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ABSTRACT

Tomato leaf curl virus and low yield potential diseases susceptible varieties, indiscriminate use of
insecticidesfor leaf curl virusmanagement arethemajor limiting factor s, which cause substantial yield
lossin tomato. Present investigation on resistant varietieshaving higher potential with integr ated disease
management proven technologiesrevled that tomato higher yield could beachieved by adopting these
technologies. Amongthetechnologies, thehighest yield and net return and lessleaf curl virusincidence
wasfound intechnology-3, ArkaAnanya+ raissMarigold (tall African variety golden agebearing yellow
and orangeflowers) nursery 15-20 daysbefor etomato nur sery+ Oneweek after ger mination of seeds,
spray theseedlingswith (Imidacloprid 200 SL @ 0.3 ml/l or Thiomethoxam 25WP @ 0.3 g/l)+Apply
Neem cake 250 kg/haridges at thetime of preparing land+ Dip theroots of seedlings(do not dip the
foliageasit may cause burning of leaves) with Imidacloprid 200 SL @ 0.3 ml/I or Thiomethoxam 25WP
@0.3g/l for 5minutes. Fifteen daysafter plantingspray | midacloprid 200 SL @ 0.4ml/l or Thiomethoxam
25WP @0.3g/l for leaf curl vector (whitefly) control+ Destroy leaf curl and other virusaffected plants
assoon asthe symptomsappear in afew plantsto minimizetheir spread followed by technology-2 as
compared to farmers’ practices.

Key Words: integr ated management, tomato, farmersand leaf curl virus.

Tomato (Lycopersicon esculentumMill.) isone
of themost popular and widely grown vegetable crops
of India. In India, it occupies an area of about 8.79
lakh hectares producing over 182.3 lakh tonneswith
the productivity of 20.7 tonnes/ha. In Uttar Pradesh,
the cropiscultivating to an extent of 91.27 thousand
hectareswith aproduction of 19.57 lakh tonnes and

productivity of 21.4tons/ha (Anon., 2013). Mahamaya
Nagar district situated in south western semi-arid eco-
system (Zone- 1V) of U.P. Thereare4- sub-divisions
and sevendeve opment blocksindidrict. Thesmadl and
margind farmersaregrowing tomato, cucurbits, brinja
and onion as main vegetables crops of the area.
Althougharea (570 ha), withanannua production 2565
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tonnesand productivity 450 g/haunder tomato cropis
suffering from large number of diseases. Amongthem
leaf curl virus complex caused by tomato leaf curl
begomovirusand itsvector whitefly (Bemisiatabaci)
isthemgor limiting factors, which causesubstantid yidd
lossin Indiaand worl dwide (Sastry and Singh, 1973;
Muniyappa, 1980, Muniyappa and Veeresh, 1984,
Sakiaand Muniyappa, 1989; Harrisonet al., 1991and
Muniyappaet al 2000).

Tomato cannot be grown in plainsduring June-
October owing to high temperature and stagnation of
water infieldsduring rainy season. But, it can begrown
successfully under rain fed conditionsinwell drained
soilsof theundulating terrain. Thus, loppy landsand
preci pitation mainly received during Juneto September
provide congenial conditionsfor growing rainy season
tomato in certain areas and it can be a boon in
supplementingtheincomeof smdl and margina farmers
of theregions. Though rainy seasontomato cultivation
isbecomingincreasingly attractivefor cash generation
inthe undulating terrain of thisagro climatic zone, but,
the productivity of crop is very low due to several
production problemslike high mortdity of seedlingsat
nursery stage, highincidenceof leaf curl virus, early and
late blight diseases and non availability of suitable
varietiesandinsectidesfor therainy seeson, thus, limiting
tomato cultivation onacommercid scale. Kaloetal .,
(1998).

Whileassessment of integrated modules(IDM) for
management of leaf curl virusof tomatowith promising
cultivarsfor rainy season in terms of good yield and
comparatively lessdamagefrom leaf curl virus. Usesof
tolerant/ res stant varietiesfor effective management of
leaf curl virus disease for rainy season production.
Though there are many reports on varietal selection,
appropriatetimeof planting and leaf curl virusdisease
management measuresfor rainy season tomato, these
constraints still prevail in the farmer’s field. For
promoting rainy season tomato production as a
remunerative enterprise in the undulating terrain,
availability of varietiestolerant to heat, rainsand | eaf
curl virus has became major constraint. Majority of
tomato growerspurchasetomato seedsfromthemarket

with no certainty of good performance. To provide
alternative option of IDM suitable modules to the
vegetable growers, the experiment was conducted to
assessment of different proven technologieswith two
leaf curl virusresistant varieties of tomato especialy
recommended for rainy season cultivation against the
variety (PusaRuby) cultivated by most of thefarmers
during rainy season.

