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Combining ability and gene action for yield and yield
components in sesame (Sesamum indicum L.)

B. K. CHAUDHARY', S. D. SOLANKI2, N. N. PRAJAPATI®, K. P. PRAJAPATI* AND SATYENDRA SINGHs

Department of Genetics and Plant Breeding,
C. P. College of Agriculture,
S. D. Agricultural University, Sardarkrushinagar-385 506 (Gujarat)

Received : 02 March, 2016

ABSTRACT

Combining ability for seed yield, yield components and oil content was studied in a 9 x 9 half diallel
cross of sesame. Combining ability analysis revealed presence of both additive and non-additive
gene actions for majority of the traits. The estimates of general combining ability effect suggested
that parents GT 4 and AT 319 were good general combiners for seed yield per plant and its related
attributes. The specific combining ability effect revealed AT 308 x SKT 12-2, GT 10 x GT 4 and AT
311 x SKT 12-2 as best specific combiners for seed yield per plant.

Key words : Sesame, combining ability, gca effect, sca effect

Sesame (Sesamum indicum L.) is one of the most
important ancient and traditional oilseed crop and its
seed contains 50 per cent oil and 25 per cent protein.
It is sixth most important oilseed crop in India and
cultivated in 18.6 lakh hectares area with 6.3 lakh
tones production and productivity of 341 kg/ha. The
yield improvement achieved through conventional
hybridization followed by selection has been only
marginal. Selection of parents in the hybridization
programme is very important for getting the desirable
recombinants for selection and to serve as parents
for hybrids. Hence, the present investigation was
undertaken to assess the nature of gene action
involved in inheritance of yield and its contributing
characters and to identify the best general combiners.

MATERIALS AND METHODS

The experimental materials comprised of 9 parents (viz.,
AT 324, AT 311, AT 316, AT 314, AT 319, AT 308,
GT 10, GT 4, SKT 12-2 ), their 36 hybrids produced
through half diallel and one standard check viz.,
GT 2. The experiment was laid out in a Randomized
Block Design with 3 replications at Main
Castor-Mustard Research Station, S. D. Agricultural
University, Sardarkrushinagar during kharif-2014, with

" Agril. Officer, College of Agriculture, Tharad. ? Associate
Professor, * Assistant Research Scientist, Centre for Crop
Improvement, * Assistant Research Scientist, Castor-Mustard
Research Station, * PG Student

inter and intra-row spacing 45 and 15 cm, respectively.
The observations were recorded on five competitive
plants randomly selected from each genotype in each
replication for days to flowering, days to maturity, plant
height (cm), number of branches per plant, number of
capsules per plant, number of seeds per capsule, seed
yield per plant (gm), 1000 seed weight (gm), harvest
index (%), oil content (%) and chlorophyll content.

The replication wise mean values of each genotype
for various characters were subjected to statistical
analysis as per the procedure of Randomized Block
Design as suggested by Panse and Sukhatme (1985).
Mean value of 46 entries (parents and hybrids) were
entered in computer and combining ability analysis
was carried out according to the procedure given by
Griffing (1956a) as per Method Il and Model | .The
combining ability analysis was carried out as per the
method suggested by Griffing (1956 a & b) Method-
Il, Model-1 which assumes that variety and block
effects are constant. The chlorophyll content was
measured at flowering stage of selected plant by using
SPAD 502 meter (Minolta, 1989).

RESULTS AND DISCUSSION

The analysis of variance for combining ability for all
the characters presented in Table1 revealed that the
mean squares due to GCA as well as SCA were
significant for all the characters except chlorophyll
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content indicating the importance of both additive and
non-additive gene action in the inheritance of
characters studied.

The ratio of GCA to SCA variance for various characters
indicated that additive type of gene action was
important in expression of days to maturity and
number of branches per plant as the variance ratio
was more than unity, whereas non-additive type of
gene action was predominant in the expression of
days to flowering, plant height, number of capsules
per plant, number of seeds per capsule, seed yield
per plant, 1000 seed weight, harvest index, oil content
and chlorophyll content as the ratio of GCA to SCA
variance was less than unity. Results are in agreement
with the studies of Mishra and Yadav (1996), Kar et
al. (2001), Sankar and Kumar (2003), Mothilal and
Manoharan (2004), Shekhat et al. (2007), Misra et al.
(2008), Raghunaiah et al. (2008), Parameshwarappa
etal. (2010), Kumar et al. (2012) and Sarvaliya et al.
(2013). The presence of predominantly large amount
of non-additive gene action would necessitate the
maintenance of heterozygosity in the population.
Breeding methods such as biparental mating followed
by reciprocal recurrent selection may increase
frequency of genetic recombination and hasten the
rate of genetic improvement.

The highest significant positive heterobeltiosis was
recorded by the cross AT 308 x SKT 12-2 (67.90%)
followed by AT 311 x SKT 12-2 (53.58%) and GT 10 x
GT 4 (47.95%) for seed yield per plant. The GT 10 x
GT 4 was the best hybrid for seed yield per plant,
which registered significantly higher standard
heterosis (43.75%) which is followed by AT 308 x SKT
12-2 (40.44%) than the check GT 2.

Nature and magnitude of combining ability effect helps
in identifying superior parents and their utilization in
further breeding programme. The close examination
of GCA effect of the parents revealed that, none of
the parents was found to be consistently good
general combiner simultaneously for all the
characters (Table 2). The parent GT 4 and SKT 12-2
were considered as good general combiners for
earliness.

The parent GT 4 was good combiner for days to
flowering, days to maturity, plant height, number of
branches per plant, number of seeds per capsule,
1000-seed weight, harvest index and oil content. The
parents, AT 319, AT 314 and AT308 were good general

COMBINING ABILITY AND GENE ACTION FOR YIELD

combiners for seed yield per plant. Among these, AT
319 was found to be best general combiner for seed
yield per plant, and good general combiner for yield
attributing characters i.e number of branches per plant,
number of capsules per plant, 1000-seed weight and
oil content. Therefore, parents, GT 4 and AT 319 can
be considered as a good source of favourable genes
for increasing seed yield along with other yield
altributes and oil content and it would be worthwhile
to use above parental lines in the hybridization

programme. Vavdiya etal. (2013) also reported similar
results in sesame.

The parents GT 10 and AT 316 were found to be good
general combiners for oil content. Similarly, AT 314
and SKT 12-2 were found good general combiners for
chlorophyll content. The results are similar to report
of Saravanan and Nandarajan (2003).

The potentiality of a parent in hybridization may be
assessed by it's per se performance and GCA effect.
For the present study, top ranking parents for per se
performance and GCA effect for different traits are
presented in Table 3. The results revealed that the
most of the characters had relatively high degree of
correspondence between per se performance and GCA
effect. This can be ascribed to the predominant role
of additive and additive x additive type of gene action
for the inheritance of these traits.

Three best crosses with significant SCA effects for

various traits along with per se performance involved

in the crosses are listed in Table 3. The crosses AT

324 x GT 10 and AT 316 x AT 308 showed significant

negative SCA effect for days to flowering and day to

maturity, these crosses can be used to isolate early

flowering as well as maturity segregants in later
generations. The best combinations AT 308 x SKT
12-2 and GT 10 x GT 4 expressed maximum SCA
effect along with high per se performance, heterosis
over better parent and check variety GT 2 for seed
yield per plant as well as its contributing traits viz.,
number of capsules per plant and number of seeds
per capsules. The cross AT 311 x SKT 12-2 had
significant SCA effect for seed yield per plant, number
of branches per plant, number of seeds per capsules
and chlorophyll content.

The cross AT 324 x AT 311 exhibited significant SCA
effect for oil content and number of branches per plant
and number of capsules per plant. The crosses which
exhibited significant desirable SCA effect were AT 311
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x AT 316 for 1000 seed weight and GT 10 x AT 319 for
harvest index, whereas cross AT 314 x AT 319 for
chlorophyll content. The cross combination GT 10 x
AT 316 exhibited significant SCA effect for number of
capsules per plant.

In the present study, crosses which exhibited high
SCA effects for yield per plant and other characters
involved at least one good general combiner, indicated
additive x dominance type of gene interaction, which
could produce desirable transgressive segregates in
subsequent generations.

CONCLUSION

Combining ability analysis revealed presence of both
additive and non-additive gene actions for majority of
the traits. The estimates of general combining ability
effect suggested that parents GT 4 and AT 319 were
good general combiners for seed yield per plant and
its related attributes. The specific combining ability
effect revealed AT 308 x SKT 12-2, GT 10 x GT 4 and
AT 311 x SKT 12-2 as best specific combiners for
seed yield per plant.
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ABSTRACT

An experiment was conducted at Agronomy Instructional Farm, C. P. College of Agriculture, SDAU,
Sardarkrushinagar during summer, 2013 to study the effect of integrated nitrogen management in
summer pearl millet. The experiment consisted of 10 different treatments of integrated nitrogen
management practices for application of recommonded dose of nitrogen (RDN) to pear millet /.,
160 kg/ha through different sources viz., organic (FYM, vermicompost and qastor cake), inorganic
fertilizer alone or incombination with organic sources. The crop fertilized with 75 % RDN through
fertilizer and 25 % RDN through either FYM or castor cake produced significantly higher growth
parameters, grain yield (2948 kg ha"), straw yield (6248 kg ha™') and economics. The integration of
nitrogen through inorganic and organic sources helped to sustain soil fertility.

Key words : Grain yield, straw yield, nitrogen, pearl millet

Pearl millet is one of the most important food grain
crops of India and ranks fourth after rice, wheat and
sorghum. In Gujarat, major pearl millet growing
districts are Banaskantha, Mehsana, Patan and
Kachchh. It is well adapted to production systems
characterized by drought, low soil fertility and high
temperature. Summer cultivation of pearl millet,
particularly in the irrigated areas of North Gujarat has
attracted the farmers because of the assurance of
targeted crop yield. Integrated nutrient management
involving soil resources, chemical fertilizers,
bio-fertilizers and organic manures is the key to the
sustained productivity as it reduces dependence on
chemical fertilizers and not only improves fertilizer use
efficiency, but also improves soil productivity by
improving physical, chemical and biological properties
of soil. The role of organic manures is well recognized
and considered as balanced manures which supplies
macro and micro nutrients which are essential for plant
growth. It helps to build up the soil micro flora, which
are useful to maintain the soil fertility. Microbial
population increases more than five times with the
application of vemricompost (Rout et al. 2001).

! Extension Officer, Dantiwada Taluka Panchayat, Dantiwada
? Associate Professor, Main Wheat Research Station, Vijapur,
I Assistant Research Scientist, Cetnral Instrumentation
Laboratory, * Assistant Research Scientist, Dirctorate of
Extension Education.

MATERIALS AND METHODS

A field experiment was conducted on loamy sand soil,
Agronomy Instruction Farm, Chimanbhai Patel College
of Agriculture, Sardarkrushinagar Dantiwada
Agricultural University, Sardarkrushinagar during
summer 2013. The experimental soil was loamy sand
in texture, low in organic carbon (0.26%) and available
nitrogen (158 kg ha') and medium in phosphorus (50.4
kg ha) and potassium (271 kg ha) status. The
experiment comprised of ten nitrogen management
treatments viz. T, : 100% RDN through fertilizer, T, :
100% RDN through FYM, T, : 100% RDN through
castor cake, T,: 100% RDN through verm icompost,
T,: 75% RDN through fertilizer + 25% RDN through
FYM, T, : 75% RDN through fertilizer + 25% RDN
through castor cake, T,: 75% RDN through fertilizer
+25% RDN through vermicompost, T,: 50% RDN
through fertilizer + 50% RDN through FYM, T,:50%
RDN through fertilizer + 50% RDN through castor cake
and T, : 50% RDN through fertilizer + 50% RDN
through vermicompost were tried in randomized block
design (RBD) with four replications. GHB 732 variety
of pearl millet was sown at 45 cm row distance and
15 cm plant to plant distance with 3.750 kg ha-'seed
rate. Acommon application of 60 kg P,0_ha"' was
applied to all plots after adjusting amount of
phosphorus supplied by respective organic source.
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Other agronomic practices were adopted as per
recommendation of the crop. Observations on growth
attributes at different stages, yield components and
yield were recorded at harvest. Protein content and
nutrient uptake as per standard procedure and
economics of produce considering the local prevailing
market price of inputs and output were also estimated.
The data were statistically analysed and results were
presented.

RESULTS AND DISCUSSION

The results (Table 1) indicated that different treatments
had significant effect on growth and yield attributes
as well as yield of pearl millet. Plant height at 30
DAS and at harvest was significantly influenced due
to different nitrogen management treatments.
Treatment T,(75% RDN - fertilizer + 25% RDN - FYM)
recorded significantly higher plant height at 30 DAS
(70.3 cm) and at harvest (158.5 cm), but remained at
par with treatment T,. Significant differences were
observed in number of effective tillers per plant due to
nitrogen management treatments. Application of 75%
RDN - fertilizer + 25% RDN - FYM (T,) recorded
significantly higher number of effective tillers per plant
(3.30), being at par with T, treatment. Integrated
supply of nitrogen from organic and inorganic sources
produced vigorous plants that ultimately resulted into
better growth and development of crop.

Different nitrogen management treatments showed
significant influence on yield attributes viz., length of
ear head, girth of ear head and grain yield per plant.
Significantly higher length of ear head (23.5 cm) and
girth of ear head (10.2 cm) were observed under
treatment T, but it remained statistically at par with
treatments T, and T, Application of 75% RDN - fertilizer
+25% RDN - FYM (T,) produced significantly higher
grain yield per plant (45.5 g). However, it was
statistically at par with treatment T,. Results further
indicated that application of 75% RDN - fertilizer +
25% RDN - FYM (T,) produced significantly higher
grain (2948 kg ha') and straw yields (6248 kg ha™'),
but remained statistically at par with treatments T,
and T, in case of grain yield and treatment T in case
of straw yield, respectively. The increase in grain and
straw yields under treatment T,was due to increased
yield attributes which were enhanced with application
of inorganic fertilizer in conjunction with organic
sources like vermicompost, castor cake and FYM.
Organic sources improved the physical condition of
the soil apart from slowly releasing nutrients during

INTEGRATED NITROGEN MANAGEMENT IN SUMMER PEARL MILLET

entire crop growth period. Further, yield improvement
was possible on account of better nutrient use
efficiency. Similar findings were reported by Singh et
al. (2013) and Damame et al. (2014).

Nitrogen is key element to improve the protein content
of grain. Significantly higher protein content (11 42%)
and protein yield (336.6 kg ha™') were registereqd when
crop was fertilized with 75% RDN - fertilizer + 259,
RDN - FYM (T,). However, it remained statistically a;
par with treatments T, and T.. Integrated supply of
nitrogen through organic and inorganic SoOurces
enhanced the protein content in grain probably due to
utilization of photosynthates in protein synthesis and
its translocation to grains. Verma et al,, (2012) also
reported similar results.

Various nitrogen management treatments had positive
effect on soil fertility after harvest of the crop.
Significantly higher organic carbon content (0.27%)
in the soil after harvest of the crop was recorded under
treatment T, (application of 100% RDN through
vermicompost), but it remained statistically at par with
treatment T,. Significantly higher available nitrogen
(183.4 kg ha') was registered under treatment T
(100% RDN through vermicompost). However, ii
remained statistically at par with treatments T, and
T,. All the treatments failed to exert significant
influence on available phosphorus content in the soil
after harvest of crop. The increased organic carbon
and available nitrogen under organic treatments might
be due to addition and decomposition of organic
matter and greater muiltiplication of soil microbes which
could convert organically bound nitrogen in available
form leading to build up of high available nitrogen.
Present results are in line with the findings reported
by Patil et al. (2006).

A perusal of economics data indicated that the
highest net return of ¥ 49896 ha' with BCR of 4.08
was registered under treatment T, (100% RDN through
fertilizer) which was closely followed by treatments
T, (netreturn of T 48980 ha' and BCR of 3.35) and T,
(net return of ¥ 48962 ha ' with BCR of 3.18).

