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Pea (Pisumsativum L.) is the second most
important food legume crop in the world
because of it’s high yield potential. Pea belongs
to the Leguminoceae family and occupies a
prominent position on account of it’s many fold
uses in daily life. It is one of the early-
domesticated crop and plays an important role
in human and animal nutrition as a source of low
cost protein and other valuable nutrient along
with carbohydrates and vitamins. In addition,
owing to its tap roots, pea can use plant
nutrients and water from different soil layers and
increase organic matter content of soil. It is an
excellent food for human consumption taken
either as vegetable or in soup. India is the
second largest producer of vegetables after
China and is a leader in production of vegetables
like peas and okra. An angle of economic
importance, plant diseases represent an
important role of growing legume crops and
considered a serious problem and limiting factor
for their production.

Among these legumes, pea production in
India, is threatened by a large number of fungal,
bacterial and viral diseases as well as by insect
vectors which cause considerable quantitative
and qualitative yield loss in India. Among these,
pea powdery mildew caused by the obligate
biotropic fungus Erysiphepolygoni DC is an soil-
borne disease. Worldwide distribution, being
particularly important in climates with warm dry
days and cool nights (Smith et al.1996).
Powdery mildew is one of the most important
worldwide destructive disease causing infection
on all the above ground parts of pea plants. The
disease is favoured by high humidity, cloudy and
cold weather condition. Disease development in
field is favoured between 20°C to 22°C. The
disease can cause 25–50 percent yield losses
(Munjal et al. 1963; Warkentin et al. 1996).
The reduction in number of pods plant-1 is
estimated to be 28.6 percent, reducing total
yield biomass, number of pods plant-1, number
of seeds pod-1, plant height and number of
nodes.

The disease can appear at any stage of the
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Abstract
Powdery mildew of pea caused by Erysiphepolygoni Dc is one of the most important fungal diseases and

is responsible for substantial yield losses. The present investigation carried out to know the severity and
distribution of pea powdery mildew and for identification of hot spots for pea powdery mildew in pea growing
areas of Western Maharashtra. The severity of powdery mildew of pea in Western Maharashtra was found
varied from locality to locality because the type of variety grown, different environmental conditions, cropping
pattern and build up of inoculum due to ideal microclimate of different localities.The data on severity revealed
that, villages of Parnertahsil of Ahmednagar district like Taklidhokeshwar and Kanhurpathar were identified as
a highly severe infected hot spot for pea powdery mildew disease in major pea growing area of Western
Maharashtra. 
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crop growth but is more severe at flowering and
continues upto the crop maturity. Under severe
incidence, the disease can also spread on the
stem, branches, flowers and pod. Small
scattered white powdery masses appear on
stem, flowers and pods. Immature pods are
more prone to the disease. Whitish powdery
mass of the fungus covers entire surface of the
pods and pod get gradually shrivelled and
eventually dry which leads to improper seed
setting, reduction in seed number, size and
weight causing accountable yield losses, up to
23-39% in pea crop. The disease can also
hasten crop maturity, rapidly raising
tenderometer values beyond optimal green pea
harvesting levels (Falloon and Viljanen-Rollinson
2001). Severe pod infection leads to seed
discolouration and downgrading of seed quality.
It can also damage quality of processing pea
giving tainted and bitter characteristics. Powdery
mildew is particularly damaging in late sowings
or in late maturing varieties. 

In Maharashtra, research works on important
aspect of this disease and pathogens previously
have not been done. Pathogen survives in
different forms during unfavorable environ-
mental condition and the appearance and
progress of disease is region specific. Hence, it
is necessary to conduct a survey of the disease,
so that it’s distribution and extent of spread can
be understood and hot spots may be located
which also helps in natural screening for host
plant resistance.

Material and Methodology

Survey for the severity and distribution
of pea powdery mildew in major pea
growing areas of Western Maharashtra
during rabi 2016-17 and rabi 2017-18

Pea is mostly cultivated in rabi season under
both rainfed and irrigated conditions in
Maharashtra. The most commonly grown
varieties of pea in Maharashtra are Arkel,Wai,

Golden etc. Mahatma Phule Krishi Vidyapeeth,
Rahuri has released two varieties of pea for high
yield viz., Selection-82 and Phule Priya. “Wai”
is a local variety of pea which is mostly cultivated
in Pune and Satara districts. Now a day’s people
prefer early maturing variety “Arkel”. In rabi
season “Khaperkheda” local variety is mostly
cultivated in Western Maharashtra. A survey was
carried out in the major pea growing belts of
Western Maharashtra during rabi, 2016 and
rabi 2017.

Farmers field in different villages of
Ahmednagar, Pune and Satara districts were
covered under survey programme. In each
village five pea fields were selected randomly on
both sides of the road and 60 days old pea crops
were assayed for Powdery mildew when
powdery mildew spore masses were visible. In
each field ten pea plants were randomly selected
and for measuring disease severity lower, middle
and upper crop canopy were observed and
evaluated individually using 0-9 rating scale
based on leaf area covered by spore masses as
mentioned below in Table 1.

Further these scales were converted to per
cent disease index using formula

Total sum of numerical rating              100
PDI = –––––––––––––––––––––––––––––– x ––––––––––––

No. of leaves examined      Max. grade value

Deshmukh et al.4

Table: 1. Rating scale (grade) used for disease severity

Rating scale Description
(Grade)

0 No symptoms on leaf.

1 Powdery mildew small spore masses ,
scattered covering 1% or less of leaf area.

3 Powdery mildew large spore masses in
number covering 1-10% of leaf area.

5 Powdery mildew spore masses covering
11-25% of leaf area.

7 Powdery mildew spore masses covering
26-50% of leaf area. 

9 Powdery mildew spore masses covering
51% or more of leaf area.

(Mayee and Datar, 1986) 



Result and Discussion

A systematic survey was carried out in 30
localities of major pea growing areas of Western
Maharashtra to know the severity and
distribution of powdery mildew of pea during
rabi, 2016-17 and 2017-18. It included
Koregaon, Wai and Mahabaleshwar tahsils of
Satara district, Bhor and Purander tahsils of
Pune district and Parner tahsil of Ahmednagar
district. The data on severity of powdery mildew
of pea of 30 localities of Western Maharashtra
are presented in Table 2. and Fig .1.

The data indicated that, powdery mildew of
pea caused by ErysiphepolygoniDc was
prevalent in moderate in pea growing belts of
Western Maharashtra during rabi, 2016-17 and
2017-18 (40.86%). In Western Maharashtra,
the average disease severity was severe in
Ahmednagar district (51.23%) followed by
moderate in Pune district (38.51 %) and low in
Satara district (29.98%), respectively. 

Among the tahsils of Ahmednagar district,
the average disease severity was more severe in
Parner tahsil (51.23%). The low severity of
37.36 per cent was also recorded in Kinhi
followed by Goregaon (41.20%), Bhalawni
(42.15%), Kanhur-Pathar (61.00%) and Takli-
Dhokeshwar (74.40%) of Parnertahsil during
rabi, 2016-17 and 2017-18.

Among the tahsils of Pune district the
average severity was moderate in Purander
(41.34%) followed by Bhor (35.69%) tahsil. In
Bhortahsil the severity was moderate in Khopi
(39.84%) followed by Shivre (39.05%), Khed-
shivapur (36.09%), Vavare (33.84%), and
Kamthadi (29.59%). Similarly, in Hiware
(48.83%) severity was observed moderate
followed by Chambali (43.89%), Bodhgaon
(39.81%), Saswad (38.26) and Kodit (36.89%)
of Purandertahsil during rabi, 2016-17 and
2017-18.

Among the tahsils of Satara district the
average severity was more severe in Wai
(46.49%) followed by moderate in
Mahabaleshwar (21.77%) and Koregaon
(21.70%). In Wai tahsil the severity was more
severe in Phulenagar village (53.44%) followed
by Bavdhan (51.17%), Pasarni (47.44%),
Gopegaon (45.33) and Shendurjane (35.04%).
Similarly, in Gureghar severity was observed
severe 24.50 per cent followed by severe in
Avkali (23.10%) and moderate in Bhilar
(21.95%), Taighat (20.75%) and Pangari
(18.65%) of Mahabaleshwar tahsil. In Koregaon
tahsil, the disease severity was moderate in
Circalwadi (24.47%) followed by Nandiwal
(22.76%), Naygaon (22.56%), Karanjkhop
(20.39%) and Solashi (18.32%) during rabi,
2016-17 and 2017-18. 

The disease severity was observed more in
irrigated area than rainfed area. All varieties
sown by farmers were infected by
ErysiphepolygoniDc but more severe in case of
variety “Arkel” than “Golden, AT-3” and Local
Variety “Wai”. Such variation in pea powdery
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mildew severity and its wide spread nature have
been confirm by the finding of (Singh and
Tripathi 2015), (Harveson 2004) and (Abbaiah
1993).This systematic survey was confirmed by
random survey of pea growing areas 25
localities of Uttarakhand, India during February
and March 2007-2008 and 2008-2009 on the
occurrence and prevalence of powdery mildew

caused by Erysiphepolygoni DC on field pea
(Singh and Tripathi (2015). Similarly, Harveson
(2004) conducted survey between August and
October to map the appearance and distribution
of the perfect stage of Erysiphepolygoni
DCwithin the Nebraska growing region.

The data on severity revealed that, villages of

Deshmukh et al.6

Table 2. Survey on severity of pea powdery mildew in major pea growing areas of Western Maharashtraduring rabi 2016-17
and rabi 2017-18

Taluka Village Rainfed/ Variety PDI % PDI % Mean
irrigated sown 2016-17 2017-18 PDI %

District- Satara
Koregaon Circlewadi Rainfed Golden 23.24 25.70 24.47

Nandiwal Rainfed Golden 22.22 23.30 22.76
Naygaon Rainfed Golden 21.91 23.20 22.56
Karanjkhop Rainfed Golden 19.07 21.70 20.39
Solashi Rainfed Golden 17.33 19.30 18.32

Average of Taluka 20.75 22.64 21.70
Wai Gopegaon Irrigated Arkel 44.43 46.23 45.33

Pasarni Irrigated Golden 41.67 53.20 47.44
Phulenagar Irrigated Golden 54.07 52.80 53.44
Shendurjane Irrigated Wai 32.49 37.60 35.05
Bavdhan Irrigated Arkel 48.84 53.50 51.17

Average of Taluka 44.30 48.67 46.49
Mahabaleshwar Gureghar Rainfed Golden 23.20 25.80 24.50

Avkali Rainfed Golden 22.40 23.80 23.10
Bhilar Rainfed Golden 21.10 22.80 21.95
Taighat Rainfed Golden 18.80 22.70 20.75
Pangari Rainfed Golden 17.90 19.40 18.65

Average of Taluka 20.68 22.90 21.77
Average of District 28.56 31.40 29.98
District- Pune
Bhor Khopi Irrigated Golden 38.58 41.10 39.84

Shivre Irrigated Golden 37.87 40.30 39.05
Khedshivapur Irrigated Golden 34.58 37.60 36.09
Vavare Irrigated Golden 32.89 34.80 33.84
Kamthadi Irrigated Golden 28.58 30.60 29.59

Average of Taluka 34.50 36.88 35.69
Purander Hiware Irrigated Golden 45.56 50.10 48.83

Chambali Irrigated Golden 42.58 45.20 43.89
Bodhgaon Irrigated Golden 38.13 41.50 39.81
Saswad Irrigated Arkel 37.02 39.50 38.26
Kodit Irrigated Golden 36.89 36.90 36.89

Average of Taluka 40.04 42.64 41.34
Average of District 37.27 39.75 38.51
District- Ahmednager
Parner TakliDhokeshwr Irrigated Arkel 71.36 77.45 74.40

KanhurPathar Irrigated Arkel 63.20 58.80 61.00
Goregaon Irrigated Arkel 40.40 42.00 41.20
Bhalawani Irrigated Arkel 40.10 44.20 42.15
Kinhi Irrigated Golden 35.80 38.93 37.36

Average of Taluka and District 50.17 52.28 51.23
Average of Western Maharashtra 38.67 41.15 39.91



Ahmednagar district like Taklidhokeshwar,
Kanhurpathar were identified as a highly severe
infected hot spot for pea powdery mildew
disease in major pea growing area of Western
Maharashtra during rabi 2016-17 and 2017-
18. Similarly, Singh and Tripathi (2015), were
identified a hot spots like Motahaldu in Nainital,
Rishikesh in Dehradun, Lakshar in Haridwar and
Gadarpur, Jaspur and Pantnager in U.S. Nager
districts for the Powdery mildew disease of pea.

Conclusions

Powdery mildew severity varied from locality
to locality because of type of variety grown,
different environmental condition, cropping
pattern and buildup of inoculum of different
locality. All variety sown by farmers were
infected by powdery mildew but more severe in
case of “Arkel” than “Golden” and local variety
“Wai”. It was observed that disease severity was
more in irrigated crop than in rainfed crop due
to ideal microclimate. The data on severity

revealed that, villages of Parner tahsil of
Ahmednagar district like Taklidhokeshwar,
Kanhurpathar were identified as a highly sever
infected hot spot for pea powdery mildew
disease in major pea growing area of Western
Maharashtra.
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Abstract
SCN-6 named as a Dapoli-2 is the first somaclonal variety of Finger millet developed through

biotechnological interventions. It is rich in iron and calcium than parent variety Dapoli-1. The callus mediated
regeneration technique has been standardized and variable somaclones were selected by using molecular
markers and field trials. The most promising clones were tested in state level and coordinated trials during
2011 to 2015 at different locations. In multilocation trials conducted at Konkan region of Maharashtra SCN-
6 has recorded 14.20% more yield than parental variety Dapoli-1. On farmers field, the somaclone SCN-6
recorded 22.44 q/ha and it was 27.42 percent more yield than Dapoli-1. For all India coordinated trials this
clone shows tolerance to biotic stress conditions particularly, blast. It has open panicle, medium in height, mid
late in duration and recorded 17 q ha-1 average yield in normal condition. 

Key words : Finger millet, Dapoli-2, somaclone, molecular markers and quality  

______________

Finger millet (Eleusine coracana L. Gaertn)
is an important cereal crop for subsistence
agriculture in the dry areas of Eastern Africa,
India and Srilanka. It is a staple food crop in
Maharashtra, Karnataka and some hilly regions
of the country. It is a favorite food of hard toiling
class and also very useful to persons suffering
from diabetes. Germinating grains are malted
and fed to infants. It is also good for pregnant
women and is considered as mutative food for
adults of different ages. It is rich in Ca and Fe. It

is grown as a minor cereal crop for monsoon
season in some hilly areas which is grown both
for grain and forage. 

The global annual planting area of finger
millet is estimated at around 4-4.5 million  ha
with a total production of 5 million ton of grains
of which India alone produces about 2.3 million
ton. Finger millet contributes nearly 40 per cent
of small millets in India and it is cultivated over
an area of 1.1 million ha with total production
of about 2.3 million tones. It is widely grown in
Karnataka, Tamil Nadu, Andhra Pradesh,
Orissa, Bihar, Gujarat, Maharashtra in the hilly

1. Incharge, 2. Director of Extension, 3. Junior
Research Assistant, 4. Deputy Director of Research, 5.
Junior Technical Assistant.



regions of Uttar Pradesh and Himachal Pradesh
(agrimaha.com, 2012-13). In Maharashtra, area
under finger millet is 166.8 thousand hectare
with production of 170.2 thousand tons. 

