experts in
the form of rules, facts about the domain. The degree of
solving farmer's problem is based on the quality of data
and rules obtained from the experts. Expert systems are
designed to perform at a human expert level.

Designing the Knowledgebase
Knowledge base is the heart and mind of an
Expert System. Acquisition of knowledge is a
challenging task and is major bottleneck in knowledge
engineering process. Knowledge on varieties with its
area of adoption, sowing condition, sowing time, climatic
condition and other characteristics have been acquired
from publications made by NRCSS, Ajmer and other
related institutions. A number of consultations were
made with the seed spice breeders and experts to

Inference Engine
The expert system derives its answers by
running the knowledge base through an Inference
Engine a software program that interacts with the user
and processes the results from the rules and data in the
knowledge base. The problem-solving model, or
paradigm, organizes and controls the steps taken to
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formulate rules for identification of a variety based on
farmer's needs.

Facts
F1: Vn is cumin variety

Rules are normally in the form given below:

F2: Vn is a seed spices variety

IF <antecedent> THEN <consequent>

F2: Vn can be grown in Irrigated condition
F3: Vn should be shown timely

For example:

F4: Vn can be grown in Sandy Soil
F5: Rajasthan has sandy soil

IF the Seed Spice Crop is Cumin state is
Rajasthan THEN variety grown should be RZ- 209

Rules
R1: If crop is cumin and state is Rajasthan then
variety Vn

Since varieties are mainly based on Area,
Sowing condition and Sowing Time Specific, rules may
appear like this

R2:If crop is cumin state is Rajasthan and
sowing time is timely then Variety Vn should be grown

IF State is Rajasthan and Sowing Time is
“Timely Sown” and condition is “Irrigated” then Variety is
RZ 19

R2: If soil is sandy crop is cumin and water is
adequate Variety Vn should be grown
These facts have been stored in the database in
various tables. Tables for state, schedules and
characteristics have also been stored in the database
tables.

The rules can be formulated as in the figure
given below
State: State can be any of the 28 states of India
and can be represented as S1, S2..... Sn where n varies
from 1 to 28

Inference Engine
Rules represent knowledge by using an IFTHEN format. The IF portion of the rule is the condition or
premise, which tests the truth value of a set of facts at
every stage of the reasoning process [Gonzalez et al 2].
The THEN portion of the rule, called 'antecedent' or
'action' part of the rule, describes what to do when the
rule fires. There are two types of rule-based reasoning
mechanisms, namely, the forward reasoning and the
backward reasoning.

Sowing Condition : Sowing Condition may vary
from Irrigated, Rainfed, Limited Irrigation etc and are
depicted as variables SC1, SC2, …., SCn
Sowing Time : Sowing Condition may vary from
Early Sown, Timely Sown, Late Sown etc and are
depicted as variables ST1, ST2, …., STn.

Forward reasoning is the process of working
from a set of 'facts' toward a conclusion that can be
drawn from this data. Thus, in the forward reasoning, the
expert system produces the conclusion. In the forward
reasoning, each potentially applicable rule is examined
to see if the premises contained within the rule are true or
not. If premises of a rule are true, then the facts in the
antecedent part of the rule are added to the list of facts in
the 'fact-base' of the program (or some facts are deleted
from the 'fact-base'). These facts are placed in the
working memory. Thus a dynamically changing set of
facts drives the rule firing process iteratively, until a
conclusion is drawn for the problem.

Fig. 2. Graphical Representation
A general rule can be formulated using the figure
above as
IF State is Sn and sowing condition is SCn and
sowing time is STn then variety VARn should be grown.

Knowledge representation formalizes and
organizes the knowledge. In this system, the knowledge

Certain facts and rules based on them can be
represented as below
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is represented in rule form called rule based system. A
rule consists of an IF part and a THEN part (also called a
condition and an action). The piece of knowledge
represented by the production rule is relevant to the line
of reasoning being developed if the IF part of the rule is
satisfied; consequently, the THEN part can be
concluded, or its problem-solving action taken.
(Spangler, 5 )

been provided for breeding, plant protection and other
experts concerned with seed spices production.
A requirement analysis was done before
actually developing the system in which emphasis was
mainly given to the need of farmers of all categories. The
system exclusive contains a module for variety selection
that has been divided in 7 broader categories. Each
category has a number of subcategories. The seven
broader categories taken into consideration are

TECHNOLOGY APPLIED
Active Server Pages (Framework)

1.

Vital Characteristics

Active Server Pages (ASP) technology, a
technology made available by Internet Information
Server (IIS). Active Server Pages (ASP) technology is
language-independent. Two of the most common
scripting languages are supported right out of the box:
VBScript® and JScript™. Support for other scripting
languages, such as Perl, is available.

2.

General Characteristics

3.

Seed Characteristics

4.

Quality Characteristics

Vital characteristics has 'Sowing Time',
'Irrigation Condition', 'Yield', 'Days to Maturity', 'Plant
Height', 'Resistance to Disease', 'Susceptibility to
Disease', 'Soil Condition' , 'Purpose', 'Oil Content' and
'Tolerance'.

ASP technology makes it easy to create
complete Web-based applications. ASP technology can
be applied as a template language to create flexible,
easy-to-maintain Web pages. The system has been
developed in client/server application model. Pages
share information and can communicate with each other,
or with the application object. These have been made
possible by selected information across a user session.
The same code has been applied for all the crops using
crop_code and state_code as session variables.