CONCLUSION

Looking to the results obtained from the presented
investigation, it can be concluded that for securing
higher grain and straw yield, net realization and
maintain soil fertility under North Gujarat agro-climatic
conditions on loamy sand soil, summer pearl millet
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(2)
Table 1 Effect of different nitrogen management treatment on yield attributes and yield of pear| mijjet
Plant height (cm) Effective Ear - Gith - Grain yigig (o
tilers/ head ofear yield —— o)
Treatment X - Plant length head per Grain gy,
DAS  harvest (cm) (cm) plant (g)
T,: 100% RDN through fertilizer 655 1458 278 211 91 432 2730 5745
T,: 100% RDN through FYM 602 1463 28 218 96 436 g 5850
T,:100% RDN through castor cake 581 1462 298 228 96 438 g 5865
T, 100% RDN through vermicompost 675 1470 308 218 94 428 ogg7 5813
T,: 75% RDN through fertilizer 703 1585 330 235 102 455 og4g 6248
+ 25% RDN through FYM
T,: 75% RDN through fertilizer 673 1534 295 230 100 450 oggs 5987
+ 25% RDN through castor cake
T,: 75% RDN through fertilizer 663 1520 298 228 97 435 2856 s5gp4
+25% RDN through vermicompost
T,:50% RDN through fertilizer 610 1503 303 217 94 439 2675 5068
+50% RDN through FYM
T,:50% RDN through fertilizer 585 1490 290 220 95 438 2696 5949
+50% RDN through castor cake
T,,: 50% RDN through fertilizer 628 1484 290 220 96 434 2794 5058
+50% RDN through vermicompost
SEm + 1.2 22 008 039 020 040 481 905
CD 3.1 6.1 023 113 057 117 1396 2628
CV% 6.61 278 527 391 406 184 345 305

Table 2 Effect of different nitrogen management treatment on quality of pearl millet, nutrient status in soil and

net return
Protein Protein O.C. Available Available Net BCR
content yield (%) N P,0, retun
Treatment in (gra;in (kg/ha) (kgha)  (kgha)  (z/ha)
%
T,:100% RDN through fertilizer 120 3057 022 146.1 50.1 49896  4.08
T,:100% RDN through FYM 1083 3036 024 1687 512 26391 1.64
T,:100% RDN through castor cake 10.77 3017 024 1704 519 32831 1.94
T,:100% RDN through vermicompost 1064 2858 027 1834 526 5607  1.09
T,: 75% RDN through fertilizer 1142 3366 026 1765 50.6 48962 3.18
+25% RDN through FYM
T,: 75% RDN through fertilizer 131 3273 024 1549 50.9 48980 3.35
+25% RDN through castor cake
T,: 75% RDN through fertilizer 128 321 024 1644 50.6 41844 254
+25% RDN through vermicompost
T,:50% RDN through fertilizer 1061 2838 024 1621 50.1 3645 227
+50% RDN through FYM
T,: 50% RDN through fertilizer 1055 2844 024 1617 50.7 40251 257
+ 50% RDN through castor cake
T, 50% RDN through fertilizer 1045 2919 024 1593 50.3 29823 1.79
+50% RDN through vermicompost
SEm+ 0.19 785 0.01 4,52 1.02 - -
cD 055 2277 002 1332 NS s =
CV% 3.50 517 1207 1234 3.99 - -
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(GHB 732) crop may be fertilized by 75% RDN through
inorganic fertilizer and 25% RDN through either FYM
or castor cake. The integration of nitrogen through
inorganic and organic sources helped to maintain soil
fertility.

REFERENCES

Damame, S.V., Bhingarde, R.N. and Pathan, S.H.
2014. Effect of different nitrogen levels on
nutritional quality and nitrate nitrogen
accumulation in forage pearl millet genotypes
under rainfed condition. Forage Research
39(3):120-123.

Patil, E.N., Chaudhari, P.M., Pawar, P.P. and Patel,
H.E. 2006. Integrated moisture conservation
techniques and nutrient management system

INTEGRATED NITROGEN MANAGEMENT IN SUMMER PEARL MILLET

for pearl millet in semi-arid condition. /ndian
Journal of Dryland Agricultural Research and
Development, 21(1):85-87.

Rout, D., Satapathy, M.R. and Mohapatra, B.K. 2001.
Effect of bio-fertilizer on nitrogen economy
in maize. Madras Agricultural Journal,
88(7-9):530-532.

Singh, R., Gupta, AK, Tulasa Ram, Choudhary, GL.
and Sheoram, A.C. 2013. Effect of integrated
nitrogen management on transplanted pearl
millet. Indian Journal of Agronomy, 58(1):81-85.

Verma, B.K., Pandey, U.P. and Lodhi, M.D. 2012,
Effect of sowing dates in relation to integrated
nitrogen management on growth, yield and
quality of rabimaize. The Journal of Animal and
Plant Sciences, 22(2):324-329.



GAU Research Journal 41 (2) : 65-70 (July 2016)

Effect of integrated phosphorus management on yield, upta,
and quality of fenugreek [Trigonella foenum-graecum L]

VARSHA B. PRAJAPATI". D. M. PATEL?, D. K. PATEL?, G. M. PATEL" AND G. N. PATELs

Department of Agronomy, C. P. College of Agriculture, .
S. D. Agricultural University, Sardarkrushinagar-385 506 (Gujarat)

Received : 30 September, 2015
ABSTRACT

Afield experiment was conducted during rabi2014-15 at Agronomy Instructional Farm, C.P, College
of Agriculture, Sardarkrushinagar Dantiwada Agricultural University, Sardarkrushinagar, to study the
‘Effect of integrated phosphorus management on yield, uptake and quality of fenugreek’. The
experiment consisted of 10 different treatments of integrated phosphorus management practices for
application of recommended dose of phosphorus (RDP) to fenugreek i.e. 40 kg/ha through different
sources viz., control, organic [vermicompost (VC) and castorcake (CC)], inorganic fertilizer alone or
in combination with organic sources and PSB. Resdults revealed that integration of 50% RDP through
vermicompost + 50% RDP through inorganic fertilizer along with seed inoculation of PSB recorded
higher seed yield and straw yield as well as significantly improved the microbial population of
rhizobium and PSB in the soil after harvest of the crop as compared to rest of the treatments,
Combined application of 50% RDP through vermicompost + 50% RDP through inorganic fertilizer +
PSB inoculation registered higher P content, total uptake of nitrogen and phosphorus by fenugreek
over control and application of organic manure and inorganic fertilizer alone surpassed rest of the
treatments. It was also proved best treatment for getting maximum net profit and BCR. Different
phosphorus management treatments failed to produce significant influence on protein content.

Key words : Castor cake, economics, rhizobium, vermicompost

Fenugreek popularly known as by its vernacular name
“methi’ is an important condiment legume crop grown
in Northern India concentrated in Rajasthan and
Gujarat states. The seeds of fenugreek are used in
chronic dysentery, chronic diarrhea and cough,
enlargement of lever, diabetic, spleen and rickets. Its
seeds are also used to induce lactation during post
natal period. Looking to the importance of fenugreek
among spices and condiments, it may be called as
queen of seed spices.

Phosphorus is backbone of energy related activities
and development of root system. Most of the Indian
soils have inadequate supply of phosphorus hence
need to supplement P in the form of fertilizer for
optimum crop production. Application of organic
manure in conjunction with inorganic fertilizer in an
integrated manner appears to be the best alternative.

! Agril. Officer, Office of the Registrar, ? Associate Professor,
3 Assistant Professor, State Agricultural University Council,
Gandhinagar, * Assistant Professor, * Research Scientist, Centre
for Natural Resource Management.

Integrating chemical fertilizer with organic manures

has been found to be quiet promising not only in

maintaining higher productivity but also in providing

?reat stability in crop production (Nambiar and Abrol,
989).

Integrated phosphorus management has assumed
greater significance in the recent past mainly because
of two reasons. First, the continuous increasé in
agricultural production with shrinking land resources
requires increased level of fertilizer and present level
of fertilizer production in India is not enough to meet
the total plant nutrients requirement. The gap between
demand and supply of fertilizers was about 3.5 million
tonnes in 2012-13. Secondly, the results of l_arge
number of experiments on manure and fertilizers
conducted in the country revealed that neithef
chemical fertilizers nor organic manures alon®
exclusively can achieve the production sustainability
of soil as well as crop. Even balanced use of Che”","qal
fertilizer will not be able to sustain high producti
due to the emerging deficiency of one or more 0
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secondary and micronutrients (Hedge and Sarkar,
1990). The combined use of organic and inorganic
sources of nutrients in an integrated way found
superior to the use of each component separately.
Keeping in view present study was undertaken to study
the effect of integrated phosphorus management on
yield, uptake and quality of fenugreek (Trigonella
foenum-graecumL.)

MATERIALS AND METHODS

A field experiment was conducted during rabi
2014-15 at Agronomy Instructional Farm, Chimanbhai
Patel College of Agriculture, Sardarkrushinagar
Dantiwada Agricultural University, Sardarkrushinagar
to study the effect of integrated phosphorus
management on yield, uptake and quality of fenugreek
(Trigonella foenum-graecum L.)". The soil of the
experimental plot was loamy sand containing 149,
39.60 and 188 kg/ha available nitrogen, phosphorus
and potassium, respectively in 0-15 cm soil depth
with pH 8.0 and organic carbon 0.27 per cent. There
was 10 treatments viz.,T,: control i.e. 20 kg N/ha
through inorganic fertilizer (urea), T, : 100 % RDP
through vermicompost, T, : 100% RDP through castor
cake, T,:100 % RDP through inorganic fertilizer, T
50% RDP through vermicompost + 50% RDP through
castorcake, T,: 50% RDP through vermicompost +
50% RDP through castor cake + PSB, T,: 50% RDP
through vermicompost + 50% RDP through inorganic
fertilizer, T,: 50% RDP through castor cake + 50%
RDP through inorganic fertilizer, T, : 50% RDP through
vermicompost + 50% RDP through inorganic fertilizer
+PSBand T, 50% RDP through castor cake + 50%
RDP through inorganic fertilizer + PSB were evaluated
in randomized block design with four replications. The
recommended dose of nitrogen (20 kg/ha) was applied
through urea at basal. While phosphorus through
single super phosphate, vermicompost and castor
cake were applied at basal as per treatments. Castor
cake was applied 10 days before sowing of fenugreek
in previously opened furrow as per treatments.
Quantity of castor cake and vermicompost added in
treatments was determined by considering the
phosphorus content in castor cake (0.8 %) and
vermicompost (1.3 %). For studying the growth and
yield attributes five plants were tagged randomly in
the net plot. Yield and yield attributes were recorded
at harvest under different treatments. The cost of
cultivation and returns were calculated by taking into
account the prevailing cost of inputs and prices of
produce.

EFFECT OF INTEGRATED PHOSPHORUS MANAGEMENT ON YIELD

Estimation of N and P content in seed and straw
of fenugreek was done by using Kjeldhal method
(Waranke and Barber, 1974) and Vanado
molydophosphoric acid yellow colour method
(Jackson, 1973), respectively. The uptake of nitrogen
and phosphorus in seed and straw were determined
by using the following formula.

Total nutrient uptake (kg/ha) = [Nutrient content in
seed (%) x Seed yield (kg/ha)] + [Nutrient content in
straw (%) x Straw yield (kg/ha)]

The protein content in seed was calculated by
multiplying nitrogen content of the seed (per cent)
with the factor 6.25 as reported by Gupta et al., (1972)
and was expressed as percentage of protein content.
Count of rhizobium and PSB in soil after harvest of
crop were analyzed by Spread (Pour) plate method.

RESULTS AND DISCUSSION

Seed and straw yields

The application of phosphorus through various sources
along with biofertilizer (PSB) significantly influenced
seed and straw yields over control (Table 1). The
maximum seed (1895 kg/ha) and straw (3638 kg/ha)
yields of fenugreek were recorded by the application
of 50% RDP through vermicompost + 50 % RDP
through inorganic fertilizer + PSB inoculation (T,) and
was found statistically at par with 50% RDP through
castor cake + 50% RDP through inorganic fertilizer
with and without PSB (T, & T,,) but significantly
superior over rest of the treatments (Table 1). In
comparison to control and sole application of organic
manures and inorganic fertilizer, an additional seed
yield of 464 to 776 kg/ha and straw yield of 990 to
1475 kg/ha were obtained with conjunctive use of
organic manure + inorganic fertilizer with biofertilizer
i.e. 50% RDP through vermicompost + 50% RDP
through inorganic fertilizer + PSB, which might be
due to direct application of an appreciable amount of
essential plant nutrients through organic manures and
improvement in physical properties of the soil (Nambiar
and Abrol, 1989). Higher yield in this treatment might
be due to cumulative effect of elevated growth as well
as yield structure. The results supported by the
findings of Wagadre etal., (2010).

Nitrogen and Phosphorus content and uptake

Integrated application of phosphorus failed to reach
the level of significance with respect to nitrogen
content in seed and straw and P content in straw
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(Table 2). Marked differences were observed in P
content of seed due to different P management
treatments. Application of 50% RDP through
vermicompost + 50% RDP through inorganic
fertilizer + PSB noted significantly higher P content
(0.23) in seed being at par with treatments T, T,
and T, Increase in P content was to the tune of
15.78 per cent over control These findings are in
agreement with those reported by Wagadre et al.
(2010) and Mehta et al. (2012).

Total nitrogen and phosphorus uptake by plant were
significantly influenced due to different integrated
phosphorus management treatments (Table 2). An
application of 50% RDP through vermicompost + 50%
RDP through inorganic fertilizer + PSB considerably
increased total nitrogen uptake (80.23 kg/ha) and
phosphorus uptake (9.98 kg/ha) being found at par
with treatment T, .. As compared to control, the per
centincrease in total nitrogen uptake was 80.37 and
70.21 per cent due to treatments T and T,
respectively. Similarly phosphorus uptake was higher
by 90.09 and 76.57 per cent under treatments T,and
T, respectively against control treatment. These
results are in close conformity with the findings of
Khiriya and Singh (2003), Singh et al. (2010), and
Mehta et al. (2012).

The application of vermicompost and castor cake
resulted in the formation of carbon dioxide which
plays an important role in the solubilization of native
P and reduces phosphate fixing capacity of the soil.
These action of organic manures resulted into higher
P content in seed of fenugreek. It is established
fact that nutrient uptake by the crop depends
primarily on dry matter accumulation and
secondarily on the nutrient content at cellular level.
The increased total dry matter production and
nutrient content seems to be the major cause
responsible for higher N and P uptake of integrated
nutrient management.

Protein content

Different integrated phosphorus management
treatment did not differ significantly with respect to
protein content in seed. This might be due to no
significant improvement in nitrogen content (Table 1))
in seed due to different P management treatments in
present study. On the contrary to these results,
Wagadre et al. (2010) observed significant increase
in protein content in fenugreek seed.

[GAU Research Journal 41 2

Microbial population of rhizobium and PSB
Population of soil microbes viz., rhizobium and PSB
after harvest of crop were improved significantly due
o different treatments of integrated phosphorus
management (Table 1). Among different treatments,
an application of 50% RDP through vermicompost
+ 50% RDP through inorganic fertilizer + PSB (T )
exerted its notable impact on increment Sf
population of rhizobium (6.64 CFU x 10%g soil) and
PSB (?19 CFU x 103}’9 50”) after hawest of Crop
over control (T,) and sole application of organic
manures (T,& T,) and inorganic fertilizer (T,) but
statistically remained at par with treatments i iy
T, T,and T,,. The percentincrease in population of
rhizobium and PSB after harvest were 38.91 and
37.24 per cent under treatment T, over control
treatment (T,). Integration of sources of nutrients
viz; organic, inorganic and biofertilizers application
facilitated robust growth of plants and soil health
and thereby increased in nodulation. Increasing in
nodulation is directly related to increase in microbial
population in soil. Similar findings have been
reported by Bhatt (2011).