Conventionally recombination of the desired
genes in this crop by sexual hybridization is
difficult because of tiny flower, chasmogamy,
receptivity and viability of stigma and pollen and
anthesis during midnight. Somaclonal variation
or tissue culture induced variation has a vast
potential for inducing genetic variation in this
crop. Considering these, efforts were made to
develop additional variety by accelerating
mineral content and yield potential of finger
millet since the crop is very popular in tribal
areas of Maharashtra. The somaclones were
developed from Dapoli-1 variety by using tissue
culture tool. 

Materials and methods

A popular commercially released variety
Dapoli-1 was used as a parent for generating
somaclonal variation. The cause induction and
in vitro regeneration was tried in two types of
explants viz., mature embryo axes and epicotyls
during 2009 to 2011 at Plant Biotechnology
Centre, College of Agriculture Dapoli. The MS
and B5 medium supplemented with 2,4-D,
NAA, BAP, Kinetin and IBA in different
combination and concentration were included in
the study. The tissue from epicotyls region of
early seedlings were cultured on artificial culture
medium supplemented with different growth
hormones. As a result of the culture, a number
of calli were formed which upon sub-culturing
produced plantlets with roots. These plantlets
were separated and planted in small pots .The
hardening of plantlets was carried out in growth
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Table 1. Performance of SCN-6 (Dapoli-2) culture in Station trials

Season and Name of Grain yield (q ha-1) % increase S.E.± CD at 5%
year the trial ––––––––––––––––––––––––– over Check.

SCN-6 Dapoli-1
(Check.)

Kharif-2011 IVT 22.87 12.09 89.16 0.066 0.19
Kharif -2012 AVT 23.27 14.09 65.15 1.36 3.95
Mean 23.07 13.09

Table 2. Pooled analysis of grain yield performance (q ha-1) of the Finger millet cultures in Multilocation trial over the years
2013, 2014 and 2015

Name of the culture Grain yield (q ha-1) % increase 
––––––––––––––––––––––––––––––––––––––––––––––––––––––– over check
2013 2014 2015 Mean

SCN-6 (Dapoli-2) 25.55 18.82 26.77 23.71 14.26
SCN-14 24.58 16.63 21.32 20.84
PR-1012 24.08 17.13 24.08 21.76
Dapoli 1 (Ch) 24.07 17.14 21.06 20.75
SE± 0.35
CD at 5 % 1.005
CV% 1.97

(Ref. Research Review Committee of Field Crops (Millets, Pulses and Seed technology) of Agricultural Botany, Report-13th
April 2016)



chamber. For the initial 10-15 days high
humidity was gradually reduced to the ambient
level over a period of 2-4 weeks. The potting
mixture containing soil, sand and vermiculite
(1:1:1) was used for transplantation of plants. 

DNA was extracted from immature leaves by
using rapid method (Doyle and Doyle 1990)
DNA quantification was done on 1 per cent
agarose gel with lambda DNA and subjected for
further PCR analysis. The statistical analysis was
done in MSTAT-C software program developed
by Russel D. freed MSTAT Director, crop and
soil science, Department Michigan State
University Version 2.10. The genetic variability
tested within the variants of Dapoli-1 genotype
with ten decamer primers from kit OPA and
OPD. It indicated that there was genetic distance
between variants of Dapoli-1 genotype. These
variants were planted in the experimental field
for observing their field performance. The
progeny rows of these plants were sown in field
in successive season. The M2–M7 generation
was examined for variation and the variants
were selected individually. A good variation for
plant height, number of tillers per plant, number
of fingers per panicle, length of panicle, maturity
days, harvest index and grain yield were
observed. 

The total ten somaclones of finger millet
selected on the basis of yield and yield
contributing characters and used for further
evaluation trials. The quality analysis was done
according to the Kjeldahl method for protein
estimation, Versenate method for calcium
(Cheng and Bray 1951) and atomic absorption
spectrophotometer (Tandon 1993) for iron
estimation.

Results and discussion

In Vitro development of somaclones :
High variability can be induced through in vitro
callus culture. Somaclonal variation is a cheaper
in vitro method for creation of genetic

variability. It has been most successful in crops
with limited genetic system or narrow genetic
base (Angela K. 1995). 

Further, morphological variation in strolling
and erectness among finger millet has been
reported by (Mohonty et al. 1985 and Godwin
et al. (1997) The highest callus induction
response in mature embryo axes was recorded
in auxins level, MS+2 mgl-1 2,4-D (56.67%) and
NAA (43.33%). Similarly, in epicotyls explants
the media combinations MS+2 mgl-1 2,4-D
gave (41.66%) and MS + 4 mgl-1 NAA
(38.33%) callus induction in Dapoli-1 genotype
(Patil.et.al 2009)). Different growth regulators at
varying concentration resulted in causing
variability in plantlet regeneration. The presence
of required level of hormones is a pre-requisite
for the initiation of organogenesis in vitro (Thiru

Sawardekar et al.10

Table 3. Grain yield performance (q ha-1) of SCN-6
(Dapoli-2) in adaptive trials conducted on farmers
field in Konkan region during Kharif 2014

District No. of Av. yield(q ha-1) %  
trials ––––––––––––––––––––– increase
taken SCN6 Dapoli-1 over 

(Dapoli-2) check

Palghar 2 12.59 12.32 2.19
Ratnagiri 5 33.74 22.56 49.56
Raigad 5 19.22 15.52 23.84
Sindhudurg 6 19.0 16.98 11.89
Grand mean 22.44 17.61 27.42

Table 4. Grain yield (q ha-1) of SCN-6 in All India Co-
ordinated trial on Finger millet during Kharif
2015.

States Grain yield (q ha-1)
–––––––––––––––––––––––––––
SCN-6 L.C.
(Dapoli-2)

Chattisgarh 30.63 30.63
Maharashtra 19.59 20.80
Berhampur 28.25 25.38
Tamil Nadu 32.50 28.10
India (Average) 27.74 26.22

(Source: Annual Report 2015-16 of All India Co-ordinated
small millets improvement project, PP:BR-2 to BR-6)



and Ram 1980). Media containing MS + 3 mgl-
1 BAP showed highest (5.42) and MS + 2 mgl-
1 kinetin (4.73) number of plants per explants
regenerate with mature embryo axes. Number
of plantlets regenerated with epicotyls explants
in Dapoli-1 genotype was 4.16 and 2.72 in
media combinations MS + 2 mgl-1 BAP and
kinetin, respectively in Dapoli-1 genotype (Patil

et al. 2009). Supply and regulation of
endogenous auxin may play a crucial role in root
initiation. Similarly exogenous auxins are
essential for rooting (Wakizuka and Yamaguchi
1987). The most suitable combination for
rooting was 1/2 MS + 2 mgl-1 IBA + 0.1 mgl-1

BAP + 2% sucrose. Rooted plants were
transfered to the potting mixture of soil, sand
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Table 5. Distinguishing agronomical and morphological characters between SCN-6 (Dapoli-2) and  Dapoli-1

Variety/Check SCN-6 (Dapoli-2) Dapoli-1 (Ch)

A) Agronomical characters
Lodging susceptibility (at maturity) Non- lodging Non- lodging
Main ear head length (cm) 9.4 8.3
Leaf number(opposite to each other) 25 27
Finger number 8 6
Days to 50% flowering (days) 90 days (Kharif) 94 days (Kharif)
Days to maturity (days) 119 days (Kharif) 121 days (Kharif)

B) Morphological characters
Plant height (cm) 86 94
Growth habit Erect Erect
Culm branching Absent Absent 
Plant pigmentation Absent Absent
Productive tillers plant-1 4 3
Ear shape open ear heads open ear heads
Ear size Large Large
Wt. of earhead(g) 8.2 7.02
No. of fingers/earhead 8 6
Finger branching Absent Absent
Discontinuity of spikelet’s on finger Absent (Spikelets continuous) Absent (Spikelets continuous)
Spikelet shattering Absent Absent
Synchrony of ear maturity Synchronous Synchronous
Grain covering Enclosed Enclosed 
Grain Colour Orange red Red brown 
Grain shape Reni form Reni form
Grain surface Smooth Smooth
Grain uniformity Uniform Uniform
Grain density cm-2 72 70
1000 grain weight (g) 2.5 2.6
Mean grain yield (q ha-1) 17 15
Potential yields(q ha-1) 27 20

C) Quality characters
Protein content % 6.12 9.66
Carbohydrate content % 80 72
Calcium content (ppm) 283 267
Iron content (ppm) 378 144



and vermiculite (1:1:1) which showed maximum
(60%) survivability (Patil et al. 2009).

Selection of variable somaclones
through Molecular markers : The ISSR
analysis of variants was carried out with total ten
primers. Among 6 primers gave amplification,
where as remaining 4 primers failed to show
amplification (Harvey et al. 1996). The cluster
analysis using ISSR data was performed. It
indicated that there was genetic distance
between variants and genotype (Patil et al.
2009).

The variants obtained from Dapoli-1 were
subjected to generation study by giving selection
pressure in M2-M6 generation. The promising
somaclones after stability were selected and their
variability analyzed through molecular markers.
There was a sufficient level of polymorphism
between somaclones and parental variety Dapoli
1 (Fig. 1).

Field evaluation : The grain yield
performance data of SCN-6 (Dapoli-2) in IVT
and AVT trial are furnished in Table 1. The
SCN-6 (Dapoli-2) genotype produced
significantly highest grain yield (22.87 q ha-1) i.e.

Sawardekar et al.12

Table 6. Interaction effect of fertilizer doses x spacing on grain yield (q ha-1) of SCN-6 (Dapoli-2) genotype of finger millet

Spacing/Fertilizer Dose S1 : 20 x 20 cm S2 : 20 x 15 cm S3 : 25 x 10 cm Mean

F1-60 kg N + 40 kg P +40 kg K ha-1 19.98 20.47 19.25 19.90
F2 - 80 kg N + 50 kg P +50 kg K ha-1 19.27 23.68 19.90 20.95
F3 - 100 kg N + 60 kg P +60 kg K ha-1 21.02 23.12 21.91 22.01
F4 -80 kg N +40 kg P + 40kg K ha-1 25.50 27.61 27.09 26.73
Mean 21.44 23.72 22.03

RESULT SEM± CD
Spacing SIG 0.34686 1.361942
Fertilizer SIG 0.207761 0.61729
Spacing X Fertilizer SIG 0.359853 1.069178

(Ref. - Research Review Committee on Biochemistry Biotechnology held on 13th April 2016- Report (Source: Department of
Agronomy, DBSKKV, Dapoli.)

Table 7. Reaction of SCN-6 (Dapoli-2) against important diseases in All India co-ordinated trial on finger millet during Kharif
2015

Location LB (G) N. B. (%) F. B. (%) BS (G) BB (%) CLS (G) L. Bl.

Bangalore 2.3 0.2 1.5 - - - -
Ranichuri 2.0 0.0 0.0 - - 5.0 2.0
Ranchi 4.3 - - - - - -
Athyandal 1.7 1.3 8.3 1.0 - - -
Jagdalpur 3.3 1.6 6.6 1.0 0.0 - -
Mandya - - - - - - -
Berhampur - 12.1 0.0 - - - -
Vizianagram 1.0 11.7 9.6 - 11.1 - -
Almora 3.0 0.0 NF - - - -
Mean 2.5 3.9 5.2 1.0 5.6 5.0 2.0

LB- Leaf Blast, NB- Neck Blast, FB- Finger Blast, L. Bl- Leaf blight, CLS(G)-Cercospora leaf spot, BB-Banded blight, BS-Brown
spot, G-Grade, NF-Didn’t flower
(Source: Annual Report 2015-16 of All India co-ordinated small millet improvement project PP: 25)



89.16 percent increase over the check Dapoli-
1 in IVT trial conducted during Kharif-2011.
During Kharif- 2012, the culture SCN-6
(Dapoli-2) was tested in Advanced Varietal Trial
(AVT). It yielded 23.27 q ha-1 which was the
65.15 per cent increase over check Dapoli-1.
This indicated that the genotype Dapoli-2 is high
yielding than existing finger millet variety under
similar environmental condition. Above findings
are on lines with Bhave et al. (2007). The
multilocation trials of the somaclones SCN-6
was conducted for three years during kharif
2013, 2014 and 2015 and observations were
recorded in Table 2. The pooled analysis
revealed that Dapoli-2 has recorded highest yield
(23.71 q ha-1) which was significantly superior
over all the cultures. The per cent increase over
the check Dapoli-1 was 14.26%.

The yield data of adaptive trial conducted
during Kharif 2014 on farmers field is presented
in Table 3. The 18 adaptive trials were
conducted in Konkan region of Maharashtra.
The culture SCN-6 (Dapoli-2) recorded the
highest grain yield (22.44 q ha-1) and the
percent increase over the check Dapoli-1 was

27.42. In the coordinated trial conducted during
2015 this somaclones has recorded at par yield
over best check (Table 4). The distinguished
agronomical, morphological and quality
characteristics are presented in Table 5. It
indicates that SCN-6    (Dapoli-2) is midlate in
duration (119 days) and semi tall (86 cm) in
height. The higher yield component characters
are number of fingers (8), weight of earhead (8.2
g) and grain density cm-2 (72).

The SCN-6 (Dapoli-2) variety was specially
released for tribal community due to higher
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Table 8. Multipest resistance screening of SCN-6 (Dapoli-2) in All India Co-ordinated trial on Finger millet during Kharif 2015

Berhampur Ranchi
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––

GH Aphids SB No. of predators/m2 GH MW SB EC
––––––––––––––––––– –––––––––––––––––––– ––––––––– ––––––––––––––––––––––
% plants % leaves %plants %panicles % of DH Spiders LBB

3.5 9.4 2.7 4.8 0.00 0.00 1.00 4.00 5.00 5.66 8.33

GH: Grass hoppers MW: Myllocerus weevil, SB: Stem borer, EC: Earhead caterpillar, LBB : Lady bird beetles
(Source: Annual Report 2015-16 of All India co-ordinated small millet improvement project)

Table 9. Screening of SCN-6 (Dapoli-2) for resistance to diseases and pest (2012-13) 

Culture Per cent incidence of blast disease Reaction to pests
–––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––
Nursery stage Tillering stage Grasshopper Blister beetle

SCN-6 (Dapoli-2) 14.5 2.2 0.06 -
Dapoli-1 52.5 4.2 0.06 0.13

(Ref. Research Review Committee on Biochemistry Biotechnology held on 19th March 2013- Report)
(Source: Department of plant pathology, DBSKKV, Dapoli.)

Fig. 1. Genetic variability analysis among
Dapoli-1 and SCN-6 (Dapoli-2) by using
ISSR markers



minerals like Fe (378 ppm) and Ca (283 ppm)
to fulfill the mineral requirement of the
malnourished tribal peoples and their childrens.
Similar results are also noted by (Shelar
et.al.2009). Relatively less calcium content
found in Dapoli-1 and Dapoli Safed which were
267 ppm and 234 ppm, respectively. While iron
content found in Dapoli-1 and Dapoli Safed
were 144 ppm and 209 ppm, respectively
(Anonymous, 2010).  