General Characteristics has 'Species Name',
'Parents Name', 'Year of Release ', 'Releasing Agency',
'Developing Agency' and 'Area of adoption'.
Seed Characteristics has 'Seed Color', 'Seed
Shape', 'Seed Size', Days to Germination etc
Taking all these categories and subcategories in
consideration a database was designed as a first step
forward to develop a scientific knowledge base for seed
spices varieties.

The Expert system includes Web pages with
HTML controls, databases controls, server-side scripts,
client-side scripts, multiple server transactions. The
system can be used by multiple users at a time. The first
visitor to the application starts the application, and each
visitor has a unique session. The system has multiple
levels of control available developed by using built-in
Active components and some third-party components.
Some custom components have also been developed
for databases controls and transactions.
The power ASP as a server side script has been
utilized to perform many backend processing jobs. Using
server side scripting language like ASP the contents of
many pages and dynamic codes have been generated
based on various conditions and to implement the rules
through the inference engine.
The knowledge base can be updated directly by
the experts using expert interface. Expert Interface has

Fig. 3. Home Page of Expert System on Seed Spices
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FUNCTIONAL DESCRIPTION OF VARIETY
SELECTION MODULE OF THE EXPERT SYSTEM
A user can get a variety for his state. All the 28
states of the country had been covered. By selecting a
state and the characteristics he wants a list of varieties
can be obtained

Fig. 6. Detailed description of RZ 209
KNOWLEDGE MANAGEMENT
Knowledge management involves knowledge
acquisition, organization, transformation and translation
to a suitable electronic form.
In expert system
knowledge is kept in the knowledge base in form of
database rules, heuristics etc. The developed expert
system consists of a separate data management module
that helps in the management of information for the
variety selection module.(Sprangler, 5)

Fig. 4. Varieties of Cumin for Rajasthan State
Fig 5. Gives information about some vital
characteristics of the variety RZ 209

Altogether 8 form varieties have been
developed for data management. These forms help in
entering new variety, add new characteristics, add
complete detail of the variety. They also add/update the
information about their sowing condition and area of
adaptation. Through variety form a user can enter new
variety. The system accepts it and gives a message
about successful entry of the variety to the system. If an
already existing variety is entered it gives an alert about
its existence and record is not duplicated
Fig. 7. Entry Forms

Fig. 5. Vital Characteristics of RZ 209
A detailed description of the variety can also be
obtained by the click of a button. Fig 6 shows the details
about CO 1 variety of coriander.
Fig. 7. Entry Forms for Variety Selection
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The form below takes up new variety in the
knowledge base

knowledge, rules and heuristics. It gives an opportunity
for continuous refinement of the existing knowledge in
the system. This again gives the prospect of providing
latest knowledge to the farmers and other stakeholders
on seed spices varieties.

The following page enables a user to update the
information about The Variety Azad Kalaunji of Nigella
crop.
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fof”k’V gsIyqLVsIV~l e`nk esa lkSaQ ds mRiknu] ty mi;ksx {kerk]
e`nk dkcZu LFkjhdj.k o yo.k lapyu ij flapkbZ ty ds izHkko dk vkdyu
vks-ih- ,s”oFk] vkj-,l- esgrk] ,l-,l- eh.kk o ,e-,e- vuoj
jk’Vªh; chth; elkyk vuqla/kku dsUnz] rchth& 305 206] vtesj] jktLFkku] HkkjrA
HkkokFkZ
lkSaQ esa flapkbZ ty mi;ksx {kerk] e`nk dkcZu
LFkjhdj.k@izfrHkwfr o e`nk yo.k lapyu ds v/;;u gsrq fofHkUu
flapkbZ ty o d<+kgh lafpr ty ok’iu ok’iksRltZu ekih vuqikrksa
¼fla-t- % d- la- t- ok- ok- ek- 0-4] 0-6] 0-8] 1-0 ,oa 1-2 IW:CPE
ratio½ dk v/;;u fd;k x;kA v/;;u ls izkIr vk¡dM+s n”kkZrs gSa]
fd fla-t- % d- l-a t- ok- ok- ek- vuqikr c<us ds lkFk&lkFk lkSaQ
ds mRiknu esa c<+ksrjh gqbZA lkSaQ dh mit esa c<+ksrjh dk izfr”kr
izFke o’kZ ¼2007&08½ laoaf/kr fla-t-%d- l-a t- ok- ok- ek- vuqikr 04] 0-6] 0-8] 1-0 o 1-2 ds lkFk 6-1] 16-04] 18-0 o 22-0 o f}rh; o’kZ
¼2008&09 esa½ 15-9] 29-5] 28-8 o 30-0 izfr”kr FkkA tcfd ty
mi;ksx {kerk] fla-t- % d- la- t- ok- ok- ek- vuqikr c<+us ds
lkFk&lkFk fuEurj ik;h x;h lokZf/kd ty ferO;;h mipkj ds
p;u gsrq okVj buiqV bZdksukseh lwph dk vkdyu fd;k x;k vkSj
ik;k fd bl lwph dk eku fla-t-%d la t- ok- ok- ek- 0-8 ds lkFk
lokZf/kd Fkk] tks yxHkx 50-0feeh- xgjh 8 flapkbZ;ksa ds cjkcj FkkA
nks o’kZ i;ZUr lrgh e`nk esa thoka”k dkcZu dh ek=k esa ifjorZu
vlkFkZd FkkA tcfd v/kkslrgh e`nk esa thoka”k dkcZu dh ek=k c<+rs
fla-t-%d la t ds lkFk ?kVrs Lrj esa ik;h x;hA vflafpr e`nk dh
rqyuk esa flafpr e`nk ds thoka”k dkcZu ds ?kVus ds izfr”kr dk
ijkl 20-0&46-6% FkkA rFkk fofHkUu flapkb;kssa ds lkFk 12-5&227% yo.k e`nk LrEHk ls fjl dj ckgj pyk x;kA blls e`nk dh
fuEu okgd {kerk dks cks/k gksrk gSA dkj.k fd bu e`nkvksa esa Dys
d.kksa o thoka”k dkcZu dh ek=k de ik;h tkrh gSA vr% okrkoj.k
iznw’k.k] ty iznw’k.k o ferO;;h mit ds n`f’Vdks.k ls fla-t-%d la
t- ok- ok- ek- vuqikr 8-0 mi;qDr gS] D;ksafd vf/kd ty iz;ksx
e`nk LrEHk ls thoka”k dkcZu dk [kfuthdj.k o yo.k fjlko vf/kd
djrk gS] tks dze”k% okrkoj.kh; dkcZu MkbZ vkWDlkbM dks rFkk ty
iznw’k.k dks c<+krk gSA
ifjp;
lkSaQ ,fi,lh dqy dk ikS/kk g]S rFkk bldk mn~xe LFkku
nf{k.k ;wjksi rFkk Hkwe/;lkxjh; {ks= gSaA ;g ,d egRoiw.kZ chth;
elkyk dh Qly g]S ftls Hkkjr ds mÙkj&if”peh jkT;ksa esa jch dh
Qly ds :i essa mxk;k tkrk gSA fo”o esa bldh [ksrh vkS|ksfxd
Lrj ij jksekfu;k] :l] teZuh] Qzkal] bVyh] Hkkjr] vtsZUVhuk rFkk
la;qDr jkT; vesfjdk esa dh tkrh gSA Hkkjr esa flapkbZ ty dh
miyC/krk ds vk/kkj ij fdlku blesa 70&100 fe-eh- xgjh 6&11
flapkb;k¡ nsrs gSaA blds vfrfjDr le`) fdlku [kkn o moZjdksa ds
* Corresponding author's E-mail: opa_scn@yahoo.co.in