Economics

Integrated management of phosphorus had significant
influence on economics of fenugreek. The maximum
monetary net return of ¥ 78195/ha with BCR (3.12)
were obtained with application of 50% RDP through
vermicompost + 50% RDP through inorganic fertilizer
+ PSB (Table 1) closely followed by application of
50% RDP through castor cake + 50% RDP through
inorganic fertilizer + PSB. This could be attributed
due to higher seed and straw yield received in these
treatments. These findings are in accordance with
those reported by Singh et al. (2010) and Mehta et al.
(2012).
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ABSTRACT

An experiment was conducted during rabi season of 2011-12 at S.D. Agricultural University
Sardarkrushinagar to find out economically viable method of weed control in fennel (Foeniculum
vulgare Mill.). The experiment was laidout in randomized block design with four replications. Results
revealed that besides weed free treatment significantly the highest plant height at all the growth
stages, number of branches per plant, yield attributes such as number of umbels per plant, number
of umbellates per umbel, number of seeds per umbellate, seed and straw yields of fenng| were
recorded with application of Pendimethalin @ 0.75 kg/ha as PE + HW at 45 DAS being at par with
the treatment of HW and interculturing at 25 DAS + 45 DAS. Similarly, the lowest dry weight of
weeds at harvest and weed index as well as weed control efficiency were obtained with application
of Pendimethalin @ 0.75 kg/ha as PE + HW at 45 DAS being at par with the treatment of HW and
interculturing at 25 DAS + 45 DAS. Maximum net return and BCR were recorded with the application
of Pendimethalin @ 0.75 kg/ha as PE + HW at 45 DAS over rest of the treatments.

Key words : Fennel, plant growth, weed index, weed control efficiency

India occupies the prime position in seed spices
production and play important role in earning foreign
exchange through the export of seed spices. Among
the different rabi seed spices fennel (Foeniculum
vulgare Mill.) commonly known as Snafu or Varialiis
one of the most major seed spices mainly grown in
Gujarat, Rajsthan, Karnataka, Panjab and Haryana.
Fennel is used for flavouring the soups, liquor, sauces,
pastries, confectionary and bread roll. Initially fennel
being slow growing seed spices is more prone to crop
weed competitions. Extent of losses caused by weeds
is the highest among all the loss causing agent like
insects, pests and diseases. Therefore, crop should
be kept weed free during initial stage for good crop
establishment by employing suitable weed control
method. Due to paucity of labours, manual weeding
is very costly practice of weed control. Therefore, it is
need of time to explore suitable alternate cost
effective methods for weed control to keep the fennel
crop free from weed at an initial stage of crop. Hence,
the study on different methods of weed control in fennel
was carried out for realizing high production and
profitability from fennel crop.

! Associate Research Scientist, Seed Technology Unit, 243 pgG,
Student

MATERIALS AND METHODS

A field experiment was carried out in rap; season of

2011-12 on loamy sand soil of Agronomy Instructional

Farm, C. P. College of Agriculture, S. D. Agricultural

University, Sardakrushinagar (G ujarat). The soil of the
experiment field was light in texture having pH 7.4
and EC 0.11 dSm', low in organic carbon (0.16 %)

low in available nitrogen (151 kg/ha), medium in availblé
P,O, (35 kg/ha) and high in available K O (288 kg/
ha). The average rainfall ranged from 4200-500 mm
during July to September. The experiment comprised
of twelve weed control methods viz; unweeded check

Oxyfluorfen @ 0.15 kg/ha as pre emergence (PE):
Oxyfluorfen @ 0.30 kg/ha as PE, Oxyfluorfen @ 0.15
kg/ha as PE + HW at 45 days after sowing [DAS],
Oxadiargyl @ 0.050 kg/ha as post emergence [POE]
at 30 DAS, Oxadiargyl @ 0.075 kg /ha as POE at 30
DAS, Oxadiargyl @ 0.050 kg /ha as POE at 30 DAS
+ HW at 45 DAS, Pendimethalin @ 0.75 kg/ha as
PE, Pendimethalin @ 1.0 kg/ha as PE, Pendimethalin
@ 0.75 kg/ha as PE + HW at 45 DAS, HW
and interculturing at 25 DAS and at 45 DAS and weed
free were evaluated in randomized block design
with four replications. The fennel crop (cv. Gujarat
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fennel-11) was sown at 45 cm row spacing during the
rabi season of 2011-12 by drilling with seed rate of 5
kghaasa irrigated crop. The temperature ranged from
4.6 °C during January and 21.7 °C in the month of
April during the growth period of the fennel crop. Full
dose of phosphorus and half dose of nitrogen was
applied as basal prior to sowing in the form of DAP
and Urea. The remaining half dose of nitrogen was
applied in the form of urea in two equal split coinciding
with the irfigations. The required quantity of herbicides
was applied by Knapsack sprayer with flat fan nozzle
using 500 liters of water per hectare. Pre emergence
herbicides was applied a day after sowing and before
emergence of the weeds and crop seeds; and post
emergence herbicides were applied as per treatments
at 30 DAS. All the standard packages of practices
were followed throughout the crop season. In weed
free treatment, weeds were removed as and when
required to keep it weed free throughout the growing
season. After uprooting the weeds, the weeds were
sun dried completely till reaches to the constant weight
and final dry weight of weeds was recorded for each
treatment and expressed as kg/ha. Net return and
cost of cultivation were calculated based on the
prevailing market prices for drawing conclusion.

RESULTS AND DISCUSSION

Weed parameters
The experimental plot was highly infested with different

weeds. The major weed floras observed in the crop
were Chenopodium album L., Amaranthus. spinosus
L., Cyperus rotundus L., Portulaca oleracea L,
Boerhaavia diffusa L., Argemone mexicanal.., Tribulus
terrestris L. and Asphodelus tenuifolius (L.) Cav.

Application of different herbicides significantly
influenced the dry weed weight, WCE and weed index.
Besides, weed free treatment, the lowest dry weed
weight (360 kg/ha) was recorded with the application
of pendimethalin @ 0.75 kg/ha as PE + HW at 45
DAS and lowest weed index (16.42%) was recorded
by the treatment of HW and interculturing at 25 DAS
+ 45 DAS which was followed by the application of
pendimethalin @ 0.75 kg /ha as PE + HW at 45 DAS
(17.99 %). The highest WCE (83.19 %) were recorded
by the application of pendimethalin @ 0.75 kg/ha as
PE + HW at 45 DAS but it was found at par with the
treatment of HW and interculturing at 25 DAS + 45
DAS (Table 3). The lowest dry weight of weeds and
weed index may be due to less weed density resulting
in lower dry weight of weeds. The results of Nagar

EFFECTS OF WEED MANAGEMENT PRACTICES ON GROWTH

et al., (2009) also showed that the application of
pendimethalin @ 1.0 kg/ha significantly reduced the
total dry weight of weeds in coriander crop. They
also revealed that the spraying of pendimethalin @
1.0 kg/ha as pre emergence recorded higher weed
control efficiency and lowest weed index as compared
to oxyfluorfen @ 0.25 kg/ha and oxadiargyl @759/
ha. Meena and Mehta (2009) in coriander observed
that the lowest weed biomass and highest WCE at
maturity were recorded with Oxadiargyl @ 75 g/ha
followed by hand weeding.

Growth parameters

Different weed control treatments significantly
influenced the plant height and number of branches
per plant at different stages as well as at harvest.
Besides weed free treatment, the highest plant height
at 60, 90 and 120 DAS was recorded with the
application of pendimethalin @ 0.75 kg/ha as PE +
HW at 45 DAS. At maturity, the highest plant height
was recorded by the treatment of HW and
interculturing at 25 + 45 DAS but it was found at par
with the application of pendimethalin @ 0.75 kg /ha
as PE + HW at 45 DAS (Table 1). Weeds were
effectively controlled under these treatments and
hence there was no severe competition by weeds for
moisture and nutrients leading to higher plant height.
Plant height at 30 DAS was not influenced with
different weed control treatments.

Besides weed free treatment, the highest number of
branches per plant at 90 and 120 DAS was recorded
with the application of pendimethalin @ 0.75 kg/ha
as PE + HW at 45 DAS. At maturity, the highest
number of branches per plant was recorded by the
treatment of HW and interculturing at 25 DAS + 45
DAS but it was found at par with the application of
pendimethalin @ 0.75 kg/ha as PE + HW at 45
DAS . The lowest number of branches per plant was
recorded under unweeded check. The more number
of branches per plant in weed free and with the
application of pendimethalin @ 0.75 kg/ha as PE +
HW at 45 DAS might be due to less number of broad,
narrow and other weed species and lower green
biomass of weeds which might be reduced the
competition for moisture, nutrient and light resulting
in higher growth of fennel crop. These results are in
accordance with the findings of Chaudhary (1989).
He reported that the application of pendimethalin @
1.0 kg/ha significantly increased the plant height and
number of branches per plant of cumin crop.
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vield attributes and yield

vield attributes as well as seed and straw yield were
significantly influenced by various weed control
practices. Results revealed that beside weed free
treatment, application of pendimethalin @ 0.75 kg /
ha as PE + HW at 45 DAS being at par with HW and
interculturing at 256 DAS + 45 DAS recorded
significantly higher yield attributes like; number of
umbels per plant (20.2), number of umbellates per
umbel (22.8), seeds per umbellate (25.0), 1000 seed
weight (7.22 g), seed (1120 kg/ha) and straw (3512
kg/ha) yields (Table 2). Increase in yield attributes
with pendimethalin @ 0.75 kg/ha as PE + HW at 45
DAS might be due to effective control of weeds
resulting in lesser competition of weeds which might
have ultimately resulted in better utilization of
nutrients and moisture available in the soil by the
tennel crop, which reflects in term of increased yield
attributes and yield of fennel. These finding are in
according with the findings of Sagarka et al., (2005).
They reported that the application of pendimethalin
@ 0.90 kg/ha + one hand weeding significantly
increased the seed and stover yields of coriander as
compared to other treatments. Chaudhary (2000)
also reported that the application of pendimethalin
@ 1.0 kg’ha + one hand weeding increased harvest
index and seed yield of fennel crop. The results are
also in accordance with the results of Parihar and
Singh (1994) in cumin crop and Nagar et al., (2009)
in coriander crop.

Economics

Application of weed control treatments significantly
influenced the gross return, net return and benefit :
cost ratio in fennel. Highest net return (¥ 54330/ha)
was recorded by the treatment of HW and
interculturing at 25 DAS + 45 DAS and was followed
by the application of pendimethalin @ 0.75 kg/ha as
PE + HW at 45 DAS ( 53546 /ha): In case of B: C
ratio, the highest B : C ratio of 2.29 was recorded by
the application of pendimethalin @ 0.75 kg/ha as PE
+HW at 45 DAS (Table 3).

EFFECTS OF WEED MANAGEMENT PRACTICES ON GROWTH

Thus, it is concluded that the maximum seed yield,
net realization and effective control of weeds can be
achieved by keeping the fennel crop weed free through
out the growing period or by hand weeding and
interculturing at 25 DAS + 45 DAS where there is no
shortage of labours. However, under the paucity of
labours, higher seed yield and net returns of rabifennel
can be secured by the application pendimethalin either
@ 0.75 kg/ha as PE along with HW at 45 DAS or
pendimethalin @ 1.0 kg/ha as PE.
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ABSTRACT

Experiments were carried out during year 2014 at FPTBE College, AAU, Anand to study the accelerated
storage validation to produce thermally processed blended Juice. Accelerated storage conditions were
at 37°C for 10 days and 55°C for 7 days as per food safety and standards act 2006, rules and
regulations (FSSRs), 2011, The total soluble solids of blended julce samples was above 5 brix and
found no significant (P>0.05) effect after the storages, though it was most stable. The significant
decreased In ascorbic acid was noticed higher after 7 days storage at 55 °C and the maximum loss
was 11.31 %, The total plate counts (cfuw/ml) were found below food safety standards rules and decreased
remarkably during storages. The yeasts and moulds count (cfu/ml) in the blended juice were increased
significantly (P<0.05) after 37°C for 10 days storage and showed inverse relationship with the 55°C for
7 days storage. As per standards, the product was stable and microbiologically safe, hence; validated
for commerclal production as It satisfies require accelerated storage conditions.

Key words : Bottle gourd, blended juice, accelerated storage, total plate counts

Bottle gourd (Langenaria siceraria), a vigorous annual
climbing vine with large leaves belongs to
Cucurbitaceae family and known as Calabash,
Doodhi, and Lauki in different parts of India (Deore
etal., 2009). India, Sri Lanka, South Africa, Indonesia
and Malaysia are the major bottle gourd producing
countries In the world. The bottle gourd is also known
in other places as White flowered gourd, Trumpet
gourd, Calebassier, Courage bouteille (French)
Cojombro, Guiro amargo (Spanish), Upo, Talayag,
Gucuzzl, Zucca melon (Philippines), Mokwa, Oo Lo
Kwa (China) (Axtell and Fairman, 1992). Bottle gourd
fruit contains almost 96% molsture but is rich in
vitamins, minerals, antioxidants and dietary fibers. A
100 g of edible portion of the bottle gourd contains
12.0 mg ascorbic acld, 87.0 mg potassium, 12.0 mg
calclum, 37.0 mg phosphorus and 0.3 mg niacin
(Rumeza et al., 2006, Sawate et al., 2009). Bottle
gourd contents 1.6% choline on a dry weight basis
and Is a precursor to acetylcholine, a chemical used
to transfer nerve impulses (Thomas, 2008).

Bottle gourd has long been an important component
of indigenous herbal medicine, particularly in Asia

' Associnte Professor, * Principal and Dean, FPTBE College

(Robinson and Decker-Walters, 2004) and traditionally
used as a nutritive agent having cardioprotective,
cardiotonic, general tonic, diuretic, aphrodisiac,
antidote to certain poisons, alternative purgative, and
cooling effects (Deshpande et al., 2008). Bottle gourd
plant is seasonal and hence supply of bottle gourd
fruitis not uniform through the year. The bottle gourd
fruit having higher edible index (94.17 %) and lower
waste index (5.83 %) which proves its importance for
processing (Sawate et al., 2009). Itis still underutilized
fruit in spite of being one of the cheapest source of
nutrients and potential source of natural antioxidants
and hence, steps should be taken to preserve this
perishable but nutritionally important fruit by extending
the shelf-life in the processed form. Production of
superior quality juice is one way to process the bottle
gourd but bottle gourd juice in its pure form is difficult
to preserve because of its lower acidity (0.17 %) and
high concentration of spore forming bacteria (Kothadia,
2010). Acidification may convert low acid juice to an
acidic juice and allow the use of milder thermal
process conditions (James and Shen, 2011). To
prepare such natural form of low acid juices, Bottle
gourd juice can be blended with other acidic fruit juices
namely Aonla (Emblica officinalis Gaertn.) and Lemon
(Citrus x limon) with spice extracts like Ginger
(Zingiber officinale),
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Production of such juice is mostly done manually in
the household or at cottage level, which is less
hygienic with high chances of degradation within few
hours. Different processing conditions are used with
little knowledge of the effect of the treatment conditions
on the physiochemical and microbiological quality on
the final stored product. Therefore, this research work
was conducted to determine the effect of accelerated
storage on quality of thermally processed bottle gourd
blended juice and its validation for production at
commercial level.

MATERIALS AND METHODS

Pre-treatments and juicing

Tender bottle gourd fruits (cv. ABG-1) and fresh aonla
fruits (cv. Anand-2) were procured from the
Horticultural Farm, Anand Agricultural University,
Anand. Matured lemon and ginger were procured from
the local vegetable market, Anand, India. Procured
raw fruits were thoroughly washed in the running tap
water to remove surface adhering extraneous
material, insecticides, pesticides, contaminations
and the other microbial load. The bottle gourds were
sliced and blanched to inactivate peroxidase
enzymes prior to juicing (Gajera et al., 2014). Aonla
fruits were also blanched in boiling water before
juicing. The juice from the blanched bottle gourd
slices and aonla fruits was extracted using the same
centrifugal juicer (Rama udyog, Jaipur, India) and
strained through muslin cloth. For juice extraction
from lemon, fruits were cut into two halves with the
help of stainless steel knives and juice was extracted
by squeezing manually and strained through muslin
cloth. For juice extraction from ginger, cut slices
were fed into domestic mixer cum grinder and
strained through muslin cloth.

Product development

All the four juices prepared as above were blended
using central composite design with response surface
methodology. Design expert® 8.0.7.1 (Statease Inc.,
Minneapolis, USA) software; based on numerical
technique was used for optimization of the blended
juice. Optimized blended juice as obtained was hot
filled in pre-sterilized 200 ml glass bottles and crown
corked using hand operated sealing machine. Hot
filled crown corked bottles were immediately
subjected to thermal processing in hot water. The
temperature and time of processing were over 80, 85,
90 and 95°C for 5, 10, 15, 20, 25 and 30 min. The
process was carried out at atmospheric pressure by

ACCELERATE STORAGE VALIDATION FOR THE PRODUCTION

immersing bottles into the autoclave (Nova
Instruments Pvt. Ltd., Anmedabad).