The grain yield data of SCN-6 (Dapoli-2)
were recorded at fertilizer dose × spacing trial
conducted during kharif- 2015 and showed
graded and significant response (Table-6). The
average yield obtained by the fertilize dose of 80
kg N+ 80 kg P+ 40 kg K ha-1. and spacing
(20×15 cm) was 27.61 q ha-1. The overall
observations recorded for pest and diseases in
(Table 7), (Table 8) and (Table 9) showed that the
SCN-6 (Dapoli-2) resistant than check Dapoli-1.

SCN-6 ( Dapoli 2 ) variety is released on the
basis of high yielding, rich in iron and calcium,
moderately resistant to blast specially for
malnutritious community. It will helpful to boost
farmers for cultivation of finger millet and
commercial utilization of this crop to Konkan
region of Maharashtra and other counter part of
India.
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India is the major safflower (Carthamus
tinctorius L.) growing country in the world with
an area of 1.84 lakh ha, production 1.09 lakh
tones and productivity is 591 kg ha-1

(Anonymous, 2014a). Maharashtra state
contributes nearly 57 per cent (1.05 lakh ha)
and 53 per cent (0.58 lakh tones) to the total
area and production of the country, respectively.
The low productivity of safflower is attributed to
a number of reasons; however inadequate follow
up of the improved production technology and
poor or neglected management of insect-pests
and diseases are the most important factors
resulting in low yield. 

Safflower  crop  is  affected  by  a  number
of  insect-pests  and  diseases  causing substantial
losses in yield (Singh et al., 1999). Among the
various insect pests, safflower aphid (Uroleucon
compositae Theobald) is the most destructive

infesting the crop from elongation phase up to
flowering period (Akashe et al., 1999). Aphid
causes 52 to 93 per cent losses in safflower yield
(Anonymous, 2014b). Several insecticides have
been recommended for its management during
the recent past (Neharkar et al., 2003; Akashe
et al., 2008; Sharma et al., 2009; Bisen et al.,
2012 and Akashe et al., 2015) but the major
limitations of chemical insecticides are hazards
to human beings, animals, ecosystem besides
their high cost. The continuous use of
insecticides has also lead to development of
resistance in insect pests. Therefore, it is
necessary to look for some alternate eco-friendly
and cost-effective management strategies.
Entomopathogenic fungi from hypomycetes
which are opportunistic pathogens usually cause
insect mortality by nutritional deficiency,
destruction of tissues and by release of toxins.
Cuticle degrading enzymes like chitinase,
protease and lipase produced by the
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Abstract
The efficacy of entomopathogenic microbes against safflower aphid (Uroleucon compositae Theobald)

was studied for three consecutive years from 2011-12 to 2013-14. The lowest average aphid population was
recorded in foliar spray of Metarhizium anisopliae @ 4 g l-1 (17.04 and 12.11 aphids on 5 cm twig plant-1

after first and second spray, respectively). It was followed by foliar spray of Verticillium leccanii @ 4 g l-1

(19.19 and 13.78 aphids on 5 cm twig plant-1) and Beauveria bassiana @ 4 g l-1 (22.44 and 20.49 aphids
on 5 cm twig plant-1). The maximum decline in aphid population after first and second spray was registered
in Metarhizium anisopliae @ 4 g l-1 (72.89 and 84.80 %) followed by Verticillium leccanii @ 4 g l-1 (69.47
and 82.70%) and Beauveria bassiana @ 4 g l-1 (64.30 and 74.28%). Besides its efficacy in checking safflower
aphid to the desired level, Metarhizium anisopliae @ 4 g l-1 gave the highest average seed yield (799 kg
ha-1) with the highest Benefit : Cost ratio (2.08) and it was followed by Verticillium leccanii @ 4 g l-1 (643.0
kg ha-1 and 1.71) and Beauveria bassiana @ 4 g l-1 (565 kg ha-1 and 1.43).
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entomofungal pathogens play an important role
in the pathogenicity of these organisms on
insects in the breakdown of insect cuticle for
penetration of fungal germ tube into the insect
body. The entry of entomopathogenic fungi
through the insect cuticle is considered to occur
by a combination of mechanical pressure and
enzymatic degradation. Several mycotoxins like,
Beauvericin, Beauverolides, Bassianolide (by
B. bassiana, V. lecanii, Paecilomyces spp.) and
Destruxins A, B, C, D, E, F (by M. anisopliae)
are produced during pathogenesis and these act
like poisons for the insects. After the death of
the insects, the fungus breaks open the
integument and forms aerial mycelia and
sporulation on the cadavers (Tanada and Kaya,
1993). The present investigation was, therefore,
undertaken to test some entomopathogenic
microbes for their efficacy in the management
of safflower aphid.

Materials and Methods

A  field  experiment  was  conducted  during
2011-12,  2012-13  and  2013-14  in  a
randomized block design with  three replications
to manage aphid on  safflower variety SSF-658
by using different entomopathogenic microbes.
Safflower was dibbled using inter and intra-row
spacing of 45 cm and 20 cm, respectively in the
plots of 4.0 m x 4.5 m each. The  foliar  spray
of  six  entomopathogenic  microorganisms viz.,
Verticillium leccanii (1.0 x 108 cfu g-1),
Beauveria bassiana (1.0 x 108 cfu g-1),
Metarhizium anisopliae (1.0 x 108 cfu g-1),
Trichoderma viridi (2.0 x 106 cfu g-1),
Paecilomyces linacius (1.5 x 108 cfu g-1) and
Pseudomonas fluorescents each @ 4 g l-1 (2.0
x 106 cfu g-1)  water and a treatment with only
water spray @ 500 l ha-1 were evaluated for
their efficacy against safflower aphid in
comparison with an absolute control. Two
sprays of these treatments were applied at 40
and 55 days after sowing. Sunflower oil was

mixed thoroughly in each treatment @ 0.5 ml
l-1 to increase pathogenic activity of the
entomopathogens. 

The observations on aphid count were
recorded on 5 cm apical twig plant-1 on five
randomly selected plants in each treatment at
fortnightly interval. The seed yield (kg ha-1) of
each treatment plot was recorded at harvest and
the economics i. e. benefit : cost (B:C) ratio was
also worked out. The data on actual aphid count
before and after spray were subjected to square
root transformation for statistical analysis. The
data on transformed aphid count before and
after spray and seed yield were subjected to the
statistical analysis employing standard methods
of analysis of variance (Panse and Sukhatme,
1985). The percent decline in aphid population
in each treatment plot after both the sprays was
calculated considering aphid number in absolute
control plot as 100% for judging the
comparative efficacy of different treatments.

Results and Discussion

Aphid population : The aphid population
recorded in all the treatments before first spray
(Table  1) showed  non-significant  differences
during  all  three  years  which  indicated  the
initial uniformity in pest population before
imposing the treatments. The data presented in
Table 1 and 2 showed significant differences
among the treatments in respect of aphid
population on 5 cm twig plant-1 after each spray
during all the three years. All the treatments
recorded significantly lower average aphid
population than the absolute control (62.85 and
79.67 aphids on 5 cm twig plant-1) after both
the sprays. Among the treatments, Metarhizium
anisopliae@ 4 g l-1 registered significantly lower
pest population (17.04 and 12.11 aphids on 5
cm twig plant-1) than all other treatments. It was
followed by Verticillium leccanii @ 4 g l-1

(19.19 and 13.78 aphids on 5 cm twig plant-1)
and Beauveria bassiana @ 4 g l-1 (22.44 and
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20.49 aphids on 5cm twig plant-1). The
maximum decline in aphid population over the
absolute control after both first and second spray
was recorded in Metarhizium anisopliae @ 4 g
l-1 (72.89 and 84.80 %) followed by
Verticillium leccanii @ 4 g l-1 (69.47 and
82.70%) and Beauveria bassiana @ 4 g l-1

(64.30 and 74.28 %). However, Metarhizium
anisopliae @ 4 g l-1 and Verticillium leccanii @
4 g l-1were statistically at par with each other in
respect of aphid population after second spray
(Table 2). 

Seed yield and Economics : All the
entomopathogenic microbial spray treatments
recorded significantly higher seed yield than the
absolute control (Table 3). The highest average
seed yield of 799 kg ha-1 was recorded by
Metarhizium anisopliae @ 4 g l-1 which was
significantly superior to the rest of the

treatments. It was followed by Verticillium
leccanii @ 4 g l-1 (643 kg ha-1) and Beauveria
bassiana @ 4 g l-1 (565 kg ha-1) which in turn
were at par with each other. The benefit-cost
analysis of different treatments indicated that
Metarhizium anisopliae @ 4 g l-1 recorded the
highest B : C ratio of 2.08 which was followed
by Verticillium leccanii @ 4 g l-1 (1.71)  and
Beauveria bassiana @  4  g  l-1 (1.43).  The
remaining treatments were less economical. 

Gindin et al.  (2000) studied the
pathogenicity of different strains of Verticillium
leccanii against silver leaf whitefly, Bemisia
argentifolii, and reported the nymphal mortality
up to 95-98%. Similarly, Phadke and Phadke
(2000) reported 86% mortality of Bemisia
tabaci on brinjal at 5 days after treatment of
Verticillium leccanii 0.2 %. Anitha (2007)
reported that Verticillium leccanii was
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Table 1. Efficacy of different entomopathogens for management of safflower aphid (2011-12, 2012-13 and 2013-14)

Treatments Ist Spray : Av. Aphids number on 5 cm twig plant-1
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Before Spray After Spray
–––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––––––
2011 2012 2013 Mean 2011 2012 2013 Mean % decline 
-12 -13 -14 -12 -13 -14 to control

Verticillium leccanii @ 4 g l-1 30.33 33.67 37.11 33.70 10.68 19.00 27.89 19.19 69.47
(5.51)* (5.80)* (6.09)* (5.80)* (3.26)* (4.34)* (5.28)* (4.29)*

Beauveria bassiana @ 4 g l-1 31.00 34.00 37.45 34.15 12.33 20.67 34.33 22.44 64.30
(5.57) (5.83) (6.12) (5.84) (3.51) (4.54) (5.86) (4.64)

Metarhizium anisopliae @ 4 g l-1 30.00 34.33 37.67 34.00 9.00 12.33 29.78 17.04 72.89
(5.48) (5.86) (6.14) (5.83) (3.00) (3.50) (5.44) (3.98)

Trichoderma viridi @ 4 g l-1 30.33 34.00 37.22 33.85 20.33 24.67 37.33 27.44 56.34
(5.51) (5.83) (6.10) (5.81) (4.51) (4.96) (6.11) (5.19)

Paecilomyces linacius @ 4 g l-1 31.00 33.33 37.56 33.96 21.33 25.00 36.56 27.63 56.04
(5.57) (5.78) (6.13) (5.83) (4.62) (5.00) (6.05) (5.22)

Pseudomonas fluorescens @ 4 g l-1 30.68 34.33 37.22 34.08 22.68 26.33 39.44 29.48 53.10
(5.54) (5.86) (6.10) (5.83) (4.76) (5.13) (6.28) (5.39)

Water spray @ 500 l ha-1 30.68 33.67 37.44 33.93 47.68 46.67 49.55 47.97 23.68
(5.54) (5.80) (6.12) (5.82) (6.89) (6.82) (7.04) (6.92)

Absolute control 31.00 34.67 37.22 34.30 60.00 71.00 57.56 62.85 00.00
(5.57) (5.89) (6.10) (5.85) (7.74) (8.43) (7.59) (7.92)

SE± 0.06 0.06 0.02 0.03 0.16 0.16 0.12 0.08 -

CD. at 5% NS NS NS NS 0.49 0.48 0.36 0.24 -

CV % 1.84 1.81 0.49 - 5.85 5.16 3.29 - -

*Figures in parenthesis are square root transformations to which the statistical analysis pertains.



significantly superior in controlling whiteflies.
The pathogenicity of indigenous isolates of
entomopathogenic fungi against rice leaf folder,
Cnaphalocrocis medinalis (Guenee) was also
studied by Ambethgar et al. (2007). They
reported that the 42 local isolates of
Metarhizium anisopliae (3), Beauveria
bassiana (22), Metarhizium flavoviride (1),
Nomuraea rileyi (4), Paecilomyces linacius (1),
Aspergillus spp. (5), Fusarium spp. (3), and
Zoophthora radicans (2) and Entomophthora
spp. (1) were pathogenic to Cnaphalocrocis
medinalis at varying degrees. Among the
biocontrol agents tested for the control of
Meloidogyne incognita Chitwood on sugar
beet, the field application of Pseudomonas
fluorescens recorded significantly higher growth
parameters and lower nematode population and
was found as effective as carbofuran. It was
followed by Trichoderma viridi and Bacillus
subtilis (Kavitha et al., 2007). In the field

evaluation of entomopathogenic fungal
formulations against sucking pests of okra, Naik
and Shekharappa (2009a) reported that oil
based formulation of Metarhizium anisopliae
recorded minimum of 5.25 leaf hoppers 3
leaves-1 followed by Beauveria bassiana (6.88)
and Verticillium leccanii (7.75). In aphid
management, oil based formulation of
Verticillium leccanii was best and recorded
7.75 aphids 3 leaves-1 followed by Beauveria
bassiana (9.75). Naik and Shekharappa (2009b)
also evaluated entomopathogenic fungal
formulations against okra sucking pests in vitro.
They reported that the oil and WP formulations
of Beauveria bassiana and Metarhizium
anisopliae recorded 96.67% mortality of
leafhoppers whereas the oil formulation of
Verticillium leccanii and WP formulation of
Beauveria bassiana recorded 93.33% mortality.
The efficacy against okra aphids under
laboratory revealed that the oil formulation of
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Table 2. Efficacy of different entomopathogens for management of safflower aphid (2011-12, 2012-13 and 2013-14)

Treatments After IInd Spray : Av. Aphids number on 5 cm twig plant-1
(15 days after first spray)

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
2011-12 2012-13 2013-14 Mean % Decline 

to control

Verticillium leccanii @ 4 g l-1 9.68 15.00 16.67 13.78 82.70
(3.11)* (3.83)* (4.08)* (3.67)*

Beauveria bassiana @ 4 g l-1 10.68 21.33 29.45 20.49 74.28
(3.26) (4.62) (5.36) (4.42)

Metarhizium anisopliae @ 4 g l-1 8.00 13.00 15.33 12.11 84.80
(2.83) (3.60) (3.90) (3.44)

Trichoderma viridi @ 4 g l-1 17.68 22.33 33.00 24.34 69.45
(4.19) (4.72) (5.74) (4.88)

Paecilomyces linacius @ 4 g l-1 18.68 25.33 30.22 24.74 68.95
(4.32) (5.03) (5.50) (4.95)

Pseudomonas fluorescens @ 4 g l-1 21.33 27.00 32.55 26.96 66.16
(4.62) (5.19) (5.71) (5.17)

Water spray @ 500 l ha-1 55.00 80.00 59.33 64.78 18.69
(7.41) (8.94) (7.70) (8.02)

Absolute control 66.00 106.67 66.33 79.67 00.00
(8.12) (10.32) (8.15) (8.86)

SE± 0.12 0.21 0.11 0.09 -
CD. at 5% 0.37 0.64 0.32 0.25 -
CV % 4.48 6.32 3.15 - -

*Figures in parenthesis are square root transformations to which the statistical analysis pertains.



