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Sixteen Samples of sediment were collected from Shatt Al-Arab river and the Iraqi marine environment in 
southern of Iraq.The samples were distributed one station on Euphrates river before its confluence with 
Tigris river, seven stations along Shatt Al-Arab river and eight stations selected from the Iraqi Marine 
environment.All samples were collected from surface sediment at different waters Column in low tide 
time. Selenium was measured by Spectrophotometric method through using 4-Methyl-o- phenylene 
diamine as complex agent in acidic medium (pH= 1.5). The Iron was measured by Spectrophotometric 
method also by using complex formation with Potassium thiocynat.The results of the total selenium 
measurement and total iron showed the values at extent (1.928-13.818 µg/g) , (2298.418 -4238.702 µg/g)  
respectively in Shatt Al-Arab sediment , while total Selenium and total iron in the marine sediment was 
recorded at range (1.044-11.449 µg/g) ,(1822.789-3996.228 µg/g) respectively . Standard deviation for all 
the stations (n=3) of Selenium and Iron was calculated and showed at extent (0.00160- 0.03032) , ( 0.25225- 
4.69526) respectively . 
 
Keywords : Spectrophotometric method , Total Selenium , Total Iron.  
 
INTRODUCTION  
 
Selenium exists in trace amounts in most crustal materials of earth , the concentration of total selenium in most soil 
lies within the range of 0.01 - 2 µg Se /g [Mayland et al.,1989 , EPA, 1976] , but it´s concentration rarely exceeds 
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500µg/g[UNEP, 1988] .The selenium is found in nature in several states of oxidation and some of its chemical forms 
are volatile and has the four states from oxidation which are elemental selenium (0), selenide (II), selenite (IV) and 
selenate (VI) [Bao et al., 2012, Abdulnabi et al., 2015] . The chemical forms of Selenium present in soils and sediments 
are closely related to the oxidation-reduction potential and  depend on pH in sediment and soil and the role of 
microorganisms[Gonzalez et al.,2006 , Oldfield ,1972] . Selenide (II) can be aerobically oxidised to selenium (0) and 
selenite (IV) at the pH of sea water can be oxidised to selenate (VI) , but in biological systems selenite can also be 
reduced by thiol groups to selenide to form a selenotrisulphide complex. Selenium-protein binding can occur, as in 
the synthesis of seleno-amino acids from inorganic selenium and their subsequent incorporation into peptide chains. 
This process is biologically mediated, involving carbon-selenium bonding[EPA, 1976]. Selenium in soil and sediment 
binds with Fe2O3 in clay minerals and organic material and the binding strength increases as the pH decreases 
[Oldfield ,1972]. The most of sources selenium in soil was divided to natural source such as volcanic eruptions , 
movement of wind , rain water and weathering of rocks and industrial sources such as stations of generation of 
electric power and combustion of coal and oil [Schneider et al.,2015, Staicu et al.,2015,  Bauer ,1997] , these parameters 
released volatile selenium which is subsequently deposited over the surface of the earth[UNEP, 1988, Eisler, 1985] 
and thus it´s transformed to an aquatic system via several operations and reaches to sediment by deposition 
operation through biochemical cycles [EPA, 1976, Porcella et al., 1991]. Sedimentary rocks usually contain 
concentrations of selenium much higher than the earth's . The selenium content sometimes reaches 0.5 mg/g in 
limonite rocks, 2.6 mg/g in vanadium-uranium rocks[Deepa and Lingappa ,2014 , Bem ,1981] while the concentration 
of selenium in sandstones are shows at range 0.05-1.12 µg/g ,0.0-30 µg/g for carbonate rocks[UNEP, 1988] and 
contains at extent 1-100 µg/g in phosphorites rocks [Mayland et al.,1989] and the ratio between the selenium to sulfur 
in igneous rocks are 1:6000 [UNEP, 1988] . Iron metal is the fourth most abundant between the elements and second 
most abundant metal in the Earth’s crust after aluminium. It has the two states from oxidation in natural , ferrous ion 
(Fe+2) and ferric ion (Fe+3) . It is one of the seven metals known in antiquity along with gold, silver, copper, mercury, 
tin and lead . It has both properties lithophile and chalcophile. Iron exist in several common minerals such as pyrite 
FeS

2
, magnetite Fe

3
O

4
, haematite Fe

2
O

3 
and siderite FeCO

3
. It is also found in many rock-forming minerals such as 

mica , garnet , amphibole , pyroxene and olivine . The abundance of iron in sedimentary rocks is determined by 
various factors such as provenance and pH conditions[EPA ,1994 , James ,1966]. Iron rich sedimentary rocks contain 
15% or more from iron. However, most sedimentary rocks contain iron in varying degrees such as sedimentary 
ironstone , where the dominant iron minerals are siderite, ankerite or oxides of the goethite-limonite type , may 
contain >30% Fe

2
O

3
. Typical levels of iron in sedimentary rocks are given as described: limestone 0.33% ; sandstone 

0.98% , shale 4.7%, and banded iron formation 28% [James ,1966 , EPA ,2003]. This study focuses on two important 
elements in sediment which are selenium and iron because they are essential nutrients that enter in the food chain of 
animals and humans[Abdulnabi et al., 2015]. In addition to that selenium is related with iron in differental sediments 
it depends on pH value . Therefore by knowing   the concentrations and distribution of metals in sediments the 
sources contaminants in aquatic system can be known . Furthermore , many studies worldwide used the sediment of 
rivers, estuaries and seas as indicators for pollution by trace metals[Al-Khuzaie ,2015 , Benzer et al.,2013]. 
 
Experimental Part  
 
Site Selection 
 
Sixteen stations of sediment samples were Selected from sediment rivers and marine sediment in southern of Iraq . 
The stations were distributed as one station(S1) on Euphrates river before its confluence with Tigris river and Shatt 
Al-Arab river formation. Seven stations (S2 - S8) were selected along Shatt Al-Arab river from north of Basra city to 
south of it .These areas are important as they involve  many activities such as population, agriculture, industry and 
commerce [Abdulnabi et al., 2015]. Eight stations (S9 - S16) were selected from the  Iraqi marine environment , they are 
distributed in three sites(S9 - S11) in the iraqi  marine region from southern Fao city towards Khor Abdullah and five 
stations (S12 – S16)  from nearby region of Um Qasr port towards Khor alZubair port in the nearby region from 
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confluence with Basra canal . This area is important  in marine navigation for large number and different loads of 
Ships  pass through it to Arabian gulf. All samples were collected in winter season, December in 2014 and spring 
season,March in 2015 , in different regions from surface sediment in low tide and kept in plastic bags [Al-Saad et al. 
,2007] undercooling and then transferred to laboratory for carry out different operations . Fig.(1) are shown below 
describing the selected sites .  
 

MATERIAL AND CHEMICALS  
 
Nitric acid (65%), Sulfuric acid(97%) and Hydrochloric acid (37%) were obtained from Scharlau .Selenium dioxid 
(Purity99.8%) and KSCN were supplied by Sigma-Aldrich . Perchloric acid(70%) and Hydrofluoric acid (40%) were 
supplied by Himedia . Haxan was purchased from J.T.Baker , Ferric Sulfate was obtained from BDH ,  4-MOPDA was 
supplied by Merck and EDTANa2 was obtained from G.C.C . Deionized water was used for the preparation of all 
solutions.   
 
Instrumentation  
 
Different complex agents were used for the determination of selenium and Iron through complex formation in 
optimal conditions ,selenium was measured in acidic medium at 332nm through using MOPDA,while the Iron was 
measured through using the potassium thiocyanate at 462 nm , all spectral measurements through using UV-Vis 
spectrophotometer  double- beam from type (Shimadzu 1800 PC , Japan) with 1.0 cm quartz cell . Magnetic stirrer 
was used to mix all samples . Thermometer was used for adjust solution temperature. Grab sampler were used for 
collecting all samples from surface sediment.  
 
Procedure  
 
Digestion of sample  
 
All the samples of sediment were collected from various regions of the river sites and marine sites  in Basra city . 
These samples were preserved in cooling , after that , all samples left to dry at room temperature and then grinded 
and sieved through a 63 μm screen to obtain homogeneous particles [Al-Saad et al. ,2007] . Digestion operation 
carried out for all samples with various acids through weight less then 1g from sieved samples in beaker teflon and 
then 9ml of concentrated nitric acid was added with 1ml from hydrochloric acid (1N) and allow for the solution stand 
overnight at room temperature , after that all samples were digested as in the method described in methods of soil 
analysis [Sparks et al. ,1996] .  
 
Determined of Selenium in the samples  
 
Total selenium was measured through complex formation between 4-Methyl-o-phenylene diamine as complex agent 
with selenite (Se+4) through taking 25 ml from digestion solution and then adding an amount of disodium ethylene 
diamine tetra acetic acid and Potassium thiocyanate , they are used as for eliminating interferences for different ions 
such as (Fe+3 , Cd+2 , Cu+2) with measurement of Selenium . After that, the same procedure previously described was 
carried out for the analysis Selenium (IV) [Abdulnabi et al., 2015] . All the results for determining total selenium are 
shown in table 1 and figure 2 .  
 
Determined of Iron in the samples 
 
Spectrophotometric method for the determination of Iron as ferric ion in solution in acidic medium was used through 
complex formation , reddish brown color was obtained with potassium thiocyanate [Jeffery et al. ,1989 , Janardhan et 
al., 2014] . This procedure is rapid and easy and include preparation of standard solution of Iron (1000 ppm) , from 
this solution serial dilutions were made to obtain different concentration levels of (1 ,5 ,10 ,20 ,30 ,40, 50 ,60 , 70 ,80 ,90 
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,100 ppm) from ferric Ion , after that , 5ml from standard solution and adding 0.1ml potassium thiocyanate (0.05M) 
for this solution then the Iron was measured directly at 462nm and made standard curve according for Beer law . 
This step was repeated on samples through 5ml from digestion solution for sample and 0.1ml of potassium 
thiocyanate was added and measured at 462nm [Janardhan et al., 2014] . Furthermore , the blank solution was used 
in order to obtain high accuracy of results  . All the results for the determination of total Iron are shown in table 1 and 
figure 1.  
 

RESULTS AND DISCUSSION  
 
Iron for all samples were measured by spectrophotometric method at 462nm[Janardhan et al., 2014] . The results are 
shown in figure (1) and table (1) for Iron measurement. Station (S3) showed the highest value when compared with 
all the sites measurements while the highest value of marine sediment was recorded at station (S14). The data of Iron 
measurement were compared in all the stations of Shatt Al-Arab river , the data recorded the highest value in station 
(S3) and the lowest value in station (S6) because the Hartha region (S3) has not undergone dredging operations and 
also it contains the generating station for electrical energy , while the regions of stations (S6) and (S7) have undergone 
continuous dredging works because they are regions of  commercial port and furthermore  the Seba site (S7) is an 
important region between Iraq and Iran  as a navigation line. Also noted the high value was recorded in station (S5) 
because this region contains different immersed iron bodies and has undergone drainage water and waste water 
release without treatment , while the highest value in the Qurna Station (S1) was recorded compared with some other 
stations on Shatt Al-Arab river because the Iron concentration in sediment depends on the type and nature of 
sediment whether it's sand sediment or clay sediment or silt sediment [EPA , 2003] and also depends on different 
activities as the anthropogenic, agriculture and industry [Al-Khuzaie ,2015, Al-Saad et al. ,2007] . In order to 
compared the results of Iron concentration between the marine sediment stations under study , the high value of total 
Iron concentration was recorded in station (S14) while the lowest value was recorded in station (S13) . Also a gradual 
increase in the value of total Iron concentration was noted from station (S9) towards (S11) and then it decreased in 
stations (S12) and (S13) . Furthermore the concentration value of Iron was noted increasing from station (S15) towards 
(S16) because station (S15) has undergone dredging operations because of its location as commercial port and an 
important oil port . Station (S16) is the confluence region between the basra canal and Khor al-Zubair port , the Shatt 
al-Basra canal is a drainage channel, where to the wastewater and industrial waste are released into canal without 
treatment and this explains the increase of iron concentration at this station in comparison with (S15) site . The results 
of Iron analyses in this study has recorded the lowest values when compared with the recorded data in previous 
studies[Mahmood ,2008 , Hassan ,2007] for some of the stations studied here , while it is consistent with the data 
recorded in other studies [Alshmery ,2013].The levels of Iron is exist the most abundant in earth's crust and exists 
more in sediment , especially in clay sediment [EPA ,2003]. On the other hand , the iron levels in sediment depend on 
multi operations occurring in aquatic system such as adsorption and ion exchange on outer surfaces for some 
particles of clay and organic material , they also depend on deposition of some elements in sediment through 
operations of weathering rocks , most of the heavy metals existed within the crystal lattice of the sediment particles 
[Mahmood ,2008] . Furthermore the increase of the concentration levels of Iron in the sediment, might be attributed 
to anthropogenic sources such as domestic wastes , industrial wastes and petroleum refinery operations . All these 
activities were released to the aquatic system without treatments [Al-Khuzaie , 2015 , Al-Saad et al. ,2007] . 
 
 Total selenium for all the samples was measured by spectrophotometric method at 332nm by using complex agent in 
acidic medium . The results are shown in table1 and figure2. This data records the highest value in station (S2) when 
compared with the results of all the rest sites. Results of selenium was compared for all sites along Shatt Al-Arab 
river from Qurna (S1) towards Fao station (S8) ,the measurement showed high value in station (S1) when compared 
with all the other stations except for (S2) site because the qurna station undergoes different anthropogenic activities 
such as agriculture , domestic wastes and river navigation . This activities increase the selenium concentration in the 
aquatic system [Abdulnabi et al., 2015, Staicu et al., 2015] . After that selenium was converted to Selenium metal 
through biochemical pathways and deposited in sediment, these stages are called biogeochemical cycle for Selenium 
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[Porcella et al., 1991] . Similarly the concentration value of selenium increased from station (S1) to station (S2). After 
that the concentration of selenium decreased from station (S2) towards station (S6) because , in station (S2) this region 
has not undergone dredging works but was subjected to various pollutants such as wastewater release and industrial 
waste to river without treatment [Abdulnabi et al., 2015] . Additionally , the region was affected by agricultural 
activities and burning natural gas processes which usually accompany  extraction operations of oil and gas . All these 
processes cause the ecosystem pollution of selenium [Schneider et al., 2015, Staicu et al., 2015] . Moreover the 
concentration of selenium was increased in station (S7) and (S8) when compared with sites (S4-S6) . The results of the 
selenium concentration were compared for all the marine stations(S9-S16) . The data has shown gradual increase of 
selenium concentration from station (S8) towards (S11) site and recording the highest value at station (S11) in marine 
stations that might be attributed to marine navigation [Abdulnabi et al., 2015] or its depend on the type and nature 
components of the sediment . After then the concentration of selenium was decreased from station (S11) towards (S14) 
and the station (S13) recorded lowest value in the concentration of selenium in marine stations . The frequent Increase 
in the concentration of selenium was noted in station (S15) because this area undergoes the loading and unloading 
operations of commercial loads and oil loads inside the Khor Al-Zubair  port , while station (S16) recorded low 
concentration of selenium when compared with station (S15) and high value compared from station (S12) to station 
(S14) . The most important sources of selenium pollution of aquatic system are weathering of rocks, combustion of 
coal and oil , movement of wind, irrigation and drainage operations, wastewater and  industrial waste. All these 
processes cause the ecosystem pollution of selenium [Abdulnabi et al., 2015, Schneider et al., 2015, Staicu et al., 2015] . 
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  Fig 1 : Locations the sample selected in Southern of Iraq 
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Fig. 2: Concentration of total Iron µg/g  
 

 
Fig. 3 : Concentration of total Selenium µg/g  
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Table 1: Concentration of total Selenium and total Iron of stations selected from surface sediment 
samples   
 

Standard 
Deviation (SD) 

Mean(n=3) of 
Conc. of Iron 

µg/g 

Standard 
Deviation (SD) 

Mean(n=3) of  
Conc. of Selenium 

 µg/g 

No. of 
samples 

1.80851 3530.9826 0.01769 12.5171 S1 

0.25225 2950.2284 0.01508 13.8181 S 2 
0.92949 4238.7022 0.03032 11.4135 S 3 
4.36139 2787.5308 0.01763 3.08873 S 4 
2.75607 4088.6053 0.01565 2.21071 S 5 
0.68903 2298.4189 0.00368 1.92871 S 6 
1.27416 2298.6669 0.01031 8.76880 S 7 
2.34808 3380.0613 0.00771 6.24506 S 8 
1.98205 2765.3078 0.01580 8.00352 S 9 
2.07168 2893.0633 0.01669 10.0184 S 10 
2.51323 3302.1541 0.02742 11.4493 S 11 
4.69526 3035.6283 0.00675 1.50397 S 12 
3.23124 1822.7891 0.00645 1.04407 S 13 
2.73351 3996.2288 0.01923 1.49494 S 14 
4.22377 3351.5558 0.00160 10.6313 S 15 
4.18162 3421.0106 0.00697 4.93188 S16 
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Phytochemical analysis was done for both vacuum and freeze dried jamun pulp samples. The samples 
were extracted with crude methanol and ethanol. This study was mainly contributed to know the 
presence of flavonoids, alkaloids, amino acids, glycosides, steroids, triterpenoid, reducing sugar and 
tannins and the absence of saponin, anthroquinoes as the chemical class present in the extracts. As a 
result of this study we found that all the biologically active phytochemicals were present in both vacuum 
and freeze dried jamunpulp powder when subjected to both methanol and ethanol extract. Further this 
study will be helpful for the production of jamum pulp products and quantifying the active components 
in the products. 
 
Keywords: Vacuum dryer, Freeze dryer, Phytochemicals 

 
 

INTRODUCTION 
 
The underutilized fruit Syzygium cumini (Family Myrtaceae) is also known as Syzygium jambolanum and Eugenia 
cumini. The common names Jambul, Black Plum, Java Plum, Indian Blackberry, Jamblang, Jamun etc. mostly these 
three are grown in subcontinebts of (1). In india these large trees were cultivated as a edible fruit. Syzygium cumini 
(L.) is belonging to the family Myrtaceae. It was also reported in many studies that jamun pulp  contain vitamin C, 
gallic acid, tannins, anthocyanins, includes cyanidin, petunidin, malvidinglucoside and other components. The ripe 
fruit juice was used for the preparation of vineger that is considered to be a stomachic, carminative and diuretic. 
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Jamun food products like jam jellies and squashes were prepared. The fruits are astringent. A wine is prepared from 
the ripe fruits (2) .Preserving these nutritional enriched jamun pulp with drying was studied in this study.  The very 
old method for preservation was drying and it is a difficult food processing operation mainly because undesirable 
changes in quality. The advent of modern medicine, herbal medicine suffered a setback, but during last two or three 
decades advances in phytochemistry and in identification of plant compounds effective against certain diseases have 
renewed the interest in herbal medicines (3).Different drying methods like vacuum and freeze drying are used for 
drying of fruits, berries and vegetables. In vacuum temperate is maintained under vacuum pressure and in freeze 
drying the drying was carried out under very low temperature.   However, these method leads to retain taste colour 
and nutritional value of the product, decrease in the density and water absorbance capacity and migration of the 
solutes from the internal part of the drying material to the surface, due to the long drying period and high 
temperature. 
 

MATERIAL AND METHODS 
 
Plant Materials 
 
For this study the jamun fruits directly obtained from producers in the region of Pollachi. The matured fruits were 
selected and washed in normal tap water. Using hair dryer the excess moisture present in the outside of the jamun 
was removed. Pre weighed 100g of the Jamun fruit was packed in each PP zip lock bag and kept in deep freezer at -
30°C for further use. 
 
Drying condition 
 
The stored Jamun fruits were taken from the deep freezer and kept in room temperature to reach its normal state. 
Jamun pulp was extracted manually by separating the pulp from the seed. Approximately 500g of pulp was taken for 
drying experiment. Vaccum shelf tray with 2’’×16’’×1.25’’,heat load- 27Kw) with temperature varied from 40 °C,50 °C 
and 60 °C  and freeze drier -20°C,-30°C and -40 °C is used for drying of Jamun pulp. The drying process was 
performed in duplicate for each drying temperature. 
 
 Preparation of sample extracts 
 
 Solvent extraction 
 
 Soxhlet extraction method was used in this study. Powdered samples of approximately 20 g was packed in thimble 
and extracted with 300 ml of different solvents separately. Methanol and ethanol Solvents were used. The process of 
extraction continues for 24 hours. After the extraction process the extract was taken in a beaker and kept in hot water 
bath and heated to 30-40ºC till all the solvent get evaporated. Dried extract was kept in refrigerator at 4ºC for their 
future use in phytochemical analysis (4). 
 
Preliminary Phytochemical screening: 
 
One gram of the methanol and ethanol extract of Syzgium cumini pulp was dissolved in 100ml of its solvents to 
obtain a stock of concentration 1% (v/v). The extract thus obtained were subjected to phytochemical screening 
following the methodology of (5,6). 
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Screening procedure 
 
Test for Alkaloids 
 
Five ml of the extract was added to 2ml of HCL. To this acidic medium, 1 ml of Dragendroff’s reagent was added. An 
orange or red precipitate produced immediately indicated the presence of alkaloids. 
 
 Test for amino acids 
 
One ml of the extract was treated with few drops of Ninhydrin reagents. Appearance of purple colour showed the 
presence of amino acid. 
 
Test for Reducing sugar Test 
 
Equal volume of Fehling A and Fehling B reagents were mixed together and 2ml of it was added to crude extract and 
gently boiled. A brick red precipitate appeared at the bottom of the test tube indicated the presence of reducing 
sugars. 
 
Test for Flavonoids 
 
Extract of about 0.2 g was dissolved in diluted NaOH and HCl was added. A yellow solution that turned colourless 
indicated the presence of flavonoids. 
 
Test of Saponins 
 
The extract was diluted with 20ml of distilled water and it is agitated in a granulated cylinder for 15 min. the 
formation of 1cm layer of foam showed the presence of saponins. 
 
Test for Steroids 
 
One ml of extract was dissolved in 10 ml of chloroform and equal volume of concentrated sulphuric acid was added 
by sides of the test tubes. The upper layer turned red and sulphuric acid layer showed yellow with green 
fluorescence. This indicated the presence of steroids 
 
Test for Tannins 
 
Crude extract was mixed with 2ml of 2% solution of FeCl3. A blue-green or black coloration indicated the presence of 
phenols and tannins. 
 
Test for Triterpenoids 
 
Ten mg of the extract was dissolved in 1ml chloroform; 1ml of acetic anhydride was added following the addition of 
2 ml of con, sulphuric acid. Formation of reddish violet colour indicated the presence of triterpenoids. 
 
Test for Glycosides. 
 
The extract was hydrolyzed with HCl solution neutralized with NaOH solution. A few drops of Fehling’s solution A 
and B were added. Red precipitate in indicated the presence of glycosides. 
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Test for Anthraquinones 
 
Five ml of extract solution was hydrolyzed with diluted con sulphuric acid, extracted with benzene. 1ml of dilute 
ammonia was added to it, rose pink colour suggested the positive response for anthraquinones. 
 

RESULTS AND DISCUSSION 
 
In this study the photochemical screening were performed with ethanol and methanol extract of Jamun pulp power 
dried under six different temperature. The results obtained in the present investigation are presented in Table No.1 
and Table No.2 .The jamun pulp powder dried in all the temperature gave good results. . Syzygium cumini pulp was 
rich in flavonoids, alkaloids amino acids, glycosides, steroids, triterpenoids, reducing sugar and tannins and the 
absence of saponin and anthraquinones. From this study we conclude that most of the phytochemicals were present 
in both methanol and ethanol extract of pulp power. Solubility of each constituent in an herb is very specific to 
different solvents used in the extraction process. The Ethanolic extract of both plant’s leaves contain phytosterols, 
tannins and phenolic compounds, free amino acids and flavonoids. The preliminary phytochemical analysis of the 
extract revealed the presence of tannin, flavonoid and phytosterols. These compounds have been reported to inhibit 
bacterial growth. (7)Since there is no degradation in phytochemical as the temperature increases and decreases, it is 
found that cross flow dryer with temperature and it is suitable to dry Jamun pulp with all phytonutrients. These 
dried pulp powder can be used further for any food product which will give a positive impact on anti diabetic and 
analgesic activities. 
 

CONCLUSION 
 
From the present study we found that phytochemical which is present in raw Jamun pulp were also found in Jamun 
pulp powder dried under vacuum and freeze dried samples which was exracted with ethanol and methanol. Due to 
the presence of these above mention phytochemicals in jamun fruit these dried powder will also have diabetic and 
analgesic activities properties. This study can be move further for the production of Jamum pulp products and 
quantifying the active components in the products. It can also work in isolation and purifying of active compounds 
which is highly used in pharmaceutical studies.  
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Table1: Preliminary Phytochemical Investigation of Jamun Pulp Powder Dried under Vacuum  
 

Sl.No. Phytochemicals  Methanol  
 

Ethanol 

50°C 60 °C 70 °C 50°C 60 °C 70 °C 
1 Alkaloids  +++ + + +++ + + 
2 Amino Acids +++ ++ + +++ ++ + 
3 Reducing sugar +++ ++ + +++ ++ + 
4 Flavonoids +++ ++ + +++ ++ + 
5 Saponins - - - - - - 
6 Steroids ++ + + + + + 
7 Tannins +++ ++ + +++ ++ + 
8 Triterpenoids +++ ++ + +++ ++ + 
9 Glycosides. +++ + + +++ + + 
10 Anthraquiones + + + + + + 

 
Table 2: Preliminary phytochemical investigation of Jamun pulp powder dried under Freeze Dried 
powder 
 

Sl.No Phytochemicals  Methanol  
 

Ethanol 

-20°C -30°C -40 °C -20°C -30 °C -40 °C 
1 Alkaloids  +++ +++ +++ +++ +++ +++ 
2 Amino Acids +++ +++ +++ +++ +++ +++ 
3 Reducing sugar +++ +++ +++ +++ +++ +++ 
4 Flavonoids +++ +++ +++ +++ +++ +++ 
5 Saponins - - - - - - 
6 Steroids ++ ++ ++ ++ ++ ++ 
7 Tannins +++ +++ +++ ++ ++ ++ 
8 Triterpenoids ++ ++ ++ ++ ++ ++ 
9 Glycosides. +++ +++ +++ +++ +++ +++ 
10 Anthraquiones ++ ++ ++ ++ ++ ++ 

+   - present less 
++ -present moderate 
+++ -present high   -Not present 
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In the paper, we report the activity of Melissa officinalis L. essential oil against bacterial biofilm. This study 
tested the effects of essential oil of Melissa officinalis L. on six bacterial clinical isolates biofilm-forming 
bacteria. The minimum inhibitory concentration (MIC) and biofilm inhibitory concentration (BIC) assays 
were performed in microtitre plates using a twofold dilution series. The results showed that the essential 
oil of Melissa officinalis produced inhibitory effects against all isolates. The MIC values were in the range 
of 0.25-1 mg/mL while BIC values where between 0.5-8 mg/mL. In addition Melissa officinalis essential oil 
was able to inhibit initial adherence in the most tolerant isolate (Pseudomonas aeruginosa) at sub-
inhibitory concentrations.Conclusions: Melissa officinalis essential oil represents a potent source of 
antimicrobial agents to prevent and treat biofilms. 
 
Keywords: MIC, BIC, biofilm, Melissa officinalis, resistance, essential oil.  
 

INTRODUCTION 
 
Biofilm is a group of microorganisms sticking together on a surface and embedded in a complex protective matrix [1]. 
The matrix, secreted by the cells within the biofilm, is a mixture of extracellular nucleic acids, proteins, lipids and 
polysaccharides [2]. It is the most important structure of a biofilm that is essential for the existence of the biofilm. 
Bacteria in a biofilm show extreme tolerance of antimicrobial agents and phagocytes. It is thought that the EPS in 
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biofilms protects cells by preventing or reducing access of the antimicrobial agents [3].There are six forces that drive 
the formation of biofilm: default mode (mechanism), community, favourable habitat, defence, availability of nutrition 
and environmental conditions [4]. The gene expression in biofilm cells differ from planktonic cells. In Pseudomonas 
aeruginosa biofilm more than three hundred new proteins were found that were not detectable in planktonic cells [5]. 
Biofilms are involved in chronic persistent infections that affect millions of people each year that may cause death. 
Chronic persistent infections including pneumonia in cystic fibrosis patients, chronic wounds, chronic otitis media 
and implant associated infections [4]. The hallmark of biofilms is their resistance to antimicrobial agents.The 
microbial resistance to antimicrobial agents specifically in biofilm increases the need for new drugs. Essential oils 
could be an alternative to antibiotics. Essential oils are volatile compounds synthesized by aromatic plants. They are 
used in food preservation, antimicrobial agents, analgesic, sedative, and anti-inflammatory [6]. Clinical and in vitro 
studies showed that some essential oils were more effective than antibiotics against antibiotic-resistant strains such as 
MRSA [7].Melissa officinalis L. (Lamiaceae) also known as Lemon balm has been used as a medicinal plant in the 
Mediterranean region and in Europe [8]. It is used for the treatment of gastrointestinal disorders, nervousness, 
rheumatism and headaches [9]. The essential oil of Melissa officinalis has antibacterial and antifungal and antioxidant 
properties [8, 9].The aim of the present study was to determine the effects of essential oil of wild Melissa officinalis 
grown in Jordan on the growth of biofilm-forming bacterial clinical isolates. 
 

MATERIALS AND METHODS 
 
Essential oil of Melissa officinalis 
 
Fresh amount of the Melissa officinalis was collected from mountains of Qumeim, Irbid, north Jordan, before the 
flowering period. The plant materials were taxonomically identified and authenticated by the Botanical Survey of 
Yarmouk University.The composition of the essential oil from Melissa officinalis was determined using gas 
chromatography-mass spectrometry (GC-MS) [10]. Forty five components accounting for 99.01% of the oil were 
identified. The major compounds (more than 1%) were Ethyl nerolate 24.56%, Geranyl formate 15.78%, Methyl 
geranate 8.18%, Limonene 7.92%, δ-Cadinene 7.66%, α-Cadinene 4.75%, 1,8-Cineole 4.69%, Selina-3,11-dien-6-alpha-
ol 3.93%, 9-epi-E-Caryophyllene 3.10%, E-beta-Ocimene 2.48%, 1-para-Menthene 1.96%, Geranial 1.54%, 
Thymoquinone 1.38%, Sequilavandulol 1.37%, and Sabinene 1.25% [10]. 
 
Cultures and media 
 
The effect of Melissa officinalis essential oil on bacterial biofilm formation was examined using six bacterial clinical 
isolates including: three strains of Gram positive bacteria: Methicillin-resistant Staphylococcus aureus (MRSA), 
Staphylococcus epidermidis, and Bacillus subtilis, and three strains of Gram negative bacteria: Escherichia coli, Enterobacter 
aerogenes, and Pseudomonas aeruginosa. These clinical isolates were obtained from human patients. Cultures were 
stored on tryptone soya agar (TSA) (Oxoid, Hampshire, UK) at 2-4⁰C and subcultured every 2 months or whenever 
required. Isolates were purified on specific nutrient agar plates and characterized by standard microbiological and 
biochemical methods like Gram stain, catalase test, coagulase test and an API system (bioMerieux, France).  
 