lkFk 12 ;k blls vf/kd flapkb;k¡ Hkh nsrs gSaA ifj.kker% e`nk
moZjdrk ,oa xq.koÙkk ij foijhr izHkko iM+rk gS] vkSj vkxkeh
Qlysa Hkh izHkkfor gksrha gSaA ,s”oFk o dqekj 2008 ¼1½ us mPp vkbZMCY;w- % lh-ih-bZ- vuqikr lkFk gksus okys izHkkoksa dks e`nk ,oa pUnzlwj
¼vlkfy;k½ Qly ij v/;;u fd;k vkSj ik;k fd vkbZ-MCY;w- % lhih-bZ- vuqikr 0-8] 1-0 o 1-2 ij vlkfy;k Qly dh mit ?kVh
rFkk e`nk esa thoka”k dkcZu dh ek=k rhozrk ls de gqbZA blls fofnr
gksrk gS fd vijks{k :i ls vf/kd ty iz;ksx thoka”k dkcZu dk
[kfuthdj.k dj dkcZu MkbZ vkWDlkbM ds mRltZu dks c<+krk gS]
tks fd ,d izdk”k fdj.k izHkkoh xzhu gkml xSl gSA vr% ;g
okrkoj.k dk rki c<+kus o tyok;q ifjorZu esa vge Hkwfedk fuHkkrk
gSA bl Qly ¼lkSaQ½ ij xqtjkr esa flaapkbZ ty dk iz;ksx] Qly
dh fofHkUu dzkfUrd voLFkkvksa ij fd;k vkSj ik;k fd lokZf/kd
ty mi;ksx {kerk ml fLFkfr esa izkIr gksrh gSA tc rhu flapkb;k¡(
Qly esa “kk[kkvksa ds QwVus ds le;] Qwy f[kyus ds le; o cht
curs le; vFkok nks flapkb;k¡( “kk[kkvksa ds QwVus o cht curs
le; nh x;ha ¼dqekj o lg;ksxh] 2002 ¼5½½A xqtjkr esa vehu o
iVsy 2001 ¼3½ us bl Qly esa u=tu [kkn ¼60] 90 o 120 fd-xzk@gS-½ o QkWLQksjl ¼30] 45 o 60 fd-xzk-@gS-½ nsrs gq;s flapkb;k¡
vkbZ-MCY;w- % lh-ih-bZ- vuqikr ¼0-6] 0-8 o 1-0½ ds vk/kkj ij nha vkSj
ik;k fd c<+rs flapkbZ ty o u= tu ds iz;ksx dh ek=k ds
lkFk&lkFk lkSaQ mRiknu c<+kA Qly mit o vkfFkZd ykHk flapkbZ
ty ¼vkbZ-MCY;w- % lh-ih-bZ-½ vuqikr 0-8 rFkk u=tu dh ek=k 90
fd-xzk- ds iz;ksx ij lokZf/kd izkIr gqvkA lkFk gh Qly xq.koÙkk Hkh
blh ty Lrj ij lokZf/kd FkhA izksVhu ds ifjek.k dks NksM+dj
“kdZjk o vipuh; js”ks vizHkkfor jgsA blds vfrfjDr lokZf/kd
lQy vk; fla-t-%d la t vuqikr 1-0 ij izkIr gqbZA jktLFkku dh
e`nk;ssa eq[;r% :D{k d.kkdkj okyh o thoka”k dkcZu dh ek=k de
gksus ds dkj.k budh ty/kkjd o okgd {kerk de gksrh gSA bu
e`nkvksa esa vf/kd ek=k esa flapkbZ ty dk iz;ksx e`nk xq.koÙkk o
okrkoj.k xq.koÙkk dh n`f’Vdks.k ls ?kkrd fl) gksrk gSA vr%
mi;qDr flapkbZ ty dk fu/kkZj.k Qly ,oa {ks= fo”ks’k ds fy;s
ijeko”;d gSA vf/kdka”kr% v/;;u lrgh e`nk esa vkus okys
ifjorZuksa ¼thoka”k dkcZu½ dk fooj.k izLrqr djrs gSaA rFkkfi
v/kkslrgh v/;;u ijeko”;d gSA mijksDr dks /;ku esa j[krs gq;s
izLrqr v/;;u esa mPpre mit izkIr djus ds fy;s mi;qDr vkbZMCY;w-lh-ih-bZ- vuqikr dk pquko djuk gS rFkk e`nk xq.koÙkk esa vk;s
ifjorZuksa dk vkadyu vtesj dh tyok;q o HkkSxksfyd n”kkvksa esa
v/;;u djuk gSA
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e`nk thoka’k dkcZu o yo.k lapyu
e`nk ty dh xq.koŸkk dks iwoZ fu/kkZfjr dj fy;k x;k Fkk] ftlesa
yo.k dh ek=k 1280±100 fexzk@yh- FkhA vr% yo.k lapyu ds
v/;;u gsrq iz;ksx iz{ks= dh fofHkUu xgjkbZ;ksa ls e`nk uewuk fy;s
x;s rFkk budh rqyuk vflafpr iz{ks= ds e`nk uewuksa ls dh x;hA
e`nk iz{ksfndk esa yo.k lap;u o lapyu dk vkadyu fexzk izfr fdxzk- e`nk Lrj ls fd;k x;k rFkk bldk fo”ys’k.k fjpkMZ 1954 ¼10½
fof/k }kjk fd;k x;kA e`nk dkcZu dk [kfuthdj.k dh nj xzhu
gkml xSl ds mRltZu esa cgqr gh egRoiw.kZ gSA vr% bldk fu/kkZj.k
ue&vip;u ¼okYdys o Cysd] 1934 ¼14½½ fof/k }kjk fd;k x;k
vkSj nks o’kZ i;ZUr vk;s ifjorZu dk vkadyu fd;kA flapkbZ ty
}kjk ldy yo.k dh ek=k dk lap; o lapyu dk v/;;u izfr”kr
esa fd;k x;kA