Verticillium leccanii showed 100% mortality
followed by the WP formulation of Verticillium
leccanii (96.67%) and oil and WP formulations
of Beauveria bassiana (93.33%). Geetha et al.
(2012) studied the in-vivo interactions of
Beauveria spp. and Metarhizium anisopliae in
the sugarcane ecosystem and reported a positive
interaction in controlling Galleria mellonella
while Bhadauria et al. (2013) reported the
biocontrol potential of Beauveria bassiana
against Spilarctia obliqua. Kharbade et al.
(2012) reported Metarhizium anisopliae and
Verticillium leccanii as the best treatments next
to spinosad 48 SC and vertimec 1.9 EC for
controlling aphids (Aphis gossypii Glover) in Bt
cotton. Datkhile et al. (2013) reported that
Verticillium leccanii (WP) at 0.3 % and
dichlorovas at 0.5 % were highly effective
against grape mealy bug (Maconellicoccus
hirsutus Green). The combination of aqueous
suspension of fungal formulations viz.,
Verticillium leccanii (3% AS) + Beauveria
bassiana (3% AS), Verticillium leccanii (3% AS)
+ Metarhizium anisopliae (3% AS) and
Beauveria bassiana (3% AS) + Metarhizium
anisopliae (3% AS) @ 2 ml l-1 were reported to
be effective in reducing the whitefly and aphid
population on pomegranate (Kulkarni et al.,

2015). The results of present investigation are
in agreement with these reports.

Conclusion

From the above results it could be concluded
that under dry land condition, two sprays of
Metarhizium anisopliae or Verticillium leccanii@
4 g l-1 of water, first at 40-45 days after sowing
and second spray at 55-60 days after sowing
have effectively controlled the safflower aphid
population and produced higher seed yields.
One spray of Metarhizium anisopliae @ 4 g l-1

of water at 40-45 days after sowing and second
spray of Verticillium leccanii at 55-60 days
after sowing can be applied alternatively to
control the safflower aphid infestation effectively
and also to produce the higher seed yields. The
lowest B : C ratio of 0.66 noticed in the absolute
control treatment indicated the importance of
aphid management through entomopathogenic
microorganisms which are eco-friendly.
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Water spray @ 500 l ha-1 455.30 272.80 163.24 297 1.05 0.87 0.52 0.81
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In semi-arid and arid regions, irrigation
induced problems of water- logging, secondary
salinization and sodification goes hand in hand.
These problems pose a great threat to the
sustainable agricultural productivity.   In India
9.55 m ha of soils reported to be salt affected
out of which 4.05 m ha of soils are adversely
affected by sodicity (Kanwar, 1994) of which
0.42 m ha occurs in Maharashtra (Challa et al.,
1995).  Excess exchangeable sodium along with
high pH and poor physico-chemical properties
leads to decrease in organic carbon and available
nitrogen (Kumar et al., 1995) and adversely
affect the uptake of major nutrients (Khanna et
al., 1983).  Salt affected soils are generally poor
in fertility and are deficient in nitrogen and
organic carbon. The organic carbon is an
indicator of organic fractions in the soil formed
from microbial decomposition of organic

residues. It acts as a major regulating factor of
organic forms of N, P2O5, sulphur and trace
elements in soils (Stevenson, 1982).  It also
improves the soil structure, infiltration rate and
nutrient retention and reduces soil erosion
(Smith and Elloitt, 1990).

The availability and supply of phosphorus,
manganese, copper, zinc and iron is a great
constraint in plant nutrition.  Therefore, in salt
affected soils proper nutrient management is
necessary for higher production and productivity
(Biswas et al. 1985).  The availability of
phosphorus decreased with an increase in pH
(Buckman and Brady, 1960) and also the
phosphorus retention increased as salinity
increase or as SAR decrease (Elmahi and
Mustafa, 1980).  Padole and Deshmukh (1998)
reported low status of available nutrient in salt
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Abstract
The present study was carried out to study the fertility status of salt affected soils in distributor number 2

of Mula command area of Ahmednagar district.  The soils were moderately to strongly alkaline in reaction
having pH ranged from 8.0 to 9.10.  The ECe of soils ranged from 0.85 to 9.73 d Sm-1. The organic carbon
content varied from 3.90 to 7.4 g kg-1 in salt affected soils indicating poor content of soil organic carbon in
sodic soils of tail region. The calcium carbonate content in these soils ranged from 67.5 to 160.0 g kg-1 and
CEC was ranged from 46.8 to 62.4 cmol (p+) kg-1).  The area affected due to soil salinity and sodicity in the
command under study was 22.39 %, out of which 6.11% was saline, 6.18% saline-sodic and 10.10% was
sodic in nature.  Among the major available nutrients, the soils were very low to low in nitrogen (121.1 to
194.4 kg ha-1), low to medium in phosphorus (6.06 to 14.88 kg ha-1) and high to very high in potassium
(270 to 773 kg ha-1).  The soils were sufficient in available Mn and Cu while deficient in available Zn and Fe.
The negative and significant correlation of soil pH with available N and K was observed. Calcium carbonate
was negative and significantly correlated with available K, Fe, Mn and Cu. The salt affected soils of mula
command area showed high fertility status in respect of available K, Mn and Cu and medium fertility status for
available P and Fe and low fertility status for organic carbon and available N.

Key words : Soil salinity, sodicity, soil properties, majar and micro nutrient status, mula
command area.



affected soils of Purna valley of Vidarbha region
in Maharashtra. The Sodic Haplustert soils had
organic carbon ranged from 3.3 to 7.5 g kg-1,
available N, P2O5 and K2O in kg ha-1 ranged
from 110.88 to 225.40, 17.50 to 30.7 and
320.1 to 380.7 kg ha-1, respectively.  Whereas,
in sodic Calciustert soils, the organic carbon (g
kg-1), available N, P2O5 and K2O in kg ha-1

were 4.4, 189.80, 22.25 and 350 respectively.
Sodic soils are deficient in available Zn and Fe
due to their low organic matter, high pH and
CaCO3 content (Katyal et al. 1980 and Takkar
et al. 1989). Soil pH and EC showed negative
correlation with available Mn and Zn. Similarly
CaCO3 showed negative correlation with
available Fe and Mn.  The negative correlation
of Zn with pH was reported by Chavan et al.
(1980).  Micronutrient deficiencies in varying
degree of intensity are being felt in most parts
of Maharashtra state. The magnitude of
deficiency of micronutrients is likely to intensify
in the years to come due to the introduction of
high yielding crop varieties coupled with heavy
application of chemically pure fertilizers and
increase in cropping intensity.  There is no
systematic information available about the
macro and micro nutrient status in mula
command area.  The present study was,
therefore, undertaken to assess the status of
available macro (NPK) and micronutrient cations
viz., Zn, Cu, Fe and Mn in relation to some
important soil properties. 

Materials and Methods

The study area is a part of Mula command
area in Rahuri Tahsil of Ahmednagar district of
Maharashtra state. The area comprises of
Kendal Bk, Kendal Kd and Chandkapur villages
in Rahuri tahsil (Fig. 1). The study area is located
between 19°51'  to 19°54' N latitude and
74°21'' to 74°25'' E longitude covers total area
of  688.53 ha.  Its elevation is 502 m above
mean sea level and is suited about 15 km east

to Rahuri town on both sides of distributory
No.2 of Mula right bank canal. The soils of study
area are slight to severely salt affected, nearly
leveled to very gentle slopping midlands of low
lying area of lower and upper pedimont plains
(basin shape topography).  The slope gradient
of study area ranges between 1 to 3 per cent
and due to land leveling the natural drains found
to be devastated. The climate of study area is
semi-arid tropical and characterized by hot
summer (March to May) and general dryness in
other months except in rainy months (June to
September). The average rainfall of study area
is 535.4 mm and the soil moisture regime is
ustic  and soil temperature is hyperthermic.

The standard methodology of detailed soil
survey was followed.  The survey of India (SOI)
topographical sheets in 1:50,000 scale (47
I/11) was used to collect topographic
information.  The toposheets were used for
location of sample areas, ground truth sites and
planning for traverse routes in the field and
cultural details. A cadestral map of the area
given in the scale of 1:8000 was used as a base
map for delineating boundaries and number of
soil sample spots of scale 1: 250 m was used.
155 surface soil samples (0-15 cm) were
collected from study area  (Soil Survey Staff,
2006).   The soil samples were air dried,
pulverized and passed through a 10 mesh sieve.
The pH, electrical conductivity (EC), organic
carbon (Walkely and Black, 1966)  and free
CaCO3 were determined by following the
standard procedure. The available N (Subbiah
and Asija, 1956), available P (Olsen et al, 1954)
and available K (Hanway and Heidal, 1967.
The available Zn, Cu, Fe and Mn were extracted
with DTPA- CaCl2 solution (Lindsay & Norvell,
1978) and their quantities estimated with atomic
absorption spectrophotometer (Perkinson
Elmner model, 2380). The correlation and
regression analyses of the data were carried out
for categorization of soils into deficient and
adequate, the threshold values were taken as 4.5
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ppm for Fe, 0.2 ppm for Cu (Sakal et al. 1984
b), 3.0 ppm for Mn  and 0.6 ppm for Zn (Takkar
et al. 1989).

Result and Discussion

Properties of surface soils : The pHs of
soils of mula command area in upland, midland
and tail region soils ranged between 8.0 to 8.4,
8.2 to 8.70 and 8.4 to 9.10, respectively with
an mean  value of 8.23, 8.58 and 8.66,
indicating their moderately to very strongly
alkaline soil reaction (Table 1). The higher pHs
of tail region soils (sodic soils) may be due to
presence of soluble and exchangeable Na+
alongwith CO32-, HCO3- ions and reverse was
the case in upland region soils (saline soils).  The
pHs range of these soils were in conformity with
the results reported by Padole and Deshmukh
(1998) and Durgude (1999).      

The electrical conductivity of soils of mula
command area in upland, midland and tail
region ranged from 4.30 to 9.73, 4.34 to 6.00
and 0.85 to 3.67 dSm-1, respectively with an
mean  value of 6.53, 5.33 and 1.98 dSm-1. The
higher values of ECe were observed in the soils
of  upland and midland region indicating higher
salinity whereas lower values of EC were

observed in the midland and tail region of the
command indicating higher alkalinity. The ECe
of saline soils was towards higher side followed
by saline -sodic and very low in sodic soils.
Similar results were also reported by Mohite
(1978).

The organic carbon content of soils ranged
from 5.7 to 7.4, 5.0 to 6.9 and 3.9 to 5.9 g
kg-1 with mean value of 6.5, 5.81 and 4.28 g
kg-1 in upland, midland and tail region soils,
respectively. The low to medium status of
organic carbon in tail region (sodic) soils could
be due to strongly alkaline condition which
might have dissolved the humic substances of
soil and further lost from soil. The low content
of organic carbon in sodic soils was also
reported by Yeresheemi et al. (1997) in salt
affected soils of Krishna command area of
Karnataka. The organic carbon content of soil
is an indicator of organic fractions in the soil,
hence it improves the soil structure, infiltration
rate and nutrient retention and reduces soil
erosion (Smith and Elloitt, 1990). So the low
organic carbon content in sodic soils reduces the
physical properties of sodic soils. The organic
carbon content of soils negatively correlated with
ESP (r = - 0.16*).
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Table 1. Properties of  surface soils of  Mula command area

Parameters pHs ECe O.C CaCO3 ESP CEC
(d Sm-1) (g kg-1) (g kg-1) (%) Cmol (p+)

kg-1

Head region(45)
Range 8.0-8.40 4.3-9.73 5.7-7.4 67.5-137.5 4.38-14.66 45.2-62.8
Mean 8.23 6.53 6.5 83.3 11.41 55.3
S. E. 0.021 0.23 0.14 2.70 2.1 0.9

Mid region (46)
Range 8.20-8.70 4.34-6.00 5.0-6.9 75-142.5 12.51-25.78 39.8-57.0
Mean 8.58 5.33 5.81 103.0 20.62 52.5
S. E. 0.028 0.22 0.09 3.0 3.0 0.71

Tail region (64)
Range 8.40-9.10 0.85-3.67 3.9-5.9 92.5-160.0 16.41-31.68 36.8-55.6
Mean 8.66 1.98 4.28 126.5 23.71 49.04
S. E. 0.017 0.08 0.072 3.03 1.7 0.56



The soils in general showed moderate to
highly calcareousness. The free calcium
carbonate status of soils in upland, midland and
tail region ranged from 67.5 to 137.5, 75.0 to
142.5 and 92.5 to 160.0 g kg-1 with mean
values of 83.3, 103.0 and 126.5 g kg-1,
respectively. From the mean values, it was
observed that tail region soils contain high status
of CaCO3 (126.5 g kg-1) followed by midland
(103.0 g kg-1) and upland soils i.e. saline soils
(83.3 g kg-1). As these soils are developed from
basaltic alluvium under semi-arid climatic
condition formed under lower piedmont which
might have favoured more accumulation of
precipitated CaCO3. The highest CaCO3 in
sodic soil of Purna Valley of Maharashtra was
also reported by Balpande et al. (1996) and
Bhattacharyya et al. (1994) in saline- sodic
Vertisols of Gujarat. The CEC of soils studied
was found higher, as these soils are
predominated with smectite. The cation
exchange capacity of the soils ranged from 36.8
to 62.8 cmol (p+) kg-1. The CEC values in
upland, mid land and tail region soils ranged
from 45.2 to 62.8, 39.8 to 57.0 and 36.8 to
55.6 with mean values of 55.3, 52.5 and
49.04%, respectively (Table 12). The CEC of tail
region sodic soils was lower than upland and
midland soils, this could be due to
transformation of smectite into chloritised
smectite, which might have reduced the internal
surface area and resulted in decrease of CEC of
sodic soil under strongly alkaline condition.  The
lower values of CEC in sodic soils were also
reported by Bhattachryya et al. (1994).

The ESP values showed wide variation
ranging from 4.38 to 31.68 per cent (Table 1).
The ESP values in upland, mid land and tail
region soils ranged from 4.38 to 14.66, 12.51
to 25.78 and 16.41 to 31.68 with mean values
of 11.41, 20.62 and 23.71 %, respectively. The
higher values of ESP were observed in midland
and tail region soils (sodic and saline-sodic soil)
might be due to strongly alkaline condition. The

ESP is positively correlated with pH (r = 0.63**)
and negatively correlated with hydraulic
conductivity (r =- 0.39**). 