Biofilm formation and broth microdilution assays 
 
Biofilm formation was quantified in microtitre plates using the method described by Rachid et al [11]. Bacteria were 
grown overnight to mid-log phase by inoculating in 10 ml tryptone soya broth (TSB) and incubating at 37ºC until the 
OD at 600 nm (OD600) reached approximately 0.6. Strains were then diluted in fresh TSB supplemented with 0.5% 
glucose to give cell density of approximately 106 cfu/ml. For each test strain, 200 µl of inoculum was added to 72 
wells of a 96-well plate. A quantity of 200 µl TSB was added to the remaining 24 wells and the plate incubated for 24 
h at 37⁰C. The optical density at 600 nm (OD600) was measured to serve as an indicator of bacterial growth, the plate 
contents emptied out and washed three times with phosphate-buffered saline (PBS) (Sigma Aldrich). The plates were 
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air-dried and the cells that remained adhered to microwells stained with 0.4% crystal violet (Sigma Aldrich). Optical 
density at 490 nm (OD490) nm was determined using microplatereader (Synergy™ HTX Multi-Mode Microplate 
Reader USA) to quantify the amount of crystal violet-stained biofilm. Each strain was assayed in triplicate. 
 
MIC assay 
 
MIC was determined using 96 well microtitre plates as described by Rachid et al [11]. Serial two fold dilutions of 
Melissa officinalis essential oil in TSB were carried out in microtitre plates; 100 µl of bacterial cells with density of 
approximately 106 cfu/ml were added to the wells, mixed and then incubated at 370C for 24 h aerobically. The MIC 
was read as the minimum antibiotic concentration needed to inhibit visible growth of the strain. The MIC for each 
antibiotic/strain was carried out in triplicate in three independent experiments. The positive control used for MRSA, 
Staphylococcus epidermidis, and Bacillus subtilis was vancomycin, for E. coli and Enterobacter aerogenes was 
chloramphenicol for P. aeruginosa was ceftazidime. The absorbance was measured at 600 nm to serve as an indicator 
of bacterial growth. 
 
Biofilm inhibitory concentration (BIC) assay 
 
BIC was determined using 96 well microtitre plates as described by Rachid et al [11]. Serial two fold dilutions of 
Melissa officinalis essential oil in TSB were carried out in microtitre plates; 100µl of the diluted bacterial cells were 
added to the wells, mixed and then incubated at 370C for 24 h aerobically. The wells were washed three times with 
PBS. The plates were dried using air, and the remaining surface-adsorbed cells of the individual well were stained 
with 0.1% (w/v) crystal violet. The wells were then washed three times with PBS and allowed to air-dry for 60 min. 
The crystal violet-stained biofilm was solubilized using 95% (v/v) ethanol and the absorbance read at 490 nm. A well, 
with no cells and sterile TSB was used as blank (negative control), and a well with cells and TSB but without Melissa 
officinalis essential oil was used as a control. The positive control used for MRSA, MSSA, and S. epidermidis was 
vancomycin, for E. coli and K. pneumonia was chloramphenicol for P. aeruginosa was ceftazidime and finally for P. 
mirabilis was ampicillin. BIC was determined as the minimum concentration that caused 30% decrease in optical 
density. Assays were performed three times on different days for each individual strains and the same result was 
obtained on each occasion. 
 
Adherence of bacterial cells to polystyrene 
 
Initial adherence of bacterial cells to polystyrene was determined using a previously reported method [12]. Briefly, 
bacteria were grown overnight in 10 ml TSB at 37⁰C and then diluted 1 : 100 in fresh TSB containing Melissa officinalis 
essential oil at the required concentration. A quantity of 5 ml of the bacterial suspensions was then poured into Petri 
dishes and incubated for 30 min at 37⁰C. The plates were washed five times using 5 ml PBS, air dried and stained for 
1 min with 0.4% crystal violet. The number of adhered cells was determined microscopically (CETI 60243T UK) by 
counting the number of bacteria in 20 fields of view. The essential oil concentrations were 1/10 of MIC, 1/2 MIC, and 
the MIC concentration. Adherence was calculated as the total number of cells adhered per square centimetre 
examined. Each Melissa officinalis essential oil concentration was assayed in triplicate and the adherence of Melissa 
officinalis essential oil treated cells compared with untreated controls. Assays were performed three times on different 
days and the same result was obtained on each occasion 
 

RESULTS 
 
MIC and BIC 
 
Melissa officinalis essential oil produced inhibitory effects against all isolates but with considerable variation in 
susceptibility. Table 1 shows the MIC and BIC values of Phlomis brachydon essential oil (mg/mL). The MIC values 
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were in the range of 0.25-1 mg/mL while the BIC values were in the range of 0.5-8 mg/mL. The most susceptible in 
planktonic growth was E. aerogenes with an MIC value of 0.25 mg/mL while the most susceptible in biofilm growth 
was MRSA with BIC of 0.25 mg/mL. The most resistant isolate both in planktonic and biofilm growth were P. 
aeruginosa with MIC value of 1 mg/mL and BIC of 8 mg/mL. As expected BIC values were higher than MIC values for 
all isolates.The BIC for P. aeruginosa was eight folds higher than MIC values while for E. Coli the BIC value was four 
folds higher than the MIC value. Melissa officinalis essential oil was more active on Gram positive bacteria than Gram 
negative bacteria.The most unexpected results were for the MRSA. The MIC and BIC value of 0.5 mg/mL were the 
lowest in BIC and very close to lowest in MIC.    
 
Inhibition of P. aeruginosa adherence to polystyrene by Phlomis brachydon at sub-MIC levels 
 
P. aeruginosa was the most resistant isolate in plaktonic and biofilm growth to Melissa officinalis essential oil. This is 
why it was chosen to test the effect of sub-inhibitory concentrations (sub-MICplank) on its adherence to polystyrene.  
Figure 2 shows the effect of Melissa officinalis on initial adhesion of P. Aeruginosa using 1/10 of the MIC, 1/2 of the 
MIC, the MIC and without EO. The results show that adding sub-inhibitory concentrations (sub-MICplank) of Melissa 
officinalis to polystyrene Petri dishes containing a suspension culture of the P. aeruginosa strain reduced the number of 
individual cells adhering to the polystyrene surface after 30 minutes incubation period (Fig. 2). 

 
DISCUSSION  
 
Bacterial biofilms show high resistance to antibiotics. Therefore there is a need for antibiotics alternatives that are 
able to overcome biofilm resistance mechanisms. Essential oils could fulfil the need. Melissa officinalis is a medicinal 
plant used for its antiseptic, antimicrobial, antioxidative, carminative, digestive, and calmative activities [13]. 
Essential oils are strong antimicrobial agents with broad spectrum activity with antimicrobial, fungicidal and 
insecticidal activities [14]. The results showed that Melissa officinalis essential oil was more active on Gram positive 
bacteria than on Gram negative bacteria. The mechanisms of action include the degradation of the cell wall and  
damage of the cytoplasmic membrane. Generally, Gram-negative bacteria are more resistant to essential oil than 
Gram-positive bacteria due to difference in the structures of the cell walls [15]. The cell wall of Gram-positive bacteria 
is mostly made up of peptidoglycan. Essential oils are able to penetrate the cell wall of Gram-positive bacteria and 
destroy bacteria cell [16, 17].In Gram-negative bacteria the peptidoglycan layer is covered by a hydrophilic outer 
membrane. Thus the outer membrane is impermeable to hydrophobic substances like essential oil [18, 19]. The 
presence of this outer membrane in the cell wall of Gram negative bacteria makes them more resistant to essential oil 
than Gram-positive bacteria. 
 
The most resistant biofilm growth was P. aeruginosa with BIC value of 8 mg/mL.P. aeruginosa is the most frequent 
cause of chronic pulmonary infection in people with cystic fibrosis [20]. In cystic fibrosis the infection with P. 
aeruginosa starts with the organism in planktonic form which is then followed by chronic infection by the biofilm. P. 
aeruginosa planktonic infection can be eradicated successfully using antibiotics but once a biofilm has formed, 
eradication is very difficult.Antimicrobial resistance of P. aeruginosa biofilms is complex and not well understood [21, 
22]. The resistance mechanisms include the matrix that limits the penetrations of antimicrobial agents, low metabolic 
activity of cells grown within biofilm, the presence of persisters within biofilm cells populations and P. aeruginosa 
biofilm cells are anaerobic since many agents are inactive or less active under anaerobic conditions [22, 23, 24].The 
essential oil of Melissa officinalis was able to eradicate P. aeruginosa biofilm with higher efficiency than some reported 
antibiotics in use, making them interesting candidates for the treatment of biofilms. It was able to penetrate and kill 
biofilm. Essential oils are mixtures of many components so that many different mechanisms of action are responsible 
that enable them to overcome microbial resistance [7].Melissa officinalis essential oil was able to inhibit P. aeruginosa 
adherence to polystyrene at subinhibitory level. Essential oils and their components have activity against a variety of 
targets, particularly the membrane and cytoplasm [18]. It is believed that the sub-inhibitory level of Melissa officinalis 
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essential oil that did not cause killing of the microorganism might have caused damage and changes to P. aeruginosa 
cell membrane and prevented it from adhering to the polystyrene surface. 
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Table 1. MIC and BIC of Melissa officinalis (mg/mL) for the bacterial isolates used for the study. 
 
Isolate  Number Isolate name  MICplank    BICbiofilm 

1 MRSA 0.5 0.5 
2 P. aeruginosa 1 8 
3 E. aerogenes 0.25 1 
4 E. coli 0.5 2 
5 B. subtilise 0.5 1 
6 S. epidermidis 0.5 1 

 

           

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Effect of Melissa officinalis on initial adhesion of P. aeruginosa;  
1: without EO, 2: 1/10MIC 3: 1/2MIC, 4: MIC. 
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An attempt was made  to develop and standardize the measuring the participation of EWs in ATMA 
based on Likert’s method of summated rating .Total 21 dimensions of participation in activities of BTT 
were identified. These participation dimensions were mailed to a panel of judges and 17 participation 
dimensions were selected which had relevancy weightage of more than 0.75 The items were given to a 
panel of 50 judges to indicate relevancy to each item for inclusion in the scale to measure the participation 
of extension worker in ATMA. A list of 57 items having more than 0.75 relevancy weightage, was 
administered to 32 extension workers from non- sampled area. Response for the items was obtained on 
five point continuum. The participation scores of each respondent was obtained by summing up the 
scores over all items. On the basis of the total score, the respondents were arranged in a descending 
order. Then 25 percent EWs with highest total scores and 25 percent Ews with the lowest scores were 
selected. The split-half and test-retest techniques for testing reliability were used. The criteria of content 
and construct validity were applied for testing the validity of participation of extension workers scale. 
The final format of participation scale with 57 items representing 17 participation dimensions can be 
administered to the EWs with a five point response continuum. The participation score was calculated by 
adding up the scores obtained by respondents on all the statements and was considered as individual's 
score. 
 
Key words: Participation, Extension Workers,ATMA 
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INTRODUCTION 
 
The state government of Maharashtra has taken number of initiatives in agricultural development as well as in 
extension to benefit the farmers through reorganization of state agriculture extension from time to time. The 
government of Maharashtra has introduced the innovation in technology transfer the agricultural technology 
management agency (ATMA) on experimental basis in four districts since 1998- 99. The farm information and 
advisory center (FIAC) at the block is under control the of ATMA organization. It works through block technology 
team consisting of extension workers of development departments and the farm advisory   committee (FAC) having 
farmers representatives on it. It is responsible for programme planning and implementation .The efficiency and 
effectiveness of the ATMA programmes mainly depends upon the participation of block technology team. The 
participation of extension workers were middle level functionaries therefore must have been affected. No 
comprehensive scale was available to measure the participation of Extension Workers in ATMA. IN order to augment 
this attempt was made to develop and standardize a scale for measuring the participation of EWs in ATMA. 
According to Webster’s Dictionary, participation means to take a part or to have shared in common or to have a share 
of profit or benefit in common with others. In the context of present study participation was operationally defined as 
to taking part in prioritization and diagnosis of farmers’ needs and problems, setting extension priorities, planning 
and designing solutions, approving block action plans, actual implementation, evaluation of extension programmes 
within the block and providing feedback.   
 
Procedure for Standardization of scale 
 
In order to develop and standardize the measuring instrument the method of summated rating (Likert 1932) was 
followed .The detail procedure adopted for this purpose is described here under.  

 
Collection of participation dimension 
 
Studies on participation of agricultural extension functionaries were reviewed. Further studies on the participation of 
personnel working in the domains of industry and education were traced through internet and from journals, books, 
etc and reviewed. After reviewing the literature, job chart of extension workers and discussion with the experts in the 
field of extension education, psychology, management and social sciences, 21 dimensions of participation in activities 
of BTT were identified. 
 
Deciding relevancy of participation dimensions 
 
It was quite possible that all the 21 participation dimensions identified may not be equally relevant in measuring 
participation of extension workers in the activities of BTT working in ATMA. Hence, these dimensions were 
subjected to scrutiny by an expert panel of judges to determine the relevancy and their subsequent screening. These 
participation dimensions were mailed to a panel of 100 judges in the field to extension education, psychology, 
management, administration and social sciences. These judges were requested to indicate appropriateness 
(relevancy) of the dimensions for inclusion in the scale to measure participation of extension workers in working of 
ATMA. The responses of judges were secured on three point continuum namely, most relevant, somewhat relevant 
and not relevant and scored as 3, 2 and 1, respectively. In 62 judges could respond in stipulated time. These 
judgements were used for working out the relevancy weightage (RW) of the each participation dimension by using 
the procedure given by Patil  et al.  (1996).Considering the relevancy weightages, the participation dimensions were 
screened for their relevancy. Accordingly, dimensions having relevancy weightage of more than 0.75 were 
considered. Using these criteria, 17 participation dimensions having more than 0.75 relevancy weightage were 
selected.  
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Construction of items for the scale 
  
An important aspect in the development of a scale is the constitution of the item pool .The item pool was developed 
by thoroughly reviewing related literature, job chart and discussions with the experts in extension education and 
extension workers. An item pool of participation items was related to 17 participation dimensions generated initially. 
The identified items formulas were carefully edited by Edwards (1957). The identified participation dimension along 
with number of items initially formulated under each are given below in Table.1 
 
Deciding relevancy of items of the scale 
 
These items were subjected to scrutiny by an expert panel of judges to determine the relevancy and their subsequent 
screening. For this purpose, the items were given to a panel of 50 judges in the field of Extension Education, 
Psychology, Management, Social Science and State Department of Agriculture. The judges were asked to indicate 
relevancy to each item for inclusion in the scale to measure the participation of extension worker in ATMA. The 
responses were obtained on three point continuum viz. relevant, somewhat relevant and not relevant with scores of 
3, 2, and 1 respectively. In all, 35 judges could respond stipulated time. On the basis of the judges response the 
relevancy weightages were worked out for the items by adopting procedure given by Patil et.al (1996). Applying the 
criteria of more than 0.75 relevancy weightage 57 items were selected and others were rejected. 
 
Item analysis 
 
Further, it was considered essential to delineate the item that discriminates between persons having different 
participation. A list of 57 items having more than 0.75 relevancy weightage ,was administered to 32 extension 
workers  from non- sampled area. The response from them were elicited on five point continuum namely always, 
sometime, rarely, very rarely and never and were recorded as   5, 4, 3, 2 and 1, respectively. The participation scores 
of each Extension Workers were obtained by summing up the scores over all items.Considering the total score earned 
by each Extension Workers they were arranged in a descending order. Then 25 percent Ews with highest total scores 
and 25 percent Ews with the lowest scores were selected. These two groups provided the criterion groups as ‘high’ 
and ‘low ‘groups to evaluate the individual items. The critical ratio ( +_) for each item was worked out by the formula 
given by Edwards (1957).The ‘ t’ value is a measure of the extent to which a given items differentiate between the 
high group from the low group . 
 
Selection of items for inclusion in final scale. 
 
The value of critical ratio (t) for all the 57 items were computed and arranged in descending orders. The value of 
critical ratio 2.14 was observed to be significantly differentiating between ‘high and ‘low ‘group. The items having 
greater than 2.14 't' value were then selected for inclusion in the final format of the scale. By this procedure 57 items 
were retained and included in final format of participation scale (Table. 2) 
 
Testing reliability of the scale 
 
The split-half and test-retest techniques for testing reliability were used. 
 
Split-half method 
 
The format of the scale containing 57 participation items was administered to 25 extension workers of non-sample 
area. The responses were rated on  five point continuum as always, sometime, rarely, very rarely and never with a 
score of 5, 4, 3, 2 and 1.For working out split –half reliability the scores earned by all the EWs on add and even items 
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were added together separately and were correlated. The reliability coefficient calculated for the participation scale 
by following this procedure was 0.8108 and found significant at 0.01 level of probability.  
 
Test-retest method 
 
The format of scale having 57 items was administered twice to 25 EWs with an interval of fifteen days. The responses 
were secured on a five point continuum as always, sometime, rarely, very rarely and never with a score of 5,4,3,2, 
and 1 respectively. The total scores of all 25 EWs for each item were calculated separately.           
The scores were then correlated. The value of 'r' was 0.8613 and was reported to be significant. It has indicated the 
participation of extension workers scale constructed was reliable.  
 
Testing validity of the scale  
 
The criteria of content and construct validity were applied for testing the validity of participation of extension 
workers scale.  
 
i) Content validity 

 
The contents of the scale were derived from the job chart of EWs review of literature, consultation with experts and 
securing judge’s opinion on appropriateness of items included in the scale. It was assumed that the scores obtained 
by administering the scale measured the participation of extension workers and nothing else. 
 
ii) Construct validity 

 
The construct validity was tested by using ’t’ test. The items were grouped into two groups high and low group and 
the difference in means was tested by ‘t’ test . The items with significant‘t’ value among high and low groups were 
than selected in inclusion of scale. Thus the construct validity of participation scale developed for measurement of 
participation of extension workers reasonably established.  
 
Norms for use of scale 
 
The final format of participation scale with 57 items representing 17 participation dimensions can be administered to 
the EWs with a five point response continuum namely, Strongly agree, Agree, Undecided, Disagree and Strongly 
disagree. With the scores of 5, 4, 3, 2, and 1, respectively. The participation score was calculated by adding up the 
scores obtained by extension worker on all the statements and was considered as individual's score. The participation 
score on this scale range from a minimum 57 to a maximum of 285. The categorization of the EWs was done on the of 
four quartiles considering the obtainable index ranges was made as Low (Up to 25 index), Medium ( 26 to 50 index ), 
High( 51 to 75 index), and Very high ( Above 75 index).  
 

CONCLUSION 
 
The scale was found to be reliable and valid .Therefore; it can correctly measure the participation of Extension 
Workers in activities of Blocks Technology Team in Agricultural Technology Management Agency to maximum 
precision possible and can yield consistent results when used on different occasions involving the same / different 
respondents. This scale could also be used to measure participation of EWs in the other organization even beyond 
study area with necessary modifications in the wordings of the scale items. 
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Table.1. Details about participation items developed & finally Retained in Participation 
 

Sr.No. Dimensions Total number of 
items identified 

Number of items 
retained after 
relevancy test 

Number of items 
retained after 
item analysis 

01 Diagnosis of needs and problems 11 03 03 
02 Prioritization of needs of problems 09 04 04 
03 Planning and designing 

technological solutions 
12 05 05 

04 Implementation of programme 07 03 03 
05 Monitoring and evaluation of 

programme 
11 03 03 

06 Feedback related with programme 05 03 03 
07 Providing consultation 07 03 03 
08 Functional participation 05 03 03 
09 Interactive participation 07 04 04 
10 Self mobilization 05 03 03 
11 Consensus building 05 03 03 
12 Participation in decision making 06 03 03 
13 Regularity in attending meeting 08 04 04 
14 Sharing of responsibility 05 03 03 
15 Conflict resolution 07 04 04 
16 Partnership building 07 03 03 
17 Collaborative working 06 03 03 

 Total 
 

123 57 57 

 
Table.2. Final format of Participation scale constructed and  Standardized for Measurement of 
Participation of   Representative Extension workers in the activities of   Block Technology Team. 
Participation response   Continuum: Strongly agree (5), Agree (4), undecided (3),  Disagree(4) and  
Strongly disagree (1) 
 
Sr. No.   Items   

I. Diagnosis of needs and problems  
1. Identify problems based on interests of the farmers  
2. Identification of farmers felt needs  
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3. Diagnose farmers problems and workout solutions  
II. Prioritization of needs of problems  
4. Determine priorities of problems   
5. Place priority on felt needs of farmers  
6. Determine priorities for extension activities  
7. Bringing the priorities of opportunities to farmers   

III. Planning and designing technological solutions  
8. Formulate plan of work to overcome the problems  
9. Plan and design developmental programme  
10. Designing the technological solutions for identified problems  
11. Deciding the calendar of activities of the developmental programme  
12. Involve farmers in programme planning  
IV. Implementation of programme   
13. Encourage the farmers for actualization of programme  
14. Shoulder responsibility for programme implementation  
15. Provide technical guidance for implementation of programme  
V. Monitoring and evaluation of programme  
16. Watch the progress of programme activities  
17. Provide constructive suggestions of modification during implementation of programmes  
18. Evaluate programme on feedback information  
VI. Feedback related with programme  
19. Encourage feedback from extension machinery  
20. Welcome feedback from farmers  
21. Make use of feedback information to strengthen research and extension activities  

VII. Providing consultation  
22. Workout solutions for problems posed by farmers  
23. Provide solutions to problems within time period  
24. Provide consultation to enhance the performance of developmental programme  

VIII. Functional participation  
25. Participate in every meeting to discuss the pre-determined programme 
26. Offer constructive modification in pre-determined programme objectives in changed situation  
27. Take part in farmer group discussion  
IX. Interactive participation  
28. Encourage tackling of farmers problems by different departments  
29. Extend full co-operation in implementing need based programmes  

30. 
Ensure participation of representatives of development departments during programme 
planning  

31. 
Ensure participation of representative of development departments during programme 
implementation  

X. Self mobilization  
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32. Provide active initiative during implementation of programme  
33. Willing to provide needed help during programme development  
34. Willing to provide needed services during programme implementation   
XI. Consensus building  
35. Promote agreement on opinions of majority of members   
36. Reach general agreement on decision related to conflict issues.  
37. Build consensus of all stakeholders on programme objectives  
XII. Participation in decision making  
38. Promote identification of alternative courses action  
39. Promote selection of appropriate course of action among available alternatives 
40. Arrive at collective decision on programme related activities  

XIII. Regularity in attending meeting  
41. Arriving for meeting on the fixed scheduled time  
42. Leave the meeting only after all the issues are discussed  
43. Keep regularity in attending meeting  
44. Making available for urgently called meeting  

XIV. Sharing of responsibility  
45. Share responsibility for generating group goals  
46. Take responsibility for technology dissemination  
47. Shoulder responsibility in programme implementation  
XV. Conflict resolution  
48. Try to arrive at consensus decisions  
49. Follow group norms to enforce discipline during meetings  
50. Allow members to feel feel to express their opinion during conflict resolution  
51. Try to overcome conflict situation through democratic means  

XVI. Partnership building  
52. Promote co-ordination between various development department  
53. Play a role of an active partner in programme implementation  
54. Ensure co-ordination to avoid wastage of scare resources  

XVII. Collaborative working  
55. Work jointly with different department for technological solutions  
56. Promote co-ordination between the members  
57. Co-ordinate work to achieve group goals  

 
 
 
 
 
 
 

Kinkhedkar et al. 

http://www.tnsroindia.org


Indian Journal Of Natural Sciences                                                                          www.tnsroindia.org. © IJONS                                        
 

Vol.6 / Issue 34 / February 2016                           International Bimonthly                                     ISSN: 0976 – 0997        
 
 
 

10501 
 

   

 

Standardization of Scale to Measure Participation of Farmers 
 
A.K.Kinkhedkar 1 R.S.Raut 2 and D.M. Mankar 3 

 
1Assistant Professor, SJGM, Pipri-Wardha,India 
2Assistant Professor, Dr .PDKV, Akola, India. 
3Professor and Head, Deptt. Extension Education, PGI, Dr.PDKV,Akola,India. 

 
 

 Received: 27 Dec 2015              Revised: 29 Jan 2016                                Accepted: 11 Feb 2016 
 
*Address for correspondence 
 A.K.Kinkhedkar 
Assistant Professor, 
SJGM, Pipri-Wardha India. 
Email: ajaykinkhedkar@gmail.com 

 
 

This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License (CC BY-NC-ND 
3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. All 
rights reserved. 
 
 
An attempt was made to develop standardize a scale for measuring the participation of representative 
farmers in ATMA based on Likert method of summated rating. Total 21 dimensions of participation in 
activities of FAC were identified. These participation dimensions were mailed to a panel 
and17participation dimensions were selected which had relevancy weightage more than 0.75. The items 
were given to 50 judges indicate appropriateness (relevancy) of each item for inclusion in the scale to 
measure the participation of representative farmers in ATMA. A list of 53 items having more than 0.75 
relevancy weightage was administered to 32 farmers from non- sampled area. Responses for the items 
were obtained on five point continuum. The participation scores of each farmer were obtained by 
summing up the scores over all items. On the basis of the total score, the respondents were arranged in a 
descending order. Twenty five per cent of the respondents with highest total scores and Twenty five per 
cent with lowest scores were selected. The split-half and test-retest techniques for testing reliability were 
used. The criteria of content and construct validity were applied for testing the validity of participation of 
farmers scale. The final format of participation scale had 53 items representing 17 participation 
dimensions can be administered to the farmers with a five point continuum. The participation score was 
calculated by adding up the scores obtained by respondents on all the statements and was considered as 
individual's score. 
 
Key words: Participation, Farmers, ATMA 
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INTRODUCTION 
         

The government of Maharashtra has introduced the innovation in technology transfer the Agricultural Technology 
Management Agency (ATMA) on experimental basis in four districts since 1998-99. The Farm Information & 
Advisory Center (FIAC) at the block is under control the of ATMA organization. It works through block technology 
team consisting of extension workers of development department and the Farm Advisory Committee (FAC) having 
farmers representative on it. It is responsible for programme planning & implementation .The efficiency & 
effectiveness of the ATMA programme mainly depends upon the participation of the farmers’ Advisory Committee 
members in the programme planning & implementation. In view of the crucial nature of the role that farmers are 
expected to play in the new strategy of agricultural production therefore must have been affected .No comprehensive 
scale was available to measure the participation of farmers’ in ATMA. In order to augment this attempt was made to 
develop & standardize a scale for measuring the participation of farmers in ATMA.According to Webster’s 
Dictionary, participation means to take a part or to have share in common or to have a share of profit or benefit in 
common with others. In the context of present study participation was operationally defined as the to the degree of 
participation of representative farmers in the programmes and activities of Farmers Advisory Committee.In 
operational terms the present study refers to the extent of sharing or taking part in meetings, asking questions, 
making suggestions, proposing extension programmes, giving related information required for discussion, 
organising the extension programmes and giving feedback about the programme. 
 
Procedure for standardization of scale 
 
In order to develop and standardize the measuring instrument the methods of summated rating by Likert (1932) was 
followed. The detail procedure adopted for this purpose is described here under. 
 
Collection of participation dimensions 
 
Studies on participation's were reviewed. Furthers studies on the participations of farmers working in the domains of 
various schemes, programmes and various schemes, programs, and various rural development programs were 
traced through internet and from journals, books etc. and reviewed.  After reviewing the literature, and discussion 
with expert in the field of extension education, psychology, management and social Sciences, 21 dimensions / 
components of participation in activities of FAC were identified. 
 
Deciding relevancy of participation dimensions 
 
It was quite possible that all the 21 participation dimensions identified may not be equally relevant in measuring 
participation of representative farmers in the activities of FAC working in ATMA. Hence these dimensions were 
subjected to scrutiny by an expert panel of judges to determine the relevancy and their subsequent   screening.  The 
operational definitions of dimensions were also included for their reference.These participation dimensions were 
mailed to a panel of 100 judges in the field of extension education, psychology, management, administration and 
social sciences. These judges were requested to indicate appropriateness (relevancy) of dimensions for inclusion in 
the scale to measure participation of representative farmers working in ATMA.  The responses of judges were 
secured on three point continuum namely, most relevant, somewhat relevant and not relevant and scored as 3,2 and 
1, respectively. In all 62 judges could respond in stipulated time . These judgment were used for working out the 
relevancy weightage (RW) of the each participation dimension by using the procedure given by Patil et.al (1996).  
Considering the relevancy weightages, the participation dimensions were screened for their relevancy. Accordingly, 
dimensions having weightage of more than 0.75 were considered. Using these criteria, 17 participation dimensions 
having more than 0.75 relevancy weightage were selected. 
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Construction of items for the scale 
 
An important aspect in the development of a scale is the constitution of the item pool. The item pool was developed 
by thoroughly reviewing related literature and discussions with the experts in extension education, psychology, 
management, extension personnel of State Department of Agriculture.  An item pool of participation items was 
related to 17 participation dimensions generated initially.  The idenfied items were carefully edited by Edward 
(1957).The identified participation dimension along with number of items initially formulated under each are given 
in Table. 1 
 
Deciding relevancy of items of the scale 
 
These items were subjected to scrutiny by an expert panel of judges to determine the relevancy and their subsequent 
screening. For this purpose, the items were given to a panel of judges in the field of extension education, psychology, 
management, social science and state Department of Agriculture. The judges were requested to indicate 
appropriateness (relevancy) of each item for inclusion in the scale to measure the participation of representative 
farmers in ATMA. The responses were obtained on three point continuum viz. relevant, somewhat relevant and not 
relevant with scores of 3,2 and 1 respectively. In all, 35 judges could respond in stipulated time. On the basis of the 
judges responses, the relevancy weightages were worked out for the items by adopting the procedure given by Patil 
et.al (1996 ).Applying the criteria of more than 0.75 relevancy weightage 53 items were selected and others were 
rejected. 
 
Item analysis 
 
Furthers, it was considered essential to delineate the item that discriminates between persons having different 
participation. A list of 53 items more than 0.75 relevancy weightage was administered to 32 farmers from non- 
sampled area. The responses from them were elicited on a five point continuum namely always, sometime, rarely, 
very rarely and never carrying the score of 5,4,3,2, and 1, respectively. The participation scores of each farmer were 
obtained by summing up the scores over all items.Considering the total score earned by each farmer was arranged in 
a descending order. Then 25 per cent of the farmers with highest total scores and 25 per cent of the farmers with 
lowest scores were selected. These two groups provided the criterion group as high and low groups to evaluate the 
individual items .The critical ratio (+-) for each item was worked out by the formula given by Edward’s (1957). The ‘t’  
value of is a measure of the extent to which a given item differentiate between  the high group from the low group. 
 
Selection of items for inclusion in final scale. 
 
The values of critical ratio (t) for all the 53 items were computed and arranged in descending order. The value of 
critical ratio 2.14 was observed to be significantly differentiating between ‘high’ and ‘low’ group. The items having 
greater than 2.14  't' value were then selected for inclusion in the final format of the scale. By this procedure 53 items 
were retained and included in final format of ‘Participation scale’ (Table no 2).  
 