iz;ksx&fof/k ,oa lkexzh%
HkkSxksfyd fLFkfr ,oa tyok;q%
izLrqr v/;;u ^jk’Vªh; chth; elkyk vuqla/kku dsUnz^] rchth]
vtesj ds iz{ks= ij 2007&2008 rFkk 2008&2009 esa fd;k x;kA
bl iz{ks= dh HkkSxksfyd fLFkfr 74035*39ß ls 74036*01ß iwoZ rFkk
26022*12ß ls 26022*31ß mŸkj esa gSA vtesj {ks= dh tyok;q miks’.k
gS] tgk¡ ij lkekU; o’kkZ 536 feeh- gksrh gS rFkk dqy o’kkZ dk
85&90% ty twu ls flrEcj ds e/; la?kfur gksrk gS rFkk 60%
o’kkZ tqykbZ o vxLr esa gksrh gSA e`nk ueh iznk; (Soil Moisture
Control Section) o’kZ Hkj esa 90 fnuksa ls vf/kd “kq’d jgrk gS
rFkk bls ueh dh “kq’d Js.kh esa j[kk x;k gSA bl {ks= dk e/;e
okf’kZd rkieku dk ijkl 24-5 ls 250C gSA tuojh ekg lcls BUMk
0
gksrk gS rFkk lkekU; fuEu rki 5&7 C jgrk gSA dHkh&dHkh ;g
rkieku fgekad rd pyk tkrk gS vkSj rq’k ds dkj.k Qly u’V gks
tkrh gSA tyok;q esa yxkrkj ifjorZu ds dkj.k rq’k dh ckjackjrk esa
o`f) gqbZ gSA ;gk¡ ij ok’iu o ok’iksRlftZr ty dh ek¡x o’kZ.k ls
izkIr ty ls ges”kk vf/kd jgrh gS] rFkk d<+kgh ok’iu ok’iksRltZu
eku 1566 feeh- gSA tcfd tqykbZ ,oa vxLr ekg esa fLFkfr foijhr
jgrh gS ¼flag o “;keiqjk] 2004 ¼11½½A

lkaf[;dh; fo’ys’k.k
ty mi;ksx {kerk dh x.kuk fdxzk mit izfr fe-eh- izfr gSDVs;j
ds vk/kkj ij dh x;hA izk;% ty mi;ksx {kerk c<+rs vkbZ-MCY;w- %
lh-ih-bZ- vuqikr ds lkFk ges”kk ?kVrs dze esa ik;h tkrh gSA vr%
mi;qDr mipkj pquus esa lgk;d ugha gSA vr% okVj buiqV
bZdksukseh baMsDl dh x.kuk dh x;hA ;g c<+rs dze esa izfr bdkbZ
ty mi;ksx o lacaf/kr mit ds b.VjlsIV dk vuqikr gSA iz;ksx ls
izkIr vkadM+ksa dk lkaf[;dh; fo”ys’k.k ;knz{khd‘r Cykd fMtk;u
}kjk fd;k x;k rFkk mipkjkaas ds e/; lkFkZd o vlkFkZd vUrj dk
fu/kkZj.k ds fy;s ØkfUrd vUrj ,uksok la[;k dk 5 izfr”kr
lkFkZdrk ij p;u fd;k x;kA ¼dkspju o dksdl] 1987½ ¼4½