Degree of land degradation : The soils
were categorized into saline, saline-sodic and
sodic soils using the criteria of U.S. soil salinity
laboratory based on the diagnostic parameters
like pHs, ECe and ESP (Table 2).  It revealed that
22.39 per cent soils are found to be degraded
out of which 6.11 per cent are saline, 6.18 per
cent and saline-sodic and 10.10 per cent are

Kale and Pharande24

Table 2. Area under different degree of degradation classes

Class Area (ha)
––––––––––––––––––––––––––––
Saline Saline- Sodic 

sodic soil

Slightly (S1) - - -
Moderately (S2) 39.11  37.12 64.52 

(92.90%) (87.22%) (92.77%)
Strongly (S3) 2.98  5.44 5.03 

(7.10%) (12.78%) (7.23%)
V. Strongly (S4)/severely - - -
Total 42.09 42.56 69.55 

(27.29%) (27.60) (45.11)
Per cent degradation  6.11 6.18 10.10
over total area

Figures in parenthesis indicates per cent soils in different
classes

Table 3. Available nutrient status of surface soil 

Parameters Available nutrients (kg ha-1)
––––––––––––––––––––––––––––––––––
N P K

Head region (45)
Range 141.1-194.4 8.82-14.88 270-583
Mean 162.9 11.67 517.3
S. E. 1.90 0.29 1.96

Mid  region (46)
Range 144.0-175.6 9.37-13.33 459-694
Mean 159.4 11.66 601
S. E. 1.14 0.22 0.88

Tail  region (64)
Range 121.1-163.1 6.06-14.05 470-773
Mean 140.1 9.18 640.5 
S. E. 0.84 0.24 2.93



sodic soils (Fig.2).  These soils are further
subdivided as moderately saline soils (92.90%)
and strongly saline soils (7.10%) based on
degree of degradation. The saline-sodic soils are
further divided into moderately saline- sodic
(87.22%) and strongly saline-sodic (12.78%).
The sodic soils are further subdivided as
moderately sodic (92.77%) and strongly  sodic
soils  (7.23%).   

Nutrient status of surface soils

Available major nutrients status of
surface soils : The available nitrogen status of
surface soils studied for all grid samples ranged
from 121.1 to 194.4 kg ha-1 (Table 3) indicating
low nitrogen content in the soils of Dy. No. 2 of
Mula command area. From the mean values, it
was observed that the upland soils showed high
status of available N (162.9 kg ha-1) as
compared with midland (159.4 kg ha-1) and tail
region sodic soils  (140.1 kg ha-1) under low
category. This could be due to comparatively
high organic matter content in saline soil and
higher pH also declined the organic carbon
status of sodic soil indicating lower values of
available N. About 84 per cent soils were found
to be low in available nitrogen and 26 % soils
were found in very low category (Table 4). 

The available phosphorus content varied
from 6.06 to 14.88 kg ha-1 which was
categorized as very low to medium. The
available P in upland, midland and tail region
soils ranged from 8.82 to 14.88, 9.37 to 13.33
and 6.06 to 14.05 kg ha-1, respectively.  It was
observed that 88.38 % of soils of command area
are low while, 3.23 % were very low and 8.39
% of soils were medium in available phosphorus
status (Table 4). The low status of available P in
these soils might be due to strongly alkaline
condition and high content of CaCO3.  Similar
results were also reported by Singh and Singh
(1966).

The available potassium status of surface
soils in upland, midland and tail region soils
ranged from 270 to 583, 459 to 694 and 470
to 773 kg ha-1, respectively.  The very high
status of available K in sodic soils of tail region
could be due to transformation and release of K
from micaceous phyllosilcates under high pH
condition and cationic concentration in soil
solution. Similar results was also reported by Pal
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Table 4. Categorizaton of soils into fertility classes as per
six tier system

Class Available nutrients
–––––––––––––––––––––––––––––––––––
N P K

Very low 25 (16%) 5   (3.23%) -
Low 130 (84%) 137 (88.38%) -
Medium - 13  (8.39) -
Moderately high - - -
High - - 30 (19%)
Very high - - 125 (81%)

N= 155

Table 5. Available micronutrient status of surface soils 

Parameters Available micronutrients (mg kg-1)
––––––––––––––––––––––––––––––––––
Fe Mn Cu Zn

Head region (45)
Range 8.36- 6.84- 1.41- 0.78-

17.22 18.14 4.42 0.90
Mean 10.63 11.54 3.33 0.86 
S. E. 0.34 0.43 0.12 0.04

Mid  region (46)
Range 6.62- 5.52- 2.12- 0.52-

14.88 15.60 5.22 0.80
Mean 7.47 10.88 2.90 0.73 
S. E. 0.28 0.34 0.14 0.012

Tail  region (64)
Range 3.42- 6.06- 1.10- 0.40-

12.18 13.04 3.26 0.64
Mean 5.63 9.75 2.33 0.53 
S. E. 0.17 0.23 0.07 0.011
Sufficient (%) 85 100 100 71
Deficient   (%) 15 - - 29



(1985), who also reported high K in salt affected
soil and their high release under high pH
conditions. The available K status of salt affected
soils in mula command followed the order: tail
region soils (sodic) > midland region soils >

upland region soils (saline), whereas, the
available N and P followed the order : upland
region soils (saline) > midland region soils  > tail
region soils (sodic).
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Fig. 1. Location map of Mula Command Dy. No. 2



Available micro nutrient status of
surface soils : Among the DTPA extractable
micronutrients, the available Fe ranged from
8.36 to 17.22, 6.62 to 14.88 and 3.42 to
12.18 mg kg-1 in upland, midland and tail
region soils an average value of 10.63, 7.47 and
4.63 mg kg-1 , respectively (Table 5). On the
basis of 4.50 ppm critical limit of available Fe as
proposed by Sakal et al. (1984 b), it may be
inferred that about 85 % soils  of  the mula
command area are sufficient in available Fe
content while 15% soils were deficient in
available Fe content. Similar results were
reported by Nipunge et al (1996) for different
Inceptisols of Maharashtra.  Available Fe was
found to be negatively correlated with pH (r = -
0.914*) and free CaCO3 (r = -0.263**), and
positively with organic carbon content of the
soils   (r = 0.251**).  

The available Mn content ranged from 6.84
to 18.14 mg kg-1, 5.52 to 15.60 mg kg-1 and
6.06 to 13.04 mg kg-1 in upland, midland and
tail region soils with an average value of 11.54,
10.88  and 9.75 ppm, respectively (Table 5).
The critical value of 3 ppm of DTPA –
extractable Mn proposed by Takkar et al (1989)
that all the soils  were sufficient in available Mn
might be due to organic matter and optimum
moisture content in soil.  The significant
negative correlations of available Mn with pH (r
= -0.204**) as well as with free CaCO3 (r = -
0.23**) was recorded.  Available Mn was
observed to be positively correlated with organic
carbon (r = 0.230**).  

The available Cu content ranged from 1.41
to 4.42 mg kg-1 , 2.12 to 5.22 mg kg-1 and
1.10 to 3.26 mg kg-1 in upland, midland and
tail region soils with an average value of 3.33,
2.90  and 2.33 ppm, respectively (Table 5).
Considering 0.2 ppm as the threshold value of
DTPA-extractable Cu (Sakal et al. 1984 b), it
may be stated that all the soil samples collected
were sufficient in available Cu. The sufficiency

of available Cu might be due to optimum
moisture content in the soil.  Similar results were
reported by Shinde (2007) in soils of Udgir and
Latur. The available Cu showed a negative
correlation with pH (r = -0.256*) and a
significantly negative with free CaCO3 (r = -
0.356**) and a significantly positive with organic
carbon (r = 0.147*).  

The available Zn content ranged from 0.78
to 0.90 mg kg-1, 0.52 to 0.80 mg kg-1 and
0.40 to 0.64 mg kg-1 in upland, midland and
tail region soils with an average value of 0.86,
0.73  and 0.53 mg kg-1, respectively (Table 5).
On the basis of 0.6 ppm critical value of DTPA
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Fig. 2. Extent of severity of salt affected soils of
Dy. No. 2 of Mula command area



– extractable Zn in soils, it may be inferred that
about 71% soils  of  the mula command area are
sufficient in available Zn content while 29% soils
are deficient in available Zn.  The deficiency of
zinc might be due to low organic carbon content
in these soils which act as a natural chelating
agent for fixation of zinc. The simple correlation
studies indicated that the relationship of available
Zn with pH (r = -0.429**) are negative and
significant, but with organic (r = 0.519**) it
being significantly positive.  

In general, the results showed that all the salt
affected surface soils were sufficient in available
Mn and Cu while, deficient in available Fe and
Zn. Similar findings were also reported by
Nipunage et al. (1996) for different Inceptisol
soil series of Maharashtra and Gupta et al.
(1970) in saline-sodic soils of Madhya Pradesh.  

Conclusion

It can be concluded from the available data
that the soils of mula command area are
moderately to strongly alkaline in reaction with
higher values of ECe in midland and upland
region soils, moderate in free calcium carbonate
and have medium status of available P and very
low to low status of available N.  However, the
high status of available K, Mn, and Cu.
Therefore for sustainable crop production
proper fertilization of nitrogen and phosphorus
and also application of ZnSO4 and FeSO4 in the
deficiency soils is necessary. The data generated
will be used as a decision making tool for
formulation of polices leading to land restoration
and reclamation of sodic soils in the command
areas. 
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Chilli (Capsicum annum L.) belongs to a
family solanaceae. It is grown all over India
having 75 percent of its area & production in
the states of Andhara Pradesh, Karnataka &
Maharashtra. Chillies are widely used throughout
the tropics & are one of the major ingradients
of curry powder in the culinary preparations.

Fruit rot is one of the worst maladies in chilli
found in India and occurs in severe form in all
the southern states. On the ripened fruit circular
and sunken spot with black margin appear
which covered with a pinkish mass of fungal
spores. With the advancement of the disease the
spots spreads forming concentric marking with
dark fruitfication of fungal acervuli . The fruits
with many spots may drop off prematurely
resulting in heavy loss of the yield
(Muthukrishnan etal. 1993). Even it the fruits are
retained on the plant till harvest they develop
white colour on drying and thus reduce the
marketability. Das and Mohanty (1986) obtained
best control with sprays carbendazim  followed
by Benomyl & Captafol. 

Anthracnose causes extensive pre and post
harvest damage to chilli fruits causing
anthracnose lesions. Even small anthracnose
lesions on chilli fruits reduce their market value
(Manathar et al. 1995).

Anthracnose or ripen fruit rot disease of chilli
caused by colletotrichum capsici (sydow) Butter
and Bisby is a major problem in India and is one
of the significant economic constraints to chilli
production worldwide, especially in tropical and
sub tropical region (Than etal. 2008) . The
disease is mainly a problem on mature fruits,
causing severe losses due to both pre and post
harvest fruit decay (Hadden and Black, 1989:
Bosland and Votava, 2003). Chilli anthracnose
usually develops under humid conditions when
rain occurs after the fruits have started to ripen
with reported losses up to 84%. (Thind and
Jhooty, 1985). Pakdeevaraporn et al. (2005)
have reported yield losses up to 50% due to
disease. The disease can be kept under check
with chemical spray programme (Kadu et al.,
1977,Thind and Jhooty, 1987: Datar et
al.,1990: Sharma and Thakore, 1999: Rathore,
2004) but the complete control is still
intractable. Management of the disease under
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the prevailing farming systems in India has, thus,
become a recurrent problem to chilli growers. 

Materials and Methods

The experiment was conducted during kharif
2014, 2015 and 2016 at All India co-ordinated
Research project on Vegetable crops. Mahatma
Phule Krishi Vidyapeeth Rahuri. Chilli crop of
the popular Phule Jyoti variety was raised in
experimental plot that was laid in randomized
block design with three replications plot size
4x3m, spacing 60 x 45 cm. The crop was raised
following recommended agronomic practice.
There were eight treatment consistting of capton
70% + Hexaconazole 50% Wp (0.2%),
Tebuconazole 25.9% EC (Co.1%),
Chlorothalonil 75% WP (0.25%), Difenconazol
25%EC (0.1%), Hexaconazole 40% EC (0.1%),
Azoxystrobin 23%SC(0.1%) and Mancozed 75%
WP (0.25%). These fungicides were evaluated
for their efficacy against disease. Untreated plots
were kept as check. These spraying were given
at 10 days interval starting the appearance of
the disease. Ten plants were randomly selected
for 10 days after observation & per cent disease
intensity of fruit rot of chilli by adopting 0 to 5
diseases rating scale. The data thus obtained
were pooled separately and statistically analyzed.

Results and Discussion

The pooled results of three years in respect
of the fruit rot percent disease intensity in chilli
yield q ha-1. and economics are presented in
Table 1 and 2. All the fungicidal treatments were
significantly superior over control  to bring down
fruit disease intensity at lower level. The
minimum disease intensity (18.45%) was
recorded with the application of three sprays of
Azoxystrobin 25 EC (0.1%) at 10 days interval.
This was followed by three spray of
Tebuconazole 25.9% EC (0.1%) (21.30%). The
Azoxystrobin 25%EC was most effective
fungicide for reducing per cent disease intensity
followed by Tebuconazoles 25.9% EC and
percent disease control 66.90% and 61.81
respectively. The maximum disease intensity of
fruit rot of chilli was recorded 55.78% in control.
Maximum yield of chilli (17.25q ha-1) was
recorded by spraying of Azoxystrobin (0.1%)
and significantly higher yield over rest of the
treatments including control.

Data given in table 1 revealed that intensity
of fruit rot of chilli in all the test chemicals was
significantly low over check. Among all the
fungicide. Azoxystrobin, Tebuconazole &
Captan 70% + Hexaconazole 50% proves to be
most effective in reducing fruit rot intensity
where in lowest 18.45, 21.30 and 23.46%
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Table 1. Bio efficacy of different fungicides for ripe fruit rot of chilli (Pooled data for kharif 2014, 2015 and 2016).

Treatment details Average disease intensity Pooled %  
–––––––––––––––––––––––––––––––––––––––––– mean disease
2014 2015 2016 control

T1 Captan 70% + Hexaconazole 50% WP (0.2%) 25.43 (30.26) 23.12 (28.64) 21.85 (27.83) 23.46 57.94
T2 Tebuconazole 25.9% EC (0.1%) 24.89 (29.87) 21.54 (27.59) 17.49 (24.65) 21.30 61.81
T3 Chlorothalonil 75% WP (0.25%) 29.58 (32.90) 26.73 (31.05) 25.52 (30.33) 27.27 51.11
T4 Difenoconazole 25% EC (0.1%) 31.72 (34.27) 29.86 (33.04) 28.27 (32.08) 29.95 46.30
T5 Hexaconazole 40% EC (0.1%) 27.34 (31.50) 25.94 (30.56) 23.12 (28.73) 25.46 54.35
T6 Azoxystrobin 23% SC (0.1%) 21.75 (27.76) 18.27 (25.20) 15.36 (23.03) 18.45 66.90
T7 Mancozeb 75% WP (0.25%) 28.42 (32.20) 33.57 (35.39) 29.75 (33.02) 30.58 45.17
T8 Control 56.94 (48.97) 52.18 (45.25) 58.24 (49.72) 55.78 -
S.E. 2.98 1.94 2.47 1.28 -
C.D at 5% 9.05 5.88 7.49 3.88 -

(Figures in parenthesis are arc sine transformed values)



disease intensity, respectively was recorded as
composed to highest 55.78% in untreated
control. Reduction in disease intensity with these
fungicides ranged from 57.94 to 66.90% over
untreated control.

Benefit:cost ratio : The data on
economics of different treatment revealed that
highest gross income of Rs. 1,72,580/- having
net monetary returns of Rs. 71,808/- was
observed in treatment Azoxystrobin (0.1%)
However, highest cost benefit ratio (B.C) 1.71
in which was followed by Tebuconazole (0.1%)
B:C 1.70.