Testing reliability of the scale 
 
The split-half and test-retest techniques for testing reliability were used. 
 
a) Split-half method 

 
The format of the scale containing 53 participation items was administered to 25 farmers of non-sampled area. The 
responses were rated on a five point continuum as  always, sometime, rarely, very rarely and never having  a scores 
of 5, 4, 3, 2 and 1.For working out split-half reliability the scores earned by all the farmers on odd and even items 
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were added together separately and were correlated. The reliability coefficient calculated for the participation scale 
by following this procedure was 0.8326 and found significant at 0.01 level of probability.  
 
b) Test- retests method 
 
The format of scale having 53 items was administered twice to 25 farmers with an interval of 15 days. The responses 
were secured on five point continuum as  always, sometime, rarely, very rarely and never with a score of 5, 4, 3, 2 
and 1, respectively. In this way, two administrations of the same test yielded two independent sets of scores. The 
total score of all 25 farmers for each item were calculated separately. The  score were then correlated. The value of ‘r’ 
was 0.8643 and was reported to be significant. It  has indicated the participation of farmers scale constructed was 
reliable.  
 
Testing validity of the scale 
 
The criteria of content and construct validity were applied for testing the validity of participation of farmers scale. 
 
a) Content validity 
 
The content of the scale were derived from the review of literature,   consultation with experts and securing judge's 
opinion on appropriateness of items included in the scale. It was assumed that the scores obtained by administering 
the scale measured the participation of farmers and nothing else. 
 
b) Construct validity 

 
The construct validity was tested by using ’t’ test. The items were grouped into two groups high and low groups and 
the difference in means was tested by 't' test. The items with significant 't' value among high and low groups were 
than selected in inclusion of scale Thus the construct validity of participation scale developed for measurement of 
participation of farmers. 
 
Norms for use of scale 
 
The final format of participation scale had 53 items representing  17 participation dimensions can be administered to 
the farmers with a five point response continuum namely Strongly agree, Agree, undecided, Disagree and Strongly 
disagree with the scores of  5,4,3,2 and 1, respectively. The participation score was calculated by adding up the scores 
obtained by farmers on all the statements and was considered as individual's score. The participation score on this 
scale range from a minimum 53 to a maximum of 265. The categorization of the respondents was done on the basis of 
four quartiles considering the obtainable index range was made as low (Up to 25 index), Medium (26 to 50 index), 
High (51 to 75 index) and Very high (Above 75   index). 
 
CONCLUSION 
 
The scale was found to be reliable and valid. Therefore, it can correctly measure the participation of representative 
farmers in activities of Farmers Advisory Committee in Agricultural Technology Management Agency to maximum 
precision possible and can yield consistent results when used on different occasions involving the same / different 
respondents .This scale could also be used to measure participation of farmers in the other organization even beyond 
the study area with necessary modification in the wordings of the scale items.   
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Table.1 Details about Participation items developed & finally retained in  Participation 
 

Sr.No Dimensions 
Total number 

of items 
identified 

Number of items 
retained after 
relevancy test 

Number of items 
retained after item 

analysis 

01 
Diagnosis of needs and 
problems 

07 03 03 

02 Prioritization of needs and 
problems 

05 03 03 

03 
Planning and designing 
technological solutions 06 04 04 

04 Implementation of programme 09 04 04 

05 
Feedback related with 
programme 

07 03 03 

06 Providing consultation 04 03 03 
07 Functional participation 04 03 03 
08 Interactive participation 08 03 03 
09 Self mobilization 05 03 03 
10 Consensus building 05 03 03 
11 Participation in decision making 05 03 03 
12 Regularity in attending meeting 08 03 03 
13 Sharing of responsibility 05 03 03 
14 Conflict resolution 07 03 03 
15 Agreement on risk sharing 04 03 03 
16 Partnership building 04 03 03 
17 Collaborative working 04 03 03 

 Total 97 53 53 
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Table.2:Final format of Participation scale constructed and standardized for   Measurement of 
Participation of Representative farmers in the Activities of Farmers Advisory Committee. Participation 
response  Continuum: Strongly agree (5), Agree (4), undecided (3), Disagree (4)   and   Strongly 
disagree(1) 
 

Sr.No.   Items   

I. Diagnosis of needs and problems  
1. Ensure correct identification of needs of farmers  
2. Ensure correct identification of problems of farmers  
3. Identify production constraints faced by farmers  

II. Prioritization of needs and problems  
4. Determine priorities of needs  
5. Determine priorities of problems  
6. Help extension workers to determine priorities of tasks  

III. Planning and designing technological solutions  
7. Help in formulating plan of work to overcome the problems  
8. Help in formulating plan of work to overcome constraints confronting the farmers  
9. Properly designing the technological solutions to tackle identified problems  
10. Play an active role in preparation of action plan  
IV. Implementation of programme  
11. Mobilize farmers to take part in implementation of programme 
12. Encourage the farmers to take active part in implementation of programme 
13. Implement plan in realistic manner  
14. Share responsibility in implementation of programme 
V. Feedback related with programme  
15. Provide regular feedback about the programme  
16. Provide feedback regarding research  
17. Provide feedback about extension activities  
VI. Providing consultation 
18. Provide information about the village situation needed by extension workers  
19. Try to solve the problem posed by extension workers  
20. Provide needed information to extension workers to solve the problems  

VII. Functional participation  
21. Participate in every meeting to discuss the pre-determined programme objective  
22. Develop awareness about pre-determine programme objectives  
23. Offer constructive modification in pre-determined programme objectives in changed situation  

VIII. Interactive participation  
24. Extend full co-operation to extension agency in implementing need based programme  
25. Encourage formation of new work groups  
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26. Strengthen functioning of existing work groups  
IX.  Self mobilization  
27. Willing for implementation of programme  
28. Provide active initiative during implementation of programme  
29. Willing to provide needed help during programme development  
X. Consensus building  
30. Reach to general agreement on opinion of all members  
31. Build consensus of farmer representatives on programme objectives 
32. Promote understanding on different perspectives on developmental activities  
XI.  Participation in decision making  
33. Promote decision after through discussion in meeting  
34. Involve in selecting appropriate course of action among available alternatives  
35. Promote collective decision on various issues related with programme  
XII. Regularity in attending meeting  
36. Arriving for meeting on the fixed scheduled time  
37. Leave the meeting only after all issues are discussed  
38. Keep regularity in attending meeting  

XIII. Sharing of responsibility  
39. Accept any responsibility entrusted by members 
40. Voluntarily come forward to accept the responsibility in implementing the programme  
41. Share responsibility for generating group goals  

XIV. Conflict resolution  
42. Try to arrive at consensus discussions  
43. Follow group norms to enforce discipline during meetings  
44. Try to overcome conflict situation through democratic means  
XV. Agreement on risk sharing  
45. Make decision together and share the risk  
46. Knows the consequences of agreement at local level  
47. Predict the unanticipated consequences of programmes  

XVI. Partnership building  
48. Ensure proper co-ordination between representatives of different farmers group  
49. Facilitate exchange of experiences with extension workers  
50. Ensure co-ordination of different farmers groups to avoid wastage of score resources  

XVII. Collaborative working  
51. Ensure participation of all farmers groups during implementation of programme  
52. Establish collaborative relationship to solve joint problems  
53. Ensure co-operative efforts to achieve common goal  
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The present study was made to understand the association for kernel yield and yield contributing traits in 
BC2F1 population of three crosses involving foliar disease susceptible (ICGV 00350, ICGV 03128 and VRI 
2) and resistant parents (GPBD4) in groundnut. The trait kernel yield per plant had positive and 
significant association with number of pods per plant, hundred pod weight, shell weight per plant, 
shelling percentage and pod yield per plant in all three crosses. Whereas late leaf spot and rust disease 
scores exhibit negative correlation with kernel yield per plant in one cross and no association in other two 
crosses.  Thus, the late leaf spot and rust may affect the improvement of kernel yield per plant depending 
upon the parents involved. 

 
Key words: Groundnut, Correlation, foliar disease resistance and kernel yield 

 

INTRODUCTION  
 
Groundnut (Arachis hypogaea L.) is one of the principal economic oilseed crops of the world. Groundnut is grown on 
nearly 23.95 million ha worldwide with the total production of 36.45 million tons and an average yield of 1520 kg/ha 
in 2009 (FAOSTAT, 2011). Since the economic yield is contributed by the pods formed under the ground, the yield 
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potential of groundnut is known only when the crop is harvested. It is almost difficult to predict pod yield based on 
aerial morphological characters (Weiss, 2000). The low productivity of the crop in India and several African countries 
is ascribed to many biotic and abiotic stresses in the cultivation of the crop. Among the biotic stresses, two fungal 
diseases namely late leaf spot (LLS) caused by Phaeoisariopsis personata and rust caused by Puccinia arachidis are 
widespread and economically most important. These diseases often occur together and cause yield loss up to 50–70% 
in the crop (Subrahmanyam et al. 1984). Besides adversely affecting the yield and quality of pod, it also affects the 
yield and quality of haulm. Searle (1965) suggested that the average merit of a character in a population could be 
changed by means of selection programme based on the basis of phenotype of the main trait concerned. However, 
such an improvement would be more reliable if indirect selection based on another correlated trait. Understanding 
the relationships among yield and yield components is of paramount importance for making the best use of these 
relationships in selection. The correlation coefficient may be confounded with indirect effect due to common 
association inherent in trait interrelationships. In view of above, the present study was undertaken to assess 
correlation among important agronomic traits on kernel yield per plant and to formulate an efficient selection 
strategy in foliar disease resistance breeding programme. 

 

MATERIALS AND METHODS 
 
The present experimental material comprised of three crosses viz., ICGV 00350× GPBD 4 (cross 1), ICGV 03128× 
GPBD 4 (cross 2) and VRI 2 × GPBD 4 (cross 3). The parent ICGV00350, ICGV 03128 and VRI 2 were susceptible to 
late leaf spot (LLS) and rust diseases but having high pod yield and oil content.  To incorporate resistance to these 
diseases, resistant donor GPBD 4 was used in crossing programme and the recurrent parents were again backcrossed 
with F1’s and BC1 F1’s. The BC2 F1 populations of three crosses were used to investigate the relationship among yield 
and yield component characters. The crop was raised during kharif 2014, at the Oilseeds Farm, Centre for Plant 
Breeding and Genetics, Tamil Nadu Agricultural University, Coimbatore (Tamil Nadu), India. Recommended 
agronomic practices were followed under irrigated condition. Observations were recorded in each cross for 10 
characters viz., number of pods per plant, hundred pod weight (g), hundred kernel weight (g), shell weight (g), 
shelling percentage, sound mature kernel (SMK) (%), late leaf spot (LLS) score, rust score, pod yield per plant (g) and 
kernel yield per plant (g).Shell weight per plant was calculated by the difference between pod yield per plant and 
kernel yield per plant and expressed in grams.To screen the lines for sources of resistance to late leaf spot and rust, 
one (Resistant) to nine (susceptible) point disease scale suggested by Subrahmanyam et al. (1995) was employed 
.Simple correlation coefficient analysis for yield and yield components were computed utilizing the formula 
proposed by Al-Jibouri et al. (1985). 

 

RESULTS AND DISCUSSION 
 
Correlation Analysis 
 
The correlation coefficients provide a reliable measure of association among the characters and help to differentiate 
vital associates useful in breeding from those of non-vital ones (Falconer, 1981).The result pertaining to this has been 
presented in Table 1 to 3. 
 
Correlation between kernel yield per plant and other yield contributing traits 
 
The kernel yield per plant showed positive and significant association with number of pods per plant, hundred pod 
weight, hundred kernel weight, shell weight per plant,  shelling percentage and pod yield per plant  in the crosses 
ICGV00350× GPBD 4 and ICGV 03128 × GPBD 4 . Whereas the cross VRI 2 × GPBD 4 exhibits positive and significant 
correlation with traits viz.,number of pods per plant, hundred kernel weight, shell weight per plant,  shelling 
percentage and pod yield per plant towards kernel yield per plant. The cross ICGV00350× GPBD 4 had negative 
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significant correlation with both the disease scores in lieu with kernel yield per plant. Whereas other two crosses viz., 
ICGV 03128 × GPBD 4and VRI 2 × GPBD 4 exhibits no association with foliar disease scores of LLS and rust. These 
results are affirmed with findings of  Prabhu et al. (2015)  for number of pods per plant, Mothilal (2003) for hundred 
pod weight, Shoba et al. (2012)for hundred kernel weight  (Anitha, 2013) for shell weight (Prabhu et al., 2014) for pod 
yield per plant (Kwaga, 2014) for plant height (Nandini and Savithramma, 2012) for sound mature kernel per 
cent.Hence for improving kernel yield per plant in groundnut, it is suggested that selection has to be exercised 
number of pods per plant, hundred kernel weight, shell weight per plant, shelling percentage and pod yield per plant 
for all the three crosses were studied., while hundred pod weight may also be use as a selection indices for the 
crosses ICGV00350× GPBD 4 and ICGV 03128 × GPBD 4 alone to improving kernel yield. Careful attention to be 
made for selecting high kernel yield genotypes based on disease scores in the cross ICGV 00350× GPBD 4 which had 
negative significant correlation with LLS and rust scores. 
 
Correlation between pod yield per plant and other yield contributing traits 
 
The trait pod yield per plant in back cross progenies of groundnut recorded positive and significant correlation with 
number of pods per plant, hundred pod weight, hundred kernel weight, shell weight per plant and shelling 
percentage in the crosses of  ICGV00350× GPBD 4 and ICGV 03128 × GPBD 4.The trait  cross pod yield per plant 
exhibits  significant and positive association with traits  viz.,number of pods per plant, hundred pod weight shell 
weight per plant and shelling percentage in the cross VRI 2 × GPBD 4 . Whereas LLS and rust score recorded negative 
and significant correlation with the trait pod yield per plant in the cross ICGV00350× GPBD 4. While the cross ICGV 
03128× GPBD 4 and VRI 2 × GPBD 4 having no association with LLS and Rust on either side towards pod yield per 
plant.Similar results were reported by Rao et al. (2014) for number of pods per plant (Priyadharshini, 2012) for 
hundred kernel weight (Anita, 2013) for shell weight, Prabhu et al. (2015) for hundred pod weight and sound mature 
kernel per cent. Hence, these positive and significant traits in each cross may be considered and taken into account as 
selection indices for improving pod yield per plant in foliar disease resistance groundnut breeding program.   
 
Correlation between Number of pods per plant and other yield contributing traits 
 
Traits viz.,hundred pod weight, hundred kernel weight, shell weight per plant and shelling percentage registered 
positive and significant correlation with the trait number of pods per plant in the cross ICGV00350× GPBD 4. The 
cross ICGV 03128×GPBD 4 recorded significant correlation towards number of pods per plant with the traits like 
hundred pod weight, shell weight per plant and shelling percentage. A significant positive association was noticed 
towards this trait in the backcross population of the cross VRI 2 × GPBD 4 with the traits shell weight per plant and 
shelling percentage. While the trait LLS and rust score having negative significant correlation with number of pods 
per plant in the cross ICGV 00350 × GPBD 4. Whereas there is no observation of association between foliar disease 
scores and number of pods per plant in the back cross derived population of ICGV 03128× GPBD 4 and VRI 2 × GPBD 
4. These findings were also reported by Prabhu et al. (2015) and Anitha (2013) for hundred pod weight, hundred 
kernel weight, shell weight and shelling percentage. This suggests that selection for higher number of pods per plant 
results in reduced LLS disease score in selected progenies of ICGV 00350 × GPBD 4, in other hand the foliar disease 
scores having no scope as a selection indices for improving number of pods per plant in rest of two crosses.  
 
Correlation between hundred pod weight with other yield contributing traits 
 
The trait hundred pod weight reveals significant and positive and significant correlation with hundred kernel weight 
and shell weight per plant in the cross ICGV 00350 × GPBD 4.  while the cross ICGV 03128 × GPBD 4  registered 
significant and positive correlation with hundred kernel weight , shell weight per plant , sound mature kernel 
percent (SMK)  and LLS score in this back cross population. The cross VRI 2 × GPBD 4 revealed significant and 
positive correlation with  traits viz., hundred kernel weight , shell weight per plant , LLS score and rust score in 

Gopikrishnan et al. 

http://www.tnsroindia.org


Indian Journal Of Natural Sciences                                                                          www.tnsroindia.org. © IJONS                                        
 

Vol.6 / Issue 34 / February 2016                           International Bimonthly                                     ISSN: 0976 – 0997        
 
 
 

10511 
 

   

association of the trait hundred pod weight. Similar results were reported by Priyadharsini (2012), Pavithradevi 
(2013), Anitha (2013) and Prabhu et al. (2015). 
 
Correlation between hundred kernel weight with other yield contributing traits 
 
The trait hundred kernel weight exhibit significant and positive correlation with shell weight per plant and shelling 
percentage, whereas it had negative significant correlation with LLS and rust disease scores in the cross derivatives of 
ICGV 00350 × GPBD 4. The traits viz.,shell weight per plant,  shelling percentage and LLS score having significant 
positive correlation with hundred kernel weight trait in the backcross population of ICGV 03128 × GPBD 4. The cross 
VRI 2 × GPBD 4 recorded significant positive correlation with LLS disease score  towards hundred kernel weight. 
Similar results were reported by Priyadharsini (2012), Pavithradevi (2013), Anitha (2013) and Prabhu et al. (2015). 
 
Correlation between shell weightper plant, shelling percentage and sound mature kernel percent (SMK) with 
other yield contributing traits 
 
The cross ICGV 00350 × GPBD 4 revealed negative significant correlation with foliar disease scores viz., LLS and rust 
towards shell weight per plant and shelling percentage.  Whereas the cross ICGV 03128 × GPBD 4 registered 
significant positive correlation with LLS scores towards shelling percentage. There is no significant association 
between foliar disease scores towards shell weight per plant and shelling percentage in the cross VRI 2 × GPBD 4 was 
also observed. The cross ICGV 03128 × GPBD 4 recorded significant positive correlation with LLS scores towards 
sound mature kernel percent (SMK). 
 
Correlation between LLS disease score and rust disease score  
 
All the said three crosses shows the positive and significant correlation between late leaf spot score and rust score in 
this population denotes that co-occurrence of these two diseases in groundnut in most of the cases.These results are 
in accordance with the findings of Prabhu et al. (2015).The crosses with no association between disease score and 
yield traits, improvement on yield component trait are possible irrespective of disease incidence. However, in case of 
crosses with significant association between yield traits and disease score, caution is necessary as selection on yield 
trait may also have an effect on disease reaction. The negative association can be effectively exploited for 
simultaneous improvement on yield and less disease score. Stratified selection programme may be followed to 
improve both yield and disease score in the presence of association between yield and disease scores. 
 
It was apparent from the present investigation of correlation that the traits  viz., number of pods per plant, hundred 
pod weight, hundred kernel weight, shelling per cent and pod yield per plant are desirable selection indices for 
increasing kernel yield per plant in all the three crosses viz.,ICGV 00350× GPBD 4, ICGV 03128× GPBD 4, for the 
improvement of the kernel yield per plant in cross VRI 2 × GPBD 4 the same selection indices in cross 1 and cross 2 
may be chosen except the trait hundred pod weight . Hence these traits may be considered as the important yield 
attributing characters and due emphasis should be placed while breeding for high kernel yield in foliar disease 
resistance groundnut breeding program. 
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Table. 1. Simple correlation coefficients between pod yield and yield component traits in BC2F1 population 
of the cross ICGV 00350× GPBD 4 
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Shelling percentage (%) 0.502** -0.131 0.267* 0.110      

SMK (%) -0.112 0.161 0.073 0.029 0.063     

LLS score -0.513** -0.164 -0.272* -0.379** -0.351* 0.122    

Rust score -0.459** -0.212 -0.341* -0.364** -0.307* -0.088 0.906**   

Pod yield per plant (g) 0.910** 0.601** 0.570** 0.914** 0.437** 0.001 -0.484** -0.472**  

Kernel yield per plant (g) 0.922** 0.491** 0.541** 0.812** 0.573** -0.014 -0.505** -0.496** 0.979** 

*, ** Significant at 5 % and 1 % level of probability, respectively 
 
Table. 2. Simple correlation coefficients between pod yield and yield component traits in BC2F1 population 
of the cross ICGV 03128× GPBD 4 
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Hundred pod weight (g) 0.278**         
Hundred kernel weight (g) 0.176 0.709**        
Shell weight per plant (g) 0.767** 0.471** 0.203*       
Shelling percentage (%) 0.563** 0.102 0.217* 0.172      
SMK (%) 0.088 0.342** 0.011 0.011 0.102     
LLS score 0.002 0.230* 0.260** -0.045 0.155* 0.215*    
Rust score 0.084 0.044 0.039 0.057 0.059 0.052 0.197*   
Pod yield per plant (g) 0.902** 0.531** 0.339** 0.893** 0.504** 0.171 0.057 0.082  
Kernel yield per plant (g) 0.901** 0.522** 0.378** 0.780** 0.621** 0.210 0.100 0.088 0.978** 

*, ** Significant at 5 % and 1 % level of probability, respectively 
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Table. 3. Simple correlation coefficients between pod yield and yield component traits in BC2F1 population 
of the cross VRI 2 × GPBD 4  
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Hundred pod weight (g) -0.080         
Hundred kernel weight (g) -0.113 0.628**        
Shell weight per plant (g) 0.676** 0.436** 0.081       
Shelling percentage (%) 0.564** -0.246 0.132 0.065      
SMK (%) 0.003 0.236 -0.014 0.016 0.016     
LLS score -0.325 0.345** 0.278* 0.089 -0.225 -0.066    
Rust score -0.079 0.265* 0.218 0.136 0.034 -0.037 0.634**   
Pod yield per plant (g) 0.847** 0.310* 0.220 0.855** 0.518** 0.155 -0.017 0.135  
Kernel yield per plant (g) 0.843** 0.215 0.265* 0.694** 0.688** 0.149 -0.067 0.120 0.967** 

*, ** Significant at 5 % and 1 % level of probability, respectively 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Gopikrishnan et al. 

http://www.tnsroindia.org


Indian Journal Of Natural Sciences                                                                          www.tnsroindia.org. © IJONS                                        
 

Vol.6 / Issue 34 / February 2016                           International Bimonthly                                     ISSN: 0976 – 0997        
 
 
 

10515 
 

   

 

Combining Ability and Line x Tester Analysis on Heat Tolerance in  
Cotton (Gossypium hirsutum L.) 
 
Emine Karademir1 , C. Karademir1 and H. Basal2  

 
1Siirt University, Faculty of Agriculture, Department of FieldCrops, Siirt, Turkey. 
2Adnan Menderes University, Faculty of Agriculture, Department of Field Crops, Aydın, Turkey. 
 
 
 Received: 22 Dec 2015              Revised: 25 Jan 2016                                Accepted: 20 Feb 2016 
 
*Address for correspondence 
Emine Karademir 
Siirt University, Faculty of Agriculture,  
Department of Field Crops,  
Siirt, Turkey. 
Email: emine_karademir@hotmail.com 

 
 

This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License (CC BY-NC-ND 
3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. All 
rights reserved. 
 
 
In recent years cotton breeders have started to interest more and more attention for improving high 
temperature tolerant cotton varieties due to increased global warming.  For this purpose54 cross 
combinations (6x9) were created in 2010 and 54 F1 hybrid and their 15 parents, totally 69 genotypes were 
tested at the experimental area of GAP International Agricultural Research and Training Center in 2011. 
In the populations seed cotton yield, ginning percentage, fiber yield, photosynthetic yield, chlorophyll 
content and photosynthetically active radiation expressed non-additive gene action (dominant or 
epistatic) and GCA variance was higher than SCA variance only for fluorescence reflecting the role of 
additive type of gene action.  It was determined that SJ-U86, AGC 375, Fiber Max 819, AGC 208 and STV 
453 for seed cotton yield; Fiber Max 819 and Fiber Max 832 for ginning percentage; SJ-U86, DP 90, AGC 
375, Fiber Max 819 and STV 453 for fiber yield; Fiber Max 832 and STV 453 for photosynthetic yield; AGC 
375, SJ-U 86 and DP 396 for chlorophyll content; Fiber Max 819 and STV 474 for fluorescence; AGC 208 
and DP 499 for photosynthetically active radiation (PAR) were the best parent cotton varieties and also 
having the best (GCA) general combining abilities. In the study specific combining ability (SCA) of 
hybrids were investigated and some promising cross combinations were selected and transferred to the 
next generation.    
 
Key words: Cotton, heat tolerance, photosynthesis, chlorophyll content, fluorescence 
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INTRODUCTION 
 
With climate change and global warming, high temperature stress has become one of major constrain factor influence 
on cotton production and productivity (Bibi et al., 2008).Global warming is the rise in the average temperature of 
Earth’s atmosphere and oceans and its projected continuation (Oosterhuis, 2013). By the end of the twenty first 
century, global climate change is projected to cause increased temperatures of up to 4.0 �C (IPCC, 2007). Some 
prediction studies of climate change under various emission scenarios shown that cotton yield will decrease 29% 
under medium or high emission gases by 2097 (Lee and Six., 2010).Cotton is one of the most important industrial 
crops in many countries of the world including Turkey.  In the cotton production areas of Turkey, especially in the 
Southeastern Anatolia Region extreme heat stress usually occur in mid- July and mid-August, during the peak time 
of flowering and boll loading, resulting in lower lint yield and fiber quality.An optimum temperature range of 20 to 
30oC has been reported for cotton (Reddy et al, 1991); adverse temperatures can affect all stages of development, the 
crop seems to be particularly sensitive to adverse temperatures during reproductive development (Oosterhuis, 2002; 
Burke and Chen, 2015). Heat stress also effect boll number, boll size, number of seeds per boll (Oosterhuis, 
2013).Early-season dry matter accumulation, rates of developmental events, root growth and development, leaf and 
stem growth patterns and fruit retention were found related to different temperature and CO2 conditions (Reddy and 
Hodges., 2007). Limitations to normal growth and development in cotton under heat stress result from numerous 
adverse effects on the physiology of cotton. High temperature influences photosynthesis, electron transport rate 
(ETR), chlorophyll content, enzyme activity, pollen viability and photorespiration (Rodriguez-Garay and Barrow, 
1988; Kakani et al., 2005; Liu et al., 2006; Snider et al, 2009; Cottee et al., 2010; Song et al., 2015). Photosynthesis in 
cotton is highly sensitive to temperatures above 35°C (Bibi et al., 2008; Oosterhuis et al., 2011), optimum temperature 
for photosynthesis being 28 °C (Burke et al., 1988).Taiz and Zeiger, 2002 revealed that both photosynthesis and 
respiration are inhibited at high temperatures, but as temperature increases, photosynthetic rates drop before 
respiration rates.Cotton has an optimal thermal kinetic window of 23.5 to 32oC in which metabolic activity is most 
efficient (Burke et al., 1988). High temperatures (>35oC) throughout the growing season are commonplace among the 
cotton production areas and exceed the thermal kinetic windowfor which metabolic activity is most efficient in cotton 
plants (Asha and LalAhamed, 2013).The concept of stress is intimately associated with that of stress tolerance, which 
is the plant’s fitness to cope with an unfavorable environment. In the literature the term stress resistance is often used 
interchangeably with stress tolerance, although the latter term is preferred (Taiz and Zeiger, 2002). The effects of high 
temperature on germination, seedling growth, vegetative growth and crop development have been well documented 
in the literature (Hodges et al., 1993; Reddy et al., 1996; Oosterhuis and Snider, 2011). Cotton developmental events 
occur much more rapidly as maximum temperatures increase (Reddy et al., 1996). One of the most important and 
economic ways to overcome negative effects of heat stress is to identify and/or develop heat-tolerant cultivars (Singh 
et al., 2007). The development of heat-tolerant varieties is feasible and will help mitigate the effects of climate change 
(Azhar et al., 2009). The primary objective of this study was to develop heat tolerant cotton lines and varieties and 
determine general combining abilities and specific combining abilities in early generations for developing heat 
tolerant cotton cultivars.  
 
MATERIALS AND METHODS 
 
The genetic material was developed by crossing six female/line, including DP 396, DP 90, DP 499, Stoneville 453, 
Stoneville 468 and Stoneville 474, with nine cotton varieties (male/tester)  including SJ-U86, AGC 85, AGC 208, AGC 
375, Fiber Max 819, Fiber Max 832, Fiber Max 958, Acala 1517-95 and Acala 1517-99 in a line x tester mating design. 
Six cotton genotypes were selected as female parents based on their agronomic and technological performance and 
nine cotton varieties were selected as male parents for heat tolerance. Fifteen cotton varieties were hand crossed 
using the line x tester mating design at the GAP International Agricultural Research and Training Center’s 
experimental area in 2010. Fifteen cotton varieties and their 54 F1 cross combinations were grown in the randomized 
complete block design with three replications at the same experimental area in 2011.  Each genotype was planted as6 
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m long row, the distance between and within the rows spacing were 0.70 m and 0.15 m, respectively. Sowing was 
made with hand on 31 May 2011; all plots received 140 kg ha-1 N and 60 kg ha-1 P2O5. Half of the nitrogen and all 
phosphorus were applied at sowing time and the remaining N was given as ammonium nitrate (33%) at the square 
stage before the first irrigation. Recommended cultural practices such as insect and weed control methods were 
employed. During cotton growing period daily temperature data were recorded by data logger (Figure 1).  The plots 
were harvested twice by hand for yield determination on 24 October 2011 and second on 24 November 2011 and the 
seed cotton yield was calculated based on the hand-harvest date. After ginning lint yields were calculated by 
multiplying seed cotton yield by lint percentage. In the study seed cotton yield, fiber yield, ginning percentage, 
chlorophyll content, photosynthetic active radiation (PAR), fluorescence and photosynthetic yield were investigated. 
Physiological measurements were determined during peak flowering stage, at this stage measurements were taken 
during mid-day (11:00 h and 13:00 h) on the fifth fully expanded leaf below the terminal with one reading per leaf of 
the plant according to Johnson and Sounders (2003). Photosynthetic yield (μmol CO2 m-2s-1), photosynthetically 
active radiation (PAR) and fluorescence were measured using the EARS-PPM Plant Photosynthesis System.All of 
parameters were analyzed with the TarPopGen computer program which developed byOzcan and Açıkgöz (1999) 
and differences were scrutinized for significance using LSD 0.05 test. The GCA variance effects of the parents and the 
SCA variance effects of the hybrids were estimated by the using of the line x tester analysis method described by 
Kempthorne (1957) and adopted by Sing and Chaudhary (1985). Regarding statistical analysis, the combined analysis 
of parents and crosses was done as suggested by Arunachalam (1974) and for combining ability analysis, the 
following model was used: 
 
yijk= μ+ fi + mj+ (mf)ij+ bk+ eijk 
 
where, yijk= value of the observation recorded on the (i x j) th cross in the k th replication; μ is the general effect; fi is 
the effect of the ith line; mjis the effect of the j th tester; mfijis the specific combining ability (sca) effect of the (ixj) th 
cross; bkis the k th block effect and eijkis the environmental effect associated with the ijkth observation which is 
assumed to be normally and independently distributed with a mean of zero and variance (σ2 ). 
 