Accelerated storage

Thermally processed at above temperatures and time,
cooled bottles of blended juice was subjected for
accelerated storage at 37 °C for 10 days and 55 °C
for 7 days in incubator (Khera Instruments Pwt, Ltd.,
New Delhi) as per food safety standards regulations
as described by Nijhawan (2012).

Proximate analysis

The total soluble solids was measured using pocket
hand refractometer-PAL-1(ERMA, Japan) having
measuring range 0-53 °Brix. The ascorbic
acid content of blended juice was determined
by visual titration method using 2, 6-dichlorophenol-
indophenol while total plate counts, yeast and mold
counts and coli form counts were carried out using
standard procedures as described by Ranganna
(2004). For the analysis, ascorbic acid standard
(99%) were procured from SD Fine Chemicals
Mumbai, India, and plate count agar, PDAand VRBA
were procured from Hi-Media Laboratories Pvt, Ltd.,
Mumbai. For all assays, de-ionized distilled water
was used.

Statistical analysis

The data obtained (mean + standard deviation) after
the accelerated storage experiments were analyzed
by BASIC statistical software using 2-factors, 4- 6
levels CRD and results were analyzed by analysis of
variance using p < 0.05.

RESULTS AND DISCUSSION

Effect on TSS

The TSS observed was in the range 5.37 to 5.23 °Brix
across the treatments after accelerated storages with
maximum variation 0.14 °Brix (Fig. 1). The TSS was
significantly affected over the processed temperature
(T) at 5% level of probability. The TSS of blended juice
was most stable with increased over processed time
(PT), though it was not significant. However, the
interaction of both the parameters was found to be
non-significant after the storage (Table 1). Non
significant increase in total soluble solids in blended
juice after accelerated storages was might be due to
hydrolysis of polysaccharides into monosaccharide
and oligosaccharides. The result was supported by
Majumdar et al., (2009); Jan and Masih, (2012) and
Kausar et al., (2012).
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@ After 10 days storage 2t37°C [0 After 07 days storage at 55 °C
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Fig. 1 Effect on total soluble solid of thermally processed blended juice after accelerated storage

wing the effect of thermally processed blended juice at varying

Table 1 Statistically mean analyzed data sho it ‘
physicochemical and microbiological quality after accelerated

processed time and temperatures on

storage
Treatment TSS Ascorbic acid Total plate count Yeast & mould count
(°Brix) (mg/100 ml) (cfu/ml) (cfu/ml)
@ i @ # @ # @ #
Processed time (PT)
PT, 5.3083 52750 34.0717  32.7967 18.2500 16.1667 25833  0.8333
PT, 5.3083 52833 33.6642 31.8458 144167 129167 14167  0.5833
PT, 5.3000 53083 324208 31.0775 7.6667  7.8333 0.9167  0.1667
PT, 5.3250 52917 31.7742 30.3325 6.0000  5.1667 0.2500 0.0833
Pl 5.2833 52917 30.3092  29.0683 3.5000  3.2500 00833  0.0000
PT, 5.3083 53000 29.2867 28.1517 24167 20833  0.0000  0.0000
SEm = 0.014 0.017 0.224 0.204 0.607 0.515 0.223 0.090
CD (P=0.05) NS NS 0.636 0.579 1.725 1.463 0.634 0.256
Processed temperature (T)
T, 5.2722 52000 351444 336200 157778 137222 35000  1.1111
T, 5.2833 52556 335983  31.9883 10.3333  9.6667 0.0000  0.0000
T, 5.3389 53444 304956  29.2978 5.5000 5.2222 0.0000 0.0000
T 5.3278 5.3444 284461  27.2756 32222  3.0000 0.0000  0.0000
SEm + 0.0m 0.014 0.183 0.166 0.495 0.420 0.182 0.073
CD(P=0.05) 0.033 0.039 0.519 0.473 1.408 2013 0.518 0.209
Interaction (PTxT)
SEm 0.028 0.034 0.447 0.407 1.213 1.735 0.446 0.1
i . : ; .180

CD (P=0.05) NS NS 1.272 1.158 3.449
peie £ P : 1.195 1.268 0.512

b j 1.1 243 2.31 24.13 22.57 88.32 112.25

PT =5 min, PT,=10 min, PT =15 min, PT
T=80°C, T,=85°C, T,=90°Cand T,=95°C

¢ Values after storage at 37°C for 10 days (mean = std. deviation)
* Values after storage at 55°C for 7 days (mean = std. deviation)

=20 min, PT.=25 min and PT.=30 min




Effect on ascorbic acfg‘ .

The minimum asco_rplc acid content of thermally
rocessed blended juice was decreased to 6.44 %

and the maximum 11.31 % after accelerated storage

at 37 °C for 10 days and 55 °C for 7 days, respectively

(Fig. 2)- The significant (P<0.05) decreased in

ascorbic acid was noticed higher at 55 °C temperature
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for 7 days. Processed time (PT) and temperature
(T) increased indicated they were not governing
independent (Table 1). Result confirmed that the low
temperature long time storage of thermally
processed blended juice exhibited a higher protective
role of ascorbic acid than high temperature short time
storage.

B After 10 days storage at 37 °C [@ After 07 days storage at 55 °C

5 1015 20 25 30
Processed at 85 °C

5 10 15 20 25 30
Processed at 95 °C

5 10 15 20 25 30
Processed at 90 °C

Processed time (min)

Fig. 2 Effect on ascorbic acid content of thermally processed blended juice after accelerated storage

Effect on total plate counts

maximum total plate counts in thermally processed
blended juice was 31 and 28 cfu/ml after 37 °C for 10
days and 55 °C for 7 days, respectively (Fig. 3). The
minimum total plate counts was nil after 37 °C for 10
days and 55 °C for 7 days in 30 min for 95 °C thermally
processed blended juice. The total plate counts were
decreased remarkably and had significant effect
(P<0.05) after the storages (Table 1). However,

35 A &

w
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[
w
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[
o
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=
o
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Total plate count (cfu/ml)
n r

o

il

decreased was higher in 55 °C for 7 days accelerated

storage as compared to 37 °C for 10 days. This might

be due to the inhibitory effect of thermophilic temperature

of storage rather than masophilic towards the total plate
counts of thermally processed acidic blended juice. The
total plate counts were not grew which might be due to
the acidic environment of the blended juice and stable
TSS. The finding was in conformity with the results
reported by Derossi et al., (2011).

After 10 days storage at 37 °C [0 After 07 days storage at 55 °C
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Processed at 80 °C

S 10 15 20 25 30
Processed at 85 °C

5 10 15 20 25 30
Processed at 90 °C
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Processed at 95 °C

Processed time (min)

Fig. 3 Effect on total plate counts of thermally processed blended juice after accelerated storage
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Effect on yeast and mould counts

The maximum yeast and mould cou
3 cfu/ml, respectively after 37 °C for 10 days and 55
°C for 7 days accelerated storage in 5 min for 80 °C
thermally processed blended juice (Fig. 4). The yeast
and mould counts increased remarkably and
significantly (P<0.05) after both the storages (Table

nts were 10 and

i
[ 2]
1

=
o
1

o
1

f=9
1

[
—1

Yeast and mould count(cfu/ml)
[2]

L

[GAU Research Journql 4] b)

1). However, yeast and mould counts were o
after accelerated storage in thermally proce:e"‘
plended juice at 25 min for 80 °C and 5 1o 3¢ - seq
85 to 95°C. Result revealed that the Yeastsmor
moulds can tolerate masophilic temperatyre ra:q
than thermophilic temperature in the lower g
environment of blended juice. The coli form
(cfu/ml) was nil after both the storages.

acidie

After 10 days storage at 37 “C [ After 07 days storage at 55 °C

. m  E W N - B B B B W

o
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Processed at 90 °C Processed at 95 °C

Processed time (min)

Fig. 4 Effect on yeast and mould counts of thermally processed blended juice after accelerated storage

CONCLUSION

After the accelerated storage, thermally processed
blended juice TSS was above 5.0 °Brix and remained
most stable. The total plate counts also were not more
than 50cfu/ml after the storages as per food safety
and standards act 2006, rules and regulations
(FSSRs), 2011. The minimum and the maximum loss
of ascorbic acid in blended juice was 6.44 and 11.31
° after accelerated storage at 37 °C for 10 and 55 °C
for 7 days, respectively. The product was validated
for commercial production, as it was stable and
microbiologically safe after accelerated storages.
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ABSTRACT

A unique feature of Kerala's agriculture in general and Kasaragod district in particular is that the
cropping pattern has shifted in favour of commercial crops. In this shift, plantation crops increased
considerably. Arecanut is an important commercial crop in the Kasaragod district of Kerala. During
the past three decades, the arecanut cultivation underwent significant increase in area and production
due to area effect and the yield effect. The input wise distribution of cost of arecanut by size of farm
did not indicate any specific relation between the total cost of cultivation and the size of farm. Yield
per hectare of arecanut indicated inverse relation with the size of farm. Estimating costs and returns
of arecanut cultivation in Kasaragod in terms of PBP, IRR, NPV and BCR revealed that arecanut
cultivation is profitable in the district. The study also revealed that profitability of arecanut s inversely

related to the size of arecanut garden

Key words : Kasaragod, arecanut cultivation, cost of cultivation, profitability

Arecanut is used by all sections of people as
masticator either alone or in combination with betel
leaves, lime and tobacco. It is an essential requisite
for several religious and social ceremonies. In olden
days it was used as a human and veterinary medicine
(Bhalerao and Singh, 1985). With the development of
modern medicine, its medicinal value steadily began
towane. The arecanut palm grows in different climatic
and soil conditions and is grown in India, Bangladesh,
Srilanka, Malaysia, Indonesia, Philippines and
Myanmar (Jose and Jayasekhar, 2008). In India,
among the arecanut growing states, Kerala, Karnataka
and Assam account for 95 percent of total area and
90 percent of total production (Anonymous, 2014). In
Kerala, arecanut is cultivated in all districts. The
proportion of area under arecanut in the state is very
high when compared with other states. In terms of
income, arecanut occupies an important place in the
economy of Kerala and it is predominantly a small
farmer’s crop (Karunakaran, 2015).

Kasaragod District was organised on 24" May 1984
and is the northernmost district of the State of Kerala.
The land use pattern shows that, in the district
arecanut is the major crop next to coconut and rubber,

'Head of the Post Graduate Department of Economics

accounting about ten percentage of the total cropped
area (Karunakaran, 2014). In the district, arecanut is
mainly a small farmer's crop and more than 75
percentages of the holdings are of less than two
hectares in size. Any change in its cultivation either
in terms of area, production or productivity would
seriously affect the weaker sections of the agriculture
population. The present study is therefore, an attempt
to analyse the profitability of arecanut cultivation in
the Kasaragod district against the background of the
agricultural sector of Kerala.

MATERIALS AND METHODS

The study used both primary and secondary data.
Primary data was collected from seventy two arecanut
growers of the Kasaragod district. The major source of
secondary data are various published reports of the
Department of Economics and statistics,
Thiruvananthapuram, State planning Board,
Thiruvananthapuram, Directorate of Cocoa, Arecanut
and spices Development, Kozhikode and Directorate
of Economics and statistics, Government of India.

The time element in the calculation of cost and returns
has been taken care of seriously (Singh, et.al, 1982) for
evaluating the profitability of arecanut gardens with the
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] major techniques widely used in the Internal Rate of Return (IR
f the four i i [ scount
nelp oevawbm_ﬂmefourlemmqu&saregwen below: The IRR is that discount rate at which the NPV is
[ zero. The equation for its calculation is
pay s the numberc’f years an investment project o
mePBP I Costs from its retums. The PBP ' (Rt-ct
taken tot‘ wheret" isthe lowest value of ‘t’ for which ((1 + r)t)
eaU2 winginequality holds: B
the
* ‘*
tCt & Rt BENEFIT COST RATIO (BCR)
i t=1 The BCR of an investment is the ratio of the discounted

value of all calsh inflows to the discounted value of all
. outﬂowsddurlng the life of the project. It can be
\Wwhere in Period t computed as
= Return In
2= Cost in Period t.

Rt
Value NPV) =1 1
Net ,:r:‘ﬁ: investr(nent is the discounted value of all BCR = —ﬂ
cash inflows, net of all cash outflows of the project Z’ Ct
quring its life time It can be computed as: a1+ )t
T /Re-ct RESULTS AND DISCUSSION
NPV = Z,,,((unt)
In Kerala, the area and production of arecanut is
spread in almost all districts. Table 1 shows the area
Where, under cultivation of arecanut in Kasaragod district.
i = discounted rate The percentage of arecanut area increased
T = number of years. considerably in the district.

Table 1 Changes in the area under Arecanut crop in Kasaragod district (1985-86 to 2013-14)

Sr. No. Year Area (in hectare) Percentage increase
" 1985-86 8907 .
2 1990-91 12269 38
; 1995-96 12710 o
4 200001 18515 >
5 2005-06 17622 o
6 2006-07 14910 67
7 2007-08 15060 69
. 00809 14927 o
9 2009-10 15256 4
10 2010-11 18039 160
1 2011-12 19552 1]
12 201213 18997 o
B 2013-14 e

Source - Computed from (i) Statistics for planning (various issues), Department of Ef:.c;;:;?;cgs E?(r;:rd81 athgsﬁs(,)fG:::;“gf
Kerala, Thiruvananthapuram. (ii) Economic Review (various issues), State ' :

Thiruvananthapuram.
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In 1960-61, the area under arecanut was 55 thousand
hectare. In all the decades except 1970’s, Kerala
experienced significant increase in the area under
arecanut cultivation (Karunakaran, 2013). During the
last five decades, many of the northern districts and
central districts observed percentage increase in the
area and all the southern districts showed decrease
in the area under arecanut cultivation.

(GAU Research Journg; 11 (3

In Kasaragod, coconut, arecanut, rubber anq ban
observed increase inthe proportlion of area. Areg i#
rice, pepper, cashewnut, .taploca, cardamop, . r:er
ginger experienced declining trend. One import
feature of the cropping pattern of Kasaragod disty
is the high proportion and continuous increagg
arecanut area in the total cropped area (Taple ).

Table 2 Cropping Pattern change in the Kasaragod District in Kerala

Sr. No. Crops 1985-86 1990-91

2000-01 2005-06

199596 201314

FeS

Rice
Coconut
Arecanut
Rubber
Pepper
Cashewnut
Tapioca
Ginger
Banana

OCODNDN A WN =
WO~NNU RO W
NOON O WO =

5

~NOOMNDWR =

N OoowoMNnps~-—=O0
NOoWUNhA =D
N O oA W—=O

Figures shows rank of each crop in the Total Cropped Area

|

Source : Computed from (i) Statistics for planning (various issues), Department of Econ_omics and Statistics, Gowt, ¢
Kerala, Thiruvananthapuram. (ii) Economic Review (various issues), State Planning Board, Govt. of Kerala

Thiruvananthapuram.

Arecanut cultivation is the chief economic activity of
the district. It is a main source of income and
employment. Therefore its further development is a
real necessity. As long as cultivation is in the private
sector, commercial farmer will continue the cultivation
only if it is a gainful activity (Duggappa, 2013). The
profit or loss of cultivation of a crop is the difference
between the cost of various inputs used and the value
of main product and the by product obtained from it
(Gopal Naik and Arora, 1986). Therefore, an analysis
of the costs and retumns is very relevant to measure
the profitability of arecanut cultivation.

Input-wise maintenance cost of arecanut

The input-wise maintenance cost of arecanut is
estimated under the three different concepts of cost
and is presented in Table 3. The important items of
Cost A are seed/seedlings, hired human labour, farm
yard manure, chemical fertilizers, irrigation,
depreciation, plant protection, interest on working
capital and other expenses. Cost B includes Cost A,
rental value and interest on fixed capital. Cost C is
the totality of Cost B and family labour charges.