The present investigation, therefore, reveals
that three spraying of Azoxystorobin 23% SC
(0.1%) at 10 days interval are most affective and
economical for controlling fruit rot disease of
chili under MPKV, Rahuri conditions.
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Table 2. Net return and benefit cost ratio due to various fungicides applied for controlling fruit rot disease of chilli.

Treatment  details Yield q ha-1 Pooled Cost  Gross   Profit B:  
––––––––––––––––––––– mean of mone- (Rs. C
2014 2015 2016 cultiv- tary ha-1) ratio 

ation returns
(Rs. (Rs.
ha-1) ha-1)

T1 Captan 70% + Hexaconazole 50% WP (0.2%) 16.19 16.72 16.31 16.41 99339 164100 64761 1.65
T2 Tebuconazole 25.9% EC (0.1%) 16.57 16.97 17.26 16.93 99187 169300 70113 1.70
T3 Chlorothalonil 75% WP (0.25%) 15.43 16.35 16.11 15.97 99504 159700 60196 1.60
T4 Difenoconazole 25% EC (0.1%) 14.94 15.47 15.71 15.37 99699 153700 54001 1.54
T5 Hexaconazole 40% EC (0.1%) 15.95 16.56 16.88 16.46 98417 164600 66183 1.67
T6 Azoxystrobin 23% SC (0.1%) 16.83 17.34 17.59 17.25 100772 172500 71728 1.71
T7 Mancozeb 75% WP (0.25%) 15.64 15.89 16.25 15.93 98570 159300 60730 1.61
T8 Control 6.38 6.72 7.58 6.89 94959 68900 - -
S.E. 0.85 0.81 0.82 1.12 - - - -
C.D at 5% 2.60 2.46 2.50 3.41 - - - -
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Sorghum is the fifth most important cereal
crop next only to rice, wheat, maize and barley.
It is the staple food of poor and the most food
insecure people, living mainly in the semi-arid
and tropics. There has been drastic reduction in
sorghum area especially in the rainy season, but
the area under post-rainy sorghum has remained
stable. Post-rainy season-adapted sorghums are
characterized by response to shorter day-length
(photoperiod sensitivity),  flowering and maturity
(more or the less same time), irrespective of
temperature fluctuations and sowing dates
(thermo-insensitivity within the post-rainy season
varieties). They are tolerant to terminal moisture
stress and resistant to stalk rot/charcoal rot.
They usually produce high biomass and have
high lustrous seed with semi-corneous
endosperm.

The yield of sorghum is affected by various
biotic and abiotic stresses. Moisture stress is one
of the important drought factors. Nearly 70%

sorghum area depends on rains and rains are
not assured in most of the sorghum growing
areas. These conditions leads to the problem of
drought. As such the crop productivity in these
areas is low. Moisture stress causes depletion in
soil and water deficit with a decrease of water
potential in plant tissues. It restricts the
expression of full genetic potential of the plant.
Moisture stress is a major constraint limiting
sorghum crop growth and reducing its
productivity. Many researches on the soil water
relationship in sorghum and other crops have
indicated that growth and yield are directly
controlled by plant water deficit. This may be
influenced by moisture.

Physical methods for seed treatment such as
electric and magnetic field of different
frequencies significantly improve the seed
germination and seed yield in rainfed conditions.
In order to improve quality of seed in respect of
crop stand, many workers studied the effect of
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Abstract
In the present investigation, the field experiment and laboratory experiment were laid out in Factorial

Randomized Block Design and Factorial Completely Randomized Design, respectively with three replications
involving two varieties viz., (V1) Phule Vasudha and Phule Suchitra (V2). The seeds were treated with the
combination of three microwave intensities (I1 - 20%, I2 - 30% and I3 - 40%) and durations of exposure (D1 -
30 sec., D2 - 40 sec. and D3 - 50 sec.) The biophysical stimulation treatments were applied before sowing of
seeds. The observations were recorded for proline content of rabi sorghum under rainfed condition. Among
the varieties, the variety Phule Vasudha revealed significant results than variety Phule Suchitra. The seeds
treated with the microwave intensity of 30% and duration of exposure for 40 sec. (I2D2) exhibited higher
proline content, followed by interaction of microwave intensity 30% for duration of exposure 30 seconds (I2D1)
as compared to other interactions. Thus, it is concluded that the seeds of variety Phule Vasudha applied with
30% microwave intensity for 40 seconds duration of exposure exhibited higher proline content of rabi sorghum
under rainfed condition.
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electrical stimulus on seed viability, vigour, seed
germination and seedling growth and found
positive results. Physical methods of stimulation
are considered as an innovative area of research
and have emerged as a magic tool which could
improve the yield of crops. Seed is an extremely
complex system and its state cannot always be
controlled due to changing of seed vitality indices
viz., germinating energy, germination and
uniformity of germination. Physical methods of
seed treatment may initiate physiological and
biochemical changes which reflect on the plant
growth and development processes and
ultimately improve the yield and quality of
produce and also help to elucidate the
mechanisms of energy exchange in molecules
and thus stimulation of plant development. It is
a kind of energy treatment that stimulates the
enzymes and other biochemical reactions that
helps in early germination. The stimulation is
possible at lower levels of treatment
intensity/energy. 

Materials and Methods

The experiment consists of two rabi sorghum
varieties viz., V1- Phule Vasudha and V2- Phule
Suchitra treated with different biophysical
stimulation treatments of microwave intensities
i.e. I1-20%, I2-30% and I3-40% for different
durations of exposure D1- 30 sec., D2 - 40 sec
and D3 - 50 sec., respectively. The
recommended culture practices were followed to
raise the crop. The observations of biochemical
parameter i.e. proline content was analysed by
using third leaf of the plant. Analysis was
finalized by using Factorial Completely
Randomized Design (FCRD) as per Panse &
Sukhatme (1985).

Results and Discussion

In the present investigation,  experiment
resulted as the interaction effect of varieties,
microwave intensities and duration of exposures,
Variety Phule Vasudha treated with 30%
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Table 1. Effect of varieties, electric field intensities, duration of exposure and their interactions on  proline content (m mole
gram-1 fr. wt.) of sorghum

Treatments Proline content (µ mole gram-1 fr. wt.)

Varieties 2014 2015 Pooled
V1 - Phule Vasudha 3.40 3.28 3.29
V2 - Phule Suchitra 2.64 2.72 2.68
SEm (±) 0.08 0.07 0.09
CD @ 1% 0.33 0.30 0.34

Intensity 2014 2015 Pooled
I1 - 20% 3.07 3.34 3.20
I2 - 30% 3.34 3.54 3.49
I3 - 40% 2.98 2.89 2.93
SEm (±) 0.08 0.07 0.09
CD @ 1% 0.33 0.29 0.38

Exposure 2014 2015 Pooled
D1 - 30 sec. 2.75 2.84 2.80
D2 - 40 Sec. 2.90 2.80 2.85
D3 - 50 Sec. 2.66 2.36 2.51
SEm (±) 0.02 0.01 0.02
CD @ 1% 0.07 0.05 0.08

Control 2014 2015 Pooled
C1 - Control 1.89 1.91 1.90
C2 – Control 1.78 1.70 1.74
SEm (±) 0.02 0.02 0.02
CD @ 1% 0.09 0.09 0.11
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V x I Interaction 2014 2015 Pooled
V1 I1 -  (Phule Vasudha + 20%) 2.90 2.75 2.83
V1 I2 -  (Phule Vasudha + 30%) 3.13 3.36 3.24
V1 I3 - (Phule Vasudha + 40%) 2.67 2.53 2.60
V2 I1 - (Phule Suchitra + 20%) 2.58 2.47 2.53
V2 I2 - (Phule Suchitra + 30%) 2.90 3.26 3.08
V2 I3 - (Phule Suchitra + 40%) 2.45 2.43 2.44
SEm (±) 0.14 0.22 0.18
CD @ 1% 0.57 0.89 0.73

V x D Interaction 2014 2015 Pooled
V1D1   - (Phule Vasudha + 30 sec.) 2.65 2.73 2.69
V1D2  - (Phule Vasudha + 40 sec.) 2.87 2.85 2.86
V1D3  - (Phule Vasudha + 50 sec.) 2.64 2.55 2.59
V2D1  - (Phule Suchitra + 30 sec.) 2.72 2.67 2.69
V2D2  - (Phule Suchitra + 40 sec.) 2.74 2.76 2.75
V2D3  - (Phule Suchitra + 50 sec.) 2.40 2.44 2.42
SEm (±) 0.03 0.04 0.04
CD @ 1% 0.13 0.17 0.18

I x D Interaction 2014 2015 Pooled
I1D1 - (20% + 30 sec.) 2.72 2.41 2.56
I1D2 - (20% + 40 sec.) 2.56 2.47 2.51
I1D3 - (20% + 50 sec.) 2.92 3.07 3.00
I2D1 - (30% + 30 sec.) 3.06 3.30 3.18
I2D2 - (30% + 40 sec.) 3.21 3.63 3.42
I2D3 - (30% + 50 sec.) 2.75 2.98 2.87
I3D1 - (40% + 30 sec.) 2.80 2.56 2.68
I3D2 - (40% + 40 sec.) 2.50 2.47 2.49
I3D3 - (40% + 50 sec.) 2.38 2.28 2.33
SEm (±) 0.17 0.26 0.21
CD @ 1% 0.69 1.04 0.84

V x I x D  Interaction 2014 2015 Pooled
V1I1D1 - (Phule Vasudha + 20% + 30 sec.) 2.95 2.75 2.85
V1I1D2 - (Phule Vasudha + 20% + 40 sec.) 2.74 2.38 2.56
V1I1D3 - (Phule Vasudha + 20% + 50 sec.) 3.03 3.11 3.07
V1I2D1 - (Phule Vasudha + 30% + 30 sec.) 3.03 3.35 3.19
V1I2D2 - (Phule Vasudha + 30% + 40 sec.) 3.39 3.68 3.53
V1I2D3 - (Phule Vasudha + 30% + 50 sec.) 2.76 3.05 2.91
V1I3D1 - (Phule Vasudha + 40% + 30 sec.) 2.83 3.04 2.94
V1I3D2 - (Phule Vasudha + 40% + 40 sec.) 2.45 2.44 2.44
V1I3D3 - (Phule Vasudha + 40% + 50 sec.) 2.74 2.10 2.42
V2I1D1 - (Phule Suchitra + 20% + 30 sec.) 2.50 2.07 2.28
V2I1D2 - (Phule Suchitra  + 20% + 40 sec.) 2.39 2.84 2.62
V2I1D3 - (Phule Suchitra + 20% + 50 sec.) 2.83 3.05 2.94
V2I2D1 - (Phule Suchitra + 30% + 30 sec.) 2.90 3.27 3.08
V2I2D2 - (Phule Suchitra + 30% + 40 sec.) 3.04 3.59 3.32
V2I2D3 - (Phule Suchitra + 30% + 50 sec.) 2.75 2.92 2.83
V2I3D1 - (Phule Suchitra + 40% + 30 sec.) 2.78 2.08 2.43
V2I3D2 - (Phule Suchitra + 40% + 40 sec.) 2.57 2.50 2.54
V2I3D3 - (Phule Suchitra + 40% + 50 sec.) 2.04 2.18 2.11
Mean 2.72 2.74 2.73
SEm (±) 0.16 0.22 0.26
CD @ 1% 0.68 0.90 1.06

Table 1. Contd...



microwave intensity for 40 second duration of
exposure V1I2D2 reveled proline content (3.53
mmole gram-1 fr. Wt  as compared to other
interactions of varieties, microwave intensities
and duration of exposures. 

Application of biophysical stimulation
treatments causes physiological changes in seeds
that resulting in enzymatic activation, which
increased the biological capacities of seed. It has
been believed that biological process including
free radicals; excite the activity of proteins and
enzymes which increased seed power. This
structural alteration may increase enzyme
activity depending on the strength of microwave
and durations of exposure than untreated
control.

Microwave intensities application enhances
the proline content in which protein salvation
and preserves the quaternary structure of
complex proteins, which maintains membrane
integrity under dehydration stress and reduces
oxidation of lipid membranes or photoinhibition.
Furthermore, it also contributes to stabilizing
sub-cellular structures, scavenging free radicals,
and buffering cellular redox potential under
stress conditions.

Metabolically active tissues of plant cell
contains free radicals, highest contain of free
radicals was observed in embryo axis
immediately after emergence of radicals.
Microwave intensity increases the average
radical concentration, prolonging their lifetime
and enhancing the probability of radical reaction
with cellular components. This consideration
also applied to enzymatic system that entails
radical pair formation and recombination.
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Food security in the world was challenged by
increasing food demand and threatened by
declining water availability (Zwart and
Basstiaanssen, 2004). In order to increase food
production and  meet the increasing demand of
vast population of our country, Indian farmers
need to be trained to adopt modern
technologies in which fertilizers and irrigation
management play major role. Adoption of drip
irrigation is one of the most efficient method of
scheduling of irrigaton and has more than 90%
irrigation efficiency. As water is applied very
frequently and uniformaly, usually there is no
moisture stress in crop root zone and  results
into 25 to 30 per cent  increase in crop yield as
compared to surface irrigated crop (Wang  et
al., 2013 and Pawar  et al., 2013).

Tomato (Solanum lycopersicum L.),
belonging to the family Solanaceae is grown as
an annual crop. It is one of the most popular
vegetable not only in India, but is also
commercially important vegetable of the world.
Tomato responds well to irrigation and
appreciable yield increase can be possible
through improved irrigation technique like drip
irrigation. Drip irrigation scheduled at every
second day frequency with fertigation can
maximize yield of  tomato. It can save water and
fertilizer to large extent (Singandhupe et al.,
2005). Considering the water saving upto 50
per cent, approximately double area can be
irrigated (Dalvi et al., 1999). Tomato also
responds well to additional fertilizer applied and
it is reported to be a heavy feeder of NPK
particularly hybrid varieties. In recent years, the
application of water and fertilizers through drip
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Abstract
A field study was conducted at experimental farm of Interfaculty Department of Irrigation Water

Management, Post Graduate Institude, M.P.K.V., Rahuri, Maharashtra, India during Rabi season of 2014-15.
The experiment was laid out in randomized block design with eight treatments and three replications. The
treatments consisted of four fertilizer application levels as 100%, 75%, 75% with foliar sprays and  50%
recommended dose (RD) under drip fertigation (DF) and compared with conventional irrigation and conventional
fertilizer application. The significantly higher yield of tomato was obtained  in 100% DF (T1, 52.62 t ha-1)
however, it was at par with (T3) 75% DF + 3 foliar sprays, (T5)  100%  DF, N and K drip, P through soil  and
(T2) 75% DF. The drip method used lowest water use of 458.4 mm as compared  with 878.6 mm  in surface
irrigation  method  thus recorded 49.51%  water  saving.  In terms of economics, the treatment T1 (100% DF)
was profitable with more net seasonal income (Rs. 3,93,311 ha-1), net extra income over control (Rs.1,52,056
ha-1).  The maximum B:C ratio was observed in T5 (100%  DF  N and K drip, P through soil,  3.96) followed
by T1 (3.93).  On the basis of the results obtained, it can be concluded that drip irrigation with 75% RD of
fertigation in 18 weekly splits as per schedule is the best treatment for improved growth, yield and water
productivity of tomato (var. Abhinav) cultivated in silty clay loam soils of Western Maharashtra.
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fertigation is becoming more advantageous for
raising vegetable crops especially tomato.The
fertilizers applied in water soluble form become
available easily with crop demand for maximum
utilization of nutrients (Boyhan et al., 2001).
Numerous studies have been published on crop
response to fertigation and comparison between
micro-irrigation coupled with broadcast and
localized placement in tomato crop. Higher
tomato yield and fertilizer use efficiency through
fertigation than band and furrow irrigation or
band and then drip irrigation has been reported
(Shyamaa et al., 2009). Earlier studies in tomato
demonstrated a yield increase of 16 per cent
with drip irrigation over furrow method when 60
per cent of the N and K fertilizers were injected
than when all were applied  at planting (Mahajan
and Singh, 2006). The water soluble fertilizers
have proved their superiority over conventional
fertilizers by increasing both water and fertilizer
use efficiency under fertigation but they are
costly from economic point of view. With the
increasing prices of fertilizers it has become
necessary to explore the impact of drip
fertigation on production and economics of
hybrid tomato under drip fertigation. 