RESULTS 
 
The results for the analysis of variance revealed that genetic differences among the genotypes were highly significant 
(P≤ 0.01) for seed cotton yield, ginning percentage, fiber yield, photosynthetic yield, chlorophyll content, fluorescence 
and photosynthetic active radiation (Table 1).  This findings indicating the present of a considerable genetic 
variability between genotypes, hence subsequent analysis for combining ability was performed. The total genetic 
variability was partitioned to general combining ability and specific combining ability. Line x tester analysis showed 
that parents were statistically significant for seed cotton yield, ginning percentage and fiber yield and parents against 
hybrids were also significant for all the investigated traits except photosynthetic yield and photosynthetically active 
radiation (PAR). Hybrids were also significant at (P≤ 0.01) probability level for all investigated traits.General 
Combining Ability (GCA) was highly significant for testers in terms of all investigated traits except PAR; revealing 
important role of additive type of gene effects in these traits, on the other hand there were non-significant differences 
for general combining ability (GCA) for lines. Specific Combining Ability (SCA) was highly significant for hybrids 
(line x testers) for all investigated traits revealing non-additive gene affects as dominance or epistatic. 

 
From the Table 1, the variance due to GCA was lower than SCA for seed cotton yield, ginning percentage, fiber yield, 
photosynthetic yield, chlorophyll content and photosynthetically active radiation expressed non-additive gene action 
(dominance or epistatic) and GCA variance was higher than SCA variance only for fluorescence reflecting the role of 
additive type of gene action. The values of general combining ability of parents (lines and testers) are given in Table 
2. From the Table 2, among the 15 parents, significant and positive general combining ability (GCA) effects for  seed 
cotton yield were estimated for SJ-U86, AGC 375, Fiber Max 819, AGC 208 and STV 453; whereas negative GCA 
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effects were estimated for Acala 1517-95, Acala 1517-99 and DP 90, respectively. Positive GCA effects for ginning 
percentage were predicted for Fiber Max 832 and Fiber Max 819, while negative GCA effects were predicted for Acala 
1517-95, Fiber Max 958 and DP 90. Five of fifteen parents showed positive and significant GCA effects for fiber yield 
and positive GCA effects were estimated for SJ-U86, DP 90, AGC 375, Fiber Max 819 and STV 453; whereas negative 
GCA effects were estimated for Acala 1517-95 and Acala 1517-99. Only two parents (Fiber Max 832 and STV 453) 
showed significant and positive GCA effect for photosynthetic yield. Negative GCA effects for photosynthetic yield 
were observed for Acala 1517-95, DP 90 and Fiber Max 958. Parental lines AGC 375, SJU-86 and DP 396 were 
estimated to be best general combiners for chlorophyll content and Fiber Max 958 and Acala 1517-95 were estimated 
negative GCA effect for chlorophyll content. Positive GCA effects for fluorescence were estimated for two genotypes 
(Fiber Max 819 and STV 474) and negative GCA effects were observed for only one genotype (Acala 1517-95). 
Positive GCA effects for photosynthetically active radiation (PAR) were predicted for AGC 208 and DP 499, while 
negative GCA effects were observed for only one parent (Acala 1517-95). Parental varieties showed significantly 
differences in GCA effects, for example SJ-U 86 and AGC 375 showed positive effects for seed cotton yield, fiber yield 
and chlorophyll content, AGC 208 for seed cotton yield and photosynthetically active radiation, STV 453 for seed 
cotton yield, fiber yield and photosynthetic yield, STV 474 for fluorescence, DP 396 for chlorophyll content, DP 90 for 
fiber yield and DP 499 for photosynthetically active radiation (PAR).  
 
Specific combining ability effects of 54 hybrids for seed cotton yield, ginning percentage, fiber yield and other 
physiological measurements are presented in Table 3. Based on the results of SCA effects for hybrids,  DP 90 x SJ-U86 
(2x7), DP 499 x AGC 85 (3x8), Stoneville 453 x Fiber Max 958 (4x13), Stoneville 453 x Acala 1517-99 (4x15), Stoneville 
468 x Fiber Max 958 (5x13) and Stoneville 474 x Fiber Max 832 (6x12) for seed cotton yield; DP 90 x Fiber Max 832 
(2x12), DP 499 x Fiber Max 958 (3x13), Stoneville 453 x Acala 1517-95 (4x14), Stoneville 474 x Acala 1517-99 (6x15) for 
ginning percentage and DP 90 x SJ-U86 (2x7), DP 499 x AGC 85 (3x8), DP 499 x FM 958 (3x13), Stoneville 453 x Fiber 
Max 958 (4x13), Stoneville 453 x Acala 1517-99 (4x15), Stoneville 468 x Fiber Max 958 (5x13) and Stoneville 474 x Fiber 
Max 832 (6x12) for fiber yield were found to be the best specific combinations.  Significant and positive SCA effects 
for photosynthetic yield were observed in only one cross combination DP 396 x Acala 1517-99 (1x15) as this hybrid 
combination was found to be the best combination for photosynthesis, however negative SCA effects were observed 
for four cross combinations for photosynthesis. Significant and positive specific combining ability effects for 
chlorophyll content were observed in three crosses of the fifty-four cross combinations, DP 396 x Acala 1517-99 
(1x15), DP 499 x FM 958 (3x13) and Stoneville 453 x Acala 1517-95 (4x14) cross combinations exhibited the greatest 
SCA effect and found to be the best  desirable for this trait.  Positive and significant SCA effects were observed for 
only two hybrids in terms of fluorescence and photosynthetically active radiation, Stoneville 468 x FM 958 (5x13) and 
STV 474 x Acala 1517-99 (6x15) hybrid combinations were observed to be best for fluorescence and DP 499 x AGC 85 
(3x8) and Stoneville 468 x Acala 1517-99 (5x15) for PAR.  The promising hybrid combinations and their SCA effects 
for all investigated characteristics can be seen in Table 4. The proportional contributions of lines, testers and their 
interactions (line x testers) to the total variance for investigated traits were presented in Table 5. It was shown that in 
the Table 5, maximum contributions to total variance of all characters were made by line x tester interactions and 
testers (male parents), on the other hand lines (female parents) had small contributions to all traits.  
 

DISCUSSION 
 
In this study line x tester analysis method were used to determine the best hybrid combinations in early generations 
in terms of seed cotton yield, ginning percentage, fiber yield, photosynthetic yield, chlorophyll content, fluorescence 
and photosynthetically active radiation. Variance component analysis indicated that all traits except fluorescence 
exhibited non-additive gene action effects (dominance or epistatic). Sudhanshu (1997) observed non- additive gene 
action for seed cotton yield and yield related characters. Zhang et al., 1994, indicated that seed cotton yield was 
controlled by additive major genes.Panchal et al (1995) observed additive gene effects for lint percentage and non-
additive gene effects for seed cotton yields, following line x tester analysis of Gossypiumbarbadense varieties. 
Walarmathi and Jehangir.,1998 and Rajan et al., 1999 have reported additive genetic effect for seed cotton yield. Some 
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other researchers reported the involvement of both additive and non-additive variances for these traits (Kumerasan 
et al., 1999; Liu and Han., 1998).   According to the results of this study generally, GCA variance was lower than SCA 
variance; therefore selection in advanced generations may be more appropriate for these traits under non- additive 
genetic effects. Among the cotton varieties used as parents, five parents (SJ-U86, AGC 375, Fiber Max 819, AGC 208 
and Stv 453) showed significant positive GCA effects for seed cotton yield, two parental lines (Fiber Max 832  and 
Fiber Max 819) showed significant and positive GCA effects for ginning percentage and five parents (SJ-U86, DP 90, 
AGC 375, Fiber Max 819 and Stv 453) showed positive GCA effects for fiber yield and these cotton cultivars were 
predicted to be best general combiner for these traits. On the other hand, for photosynthetic yield only two parents 
(Fiber Max 832 and Stv 453) showed significant and positive GCA effects. Azhar et al., 2005 studied to improve heat 
tolerance they revealed that importance of non-additive gene effects controlling heat. However, some researcher 
reported that genetic variability included both additive and non-additive components, but proportion of additive 
genetic variability was high for heat tolerance index (Rahman, 2006). ESTs genes could play a significant role in heat 
tolerance (Demirel et al., 2014). Rana et al., 2011 suggested that use of chlorophyll content for choosing the best single 
parents for stress breeding and they reported a decreased chlorophyll ratio in crop plants under drastic factor 
conditions shows increased resistance to heat and vice versa. AGC 375, SJ-U86 and DP 396 were observed to be best 
combiner for chlorophyll content, and only two parents exhibited positive GCA effects for fluorescence (Fiber Max 
819 and Stv, 474).  
 
For photosynthetically active radiation (PAR) only two parents (AGC 208 and DP 499) exhibited positive and 
significant GCA effects.  Earlier studies revealed that two major genes controlling net-photosynthesis rate with close 
additive and dominance effects and net photosynthesis rate controlled by polygenes (Wang et al., 2013). In the 
present study, only one hybrid combination (Deltapine 396 x Acala 1517-99) exhibited positive SCA effect for 
photosynthetic yield. Pettigrew et al. (1993) suggested that photosynthetic rate could be a selection criterion for plant 
breeders. Although Fiber Max 832 and Stv 453 cotton varieties were best general combiner for photosynthetic rate, 
any hybrids were not obtained from cross combinations. For this trait only one reading was performed from one 
leave because of time consuming. This situation may be related to the one reading, the age of leave, plant growing 
stage or the duration of measurement. Snider et al., 2014 indicated that even under optimum temperature conditions 
and water availability, heat tolerance could be influenced by plant developmental stage. Similar results were 
reported by Zu et al., 2008, they reported that photosynthesis is affected not only by genotype, but also by 
environmental factors such as light intensity and quality, moisture and temperature. Mathur et al., 2014 revealed that 
under high temperature conditions, plants exhibit short-term avoidance or acclimation mechanisms such as changing 
leaf orientation, transpirational cooling, or alteration of membrane lipid compositions.  
 

CONCLUSION 
 
The objective of this study was to assess the effect of high temperature stress on cotton yield and physiological 
parameters and also determine the best hybrid combinations for heat tolerance. For this aiming 54 hybrid 
combinations were screened for yield and physiological parameters, and six hybrid combinations were found to be 
best for seed cotton yield, four hybrid combinations were found to be best for ginning percentage and seven hybrid 
combinations were found to be best for fiber yield and only one hybrid combination exhibited positive SCA effect for 
photosynthetic yield. The results of this study indicated that presence of non- additive gene action suggested that 
selection in advanced generations may be more appropriate. 
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Table 1.Analysis of variance for genotypes ad combining ability for investigated traits in line x tester 
analysis method. 

Source of 
Variation 

DF Seed Cotton Yield Ginning 
Percentage 

Fiber 
Yield 

Photosynthetic 
Yield 

Chlorophyll 
Content 

Fluorescence Photosynthetic 
Active 
Radiation 
(PAR) 

Replication 2 248422.01** 90.14** 34389.21** 879.59* 153.00* 6293918.93** 2114.10 

Genotypes 68 28446.13** 30.18** 3999.77** 522.94** 115.96** 2200695.61** 4379.86** 
Parents 14 10564.57* 16.38** 1456.71* 119.32 59.05 571324.54 2658.07 
ParentsvsHybrids 1 120378.95** 446.70** 14595.57** 659.04 902.28** 5198426.45* 616.13 
Hybrids 53 31434.99** 25.97** 4471.60** 626.99** 116.15** 2574534.55** 4905.69** 
GCA (Lines) 5 23476.37 26.45 4118.26 733.80 109.80 3087314.07 4876.11 
GCA (Testers) 8 90155.65 ** 63.43** 12611.66** 1290.14* 220.37** 565861.23* 7495.10 
SCA (LinexTester) 40 20685.68** 18.42** 2887.75** 481.01** 96.10** 1893671.78* 4391.50** 
Error 136 5146.15 7.08 724.41 238.31 46.97 1275286.68 2348.02 
σ2 (GCA)  3167.42 2.20 454.75 43.02 6.82 206772.17 62.86 
σ2 (SCA)  5179.84 3.78 721.11 80.90 16.38 206128.37 681.16 
σ2 GCA/σ2SCA  0.61 0.58 0.63 0.53 0.42 1.00 0.09 

* and **, Significantly different form zero at P ≤ 0.05 and P ≤ 0.01, respectively. σ2GCA: Variance of general 
combiningability,σ2SCA: variance of specific combining ability, DF: Degrees of freedom,SE: Standart error. 
 
Table. 2. Predicted general combining ability effects (GCA)of parents for investigated traits.  
 

Parents SCY GP FY PY CC FLR PAR 
Line (Female)        
1. DP 396 -0.93 -0.43 0.11 -2.89 3.26* -170.40 -9.04 
2. DP 90 -47.57** -1.78** 22.08** -8.22** -0.04 -230.70 -6.84 
3. DP 499 5.33 0.34 4.89 0.00 -2.15 -395.26 19.79* 
4. STV 453  37.99** 0.21 12.24* 7.15* 1.31 196.81 13.27 
5. STV 468  19.88 0.78 9.11 2.69 -0.68 61.53 -3.15 
6. STV 474  -14.70 0.88 -4.26 1.28 -1.69 538.68* -14.03 
SE ±  13.80 0.51 5.18 2.97 1.31 217.33 9.32 
Tester (Male)        
7. SJ-U86 97.02** 0.53 36.16** 1.04 3.31* 98.05 4.38 
8. AGC 85 8.07 1.07 3.21 -1.30 1.30 318.11 8.63 
9. AGC 208 40.09* -0.41 11.55 3.59 2.84 242.00 23.63* 
10. AGC 375 42.13* 1.22 17.17** 4.43 3.43* 116.33 -5.23 
11. Fiber Max 819 41.93* 1.43* 16.19* 4.54 -0.58 601.88* 4.83 
12. Fiber Max 832 -1.49 1.91** 0.33 8.51* 0.95 517.25 14.30 
13. Fiber Max 958 -22.37 -1.82 ** -7.56 -7.91* -4.75** -358.77 -11.51 
14. Acala 1517-95 -146.60** -4.02 ** -55.45** -18.69* -6.44** -1212.11** -47.17** 
15. Acala 1517-99 -58.80** 0.09 -21.59** 5.79 -0.05 -322.75 8.13 
SE ± 16.90 0.62 6.34 3.63 1.61 266.17 11.42 
* and **, Significantly different form zero at P ≤ 0.05 and P ≤ 0.01, respectively. SE: Standart error, SCY: 
SeedCottonYield, GP: Ginning Percentage, FY: Fiber Yield, PY: PhotosyntheticYield, FLR: Fluorescence, PAR: 
Photosynthetic Active Radiation 
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Table 3.Predicted specific combining ability (SCA) of 54 hybrids for investigated traits 
 

Cross Combination SCY GP FY PY CC FLR PAR 
DP 396 x SJ-U86  -16.07 1.13 -3.82 -8.67 3.40 581.90 -19.40 
DP 396 x AGC 85  3.64 1.57 4.91 16.67 -4.08 -101.81 -27.99 
DP 396 x AGC 208  5.55 1.28 4.37 1.78 1.07 -476.70 6.52 
DP 396 x AGC 375  49.15 0.15 18.78 -1.06 5.05 274.29 6.21 
DP 396 x FM 819  70.77 -0.42 26.44 -22.83* 2.99 634.74 -9.18 
DP 396 x FM 832  34.43 -1.21 9.79 1.53 -1.97 775.38 18.68 
DP 396 x FM 958  -136.38** -2.24 -53.14** -12.72 -8.13* -835.92 -29.85 
DP 396 x ACALA 1517-95 -13.15 -1.38 -5.92 -1.28 -7.10 18.07 5.49 
DP 396 x ACALA 1517-99 2.06 1.12 -1.41 26.58** 8.77* -869.95 49.52 
DP 90 x SJ-U86 171.45** -0.55 59.93** 9.67 3.73 493.20 42.06 
DP 90 x AGC 85 -56.66 2.71 -19.78 -6.33 1.61 200.48 -37.86 
DP 90 x AGC 208 56.16 -0.62 16.75 5.11 4.84 -24.40 32.15 
DP 90 x AGC 375 -53.42 -2.53 -30.81* 11.61 4.51 377.92 23.34 
DP 90 x FM 819 50.75 0.42 20.43 8.17 -0.43 -240.96 15.95 
DP 90 x FM 832 -51.07 3.61* -15.92 -4.81 3.56 702.34 4.48 
DP 90 xFM 958 -91.40* -1.22 -30.95 -6.72 -4.82 -774.96 -32.05 
DP 90 x ACALA 1517-95 30.16 1.31 17.27 4.39 -3.47 78.03 3.28 
DP 90 x ACALA 1517-99 -55.97 -3.13* -16.93 -21.08* -9.52* -811.65 -51.36 
DP 499 x SJ-U86 -72.72 0.42 -28.18 8.11 1.04 -163.90 22.10 
DP 499 x AGC 85 85.28* -0.12 32.31* 6.78 -0.30 274.03 70.52* 
DP 499 x AGC 208 21.51 1.60 12.17 2.56 0.32 488.81 -16.82 
DP 499 x AGC 375 -49.58 2.26 -15.75 -4.94 -1.30 -335.18 -17.62 
DP 499 x FM 819 -8.90 -0.57 -4.94 0.94 -2.95 -637.07 -32.68 
DP 499 x FM 832  72.22 -1.10 25.48 5.31 3.44 132.56 41.52 
DP 499 x FM 958 80.79 3.92* 33.17* 14.06 8.85* 644.25 33.65 
DP 499 x ACALA 1517-95 -19.74 -0.82 -10.03 -4.17 -1.02 242.92 -22.68 
DP 499 x ACALA 1517-99 -108.87* -5.59** -44.23** -28.64** -8.07* -646.43 -77.99** 
STV 453 x SJ-U86 -34.36 -1.40 -14.44 -4.70 0.34 -456.98 -18.05 
STV 453 x AGC 85 -32.31 -1.48 -13.15 -15.70 -5.27 -164.70 -15.97 
STV 453 x AGC 208 -92.43* -0.75 -34.69* 2.74 -5.88 -177.92 10.70 
STV 453 x AGC 375 33.63 -0.13 17.00 4.91 1.13 -190.25 -26.11 
STV 453 x FM 819 -82.44 -0.52 -31.28* -3.54 -1.95 211.85 31.51 
STV 453 x FM 832  -100.92* -0.47 -36.53* -6.84 -10.35* -1164.50 21.37 
STV 453 x FM 958 147.34** 1.33 54.34** 3.57 3.15 684.51 15.17 
STV 453 x ACALA 1517-95 36.05 4.49** 14.17 14.02 15.25** 566.18 2.51 
STV453 x ACALA1517-99 125.43** -1.06 44.58** 5.55 3.58 691.82 -21.13 
STV 468 x SJ-U86 -69.82 0.97 -22.41 -1.91 -4.01 -587.70 -39.29 
STV 468 x AGC 85 -11.42 -1.43 -6.96 12.09 1.19 -1420.09* -2.21 
STV 468 x AGC 208 -20.82 -1.07 -10.18 -18.13* -0.24 -8.98 -37.21 
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SE: Standarderror, * and **, Significantly different form zero at P ≤ 0.05 and P ≤ 0.01, respectively.  SCY: Seed 
CottonYield, GP: Ginning Percentage, FY: Fiber Yield, PY: PhotosyntheticYield, FLR: Fluorescence, PAR: 
Photosynthetic Active Radiation 
 
Table4.Promising hybrid combinations for investigated traits and their specific combining abilities. 
 
Traits Cross 

Code 
Cross Combinations Specific 

Combining Ability 
Seed CottonYield 2x7 DP 90 x SJU-86 171.45** 
 3x8 DP 499 x AGC 85 85.28* 
 4x13 Stoneville 453 x Fiber Max 958  147.34** 
 4x15 Stoneville 453 x Acala 1517-99 125.43** 
 5x13 Stoneville 468 x Fiber Max 958  122.59* 
 6x12 Stoneville 474 x Fiber Max 832 129.15** 
Ginning Percentage 2x12 DP 90 x Fiber Max 832 3.61* 
 3x13 DP 499 x Fiber Max 958 3.92* 
 4x14 Stoneville 453 x Acala 1517-95 4.49** 
 6x15 Stoneville 474 x Acala 1517-99 7.35** 
Fiber Yield 2x7 DP 90 x SJ-U86 59.93** 
 3x8 DP 499 x AGC-85 32.31* 
 3x13 DP 499 x FM 958 33.17* 
 4x13 Stoneville 453 x Fiber Max 958 54.34** 
 4x15 Stoneville 453 x Acala 1517-99 44.58** 
 5x13 Stoneville 468 x Fiber Max 958 45.01** 
 6x12 Stoneville 474 x Fiber Max 832 45.33** 
Photosynthetic Yield 1x15 DP 396 x Acala 1517-99 26.58** 
Chlorophyll Content 1x15 DP 396 x Acala 1517-99 8.77* 

STV 468 x AGC 375 33.49 -0.24 14.09 -14.30 -7.70 43.01 -35.68 
STV 468 x FM 819 79.72 -1.58 29.45 5.26 3.27 641.13 29.27 
STV 468 x FM 832 -83.81* 1.86 -28.16 2.79 3.31 47.60 -51.04 
STV 468 x FM 958 122.59** 1.77 45.01** 17.70 4.12 1826.13** 37.60 
STV 468 x ACALA 1517-95 -33.96 -1.59 -14.60 -7.19 -2.15 -213.87 0.60 
STV 468 x ACALA 1517-99 -15.98 1.31 -6.25 3.68 2.22 -327.23 97.96** 
STV 474 x SJ-U86 21.51 -0.56 8.93 -2.50 -4.51 133.48 12.58 
STV 474 x AGC 85 11.46 -1.25 2.66 -13.50 6.86 1212.09 13.50 
STV 474 x AGC 208 30.03 -0.43 11.58 5.94 -0.10 199.20 4.66 
STV 474 x AGC 375 -13.28 0.49 -3.31 3.78 -1.69 -169.80 49.86 
STV 474 x FM 819 -109.90** 2.67 -40.10* 12.00 -0.92 -609.68 -34.86 
STV 474 x FM 832  129.15** -2.69 45.33** 2.03 2.01 -493.38 -35.00 
STV 474 x FM 958 -122.94** -3.55* -48.43** -15.89 -3.17 -1544.01* -24.53 
STV 474 x ACALA 1417-95 0.63 -2.02 -0.88 -5.78 -1.49 -691.35 10.80 
STV 474 x ACALA 1517-99 53.33 7.35** 24.24 13.92 3.02 1963.45** 3.00 
SE ± 41.41 1.53 15.33 8.91 3.95 651.99 27.97 
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 3x13 DP 499 x Fiber Max 958 8.85* 
 4x14 Stoneville 453 x Acala 1517-95 15.25** 
Fluorescence 5x13 Stoneville 468 x Fiber Max 958 1826.13** 
 6x15 Stoneville 474 x Acala 1517-99 1963.45** 
Photosynthetically Active 
Radiation (PAR) 

3x8 DP 499 x AGC 85 
70.52* 

 5x15 Stoneville 468 x Acala 1517-99 97.96** 
* and **, Significantly different from zero at P ≤ 0.05 and P ≤ 0.01, respectively. 
 
Table 5. Proportional contributions of lines, testers and their interactions to total variance for 
investigated traits.  
 

 
 
 

 

Figure 1. Daily average, maximum and minimum temperature (°C) during x periment. 
 
 
 
 
 

Source of variation SCY GP FY PY CC FL PAR 
Contribution of Lines 7.04 9.60 8.68 11.04 8.91 11.31 9.37 
Contribution of Testers 43.29 36.86 42.57 31.05 28.63 33.17 23.06 
Contribution of Lines x 
Testers 

49.66 53.52 48.74 57.90 62.44 55.51 67.56 
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Bats are slow breeding, mostly with one or two offspring a year hence every reproductive season is very 
important for their successful reproduction. The reproduction of P. giganteus has been understood as 
mostly influenced by either rainfall or ambient temperature or food availability while studying them 
directly under natural conditions. We studied the influence of ambient temperature, food availability and 
rainfall on the reproductive timing in P. giganteus. Mating in P. giganteus starts from July; mean time the 
monthly rainfall starts at low level and attains the peak in November, simultaneously most number of 
mating was observed. Fruit availability was low at the time of reproductive season; however, after 
parturition, more number of young ones was observed with respect to the peak of fruits availability. Our 
result suggests that among the exogenous factors rainfall and food availability play predominant role in 
influencing the reproduction of P. giganteus. 

Keywords: bat, reproduction, climatic factors, fruits, survival, young one 
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INTRODUCTION 
 
Reproduction and fertility in tropical mammals are known to be influenced by environmental factors such as 
photoperiod, temperature, rainfall, food availability and other seasonal parameters like humidity and cyclone 
seasons (O’Brien, 1996). Bats are reported to have long gestation period and are unable to react quickly to short-term 
environmental fluctuations, but may cue into predictable seasonal changes and optimize their time of reproduction 
(Heideman, 1995). It would be advantageous to give birth during the peak availability of food (Clutton-Brock et al., 
1982) but in bats, where earlier birth affects are reported as affecting juvenile survival and fitness in greater horseshoe 
bats (Ransome, 1989). Bats reproduction, particularly lactation is energetically costly (Loudon and Racey, 1987) it 
appears that food availability is an important factor in determining the ability of females to allocate energy to 
reproduction (Thompson, 1992). However, wherever food supplies vary noticeably, animals may only be able to meet 
the costs of reproduction during periods of maximum food availability and the success of a species may reflect its 
ability to produce offspring at a propitious time (Clarke, 1981). The information on the timing of reproduction in P. 
giganteus and the role of exogenous factors involved in the breeding season is still scanty, hence this study was made 
on factors that are most likely influence the breeding season in P. giganteus. 
 

MATERIALS AND METHODS 
 
The study was conducted from July to July (20102011; 13 months) near the Nallachchampatti village (7748'59.83"E; 
103'10.79"N), located approximately 32 km west of MKU campus. A colony of about 420 individuals of P. giganteus 
occupied a single Ficus religiosa tree (Family: Moraceae) situated adjacent to private agricultural land.  A total of 57 
acts of copulation occurred during the rest phase of 07:0009:30 h between July and January. During this study we 
visited the colony monthly twice and phenology of plants and fruits source availability around the area was observed 
regularly. These observations were made using binoculars (Balileo 20 × 50 Gross feld) from 02:30 h (day 1) to 23:30 h 
(day 2) that yielded a total of 1170 hour observations. In addition, their copulatory behaviours were videographed 
(Sony DCR-SR47) and photographed (Nikon D3000). In order to study the effect of environmental factors such as 
rainfall, temperature and humidity on reproduction of P. giganteus, they were recorded using digital Hygro-
thermometer and rainfall data was obtained from India Meteorological Department (Hydromet Division) Madurai, 
Tamil Nadu. A significant correlation was observed between the food availability before and after breeding season 
with that of the presence of young ones of P. giganteus in the colony. 

RESULTS 
 
During the breeding season, we have observed availability of various food sources around the study site. The 
breeding season has started from July, before breeding season (Table 1) Achras sapota (Sapotaceae), Carica papaya 
(Caricaceae), Psidium guajava (Myrtaceae) and Ficus benghalensis (Moraceae) were in their fruiting stage and bats were 
provided with surplus fruits and have extracted the juices from leaves as well (Fig. 1). The reproductive peak (Fig. 2) 
was observed during October to December 2010 and during that peak P. giganteus was observed to prefer leaves of F. 
religiosa till February 2011(Table 1 & Fig. 1). Ceiba pentandra (Bombacaceae) was also available with its nectar 
resources at the end of mating season (January and February). After the breeding season the  these bats fed fruits 
from Mangifera indica (Anacardiaceae), F. religiosa, A. sapota, P. guajava and C. papaya as they were available 
tremendously (Table 1 & Fig. 6). Mating started initially (Fig. 2.) from July (n = 5), and has peaked from September 
(n = 8) and continued through October (n = 10), November (n = 11) and December (n = 9), subsequently peak has 
declined by January (n = 3) and again mating resumed from July (n = 5). We correlate the monthly rainfall with the 
number of mating occasions. In fact, more number of mating incidents were observed on November (n = 11), mean 
time the monthly rainfall (mm) level was also high. Similarly with decrease in monthly rainfall (mm) level number of 
mating incidents was also low (Fig. 3). In the observations scheduled from July to July (Fig 4.) temperature and 
humidity was interlinked with mating. It shows that during the peak of mating season the temperature level 
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(68.5 ± 2.2%; n = 26) was low and humidity level (28.7 ± 0.7°C; n = 26) was high when compared to other months. Fig. 
5 (a, b, c, d) shows the relationship between the environmental factors namely rainfall, temperature and humidity 
with mating occasions of P. giganteus. It is evident that more mating incidents incurred at the time of more rainfall, 
high humidity and low temperature.  
 