iz;ksx iz{ks= dh e`nk%
iz{ks= dh e`nk fVfid gsiyqLVs¶Vl lewg ds ifjokj gkbij FkkfeZd
o fefJr dsydsfj;l] eghu nkseV ls laca/k j[krh gSA e`nk dh
e/;e xgjkbZ 100 ls-eh-] jax Hkwjs ls xgjk Hkwjk] gYdh ls e/;e
{kkjh;] gYdh dsydsfj;l&ftlesa yxHkx 5% dsyfl;e dkcksZusV
ik;k tkrk gSA lrgh e`nk d.kkdkj cyqbZ nkseV rFkk v/kkslrgh
cyqbZ&fpduh nkseV gS ¼ikbij] 1966 ¼4½½A u=tu vkSj QkWLQksjl
ds n‘f’Vdks.k ls de moZj rFkk miyC/k iksVk”k ds vk/kkj ij e/;e
moZj FkhA e`nk esa iznk; iks’kd rRoksa dk fo”ys’k.k lqOoS;kg rFkk
vlhtk 1956 ¼12½ fof/k u=tu ds fy;s vkSj okbZ dkcksZusV fu’d’kZ.k
¼vksylsu ,oa lg;ksxh] 1954 ¼8½½ rFkk veksfu;e ,lhVsV fu’d’kZ.k
¼tsDlu] 1973 ¼6½½ fof/k dze”k% QkWLQksjl o iksVsf”k;e ds fy;s
iz;ksx esa yk;h x;hA {ks= {kerk ij e`nk dh ty /kkj.k {kerk dze”k%
8-0% o 11-0% lrg o v/kks lrg ds fy;s FkhA

ifj.kke o ifj.kkeksa dh foospuk
mit] ty mi;ksx {kerk o okVj buiqV bZdksukseh b.MsDl
(WIEI) %
lkSaQ dh mit izFke o’kZ ¼2007&08½ vkbZ-MCY;w-lh-ih-bZ- vuqikr
0-8 ds lkFk lkFkZd :i ls lokZf/kd Fkh rFkk f}rh; o’kZ vkbZ-MCY;w- %
lh-ih-bZ- vuqikr 1-0 o 1-2 ds yxHkx leku FkhA ;|fi mit gj
vkbZ-MCY;w-lh-ih-bZ- vuqikr ds lkFk c<+rs dze esa Fkh ¼rkfydk 1½A
mit c<+us dk izfr”kr izFke o’kZ 6-1] 16-4] 18-0 o 22-0 rFkk f}rh;
o’kZ 15-9] 29-5] 28-8 o 30-3 c<+rs gq;s vkbZ-MCY;w- % lh-ih-bZ- vuqikr
dze”k% 0-6] 0-8] 1-0 o 1-2 ds lkFk FkkA ;g ifj.kke vehu o iVsy
¼2001½ ¼3½ ds ifj.kkeksa ds lkFk lekurk j[krs gSa] ftUgksaus flapkbZ ds
fofo/k Lrj ¼0-6] 0-8] 1-0 vkbZ-MCY;w- % lh-ih-bZ- vuqikr½ o u=tu
ds fofo/k Lrjksa ¼60] 90 o 120 fdxzk@gS½ ds lkFk iz;ksx ijh{k.k
fd;k] vkSj mudks lokZf/kd mit] vf/kd ykHk vkbZ-MCY;w- % lh-ihbZ- vuqikr 1-0 ds lkFk 120 fdxzk u=tu@gS- nsus ij izkIr gqbZA
ty mi;ksx {kerk nksuksa o’kZ c<+rs vkbZ-MCY;w- % lh-ih-bZ- vuqikr ds
lkFk ?kVrs dze esa ik;h x;hA blh izdkj ds ifj.kke vlkfy;k
Qly ij xqtjkr esa ,s”oFk o dqekj ¼2008½ ¼1½ dks izkIr gq;s FksA

mipkj
lkSaQ dh cqvkbZ vDVwcj ds vfUre lIrkg esa dh x;h rFkk vtesj
lkSaQ&1 dks mi;ksx esa yk;k x;kA bl Qly esa ikS/ks ls ikS/ks dh nwjh
15 lseh- rFkk iafDr ls iafDr dh nwjh 50 lseh- j[kh x;hA mipkj
ty dh xgjkbZ 50 feeh- j[kh x;h rFkk vkbZ-MCY;w- % lh-ih-bZvuqikr ik¡p ¼0-4] 0-6] 0-8] 1-0 o 1-2½ dk vkadyu fd;kA bu ik¡p
ty mipkjksa dks ;knz{kh—r CykWd fMtkbu ds vUrxZr pkj
izfr:iksa esa ck¡Vk x;kA Qly ifjiDo gksus ij vizsy ekg esa dVkbZ
dj yh x;h rFkk eM+kbZ o vkslkbZ }kjk cht vyx dj fy;k x;kA
i`FkD—r cht dh mit dqUry izfr gSDVs;j esa vk¡dh x;hA
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okVj buiqV bZdksukseh b.MsDl vkbZ-MCY;w- % lh-ih-bZ- vuqikr 0-8
ij lokZf/kd Fkh ¼js[kkfp= 1½A

dkj.k fd flapkbZ ty dh ckjackjrk c<+kus ls dkcZu MkbZ vkWDlkbM
dk mRltZu 13-0 vkSj mlls vf/kd c<+ tkrk gS] ,slk fooj.k misUnz
,oa lg;ksxh ¼2008½ ¼13½ }kjk ntZ fd;k x;kA