MATERIALSAND METHODS

The present study was carried out by the Krishi
Vigyan Kendra, Mahamaya Nagar, C. S. Azad
University of Agriculture& Technol ogy, Kanpur (U.P)
during rainy seasons of two consecutive years 2010-
11to0 2011-12 inthe farmersfields of 05-villages of
Sasni block of thedistrict in agro-climatic zone- 1V of
Uttar Pradesh to 2011-12 in irrigated condition on
medium soils with low to medium fertility. Each
demonstration was conducted in an areaof 0.1 haand
0.1 ha area adjacent to the demonstration plot as
farmer’s practices i.e. prevailing cultivation practices
served as local check. All 25-on farm testing trails
demonstrations in 2.5 ha area was conducted. The
experiment wasarranged in arandomized block design
(RBD) with 5replications, farmer asreplication.

ThelDM technol ogiesmodul eswere T1(check-
1)= Farmers practice (Variety-Pusa Ruby+
indiscriminate use of insecticides), T2 (technology-2)=
Variety Kashi Vishesh + Seed treatment with
Imidacloprid, netting of nursery, spray 4% NSKE
minimizewhitefly population, TLCV and leaf miner
incidence+ Pretransplanting gpplication of Imidacl oprid
@ 0.3 ml/litin nursery protectsthe newly planted crop
from whitefly infestation.(source of technology
IIVR,Varansi,year of technology,2009-10) and T3
(technology-3)= Variety ArkaAnanyat+ RaseMarigold
(Tall African variety golden age bearing yellow and
orange flowers) nursery 15-20 days before tomato
nursery+ Oneweek after germination of seeds, spray
the seedlingswith (Imidacloprid 200 SL @ 0.3ml/l or
Thiomethoxam 25 WP @ 0.3 ¢/l)+Apply Neem cake
250 kg/haridgesat thetime of preparing land+ Dipthe
rootsof seedlings(do not dipthefoliageasit may cause
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burning of leaves) with Imidacloprid 200 SL @ 0.3 ml/
| or Thiomethoxam 25 WP @ 0.3 g/l for 5 minutes.
Fifteen daysafter planting spray Imidacloprid 200 SL
@ 0.4ml/l or Thiomethoxam 25 WP @ 0.3g/I for leaf
curl vector (whitefly) control+ Destroy lesf curl and other
virus affected plants as soon asthe symptoms appear
in afew plants to minimize their spread (source of
technology,lIHR,Bangore, year of technol ogy,2009-10)

All thesel DM technologiesmoduleswereusedin
tomato crop for leaf curl virus management. The seed
sownintheraised nursery bedson 6" of June2010-11
and 2011-12. After 25 days, these seedlings were
transplanted in the experimental plotson 1% July of
2010-11 and 2011-12. Theindividua plot szewas 15
n? (3X 5m) per treetment. Seedlingsweretransplanted
at aspacing of 45 cm on ridges spaced at 45 cm apart,
counting atotal of 60 plants per plot. The experimental
plotswereinterspaced at 1.2 m. Each cultivar wasgiven
the same management treatments i.e. fertilization,
irrigation, weeding and different IDM technologies
modulesagainst leaf curl virusdisease. Compost @25
tonnes’haand NPK @ 50:60:60 kg/hawas applied as
basa doseduring field preparation and additional dose
of nitrogen @70 kg/hawas applied astop dressingin
two equal splitsat 30 and 50 days after transplanting.
Irrigation was applied as and when necessary.

Normal cultural practiceswere adopted to raise
the crops successfully. The observationsin each plot
every year to record the on number of fruits/cluster,
fruits/plant, averagefruit weight, marketablefruit yield,
non-marketablefruit yield and plant stand (survivability)
at harvest and Theyield wasrecorded on plot basis.
Thelesaf curl virusincidenceand severity wererecorded
75 daysafter transplanting. The severity wasrated in 3
grades, 1- mild symptom (light foliar yellowing), 2-
moderate symptoms(light foliar yellowing, curling and
dlight plant stunting) and 3-severe symptoms (very
severeplant sunting, leaf sizereduction, leaf curlingand
ydlowing). Themeandatafor dl observationsover two
yearswere pooled and statistically anayzed following
standard procedure.