The estimated cost of arecanut cultivation under
various cost concepts given in Table 3 indicated that

cost A, B and C exhibited positive relation with th
size of arecanut farm. The proportion of total cost

on hired human labour, farm yard manure, irrigatior

chemical fertilizers, plant protection, interest o

working capital and other expenses indicate positiv:
relation with the size of farm; whereas proportion oi
total cost on seed/seedlings, depreciation, renta
value, interest on fixed capital and family labour
charges exhibited negative relationship with the size
of farm. Among the small farmers, hired human labour
charges accounted for the highest share of the total
cost, followed by farm yard manure, rental value,
family labour charges, irrigation and interest on fixed
capital. In the case of medium farmers also hired
human labour charges accounted for the highest share
of the total cost followed by farm yard manure, rental
value, irrigation, family labour charges and interest
on working capital. The large farmer’s hired human
labour charges accounted for the highest share of the
total cost, followed by farm yard manure, rental value,
irrigation costs, interest on working capital and
interest on fixed capital.

Average yield of arecanut
The data presented in Table 4 indicated that size Qf
farm is negatively related to yield per hectare. ItS
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o 3 Input-wise proportion of maintenance cost of Arecanyy in the Kasaragod district

o No particulars Size of arecanut farm
— seed/seedlings K
1 Hired Human Labour 39.65 4311315 4?93
2 Farm yard manure 13.68 14.03 1433
3 chemical Fertilizers 3.73 36 '
. hem 81 3.49
Imigation 5.94 6.32
5 iati 3 : 8.32
Depreciation .00 2.52 2.10
6 Plant Protection . 3.67 4.04 3.92
7 Interest On Working Capital 558 579 8.08
8 Other Expenses 2.92 3.55 :
9 tA 81.74 ' e
Cos . 83.33 85.34
0 Rental Value ' . 4.36 4.19 4.00
}1 Interest On Fixed Capital 5.94 5.44 5’37
Cost B 92.04 92.96
: 94.72
12 Family Labour Charges 7.96 7.04 5.28
CostC 100.00 100.00 100.00
Wicate percentage to total cost.

gource: Primary Data.

estimated that the average yield of arecanut per
hectare is 17.50 quintals for small farm, 16.80 quintals
formedium farm and 15.25 quintals for large farm.

Profitability of arecanut cultivation

Since the gestation period for arecanut is much longer
than that for other crops and its economic life is about
50 years, the time element in the calculation of cost
and retum was worked out for evaluating the profitability
of arecanut garden. This is by discounting of costs
and returns. The age wise data on costs and returns
were also worked out for computing the various
measures of profitability. The net present value (NPV)
and benefit cost ratio (BCR) are functions of discount
rate and are negatively related to discount rate. The
discount rate used in the study is equal to ti_'ne
opportunity cost of capital and since the opportunity

Table 4 Yield per Hectare of Arecanut in the

Kasaragod district
Sr. No. Size of Yield
arecanut farm (in Quintals)
1 Small 1750
2 Medium 16.80
3
.o dene 15.25

Source: Primary Data.

cost could vary from 8 to 15 percent, these measures

were calculated separately for two discount rates, viz.,
12 and 14 per cent.

The four measures of profitability, viz., payback period
(PBP), net present value (NPV), internal rate of return

(IRR) and benefit cost ratio (BCR) were calculated
and the result is given in Table 5.

The payback period obtained (13 years) is less than
the maximum PBP (14 to 15 years) desired by the
farmers in the district. Hence, according to the criteria
of PBP, arecanut cultivation is profitable in the district.
Results of Net Present Values (NPV) at 12 per cent
and 14 per cent were positive and quiet high also
indicates the profitability of arecanut cultivation. The
Internal Rate of Return ranged from 33.40 per cent for
large farmers to 33.70 per cent for medium farmers. It
was much greater than the cost of borrowing capital,
which ranged from 10 to 15 per cent, for borrowing
from financial institutions in Kerala shows that arecanut
cultivation is profitable. The benefit cost ratio at 12
percentage of discount rate ranged from _1 A8 percent
in large farmers to 1.96 per cent in medium farmers.
Even at a higher rate of discount of 14 per cent, the
BCR ranged from 1.42 per centin large far_mersto 1 .5?
per cent in medium farmers. In all the size gro_upfs it
was greater than unity. Hence, according to the criterion
of BCR also arecanut cultivation is profitable.
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Table 5 Profitability of Arecanut crop in the Kasaragod District

Size of arecanut fm

Sr. No. Particulars _

Small Medaurn\mrg‘a
13.30 (||)\

1 PBP (Years) 12.80 (1) 1360 g

2 IRR (%) 33.50(I 33.70 () 3.4 Eng

3 NPV (Rs)

4 At 12 % 38204 (Il 47758 (1) 29992 "

5 At 14 % 21476 (IN) 25696 (1) 19625 ('"i

6 BCR

7 At 12 % 1.88(1l) 1.96 () 148 gy

8 At 14 % 1.50((l) 152 (l)

Figures in bracket indicate rank.

CONCLUSION

The agricultural economy of the district has been
showing signs of stagnation or even decline in a few
of its most important sectors. One important feature
of the agriculture sector of the district is that of change
in cropping pattern in favour of commercial crops. In
this, plantation crops increased considerably.

Arecanut cultivation is one of the main economic
activities of the district and is an important source of
income and employment to the people. Therefore, an
analysis of the costs and returns of this crop is areal
necessity so as to measure the profitability. The input
wise distribution of cost of arecanut by size of farm
did not indicate any specific relation between the total
cost of cultivation and the size of farm. Yield per
hectare of arecanut indicated inverse relation with the
size of farm. Estimating costs and returns of arecanut
cultivation in the district found that arecanut cultivation
is profitable. It is also revealed that profitability of
arecanut is inversely related to the size of farm. This
clearly reveals the implementation of proper measures
and policy decisions on the part of the government for

the effective development of arecanut crop in the
district. 4
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ABSTRACT

Scraped surface heat exchanger (SSHE) is more suitable for heat transfer for viscous and heat

sensitive products in dairy industry. It is easier to control time, temperature and pressure in a SSHE

than in a kettle. The use of SSHE for the manufacture traditional Indian Dairy Product helps in

reducing man power and improving quality as well as shelf life of the product. SSHE of various

design are being used for manufacture of TIDP as well as for western product such as icecream,

cheese etc. The choice and design of heat exchanger depends on Flow rate of both streams, Heat
sensitivity and corrosivity of the fluids, Terminal temperatures, Properties of both streams, Operating
pressure and temperature, Pressure drop, Fouling tendencies, Type and phase of fluids, Material of
construction, Heat recovery, Flow arrangement etc. The scraping action of the blades rotating within

the heat transfer tube continuously removes the product film from the heat exchanger surface and
prevents burning-on, scaling or crystal build up on the wall. This type of heat exchangers can be

used for batch or continuous heating or cooling of products. The major advantages of SSHE include

short residence time in heated zone so heat sensitive product can be conveniently processed, high

heat transfer coefficient, narrow residence time distribution, wide viscosity range, minimum surface
fouling. SSHE basically consists of a cylindrical rotating shaft within a concentric hollow stationary
cylinder so as to form an annular region along which the process fluid is pumped. In a typical SSHE
there are usually two or four blades located periodically around the rotor throughout the product
tube, though sometimes they are axially staggered in order to improve mixing. Liquid-full operation
and thin-film operations are very commonly used in SSHE. Thermal and electrical energy are required
in operations of SSHE. The electrical energy required for driving the rotor is very small as compared
to the thermal energy required to evaporate the water. Structural design of SSHE includes the
calculation of size, shape and strength of each component of the SSHE to handle the product
efficiently, material of construction require to meet the requirements from the view point of food
hygiene and sensory attributes of the product, the finish of the surface and the mechanical power to
run the unit successfully and efficiently. More advanced designs of SSHE are available in the market
for various applications. There is a good scope for SSHE to prepare indigenous milk products viz.,
basundi, peda, khoa, halava or in general any khoa based sweets on commercial basis.

Key words : Scrape surface, dairy, heat exchanger.

Heating and cooling are among the most important unit
operations of the dairy and food industry since almost
all the food material is heated or cooled for a variety of
reasons in one stage or the other during processing.

These operations are carried out to get the desired
properties of the food material during processing for
enabling the efficient operations as the properties of
the material are temperature dependent, to increase
or decrease the reaction rate, to preserve the food
material by lowering the temperature or moisture
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content as the microbial growth and decay as well as
chemical and biochemical reactions depend on the
temperature and moisture content, to remove heat
developed in mechanical operation, to get the desired
characteristics of final product, to assist further
processing operations, etc. (Kumbhar et al.,1985).

The equipment which are generally used to transfer
thermal energy through a separating wall or by direct
contact between two or more fluids are called heat
exchangers. Scraped surface heat exchanger (SSHE)
is more suitable for heat transfer for viscous and heat
sensitive products. The mechanical action on the
heating surface safe guards against fouling which
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reduces the residence time distribution (RTD) and
facilitates processing of difficult products. F_Iow
patterns, mixing effects, residence time distribution,
heat transfer and power requirements are the r_na|0r
parameters for design and performance evaluation of
SSHE (Abichandani ef al., 1987 and Harrod, 1990}‘_“
is easier to control time, temperature and pressure in
a SSHE than in a kettle (Alam, 1988). This makeg it
possible to achieve more even and improved quality
in cooking of highly viscous products.

In India, many un-organized sectors manufacture
indigenous milk products like basundi, peda, khoa
etc. in open pan which involves lots of labour in
preparation of these products. The use of SSHE for
the manufacture of such product helps in reducing
man power and improving quality as well as shelf life
of the product (Rajshekhar et al., 2001 ). To a great
extent SSHE has replaced kettles for processing of
fruit juices, jams, margarine, sugar concentrates and
many other food products. It is reported that SSHEs
are suitable for processing liquid food having
suspended solid, high viscosity and non-Newtonian
rheology (Christie and Shah, 1992; Dodeja et al.,
1992). Dodeja et al. (1989) reported the use of SSHE
for the manufacture of UHT milk.

Application of SSHE for dairy industry

SSHE of various design are being used for manufacture
of TIDP as well as for westem product such as icecream,
cheese etc. Manufacturing of various dairy products
using scraped surface processing plant increases their
shelf life (Rajorhia et al.,1991). The manufacturers of
various SSHE have described the constructional and
application of SSHE. (Anonymous, 1985). They include
the coolmix (Fryma-Maschinen AG, Switzer land),
Thermutator (Cherry- Burrel), Contherm ( Alfa-Laval),
Consistator (de Gestemnberg, Denmark), Rota-pro(APV
Crepa co), Fran Rica (USA) and Spiraflow (Heat Recovery
System Ltd.,Watford UK). Applications claimed include
UHT treatment of milk(Ready and Mathur,1991;
Lewis, 1993; Kjaerulff,1998), heating and cooling of various
food products, protein concentrates, reconstituted milk,
cream, ice cream, cheese, chocolate sauces and other
viscous products ( Abhichandani et al.,1989b; Ohlsoon,
1989), cooling molasses (Broadfoot et al.,1990), whey
solids (Anon,1978), asceptic processing of fruits for
yoghurt and icecream (Anon,1980, Smittcamp
et af 1981), manufacture of khoa based sweets like
gajar halwa, dudhi halwa, kheer (Upadhyay et al.,1993)
and indigenous products like khoa, ghee(Bector et
al,, 1996). manufacture of ghee (Abhichandani et al, 1978,
Savita and Dodeja, 2011), khoa (Dodeja et al, 1990a;
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Dodeja and Nand kisore,2011; Bhadap;
UHT sterilization of milk (Abhichan de: etal, 200,
Basudi (Rajshekhar et al, 2002- F’atn; et a 19?25‘
Dodeja; 2013), Milk evaporation(KO’h" anz Supil‘ 200?};
1994), Rabri and Barafi (Dodeja, 2013) Sgﬁz .

, os ;

and Bhadania,2004), Halwasan (Pate| Sunil 201?5;’a1e|

Classification of heat exchangers an
A large numbers of heat exchangers
heating and cooling operations in differan; :

such as dairy, food, chemical, Dharmaem Ndustrieg
These heat exchangers can be classifieg"euuca" etc.
of ways such as according to transfeflnanumber
degree of heat transfer, surface com fOCesseg.
construction features, flow arrangements ‘:]actness.
fluids and heat transfer mechanism (Shan, 1;$ber of
direct contact type heat exchangers the , )-Ina
transferred through direct contact between hot an%al is
fluids; whereas in an indirect type, heat is lransfe::iﬂ-
from hot fluid to cold fluid through a separating .,fcﬁ
(Kumbhar et al.,1985). SSHEs are classified bas:r-
on several ways such as scraper arrangement, bladc:
clearance, design of product tube, etc. Abhichandzn,
et al., (1978) gave the detailed classification of SSHE;
employed in dairy and food industries.

d SSHE;
are availapjg for

Factor affecting the selection and design of heat
exchangers
The choice and design of heat exchanger depends on
a large number of factors such as (1) Flow rate of both
streams: The size-length, width, height, weight of any
heat exchanger depends on the flow rates of both the
streams. There may be limitations on the size of hea
exchanger due to site requirement, lifting and servicing
capabilities or inventory consideration. Therefore.
accurate process flow are indispensable for sizing heat
exchangers to meet required thermal thermal duties
at the smallest pressure drop and to minimize cap_ﬁﬁl
cost (2) Heat sensitivity and corrosivity of the ﬂumi
Some fluids are heat sensitive while somé ae COmoSVE
in nature. Hold up volume, residence time and surf;ﬁ:
temperature are met by exchangers having go:;d mDa“
distribution, high heat transfer coefficient an 5w |
channel volumes. If the fluid is corros\V® in ﬂaused
the corrosion resistant material should b€ U=
; ; ratures:
for construction. (3) Terminal tempe tnetermind
performance of heat exchanger depends ?ﬂs i
temperature of the processed streams e ts. In generd
in terms of number of heat transfer units: units e’
plate heat exchanger hasm :
pass than tubular heat exchanger-
both streams: Properties of fluid Suc etc. are Vs
thermal conductivity, density, specific



July 2016]

for determination of pumping and heat transfer rate.
For low viscous fluid plate heat exchanger and for high
viscous fluid SSHE is the best choice.(5) Operating
pressure and temperature: Mechanical design of the
exchanger depends on the operating temperature and
pressure(6)Pressure drop: Pumping cost and heat
transfer depends on pressure drop (7) Fouling
tendencies: Velocity of the fluid, temperature of the
surface on which foul forms, bulk fluid temperature and
composition of the fluid affects the deposition of solid
on the heat transfer surface. (8) Inspection-cleaning
and extension possibilities: Heat exchanger should
permit easy cleaning and inspection for fouling, leakage
and corrosion. It should be possible to extend the
exchanger to accommodate increased capacity of the
dairy/food processing plant with minimum installation
change and cost. (9) Type and phase of fluids: The
choice depends on the viscosity of liquid and
suspended solids. If condensable gas is to be used,
tubular heat exchanger is the obvious choice (10)
Material of construction: The type of material used for
the construction of exchanger depends on the
properties of the liquids, operating temperature and
pressure, welding ease, availability, conformance to
all applicable laws, codes and cost. SS 302, 304, 316
are used for the construction of the parts of equipments
which directly come in contact with dairy/food
materials. (11) Heat recovery: For heat recovery in
excess of 50 %, the tubular heat exchanger will be
seldomly used while plate heat exchanger can be used
conveniently upto 95% heat recovery. (12) Flow
arrangement: Counter current flow arrangement is
thermodynamically superior, produces minimum
thermal stress, takes minimum advantage of maximum
advantage of the heat transfer surface, recurring the
least heat transfer surface for given duty and maximum
heat recovery (13)Cost of heat exchanger.