e`nk laLrjksa esa dkcZu izfrHkwfr%
jsfxLrku o vU; leL;kxzLr —f’kfer Hkwfe;ksa esa dqy e`nk
dkcZu ¼42&78 fxxkVu½ dk 50&660 ls- rd lafpr fd;k tk
ldrk gSA e`nk dkcZu izfrHkwfr ds fy;s fofHkUu e‘nh; dkjd tSls
d.kkdkj] lajpuk rFkk vU; tSls o’kkZ rki] —f’k iz.kkyh] ty izca/k
o e`nk izca/k tSls “kwU; d’kZ.k fdz;k;sa] iks’kd rRo izca/k] tSfod [kknksa
dk iz;ksx] lL; okfudk bR;kfnA ,slk ik;k x;k gS] fd 1-0 Vu e`nk
dkcZu iwy ds c<+us ls 20&40 fdxzk- xsgw¡] 10&20 fdxzk eDdk o 0-5
ls 1-0 fdxzk yksfo;k ds mRiknu esa izfr gSDVs;j o`f) izkIr dh tk
ldrh gSA vr% e`nk esa thoka”k dkcZu dk LFkjhdj.k djus ls
okrkoj.kh; leL;k;sa rFkk Hkkstu lqj{kk tSlh leL;kvksa ij fot;
izkIr dh tk ldrh gS] rFkk 0-4 ls 1-2 fxxkVu dkcZu izfr o’kZ e`nk
esa lafpr dh tk ldrh gS ¼yky] 2004½ ¼7½A
izLrqr iz;ksx ds vUrxZr 0&15 lseh- dh xgjkbZ rd
tSfod dkcZu ds ifjek.k esa fofo/k vkbZ-MCY;w-lh-ih-bZ- vuqikr ds
lkFk lkFkZd ifjorZu izkIr ugha gqvk ¼rkfydk 2½A tcfd vkbZMCY;w-lh-ih-bZ- vuqikr 0-8] 1-0 o 1-2 ds lkFk 16&30 ls-eh- xgjs
laLrj esa lkFkZd :i ls tSfod dkcZu dk gzkl ik;k x;kA bl e`nk
laLrj dh Hkkafr fuEu laLrjksa esa Hkh tSfod dkcZu dk gzkl ik;k x;k
¼rkfydk 3½A bl izdkj ;g dgk tk ldrk gS fd Qly esa vf/kd
ty iz;ksx ls u dsoy ty O;; c<+rk gS cfYd tSfod dkcZu dk
gzkl rhozxfr ls gksus ds dkj.k e`nk dh HkkSfrd] jklk;fud o tSfod
xq.koŸkk ij foijhr izHkko iM+rk gSA vf/kd ty iz;ksx ¼flpkbZ;k¡½
ls lw{e thoksa dh fdz;k”khyrk c<+ tkrh gS rFkk bls lw{etho
Hkkstu ds :i esa ysdj ÅtkZ xzg.k djrs gSa rFkk dkcZu MkbZ
vkWDlkbM dk mRltZu djrs gSa] ifj.kker% e`nk tSfod dkcZu dk
gzkl rhoz xfr ls gksrk gSA lrgh e`nk esa Qly dh tM+ksa ds vo”ks’kksa
ds dkj.k tSfod dkcZu dh {kfriwfrZ gks tkus ds ifj.kkeLo:i e`nk
tSfod dkcZu ds gzkl esa lkFkZd ifjorZu ugha gqvkA lkekU;r% vc
rd fd;s iz;ksxksa esa lrgh e`nk esa vk;s ifjorZuksa dh foospuk feyrh
gSA tcfd izLrqr v/;;u esa v/kkslrgh e`nk ds v/;;u dk lekos”k
fd;k x;k gSA vr% blls fofnr gksrk gS fd vf/kd flapkbZ ty u
dsoy lrgh e`nk dks izHkkfor djrk gS cfYd v/kks lrgh e`nk Hkh
izHkkfor gksrh gSA tSfod dkcZu dk gzkl fofHkUu e`nk laLrjksa esa bl
izdkj Fkk 0&15 lseh- dh xgjkbZ ij 25-4&29-3%] 16&30 lseh- ij
20&33-9%] 31&45 lseh- ij 23-1&42-3%] 46&60 lseh- ij 279&43-5% rFkk 61&90 lseh- dh xgjkbZ ij 22-8&46-4% dk gzkl
ik;k x;kA blls iwoZ xqtjkr dh miks’.k tyok;qoh; n”kkvksa esa
vlkfy;k ¼pUnzlwj½ ij ty izca/k ls lacaf/kr fd;s x;s iz;ksxksa esa Hkh
e`nk thoka”k dkcZu dh ek=k c<+rs vkbZ-MCY;w-%lh-ih-bZ- vuqikr ds
lkFk rhoz xfr ls gzkl vkadk x;k ¼,s”oFk o dqekj] 2008½ ¼1½A