Material and Methods

A field experiment was conducted at
experimental Farm of Interfaculty  Department
of  Irrigation Water Management, M.P.K.V.,
Rahuri, Ahmednagar, Maharashtra India during
Rabi season of 2014-15. Agro-climatimatically,
the area falls under the scarcity zone of
Maharashtra with annual rainfall of 520 mm
which is mostly erratic and uncertain in nature.
The soil was silt clay loam in texture with alkaline
in reaction with pH as 7.90. The available
nitrogen, phosphorus and potassium were
151.0, 17.10, 257.0 kg ha-1, respectively. The
soil was well drained with moisture content at
field capacity, permanent wilting point and
available water content was 36.10, 17.10 and

19.00%, respectively. The experiment was laid
out in randomized block design with eight
treatments and three replications. The treatment
consist of (T1) 100 % RD through Fertigation,
(T2) 75% DF, (T3) 75% DF + 2%  foliar sprays
of 17:44:00 at 30,45 and 60 DAT, (T4) 50%
DF, (T5) 100%  DF N and K drip, P through soil,
(T6) DI with no fertilizer, (T7) DI with 100% RD
through CF and (T8) SI with 100% RD through
CF.

In fertigation treatments (T1 to T5) the
fertilizers were applied in 18 splits apportioned
as per crop growth stages (Table.1).     In N and
K fertigation  treatment (T5), the entire N and K
was applied through urea and muriate of potash
(MOP) in 18 weekly splits  as per schedule and
P was applied as a basal dose through soil. 

In conventional practice of fertilizer
application (T7 and T8), 50% N, full dose of P
and K was applied as basal dose and remaining
50% N was applied at 30 DAT. The
recommended dose of fertilizer for tomato was
applied 300:150:150 N:P2O5:K2O Kg ha-1.
The fertigation was done using water soluble
fertilizers viz., Urea (46:0:0), Urea Phosphate
(17:44:00) and MOP (0:0:60) through
automized fertijet system (Galicol make,Isreal) at
weekly interval. The 21 days old tomato seedling
cv. Abhinav was planted during 1st week of
December and was harvested during 2nd week
of April 2015.  Planting was done on single row
of 1.05 m and plant spacing of 0.45 m.
Adequate plant protection measures were
adopted as and when required. In drip irrigation
system, single lateral of 16 mm per four rows of
tomato with 4 lph inline drippers at 0.45 m was
provided. In conventional method of irrigation,
63 mm depth of irrigation was applied at 50
mm cumulative pan evaporation. In drip
method, the water requirement was calculated
using reference evapo- transpiration (FAO 56)
and crop coefficients (Allen et al., 1998). The
total cost of cultivation was calculated as cost of
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cultivation plus the fixed cost on irrigation
systems which was more in drip irrigated
treatments due to more cost of water soluble
fertilizers and drip system installation. Net
seasonal income was the returns from fruit yield,
total net income was net seasonal returns plus
returns from additional area that can be brought
under irrigation due to water saving in drip. The
statistical analysis was performed by using
analysis of variance (ANOVA) for randomized
block design as per Panse and Sukhatme
(1985).

Results and Discussion

Growth contributing characters : All
the biometric characters were found to be
maximum in drip irrigated treatments as
compared with conventional method of
irrigation  (Table 2). The 100% DF  (T1)
recorded significantly maximum plant height
(93.53 cm) however, it was at par with treatment
T3 (92.00 cm) T2 (91.67 cm) and T5 (90.87 cm)
at 90 DAT and significantly superior over all
other treatments. The treatment of no fertilizer
application recorded (81.93 cm) recorded lowest
plant height. More plant height in T1 among all
treatments might be due to fertigation at proper
growth stages and use of the water soluble
fertilizers in weekly schedules rather than
conventional fertilizers (Table 2). The significan-
tly highest plant height in the pressurized
irrigation methods might be due to availability of
sufficient moisture in root zone of the crop as
per stages, reported by Dukre (1991).

The significantly maximum number of
branches plant-1 (10.6) was recorded in T1 than
other treatment. However, it was at par with
treatment T3 (9.77), T5 (9.70) and  T2 (9.63) at
90 DAT. The minimum number of branches
were recorded in no fertilizer treatment (7.50).
The maximum number of branches per plant
was recorded in T1 because of application of
fertilizers in splits as per crop growth stages and
availability of sufficient moisture in the root zone
of the crop. Ezuddin et al. (1986) reported
significant increase in number of branches
plant-1 with the increase levels of NPK.

The significantly higher leaf area (25.12
dm2)  was recorded in 100% DF treatment than
all other treatments at 90 DAT. However, it was
par with treatment T3 (24.63 dm2) and T5
(24.20 dm2). This might be due to effect of
fertigation at proper growth stages and use of
the water soluble fertilizers rather than
conventional fertilizers. Maher (1991) reported
that the maximum leaf area in drip irrigation
than surface irrigation system in garlic crop. The
minimum leaf area (22.50 dm2) was recorded in
no fertilizer treatments, followed by T8 SI with
CF (23.00). 

Yield contributing characters : The
number of fruits plant-1 was found to be
influenced significantly by fertigation treatments.
(Table 3). The results revealed that fertigation
through drip dominated over the conventional
fertilizer application treatments in regards to
number of fruits plant-1. The significantly higher
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Table 1. Fertigation schedule for tomato Proportion of nutrients to be applied in 18 weekly splits

Days after transplanting Nitrogen (N) Phosphorus (P) Potassium (K)
––––––––––––––––––– –––––––––––––––––––––– –––––––––––––––––––
% Kg % Kg % Kg

1-28 ( 4 weeks) 15 45 20 30 15 22.5
29-56 (4 weeks) 40 120 35 52.5 30 45
57-84 (4weeks) 30 90 35 52.5 35 52.5
85-126 (6weeks) 15 45 10 15 20 30
Total 100 300 100 150 100 150



number of fruits plant-1 was recorded in T1
(54.2), however, it was at par with T3 (52.4), T5
(50.6) and T2 (50.5). The number of fruits
plant-1 was improved in fertigation treatments
as compared to application of conventional
fertilizers through soil. This might be due to
more availability of nutrients under drip than that
of straight fertilizer application through soil.
Treatment T6 (38.1) recorded the minimum
number of fruits plant-1 followed by Treatment
T8 (SI with CF) 41.2. The number of fruits
increased with increase in level of fertilizers.
These results are in agreement Hegade and
Srinivas (1989).

The data presented in Table 3 revealed that
treatment T1 i.e. 100% DF  (2.66 kg) registered

significantly maximum average weight of fruits
plant-1 but it was at par with treatment T3 (2.33
kg), T2 (2.31 kg) and T5 (2.21 kg). Mahajan and
Singh (2006) reported increase in yield due to
fertigation as compared to conventional method
of irrigation and fertilizer application.The
significantly minimum weight of fruits plant-1

was observed in T6 (1.19 kg) followed by surface
irrigation with CF (1.66 kg).

Yield : The data regarding the yield of
tomato in tones ha-1 was found to be influenced
significantly by fertigation treatments (Table 3).
The  significantly highest yield of tomato fruit
(52.62 t ha-1) was observed in treatment where
100% RD through Fertigation were applied but
it was at par with T3 (75% DF) T5 (100% DF N-
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Table 2. Growth contributing characters of tomato influenced by different treatments

Treatments Plant height No.of Leaf area
(cm) branches (dm2)

T1 DI with 100%  fertigation 93.53 10.6 25.12
T2 DI with 75% fertigation 91.67 9.63 23.80
T3 DI with 75% fertigation + 3 foliar sprays. 92.00 9.77 24.63
T4 DI with 50% fertigation 85.67 8.10 22.82
T5 DI with 100% RDF (N and K drip, P soil) 90.87 9.70 24.20
T6 DI with no fertilizer 81.93 7.50 22.50
T7 DI with 100% RDF through CF 85.00 8.51 23.20
T8 SI with 100% RDF through CF 87.33 8.80 23.00
SE± 1.80 0.37 0.42
CD at 5 % 5.46 1.10 1.27

Table 3. Yield contributing characters of tomato plant by different treatments

Treatments No. of fruits plant-1 Wt. of fruits plant-1 Yield
(kg) (t ha-1)

T1 DI with 100 % fertigation 54.2 2.66 52.62
T2 DI with 75 % fertigation 50.5 2.31 48.30
T3 DI with 75 % fertigation + 3 foliar sprays. 52.4 2.33 49.27
T4 DI with 50 % fertigation 40.2 1.64 34.62
T5 DI with 100 % RDF (N and K drip, P soil) 50.6 2.21 48.62
T6 DI with no fertilizer 38.1 1.19 25.11
T7 DI with 100 % RDF through CF 42.4 1.68 41.49
T8 SI with 100 % RDF through CF 41.2 1.66 35.60
SE± 1.32 0.16 2.11
CD at 5 % 4.00 0.48 6.33



K drip and P-soil ) and T2 (75% DF). Treatment
T6 showed lowest yield of tomato might be due
to no application of fertilizer. The yield obtained
under T2 (75% DF) produced significantly higher
tomato yield  (48.30 t ha-1) than T8 (SI with CF,
35.6 t ha-1) and thus indicated that fertigation
technique can save fertilizers upto 40%. The
increase in yield in drip irrigated and fertigated
treatments were mainly due to better and
adequate supply of water and nutrients at the
right time and at right place. Similar results of
higher yield under fertigation as compared with
conventional methods of fertilizer application
was reported by Pan et al.,(1999).

Water use : The drip method recorded

lowest water use of 458.4 mm as compared
878.6 mm  in surface method (Table 4). Thus,
saving of water to the extent of 49.51% was
recorded due to drip method with 16.54%
increase in yield. The treatment 100% DF
resulted into 47.8% increase in yield  with
49.51% water saving over surface irrigation with
CF (T8). In drip, the water is applied directly in
root zone which increases water application
efficiency and decrease water loss through
percolation, infiltration and evaporation there by
saving large quantity of water.

Water use efficiency : The maximum
water use efficiency of 114.8 kg ha-1mm was
recorded in 100%  DF  (T1)  due to more yield,
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Table 4. Total water applied and water use efficiency in different  water saving and % increase in yield of tomato

Treatments Total water WUE Water % increase
applied (kg ha- saving yield over T8
(mm) mm) (%) SI with CF

T1 DI with 100 %  fertigation 458.4 114.8 49.51 47.80
T2 DI with 75 % fertigation 458.4 105.4 49.51 35.67
T3 DI with 75 % fertigation + 3 foliar sprays 458.4 107.5 49.51 38.39
T4 DI with 50 % fertigation 458.4 75.5 49.51 -2.75
T5 DI with 100 % RDF (N and K drip, P soil) 458.4 106.1 49.51 36.57
T6 DI with no fertilizer 458.4 54.8 49.51 -
T7 DI with 100 % RDF through CF 458.4 90.5 49.51 16.54
T8 SI with 100 % RDF through CF 878.6 40.5 0.0 0.0

Note :   DI= drip irrigation   CF= Conventional fertilizer  SI=Surface irrigation 

Table 5. Economics of tomato as influenced by different treatments

Treatments Cost of Net Total net B:C Net extra Water
cultivation seasonal income ratio income produc-
(Rs. ha-1) income (Rs. ha-1) over tivity

(Rs. ha-1) control (Rs. ha-1 

mm)

T1 DI with 100 % fertigation 122125 393311 753847 3.93 152056 1148
T2 DI with 75 % fertigation 114992 356344 682993 3.81 115089 1058
T3 DI with 75 % fertigation + 3 foliar sprays 117709 363327 696377 3.83 122072 1075
T4 DI with 50 % fertigation 107920 226616 434348 2.90 -14639 756
T5 DI with 100 % RDF (N and K drip, P soil) 111059 363477 696665 3.96 116957 1060
T6 DI with no fertilizer 90008 149428 286404 2.47 -91827 548
T7 DI with 100 % RDF through CF 110956 292280 560204 3.38 51025 905
T8 SI with 100 % RDF through CF 111396 241255 241255 3.10 0.0 405



whereas minimum values of WUE  (40.5 kg
ha-1 mm) was obtained in SI with 100% RD
through CF (T8) followed by T6 (DI with no
fertilizer, 54.8 kg ha-1 mm). Wadatkar et al.
(2002) recorded results close to these
observations.

Cost economics : The  data regarding net
seasonal income, benefit cost ratio,  total net
seasonal income, net extra income over surface,
water productivity  as influenced by different
treatment is presented in Table. 5. The total
seasonal cost of cultivation was computed by
adding the seasonal cost of drip irrigation and
operating cost. The seasonal cost of drip system
for 1.05 x 0.45 m. single row planting for
tomato was estimated as Rs. 17495.58
Considering  6 months crop period. It is
revealed  that more cost of cultivation was
estimated in fertigation treatments because of
higher market cost of water soluble fertilizer. The
seasonal cost of surface irrigation treatments
was slightly lower than drip with conventional
fertilizer.

Net seasonal income and B:C ratio :
Maximum  net seasonal income Rs.3,93,311
was obtained in treatment T1 (100% DF) due to
higher fruit yield followed by treatment T3
(Rs.3,63,327). Treatment T6 gave lowest yield
of fruit hence the net seasonal income was also
lowest (Rs. 1,49,428) and rate of tomato  was
Rs.10,000 t-1.  Maximum value of B:C ratio was
recorded in treatment T5 (NK fertigation, P
through soil) i.e. 3.96 followed by T1 (100% DF)
i.e. 3.93. The fertigation using water soluble
fertilizer recorded relatively lower B:C ratio due
to high market price of water soluble fertilizers.
The minimum B:C was observed in no fertilizer
treatments (2.47).

Total net income : The drip irrigation for
tomato resulted into 49.51% water saving over
conventional method of irrigation. Thus, it can
bring 0.92 ha additional area under irrigation.

The total net income calculated taking into
consideration the additional area that can be
brought under irrigation due to water saving in
drip was found to the extent of Rs. 7,53,847 in
treatment T1 (100% DF), which was maximum
followed by T5 (100% RD through CF, NK drip
and P-soil) of  Rs.6,96,665.