Scraped surface heat exchanger (SSHES)

High viscosities and non-Newtonian behaviors of the
processed fluids are often encountered in dairy and
food field and tend to complicate their handling and
to reduce the heat transfer rates in process equipment.
In addition, the presence of solid food pieces causes
additional problems related to the formation of solid
deposits on hot surfaces. During heating, these
deposits can eventually heat up to roasting
temperatures altering the aromatic properties of the
treated fluid. Some of these issues can be avoided or
minimized by adopting a SSHE in place of shell and
tubes or double-pipe heat exchangers. Unlike the
simpler plate heat exchangers which are commonly
used for low viscosity process fluids, SSHEs are

SCRAPED SURFACE HEAT EXCHANGER FOR DAIRY INDUSTRY- AREVIEW

designed to deal with the problems that arise when
processing very viscous products. Foodstuffs such
as margarine, ice-cream, chocolate, sauces, spreads,
peanut butter, cream, caramel, purees, soups, salad
dressings, yoghurt and jam are all routinely processed
using SSHEs (Smith, et al., 2010). The scraping
action of the blades rotating within the heat transfer
tube continuously removes the product film from the
heat exchanger surface and prevents burning-on,
scaling or crystal build up on the wall. During
operation, the product is brought in contact with a
heat transfer surface that is rapidly and continuously
scraped there by exposing the surface to the passage
of untreated product. More over the product is in
contact with the heating surface for only a few
seconds and high temperature gradient can be used
without the danger of causing undesirable reactions.
This type of heat exchangers can be used for batch
or continuous heating or cooling of products with very
high viscosity and solid contents up to 75 %. The
major advantages of SSHE include short residence
time in heated zone so heat sensitive product can be
conveniently processed, high heat transfer coefficient,
narrow residence time distribution, wide viscosity
range, minimum surface fouling, liquids with foaming
tendency can be easily handled, high capacity
reduction-down to 10% of design throughput, low
product inventory, waste heat recovery is possible for
energy conservation, it is possible to use concentrated
milk as feed which would increase the capacity
substantially, efficient use of thermal energy, better
process control and optimization (Abhichandani et
al.,1978; Dodeja and Nand Kisore, 2011).

Parts and configuration of SSHE

SSHE basically consists of a cylindrical rotating shaft
(the “rotor”) within a concentric hollow stationary
cylinder (the “stator”) so as to form an annular region
along which the process fluid is pumped.

1. Stator : The stator acts as the heat-transfer surface,
and it is normally enclosed within another cylindrical
tube which provides a gap through which a heating or
cooling service fluid passes. Scraper fitted with two
or more scraping blades mounted on the central shaft.
The outer cylinder is covered with an insulated material
to minimize heat loss to or heat gain from the
surrounding. The stainless steel sheet with sealed
joint is used to cover the insulation and protect it from
mechanical damage. It is made up of stainless steel
or mild steel lined with chrome nickel plating. The
inlet and outlet ports for heating or cooling medium
and liquid product are kept at the end of the cylinders.
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2. Rotor:SS rotor shaft at the center of the cylimj!er
holds the scraper blades and connected to drive
mechanism for rotation. Flow of milk through the pump
can be regulated by varying the speed of feed pump
and rotor speed can be controlled by with the help of
variable frequency drive (VFD). Feed pump should
handle viscous/non viscous fluids and pulped material
in suspension, viz., milk, cream, sugar syrup,
beverages and fruit juices. It has a uniform pulse‘—free
output in strict linear dependence on the rotational
speed. SSHE must be insulated with glass wool or
other appropriate insulating material of about 1-2.5

Heating or Cooling Medium

Product

Shatt
Scraper Blade

Heal Transfer Tube

Insulation

Stainless Steel Cover

Scraper Arrangement:

In a typical SSHE there are usually two or four blades
located periodically around the rotor throughout the
product tube, though sometimes they are axially
staggered in order to improve mixing. The rotating
scraper helps in improving efficiency, proper mixing
and imparting desirable consistency and texture to
the product. In ice cream freezer action of the blades
helps to blend the fluid, air and ice crystals that are
formed on the cooled stator surface, to produce a
smooth consistency. The scraper may be grouped
into fixed clearance scraper and variable clearance
scraper. The fixed clearance scrapers are used for
highly abrasive product such as sugar/fat mixture and
are fitted with small clearance between the blades
and the heat transfer surface of the inner cylinder.
Variable clearance scrapers have floating blades which
are forced towards the wall by spring, centrifugal force,
hydrodynamic action of the fluid or a combination of
these forces. The product velocity at the heat transfer
surface depends on the speed of the scraper and the
effective number of the rows of the blades and does
notdepend on the product flow rate. The overall thermal
performance of the continuous Khoa making unit is
improved by increasing the heat transfer rate with the
help of blades by violently agitating the liquid,

[GAU Reseqy, Totirgy 4
1
cm thickness. The dimensiong of ' Q)
7.5 ¢m to 25 cm diameter anq |e Vary ¢
cm (HE, 2012). Scraper assemgi‘ghoo?f 12 n;o Targ
design is configured for scraping action a "Oprig
the rotor are a number of pivoted biagge - Altachg, .
scrapes the heat-transfer surface, remOV.eaCh Q "“hicz
fluid and hence allowing “”prOCessedl;: ,9'00833%
closer to the stator. For maximum g uid to
product tube is manufactureq from a m i
high heat-transfer coefficient. The bladea Crial wiy,
are usually made from stainless ste .

Mms
: elas w,
material depending on the appli ellas T

cation (Smith, 1973

insulating jacket

packing

clamping
band inlet bowi

eliminating any channeling of liquid, decrease in
apparent viscosity by shearing effect and forming a
thin film of liquid on its heat transfer surface. The biade
arrangement can be made in straight blades or
staggered blades fashions. Dodeja et al., (1987)
reported that staggering of blades improved RTD and
reduced power consumption as the flow is very close
to plug flow that is free from bypassing, short
circuiting and channeling. Kohli (1993) indicated that
staggered blades for the concentration of milk are
highly advantageous from viewpoint of heat transfer
and hydrodynamics. It caused high turbulence dueto

more frequent interruption of fluid film by blades.

Performance of SSHE machine with regards to heat
transfer and product outflow for khoa have been
reported (Bag, 1994).

ANGLED
BLADE
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eo{Opemﬁon -

. id-full operation and thm-f_:lm_oparatlons are very
1_|qumonly used in SSHE. In liquid full operation, the
com el is filled completely with liquid products and it
yesls ost always used in sensible heat transfer, |n
is a:imuid full vertical SSHE the product falls down
1hen qthe inner side of vertical heat transfer tube by
a!:;vigw. The heat transfer is promoted by rotation of
gmdes that scrapes produ_ct off the surface of the
heat transfer tube. Centrifugal force throws the

roduct back on the tube. Evaporated vapour rises

in the free space close to the rotor. The flow pattern
in the liquid full scraped §ur_face film evaporator
cannot be expected to be s_.lmllar to the flow pattern
in an annulus with a rotating inner cylinder where
the annulus is completely filled with liquid. In case
of thin film operation, product tube does not run ful|.
but the liquid flows in a thin film. This mode of
operation is used when a change of phase takes
place in the liquid product. Some time, it is necessary
to operate SSHE under positive back pressure to
get effective scraping action, to overcome product
film viscosity or to keep the product in liquid state
(Guevas, et al., 1980). The problems like viscosity
variation, heat sensitivity and foaming encountered
during processing of food products can easily be
handled in thin film SSHE. Heat transfer in thin film
SSHE is very complex involving hydrodynamic of the
liquid, several empirical relations and operating
variables etc. (Rajshekhar et al., 2002).

Operating/ process parameters
Time, temperature and pressure are easily controlled
in SSHE than a kettle (Alam, 1988). The geometry
and operating parameters play a major role in heat
transfer performance and quality of the product. The
maximum operating flow rate of 2.7 x 104 I/h,
maximum operating pressure of 35 kg/cm?, maximum
operating temperature of 250°C have been reported
(Pelsoi, 1972, Kumbhar et al., 1985, HE, 2012).
Pressure drop is extremely important parameter in
SSHE design since pumping cost and heat transfer
rate depend on the pressure drop (Alfa laval, 1985).
The operating steam pressure during manufacture of
batch type khoa making process ( Bhadania, et al.,
2004b), continuous khoa making machine (Dodeja,
et al., 1990b), basudi making machine (Patel
Sunil,2007), thermization of shrikhand (Dhotre et al.,
2009). sandesh manufacture( Patel,2004), halwasan
r"g:f"ng(Patel Sunil, 2013) using various types of

Es with different types of scraper assembly have
been reported.

SCRAPED SURFACE HEAT EXCHANGER FOR DAIRY INDUSTRY-

AREVIEW

Heat transfer behaviour of SSHE (Thermal design)
Heat transfer behavior of SSHE is very complex
Phenomena, as several factors such as properties of
fluid being handled and operating parameters like
temperatures, batch size, rotor speed etc. are
associated with heat transfer (Trommelen and Beek,
1871; Harrod, 1990, Dumont et.al., 2000.; Rajshekhar
et al., 2002). The rate of heat transfer between the
heat transfer medium and the product is controlled
by two mechanism viz, the rate of heat conduction in
to the thin product layer at the heating surface as
well as the rate at which the thin product layer is
removed and then mixed with the bulk product. The
mixing step occurs at radial mixing, which enhances
heat transfer. However, axial mixing with a certain
amount of back mixing may also occur, which leads
to reduction in driving force and aftects the heat transfer
coefficient. The flow is three-dimensional (comprising
atransverse flow driven by the moving rotor and blades
and a pressure-driven axial flow) and in certain
circumstances it can be complicated by the formation
of vortices. The flow is also non-isothermal and will
typically involve conduction, convection and viscous
dissipation within the process fluid: moreover, the
thermal characteristics of the service fluid may also
affect the heat transfer. The fluids that are processed
are often non-Newtonian, inhomogeneous,
viscoplastic, viscoelastic, contain particulates,
possess temperature-dependent viscosities, and/or
undergo phase changes during the cycle through the
SSHE which have impact on rate of heat transfer

(Trommelen and Beek, 1971; Harrod, 1990 and
Dumont et al., 2000).

Overall heat transfer coefficient (U-value)

The overall heat transfer coefficient represents the
intensity of heat transfer from one fluid to another
through a wall separating them expressed as W/m?
°C. The U-value is dependent on steam side film heat
transfer co-efficient (ho), product side film heat transfer
co-efficient (hi) and wall heat transfer coefficient (hw)
(Patel and Bhadania, 2004). The value of hw is
constant as it is fixed with the design of the SSHE.
The resistance of heat transfer will be greater on
product side than on condensing steam side (Mc
Admas, 1954; Cuevas and Cheeryan, 1982). Heat and
mass transfer equations are used in order to calculate
the U-values of SSHEs (Kessler, 1981; Patel and
Bhadania, 2004; Savita and Dodeja, 2011). The
equation correlating operating temperature, TS,
velocity of fluids, and number of blades for determining
U value during evaporation of milk have been reported
(Dodeja and Nand Kisore, 2011; Abhichandani, 1985),
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The equation for calculating U value during preparation

of khoa and evaporation of milk have been repogrgezd
for cylindrical SSHE (Cuevas and Clheryan, 1 f
Bhadania et al., 2004a). The U value is a function 0

blade rotational speed and mass flow rate, number of

tc.
es, temperature, feed rate, steam pressure € _
o ” 82: Dodeja et al., 1989;

(Cuevas and Cheeryan, 19 j
Dodeja et al., 1990a; Punijrath et al,. 1990; Patel,

1990; Bhadania et al., 2004b).

Calculation of hi value ‘ )
The calculation of inner side(product side) film heat

transfer coefficient(hi) during heating, evaporation of water
using different type of SSHEs have been re_ported
(Kessler, 1981, Patel and Bhadania, 2004, Savita and
Dodeja, 2011). The product side film film heat transfer
coefficient depends on various operating conditions of
the SSHE such as scraper speed, concentration of the
milk, design of the scraper etc. (Bhadania et al., 2004a).

Dimensional Analysis

Dimensional Analysis is a mathematical technique
used to develop correlation among various variables
involved in a forced convection phenomenon in SSHE
like film co efficient, dynamic viscosity, diameter,
density, velocity, specific heat of fluid, thermal
conductivity of fluid. If the number of variables involved
in a physical process are known, then the relation
among the variable can be determined (Bansal, 1983).
This method can be adopted to all types of fluid
resistance, heat flow problems and many other
problems. The equation produced by this method also
gives non dimensional constant, which governs the
problem under consideration (Kessler, 1981; Patel,
2007). As the convection heat transfer is very complex,
it is possible to investigate the combined effect of
various operating parameters using dimensional
analysis (Trommelen and Beek, 1971). Various
researchers have developed different corelationships
of variables based on dimensional analysis for
evaluating the heat transfer behavior of SSHE
(Skelland, 1958; Lateinen, 1958; Harriot, 1959: Das
and Verma,1985; Abhichandani and Sarma, 1988a:
queia, 1987; Dodeja et al., 1990b, Badshah , 1 999).
Krischbaum and Dieter (1958) developed corelationship
for evaporation process and showed that scraped
heat transfer coefficient decreased with increasing “T
atconstant rotor speed, low flow rate and higher value
of ”T. The study conducted by Reay (1963) showed
that, heat transfer coefficient dropped by 20% when
clearance was doubled and increased by 20% when
clearance was decreased by 80%. It has been
suggested that axial flow velocities were a better

marker of thin film operation tha, rotat;
(Bott and Sheikh 1966; Bott ang Azo ationg| Velgn.
and Bott, 1970). Abichandani (19gs, ;M 1965, :Zcmes
transfer performance of water p, T Valuatey the gfﬁw
at different flow rate, scraper spegq r? Milk 3y Creeat
and operating steam temperatyyg UMber o bla:m
(1993) predicted higher heattranst'er € ang Joes
to scraping action than predicted by peCOefflciems UEQ
Dumont et al. (2000) studied the in?ietration &% e
regimes on temperature heterogeneiue,”Ce of ﬁor:;
Using non-Newtonian and NeWtoniaty in
observed large heterogeneities for | n?u fluids, 4 ¢y
progressive homogenization of temperatﬂar flow ang
to outlet for high rotational speeds re from inley

Calculation of ho value

Film heat transfer coefficient of working fiyig

has been studied by various workers (Safirde (ho)
Dodeja, 2011; Kessler, 1981). Nussejt th:a ang
applied to find the steam side film heg tr: i

coefficient (Kreith and Bohn, 1986: PatEIn:fer
Bhadania, 2004, Bhadania et al,, 2004), Ma?}d
research workers have reported values of ho duﬂn\f
preparation of various indigenous dairy products using
steam as heating medium (Dodeja, et al., 1990b; Pate|
2004; Patel Sunil, 2007; Dhotre et al., 2009).

Energy Requirement for SSHE

Thermal and electrical energy are required in operations
of SSHE. The manufacture of Traditional Indian Dairy
Product involves heating and concentration of milk
which require considerable amount of energy (Bhadania
etal., 2013). The electrical energy required for driving
the rotor is very small (<0.5%) as compared to the
steam (thermal energy) required to evaporate the water
(Cuevas and Cheryan., 1982; Abhichandani and Sarma,
1988b&c; Dodeja et al., 1989). The consumption Qf
heat energy for the SSHE was 35147.8 W and electrc
power requirement was 324.48 W which was just0.92
% of the thermal energy used during manufacture o
khoa.(Bhadania, et al., 2005).

Power required driving the rotor

der

The power required to drive the rotor of SSHfﬁg b

various operating conditions have been rep 966:
d Boerema

several workers (Trommelenand B0 4 Sarma
Bhatacharya, 1970; Abhichandani ag oa). The
1988b&c; Abhichandani and Sarméa dTWith
electric power requirement is agsomate ' rotation
factors like properties of material, spes HE, tensio”
weight of scraper blades, geometry °f5 Abichanda™
of springs, etc.( Bhadania, et al., 200 );ie veloped 2
and Sarma (1988b&c and 19893)
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relationship to predict the power requirement for SSHE
using mathematical model. Altiokka (1992) found that
the power consumption of SSHE is proportional to the
rotational speed of the shaft and SSHE with no clearance
had approximately 30% more power consumption than
one with standard clearance. Electrical energy was
found 0.10 to 0.25 kWh per kg water evaporated from
milk for manufacture of khoa and 4 kWh for 50lit/n milk
capacity (Bhadania, et al., 2013).