yo.k lapyu }kjk e`nk okgd {kerk izekihdj.k
gekjk fodkl i‘Foh xzg dh okgd {kerk dks fnu izfr
fnu u’V djrk pyk tk jgk gSA ifj.kke ;g gS] fd gesa oSf”od
egRoiw.kZ leL;k;sa tSls okrkoj.kh; iznw’k.k] ftlesa ty] ok;q ,oa
e`nk iznw’k.k lfEefyr gSa rFkk tyok;q ifjorZu dk lkeuk djuk
iM+ jgk gSA vr% gesa thou nk;uh iz.kkyh ij foLr`r v/;;u djuk
gS] ftlesa Hkwfe dh Åijh mitkÅ lrg ftls ge e`nk dgrs gSa dk
fo”ks’k /;ku j[kuk gSA ;g HkwiiZVh vU; LFkyh; thoksa ds lkFk&lkFk
6 fofy;u ekuo ds thou dh dqath gSA vr% vf/kdkf/kd yksxksa dh
thou pDdh pykus ds fy;s bldh mitkÅ {kerk rFkk
fdz;k”khyrk dks ;FkklaHko thfor j[kuk gSA vU;Fkk izy;
lqfuf”pr gSA
bl xaHkhj leL;k dks /;ku esa j[krs gq;s yo.k
lap;@yo.k lapyu }kjk e`nk okgd {kerk dk vkadyu fd;k
x;kA e`nk vk;u fofue; {kerk] e`nk d.kksa ds i`’B {ks=Qy ij rFkk
[kqys vk;fud d.k laf/k ij fuHkZj djrh gSA i`’B {ks=Qy vk;u
vf/k”kks’k.k dk lekuqikrh gksrk gSA izLrqr v/;;u esa yo.k lap;u
dk flafpr ,oa vflafpr e`nk laLrjksa ls rqyuk dh vkSj ik;k fd
lrgh e`nk esa lkFkZd ifjorZu ugha Fkk ¼rkfydk 4½A D;ksafd lrgh
e`nk esa thoka”k inkFkZ dh ek=k vf/kd Fkh vkSj bl thoka”k inkFkZ dh
vk;u vf/k”kks’k.k {kerk lSdM+ksa xquk e`nk d.kksas ls vf/kd gksus ds
dkj.k vk;uksa ij fu”;Unu izHkko vizHkkoh jgkA lkFk gh vf/kd
flpkb;k¡ }kjk lrgh e`nk esa vf/kd yo.kksa ¼/kuk;u $ _.kk;u½ dk
lekos”k gqvkA 16&30 lseh- dh xgjkbZ okys e`nk laLrj ls lokZf/kd
yo.kksa dk fu{kkyu gqvk ftldk ifjek.k 12-5 ls 22-7% vflafpr
e`nk ls vf/kd Fkk ¼rkfydk 3½A fofHkUu flapkb;ksa ds lkFk lafpr
yo.k dk ifjek.k js[kkfp= 2 esa fn;k x;k gSA js[kkfp= 3 n”kkZrk gS
fd] Lo;aHkw yo.kksa dk lap;u c<+rs gq;s vkbZ-MCY;w-lh-ih-bZ- vuqikr
ds lkFk fdl izdkj c<+rk tkrk gS rFkk js[kkfp= 3 bl c<+h gqbZ
ek=k dks n”kkZrk gSA fuf”pr :i ls dkj.k gS fd vf/kd flapkb;ksa ls
yo.k e`nk izksQkby esa ls rsth ls cgdj fudy tkrs gSa lkFk gh bl
cgko dk izHkko Åijh laLrjksa esa vf/kd rFkk fuEu laLrjksa esa de
FkkA bldk nwljk dkj.k gS] fd fuEu laLrjksa esa fpduh feV~Vh dh
ek=k Åijh laLrjksa dh rqyuk esa vf/kd FkhA tks dze”k% 0&15]
15&30] 30&45] 45&60] 60&90 xgjs laLrjksa esa 17-0] 19-0] 22-0]
23-0 izfr”kr FkhA nks o’kksZa esa okLrfod e`nk yo.k lap;u dh ek=k
2560&6144 fexzk@fdxzk Fkh rFkk vflafpr e`nk dh rqyuk esa
flafpr e`nk esa yo.kksa dk lap;u rkfydk 5 esa fn;k x;k gSA ,s”oFk
o iky ¼2004½ ¼2½ us Hkh ik;k fd ikekjkstk Qly esa yo.kh; ty
iz;ksx ls Hkkjh e`nkvksa esa yo.k lap;u gYdh e`nkvksa dh vis{kk
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vf/kd FkkA Lisu esa fd;s x;s iz;ksxksa esa Hkh ik;k fd eDds dh Qly
dks >hjks¶ywosUV e`nk esa mxk;k x;k vkSj 1-4 eh- xgjh e`nk izksQky
esa] unh ty }kjk flafpr o gYds yo.kh; ty }kjk flapkbZ djus ls
2
0-02 o 0-21 fdxzk@eh- yo.kksa dk lap;u ik;k x;kA lkFk gh e`nk
ty esa Jkfor yo.kksa dk Hkh vkadyu fd;k ¼cqVksl ,oa lg;ksxh]
1996½ ¼4½A

nsxkA bl {ks= dh e/;e mitkÅ e`nkvksa esa mxk;h x;h lkSaQ dh
Qly eas 50 feeh- xgjh 8&9 flapkb;k¡ i;kZIr gSaA vf/kd flapkbZ
e`nk tSfod dkcZu dh ek=k dks u dsoy Åijh lrg ls rsth ls de
djrh gaS] cfYd fuEu laLrjksa ls Hkh rhozrk ls de djrha gSaA vf/kd
flapkb;ksa ds lkFk e`nk esa dqy yo.k lap;u de rFkk vflafpr e`nk
laLrjksa dh rqyuk esa vf/kd FkkA yo.kksa ds e`nk ty esa igq¡pus ls
e`nk ty dh xq.koŸkk foijhr :i ls izHkkfor gksrh gS vFkkZr~ e`nk
ty iznwf’kr gksrk gS rFkk vf/kd flapkb;k¡ tSfod dkcZu dk
[kfuthdj.k dj dkcZu MkbZ vkWDlkbM ds mRltZu dks c<+kok nsrh
gS tks ok;q iznw’k.k ,oa okrkoj.kh; rki o`f) esa lg;ksx dj
tyok;q ifjorZu dks mdlkrk gSA vr% Qlyksa esa mfpr ty izca/ku
vfr vko”;d gSA