DISCUSSION 
 
Environmental factors are also known to influence reproduction in mammals including food availability, variety of 
social cues, the day/night cycle, temperature, humidity and rainfall (Bronson, 1985). In our study also these 
environmental factors play some crucial roles in determining the breeding season of P. giganteus. In the 
environments, rainfall seems to be the most important factor affecting bat reproductive cycles, by acting as a direct 
trigger of reproductive activity or by its indirect effect on the availability of food sources (Heideman, 1995, 2000); 
(Mello et al.,2004). In this study we also observed that P. giganteus mating starting from the month of July (n = 6) mean 
time the monthly rainfall (mm) was at low level and attains the peak in November, and by the same time number of 
mating were also observed in peak (n = 11), which highlights the coincidences of rainfall peak in November. This 
result clearly confirms that rainfall is one of the important environmental factors that trigger the reproduction of P. 
giganteus. Ambient temperature is well known to influence reproductive pattern of bats in the temperate zone 
(Crichton and Krutzsch, 2000) it may also be more important in the tropics (Mello et al., 2004). Most of mating 
incidences were observed in the morning time between 07:00 and 09:30 h from July to July schedule, and the mating 
peak was observed between 07:00 and 08:30 h. These results clearly indicate that early morning time was the 
preferred time of mating, may be due to the favourable temperature prevailing within, which is one of the factors 
that determine the mating stimulation. Ambient temperature in tropics may be a stronger selection pressure than 
food availability in determining reproductive timing of bats (Mello et al., 2009). We correlated the number of mating 
occasions with rainfall, temperature and humidity and it shows that mating was at peak when high level of rainfall 
prevailed, with high humidity and low level of temperature. This result clearly indicates that environmental factors 
play an important role in the breeding season of P. giganteus. Favorable conditions with enhanced food availability 
has the positive effect on the reproduction as it is energetically costly, where in mammals lactation period is energy 
demanding period upon which each lactating females could demand energy by 66133 percent more (Migula, 1967); 
(Randolph et al.,1977). We observed that P. giganteus give birth to young ones during March to July, at the same time 
fruits availability has attained the peak with maximum availability to young ones. This result clearly indicates that 
parturition in P. giganteus and fruit availability coincides exactly. Fruits are generally rich in carbohydrates although 
they are typically low in fats and proteins (Corlett, 1996); (Herrera 1987); (Martinez et al.,1993); (Mattson, 1980) leaves 
of several plant species are rich in protein (Kunz and Diaz 1995); (Telek and Martin, 1983) which is supposed to 
provide an important source of nitrogen for plant-visiting bats. We have earlier reported that P. giganteus mostly 
preferred F. religiosa for roosting; hence, during breeding season bats in the colony chewed the leaves of F. religiosa 
occasionally and extracted the juices from the leaves. Calcium is supposed to be necessary for reproduction in 
animals (Currey 1984, 1990); (Robbins, 1993) (Sadlier, 1969) for maintaining normal cellular neuromuscular, enhance 
the metabolic activities and skeletal functions. We assume this as an energy supplementing posture due to the need 
of nutrients for mating or lactation as many researchers have previously reported that birth and lactation were 
energetically costly. Hence we suggest that the P. giganteus prefer nutritious food followed by parturition for the 
development of young ones and their by increases its survival rate. Furthermore, our key findings clearly confirm 
that food source plays role as conserving factor for successful breeding in P. giganteus. 
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Table 1. Mating occasions and fruits availability during the study period 
 

Study 
period  

Time of mating 
(h) 

No. of mating 
(n) 

Food sources  
(Plant species) 

Phenology of 
Plant species 

July  
(2010) 

7.30, 7.45, 8.10, 
7.35, 7.50, 8.10 

6 
Psidium guajava (Myrtaceae), 
Achras sapota (Sapotaceae),  
Ficus benghalensis (Moraceae) 

Fruit 

August 7.15, 7.40, 8.20, 
7.20, 7.45 

5 Carica papaya (Caricaceae),  
Achras sapota (Sapotaceae) 

Fruit 

September 
7.35, 7.45, 8.30, 
8.40, 9.00, 
7.30,7.45, 7.55 

8 
Carica papaya (Caricaceae),  
Ficus benghalensis (Moraceae) Fruit 

October 

7.25, 7.35, 7.50, 
8.10, 8.35, 7.40, 
7.55, 8.10, 8.20, 
8.35 

10 
Achras sapota (Sapotaceae),  
Ficus religiosa (Moraceae) 

Fruit & Leaves 

November 

7.55, 8.15, 8.25, 
8.40, 8.50, 7.55, 
8.05, 8.15, 8.30, 
8.50, 9.00 

11 Ficus religiosa (Moraceae) Leaves 

December 
7.15, 7.40, 8.10, 
8.40, 8.50, 8.40, 
7.40, 8.10, 8.28 

9 
Ficus religiosa (Moraceae), 
Achras sapota (Sapotaceae) 

Fruit & Leaves 

January 
(2011) 

8.20, 7.10, 8.04 3 
Ficus religiosa (Moraceae),  
Ceiba pentandra (Bombacaceae), 
Achras sapota (Sapotaceae) 

Fruit & Leaves 

July 
7.42, 7.25, 8.10, 
7.34, 7.51 5 

Psidium guajava (Myrtaceae), 
Achras sapota (Sapotaceae), Ficus 
benghalensis (Moraceae), Carica 
papaya (Caricaceae) 

Fruit 

 

 

 

 

 

 

Fig.1. Chewed leaves of Ficus religiosa by P. giganteus during breeding season 

Maruthupandian Jeyabalan et al. 

http://www.tnsroindia.org


Indian Journal Of Natural Sciences                                                                          www.tnsroindia.org. © IJONS                                        
 

Vol.6 / Issue 34 / February 2016                           International Bimonthly                                     ISSN: 0976 – 0997        
 
 
 

10531 
 

   

 

 
 
 
 
 
 
 
 
 
 

Fig. 2. No. of mating occasions during the study period 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3. Relationship between mating occasions and monthly rainfall 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4. Relationship between mating occasions and temperature and humidity 
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Fig. 5. Relationship between mating occasions, monthly rainfall, temperature and humidity 
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Pg-Psidium guajava, Cp-Ceiba pentandra, As-Achras sapota, Mi-Mangifera indica, 
Fr-Ficus religiosa, Fb-Ficus benghalensis, Cy-Carica papaya 

Fig. 6. Relationship between fruits availability & young ones after breeding season 
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Groundnut (Arachis hypogaea L.) is an important oilseed crop in the tropical and subtropical countries of 
the world. There are several biotic and abiotic stresses that adversely affect groundnut production. 
Among them, late leaf spot (LLS) and rust are the major foliar diseases that not only reduces pod yield 
but also severely affect the fodder and seed quality. A maker assisted backcrossing program was carried 
out using three disease susceptible recurrent parents (ICGV 0035, ICGV 03128 and VRI 2) along with 
donor parent (GPBD 4). Three crosses of BC2F1 population (ICGV 00350 × GPBD 4, ICGV 03128 × GPBD 4 
and VRI 2 × GPBD 4) along with their parental lines were evaluated for variability, heritability and 
genetic advance during kharif, 2014. Observations on ten quantitative characters were recorded. The PCV 
and GCV values for most of the traits were high in range for the crosses ICGV 00350 × GPBD 4, ICGV 
03128 × GPBD 4.Whereas the cross VRI 2 × GPBD 4recorded high PCV and GCV for most of the traits 
except hundred pod weight, shelling percentage, sound mature kernel percent and Late Leaf Spot score 
which recorded moderate PCV and GCV. All the three crosses exhibit high /moderate heritability 
accompanied with high/moderate genetic advance for the all traits studied in this population.  This 
indicates the influence of additive gene action and scope for improvement of these traits through simple 
selection. 
 
Keywords: Groundnut, genetic advance, heritability, kernel yield and variability. 
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INTRODUCTION  
 
Groundnut (Arachis hypogaea L.), also known as peanut, is an important oilseed crop in tropical and subtropical 
regions of the world. It is grown in six continents but mainly in Asia, Africa and America in over 100 countries with a 
world production of 37.10 m tons from an area of 23.11 m ha (FAO 2007).Late leaf spot (LLS) caused by Phaeoisariopsis 
personata (Berk.& Curt.)and rust (caused by Puccinia arachidis Speg.) are the most important leaf diseases in 
groundnut (Arachis hypogaea L.) causing yield losses in excess of 50%in semi-arid tropic regions (Subrahamanyam et 
al.,1984; Subrahmanyam et al., 1985a; Waliyar, 1991).Although the diseases can be controlled by fungicides, adoption 
of resistant cultivars by semi-arid tropic farmers is the best option to minimize losses at farm level and maintain good 
product quality (Dwivedi et al., 1993). Identification of resistant sources and knowledge of components and 
mechanism of resistance are the pre-requisite for the success of disease resistance breeding programs. The occurrence 
of natural variability in the crop is negligible due to limited natural crossing. In such cases, creations of new 
variability through hybridization followed by selection will be the best option for the improvement of crop plants. 
With this framework, hybridization were attempted to develop three BC2F1 cross derivatives by marker assisted 
backcrossing approach to estimate variability parameters for yield and yield attributes. The GCV along with 
heritability estimates provide reliable estimates of the amount of genetic advance to be expected through phenotypic 
selection (Burton, 1952). Estimate of genetic advance is more useful as a selection tool when considered jointly with 
heritability estimates (Johnson, 1955). With this background, the present study was made to assess the selection 
potential for kernel yield and component characters with foliar fungal disease resistance in groundnut. 

 

MATERIAL AND METHODS 
 
The present experimental material comprised of three crosses viz., ICGV 00350× GPBD 4 (cross 1), ICGV 03128× 
GPBD 4 (cross 2) and VRI 2 × GPBD 4 (cross 3). The recurrent parents viz., ICGV00350,ICGV 03128 and VRI 2 were 
susceptible to late leaf spot (LLS) and rust diseases but having high pod yield and oil content. To incorporate 
resistance to these diseases, resistant donor GPBD 4 was used in crossing programme and the recurrent parents were 
again backcrossed with F1’s and BC1 F1’s. The BC2 F1 populations of three crosses were used to investigate the genetic 
variability among yield and yield component characters. The crop was raised during kharif 2014, at the Oilseeds 
Farm, Centre for Plant Breeding and Genetics, Tamil Nadu Agricultural University, Coimbatore. Recommended 
agronomic practices were followed under irrigated condition. Observations were recorded in each cross for 10 
characters viz., number of pods per plant, 100-pod weight (g), 100-kernel weight (g), shell weight (g), shelling 
percentage, sound mature kernel (SMK) (%), late leaf spot (LLS) disease score, rust disease score, pod yield per plant 
(g) and kernel yield per plant (g). Shell weight per plant was calculated by the difference between pod yield per plant 
and kernel yield per plant and it’s expressed in grams. 
 
Statistical analysis  
 
Standard statistical procedures were adopted for calculating the mean, range and various genetic parameters like 
phenotypic coefficient of variation (PCV), genotypic coefficient of variation (GCV), heritability (h2) in broad sense 
and genetic advance as per cent of mean (GAM). The range of coefficient of variation (CV) was categorized as per 
Sivasubramanian and Madhavamenon (1973): < 10% - low coefficient of variation; 10-20% - Medium coefficient of 
variation; > 20% - high coefficient of variation. As suggested by Robinson et al. (1949), the heritability range was 
classified as: < 30% - low heritability; 30%-60% - moderate heritability; > 60% - high heritability. Similarly, the range 
of genetic advance as per cent of mean (GAM) was grouped as: < 10% - low GAM; 10%-20% - medium GAM; > 20% - 
high GAM (Johnson et al. 1955).To screen the lines for sources of resistance to late leaf spot and rust, one (resistance) 
to nine(susceptible) point disease scale suggested by Subrahmanyam et al. (1995) was employed. 
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RESULTS AND DISCUSSION 
 
A survey of genetic variability with the help of suitable parameters such as genotypic coefficient of variation, 
heritability estimates, genetic advance are absolutely necessary to start an efficient breeding program (Atta et al., 
2008).The results on the mean, range, variability, heritability and genetic advance as per cent of mean for 10 
characters in three backcross populations viz.,ICGV 00350 × GPBD, ICGV 03128 × GPBD 4 and 
VRI 2 × GPBD 4of groundnut are presented in Table 1 to 3, respectively. Studies on genetic parameters such as PCV, 
GCV, heritability and GAM provide basic fact regarding the genetic properties of the population, based on which 
breeding methods are formulated for further improvement of the crop. Current study revealed the presence of wide 
range of phenotypic and genotypic coefficient of variation for all the characters studied. The estimates of GCV and 
PCV indicated that the values of PCV were always higher than GCV suggesting the influence of environmental 
factors. Less difference was observed between PCV and GCV in certain cases indicated greater role of genetic 
components and less influence by environment. Similar kind of results were obtained by Ladoleet al. (2009), Shinde et 
al.(2010), Sunil (2014) , Sunil et al. (2015) and Prabhu et al. (2015).  
 
Number of pods per plant 
 
All the three crosses (ICGV 00350 × GPBD 4, ICGV 03128 × GPBD 4 and VRI 2 × GPBD 4) recorded high PCV, GCV, 
heritability and genetic advance as per cent of mean for this trait. High PCV and GCV values for number of pods per 
plant were reported by Shinde et al. (2010), Priyadharsini (2012), Anitha (2013), Makinde and Ariyo (2013) and  
Prabhu et al. (2015), whereas high heritability with high GAM values for number of pods per plant was reported by 
Zaman et al. (2011), Priyadharsini (2012), Anitha (2013),Padmaja et al. (2013 a) and Prabhu et al. (2015).  
 
100 pod weight (g) 
 
The  cross ICGV 00350 × GPBD 4 recorded high PCV along with moderate GCV for this trait coupled with both high 
heritability and GAM. Whereas the backcross ICGV 03128 × GPBD 4 exhibit high PCV, GCV, heritability and GAM 
for this trait. The cross VRI 2 × GPBD 4 recorded moderate PCV and GCV along with moderate heritability with 
moderate genetic advance. Ali et al. (2000), Ladole et al. (2009) and Prabhu et al. (2015) also expressed the same for the 
trait 100-pod weight. 
 
100-kernel weight (g) 
 
The values of PCV and GCV were moderate for 100-kernel weight in the cross ICGV 00350 × GPBD 4.whereas, high 
PCV and moderate GCV were exhibited in other two crosses for the same trait. These results are in accordance with 
Makinde and Ariyo (2013), Padmaja et al. (2013 a), Padmaja et al. (2013 b) and Thirumala et al. (2014) for high PCV 
and GCV values. Zaman et al. (2011), Anitha (2013) and Ashutosh and Prashant (2014) also reported medium GCV 
for this trait. All the three crosses recorded higher heritability and GAM  for this trait .This is accordance with 
findings of Zaman et al. (2011), Padmaja et al. (2013 a), Padmaja et al. (2013 b), Ashutosh and Prashant (2014), 
Thirumala et al. (2014) and Prabhu et al. (2015).  
 
Shell weight per plant (g) 
 
This trait revealed high PCV and GCV values by all the three cross derivatives. The crosses viz.,ICGV 00350 × GPBD 
4, ICGV 03128 × GPBD 4 and VRI 2 × GPBD 4 exhibits  higher heritability coupled with higher GAM for shell weight 
per plant. Anitha (2013) reported high PCV, GCV, heritability and GAM values for this trait. Prabhu et al. (2015) 
reported that both higher heritability and moderate heritability accompanied with higher GAM for this trait. 
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Shelling percentage (%) 
 
Shelling percentage in crosses of ICGV 00350 × GPBD 4, ICGV 03128 × GPBD 4 exhibited high magnitudes of PCV 
and GCV indicating the limited wide scope of selection for this trait. Whereas the cross VRI 2 × GPBD 4 revealed 
moderate PCV and GCV values for this trait. All the three backcross derivatives exhibits high heritability coupled 
with high GAM for shelling percentage. Similar results were also obtained by Zaman et al. (2011), Anitha (2013) and 
John et al. (2013) for higher heritability for this trait.  
 
Sound mature kernel (%) 
 
This trait recorded low PCV and GCV values by the cross ICGV 00350 ×  GPBD 4.whereas, moderate PCV and GCV 
were exhibited in other cross derivatives of ICGV 03128 × GPBD 4 and VRI 2 × GPBD 4. The cross ICGV 00350 × 
GPBD 4 showed high heritability coupled with moderate GAM for this trait. High heritability coupled with high 
GAM was noticed in crosses of ICGV 03128 × GPBD 4 and VRI 2 × GPBD 4 for this trait. High heritability and high 
GAM for sound mature kernel per cent were earlier reported by Hiremath et al. (2011) and Prabhu et al. (2015). 
 
Late leaf spot score 
 
Both the cross derivatives showed higher PCV and GCV values for late leaf spot score. Moderate PCV and GCV 
values recorded in the cross derivatives of VRI 2 × GPBD 4.High PCV, GCVvalues were noticed earlier by Khedikaret 
al. (2009), Venkataravana and Injeti (2008), Narasimhulu et al. (2013), Padmaja et al. (2013 a), Ashish et al. (2014) and 
medium GCV values by Vishnuvardhan et al.(2012) and Padmaja et al. (2013 b). High heritability coupled with high 
GAM for the trait late leaf spot were recorded in both the backcross combinations. Whereas the cross VRI 2 × GPBD 4 
recorded high heritability accompanied with moderate GAM for this trait.Venkataravana and Injeti (2008),  
Khedikar et al.(2009), Vishnuvardhan et al. (2012), Narasimhulu et al. (2013), Padmaja et al. (2013 a),Padmaja et al. 
(2013 b) , Ashish et al. (2014)  and Prabhu et al. (2015)reported the high heritability with high GAM for late leaf spot 
score. 
 
Rust score 
 
High PCV and GCV for rust were recordedby all the three cross derivatives viz.,ICGV 00350 × GPBD 4, ICGV 03128 × 
GPBD 4 and VRI 2 × GPBD 4.High PCV and GCV values were earlier reported by Venkataravana and Injeti (2008), 
Narasimhulu et al. (2013), Ashish et al. (2014), Shridevi et al. (2014) for the trait rust disease score. The same crosses 
registered high heritability and high GAM values for this trait. High GAM results are in accordance with John et al. 
(2008), Venkataravana and Injeti (2008), Vishnuvardhan et al. (2012), Narasimhulu et al. (2013), Ashish et al.(2014) and 
Shridevi et al. (2014) and Prabhu et al. (2015) for rust score.  
 
Pod yield per plant (g) 
 
The backcrossderivatives of all three crosses exhibit higher PCV and GCV values.The crosses ICGV 00350 × GPBD 4, 
ICGV 03128 × GPBD 4 recorded high heritability and high GAM for pod yield per plant. Whereas the cross VRI 2 × 
GPBD 4 recorded moderate heritability with high GAM. High PCV, GCV, heritability and GAM values for pod yield 
per plant were earlier observed by Narasimhulu et al. (2012), Priyadharsini(2012), Anitha (2013), John et al. (2013), 
Narasimhulu et al. (2013), Mukesh et al. (2014) Thirumala et al. (2014) and Prabhu et al. (2015). 
 
Kernel yield per plant (g) 
 
High PCV and GCV values coupled with high heritability and GAM were exhibited by the entire three cross 
derivativesviz., ICGV 00350 × GPBD 4, ICGV 03128 × GPBD 4 and VRI 2 × GPBD 4 for kernel yield per plant trait. 
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These findings were similar to the findings of Narasimhulu et al. (2012), Priyadharsini (2012), Anitha (2013), John et al. 
(2013), Narasimhulu et al. (2013), Mukesh et al. (2014), Thirumala et al (2014)  and Prabhu et al. (2015)for the trait 
kernel yield per plant. 
 

CONCLUSION 
 
Based on the foregoing discussion, it can be concluded that traits viz., number of pods per plant, 100-pod weight, 100-
kernel weight , shell weight, shelling percentage, sound mature kernel , late leaf spot (LLS) score, rust score, pod 
yield per plant and kernel yield per plant in the crosses ICGV00350× GPBD 4 ICGV 03128 × GPBD 4 and VRI 2 × 
GPBD 4 and exhibit high/medium coefficient of variation accompanied with high/moderate heritability and 
high/moderate genetic advance as per cent of mean which implies the existence of additive gene effect in all the three 
backcross derivatives. The presence of wide spectrum of genetic variation for almost all the characters in these 
crosses along with additive gene action will help in the development of promising genotypes with high kernel yield 
and resistance to foliar diseases. 
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Table 1. Estimates of genetic variability parameters in BC2F1 generation for the cross in groundnut 
ICGV 00350 × GPBD 4 
 

S.No. Character Mean 
 

SE 
 

Minimum 
 

Maximum 
 

PCV 
(%) 

 

GCV 
(%) 

Heritability 
(BS) (%) 

GAM 
(%) 

1. Number of pods per plant 12.45 1.10 3.00 25.00 49.41 39.37 63.49 68.08 
2. 100-pod weight (g) 71.06 2.72 17.50 94.80 21.32 18.81 77.82 36.00 
3. 100-kernel weight (g) 25.58 0.86 16.00 36.73 18.85 15.27 65.67 26.85 
4. Shell weight per plant (g) 4.37 0.21 1.37 6.28 26.57 20.59 60.04 34.61 
5. Shelling percentage (%) 56.08 2.18 15.18 100 33.05 32.38 95.99 68.85 
6. SMK (%) 91.13 1.60 68.75 100 9.81 7.86 64.15 13.66 
7. LLS score 5.16 0.23 2.00 7.00 25.06 23.06 84.67 46.05 
8. Rust score 3.58 0.21 1.00 5.00 35.89 33.47 86.89 67.74 
9. Pod yield per plant (g) 8.64 0.72 1.62 16.12 46.72 39.14 70.19 71.15 
10. Kernel yield per plant (g) 5.26 0.56 0.24 11.96 59.89 50.35 70.69 91.87 

 
Table 2. Estimates of genetic variability parameters in BC2F1 generation for the cross in groundnut 
ICGV 03128× GPBD 4 
 

S.No. Character  
 

Mean 
 

SE 
 

Minimum 
 

Maximum 
 

PCV 
(%) 

GCV 
(%) 

 

Heritability 
(BS) (%) 

 

GAM 
(%) 

 
1. Number of pods 

per plant 
13.49 0.812 2.00 45.00 59.63 48.28 65.55 81.69 

2. 100-pod weight (g) 87.88 2.26 49.4 165.2 25.55 24.35 90.85 48.52 
3. 100-kernel weight 

(g) 
32.39 0.96 15.28 67.66 29.44 28.53 93.88 57.77 

4. Shell weight per 
plant (g) 

4.10 0.24 0.55 17.21 60.24 54.81 82.78 104.22 
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5. Shelling percentage 
(%) 

57.72 1.77 11.21 93.03 
 

30.40 28.85 90.04 57.21 

6. SMK (%) 89.09 1.08 37.50 100 12.05 10.80 80.45 20.25 
7. LLS score 2.71 0.07 1.00 5.00 27.49 23.01 70.06 40.25 
8. Rust score 1.29 0.04 1.00 3.00 37.90 27.40 52.27 41.40 
9. Pod yield per plant 

(g) 
11.30 0.75 1.58 38.55 66.34 58.39 77.49 107.43 

10. Kernel yield per 
plant (g) 

7.20 0.54 0.24 28.13 75.21 65.20 75.16 118.40 

 

Table 3. Estimates of genetic variability parameters in BC2F1 generation for the cross in groundnut  
VRI 2 × GPBD 4 
 
S.No. Character Mean 

 
SE 

 
Minimum 

 
Maximum 

 
PCV 
(%) 

 

GCV 
(%) 

 

Heritability 
(BS) (%) 

 

GAM 
(%) 

 
1. Number of pods 

per plant 
11.90 0.86 3.00 22.00 48.23 38.31 63.09 66.03 

2. 100-pod weight 
(g) 

100.67 2.50 82.60 132.5 14.53 11.13 58.69 18.51 

3. 100-kernel weight 
(g) 

35.29 1.20 18.41 52.80 21.12 18.96 73.47 35.27 

4. Shell weight per 
plant (g) 

4.68 0.33 1.44 10.40 42.89 34.60 65.05 60.55 

5. �helling 
percentage (%) 

55.49 1.90 33.61 100 18.16 17.11 88.68 34.96 

6. SMK (%) 87.72 2.07 50.00 100 15.33 12.79 69.56 23.14 
7. LLS score 5.80 0.11 4.00 7.00 12.74 10.00 61.49 17.01 
8. Rust score 2.33 0.12 1.00 4.00 30.91 27.50 79.13 53.09 
9. Pod yield per 

plant (g) 
11.86 0.92 2.21 23.52 50.43 38.64 58.68 64.23 

10. Kernel yield per 
plant (g) 

7.17 0.66 0.425 15.67 59.93 49.21 68.53 88.40 

 

 
 
 
 
 
 
 

Gopikrishnan et al. 

http://www.tnsroindia.org


Indian Journal Of Natural Sciences                                                                          www.tnsroindia.org. © IJONS                                        
 

Vol.6 / Issue 34 / February 2016                           International Bimonthly                                     ISSN: 0976 – 0997        
 
 
 

10542 
 

   

 

Constraints in Implementation of Livestock Development for Livelihood 
Support Programme in Wayanad District of Kerala State 
 
Chethan G.N1 and Senthilkumar R2* 
 
1Kerala Veterinary and Animal Sciences University, Pookode, Wayanad, Kerala, India. 
2Department of Veterinary Extension, College of Veterinary and Animal Sciences, Pookode, Lakkidi P.o, 
Vythiri, Wayanad, Kerala 
 
 
Received: 10 Dec 2015              Revised: 13 Jan 2016                                Accepted: 28 Jan 2016 
 
*Address for correspondence 
Senthilkumar R 
Assistant Professor, 
Department of Veterinary Extension,  
College of Veterinary and Animal Sciences,  
Pookode, Lakkidi P.o, Vythiri, Wayanad, Kerala,India. 
Email: rsenthilvet@gmail.com 

 
 

This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License (CC BY-NC-ND 
3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. All 
rights reserved. 
 
 
Constraints in implementation Livestock Development for Livelihood Support (LDLS) programme was 
studied among the selected implementing officers working in the Animal Husbandry Department, 
Kerala.  The constraints were studied using the Delphi method. The study revealed that the constraints 
perceived most severe was political interference in the selection of eligible beneficiary followed by 
inadequate quantity of concentrate feed supplied, cumbersomeness of regular animal health check-up, 
unavailability of the required number of pregnant heifers for distribution, unavailability of poultry 
medicine in hospitals and incapability of beneficiaries to win the confidence of bank personnel to avail 
loan which in turn resultedin more time consumption.  The solutions most suggested to tide over these 
constraints were ranking the eligible farmers on thebasis of production performance of their livestock and 
selecting accordingly, increasing the quantity of subsidized feed, beneficiaries regularly communicating 
with the veterinarians regarding the health status and productivity of their animals through the co-
operative society personnel, purchasing heifers from SLBP beneficiaries, making available poultry 
medicines in every veterinary hospital and permitting willing beneficiaries to meet the non-subsidy 
expenses from own resources. 
 
Keywords: Constraints, Programme Implementation, LDLS Programme. 
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INTRODUCTION 
 
Success of any development programmes depends on many internal and external factors of the programme. Among 
them, the constraints encountered during the implementation phase of programme are more important as it affect the 
further progress and successfully achieving the desired set objectives. Programme implementation comprises of 
providing publicity and information of scheme to the targeted community, accepting application, selection of eligible 
beneficiaries, assisting them in getting financial and material resources, maintaining proper records, providing 
technical assistance, continuous monitoring and evaluation. Difficulties of implementing officer in any above 
mentioned responsibilities will hamper the success of programme ultimately. In this context a study was conducted 
to understand the constraints encountered while implementation of the Livestock Development for Livelihood 
Support (LDLS) programme. LDLS was implemented during 2011-2012 bythe Department of Animal Husbandry, 
Government of Kerala to uplift the socio-economic conditions of the livestock farmers. Under the programme one 
pregnant heifer, two adult female goats and ten layer chicks were distributed. Pregnancy ration of 50 Kg concentrate 
cattle feed per month for a three month period was also distributed to each beneficiary.  
 

MATERIALS AND METHODS 
 
The Delphi technique was employed to study the constraints in implementation of LDLS programme.  Hsu and 
Sanford (2007) point out that “The Delphi technique is a widely used and accepted method for gathering data from 
respondents within their domain of expertise. The technique is designed as a group communication process which 
aims to achieve a convergence of opinion on a specific real world issue. The Delphi technique is well suited as a 
method for consensus-building by using a series of questionnaires delivered using multiple iterations to collect data 
from a panel of selected subjects.   
 
Application of Delphi method 
 
Delphi procedure was followed to reach a consensus among the implementing officers of LDLS regarding the 
constraints experienced by them.  For the purpose of the present study the following procedure was adopted 
 
Step 1: Collecting the constraints from a panel of 15 implementing officers. 
 
Step 2: Pooling the constraint items and presenting the same to the same panel of implementing officers and getting 
the consensus on what are the severe constraints and the not severe constraints.  For this purpose a questionnaire was 
prepared incorporating the pooled constraint items those constraints judged to be severe by more than 50 per cent of 
the implementing officers were subsequently chosen. 

Step 3: At this last stage solutions to the chosen constraint items were sought from the implementing officers. 
 

RESULTS AND DISCUSSION 
 
Data in Table 1 showed that in case of the domain ‘beneficiary selection’ the severe constraints felt by implementing 
officers were political interference in the selection of eligible beneficiary and difficulty in selection due to more 
number of eligible farmers. This finding is in agreement with that of Kumar and Khan (2003) and Kumar et al. (2011) 
who observed the political and public representative interference in Krishi Vigyan Kendras and Agricultural 
Technology Management Agency respectively. Natchimuthu and Ramkumar (2004) also reported that beneficiaries 
had realized about the undue benefits taken by officials, politicians, and a segment of farmers who were in close 
proximity to officials and politicians. In case of the domain ‘time’, the severe constraints felt were much time needed 
for Procuring loan from bank and hindrance to proper implementation of programme due to other routine official 
duties.  Kumar and Khan (2003) and Jeengeret al. (2010) also found that non-availability of loans in time and the 
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complicated procedure to avail the loan were some of the major constrains faced by Krishi Vigyan Kendra officials 
and District Poverty Initiative Project implementing officers respectively. Ahmad (2011) in his study suggested that 
there is a need for community based credit providing agencies to tide over the problem of availing loan from banks. 
 
Under the domain ‘finance’ the severe constraints were unpredictable cost of animals in the market, fund allotted to 
purchase the animals was insufficient, fund allotted to various items of programme was insufficient and fund 
allotted for veterinary health care was insufficient, With respect to the domain ‘feed and fodder’ the severe constraint 
felt by implementing officers was complaints regarding inadequate quantity of concentrate feed. Beneficiaries unable 
to win the confidence of bank officials by producing the required essential documents and non-repayment of loan by 
beneficiaries in time were the severe constraints perceived by implementing officers under domain ‘beneficiary’. 
Planning Commission (2000) found that there was willful default of loan repayment even by those possessing 
repayment capacities among Integrated Rural Development Programme beneficiaries, and it also suggested that 
recovery procedure need to be streamlined and simplified. As far as the domain ‘post implementation works’ 
concerned, the severe constraints felt were difficulty in settling the accounts of the scheme, amidst the other routine 
responsibilities and animal health checkup every month is cumbersome. In case of the ‘heifer’ domain, the constraints 
felt by implementing officers as severe were unavailability of the required number of pregnant heifers and difficulty 
in judging the production capacity of the procured heifers. Under the domain ‘poultry’ the most felt severe constraint 
was non availability of poultry medicine in the hospital. 
 
Solutions suggested for constraints 
 
Data in Table.2 indicated the solutions suggested by implementing officers to overcome the constraints in 
implementing the LDLS programme. Political interference in the selection of eligible farmers was one of the 
constraints mentioned in the selection of beneficiaries.  The solutions suggested by the implementing officers, 
included ranking the eligible farmer candidates based on the production performance of their livestock and selecting 
the beneficiary as per his rank (26.66%) and ensuring more transparency while selecting beneficiaries taking up equal 
responsibility by all the selection committee members (13.33%).  Regarding the constraint, difficulty in selection due 
to more number of eligible farmers, the solutions suggested were, a farmer shall not be a beneficiary of more than one 
scheme for a period of ten years (26.66%) and selecting beneficiaries based on their aptitude (13.33%).  With respect to 
the constraint, much time is required to procure loan from bank, the solutions suggested were if beneficiaries are able 
to bear the non-subsidy amount from their own sources, availing the same must be made universally non-mandatory 
(33.33%) and there shall be a change in the credit policy including interest amount (20.00%).  As for the constraint, 
hindrance to proper implementation of programme due to other routine official duties the solutions suggested were 
bifurcating the extension administration work and clinical work, so that these are entrusted with separate personnel 
(33.33%) and appointing a special officer for a group of panchayats to implement programme (13.33%).  
 