Thermal energy requirement

In SSHE, vapour removal from the product is likely to
accumulate on the top surface at the exit. The
provision of induced draught system will quickly
remove the water vapour from SSHE exit. Kohli and
Serma (1990) reported heat consumption per kg of
butter was maximum 187 kcal/kg in falling film SSHE
as compared to 293 kcal/kg in case of jacketed kettle.
Energy requirement for ghee making was 0.35 kg of
steam/ kg of ghee in continuous process as compare
to 0.68 kg of steam per kg of ghee in traditional method
(Pandya,1998). The steam consumption in horizontal
SSHE for sandesh making ranged from 1.795 t0 6.75
kg steam /h in different operating conditions (Patel,
2003), 1.2 to 1.3 kg steam/kg of water evaporated for
manufacture of khoa (Dodeja et al., 1989) and 1.368
kg steam per kg water evaporated (Bhadania et al.,
2005).The steam consumption of continuous basudi
making machine was 1.2 kg steam per kg water
evaporated (Patel, 2007). The reported value of LPG
consumption for thermization of Shrikhand ranged
between 0.5 to 1.25 kg/h (Dhotre et al., 2009).

Mass transfer in SSHE

Mass balance is carried out to determine the rate of
evaporation of water from each stage and amount of
steam consumption for each stage of SSHE. Mass
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Media Coll

Heat Transfer Surface

Product Cullet

"~ ——— Meating Cooling Media Port (in)
| (Refrigerant out)

Heat Transfer Surface
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balance is done on solid side and liquid side for the
product ( Abhichandani and Sarma, 1988a; Bhadania
etal, 2013).

Structural design SSHE

Itincludes the calculation of size, shape and strength of
each component of the SSHE to handle the product
efficiently, material of construction require to meet the
requirements from the view point of food hygiene and
sensory attributes of the product, the finish of the surface
and the mechanical power to run the unit successfully
and efficiently (Dhotre et al., 2006). Shaft diameter,
torque, cylinder thickness and motor power requirement
can be calculated by applying various mechanical design
principle /theory (Pandya and Shah, 2002; Khurmi and
Gupta, 1992). The material for Product tube: SS 304 or
316 grade, Shaft:SS ,Blade: SS and Teflon ,Insulation:
Glass wool and PUF is generally used.

Maintenance of SSHE

All the metallic parts that come in contact with the
product should be made of SS and the non metallic
parts coming in contact with product should be
nontoxic, non-corrosive to product as well as cleaning
solutions. The joints and welds of the system should
be precise especially of the jacket. The entire corner
should be well ground and polished. (Dhotre et
al.,2006). The vertical installation requires less floor
area as horizontal SSHE. Rajshekhar et al. (2001)
has reviewed maintenance aspects of various
components and accessories of SSHEs.

Advances in SSHE

More advanced designs of SSHE include features
such as holes in the blades (which reduce power
consumption), oval stators (which reduce “channelling”
in which fluid passes through the exchanger relatively
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unprocessed), and non-centrally mounted shafts
(which enhance mixing and prevent material from
building up on the underside of the blades).Forward
and backward tapering and Step arrangement of SSHE
cylinder is also an advance design of SSHE. Rotating
disc or cone type (Screw type) with advanced
instrumentation (Magnetic flow meter, pressure gauge,
I/P converter, Transmitters, Pneumatic valves, Air
pressure indicators, Digital panel meter, Process
controller)plays an important role in process control
and automation for continuously monitoring the
process variables in SSHE. The latest version of
industrial SSHEs are CONTHERM, CENTHERM,
CONVAP and VOTATOR advanced design features
are being manufactured by different manufacturer for
dairy and food products.

CONCLUSION

Efficient heating or cooling of complex fluids is an
important requirement for several operations in dairy
and food industry. SSHE is more suitable for heat
transfer to viscous and heat sensitive products. It is
easier to control time, temperature, speed and pressure
in SSHE as compared to other type of heat exchangers.
This makes it possible to achieve more even and
improved quality in cooking of products. The scraping
blade continuously removes fouling and eliminates
bum-on problems as well as improves heat transfer
rates. Manufacture of various dairy and food products
using scraped surface processing plant increases their
shelf-life. Due to its vast application the importance of
SSHEs is increasing day to day. Various researchers
have used various theory and principles to established
various operating parameters relationship for thermal
design and power requirement of SSHE for dairy
products. It is very important to improve the thermal
efficiency to get overall economy of the SSHE system.
There is a good scope for SSHE to prepare indigenous
milk products viz., basundi, peda, khoa, halava or in
general any khoa based sweets on commercial basis.
For improving the performance of SSHE follow
the recommended procedure for manual as well
as CIP cleaning. Adopt preventive maintenance
schedule for bearings and other components of
the SSHE. Follow the burr removal procedure
periodically and replacement of blades. Adopt preventive
maintenance schedule for bearings and other
components of the SSHE. O-ring of the flanges should
be cleaned with alcohol, clean O-ring groove with a
wire brush. Replace the worn and damaged O-rings in
pairs. For leakage proof operation, the running surfaces
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are precision lapped or polished, absolutely fiqy 5,
parallel and the pressure holding the running Surface

should be sufficient.
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ABSTRACT

Groundnut being one of the important oilseed crop in Banaskantha district. The area under kharif
groundnut is increasing year by year, but the production is not increasing. The average yield of farm
level is always lower than yield obtained in FLDs. There is a wide gap between the farmer yield and
FLD yield. This means that the groundnut crop has still potentiality to increase the productivity. This
comparatively low productivity of kharif groundnut crop may be governed by many factors including
adoption as well as many hindrances in the farmer's field situation. The present study was undertaken
in Banaskantha district as having large area and more production under kharif groundnut in North
Gujarat. Three talukas viz., Deesa, Dhanera and Dantiwada were selected purposively having higher
area under kharif groundnut cultivation in the district. Five villages from each selected talukas and
10 farmers from each village were selected randomly. Hence final sample consists of 150 farmers,

The major constraints faced by the groundnut growers in adoption of recommended kharif groundnut

production technology were; high cost of input (96.67%), high wages of labour (92.00%), high cost

of seed (85.33%) and lack of pure and good quality seed (80.00%).The suggestions offered by the

groundnut growers to overcome the constrains faced by them in adoption of recommended kharif

groundnut production technology were; certified seeds should be freely available from the market

and co-operative society (94.67%), reasonable price should be given to agricultural produce (82.00%)

and price of inputs should be minimized (65.33%).

Key words : Adoption, constraints, groundnut

Agriculture forms the backbone of Indian economy.
Since last three decades, visible changes have been
brought in agriculture in form of green and white
revolution. This become possible mainly through
coordinated research efforts, extension activities and
irrigation facilities created. As a result, the country
has achieved self-sufficiency in food grain production
(green revolution) and milk production (white revolution)
while, we are about to attain self-sufficiency in oil
seeds production (yellow revolution).

Being agriculture based economy of the country,
different crops like, cereal crops, fibre crops,oil seed
crops, legume crops, fruits and vegetables crops etc.
are grown in our country. Among all these crops, oil
seed crops have a specific place in Indian agriculture.
Oilseed crops comprising groundnut, sunflower,

!"Market Development Officer, Sygenta, Vav-Tharad,
* Associate professor, * Ph.D. Scholar

rapeseed and mustard, safflower, sesamum, niger,
lmsged, soybean, castor elc., are important on globai
basis which play a pivotal role in agriculture, industry
_and export trade of India. Oilseed crops occupy an
mgortant place in Indian economy next to food grains.
India ot_:cupies a premier position in the world oilseed
scenario accounting 19.00 per cent of oilseeds areas
with 9.00 per cent of production. Among the oilseed
crops, groundnut is an important edible oilseed crop
and ranks first in the world in respect of area,
production and productivity of groundnut. Gujarat is
one of the leading groundnut growing states of the
country. The average area under ground nut crop was
14,54,000 ha and productivity of groundnut was 1398
kg/ha in Gujarat. (Anonymus, 2012b)

Groundnut is going to be the important oilseed crop
in Banaskantha district. The average yield of
Banaskantha district was 1319 kg/ha. The area under
kharif groundnut in this district was 39,425 ha. during
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2012-13 (Anonymous, 2013). But the harvested yield
of groundnut crop in the FLD was recorded as 2400
kg/ha.(Anonymous (2012a). This means that the
groundnut crop has still potentiality to increase the
productivity. This comparatively low productivity of
kharif groundnut crop may be governed by many
factors including adoption as well as many hindrances
in the farmer's field situation. The study was
conducted with the following objectives :

[1] Toidentify the constraints faced by the groundnut
growers in adoption of recommended kharif
groundnut production technology.

[2] To seek the suggestion from the groundnut
growers to overcome the constraints faced by
them in adoption of recommended kharif
groundnut production technology.

METHODOLOGY

Ex-post facto research design was used for the study
(Kerlinger, 1976). Banaskantha district of Gujarat state
was selected purposively as groundnut crop has
covered large cultivation area in the district and is
increasing year by year. Three talukas viz., Deesa
(19,725 ha.), Dhanera (10,000 ha.) and Dantiwada
(4,000 ha.) were selected purposively from district as
these talukas were having higher area under kharif
groundnut cultivation. Five villages were selected
randomly from the list of groundnut growing villages
from each taluka under kharif groundnut cultivation.
Thus, total fifteen villages were selected. From each
selected villages, ten groundnut growers were selected
randomly. Hence, the final sample size was 150
groundnut growers from 15 villages.

Based on an extensive review of literature, consultation
with extension personnel and experts of the subject,
some important variables viz., age, education, family
size, social participation, land holding, annual income,
extension participation, sources of information,
cropping pattern, yield index and farm mechanization
were selected as independent variables. They were
measured with the help of the scales and indices
developed by past researchers as well as structured
schedules/tests which were framed for the purpose.
Constraints were measured by asking to the groundnut
growers to state the constraints faced in adoption of
recommended kharif groundnut production
technology. The frequency and percentage for all the
constraints were calculated and then ranked
accordingly. At the same time, the suggestions were
collected from the groundnut growers to overcome the
constraints they faced in adoption of recommended

IMPEDIMENTS FACED BY THE GROUNDNUT GROWERS

kharif groundnut production technology. Information
collected was tabulated based on frequency and
percentage and ranks were assigned to them.

RESULTS AND DISCUSSION

Constraints faced by groundnut growers in adoption
of recommended kharif groundnut production
technology

The groundnut growers might be facing certain
problems in adoption of recommended kharif
groundnut production technology. Due to such
constraints, they cannot be adopt all the technology
and hence could not make the groundnut crop
profitable. The constraints in adoption of new
technology never end. Hence, it was felt imperative to
identify the constraints faced by the groundnut
growers in adoption of recommended kharifgroundnut
production technology.

The respondents asked to give the constraints faced by
them in adoption of recommended kharif groundnut
production technology. The information was collected,
tabulated and frequency and percentage for each
constraint was calculated. Then, the ranks were assigned
to the constraints and the data are presented in Table 1.

Data in Table 1 indicated that the major constraints
faced by the groundnut growers in adoption of
recommended kharifgroundnut production technology
were; high cost of inputs (96.67%), high wages of
labour (92.00%), high cost of seed (85.33%), lack of
pure and good quality seed/certified seed (80.00%),
non-availability of sufficient labour in time (72.00%)
and lack of use of improved implements (70.00%) and
which were ranked one to six, respectively. The
probable reasons of above constraints might be the
groundnut crop require more quantity of seed and
other inputs with high their rates, involves high labour
requirements in agronomic practice and harvesting
and farmers were not using improved implements.

Whereas non-remunerative price (64.67%),
inadequate credit (56.67%), lack of storage facility
(44.67%) and lack of timely and appropriate extension
services (41.33%) were ranked seven to ten,
respectively. While, lack of knowledge about
recommended groundnut production technology
(33.33%), lack of knowledge about storage (10.00%)
and lack of knowledge about selling (5.33%) which
were ranked eleven to thirteen, respectively. It can be
inferred from the above results that high cost of inputs,
high wages of labour, irregularity in crop production
price, high cost of seed, lack of pure and good quality
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seed/certified seed, were the main co.nstf'aints. TheseI
findings are in agreement with the findings of Pate
(2005) and Desai 2013.

Suggestions from the groundnut growers to overcome
the constraints faced by them in adoption of
recommended kharif groundnut production technology
An attempt was made in this study to seek the
suggestions from the groundnut growers to overcome

(2)

the constraints faced by them iy 5
recommended kharif groundnut
technology. The respondents were asked to suggest
possible solution to overcome the constraints

the information received was tabulated and frequenc;
and percentage for each suggestion were calculatedq
Then, the suggestions were ranked according“}
and presented in Table 2.

doption of
Production

Table 1 Constraints faced by groundnut growers in adoption of recommended groundnut production technology

(n=150)

Sr. Constraints Frequency Percent Rank
No.

1. High cost of inputs (fertilizer, insecticides, pesticides, herbicide etc.) 145 96.67 |

2. High wages of labour 138 92.00 Il

3. High cost of seed 128 85.33 11
4. Lack of pure and good quality seed/certified seed 120 80.00 v
5. Non-availability of sufficient labour in time 108 72.00 vV
6. Lack ofimproved implements 105 70.00 Vi
7.  Non-remunerative price 97 64.67 Vil
8. Inadequate credit 85 56.67 Vil
9. Lack of storage facility 67 44.66 X
10. Lack of timely and appropriate extension services 62 41.33 X
11. Lack of knowledge about recommended groundnut production technology 50 33.33 X
12. Lack of knowledge about storage 15 10.00 Xl
13. Lack of knowledge about selling 8 5.33 X1

Table 2 indicated that the suggestions expressed
by groundnut growers to overcome the constraints
faced by them in adoption of recommended kharif
groundnut production technology. These were;
certified seed should be freely available from market
and co-operative society (94.67%), remunerative

market price should be given for the produce
(82.00%), price of inputs should be minimised
(65.33%), timely technical guidance should be
provided (49.33%) and crop loan should be provided
enough to meet the increased cost of cultivation
(46.00%) which were ranked as one to five,

Table 2 Suggestions of the groundnut growers to overcome the constraints faced by them in extent of adoption

(n= 150)

Sr.  Constraints Frequency Percent Rank
No.
1. Pure and good quality certified seed should be easily available from 142 94.67 !

market and co-operative society
2. Reasonable price should be given to agricultural produce 123 82.00 !
3.  Price of inputs should be minimised a8 65.33 i
4. Timely technical guidance should be provided 74 49.33 N
5. Adequate crop loan should be provided to the farmer 69 46.00 L

s SO
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respectively. From the above results, the important
suggestions expressed by the groundnut growers
were; cerified seeds should be easily available from
market and co-operative society, reasonable price
should be given to agricultural produce and price of
crop should be reasonable.

CONCLUSION

The major constraints faced by the groundnut
growers in adoption of recommended kharifgroundnut
production technology were; high cost of input
(96.67%), high wages of labour (92.00 %), high
cost of seed (85.33 %), lack of pure and good quality
seed/certified seed (80.00%), non-availability of
sufficient labour in time (72.00%), lack of improved
implements (70.00%) according to the order of
importance. The suggestions given by the groundnut
growers to overcome the constraints faced in adoption
of recommended kharif groundnut production
technology were; certified seed should be easily
available from co-operative society and market
(94.67%), reasonable price should be given for produce
(82.00%), price of inputs should be minimized (65.33%)
which were ranked accordingly.
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ABSTRACT

taf i ield along with other details of 535 f:

The data on CV per cent fqr Medicinal and artzmatltc pﬁ;ﬁ;‘faeamh gtalion, Medicinal sy A?os r:etl'd
experiments conducted during 1989-90 to 2011-12 a Ivzed, Most of the Omatic
crop, Anand Agricultural University, Anand were collected. aqd gna y;“ , oyl exper!rnents
carried out in plant breeding (257) and Agronomy (216) disciplines. Mor et h'arl: tho expenlmems
carried out in RBD and about 23 % experiments of them have CV per cent higher than the fiducial
limit (22.65 %). Treatments group 6-10, 11-15 and 16-20 showed lower CV per cint Compared to
overall average CV per cent. Plot size of the experiments 3 to 12 sq. mt. seems to be optlm_umlp|01
size for medicinal and aromatic crops. Majority experiments‘ were conducted with 3 and 4 r_ephcatlons
in field experiments on Medicinal and Aromatic crops in which about 22 percent were having CV per
cent > 22.65. The frequency distribution tables were prepared for va‘mous experimental factors, The
upper fiducial limits (the yardstick) of CV per cent at 95% confidence based on non central't

distribution were worked out for accepting the results of Medicinal and aromatic crop experiments
which emerged as 23%.