lkjka’k %
yo.k lapyu ls fofnr gksrk gS fd :{k d.kkdkj okyh
v)Z”kq’d {ks=ksa dh e`nkvksa ¼fVfid gsIyqLVsIV~l½ esa 5&7 flapkb;ksa ls
vf/kd flapkbZ dh vko”;drk okyh Qlyksa dks ugha ysuk pkfg;sA
vU;Fkk e`nk xq.koŸkk ij bldk cqjk izHkko iM+sxk tks u ek= mitkÅ
xq.kksa dks izHkkfor djsxk cfYd ty ,oa ok;q iznw’k.k dks Hkh c<+kok

rkfydk&1% lkSaQ dh mit] ty mi;ksx {kerk] okVj buiqV bZdksukseh b.MsDl ij flapkbZ ty
ratio) dk izHkkoA
IW CPE ratio

I-Year Yield

II-Year Yield

WUE kg mm
1
-1
ha

0.4

19.18

18.3

7.67

0.6

20.35

21.3

0.8

22.33

1.0

-

WUE kg mm
1
-1
ha

(IWCPE

-

WIEI

WIEI

7.33

--

--

5.81

6.07

0.19

0.77

23.8

4.96

5.28

0.30

0.76

22.63

23.6

4.12

4.29

0.21

0.41

1.2

23.41

23.9

3.90

3.98

0.23

0.36

CD at 5%

1.96

2.3

I-Year

II-Year

I-Year

II-Year

WUE= Water Use Efficiency, WIEI = Water Input Economy Index (Over its preceding level of water input)

rkfydk&2% vkbZ-MCY;w-lh-ih-bZ- vuqikr ds lkFk e`nk esa tSfod dkcZu dk izfr”krA
IW:CPE ratio

0-15cm

16-30cm

31-45cm

41-60cm

61-90cm

0.4

0.26

0.23

0.22

0.20

0.21

0.6

0.25

0.23

0.22

0.20

0.19

0.8

0.25

0.20

0.17

0.18

0.16

1.0

0.26

0.19

0.17

0.16

0.16

1.2

0.26

0.19

0.16

0.16

0.14

CD at 5%

0.03

0.03

0.03

0.02

0.03
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rkfydk&3% fofHkUu ty iz;ksx dh n”kk esa tSfod dkcZu dk gzklA
IW:CPE ratio

0-15cm

16-30cm

31-45cm

41-60cm

61-90cm

0.4

26.4

20.0

23.1

27.9

22.8

0.6

29.3

21.1

23.1

27.9

30.2

0.8

27.3

31.6

37.5

35.1

39.0

1.0

26.4

33.9

37.5

42.3

41.5

1.2

25.4

35.1

42.3

43.5

46.4

Mean

26.96

28.34

32.7

35.3

35.9

rkfydk&4% flafpr e`nk izksQkby esa vflafpr dh rqyuk esa lafpr yo.kksa dh ek=k ¼fexzk-@fdxzk- e`nk½A
-1

IW:CPE ratio

Salt retention in soil profile (mg kg )
0-15cm

16-30cm

31-45cm

41-60cm

61-90cm

0.4

256.0

272.0

388.0

424.0

432.0

0.6

252.0

280.0

392.0

448.0

448.0

0.8

268.0

280.0

392.0

444.0

460.0

1.0

264.0

280.0

416.0

444.0

456.0

1.2

276.0

308.0

448.0

456.0

460.0

CD at 5%

NS

28.5

52.2

NS

NS

rkfydk&5% vflafpr e`nk dh rqyuk esa flafpr e`nk esa yo.kksa dk larqyuA
IW:CPE ratio

Salt balance in soil profile (Per cent increase or decrease over unirrigated control)
0-15cm

16-30cm

31-45cm

41-60cm

61-90cm

0.4

0.00

-22.73

-4.28

-5.36

-6.9

0.6

-1.56

-20.45

-3.29

0.00

-3.45

0.8

4.69

-20.45

-3.29

-0.89

-0.86

1.0

3.13

-20.45

2.63

-0.89

-1.72

1.2

7.81

-12.5

10.53

1.79

-0.86

Mean

2.81

-19.32

0.46

-1.07

-2.76
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js[kkfp= 1- okVj buiqV bZdksukseh b.MsDl fofo/k ty iz;ksx ds lkFkA
WIEI

0.5
0.5
0.4
0.4
WIEI

0.3
0.3
0.2
0.2
0.1
0.1
0.0
0.4

0.6

0.8

1.0

1.2

IW:CPE ratio

js[kkfp= 2- nks o’kksZs esa flapkbZ ty }kjk flafpr e`nk esa lekosf”kr yo.kksa dh ek=k ¼fexzk-@fdxzk-½A
Salt added (mg/kg) during two years on surface soil

Salt added (mg/kg) in surface soil

7000
6000
5000
4000
3000
2000
1000
0
0.4

0.6

0.8

IW:CPE ratio
100

1.0

1.2
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js[kkfp= 3- e`nk esa flapkbZ ty }kjk ldy lafpr yo.kksa dk izfr”krkadA
18.0
0.4

Absolute salt retention (%)

16.0
14.0
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