Materidsfor the present study with respect to OF T
wasonfollowing:

T,-Farmers practice- Variety-Pusa Ruby+
indiscriminate useof insecticides

T,-Variety Kashi Vishesh + Seed treatment with
Imidacloprid, netting of nursery, spray 4% NSKE
minimizewhitefly population, TLCV and leaf miner
incidence+ Pretransplanting goplication of Imidacloprid
@ 0.3ml/litinnursery protectsthenewly planted crop
fromwhitefly infestation, Source of technology, IIVR,
Varanasi, 2009-10.

T,-Variety , ArkaAnanya+ raise Marigold (tall
African variety golden age bearing yellow and orange
flowers) nursery 15-20 days before tomato nursery+
One week after germination of seeds, spray the
seedlingswith (Imidacloprid 200 SL @ 0.3 ml/I or
Thiomethoxam 25 WP @ 0.3 ¢/l)+Apply Neem cake
250 kg/haridges at the time of preparing land+ Dip
therootsof seedlings (do not dip thefoliage asit may
cause burning of leaves) with Imidacloprid 200 SL @
0.3 ml/l or Thiomethoxam 25 WP @ 0.3 g/l for 5
minutes. Fifteen daysafter planting spray Imidacl oprid
200 SL @ 0.4ml/l or Thiomethoxam 25 WP @ 0.3g/
| for leaf curl vector (whitefly) control+ Destroy | eaf
curl and other virus affected plants as soon as the
symptoms appear in afew plantsto minimizetheir
spread.

In OFT demongtration plots, critica inputsinthe
form of quality seed and treatment, farm manure,
bal anced fertilizersand agro-chemicalswere provided
by KVK. For the study, assessment and refinement of
different IDM technologiesfor suitability at local or
microdlimatic Situation sothat thesetechnologieswould
be further accepted or rejected or refined as per
feedback of technol ogical and farmers. The suitable
modul eswere assessed for large scale demonstrated
among more farmers for diffusion and adoption of
technol ogy for management of leaf curl virusof tomato.
Thetechnologica gap, extension gap and technol ogy
index were calculated as suggested by Samui, et al
.(2000).

Technology gap = Potential yield- Demonstration yield

Extension gap = Demongtration yield-Farmersyield
Technology gap
Potertia yidd 00

Technology index (%) =
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RESULTSAND DISCUSSION

The Resultsobtained from the present investigation has
been discussed below :

Effect on tomato yield, growth parameters and
disease:
Tomato fruit yield :

Theyield of tomato under different integrated | eaf
curl virusdisease management technol ogiesranged from
114.2to 274.4 g/hawith highest averageyield 270.9
o/ha. Thecultivation of tomatowithlesf curl management
technol ogies, theyield ranged from with mean average
225.210229.1 g/ha,( average mean (227.1 g/ha) with
leaf curl virusresistant variety Kashi Visheshwith IDM
technology-2, whileintechnology-3withres gant variety
ArkaAnanya267.5to 274.4 g/lhawith an average mean
yield (270.9 g/ha) during 2010-11 t0 2011-12 (Table-
1) asagainst ayield ranged 114.2 g/hato 116.2 g/ha
with a mean of 115.2 g/ha recorded under farmer’s
practices (technology-1, local check) in an average
mean of boththeyears. Thisfindingisin corroboration
with the findings of Dharmatti et al.2008, Rakib et
al.2011, Govindappa et al.(2013), Mishra and Lal
(1998) and Ridaet al ., (2002)and Manoj and Raghav
(1998).

Theadditiond tomatofruit yiel d under technol ogy-
2 over local check ranged from 111 to 113 g/hawitha
mean of 112 g/ha. In comparisonto local check there
was an increase of 94.1 % in yield of tomato with
technologyl in both the years” means. The increased
tomato fruit yield with variety Kashi Vishesh + IDM
technol ogy-2 wasmainly because of useimproved | eaf
curl virusresistant variety and IDM technology. While
theadditional yield of tomato fruit over local checked
ranged from 153 to 158 g/hawith amean of 156 ¢/hain
leaf curl virus resistant variety Arka Ananya + IDM
technology-3for leaf curl virusmanagement in mean of
both the years . Theincreased in comparison to over
farmer practicewas 135.1%in both theyearsmean. The
overdl performanceamongtechnologies thehighestyidd
andincreased over farmerscheck wasin Technology-2.
Thisfinding isin corroboration with the findings of
Govindappaet al.(2013), Mishraand Lal (1998) and

Effect of different technologies of management for leaf curl virus disease in tomato on yield (g/ha), decreased in disease incidence, No. of fruits/plant and weight of

fruit/plant at farmers’ fields during two consecutive vears (2010-11 to 2011-12)