The solutions suggested to overcome the constraint, fund allotted to purchase the animals was insufficient were 
allotting extra fund for purchasing animals (26.66%),purchasing heifers from the organized / government farms, so 
that middlemen could be kept away (13.33%) and purchasing heifers from within the state itself to save the 
transportation charges (6.66%).  Regarding the constraint, fund allotted to various items was insufficient; the 
solutions suggested were increasing the fund allotment for other items of programme (40.00%) and including only 
the most relevant associated item viz., concentrate feed and fodder, so that budget outlay can be effectively utilized 
(6.66%).  Solutions suggested to the constraint fund allotted for veterinary health care was insufficient, were that 
there must be enhancement in the fund allotment, and distributing medical kit to the beneficiaries which contains 
mineral mixture, vitamins, dewormer etc.  As for the constraint, unpredictable cost of animals in the market the 
solutions suggested were Bringing in to force an official animal pricing committee which values the animal based on 
breed and production performance since, brokers and cattle merchants exploit the situation by unjustifiably 
demanding high cost after knowing that the cattle is for distribution under government subsidy programme (26.66%) 
and supplying animals from the government farm (26.66%).  Solution suggested for the constraint, inadequate 
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quantity of concentrate feed was to increase the quantity of feed supply (53.33%).  Regarding the constraint, 
beneficiaries were unable to win the confidence of bank officials by producing the required essential documents, 
solutions suggested werefor those beneficiaries who were unable to procure loan in time may be permitted to meet 
the non-subsidy expenses from own resources (40.00%) and beneficiaries who were unable to submit required 
documents may be replaced with those in the waiting list (26.66%).The solution suggested for the constraint, non-
repayment of loan by beneficiaries in time was deducting the amount directly from milk co-operatives where the 
milk is poured (53.33%).  As for the constraint, difficulty in settling the accounts of the scheme amidst the routine 
official duties the solution suggested was appointing separate staff to look after account related clerical work of the 
programme (40.00%).  Regarding the constraint, animal health check up every month is cumbersome the solutions 
suggested were beneficiaries should communicate regularly to the veterinarians about health status and productivity 
of animals through the co-operative society personnel (20.00%), having veterinary staff under mobile veterinary unit 
for routine health visit (13.33%) and reducing the number of visits in difficult terrains like in Wayanad district 
(13.33%).  As for the constraint, Unavailability of the required number of pregnant heifers the solutions suggested 
were heifers with SLBP scheme beneficiaries may be purchased (40.00%), calf feed subsidy programme should be 
enlarged to cover more number of calf (13.33%) and purchasing heifers from government / organized farms 
(13.33%).With respect to the constraint difficulty in judging the production capacity of the procured heifers, the 
solution suggested were purchasing lactating or first parity cattle so that production capacity can be judged (40.00%) 
and approaching the trusted sources (13.33%).  As for as constraint unavailability of poultry medicine in hospital, the 
solution suggested was that poultry medicines must be made available in every veterinary hospital 
(53.33%).Solutions suggested by implementing officers to overcome the constraints in executing LDLS programme  
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Table 1. Implementing officers’ constraints in executing LDLS programme  
 

Domain Sl. No Constraints 
Severe 

constraints 
(in percent) 

 
Rank 

Beneficiary 
selection 

 

1 Political interference in the selection of eligible 
beneficiary 

53.33 
III 

2 Difficulty in selection  due to more number of eligible 
farmers  

53.33 III 

Time 
3 Much time needed for Procuring loan from bank 66.66 I 
4 Hindrance to proper implementation of programme due 

to other routine official duties 
53.33 

III 

Finance 

5 Fund allotted to purchase the animals was insufficient 53.33 III 
6 Fund allotted to various items of programme was 

insufficient 
53.33 III 

7 Fund allotted for veterinary health care  was insufficient 53.33 III 

8 Unpredictable cost of animals in the market 60.00 II 
Feed and 

fodder 
9 Inadequate quantity of concentrate feed 

53.33 
III 

Beneficiary 

 

10 Beneficiaries unable to win the confidence of bank 
officials by producing the required essential documents 

66.66 I 

11 Non-repayment of loan by beneficiaries in time 53.33 III 
Post 

implementatio
n works 

12 Difficulty in settling the accounts of  the scheme, amidst 
the other routine responsibilities 

53.33 III 

13 Animal health checkup every month is cumbersome 53.33 III 

Heifer 

14 Unavailability of  the required number of pregnant 
heifers 

66.66 I 

15 Difficulty in judging the production capacity of the 
procured heifers 53.33 III 

Poultry 16 Unavailability of poultry medicine in hospital 53.33 III 
 
Table 2. Solutions suggested by implementing officers to overcome the constraints in executing LDLS 
programme  
 

Constraints 
Solution  measures suggested by implementing officers for 

constraints 
Opinion  

(in per cent) 

Political interference 
in the selection of 

eligible beneficiary 

Ranking the eligible farmers based on performance of their 
livestock and selecting them according to rank 

26.66 

Ensuring more transparency while selecting beneficiaries 
taking up equal responsibility by all the selection committee 
members 

13.33 

Difficulty in selection  
due to more number 

A farmer shall not be a beneficiary of more than one scheme 
for a period of 10 years 

26.66 
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of eligible farmers Giving priority to weaker sections of livestock farming 
community 

13.33 

Selecting beneficiaries based on their aptitude 13.33 

Much time needed 
for Procuring loan 

from bank 

If beneficiaries are able to bear the non-subsidy amount from 
their own sources, availing the same must be made universally 
non-mandatory 

33.33 

There shall be a change in the credit policy including interest 
amount. 

20.00 

Hindrance to proper 
implementation of 
programme due to 

other routine official 
duties 

Bifurcating the extension administration work and clinical 
work 

33.33 

Appointing a special officer for a group of panchayats to  
implement animal husbandry development programmes 13.33 

Fund allotted to 
purchase the animals 

was insufficient 

Allotting extra fund for purchasing animals 26.66 

Purchasing heifers from the organized / government farms, so 
that middlemen could be kept away 

13.33 

Purchasing heifers from within the state itself saves the 
transportation charges 

6.66 

Fund allotted to 
various items of 
programme was 

insufficient 

Increase the fund allotment for other items of programme 40.00 

Including only the most relevant associated items so that 
budget outlay can be effectively utilized 

6.66 

Fund allotted for 
veterinary health 

care  was insufficient 

Enhancement in the fund allotment 40.00 

Distribution of medical kit to the beneficiaries which contains 
mineral mixtures, vitamins, dewormer etc., 

13.33 

Unpredictable cost of 
animals in the 

market 

Supplying animals from the government farm 26.66 

Bringing in to force an official animal pricing committee which 
values the animal based on breed and production performance 
since, brokers and cattle merchants exploit the situation by 
unjustifiably demanding high cost after knowing that the 
cattle is for distribution under government subsidy 
programme 

26.66 

Inadequate quantity 
of concentrate feed 

Increase the quantity of subsidized feed supply 53.33 

Beneficiaries unable 
to win the confidence 

of bank officials by 
producing the 

required essential 
documents 

For those beneficiaries who are unable to procure loan in time 
may be permitted to meet the non-subsidy expenses from own 
resources  

40.00 

Beneficiaries who are unable to submit required documents 
may be replaced with those in the waiting list 26.66 

Non-repayment of Deducting the amount directly from milk co-operatives where 53.33 
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loan by beneficiaries 
in time 

the milk is poured 

Difficulty in settling 
the accounts of  the 
scheme, amidst the 

other routine 
responsibilities 

 
Appointing separate staff to look after account related clerical 
works of the programme 
 

40.00 

Animal health check-
up every month is 

cumbersome 

Beneficiaries should communicate regularly to the 
veterinarians about health status and productivity of animals 
through the co-operative society personnel. 

20.00 

Having veterinary staff under mobile veterinary unit for 
routine health visit 

13.33 

Reducing the number of visits in difficult terrains like in 
Wayanad district. 

13.33 

Unavailability of  the 
required number of 

pregnant heifers 

Heifers from SLBP scheme beneficiaries may be purchased 40.00 

Calf feed subsidy programme should be enlarged to cover 
more number of calves. 

13.33 

Purchasing heifers from government / organized farms  13.33 

Difficulty in judging 
the production 
capacity of the 

procured heifers 

Lactating or first parity cattle could be purchased to have 
better idea on its production potential 

40.00 

Approaching the trusted sources 13.33 

Unavailability of 
poultry medicine in 

hospital 

Poultry medicines must be made available in every veterinary 
hospitals 53.33 
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Income and employment generation due to implementation of the LDLS project was assessed among 
beneficiary families of the project. The results showed that majority of beneficiary household (42.66%) 
derived a medium level of gross annual income followed by a low level of income (33.33%) and a high 
level of income (24.00%) in the studied area. The employment generation among the beneficiary 
household revealed that it provided 6.12 hours, 1.16 and 0.35 hours per day to dairy farming, goat and 
poultry farming respectively. The level of employment generated was medium among majority of 
beneficiaries household (45.33%), which was followed by low level of employment (29.33%) and high 
level of employment (25.33%) respectively. 
 
Key words: Income generation, Employment generation, LDLS programme 

 
INTRODUCTION 
 
Livestock development programmes are meant not only for the development of livestock resources but also to 
support the livelihood of the poor livestock farmers and other stakeholders. Livestock development programmes 
play significant role in income and employment generation of the livestock keepers and in the overall economic 
growth of a developing country.  Many state and centrally sponsored livestock development programmes are being 
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implemented in different states. Among such programmes, Livestock Development for Livelihood support 
programme (LDLS) was implemented during 2011-12 by the Department of Animal Husbandry, Government of 
Kerala to uplift the socio economic conditions of the livestock farmers. LDLS was implemented in entire Kerala state 
with special preference to Wayanad district.The total outlay of the programme was Rs. 20 crore, and the programme 
cost per individual beneficiary was Rs. 50,000/-.  Economic assistance of 50 per cent (Rs. 25,000/-) in the form of 
subsidy was provided from the animal husbandry department. An amount of Rs. 19,000/- was sanctioned in the form 
of bank loan and the remaining amount of Rs. 6,000/- was borne by beneficiaries from their own sources.  Under the 
programme one pregnant heifer, two adult female goats and ten layer chicks were distributed.  Pregnancy ration of 
50 Kg concentrate cattle feed per month for a three month period was also distributed to each beneficiary.  The 
programme was intended to augment milk and egg production to ensure livelihood support and food security. Goats 
were distributed to beneficiaries for source of subsidiary income and chicks to augment income from backyard 
poultry farming. 
 

MATERIALS AND METHODS 
 
The study was conducted in the Wayanad district of Kerala among 150 beneficiaries of LDLS programme. The 
research design adopted was one group after only design.  Respondents of the study were selected by applying 
stratified multistage random sampling technique.  There are a total of twenty five grama panchayats in Wayanad 
district of which five panchayats each were randomly selected from all three taluks (Vythiri, Sulthan Batheri and 
Mananthavady). From each grama panchayat an equal number of 10 beneficiaries were selected randomly.   
 
Gross family income 
 
In the present study the gross family income meant the total amount of money generated per annum from all the 
sectors of animal husbandry viz., milk production, goat production, egg production, chicken production, dung 
production, selling of kids & calf, selling of productive and culled animals and income derived from chicks, as said 
by the respondents at the time of interview. On the basis of income levels obtained by the beneficiaries they were 
classified into three categories as low, medium and high income generation of families using Dalenius and Hodges 
Cumulative Square root Frequency   method 
 
Family employment 
 
In the present study the family employment meant the number of hours family members were employed in dairy 
farming, goat farming and backyard poultry farming, as said by respondents at the time of interview. Also the 
number of family members involved in various livestock activities was measured. On the basis of employment 
generated the beneficiaries were classified into three categories as low, medium and high employment generation 
using Dalenius and Hodges Cumulative Square root Frequency method 
 

RESULTS AND DISCUSSIONS 
 
The results of present study are as fallows Data in Table 1 showed that a medium level of gross annual income was 
derived in 42.66 per cent of household followed by a low level of income in 33.33 per cent households and a high 
level of income in 24.00 per cent of household. 
 
Employment generated to the beneficiary families  
 
Data in table 2.indicated that the average working hours from the animal husbandry activities.  The average working 
hours in dairy farming was 6.12 hours per day, where as in goat and poultry farming was 1.16 and 0.35 hours  
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respectively. Data in Table 3 showed that a medium level of employment was generated in 45.33 per cent of 
household followed by a low level of employment in 29.33 per cent of households and a high level of employment in 
25.33 per cent of household.It is worthwhile that as for as income and employment generationfor beneficiary families 
in the animal husbandry sector; the direction of income and employment generated was towards low to medium 
level.  This is not at all a favourable trend in view of efforts taken by the LDLS scheme.  The direction should have 
been at least towards medium to high level.  Alam (1997), Birch and shuria (2001), Deepikaet al. (2002), Chauhan and 
Kundu (2005), Maviet al.(2006) and  FAO (2010), studied the projects Smallholder Livestock Development Project, 
Wajir Pastoral Development Project, Aseel poultry projects, Intensive Cattle Development Programme, self-
employment project and Integrated Dairy Development Projects respectively reported that the income of the 
beneficiary households increased under these projects. 
 
The role of employment in poverty-reduction programmes in developing countries has received consideble attention 
worldwide, in development strategies and policies (Omoreet al., 2004).   With regard to employment generation 
among beneficiary families, Chauhan and Kundu (2005) mentioned that average daily labor utilization per household 
in all the dairy operations was found to be 5.62 man hours for the beneficiary household which was significantly 
higher than 4.90 man hours for the non-beneficiary households.  Singh et al. (2011) studied the impact of women 
dairy cooperative societies on the beneficiaries in Haryana state and found that the farm families of member group 
were spending more time on dairy farming activities than non-member group.The direction of income and 
employment generated among LDLS beneficiaries was towards low to medium level only, which is not a favourable 
situation in view of the efforts taken under the LDLS scheme. 
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Table 1. Distribution of beneficiaries based on gross annual income from animal husbandry sector. 
        n = 150 

Sl. No. Annual income (in Rupees) Frequency Percentage 
1 Low (< 145000) 50 33.33 
2 Medium (145001 to ≤ 215000) 64 42.66 
3 High ( > 215001) 36 24.00 

 Total 150 100 
 
Table 2. Employment generated to the beneficiary family in the animal husbandry sector 

 
 

 
Table 3. Distribution of beneficiaries based on employment generated to the beneficiary family in the 
animal husbandry sector    
                                                                                                           n = 150 

Sl. No. 
Employment generated (In 
hours) 

Frequency 
 

Percentage 

1 Low ( ≤ 6) 44 29.33 

2 medium (6.01 to ≤ 8.10) 68 45.33 

3 High ( > 8.11) 38 25.33 

 Total 150 100 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sl. No. 
Animal 

husbandry 
activity 

Average time spent 
(in hours) per day 

1 Dairy farming 6.12 
2 Goat farming 1.16 
3 Poultry farming 0.35 
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Listeria monocytogenes is a pathogenic bacterium that can cause Listeriosis in humans and various animal 
species. The present study was conducted to ascertain theantibiotic sensitivity of Listeria monocytogenes 
isolated from bovine mastitic milk. A total of 100 mastitic milk (clinical and subclinical) samples were 
collected from dairy farms of three different panchayaths namely Thariyode, Pozhuthana and Kalpetta 
municipality of  Wayanad district, Kerala based on California Mastitis Test and changes in udder.  Out of 
100 mastitic milk samples, L. monocytogenes was isolated from six (six per cent) mastitic milk.  
 
Key words: Listeria monocytogenes, bovine mastitic milk, antibiogram profile.  
 
INTRODUCTION 
 
“Listeriosis is one of the emerging food borne infection” (Abay et al., 2012). Listeria monocytogenes is a multi-systemic 
invasive pathogen, capable of colonising multiple host tissues, causing a range of clinical conditions in animals and 
human beings. This causes considerable morbidity and mortality in humans and livestock. The case fatality rate for 
this foodborne pathogen ranges from 15.0 to 30.0 per cent with the highest hospitalization rates (90.5 per cent) 
amongst known food-borne pathogens (CDC, 2000). It is a significant food borne pathogen due to its ability to 
survive in a wide range of environmental conditions including refrigeration temperature. Although 13 different 
serotypes of Listeria monocytogenes are known, more than 95% of isolates are from food and cases of listeriosis belong 
to 1/2a, 1/2b and 4b serotypes (Wagner and Allerberger, 2003).  
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Listeria spp. Are recognised as a causative organism for mastitis in cattle (Yadav et al., 2010). Eventhough listerial 
intramammary infections (IMI) are rare, contaminated milk and milk products have been involved in several 
outbreaks of listeriosis (Fleming et al., 1985).Even though Listeria monocytogenes is common in the faeces of cattle and 
in the farm environment, only a few cases of listerial mastitis have been reported in the literature (Sharp, 1987). The 
internalin gene inlA is necessary for the internalization of Listeria spp. into intestinal epithelial cells; the presence of 
inlC and inlJ in L. monocytogenes has been used to differentiate virulent and avirulent strains (Liu et al., 2007). The 
objectives of the present study were to isolate Listeria spp. from bovine mastitis cases and to analyse the antibiogram 
profile of the isolates.  
 

MATERIALS AND METHODS 
 
Collection of masitic milk samples 
 
The study was under taken for a period of 10 months from June 2014 to March 2015. On the basis of CMT and 
consistency of milk and udder changes a total of 100 mastitic milk which included 56 sub-clinical and 44 clinical 
mastitic milk samples were collected from three different regions namely, from Kapletta 34, from Thariyode 33 and 
from Pozhuthana 33. The milk samples were transported to laboratory in insulated containers and processed in lab 
within 6 hours of collection. 
 
Isolation of L. monocytogenes 
 
A standard protocol described by Thomas et al. (1991) was followed with slight modifications for the isolation of L. 
monocytogenes. A total of 10g sample (millilitres in case of liquid samples) were transferred into a sterile stomacher 
bags containing 0.5 per cent sterilized peptone water and homogenized.In this method, a two-step enrichment 
procedure using UVM I and II broth was followed. In primary enrichment, UVM I was used. Acriflavin (6 mg) and 
Nalidixic acid (10 mg) are the selective agents used in the UVM I media. One ml of the homogenized suspension was 
transferred to 9ml of UVM I and incubated at 370C for 24 h. The secondary selective enrichment was carried out in 
UVM II broth, which contained the selective agents at higher concentration (Acriflavin 12.5 mg and Nalidixic acid 10 
mg). From the primary enriched UVM I broth culture, 0.1 ml was transferred to 10 ml of UVM II broth and incubated 
at370C for 24 h. Aloopful of the inoculum from the enrichment broth was streaked onto duplicate plates of PALCAM 
agar medium.  The plates were incubated at 370C for 24 h. At the end of incubation, colonies showing characteristic 
appearance (grey-green with black centre colonies surround with black halo) on PALCAM agar medium were 
selected and transferred onto nutrient agar slants and incubated at 370C overnight. The isolates were stored at 
refrigeration temperature for characterization. The isolates were subjected to staining, biochemical and molecular test 
(PCR). 
 
Molecular confirmation of Listeria monocytogenes 
 
The PCR confirmation L. monocytogenes isolates as per the protocol described by Mcclain and Lee (1998).  
 
PCR Technique 
 
The primer pair consisting of primer hlyA1 5’- GCAGTTGCAAGCGCTTGGAGTGAA-3’ and hlyA2 5’- 
GCAACGTATCCTCCAGAGTGATCG-3’ was used for the amplification of a 432 bp region of the hlyA gene. PCR 
was performed in a 25µl reaction mixture with a PCR buffer containing 200 µm concentration of each 
deoxynucleoside triphosphate (dNTP), 10 mMTris-Hcl (pH 8.3), 1.5 mM MgCl2, 1 unit of Taq polymerase (Promega), 
0.25 µM concentration of each primer and 2.5 µl of DNA template. DNA amplification was carried out for 34 cycles in 
25 μl of reaction mixture as follows: denaturation at 94°C for 50 seconds, annealing at 60°C for 50 seconds, extension 
at 72°C for 90 seconds, with final extension at 72°C for 5 minutes.The amplified DNA was analyzed by agarose gel 
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electrophoresis on a 1.5 % agarose (GeNei™, Mumbai) gel prepared in 1X Trisacetate EDTA buffer (40mM Tris, 
20mM acetic acid and 1mM EDTA) stained with ethidium bromide (0.5µg/ml). A 100 bpDNA ladder(Bangalore 
Genei, India) was used as a reference marker. Tris-acetate EDTA (0.5´) was used as the running buffer and the gel 
was viewed using UV transillumination at a wavelength of 254 nm. 
 
Antibiotic Susceptibility Test 
 
The antibiotic susceptibility profile of the isolates of L. monocytogenes was studied as per the guidelines provided by 
Clinical Laboratory Standards Institute (2010). The bacterial isolates obtained in the present study were subjected to 
disc diffusion assay as per the method described by Bauer et al. (1966). Selection of antibiotics was based on the 
treatment information obtained from Veterinary and Medical Clinicians.  The antibiotic discs used in the study were 
procured from HiMedia Laboratories Ltd., Mumbai. E. coli ATCC 25922 and Staphylococcus aureus ATCC 83452 were 
used as a quality control strains for L. monocytogenes isolates.  
 
A loopful of pure culture for each test isolate recovered was transferred into a tube containing five ml of nutrient 
broth medium. The broth culture was incubated in shaker water bath at 370C to obtain the turbidity of the 0.5 
McFarland standard tube. After incubation, the test isolate culture was spun at 5000 rpm for five min, to obtain a 
pellet which was later dissolved using one ml of sterile normal saline solution resulting in an approximately 1 to 2 × 
108 cfu/ml count for each test isolate. This culture was evenly spread MH agar containing five per cent sheep blood 
for L. monocytogenes isolates, using a sterile cotton swab. Antibiotic discs were placed on inoculated agar surface at 
about two to three cm apart.  Each disc was pressed down to ensure complete contact with the agar surface.The 
plates were inverted and incubated at 37°C overnight. The zones of inhibition diameter were measured for each 
antibiotic, initially for quality control strain and also for all test strains. The obtained data was compared with 
interpretative chart furnished by the manufacturer to grade the test isolates as sensitive, intermediate and resistant 
for respective antibiotics. 
 
All the isolates were tested against 12 different antibiotics viz. Amoxyclav (30µg), Ampicillin (10µg), Ceftriaxone 
(30µg), Erythromycin (30µg), Chloramphenicol (30µg), Ciprofloxacin (5µg), Co-Trimoxazole (25µg), Gentamicin 
(10µg), Methicillin (5µg), Tetracycline (30µg), Vancomycin (30 µg) and streptomycin (10µg). 
 

RESULTS 
 
Out of 100 mastitic milk samples, six (6 per cent) samples were positive for L. monocytogenes. In Kalpetta three (8.82 
per cent) samples were positive for L. monocytogenes. L. monocytogenes was confirmed in two (6.06 per cent) samples of 
Thariyode. In Pozhuthana, one (3.03 per cent) sample was positive for L. monocytogenes (Table 29). 
 
Antibiotic susceptibility of L. monocytogenes isolates 
 
The L. monocytogenes isolates were found highly sensitive to ceftriaxone (83.33 per cent), ciprofloxacin (83.33 per cent) 
and least sensitive to erythromycin (33.33 per cent), ampicillin (33.33 per cent) and co-trimoxazole (16.66 per cent) 
and completely resistant to methicillin and amoxyclav. 
 
Discussion and Conclusion 
 
In the present study, L. monocytogenes was isolated from six per cent mastitic milk samples from all the three regions. 
Yadav et al. (2010) isolated L. monocytogenes from 3.52 per cent of the mastitic milk samples collected from various 
regions of Gujarat. The present findings were in agreement with observations made by Vilar et al. (2007) who isolated 
this organism from 6.1 per cent of the raw milk samples in Spain. In conclusion, recovery of L. monocytogenes from 
bovine mastitic milk samples underscores the zoonotic potential of listeriosis. Thus, studies regarding 
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epidemiological and zoonotic potential of L. monocytogenes are essentially required with special emphasis being given 
for improved diagnosis, prevention and control measures.  
 
The isolates were found highly sensitive to ceftriaxone (83.33 per cent), ciprofloxacin (83.33 per cent) and least 
sensitive to erythromycin (33.33 per cent), ampicillin (33.33 per cent) and co-trimoxazole (16.66 per cent) and 
completely resistant to methicillin and amoxyclav. These findings were in accordance Dehkordi et al. (2013) who 
reported higher sensitivity of L. monocytogenes isolates from raw milk samples to ciprofloxacin and lower sensitivity 
to penicillin in Iran. As the isolates were found highly resistant to the antibiotics there is a need for judicious use of 
antibiotics.  
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Table.1. Collection of clinical and subclinical mastitic milk samples 
 

Regions Subclinical mastitic milk samples Clinical mastitic milk samples 
Kalpetta 15 19 

Thariyode 17 16 
Pozhuthana 24 9 

Total 56 44 
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Table 2. Details of primers used in this study 
 

Gene  
 
 

Target 
organism 

       Primer sequence Amplification 
on size 
 

Reference 

hlyA L. monocytogenes F 5′-
GCAGTTGCAAGCGCTTGGAGTG
AA-3 

432bp Furreretal. 
(1991) 

R 5′-
GCAACGTATCCTCCAGAGTGAT
CG-3′ 

prfA L. monocytogenes F 
5′CTGTTGGAGCTCTTCTTGGTGA
AGCAATCG-3′  

1031bp Paziak-
Domansca 
etal.    
 (1999) R 5′-

AGCAACCTCGGTACCATATACT
AACTC-3′ 

plcA L. monocytogenes F 5′-
CTGCTTGAGCGTTCATGTCTCAT
CCCCC-3′ 

1484bp Notermans et al. 
(1991a) 

R 5′-
CATGGGTTTCACTCTCCTTCTAC
-3′ 

 
Table.3. Occurrence of L. monocytogenes in bovine mastitic milk 
 

Sl. 
No. 

Areas of 
collection 

No of 
samples 
collected 

Samples positive for L. monocytogenes 

By culture method 
No (Per cent) 

PCR method 

1 Kalpetta 34 3 (8.82) 3 (8.82) 

2 Thariyode 33 3 (9.09) 2 (6.06) 
3 Pozhuthana 33 1 (3.03) 1(3.03) 

                Total 100 7 (7.00) 6 (6.00) 
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Plastinated heart samples used by different infilteraing media such as Von-Gunther’s biodur infilteration, 
Jelly wax, teacup and thermacol resin and Pongamia oil were studied for the histological details such as 
cross striatations and intercalated disk. It was found that the specimens using Plastic teacup & thermacol 
resin was considered to be best for the histological study of cardiac muscle fiber. 

 
Key words: Histology ,cardiac muscle, infilterating medias, comparsion 
 
INTRODUCTION  
 
Plastination is a method of preservation of biological organs using resin or other infilterating medias in a dry form. 
However, the histological study of such Plastinated specimens have not been compared using different infilterating 
media to identify the best infilteratimg media for more detail histology and staining affinity, the present study has 
been undertaken. This will help the histologist to choose the correct infilterating media for other tissues and different 
staining methods. 
 

MATERIALS AND METHODS 
 
Cardiac tissue infilterated with Biodur [Fig.V] was procured from Netherlands. Similarly, heart samples from local 
abattoir were collected and were fixed in 10% Neutral buffer formalin and processed by routine method [Singh and 
sulochana, 1996], but instead of routine paraffin infilteration, different infiltration media like with jelly wax[Fig. VI], 
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Plastic tea cup & thermacol resin[Fig.VIII] and Vegetable Oil (pongamia oil)[Fig.VII] were used. By dissolving jelly 
wax, plastic teacup & thermacol in organic solvent respective resin was prepared, pongamia oil is readily available in 
the market. Before blocking tissues with paraffin, cardiac tissues were subjected to deplastination in organic solvent. 
All the blocks were cut at 6μ and stained with H& E (Culling, 1974). 
 

RESULTS AND DISCUSSION 
 

The infilterated heart samples were processed and stained with Haematoxylin and eosin, it was found that the biodur 
infilterated heart muscle (Fig. 1) did not show clear striations and also the sections were not uniform. Because the 
biodur has infilterated intracellularly and even after deplastination, it was not compatible for tissue sectioning and 
staining. The use of biodur infilterating media was costly as compared to other infilterating media which is not 
affordable in developing countries. In jelly wax infilteration the sections were uniform but did not show the striation 
and intercalated disc (Fig. 2).  The cytoplasmic and nuclear stain of the fibers were more clear in the oil infilterated 
sample (Fig. 3) which were similar to that of jellywax. (Manjunath, 2014) has studied the light microscopic 
architecture in spleen, liver, kidney of pig by using plastic teacup and thermacol resin infilteration media and 
showed excellent tissue morphology and concluded that this method can be considered for histological and 
histopathological study. (Griodan et all 1994; Ripani-1996) employed silicon resin as infilterating media and 
deplastinated with sodium methoxide and observed that Plastinated specimens could be considered viable for 
structural details. (Ravi and Bhat, 2011) also used silicon embedded tissue sections after proper deplastination and 
suggested that this method can be used for both light and electronic microscopic study, However, the procedure was 
a prolonged method. (Ramya, 2015) also studied different infilterating media including double infiltration technique 
and concluded that the double infilteration method using 15% jellywax as a first infilterating media with 3 changes 
with 1 hour interval at room temperature and second infilterating media as paraffin wax at 580C with 3 changes of 1 
hour interval. she mentioned that double infilteration method, with this combination showed better results and 
cellular details in heart muscle as compared to paraffin and paraffin with cerasin infilteration method. Hence, in the 
present study the plastic teacup and thermacol infilterated cardiac muscle fibers showed uniform sectioning and 
staining with distinct striations and intercalated disc with uniform distribution of cytoplasm and nuclear stain (Fig. 
4). This method is short and economical compared to other methods, Hence, this method can be recommended for 
the histological study of different organs.  
 

CONCLUSION 
 
Among the four infilterating media studied, the plastic tea cup and thermacol resin is economical and best 
infilterating media for studying histology of cardiac muscle fibers. Such, infilterating media can be used for 
plastination of organs collected from endangered species / near extinct species after their death and which can be 
further used for studying histoarchitecture of the collected organs. 
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Fig. 1: Biodur infilterated cardiac tissue did not show clear striations and also the sections were not 
uniform -100X 

 

 

 

 

 

 

 

 
Fig. 2 Jelly Wax infilterated cardiac tissue sections were uniform but did not show the striation and 

intercalated disc -400X 
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Fig. 3 Vegetable oil (Pongamia oil) infilterated cardiac tissue .The cytoplasmicand nuclear stain of the 
fibers were more clear in the oil infilterated sample - 400x 

 
 

 

 

 

 

 

Fig. 4   Plastic Teacup and Thermacol resin infilterated cardiac tissue showinguniform sectioning and 
staining with distinct striations and intercalated disc with uniform distribution of cytoplasm and 

nuclear stain - 400x 
   

 
Fig. 5 Plastinated heart using biodur infilterating media 
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Fig. 6. Jelly wax infilterated heart 

 

Fig. 7.  Vegetable Oil (pongamia oil) as an Infiltrating Media for cardiac tissue 
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Fig.8.Tea-cup & Thermocol resin infilterated Heart specimens 
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A number of studies show that, the QTLs (Quantitative Traits Loci) for resistance togastrointestinal 
nematodes in ruminants are located on chromosomes. The MHC has been consistently associated with 
nematode resistance and the polymorphismin MHC class II genes is playing important role in resistance 
to gastrointestinal nematodes. The polymorphisms of MHC genes stronglyinfluence the outcome of 
infection and lead to genetic resistance to infections. The widestpolymorphism among the MHC genes is 
found in locus DRBand DQA. The most frequentlyinvestigated fragment of the DRBand DQAgene covers 
exon 2, which codes the binding sitefor a foreign protein.The present study was to know the 
polymorphism in the cahi-DRB3 gene in resistance to Kumaon hill goats. A total of 60 animals were used 
for analysing resistance of Kumaon hill goats. The blood samples were collected and genomic DNA was 
isolated. The cahi-DRB3 gene was amplified from the genomic DNA, purified and sequenced for the 
polymorphism. The cahi-DRB3 sequences of revealed single band of 319bp including 267bp exon 
2encoding 89 amino acid.The sequence obtained was analysed and found the existence of ten cahi-DRB3 
alleles in Kumaon hill goats. The occurrence of alleles varied with different proportion among the 
population.  
 