Key words : Fiducial limit, plot size, non central t distribution, experimental variability

Statistics are used to interpret data and sometimes
to determine whether data are suspect. Most
researchers are familiar with the use of the least
significant difference (LSD) needed to separate two
or more means. Another statistical measurement
familiar to many scientists and taught in most basic
statistics course is the coefficient of variation or the
CV. This familiar measurement was created in the
late 1800s as a measure of population variability.
However, ever since it was tacitly promoted as a
measure of experimental validity by (Snedecor and
Cochran, 1967) its original purpose has been largely
ignored. The experimental data provide information on
controlied (treatment effect) and uncontrolled variation,
The uncontrolled variation is expressed as
experimental error, which could be quantified as an

esti_mate called ‘coefficient of variation (CV)’. In
agricultural field experiments variati

TR .
HA.:;stanl Professor, 2.3 44 Associate Professor, Professor angd
ead.

such as field layout, treatments, replications, plot size
etc. Therefore CV of field experiments varies with the
situation. Lower magnitude of CV is the reflection of
reliability (precision) of the experimental results. The
acceptable range of CV advocated by various workers
is based on the experience with very limited number
of experiments. There need to develop a yardstick
(critical value) for CV based on theory and also on a
large number of experiments conducted under different
situations. The present paper deals with this aspect.
(Johnson and Welch, 1939) reported that for a normal
distribution, the ratio of mean to standard deviation
should be of the order of 3 or more. Further, they
mentioned that 33% has often been stated as the_
permissible upper fiducial limit of CV. (Tyagi
etal., 1973 and Patel et al,, 1 978) pointed out that CV
obtained for the crops under study was found to be
considerably higher than those reported from the
uniformity trials. They stated that the yardstick for
accepting experimental results should be worked out
using CV observed in the experiments rather thanin

the uniformity trials. (Bajpai and Nigam, 1980)

Suggested a working rule for deciding the value of w2
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(weight corresponds to precision of the experiment)
and developed an index to evaluate agricultural field
experiments statistically. (Gomez and Gomez, 1984)
reported that CV varies greatly with the type of
experiment, the crop grown and the character
measured. They pointed out that the acceptable range
of CV is 6 to 8 % for varietal trials, 10 to 12 % for
fertilizer trials and 13 to 15% for insecticidal and
herbicidal trials on rice. (Patel ef al., 2000), reported
that the coefficient of variation in pulse experiments
in RCBD exceeds 23 %, the experimental findings
should not be considered for any purpose. (Snedecor
and Cochran, 1967) they stated, “a knowledge of
relative variation is valuable in evaluating experiments.”
They go on to say the coefficient of variation of the
yield of hay is comparable to that of the yield of comn.”
Consequently, the CV has been used as a measure
of validity for many types of agricultural experiments,
from fertilizer experiments to crop performance trials.
(Kendall and Stuart, 1977) they reported that CV was
created as a measure of relative variability. (Aflakpui,
1995) states that “there is no such thing as a CV for
an experiment, only for individual variates.” However,
aCV of 10to 15% for yield in experiments is generally
expected by most field crop researchers. (Cochran
and Cox’s, 1957) stated that “the coefficient of variation
is often between 5% and 15%.” The basis for the CV
is the assumption that the variance increases as the
size of the mean increases. (Allen et al., 1978)
reported a positive relationship for several crops, and
(Gotoh and Osanai, 1959) reported a positive
relationship for wheat. (Masood and Javed, 2003)
reported based on the coefficients of variation the
optimum plot sizes for maize trials were estimated to
be (14.06 m?) with square shape. (Khan and Mead,
1998) presented uniformity data from field trials for
improving precision of agriculture field experiments in
Pakistan. (Darii et al., 2010), developed the yardstick
of CV per cent for forage crop experiment at 95 %
confidence based on non central 't distribution were
worked out for accepting the results of forage crop
experiments which emerged as 14 %.

MATERIALS AND METHODS

The secondary data of CV per cent for yield character
was compiled on Medicinal and aromatic crop of 535
field experiments conducted at Main Research
Station, Medicinal and Aromatic crop, Anand
Agricultural University, Anand during 1989-90 to
2011-12 in plant breeding, agronomy, plant protection,
plant physiology and plant pathology disciplines on

VARIABILITY STUDY IN MEDICINAL AND AROMATIC CROP

different Medicinal and aromatic crops viz. Aloe (1),
Asalio (1), Ashwagandha (106), Basil (7), Bhumi amali
(3), Cress (9), Dodi (21), Glycyrhiza (7), Isabgul (159),
Kalmegh (34), Liquorice (19), Madhunashi (3),
Periwinkle (10), Safed musali (99), Senna (44),
Shankhpushpi (11) crops were utilized for the
variability study. Information on plot size, number of
treatments, replications, experimental design and
disciplines were collected for each experiment.

The plot-wise yield data were subjected to statistical
analysis and CV was estimated for individual
experiment. The same was assumed as random
variable in further analysis. CV is a function of square
root of mean square (S) and mean ().

cv=35 (1)
X

The distributions of X and S have simple forms and

Student's t distribution provides complete solution for
testing the hypothesis or estimating fiducial limits
relating to either mor s, singly. But tdistribution cannot

be used for CV = % (Mckay, 1932) used non-central
t-distribution for providing fiducial limits of CV.

Let zbe a quantity distributed normally about zero
mean with unit standard deviation and let w be a
quantity distributed independently as x?, with
degrees of freedom of x2 Then, if tis defined by
the equation:

Z+6§

w @)

Where d is some constant, then tis distributed in a
manner depending only on dand £ This distribution is
a non central t-distribution. When d equals zero, the
distribution is the familiar Student’s t.

Letan estimate of Vbe v= §/X the sample coefficient
of variation.

Now, one may write

ﬁ=\/_n?:\/;(f‘_’_ll)+ﬁ“+§ 3)

v S (o o
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7 In the present investigation, the yardsticy
hat ,;_’ is field experiments was worked out using twe . for

It appears from comparison with eq. (2) t

. ovi
distributed as non-central / with /= (n—1) aln.d 5
This distribution can be used for test gf signlflcanci.:
and for providing fiducial limits of V(i.e., CV), ??he
done for p. Since the objective was tolwo_rk Iouf L4y
yardstick based on CV, the upper fiducial llmft 0 o
using non-central t-distribution was estlmaleh
following the procedure given by (Johnson and Welch,

1939).

The procedure is briefly explained below. Let,

\/Error mean square
~ General mean

(1)

n=number of treatments x number of replications in
a given experiment, f= n— 1 degrees of freedom.

Now, the upper fiducial limit of CV is,

CVy = %(ﬁ to ©)

N
Where, = —
o=y
2 1/2
(2) Find — 'l
Y=(1+ 5 f
or

-1/2

2
1 t
Pra—L [1 + —”}
V7l 2
According to whether % is greater than or less than

0.75. Consider Y, if —‘Z‘L lies between — 0.75 and

Vs

0.75, otherwise consider Y.

oL 7

iii) If /> 9, calculate ‘/—}

(iv) Select desired probability level of confidence, i.e.,
and obtain A (f,%0,€) from the table in (Johnson
and Welch, 1939) interpolating with respect to the
quantities obtained in (ii) and (jii).

(v) Calculate

; tg —-1/2
&/, 0a5)=fu—l[1 +§7]

(i) average upper fiducial limit of Cy for e NCepts.
535 medicinal and aromatic crops fielq o ach of the
was worked out separately and then avera Mentg
upper fiducial limits was computeq, andge_vofthesE
fiducial limit of CV based on ayer, e(ﬂ).uppar
experiments, i.e., degree of freedom g Size of
fiducial limit of 95 % and 90 % workeq ¢
theory of truncated t distribution ag descriy

(Johnson and Welch, 1939). bed b

RESULTS AND DISCUSSION

The results presented in (Table 1) revealeq that m,
CV per cent (17.28) and upper fiducial fimjt (2265 n
average value of all the discipline except fo, mlor
physiology and plant protection discipline, Wers by nt
the average CV per cent. The experiments o pla:';
protection and plant physiology showed large Variation
(average CV = 26.32 % and 32.51 %) respectivel
showed poor precision may be because o
experimental requirements such as sample size
natural population of pests and diseases, Use of
proper statistical tools may help to improve the
precision of the results. More than 50% experiments
of this disciplines had more than 22.65%,

The results presented in (Table 2) indicated that most
of the experiments were carried out in RBD and FRBD
and about 20 % of them had CV per cent higher than
the fiducial limit worked out. This proportion was about
40 % in other designs (Except RBD and SPT).

Influence of number of treatments was also examined
and results are given in (Table 3) according to different
treatments group. More than 20 treatments in an
experiment showed higher CV per cent than the overal
average (17.28%).

Generally increased number of treatmgn!s
in the experiments increases blocks (replication)
size which increases error variance, affecting te
precision of the results. Therefore, it is advisable I{;
use such experimental designs (when ?re_atrnenk
exceeds 16) which can help in controlling within bloc
variation. Other means such as optimum plot SIt;eé
more number of replications, proper Sité Ofsm
experiment etc. need to be considered. About 2 nt
57 percent experiments showed higher CV pe”f t
compared to the overall average CV per centexcé?
the treatment group 11-15.
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el UP or fiducial limit of GV per cent of experiments for ditferent disciplines
0° No. of Avera =
‘ . ge Upper limit
pisciplin® experiments  C.V. % Range C.V. % > 22.65
// (0.05)  (0.10) (0.05) (0.10) No.ofexp. Proportion
g 216 1681 2204 2069 523 388 45 0.20
an Breednd 257 16.31 2124 1997 493 366 53 050
oant Physi0iogY 15 2632 3755 3450 1123 818 8 053
olant protection 18 32.51 4207 3964 958 7.13 12 0.67
ipatoosy % 1643 2139 2113 497 370 2 0.06
erage 535 17.28 22.65 21.26 - - . i
/,/-

Table 2 Upper fiducial limit of CV per cent of experiments for different design

No. of Average

Design name o BHE ot B Upper limit Range CV. % > 22.65
(0.05)  (0.10) (0.05) (0.10) No.ofexp. Proportion

I

FRBD 89 16.56 20.40 19.46 384 2.90 17 0.19
RBD 427 17.46 23.21 21.71 5.75 425 100 0.23
SPT 14 16.51 20.34 19.41 3.84 2.90 2 0.14
Other 5 21.96 26.81 25.63 485 3.67 2 0.40
Average 535 17.28 2265 2126 - - . 2

Table 3 Upper fiducial limit of CV per cent of experiments for different treatments

Treatments No. of Average Upper limit Range C.V. % > 22.65
experiments CV. %
(005 (0.10) (005 (0.10) No.ofexp. Proportion

Upto5 129 1738 2425 2441 687 503 30 0.23
610 221 1700 2293 2145 571 423 52 0.23
115 116 1697 2143 2041 416 314 19 0.16
1620 56 1699 2052 1967 353 268 14 0.25
2125 00 - - - 0 00
%30 7 24.11 o784 2699 374 288 4 0.57
X 6 1857 2113 2055 256 199 2 0.33
Average 535 1708 2265 2126 . u i ]

Z::rresults presented in (Table 4) indicated that the
wer;ge CV per cent for different plot size experiments
s elow the average CV per cent (17.28) in plot
e 10 12 sq.mt. Beyond 12 sq.mt. plot size the

Portion of CV per cent having higher CV per cent

106

increased from 0.34 to 1.0. Therefore, plot size of 6
to 12 sq.mt. seems to be an optimum plot size for
medicinal and aromatic crops. Therefore, this needs
to be confirmed by plot technique study for different

locations and crops.
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Table 4 Upper fiducial limit of CV per cent of experiments for different plot size

Plot size (m?) No. of Average Upper limit Range CV. %> 2265
experiments CV. %
(0.05) (0.10) (0.05) (0.10) No.ofexp. Proportion
<3 35 18.91 2470 2320 578 4.29 13 0.37
36 169 15.61 2037 19.15 476 354 2 0.15
69 138 16.81 22.13 20.76 5.33 3.96 K~} 0.23
912 128 16.67 2160 2033 493 365 26 0.20
1215 23 21.00 2797 2616 697  5.16 8 0.34
15-18 38 23.57 3115 2919 758 5.62 14 0.36
18-21 2 1547 18.34 17.63 2.86 217 0 00
21-24 0 - - - - - 0 00
>-24 2 42,08 6384 5766 2176 1558 2 1.00
Average 535 17.28 22.65 21.26 - - - =

Table 5 Upper fiducial limit of CV per cent of experiments for different replications

Replication No. of Average Upper limit Range C.V. % > 22.65
experiments C.V. %

(0.05) (0.10) (0.05) (0.10) No.ofexp. Proportion

2 7 15.91 20.38 19.25 4.46 3.33 1 0.14
3 244 17.29 22.40 21.09 5.11 3.80 56 0.22
4 192 17.17 2261 2120 544 402 43 0.22
5 12 1947 2571 2410 624 463 4 0.33
6 7 15.90 21.64 20.14 5.74 424 0 00
8 39 2001 2705 2523 705 522 12 0.30
n 6 16.23 20.96 19.79 473 3.55 0 00
13 27 14.75 19.54 18.31 479 3.56 5 0.18
Average 535 17.28 22.65 21.26 - iz - _

As far as replications are concemed, the experiments that majoﬁw experiments were conducted with 3 and
conducted with 5 and 8 replications showed large 4 repllcgtlons in field experiments on Medicinal and
variation and 33 and 30 per cent experiments showed Aromatic crops in which about 22 percent were having

CV > 22.65 respectively (Table 5). Analysis showed CV percent > 22 65.

Table 6 The average upper fiducial limit and yardstick for CV per cent for the experiments of Medicinal and
Aromatic crops

Name of Crops No. of Average Upper fiducial limit of C.V. % Overall yardstick
e iments V. % :
xpernm C.V. % 095 P of C.V.%
Medicinal and 535 17.28 2265 21.26 23 %

Aromatic crop

107
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The CV per cent data of 535 field experiments were
used to fit non central ‘t’ distribution to work out upper
confidence limit of CV at 0.05 level of probability (Table
6). According to the upper fiducial limit of CV per cent at
95 percent confidence level of CV per cent was worked

Table 7 Power of F-test as influence by CV per cent

VARIABILITY STUDY IN MEDICINAL AND AROMATIC CROP

out to be 22.65 per cent. Thus the results suggested
that about 23 percent CV per cent should be considered
as a yard stick for Medicinal and Aromatic crop field
experiments. These having CV per cent > 23 should be
rejected for drawing valid scientific conclusion.

Class C.V.% No. of F-test
experiments

Significant Not-Significant Ratio
3.35-8.35 73 41 32 0.78
8.35-13.35 129 56 73 1.30
13.35-18.35 133 70 63 0.90
18.35-23.35 74 34 40 1.18
23.35-28.35 47 24 23 0.96
28.35-33.35 26 17 9 0.53
33.35-38.35 16 4 12 3.00
38.35-43.35 8 4 4 1.00
43.35-48.35 2 0 2 0.00
48.35-53.35 6 1 5 5.00
53.35-58.35 1 0 1 0.00
73.35-78.35 1 0 1 0.00
Total 516 251 265 1.06

The power of F test was examined with the not
significant/ significant ratio of experiments (Table 7).
The results revealed that the ratio consistently
increased with the increase in CV of the experiments.
It also indicated that the efficiency (of detecting
difference in treatment means) of F-test decreased
with the increase in CV of experiments. The average
ratio was observed to be 1.06. The ratio for the class
13.35-18.35 % was almost equal to the average ratio
which included 17.28 %, the average CV of all
experiments results clearly showed that when the
coefficient of variation in Medicinal and Aromatic crop
field experiments exceeds 23 %, the experimental
finding should not be considered for scientific purpose.

CONCLUSION

All the experiment results clearly showed that most
of the Medicinal and Aromatic crops experiment
carried out in plant breeding and agronomy
disciplines, more than 80 % experiments conducted
in RBD and, 6-10, 11-15 and 16-20 treatments group
shows lower CV per cent as compared to overall
average CV per cent. 3 to 12 sq.mt plot size seems
to be optimum plot size and most of the experiments
conducted with the 3 and 4 replications. When the

coefficient of variation in Medicinal and Aromatic
crops field experiments exceeds 23 %, the
experimental finding should not be considered for
any scientific purpose.
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