Tablel :

Data on parameters of observations

(%)

Increased over T,

; Weight of fruit/pl:
(%) eight of fruit/plant

Increased over T

No. of fruits/plant

Decreased over T, (%)

Disease incidence
(%)

Increased over T (%)

Yield (g/ha)

Years

Av,

T, *#*

T,k [ eeks

247 404 325
70.2  25.1

138.3
69.15

185 485 60.5 681

346 212
65.6

3.0

6.0

58.2

1126 681 72 23 894 0966 930 444 471
135.1

134.2
136.1
270.3

91.2
9

267.5

2252

1142
1162

2010-11

343

435

61.2

489

78
13.8

482 602

897 968 932 447
186.2
93.1

4.4
2.2

2.

6.9
14.1

67.1

2744 7.1

229.1

2011-12
Total

66.8
3

839

49.8

974 121.7

39.7

118.4
59.2

953

89.1

193.4
96.7

179.1
89.5

135.2

2477

188.3
94

5419
2709

2304 4543

4

-
a8

249 41.95

60.85

19.8  48.7

32.8

6.9

47.6

445

676 T.05

123.8

135.1

227.1

152
Note = ** T = (Farmers. practice). *** T,= Technology-1. **#*T, =Technology-2. AV= Average

1

Average

Table 2 : Economical analysis of cost of cultivation, gross cost, net return (Rs/ha) and cost benefit ratio of different technological modules for management of leaf curl virus disease

in tomato at farmers’ fields during two consecutive vears (2010-11 to 2011-12)

Data on economical analysis of different technologies for management of leaf curl virus

Cost benefit ratio

Increased over T, (Rs.)

Net return (Rs./ha)

Increased over T, (Rs.)

Increased over T, (Rs.) Gross return (Rs./ha)

Cost of cultivation
(Rs./ha)
T, %%

Years

AV,
107310 92505

T FkEE

T,**

G

2.6

91555

106210
117550
223760
111880

76900

201500 83875

76840

187250 77700
84675

157640

79940
87150

9500

8000 11000
11000
22000

42000

32000 40000 43000

2010-11

153740 183050

167825

31000 39000

4.8

43

100712 2.7
192267
96133

118650 101662 83950

171825 205800

9500
19000

8000

16000

2011-12
Total

93

84
4.2

53

372 225960 194167 160790 321565 384550 160775

1

162

393050

167090 329465

83545

85000

31500 39500 42500
*Sale rate of tomato (@ Rs. 700/quintal (2010-11), Rs. 750 (2011-12), #** T,= (Farmers, practice),*** T,= Technology-1.*#** T; =Technology-

63000 79000

4.7

112980 97084 80395 160783 192275 80387

81186

196525

164732

11000 9500

8000

Average

2, AV= Average
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Ridaet al., (2002)and Manoj and Raghav (1998).

Effect on growth parameters of tomato :

Dataonother parametersi.e. number of fruits/plant
and weight of fruit (gm) of tomato was aso found
increased in both the technological intervention over
farmers practices (Table 1). The average number of
tomato fruits 47.6 and 59.2 with an increased 6.9%
and 32.8% in an average mean of both the years
respectively, in technology-2 and technol ogy-3 over
farmer practices44.5. Theaverage meanweight of fruit
was also recorded an increased trend 60.85 (g) and
69.15 (g) with increased 24.9% and 41.95 % over
farmerspractices(48.7g). Thehighest performancein
al parametersof tomato wasrecorded ontechnological
intervention-2 (T-3). Thisfindingisin corroboraionwith
thefindingsof Mishraand Lal (1998) and Ridaet al .,
(2002)and Manoj and Raghav (1998)

Decreased in leaf curl virus disease (%) of tomato :
Thesignificant dataon highest decreased in | eaf
curl virusof tomato were recorded 89.5% and 96.7%
in both the years mean over farmers’ practices,
respectively in technology-2 and technology-3. The
incidenceof leaf curl viruswasrecorded least 2.2%in
technology-2 while7.05%intechnology-1 whiledisease
incidencewashighest 67.6% infarmerspracticeonthe
mean basisof both the consecutiveyear (Table 1).