Key words: DRB3, polymorphism, MHC, Gastrointestinal nematodes 
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INTRODUCTION  
 
Grazing animals are permanently exposed to infection with larvae of gastrointestinal nematodes. Parasitic infection is 
one of the main problems causing considerable losses in ruminants causing decrease in productivity (Perry and 
Randolph, 1999), mortality (Sykes, 1994), and high economic losses (Iqbal et al., 1993) in small and marginal farming 
communities. Among the diseases that constrain the survival and productivity of sheep and goats, gastrointestinal 
nematodes (GINs) infection ranks highest on a global index, with Haemonchus contortus being of overwhelming 
importance (Perry et al., 2002). Along with Haemonchus contortus, Trichostrongylus colubriformis and Oesophagostomum 
columbianum are common in small ruminants in India (Annual report GIP, 2010). The economic losses in ruminants 
due to parasites in the United States are estimated at more than $ 3 billion per year (Smith, 2002). The annual losses 
due to GINs in sheep and goats in Australia are estimated 400 million Austrlian dollars (AUD) (Sackett et al., 2006). 
The mortality due to sheep helminths in Australia accounts for 41 million AUD (McLeod, 1995). The projected losses 
due to strongyle infection in goats in Madhya Pradesh were Rs. 657 million, while it was Rs.73 million in Meghalaya. 
The mean loss per animal in sheep and goat was Rs.336 and 580, respectively (Annual report on GIP, 2011).The 
control of the nematode infestations in ruminants relies mainly on the proper organization of grazing and (or) use of 
anthelmintic agents. One of the novel approaches is the characterization and utilization of host genetic variation for 
resistance or resilience to endoparasites. It is carried out by selection and breeding of animals genetically resistant 
tonematodes (Baker et al., 1999; Bishop and Stear, 1999). The selection of animals, which are genetically resistant to 
infection by gastrointestinal nematode parasite, is an attractive approach because resistance traits are readily 
disseminated through the sale of resistant animals and it can provide long term solutions.  
 
A number of studies show that, the QTLs (Quantitative Traits Loci) for resistance to gastrointestinal nematodes in 
ruminants are located on chromosomes. The major histocompatibility complex (MHC) has been consistently 
associated with nematode resistance (Schwaiger et al., 1995; Dukkipati et al., 2006). The polymorphism in MHC class 
II genes is playing important role in resistance to helminths, in which DRB and DQA locus are important in small 
ruminants. They encodes for beta chain and α-chain of the DR and DQ molecules respectively found in high 
concentrations on the surface of antigen-presenting cells. MHC class II molecules are found on the surface of antigen-
presenting cells (APC), mainly on B lymphocytes, macrophages and dendritic cells and are responsible for presenting 
exogenous antigens to CD4+ T lymphocytes. Apeptide binding groove is formed in between α1 and β1 domains with 
a beta pleated floor and,the greatest polymorphic variability in the amino acids is in those facing the groove.A 
number of studies showed that the MHC region had a statistically significant association with gastrointestinal 
nematode parasite resistance (Schwaiger et al., 1995; Outteridge et al., 1996; Paterson et al., 1998; Van Haeringen et al., 
1999). The MHC of goat (Cahi/GoLA/CLA) is located on chromosome 23 (Vaiman et al., 1996).  
 

MATERIALS AND METHODS 
 
Animals for study 
 
The experimental local hill goats used in present study belonged to Indian Veterinary Research Institute herd 
maintained at IVRI, Mukteshwar (Nainital, Uttarakhand) is located in the temperate Himalayan region of India at 
29028′20″N, 79038′52″E, and has an average elevation of 2,171 metres (7,123 feet) above the mean sea level (msl).  
 
Blood sample collection 
 
The Blood samples (5ml) were collected aseptically in plastic containers with anticoagulant (0.1% ethylene diamine 
tetraacetic acid (EDTA)) from the jugular vein from 60 local hill goats. 
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Isolation of Genomic DNA  
 
The genomic DNA was isolated using the ‘Genomic DNA Purfication Kit’ supplied by Qiagen using standard 
protocol. The isolated DNA was resolved by 0.8% agarose gel and checked for concentration and quality. The quality 
(ratio of A260/A280) and quantity (ngμl-1) of genomic DNA was estimated using NanoDrop (NanoDrop 1000-Thermo 
Scientific Spectrophotometer, USA).  
 
Amplification of cahi-DRB3 exon 2 
 
The PCR was standardised for amplification cahi-DRB3 exon 2 from genomic DNA withprimers described by Baxter 
et al., (2008). The PCR was standardised with annealing temperature 58.5°C.  

Sequence based typing and analysis 
 
The sequences obtained from the forward and reverse reactions of each gene were analysed using GENE TOOL and 
Lasergene program (DNASTAR, Madison, WI) software as well as visually using chromogram of corresponding 
gene. The nucleotide sequences were compared with sequences in the GenEMBL database using the BLAST 
algorithm. The heterozygous positions were assigned ambiguity codes as recommended by the IUPAC-IUB 
Biochemical Nomenclature Commissions. A consensus of nucleotide sequence containing ambiguity codes at 
heterozygous positions was generated.The analysed sequences were compared with published sequences of Chinese 
indigenous goat and chegu goat. 
 

RESULTS AND DISCUSSION 
 
The PCR amplicons of DRB3 revealed 319bp in agarose gel electrophoresis (Fig.1). The amplified products consisted 
of 267bp exon 2 and both side of exon flanked by introns. The PCR samples were purified and sequenced for exon 2.  
 
Sequence results 
 
The PCR was standardised with annealing temperature 58.5°C. The PCR amplicons of DRB3 revealed 319bp in 
agarose gel electrophoresis. The amplified products consisted of 267bp exon 2 and both side of exon flanked by 
introns. The PCR samples were purified and sequenced for exon 2. It was found that DRB3.2 gene is highly 
polymorphic. By comparing with the published deduced amino acid sequences, it was found that the glycosylation 
site (amino acid positions 19 to 21) was conserved and the codon positions from 51 to 55 of many of the animals were 
similar to amino sequence TELGR. The analysis of sequences revealed single band of 319bp including 267bp exon2 
encoding 89 amino acid (Fig. 2). The analysis of the DRB3.2 sequences of hill goats revealed existence of six alleles 
namely Cahi DRB3.2, Caae DRB3.2, DRB*01, DRB*02, DRB*03 and DRB*18. The frequency distribution of different 
alleles is given in (Table. 2). The frequency of occurrence of Cahi DRB3.2 allele is maximum with 45.2%, followed by 
DRB*02 (29%), Caae 3.2 (12.9%), DRB*18 (6.5%) andothers alleles with 3.2%. The nucleotide sequence alignment of 
cahi-DRB3 with published alleles reveals variation in 71 nucleotide (Fig.2) and 55 aminoacid positions. The 
nucleotide identity with published alleles was between 88-98%. (Fig.3) and phylogenetic analysis is given in Fig.4.The 
polymorphism in MHC gene is strongly influence the outcome of infection and lead to genetic resistance to 
infections. The main function of MHC molecule is the presentation of peptide antigen to T lymphocytes. Special 
attention is paid to the MHC class II molecules that induce the immune response in case of extracellular infection. 
The widest polymorphism among the MHC genes is found in locus DRB. This gene encodes the beta chain of the DR 
molecule, a protein found in high concentrations on the surface of antigen-presenting cells. The most frequently 
investigated fragment of the DRB gene covers exon 2, which codes the binding site for a foreign protein (Charon, 
2003). The present study is designed to study the genetic diversity in hill goats of Uttarakhand with respect to MHC 
class DRB3.2, hitherto no one studied any of the genetic study in these goats. The important feature of MHC class II 
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genes is the extensive polymorphism and this polymorphism is characterized by a large number of alleles at each 
locus and a large number of amino acid substitutions between alleles. Associations of alleles of the bovine major 
histocompatibility complex DRB3 exon 2 (BoLA DRB3*02) with occurrence of disease and production traits have 
previously been documented (Sharif et al., 1998). However, little is known about the associations between CLA-
DRB3*02 alleles and the resistance to disease (nematode infection) and production traits (e.g. meat and milk) of goat. 
 
 In this study, the highly polymorphic nature of caprine DBR3 gene exon 2 has been demonstrated by PCR and 
sequence analyses. The extensive polymorphism observed at caprine DRB3.2 locus shows the hallmark typical of 
classical MHC genes, i.e. (1) multiple nucleotide and amino acid substitutions between alleles, and (2) a large number 
of alleles (Snibson et al., 1998). The analysis of sequences revealed single band of 319bp including 267bp exon2 
encoding 89 amino acid. Among the 267 nucleotides and 89 amino acid positions, 49 (18.35%) nucleotide positions 
and 34 (38.2%) amino acid residues were variable. It was found that DRB3.2 gene is highly polymorphic. The 
analysed sequences were compared with published sequences of Chinese indigenous goat and chegu goat. By 
comparing with the published deduced amino acid sequences, we found that the glycosylation site (amino acid 
positions 19 to 21) was conserved and the results are similar to previous report (Meng Hua Li et al., 2006). Also, the 
codon positions from 51 to 55 were similar to amino sequence TELGR of many of sequences, which was found to be 
highly conserved in primate DRB genes. This position is located at the transition between β sheet and α helix and is 
encoded by a nucleotide sequence, which is believed to promote recombination both between different alleles and 
between different loci (Gyllensten et al., 1991). The frequency distribution of both alleles and genotypes of hill goats 
at DRB3*02 are deviated highly from homogeneity expectation among goat populations. The pattern of 
polymorphism in six DRB3*02 alleles in the hill goats of Uttarakhand are matching to Chinese indigenous goats 
(Meng Hua Li et al., 2006). In addition to highly polymorphic regions, the conserved structure present in the DRB3*02 
alleles in Uttarakhand goat populations suggested that there were antigens specific for infectious agents of goat. On 
the other hand, the high level of polymorphism found in CLA-DRB3*02 corresponded to a wide range of antigens. 
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Table 1: Primers for the PCR amplification and sequencing of DRB3 Gene  
 

Orientation Primer  Sequence (5′ - 3′) Length(bases) 
Sense DRB3FRW CGC TCC TGT GAY CAG ATC TAT CC 23 
Antisense DRB3REV CAC CCC CGC GCT CAC C 16 
 
Table.2.The frequency of different DRB3 alleles in Kumaon hill goats 

 
 
 
 
 
 
 
 
 
 

Allele Frequency Percent (%) 

DRB*01 1 3.2 

DRB*02 9 29.0 

DRB*03 1 3.2 

Cahi DRB3.2 14 45.2 

Caae DRB3.2 4 12.9 
DRB*18 2 6.5 

Total 31 100.0 

Subramani et al. 

http://www.tnsroindia.org


Indian Journal Of Natural Sciences                                                                          www.tnsroindia.org. © IJONS                                        
 

Vol.6 / Issue 34 / February 2016                           International Bimonthly                                     ISSN: 0976 – 0997        
 
 
 

10569 
 

   

 
 

Fig.1.The amplification of Cahi–DRB3 exon 2 showing a band at 319bp in Kumaon Hill goats 
Lane M: 100bp plus DNA ladder 

Lane 1-6: 319bp PCR product of DRB3 exon 2 

 

Fig.2.The Nucleotide sequence alignment of cahi-DRB3 with published alleles (cont..) 

M 1 2 3 4 5 6 

100bp 

500bp 

1031bp 
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Fig.2.The Nucleotide sequence alignment of cahi-DRB3 with published alleles 

 

 

Fig.2. The Nucleotide sequence alignment of cahi-DRB3 with published alleles. 
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Fig.2.The Nucleotide sequence alignment of cahi-DRB3 with published alleles (cont..) 
 

 

Fig.3.The nucleotide sequence homology of cahi-DRB3with published alleles 
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Fig.4.The phylogenetic analysis of cahi-DRB3 with published alleles 
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Present study was conducted to evaluate the bacterial quality of broiler meat available in20 local 
marketsin 6 different locations of Wayanad district, Kerala state. The bacterial colonies (Total viable 
count-TVC, Coliform count-CC, E. coli count- ECC, Faecal Streptococcal count-FSC) were counted after 
incubation at specified temperature.  The counts per gram of the sample were estimated by multiplying 
the mean colony forming unit (CFU) count of the sample in duplicate plates with the dilution factor.  A 
total of 40 samples (in duplicates) were collected from retail outlets of Wayanad district. The analysis of 
samples revealed the total viable count ranged from 8.2 x103 to 1.86 x105cfu/ml, with lowest count from 
Kalpetta region.  Further, the carcasses had counts at the level of 3, 2, 2.0 log10cfu/mL for coliforms, 
generic E. coli, and faecal streptococcus, indicating significant contamination. Poultry meat contamination 
with microorganisms which cause deterioration in food quality, and foodborne diseases, is a major 
challenge for poultry industries, which can be prevented by adopting the use of modern slaughtering 
technologies and practicing preventive measures on poultry farms  
 
Key words: Broiler meat, Microbial Quality, Kerala 
 
INTRODUCTION 
 
Poultry is an important part of the animal food and the volume of their production,marketing and consumption is 
increasing to satisfy the public demand worldwidewithin the last decades (Bryan, 1980; Anandet al.,1989; Mead 
2004).The presence of pathogenic and spoilage microorganisms in poultry meat and its by-products remains 
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asignificant concern for suppliers, consumers and publichealth officials worldwide Food borne diseases associated 
with the consumption of poultry meat and  its processed products are of public health  significance worldwide 
(Chaiba et al.,2007). The consumption of poultry meat increased worldwide within last decade (Mead.2004). And 
Poultry meat is more popular in the consumer market because of advantages such as easy digestibilityand acceptance 
by the majority of people (Yashoda et al., 2001). However meat is most perishable of all staple foods since it contains 
sufficient nutrient needed to support the growth of microorganisms (Maripandi, A. and A.A. Al-Salamah, 2010). 
Contaminated raw meat is one of the main sources of food-borne illnesses (Bhandare et al.,2007). There are few 
surveys and lack of information on bacteriological status of poultry meat in the retail markets of Wayanad district. 
Since the chicken meat is directly sold on the same day at ambient temperature in open outlets, it seems important to 
investigate microbial quality such as total viable count, E.coli , faecal streptococci. Coliformcount.Therefore this study 
was conducted to investigate the microbial quality of raw broiler meat available in all common retail shops of 6 
different places of Wayanad district. 
 

MATERIALS AND METHODS 
 
Sampling of materials 
 
A total of 40 broiler meat samples (in duplicates) were collected from 20 retail outlets in 6 different locations of  
Wayanad district.10-20 gm of meat sample is collected from each market inSterile polythene covers.The collected 
samples of each market werelabeled transported to laboratory in thermocool boxes with ice for further analysis. 
 
Microbiological assay  
 
Preparation of dilutions;10 gm of meat sample is triturated with 90ml peptone water (0.5%)using sterile mortar and 
pestle(10 fold dilution).1 ml ofhomogenised meat solution is then transferred in to 9 ml of 0.5% peptone water to 
form 10-2 dilution , same was fallowed  to  get  10-3 dilution. 
Total viable count; one ml of each dilution (10-2&10-3) was pipette in to sterile Petri plates and mixed with 25 ml of 
plate count agar at 40-450c uniformly under sterile conditions. Solidified Plates were incubated upside down at 
390c.After 24 hours the number of all colonies on the plate (between 30-300) was counted for each dilution. Each 
colony forming unit represented abacterium that was present in the diluted sample, therefore the concentration 
ofviable bacteria per milliliter in initial sample can be calculated and expressed inCFU /ml. 
Fecal streptococcal count;0.1ml of each (10-2&10-3) dilution was spread out on a sterile Petri-dish contained a 
solidified KF streptococcal agar using sterile L shaped glass rod. Then all plates incubated upside down at 37°C. 
After 24 hours thenumber of all colonies on the plate (between 30-300) was counted for each dilution. 
Coliform count;using solidified VRBA plates coliforms counts were taken as described above for fecal streptococci. 
E.coli count;using solidified EMB platesE.colicounts were taken as described above. 
 

RESULTS 
 
Meat and surface samples included in this study showed high viable bacterial counts as shown in table 1. The 
analysis of samples revealed the total viable count ranged from 8.2 x103 to 1.86 x105cfu/g, with lowest count from 
Kalpetta region.  Further, the carcasses had counts at the level of 3, 2, 2.0 log10cfu/g for coliforms, generic E. coli, and 
faecal streptococcus, indicating significant contamination 
 

DISCUSSION AND CONCLUSION 
 
Observations showed heavy bacteriological load in meat with total viable counts ranging from 8.2 x103 to 1.86 
x105CFU/g. The broiler meat had counts at the level of 3, 2, 2.0 log10cfu/g for coliforms, generic E. coli, and faecal 
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streptococcus. Amara et al. (1994) reported TVC of chicken meat as high as 6.6-7.2 log cfu/g while Oumokhtar (2000) 
reported a mean TVC of 4.5 log cfu/g. These counts were lower than 6.18 log10 cfu/g, 5.37 log10 cfu/cm2 and 6.14 
log10cfu/g ofcoliforms, E. coliand faecal streptococci reported by Chaiba et al. (2007). The TVC were lower than 5 X 
105 to 107 cfu/g as detected by Heetun et al. (2015) and E. coli counts were higher than 2 X 10 cfu/g reported by Heetun 
et al. (2015). Bhicoo (2011) who observed an average population of 5.6 log cfu/g of total coliforms for chicken sourced 
from markets which were higher than the present study findings. The higher microbial counts in broiler meat 
showed there is risk of health hazard in meat handlers and consumers. Routine examination of poultry meat and 
education of butchers and consumers regarding the importance of these pathogens and maintenance of hygienic 
conditions during slaughtering, processing need to be implemented to reduce the risk of infection.  
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   fig 1. Graphs showing  
 
 
 
 
 
 
 
 

Fig.1. Graphs showing bacterial count in various media 
 

Table 1.Bacterial  counts of meat samples of retail outlets of Wayanad district (CFU/g in different 
media) 
 
 
Location  
 

 
Market 
no.  

 
 TVC 

 
VRBA 

 
EMB 

 
KF 

 
Vythiri 

 
01 

 
0.96x104 

 
2.6 x103 

 
-ve 

 
3.1 x103 

02 1.09x104 8.2 x103 -ve 2.7 x103 
03 1.53x104 1.4 x103 0.3 x103 2.9 x103 
04 1.91x104 9.9 x103 1.7 x103 03 x102 

Meenangadi 05 1.57x104 0.4 x103 -ve 1.7 x103 
06 3.30x104 2.2 x103 -ve 2.0 x103 
07 2.09x104 3.8 x103 0.5 x103 1.3 x103 
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08 3.07x104 5.6 x103 0.3 x103 1.2 x103 

Chundale 09 2.67x104 2.6 x103 0.5 x103 3.9 x103 
10 2.08x104 7.4 x103 6.2 x103 3.8 x103 
11 2.80x104 0.7 x103 1.8 x103 2.3 x103 
12 2.83x104 2.6 x103 0.5 x103 2.4 x103 

Mepadi 13 2.80x104 0.9 x103 -ve 2.5 x103 
14 1.05x104 -ve 2.5 x103 1.3 x103 

15 3.30x104 0.7 x103 -ve 1.2 x103 
Kovoor 16 2.93 x104 1.9 x103 1.2 x103 7.3 x103 

17 2.34 x104 5.2 x103 1.8 x103 2.8 x103 

Kalpetta 18 1.26 x104 -ve -ve 0.4 x103 
19 0.82 x104 0.1 x103 -ve 0.8 x103 
20 2.40 x104 1.2 x103 -ve 1.7 x103 
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A three month old male Jersey crossbred calf was presented to Veterinary dispensary, Manchikeri of 
Karwar district in Karnataka with a history of anuria for the past 36 hours. Physical examination was 
carried out to check the status of the urethra and urinary bladder. Lateral abdomen radiography revealed 
that there was no radiopaque calculus in the urinary system and bladder was found distended. 
Ultrasonography revealed an intact distended bladder. The condition was diagnosed as obstructive 
urolithiasis based on the history of anuria, clinical signs and physical examination. Tube cystostomy was 
performed under general anaesthesia with diazepam-ketamine combination to effect. Routinely post-
operative antibiotic, analgesic and urinary acidifier ammonium chloride were given. The tube was 
removed on 10th post-operative day. Animal started normal urination and had an uneventful recovery. 
 
Key words: Urolithiasis, Calf, Foley’s catheter, Tube Cystostomy 
 
INTRODUCTION 
 
Urolithiasis is the formation of urolith(s), which may lodge anywhere in the urinary system but most frequently at 
the distal end of sigmoid flexure in ruminants and causes obstruction to urine flow (Radostitiset al., 2000).Occurrence 
of urolithiasis is significantly more common in male ruminants compared to females due to their anatomical 
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conformation of the urethral tract (Smith and Sherman, 1994).The female have short, wide, and straight urethra while 
the male has long, narrow and tortuous urethra which makes them more prone to urethral obstruction, particularly 
distal aspect of the sigmoid flexure in bovines and urethral process in sheep and goats. The decreased urethral orifice 
is a major predisposing factor for obstructive urolithiasis(Smith and Sherman, 1994). In addition, factors such as diet, 
age, breed, genetic makeup, season, soil, water, mineral, and urinary tract infections plays an important role in the 
genesis of urolithiasis (Udall and Chow, 1969). The clinical signs and physiological parameters of urolithiasis may 
vary with the degree of urethral obstruction, its duration, age and sex of the animals, and status of urinary bladder 
and urethra.Urethral obstruction in calves is a fatal disease that predisposes to high mortality rate unless the animal 
is subjected to emergency surgical treatment for correction of the obstruction. Medical treatment of obstructive 
urolithiasis in ruminants has generally beenunrewarding.Multiple surgical techniques have been described for 
treatment of such affection including urethrotomy (Singh et al., 2010),urethrostomy(Khan et al.,2009), penile 
transaction with urethral fistulation(Misk and Semieka, 2003), tube cystostomy(Kushwahaet al., 2007),bladder 
marsupialization (May et al., 1998) and laparotomy and urethrotomy(Abdel and Sedeek, 2005). In spite of all these 
surgicaltechniques, a frustrating situation arises when surgeon hasto treat an affected calf, as the surgeon has to 
weightadvantages against disadvantages of each technique andthe benefits against the cost of treatment, and to 
determinethe effect of the technique on breeding capability of thecalf. Currently the most successful method of 
treating obstructive urolithiasis both in cattle and small ruminants is surgical tube cystostomy. It diverts urine 
through a catheter placed from the urinary bladder exiting through the body wall. The catheter is then intermittently 
occluded to encourage urination through the urethra.  
 

MATERIALS AND METHODS 
 
A three month old male Jersey crossbred calf was presented to Veterinary dispensary, Manchikeri of Karwar district 
in Karnataka with a history of anuria, inappetance, dull and depression (Fig. 1). Physical examination revealed 
distended abdomen and urinary bladder. Lateral abdomen radiography revealed, there was no radiopaque calculi in 
the urinary system and bladder was distended. Ultrasonographic examination revealed an intact distended bladder. 
Physiological parameters like heart rate, rectal temperature, respiratory rate and capillary refill time were within the 
normal range.The condition was diagnosed as obstructive urolithiasis based on the history of anuria, clinical signs 
and physical examination. Since, exact site of obstruction was not known, surgical tube cystostomy was resorted to.  
 
General anaesthesia was induced using diazepam at the rate of 0.2mg/kg body weight and ketamine hydrochloride at 
the rate of 2mg/kg body weight and were given intravenously and maintenance using diazepam and ketamine 
combination to effect. Local infiltration was done at the site of incision using 2% lignocaine. The animal was placed in 
right lateral recumbency. Left side of the abdomen near to inguinal region was prepared for aseptic surgery. A linear 
skin incision was made oblique to the inguinal area.After incising the skin, fascia, muscles and the peritoneum, blad-
der was identified. The bladder was intact and inflamed (Fig. 2). A subcutaneous tunnel parallel to the prepuce was 
made through which the Foley’s catheter was passed with the pointed end towards the incision. Foley’s catheter was 
passed from outside to the abdominal cavity where the catheter tip was held in mosquito forcepand directly stabbed 
the bladder at an avascular area and its bulb was inflated with sterile normal saline to fix the tube within the bladder 
and the catheter was secured within the lumen by tying the purse-string suture (Fig. 3). Peritoneum and muscles 
were sutured together with No.1 polyglactin 910 in continuous suture pattern. Subcutaneous tissue was sutured with 
No.0 polyglactin 910 in continuous suture pattern and skin was sutured using nylon No. 1 in horizontal mattress 
pattern. The Foley's catheter was sutured at multiple sites on the ventral abdomen (Fig. 4).Postoperatively 
Enrofloxacin antibiotic at the rate of 5mg/kgbody weight was administered parentrally for 5 days and analgesic 
meloxicam at the rate of 0.3 mg/kg body weight for 5 days.Advised the owner to give ammonium chloride at 200 
mg/kg body weight, twice daily, orally for 30 days. Local antiseptic dressing was done with povidone iodine for eight 
days.The catheter was allowed to drain freely until normal urination resumed, after which it was clamped on every 
alternate day with infusion set flow regulating clamp to determine the urethral patency. Catheter was removed after 
normal urination resumed through urethra.  
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RESULTS AND DISCUSSION  
 
Animal started normal urination after 10th day post-operatively and had an uneventful recovery without any 
complications.Obstructive urolithiasis causes economic loss to the farmer due to loss of animals and cost of 
treatment. Mortality rate in the cases of obstructive urolithiasis is very high which is mainly due to rupture of urethra 
or urinary bladder. It is more prevalent in the extreme winter and summer. Occurrence of urolithiasis in peak winter 
may be due to the decreased water intake and deficiency of vitamin- A, arising from lesser availability of green 
fodder (Radostitiset al., 2000). Desquamated epithelial cells may be due to deficiency of vitamin A and infections 
(Jones and Miesner, 2009). Excess sunlight and vitamin D may play an important role in urolithiasis in summer. This 
may be related to water balance of animals, during winter animals will not take much water and produce 
concentrated urine (Kushwahaet al., 2007). Conversely, during summer, urine may be more concentrated due to 
increased water loss in heat.   
 
Although, urolithiasis equally affects male and female animals but obstruction occurs mainly in males due to 
presence of long and narrow urethra (Tamilmahanet al., 2014). The etiology of urinary calculi formation in ruminants 
is recognised to be multifactorial. Diet is considered to be a major factor. High phosphorous and low calcium are 
commonly used as concentrate rations which predispose the animal to phosphate uroliths (Funaba et al., 2001). Diet 
given (concentrate) and the changes brought about by weaning may be contributing factors for development of 
obstructive urolithiasis in young ruminants. It was found that feeding had more significant effect on urolith 
formation than castration, especially in buffalo calves. Treatments for obstructive urolithiasis include medical 
dissolution of calculi and surgical management. In general, less severe cases can be corrected with medical 
management. Some report says that medical treatment is not effective for long term and only provided temporary 
relief (Ewoldtet al., 2006). In more severely obstructed cases surgery is the only option.Surgical tube cystostomy is the 
most optimistic procedure for obstructive urolithiasis in ruminants, especially with intact bladder. The procedure is 
relatively simple, requiring a short duration of anaesthesia and resulting in restoration of full urethral patency in 
successful cases (Fortier et al., 2004). Its success in cases with concurrent urethral rupture has been reported. The free 
flow of urine through the external urethral orifice could be due to many factors. Such as, by giving anti-inflammatory 
drugs relived the spasm and inflammation of urethra, caliculolytic agent like ammonium chloride and sodium 
chloride along with water reduced pH of urine and it promotes the dissolution of calculi, by passing of urine through 
the Foley's catheter may reduce the calculi size and frequent occlusion of catheter with clamp could bring urethral 
patency by flushing urethra of all debris and calculus material (Ewoldtet al., 2006). Complication of tube cystostomy 
might be due to blockade of tube with blood or tissue debris, urethral rupture, tube dislodgement, and infection 
(Misk and Semieka, 2003). Different surgical treatments are available for obstructive urolithiasis but each operation 
having their own advantages and disadvantages. Tube cystostomy surgery provides alternatives to those operations. 
 

CONCLUSION  
 
It is conclude that tube cystostomy is a quick, practicable, field-applicable, and reliable method for the management 
of obstructive urolithiasis in ruminants. Surgical management along with medical management provided better 
treatment options for obstructive urolithiasis in ruminants. 
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Fig. 1: Animal presented with anuria,               Fig. 2: Intact and inflamed bladder 

          in appetance and distended abdomen 
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Fig. 3:Foley's catheter was secured in             Fig. 4: The Foley's catheter was sutured                
bladder with purse-string suture                     at multiple sites on the ventral abdomen 
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A case of dicephalic monster in buffaloe was reported and the dystocia was relieved by cesarean and 
obstetrical operations. 
 
Key words:-dicephalic monster,buffalo, caesarean section, carboxy methyl cellulose. 
 
INTRODUCTION 
 
Monstrosities are malformed fetuses, which are rare in buffaloes (Chauhan andVerma, 1995 and Bugaliaet al., 2001). 
Incidence among all calves seems to range from 0.2 to 3.0 percent with 40 to 50 percent born dead and only a small 
fraction of reported defects not being externally visible. Monstrosities are associated with either congenital defects or 
infectious disease (Arthur et al., 2001) and may or may not interfere with birth. Abnormal duplication of the germinal 
area during embryogenesis of a monozygotic fetus will give rise partial duplication of body structures (Sharma et al., 
2010). Duplication of the cranial portion of the fetus is more common than the caudal portion (Roberts, 2004). 
Dystocia is common sequelae of fetal monstrosities. Fetotomy offers a good alternative to the caesarean for relieving 
a fetal monster causing dystocia (Vermunt, 2009). In the present study, a dicephalic fetal monster was relieved 
manually with proper positioning and lubricating with Carboxy-Methyl Cellulose(CMC). 
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Clinical Examination and Treatment 
 
Aneight-year-old Murrah buffalo in its firstgestation was presented to veterinary dispensary Galataga(Chikkodi) 
with the history of straining, rupture of water bag since one hour without further progress but continued with 
abdominal straining.Specific obstetrical examination after proper restraint and epidural anesthesia revealed a live 
fetus in anterior longitudinal presentation. At the time of clinical examination, the buffalo was standing,restless and 
occasionally showed tenesmus.The vaginal examination revealed fully dilated cervix, both the forelimbs of foetus (up 
to carpus)had passed the cervix and fetal movements were present. Repulsion and deeper exploration beyond pelvic 
brim revealed the presence of two fetal heads joined at mandible (conjoined twin). The pervaginal delivery could not 
be facilitated due to large size of the conjoinedheads of the fetus. The caesarean section was performed after restraint 
in lateral recumbancy under local infiltration with 2% Lignocaine hydrochloride. A 40 cm long oblique low flank 
(Young’s approach) incision was taken and a live male monster calf was delivered through laparohysteretomy. The 
fetal membranes were carefully removed by separating cotyledons, six Ultorxboli were kept in the uterus and the 
uterine incision was closed with Cushing followed by Lambert suture pattern using chromic catgut No.1. The 
laparotomy incision was closed by standard technique.Supportive treatment was carried out with Calcium 
borogluconate, Rintose, Meloxicam and Chloropheneramine maleate. Antibiotic therapy with Amoxicillin + 
Cloxacillin along with intrauterine infusion of Ultrox was followed for 5days. Daily antiseptic dressing was followed 
until wound healing. The buffalo was followed continuously and the normal feeding and water intake was resumed 
within two days after surgery. The uterus was involuted completely by 28 days after surgery. The animal exhibited 
first postpartum estrus after 45 days but discharge was not clear hence treated for endometritis and breeding was 
done after a gap of six months. 
 