Net extra income over control : The net
extra income over control was highest in
treatment T1 (Rs. 1,52,056), followed by T3 (Rs.
1,22,072) and T5 (Rs. 1,16,957). The lowest
value of net extra income over control was
recorded in treatment T6 (Rs. -91827). All
fertigation treatments gave more income than
conventional fertilizer application treatment.

Water productivity : The net income
obtained per unit of water was improved
considerably to Rs.1148 per ha-mm in drip
irrigation method as compared to Rs.405 per
ha-mm in surface method of irrigation. The
maximum value of water productivity was
recorded in 100% DF fertigation (1148 Rs.
ha-1 mm water used), followed by T3 (1075 Rs.
ha-1 mm water used) where as, conventional
method of irrigation treatment T8 having
minimum water productivity (405 Rs. ha-1 mm
water used). Thus, drip coupled with fertigation
showed its usefulness in using water three times
more productively as compared to surface
irrigation with conventional fertilizer application
method.

Conclusion

Water soluble fertilizer resulted into higher
growth and yield of tomato. Among different
fertigation treatments, the treatment T1, where
100% Drip fertigation was applied  resulted into
better growth and yield contributing characters.
However, it was at par with  75% DF + 3 foliar
sprays (T3). The application of water soluble
fertilizers through drip resulted into 25% saving
in fertilizer. The drip used lowest water and
resulted into 49.51% water saving with  increase
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in yield. Whereas 100% DF resulted into
47.80% increase in yield with 49.51% water
saving. The application of  100%  DF resulted
into maximum net seasonal income
(Rs.3,93,311),  total net income (Rs.7,53,847),
net extra income over control (Rs. 1,52,056)
and maximum  water productivity of 1148 Rs.
ha-1 mm, of water which was at par with 75%
DF treatments.

On the basis of the results obtained, it can be
concluded that  75 % DF  in 18 weekly splits as
per  growth stages is the best treatment for
improved growth, yield and water productivity
of tomato (var. Abhinav) cultivated in silty clay
loam soils of Western  Maharashtra.
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Rational formula is being used extensively for
estimating peak runoff rate from small drainage
areas because of its simplicity.   Rainfall intensity
– duration – frequency equation on regional
basis can provide solution for computation of
rainfall intensity in estimation of peak flow, for
design of soil conservation & runoff disposal
structures and for planning flood control
projects. In order to simplify the procedure and
to facilitate the computation for field workers the
nomograph can prove to be a better option. In
U.S.A. the generalized charts of rainfall intensity
– duration – return period, developed by Yarnell
(1935) and revised by U.S. Weather Bureau, are
being used for obtaining the values of rainfall
intensity (Ram Babu et al., 1979).

Jarvis (1936) stated that use of annual
maximum value as most practical way to obtain
independent events, in hydrologic frequency

analysis. Beard (1974) has shown the variation
between annual series and partial duration series
flood peak throughout the U.S. and
recommended the use of empirically derived,
regionalized relationship. Raghunath and Das
(1969), Patel and Vanjari (1969), Kharche
(1970), Ram Babu et al. (1979), and Ranade
and Gupta (1988) used the annual series for
frequency analysis. Adequacy of the length of
record was tested by following criteria, suggested
by Mockus (1960). The values of minimum
acceptable years were found less than 20 years
for all durations. Dalrymple (1960) suggested the
use of mathematical model for the period of
record more than 30 years, graphical method
for short period of record and use of probability
paper for linearization of normal distribution for
ease of extrapolation or comparison. Ram Babu
et al. (1979) and Ranade and Gupta (1988)
used the log normal probability paper for
frequency analysis. Frequency lines were plotted
by using “Computing method” developed by
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Location specific rainfall intensity - duration – frequency (IFD) relationship and nomograph are prerequisite

for design of soil conservation and runoff disposal structures. The constants of the relationship are location
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Ogrosky and Mockus (1957). Karad et al.
(1992) developed the nomograph for Parbhani
using data of 14 years. They found that the
maximum deviation between nomographic
solution and mathematical equation ranged from
4.7 to 8.6 percent. Barai et al. (2005) develop-
ed the nomograph for Solapur station using data
of 17 years from 1970- 1996. They observed
percent deviation in rainfall intensity values
observed from mathematical and nomographic
solution ranged from (-) 3.4 to 6.2 percent. 

Material and Methods

Rain gauge charts of 32 years from 1970 to
2015 (except 1973, 1978, 1983 – 1988,
1992, 1993, 1997 - 2000) were collected, from
NARP, Solapur. The altitude of rain gauge
station at Solapur is 483.63 m above mean sea
level. The latitude and longitude are 17 � 4’ N
and 75 �  54’ E, respectively. The climate is
usually hot and pan evaporation (PE) far exceeds
the precipitation and is classified as semi – arid.
On an average this station receives annual
precipitation of 723.4 mm and annual PE is
1856 mm. The rainfall is scanty, erratic and ill
distributed. 

The rainfall charts were analyzed in the form
of annual maximum series for various durations
viz., 5,10,15,30 minutes and 1, 3,6,12 and 24
hours. The maximum depth of rainfall for all
durations was worked out by using “Original
trace method” (Ram Babu et al. 1979) (Table
1). The rainfall intensities were plotted on log -
normal probability paper, with rainfall intensities
on log scale and per cent chance of occurrence
on probability scale. A straight line passing
through all the three points was extended so that
it intersects with ordinate axis. This line is called
as frequency line of rainfall intensity. The nine
frequency lines were drawn for nine durations
and are designated as I0.08, I0.16, I0.25, I0.5,
I1, I3, I6, I12 and I24 for 0.08, 0.16, 0.25,
0.50, 1, 3, 6, 12 and 24.0 h durations,
respectively. The rainfall intensities for each

duration against selected per cent frequencies
(1%, 2%, 4%, 10%, 25% and 50%) were
obtained.

Rainfall intensities for 1% , 2%, 4%, 10%,
25% and 50%, corresponding to respectively for
100, 50, 25, 10, 4, and  2 years return period,
were obtained from the established frequency
lines for the durations and considered as
observed values of rainfall intensities (Table 2). 

The general form of rainfall intensity -
duration -frequency is; I = KT2 / (t±b)d

Where, I = Intensity of rainfall, cm h-1 , T =
Return period, yr., t = Duration, h and K, b, a
and d = Derived constants

The rainfall intensity- duration- frequency
equation was developed using the following
steps (Ram Babu et al., 1979).

The values of rainfall intensities for all
durations were plotted on Y- axis and values of
return period on X- axis on log-log paper. The
geometric mean slope of the lines represents the
exponent ‘a’ in the equation. A line representing
the geometric mean slope was drawn at the base
through origin. The solid lines were drawn
parallel to the geometric mean slope line
through the established return period-rainfall
intensity lines and extended to Y-axis against 1-
year return period. The values of rainfall
intensities of 1- year return period were plotted
on Y – axis against the selected duration on X-
axis on log-log paper. To make the points so
plotted aligned into a straight line, suitable
constant ‘b’ was needed to be added in rainfall
duration. The constants ‘K’ and‘d’ were
determined by solving the equations by least
square method.

and
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Log K =

  

  

Log d =



Where, K, b, and d = Constants,  I = One
year rainfall intensity mm h-1, t = Duration, h
and n = Number of selected durations

The adequacy of length of rainfall data was
determined on the basis of Mockus (1960)
criteria (Table 3).

Y = (4.30 t log10 R)2 + 6      

Where, Y = Minimum acceptable years of
record,  t = Students’‘t’ at the 10 per cent level
of significance and R = Ratio of magnitude of
the 100 year event to the 2 year event.

A nomograph is an alignment chart
consisting of a set of suitably graduated parallel
scales. The procedure suggested by Luzzadar
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Table 1. Observed maximum annual rainfall intensities for various durations  at Solapur.

Year Duration, h
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
0.08 0.16 0.25 0.5 1.0 3.0 6.0 12.0 24.0
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Rainfall intensity, mm/h

1970 150.0 150.0 104.0 76.0 51.0 17.7 10.1 5.4 2.7
1971 144.0 120.0 96.0 61.0 47.5 17.5 9.6 6.7 4.2
1972 134.4 82.0 60.0 39.0 26.0 11.9 5.9 3.0 1.5
1974 150.0 150.0 150.0 100.0 64.3 24.8 12.4 6.4 3.2
1975 132.0 90.0 100.0 75.0 56.0 18.9 11.9 8.3 3.0
1976 60.0 45.0 40.0 32.4 17.3 8.8 4.8 2.5 1.2
1977 102.0 67.8 50.0 46.6 32.0 18.2 10.0 5.2 2.7
1979 150.0 135.0 100.0 55.0 50.0 22.5 13.0 12.0 3.8
1980 60.0 60.0 56.0 47.0 28.0 10.3 5.3 3.0 1.5
1981 102.0 57.0 48.0 25.0 23.5 9.3 6.9 3.5 1.9
1982 30.0 22.8 20.0 20.0 12.5 8.8 4.6 2.4 1.3
1989 120.0 78.0 80.0 60.0 58.0 26.0 13.0 6.5 3.2
1990 72.0 48.0 48.0 34.0 22.0 10.5 7.8 4.5 2.7
1991 120.0 60.0 64.0 52.0 35.5 13.8 7.6 4.0 2.4
1994 72.0 63.0 56.0 30.0 16.0 7.8 4.3 2.5 1.3
1995 96.0 108.0 88.0 60.0 47.0 22.3 12.0 6.0 3.0
1996 72.0 78.0 60.0 38.0 28.5 16.7 9.2 4.8 2.4
2001 96.0 96.0 96.0 65.0 42.6 18.1 9.1 4.7 3.0
2002 48.0 42.0 36.0 27.0 14.5 8.2 5.8 3.1 1.6
2003 60.0 58.0 58.0 30.5 25.0 9.8 6.7 3.7 3.6
2004 48.0 48.0 48.0 46.0 38.3 17.3 10.4 5.2 2.6
2005 88.1 88.0 88.0 84.0 64.0 30.7 16.0 8.2 4.7
2006 100.1 100.0 100.0 87.0 52.5 20.0 10.0 5.0 2.5
2007 72.0 72.0 72.0 59.0 43.2 19.4 10.2 5.1 3.1
2008 60.0 60.0 60.0 54.0 43.5 21.7 13.0 6.5 3.5
2009 84.0 84.0 84.0 72.0 45.0 17.0 8.8 4.4 2.7
2010 84.0 54.0 46.0 43.0 40.0 26.6 13.3 6.6 3.3
2011 110.2 110.0 110.0 80.0 77.5 32.5 17.9 9.0 4.8
2012 120.0 72.0 58.0 33.6 24.2 13.7 9.5 4.8 2.4
2013 117.6 60.0 63.0 38.0 19.2 8.1 6.2 4.5 2.3
2014 120.0 60.0 80.0 52.6 38.0 14.9 7.6 3.8 1.9
2015 120.0 114.0 92.0 70.0 56.0 30.8 10.5 5.3 2.6



(1964) was adopted for development of
nomograph. In the present study there are three
variables viz., rainfall intensity, duration and
frequency. The alignment chart with three
parallel scales, representing three variables viz.
rainfall intensity, duration and frequency, were
so graduated that a line joining values on any

two scales, intersected the third scale at a point,
satisfying the developed equation (Fig. 1). 

Results and Discussion

The relationship between rainfall intensity –
duration – frequency was developed based on
32 years maximum rainfall intensity data The
relationship is found to be of the following form.

3.1318T0.2890

Is = ––––––––––––––––––––
(t + 0.25)0.8802

Using the equation, rainfall intensity for any
duration, t up to 24 hours and any return
period, T up to 100 years can be determined.
The values from the test of length of record were
found less than 20 years for all selected
durations. Hence the length of record
considered was found adequate.

Per cent deviation of rainfall intensity values
observed from nomograph and those calculated
from corresponding mathematical equation for
various duration and return period is depicted in
Table 4. Maximum deviation between the
nomographic solutions and mathematical
equation ranged from (-) 3.48 to 5.26 per cent,
which is quite low and acceptable.

Journal of Agriculture Research and Technology 47

Table 2. Rainfall intensities for different return period and
selected durations at Solapur (1970 – 2015).

Dura- Percent Frequency
tion, –––––––––––––––––––––––––––––––––––––––––––
h 1% 2% 4% 10% 25% 50%

–––––––––––––––––––––––––––––––––––––––––––
Return period, Year

–––––––––––––––––––––––––––––––––––––––––––
100 50 25 10 4 2

0.08 260.0 235.0 190.0 160.0 122.0 91.0
0.16 230.0 195.0 170.0 135.0 103.0 74.0
0.25 210.0 180.0 155.0 125.0 94.0 67.0
0.5 145.0 130.0 115.0 90.0 68.0 49.0
1.0 115.0 100.0 85.0 68.0 49.0 35.0
3.0 39.0 36.0 32.0 26.0 21.0 16.0
6.0 22.0 19.0 17.5 15.0 11.5 9.0
12.0 14.0 12.0 10.5 8.6 6.5 5.0
24.0 6.2 5.6 4.9 4.0 3.4 2.6

Table 3. Computation of minimum acceptable years of
record, at Solapur (t10 = 1.706 at d .f = 26) for
32 years data of rain gauge charts.

Dura- Rainfall inten- R = log R Y = 
tion, sity, mm/ h (2)/(3) (4.30 t 
h –––––––––––––– log R) 

100 2 + 6
year year 
event event

(1) (2) (3) (4) (5) (6)

0.08 260.0 91.0 2.8571 0.4559 17.19
0.16 230.0 74.0 3.1081 0.4925 19.05
0.25 210.0 67.0 3.1343 0.4961 19.25
0.5 145.0 49.0 2.9592 0.4712 17.95
1.0 115.0 35.0 3.2857 0.5166 20.36
3.0 39.0 16.0 2.4375 0.3869 14.06
6.0 22.0 9.0 2.4444 0.3882 14.11
12.0 14.0 5.0 2.8000 0.4472 16.76
24.0 6.2 2.6 2.3846 0.3774 13.67

Fig. 1. Rainfall intensity-duration-frequency
nomograph for Solapur.



Nomograph is a handy tool used for the
designers as well as for field workers engaged in
soil and water conservation in computing the
peak runoff rate using rational formula.
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Table 4. Comparison between calculated and nomographic intensities of rainfall (Cm/h)

Duration ‘i’ cal frequency, yr ‘i’ nomo frequency, yr Per cent deviation frequency, yr
––––––––––––––––––––––––– –––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––
10 25 50 10 25 50 10 25 50

15 min 10.85 14.14 17.28 11.00 13.90 17.50 1.38 (-)1.72 1.27
30 min 7.60 9.90 12.09 8.00 10.20 12.50 5.26 3.03 3.39
1h 4.85 6.32 7.70 5.00 6.50 8.00 3.09 2.84 3.89
3h 2.08 2.72 3.30 2.01 2.80 3.30 (-)3.48 2.94 0.00
6h 1.17 1.53 1.87 1.20 1.60 1.90 2.56 4.57 1.60

i cal     = Calculated intensity of rainfall (cm h-1) from developed equation.
i nomo = Observed intensity of rainfall (cm h-1) from nomograph. 
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