Economicsanalysis:
Net return :

The economic viability of improved technologies
over traditional farmer’s practices was calculated
depending on prevailing prices of inputsand outputs
costs(Table-2). It wasfound that cost of production of
tomato varied from Rs.39000 and 40000 to 42000 and
43000/ha with an average of Rs.39500/ha and Rs.
42500/ha of improved technologies as against the
variationincos of production from Rs.31000 to 32000/
hawith an average of Rs.31500/hainlocal check in
both theyears. Theimproved production technologies
registered an additiond cogt of production ranging from
Rs. 8000/ha and 11000 with amean of Rs.8000/ha
and 11000/ha over local check, respectively,

technol ogy-2 and technology-3. The additional cost
incurred in theimproved technol ogies ascompared to
farmer’s practices was mainly due to more costs
involved ininputsof technol ogies. Cultivation of tomato
under improved technol ogies gave higher net return
ranged from Rs.153740 to 167825 /ha, with amean
valueof Rs.160783/haand Rs. 183050 to 201500/ha,
with amean value of Rs. 192275/haas compared to
loca check meanvaueof Rs. 80395/ha. Therewasan
additional net return of Rs.106210 to 117550/haand
Rs.91555 to 100712/ha in the years respectively,
technol ogy -2 and technol ogy-3 under demonstration
plots. The improved technologies aso gave higher
benefit cost ratio 4.2 to 4.7 compared to 2.6 under
local check in the corresponding seasonsin technol ogy-
2 and 3, respectively. Thismay bedueto higher yields
obtained under improved technol ogiescomparedtolocd
check (farmerspractice). Thisfindingisincorroboration
with the findings of Dharmatti et al.2008, Rakib et
al.2011, Govindappa et al.(2013), Mishra and La
(1998) and Ridaet al., (2002)and Manoj and Raghav
(1998)

Theresultsfrom the current study clearly brought
out the higher potential yield and leaf curl disease
resistant varietiesaswd | asimprovedintegrated disease
management technologies in enhancing tomato
production, reducing highest incidenceof |eef curl diseese
and economic grains in Mahamaya Nagar district
condition of Uttar Pradesh.

Technology gap :

Thetechnology gap in the demonstration tomato
yield over potential yield were 303.7 g/hain Kashi
Visheshand 498.3 ¢/hainArkaAnanyawith an average
on boththeyears401 g/hain boththevarietiesandits
respectivetechnol ogiesfor leaf curl virus management
in tomato (Table 3).The technological gap may be
attributed to the dissimilarity inthe soil fertility status
and westher conditions

Extension gap :

The highest extension gap of 135.5 g/ha was
recorded intomato variety ArkaAnanyaand thelowest
wasobservedin 132.1 g/hainvariety Kashi Vishesh
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Table3:

Extension gap (g/ha), Technology gap(g/ha) and technology index(%) on demonstration of IDM

intervention
Yield (g/ha) .
Y ear Varieties Potential Improved tecr(:rqwlo)gy Local Check gE;g%?ﬁar)] 'I;}e;:;]?g/lrc]gy Ti?](éré?(o(l(%y
T, Tz Average PusaRuby*

2010- Kashi 550 2252 2675 246.3 114.2 132.1 303.7 55.2
11 Vishesh

2011- Arka 750 229.1 2744 2517 116.2 135.5 498.3 66.4
12 Ananya

Average 650 454.3 5419 249.0 115.2 133.8 401 60.8

Potential yield of Pusa Ruby (130 ¢/ha)

withitsIDM. Thisemphasi zed the need to educatethe
farmers through various means for the adoption of
improved tomato production technologiesto reverse
thistrend of wide extension gap. More and more use of
latest production and IDM technologies with high
yielding and res stant varietieswill subsequently change
thisdarmingtrend of galloping extensongap. Thenew
technologies will eventually lead to the farmers to
discontinue the old technology and to adopt new
technology (Table3).

Technology index :

Thetechnology index showsthefeasibility of the
evolved technology at the farmer’s fields and the lower
thevalue of technology index moreisthefeasibility of
thetechnol ogy. The averagetechnol ogy index was60.8
per cent, while 66.4 % maximum technol ogy index was
intechnology-3with ArkaAnanyaduring 2010-11 to
2011-12 (Table 3).

Conclusion:

Theresultswerefound highly significant incressed
inyield and growth attributes of tomato on resistant
varieties of leaf curl virus with integrated disease
management technol ogiesand reduced diseaseincdence
ascomparisonto farmer practices. Thehighyield and
disease resistant varietieswith disease management
technol ogieswerefound the main factorsto gavethe
high achievement ontomato cultivation whilefarmers
were unaware about these varieties and disease
management practices. Farmerswere convinced due
to performance of technol ogies and accepted the ones

but farmerswant availability of new technol ogiesinputs
timely at loca market. Thesetechnologiesfurther could
betaken under front linedemonstration programmefor
large scale adoption horizontal and vertical spread
among tomato grower of thedistrict.
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