The fetus was a male and had two normal heads fused with each other at mandible and had one neck and four eyes, 
four ears, one trunk, one thorax, one pair of forelimbs, one pair of hind limbs, one sacrum and one tail (Fig 1 and Fig 
2). As per Roberts (1971), the condition could be classified as dicephalic conjoined twins are non 
inheritedteratological defect (Noden and Lahunta, 1984). Conjoined twins are monoygotic and monstrosities arise 
due incomplete division of embryo usually at the primitive streak development stage. Duplication of cranial parts of 
fetus is more common than the caudal part. However, duplication can occur at both cranial and caudal end with the 
middle area of monster remaining single (Roberts, 1971). Similar to present report, Sloss and Dufty (1980) were also 
of the opinion that,fetotomy in such cases is difficult, often terminable task and hence caesarean operation be 
performed which likewise be difficult because of large size of conjoined twin. 
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Fig. 1. Dicephalus monster in a buffalo. 
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A study was conducted in Malabari goats to assess the effects of high protein diet on blood biochemical 
parameters in late pregnancy. A total of 24 pregnant Malabari goats, at fourth month of gestation were 
divided into two groups of 12 animals each. One group was used as the control fed with 18 per cent crude 
protein while the second group was fed with high protein diet of 20 per cent. Blood samples were 
collected at the day kidding and analysed for parameters like haemoglobin, total protein, blood urea 
nitrogen, glucose, calcium and phosphorus. Statistical analysis of the data revealed that feeding of high 
protein diet significantly increased the level of blood urea nitrogen (16.75 vs 19.41), total protein (6.42 vs 
8.01) and phosphorus (7.92 vs 8.35) compared to goats that were fed with less protein diet. 
 
Keywords: high protein diet, late pregnancy, kidding, total protein 

 
INTRODUCTION  
 
Rearing of large animals has become an unsuccessful enterprise which is evident from the dwindling cattle 
population of the state. Goats are easy to manage and their small size makes them suitable for homestead farming of 
Kerala and also the demand for goat milk and meat is increasing nowadays. Plane of nutrition of does is important to 
achieve better birth weight and growth performance of kids. Foetus mainly develop during the last month of 
gestation. Thus nutrient supplementation especially protein to goats in last month of gestation is crucial for the 
growth of kids and their survivability.The elixir of life is blood and it is useful for assessing the health status, 
physiological, pathological conditions and can also be used for diagnostic and prognostic evaluation of various types 
of diseases and conditions in animals. It also helps in distinguishing state of stress, which can be maturational, 
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environmental or physical (Aderemi, 2004).  Examining blood for their constituents is used to monitor and evaluate 
health and nutritional status of animals. Therefore, the aim of the present study was to assess and determine changes 
in biochemical values in pregnant Malabari goats when supplemented with high protein diet in late pregnancy. 

 

MATERIALS AND METHODS 
 
A total of 24 pregnant Malabari goats were selected from University Goat and Sheep farm, Mannuthy, in their third 
month of gestation by abdominal palpation. Pregnancy was further confirmed by ultra sound scanning. Till fourth 
month of gestation all the animals were fed with a standard concentrate mixture of 18 per cent CP and 65 per cent 
TDN and offered fresh hybrid napier grass as the sole roughage ad libitum. In fourth month of gestation they were 
divided into two groups with 12 animals each, one control (T1) fed with18 per cent CP and 65 per cent TDN and 
second experimental (T2) group were fed with high protein diet of 20 per cent CP and 65 per cent TDN. Blood 
samples were collected from jugular veinprior to breeding period and at the day of kidding. Within two hours of 
bleeding, blood was centrifuged to separate serum and stored at -20T he samples were analysed for serum glucose 
level, blood urea nitrogen (BUN) (Kaneko et al., 2008), serum calcium (Christian et al., 1967) and serum phosphorus 
(Bernhart and Wreath, 1955). Blood haemoglobin was estimated by cyanomethaemoglobin method using reagents 
from Agappe diagnostics Ltd, Ernakulam, India. Plasma protein, blood urea nitrogen, serum calcium, serum 
phosphoruswas determined using the blood analyzer (Mispa plus, SEAC radim group) and kits supplied by Agappe 
diagnostics, Ernakulam, India. All the animals were fed as per ICAR (1998) standards and maintained on the similar 
management conditions prevailing in the farm. 
 

RESULTS AND DISCUSSION 
 
The ingredient composition and proximate composition of the two concentrate mixture is given in Table 1 and Table 
2 respectively. The average CP content of the control group concentrate mixture were 18.19 per cent and the 
treatment group was 20.16 per cent.The gross energy content of the control and treatment group concentrate mixture 
was 3817.6±0.04 and 3804.97±0.10 respectively, suggesting that they were maintained in a isocaloric diet.The data on 
the values of haemoglobin, total protein, blood urea nitrogen (BUN), blood glucose, plasma calcium and phosphorus 
content of the blood samples collected from animals of both control group and experimental group at the day of 
kidding are shown respectively in Table 3. Statistical analysis of the data (P< 0.01) revealed that when high dietary 
protein was fed to does in last month of gestation significantly increased the blood total protein content which was in 
close agreement with Hamadaet al., (2013) who reported that total plasma protein of does supplemented with high 
protein was significantly higher than control group. Improvement in the total protein values may be due to the 
increased amino acid absorption from the dietary protein. Thus the increased dietary protein in late pregnancy 
improved the blood protein levels which further can lead to increased absorption of amino acids which in turn 
improves the better growth of kids.  
 
Serum glucose levels were not significantly different between goats supplemented with high level of protein 
compared to control group during late pregnancy. Similar results were reported by Hamada et al., (2013) during late 
pregnancy in Egyptian Goat and Sheep. The reason for non-significance may be related to increased glucose 
mobilisation during advanced stage of pregnancy as blood glucose level in pregnant animal is low due to foetal 
demand (Bell A.W. and D.E. Bauman, 1997).In the present study, level of serum phosphorous was significantly high 
in high protein fed Malabari goats than the control group(7.92 vs 8.35 mg/dl) and equivalentlyJadalla et al. (2012) 
reported in their study on the effects of dietary protein level on goats of North Kordofan, Sudan that with different 
dietary crude protein (4.1per cent, 7.6per cent, 10per cent and 11.3per cent),high phosphorus level (4.2 mg/100 
ml)were found in goats on 7.6per cent crude protein followed by those fed on 10per cent and 11.3per cent 
protein.BUN levels were significantly higher in high protein fed group compared to control group and 
similarlyKumagai and Ngampongsai (2006) reported an increase in the blood urea nitrogen levels (32.2 mg/dl versus 
26.7 mg/dl) with increase in the dietary CP. A significant increase in the BUN value is due to increased metabolism of 
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protein which results in increased ammonia concentration which undergo metabolism in the liver and hence 
elevatedBUN levels.These results are similar to the findings of Sarwar et al. (2010) who reported that there was linear 
increase in BUN level when the CP of feed was increased. 
 

CONCLUSION 
 
From the results obtained it can be concluded that high protein diet (T1: 18% CP vs T2: 20%CP) in Malabari goats had 
a significant effect on serum total protein, BUN and serum phosphorous during late pregnancy and high protein fed 
groups had higher values than the control group. But there was no significant effect on haemoglobin, glucose and 
serum calcium. 
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Table 1. Ingredient compositionof the two experimental concentrate mixtures, (%) 
 

 
 
 
 
 
 
 
 
 

Ingredients T1 T2 
Yellow maize 15 10 
Wheat bran 30 29 

Soya bean meal 21 28 
Deoiled rice bran 30 29 

Calcite 1 1 
Common salt 1 1 

Mineral mixture* 2 2 
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*Ksheeramin – Mineral mixture for ruminants- Each kg contains elemental calcium, 240g, elemental phosphorus 
120g, elemental magnesium 7g, elemental iron 5g, elemental zinc 4500mg, elemental manganese 1500mg, elemental 
copper 1200 mg, elemental iodine 275mg, elemental cobalt 150mg, elemental potassium 100mg. 
 
Table 2. Chemical composition of the two experimental concentrate mixtures and fodder (on dry 
matter basis), % 
 

 
Parameters 

Concentrate mixtures 

T1 T2 
Dry matter 90.43±0.04 90.45± 0.16 

Crude protein 18.19±0.07 20.16±0.03 

Ether extract 2.60±0.03 2.85±0.16 

Crude fibre 8.60±0.09 8.73±0.13 

Total ash 7.83±0.25 8.00±0.12 

NFE 62.79±0.20 60.25±0.26 
AIA 4.18±0.07 4.87±0.09 

Calcium 1.08±0.05 1.01±0.01 
Phosphorus 1.28±0.02 1.28±0.16 

 
Table 3.Haematological parameters* of the animals maintained on two experimental rations at the day 
of kidding 
 

Parameter T1 T2 P value  
Blood 

hemoglobin, g/dl 11.14±0.40 10.55±0.31 
 

0.27 
Total plasma 
protein, g/dl 

6.42±0.22a 8.01±0.01b 
 

0.01** 
BUN, g/dl 16.75±0.48a 19.41±0.22b 0.01** 

Glucose, mg/dl 59.44±2.25 60.29±1.82 0.91 
Calcium, mg/dl 10.65±0.21 10.79±0.17 0.79 

Phosphorus, 
mg/dl 

7.92±0.42a 8.35±0.21b 0.01** 

*Average of six values 
a,b,c - Means with different superscripts within the same row differ significantly 
** (P< 0.01)     
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Due to their indiscriminate feeding habits, incidence of esophageal foreign bodies are most common in 
dogs and cats.This paper discusses the medical management of esophageal foreign body obstruction in a 
puppy.A40 days old non-descript puppy was presented to Veterinary dispensary, Manchikeri of Karwar 
district in Karnatakawith the history of tapioca ingestion, absence of food and water intake and absence 
of urination and defecation from past 36 hours.Clinical examination revealed marked dehydration, 
depression, gagging, respiratory distress and repeated attempts to swallow.On physical palpation no 
foreign body could be detected. Plain radiographs of the neck and thorax revealed foreign body 
obstruction in esophageal lumen at the base of heart.After stabilizing the animal, oralglycerine liquid was 
given. After 5 min animal started nausea and regurgitation releasing part of tapioca. The relief of 
obstruction was confirmed by passing endotracheal tube into the stomach. The animal responded well to 
the treatment by next day and started taking food and water normally.Animal had an uneventful 
recovery. 
 
Key Words: Puppy, foreign body, glycerine 
 

INTRODUCTION 
 
Due to their indiscriminate eating habits, incidence of esophageal foreign bodies are most common in dogs and cats. 
Foreign bodies are the inanimate objects that may cause obstruction or partial obstruction of esophageal lumen. They 
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can be bones, needles, fish hook, wood, raw hide, dental chew treats, balls, and others. Foreign bodies get lodged in 
esophagus because their large size and the sharp edges can cause that embedded in esophageal mucosa. Foreign 
bodies most commonly found at thoracic inlet or base of heart or epi-phrenic area because esophageal structure and 
limits esophageal dilatation at these sites (Theresaet al., 2002). Esophagitis, mucosal laceration, esophageal stricture, 
esophageal diverticulum formation are potential complications (Cynthiaet al., 2010). 
 

MATERIALS AND METHODS 
 
A40 days old non-descript puppy was presented to Veterinary dispensary, Manchikeri of Karwar district in 
Karnatakawith the history of tapioca ingestion, absence of food and water intake and absence of urination and 
defecation from past 36 hours. Clinical examination revealed marked dehydration, depression, gagging, respiratory 
distress and repeated attempts to swallow. Rectal temperature was 101.8F. On physical palpation no foreign body 
could be detected. Plain radiographs of the neck and thorax revealed foreign body obstruction in esophageal lumen 
at the base of heart (Fig.1). Because of a clear history of tapioca ingestion and also less chances of an esophageal 
lumen perforation, confirmatory diagnosis done by using barium swallow contrast radiography (Fig.2). 
 
The initial treatment was carried out using intravenous DNS and RL fluid combination @ 20ml/kg. Ceftriaxone given 
@ 25mg/kg i.v and meloxicam @ 0.2mg/kg s/c. Oral glycerine liquid was given @ 1-2 g/kg per orally. After 5 min 
animal started nausea and regurgitation releasing part of tapioca. The relief of obstruction was confirmed by passing 
endotracheal tube into the stomach. The animal responded well to the treatment by next day and started taking food 
and water normally (Fig.3). 
 
RESULTS AND DISCUSSION 
 
Esophageal foreign body is most common in dogs and cats. It may be complete or partial obstruction. The signs 
varies depends on location foreign body and duration of obstruction. Line of treatment includes patient stabilization 
and removal of foreign body as early as possible by surgically or endoscopically with grasping instruments and 
forceps or by using balloon catheter method (Theresa et al., 2002). In the present case we tried medical lubrication 
with glycerine liquid which is having lubricant, humectant, emollient and soothing properties (Marioand Michele, 
2008), which aids in easy passage of tapioca from esophagus to stomach (Schiller, 2001). 
 

CONCLUSION 
 
This study reports a case of tapioca obstruction in esophageal lumen was successfully relieved medically by using 
oral glycerine. 
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Fig.1: Foreign body in esophageal lumen   Fig. 2: Confirmatory diagnosis by contrast 

                                                                               at base of heart radiography using barium. 
 

 
Fig.2: Obstruction was out, confirmed by passing endotracheal tube into the stomach 
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Grossly poison gland in Russell viper was situated in the upper jaw just below the eye pit. It was divided 
into 2 lobes, anterior and posterior, which was light brownish in color. The anterior lobe was directly 
connected through a duct to the fang. Histologically, the gland was covered by a capsule which was more 
fibrous in nature, loosely arranged. Each gland was subdivided into various lobes, by interlobular 
connective tissue septas. In the interlobular septas large number of blood vessels was seen. Each lobule 
was further subdivided into smaller lobules with connective tissue and was lined by simple columnar 
epithelium. These simple columnar epithelial cells showed basal nuclei and apical secretary bleb like 
secretions. Within the cytoplasm number of vacuoles were visible indicating the presence of secretary 
material, as lipoidal in nature. Under H&E staining preparation there was typical arrangement of simple 
columnar cells resting on basement membrane, they were segregated with each other by wide gap, 
however at the apical end they were attached to each other by brush border with secretary blebs outside 
the brush border. The connective septa in the interlobular septas showed few melanin pigments also, 
Further, study on the histochemical nature of the secretions is to be made. 
 
Key words: Russell viper, grossly poison gland, H&E staining, simple columnar cells 
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INTRODUCTION 
 
Russell vipers are considered to be one among the big four poisonous snakes in India. The venom glands that secrete 
the zootoxins are a modification of the parotid salivary gland. Venom glands are located in the upper jaw below the 
orbit in most of the poisonous snakes. Even lizards like heloderma species have venom glands in the lower jaw. In 
some species of snakes like maticoura, Elapidae, Atractaspis, Viperidae have venom glands which rarely extend in 
the body to the level of heart [Holz PH, 1999].Venom glands are present in the upper jaw and can rarely extend upto 
the level of heart. Exceptionally, coral snakes and brown water snakes being non-poisonous do have venom gland. 
The location of these glands and its gross morphological features, topography and its histomorphological features are 
not described in the literature for the viperidae family. Therefore, the present study was undertaken to know the 
morphological features and the gross features were needed to understand its details. 
 

MATERIALS AND METHODS  
 
Two viper snakes found dead in the viscinity of college campus were collected and dissected in the head region to 
know the gross and histomorphological features of venom gland. The venom gland was collected from the site and 
was fixed in 10 %Neutral buffer formalin and processed by routine method[Singh and sulochana, 1996] and stained 
by Haematoxylin Eosin and Trichrome stain [Culling, 1974]. 
 

RESULTS 
 
 In the present study viper gland was located in the upper jaw just below the eyeball which was surrounded by 
compressor muscle and connective tissue. Venom gland was elliptical in shape that was covered by compressor 
muscle (Fig.I). On dissecting the gland, the terminal end of the venom duct was surrounded by fang sheath (Fig. II ) 
On pressing the venom gland the fang at its opening showed the release of venom (Fig I). Histologically the venom 
gland was covered by connective tissue capsule which was more fibrous in nature and loosely arranged. Below the 
capsule the gland was divided into number of lobes separated by connective tissue septa (Fig. III). Each lobe was 
further subdivided into lobules with a thin layer of connective tissue septas (Fig. IV). The secretary material is also 
present within lumen of lobules along with secretary blebs (Fig. V). The lobules were lined by simple columnar 
epithelium, each columnar cell were distinctly separated from each other which is not a common feature in columnar 
epithelium. Each cell presented a distinct ciliary surface with apical bleb like secretary products. The nuclei with 
distinct heterochromatin and euchromatin material were located at the base of the cell. The cytoplasm showed 
vacuolation and certain granular network indicating that the secretary material could be 
lipoproteinous/glycoproteinous (Fig. VI & VIII). The thin layer of connective septa which separated the poison gland 
into different lobes, comprised mostly of collagenous type of connective fibers which was very distinct under special 
Trichrome stain (Fig VII). Further study is needed to explore its histochemical nature. 
 

DISCUSSION 
 
Venom glands are commonly found in snakes and some of the other species like scorpion but the morphological 
features are quite different in two species. [Belal et al., 2013] scorpion showed compound tubular glands in the sting 
of scorpion, the secretary epithelium showed neutral mucopolysaccharides (PAS positive) with the absence of 
glycogen. However, in the present study the venom gland was also lobulated similar to the compound tubular 
glands and were lined by typical columnar cells with vacuolated and granular cytoplasm as evidenced in normal 
histological feature. However the histochemical nature is yet to be conducted. By histologically it can be thought the 
secretary material could be lipoproteinous/glycoproteinous/mix type. According to [Holz PH, 1999] mentioned that 
snake venom are quite complex and contain proteins with few aminoacids to high molecular weight. Among venom 
toxins RNAses, DNAses, phospolipases, proteoltic enzymes, thrombin like enzymes, hylarounidases, 
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lactatedehydrogeneases, ACHnerases, nucleotidases and l-aminooxidase and others.Ten enzymes and more than two 
dozens of proteins are  found in the all the snake venom [Russell FE,1983]. [Strydom DH, 1979] suggests that these 
enzymes evolved from digestive enzymes. However, these reports need to be evaluated further to understand the 
exact histochemical nature. 
 

CONCLUSION 
 
The venom gland in Russell Viper is located in the upper jaw surrounded by compressor muscle. The venom stored 
in the collective lumen is released during envenomating strike. During the strike, contractions of the compressor 
muscle pressurize the gland, forcing the venom to flow through the duct and enter the prey. Histologically, the 
venom gland is divided into number of lobes and lobules, lined by simple tall columnar epithelium. The epical 
surface of these cells has got secretary bleb and cytoplasm of these cells is lipoidal in nature indicating secretory in 
nature. The histochemical nature of these cells has to be studied further.  
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Fig: I. Showing the compressor muscle over the venom gland and release of venom 
when pressure is applied on the gland. 
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Fig. II. Showing the fang sheath , surrounding the venom duct on dissection 
 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. III. Venom  gland is subdivided into various lobes,  by interlobular connective tissue septas (H & 

E, stain 40x) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. IV. Each lobule further subdivided into smaller lobules with connective tissue and was lined by 
simple columnar epithelium. (H & E stain 200x) 
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Fig. V. There is typical arrangement of simple columnar cells on basement membrane   with the 
secretary material inside the lumen of lobule  (H & E stain 400X) 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. VI. Segregated simple columnar cells with secretary bleb, open phase nucleus at the bottom and 
vacuolated and granulated cytoplasm (H & E stain 1000x). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. VII. Collagenous type of connective tissue separating gland into different lobes  
(trichrome stain. 200x) 
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Fig. VIII. Segregated simple columnar cells with secretary bleb, open phase nucleus at the bottom and 

Vacuolated and granulated cytoplasm (Trichrome stain 400X) 
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Hernia is an abnormal protrusion of an organ or tissue through a normal body opening.Umbilical hernias 
occurs through umbilical ring. A two month old male German Shepherd dog was presented to the 
Veterinary dispensary, Manchikeri of Karwar district in Karnataka with the history of fluctuating 
swelling at the umbilicus which increased in size gradually. Physical examination revealed hernia 
contents and hernia ring, the case was diagnosed as umbilical hernia.General anaesthesia was induced 
using diazepam-propofol and maintenance done by isoflurane to effect. Herniorrhaphywas performed 
using monofilament polypropylene suture material.Routine postoperative care was given and the animal 
had an uneventful recovery. Post-operative observation of five months did not revealed recurrence of the 
condition. 
 
Key Words: Umbilical hernia, Puppy, Polypropylene, Herniorrhaphy. 

 
INTRODUCTION 
 
The umbilicus is the remnant of fetal-maternal connection. At birth, this structure consists of the paired umbilical 
arteries, a single umbilical vein and the urachus. Following a normal delivery, the smooth muscle that surrounds the 
umbilicus contracts in response to the stretching of the cord at parturition. Separation of the umbilical cord allows the 
umbilical arteries and urachus to retract into the abdomen, where they close by smooth muscle contraction(Rings, 
1995).A hernia is a protrusion of the contents of a body cavity through a weak spot of the body wall. Umbilical hernia 
occurs in all domestic animals but more common in foals, calves and pups (Priesteret al, 1970). Umbilical hernia in 
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dogs are more common in males thanfemales(Waterset al, 1993).This may be from an accidental or a normal 
anatomical opening, which does not completely fulfil its physiological function.Hernia may be small at birth and 
gradually enlarge with age. Generally a hernia consists of hernial ring, sac and contents.The contents of an umbilical 
hernia are usually fat, omentum and, in some larger hernia, segments of small intestines are also present. Congenital 
umbilical herniais of concern for heritability, although many cases of umbilical hernia are secondary to umbilical 
sepsis.Diagnosis is usually straightforward, especially if the hernia is manually reducible or use of diagnostic 
imaging techniques like ultrasonography. The present case reports about the successful surgical management of 
congenital umbilical hernia in German Shepherd puppy. 
 

MATERIALS AND METHODS 
 
A two month old male German Shepherd dog was presented to Veterinary dispensary, Manchikeri of Karwar district 
in Karnataka with the history of fluctuating swelling present at the ventral abdominal wall at the point of umbilicus 
(Fig. 1). History suggested that the swelling tends to increase in size as the pup gradually grows. Clinical parameters 
like heart rate, respiratory rate and rectal temperature were within the normal physiological limits.Palpation revealed 
the huge size of hernial ring and the hernial contents.  It was a reducible type of hernia (Fig. 2). After recording the 
clinical history of the case, diagnosis was based on physical appearance and palpation of the defect in the umbilical 
orifice. Since, it wasa reducible type of hernia, surgical repair was resorted to.The animal was fasted overnight and 
pre-medicated with glycopyrrolate at the rate of 0.01 mg/kg body weight intramuscularly and after 10 minutes, 
general anaesthesia was induced using diazepam at the rate of 0.2mg/kg body weight and propofol at the rate of 
3.5mg/kg body weight were given intravenously “to effect”. Endo tracheal tube intubation was done and the cuff 
inflated.General anaesthesia was maintained using 1.1 – 1.4% isoflurane in 100% oxygen.The animal was positioned 
on and surgical site was draped. 
 
After aseptic preparation, animal was placed in dorsal recumbencyand surgical incision was made over the skin of 
the herniated mass to cut through the hernial sac and expose the hernial contents. The hernial content consisted of 
omentum and intestines (Fig. 3). There were no adhesions and contents were replaced into the abdominal cavity. The 
hernial ring edges were freshened and herniorrhaphy was done using No.0monofilament polypropylene suture 
materialin simple interrupted pattern (Fig. 4). Subcutical sutures were applied by using No. 2-0polyglactin 910 to 
avoid dead space. Skin incision was closed with nylon by horizontal mattress stitches. Tincture benzoin seal was 
applied to suture line. Routine postoperative care was given. On tenth postoperative day the stitches were removed 
and uneventful recovery was noticed.Post-operative observation of five months did not revealed recurrence of 
condition. 
 

RESULTS AND DISCUSSION 
 
The umbilical hernia was successfully reduced in the present case. The herniorrhaphy was done with an ease and 
bring about with no complications.The umbilicus in new-borns consists of the urachus (a tube that attaches the fetal 
bladder to the placental sac) and the remnants of the umbilical vessels that transport blood between the foetus and its 
mother. Normally, just after birth these structures shrink until only tiny remnants remain within the abdomen (belly). 
If the area in the body wall through which these structures passed remains open, abdominal contents can protrude 
through the defect resulting in an umbilical hernia (Dennisand Leipold, 1968). Hernia size varies depending on the 
extent of the umbilical defect and the amount of abdominal contents contained within it. The etiology of umbilical 
hernia is likely to have a genetic component (Distlet al, 2002); however, excess traction on an oversized foetus or 
cutting the umbilical cord too close to the abdominal wall are other possible causes. Many of the umbilical hernial 
cases are secondary to the umbilical sepsis. Various methods have been described in  literatures for the treatment of 
umbilical hernia including counter irritation, ligation of the hernial sac, clamping, transfixation sutures and even 
safety pins and commercially-available rubber bands. The most popular technique among them is the wooden or 
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metal clamp technique. This method may result in infection, loss of clamp or premature necrosis of the hernial sac. 
The latter complication can lead to an open wound, and possibly to evisceration or formation of an enterocutaneous 
fistula. These methods are suitable only for reducible hernia and not for the strangulated or complicated ones. If the 
hernia ring is more than one finger in size or persists for more than 2 to 3 weeks, then surgical intervention is 
indicated (Pugh, 2002).Open method of herniorrhaphy is the most common method of veterinary treatment 
(O’Connor, 1980) and is always indicated for animal when adhesion or abscess which is commonly associated with 
umbilical hernia.  If prompt diagnosis and treatment is not initiated, the conditions may lead to possible 
complications like adhesions and hydrocele of the hernial sac, incarcerations, abscess and torsion (Venugopalan, 
2007).  
 

CONCLUSION  
 
It is concluded that early diagnosis and treatment with surgical intervention is essential for a favourable outcome. 
Open method of Herniorrhaphy is relatively simple, quick and practically applicable procedure in field levels for the 
management of umbilical hernia in animals. 
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Fig. 1: Swelling at umbilical area                Fig. 2: Reducible type of hernia 
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Fig. 3: Hernial contents                                  Fig. 4: Muscle suturing 
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The study was conducted in 26 clinical cases of bullocks with small to moderate sized growths in the eye 
with partial loss of vision. The bullocks were divided into two groups. The bullocks (n=6) which had 
small sized ocular growths of less than 1cm were subjected to intralesional injection of BCG vaccine and 
bullocks (n=20) which had larger ocular growths or those which did not improve with four doses of BCG 
vaccine were subjected to superficial keratectomy and silver nitrate cauterization. The bullocks were 
evaluated on days 7, 15, 30 and 60 for clinical improvement. Haematobiochemical observations were 
made before treatment and after the treatment in both groups. Gross and histopathological examination 
revealed plaque, papilloma, non invasive carcinoma and invasive carcinoma in different animals of both 
the groups. In group I, no complications were found at the injection site of BCG vaccine. No significant 
difference was observed in haematological and biochemical values between the groups and between the 
intervals. It is concluded that intralesional injection of BCG is effective, if it is given in initial stages such 
as plaques and papilloma. Superficial keratectomy and cauterization of tumor bed with 1% silver nitrate 
can be employed as an effective treatment if the neoplasm is not involved entire cornea and vision is not 
lost. 
  
Key words: Eye cancer, BCG vaccine, Bullocks 
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INTRODUCTION 
 
Eye cancer is the most common neoplasm of cattle (Panchbhaiet al., 1987) having great economic importance due to 
carcass condemnation of the affected animals at slaughter house (Williams and Gelatt, 1981). Superficial keratectomy 
(Bhaskaret al., 2010), immunotherapy (Radhakrishnanet al., 1991, Rajmaneet al., 2007), radiotherapy (Banks and 
England, 1973) and chemotherapy are employed for the treatment of eye cancer in bovines. Radiotherapy and 
chemotherapy are costly and facilities are not available at field level in India. Panchbhaiet al. (1989), Klein et al.(1990), 
Rajmaneet al.(2007) reported complete regression of the lesion in 37.5% of cases treated with intralesional injection of 
BCG vaccine. Use of BCG vaccine may avoid surgical treatment and losses due to it. The present study was 
conducted to evaluate clinical efficacy of superficial keratectomy and silver nitrate application with BCG vaccine. 
 

MATERIALS AND METHODS 
 
The present study was conducted on 26 bullocks presented for the treatment of smaller to moderate growths on 
cornea and limbus. The bullocks were divided into two groups as group I and II. In group I, six bullocks with small 
growths on cornea and limbus were subjected for intralesional injection of BCG vaccine. Whereas, in group II, 20 
bullocks which had slightly larger growths on cornea and limbus were subjected to superficial keratectomy followed 
by cauterization of tumor bed with 1% silver nitrate. Eye ball was covered with third eyelid flap by membranoplasty. 
The programme of clinical study is shown in following table 1. 
 
In group I, the bullocks were observed for one month for regression of the tumor. Biopsy was taken two weeks after 
BCG vaccine for histopathological examination. Whereas, in group II, excised tumor mass was collected in 10% 
formaline. The tissue was processed as per the standard technique. The paraffin sections were cut to size of 
3.5microns thickness. The slides were stained in haematoxyllin and eosin for histopathological studies (Culling, 
1974). Post-operatively, bullocks were administered with streptopenicillin injection 2.5g intramuscularly and 
melonex @ 0.2mg/kg body wti.m for 4 days. Eye drops consisting of ciprofloxacin and dexamethasone was 
administered 3 times a day for 7 days. Sutures of membranoplasty were removed on day 7. Clinical observations of 
bullocks of both the groups were made on days 0, 3, 7, 15, 30 and 60 after treatment with either BCG vaccine or 
superficial keratectomy. Gross appearance of the tumor bed, healing, extent of vision saved after the treatment were 
evaluated based on lacrimation, blepharospasm, inflammation at the tumor site of superficial keratectomy, regression 
of the tumor and reoccurrence if any. Physiological parameters such as rectal temperature, respiration rate, and heart 
rate were recorded on day 0, 15, 30 and 60. Haematological parameters such as total Erythrocyte count, total 
Leucocyte count, differential Leucocyte count and haemoglobin were evaluated on day 0, 15 and 30. Biochemical 
parameters such as AST and ALT on day 0, 15 and 30.All the values were analyzed statistically by different methods 
described by Snedecor and Cochron (1968). 
 

RESULTS AND DISCUSSION 
 
In the present study, BCG was effective in four bullocks of group I. Out of six bullocks, two bullocks (33.33%) showed 
complete regression, two bullocks (33.33%) partial regression and two bullocks (33.33%) showed neither regression 
nor progression. Klein (1991), Panchbhaietal. (1989) and Rajmaneetal. (2007) reported complete regression in 37.5% of 
the total treated cases in bovines with eye cancer. Dhawanetal. (1987) reported BCG as a potent immunostimulator of 
B and T cells especially in the enrichment of natural killer cell activity. These natural killer cells are major producers 
of interferons and other cytokines in response to various stimuli. The antitumour activity of interferon includes 
activation and increase in antitumour activity of macrophages, induction of increase in natural killer cell activity and 
regulation of expression of histocompatibility antigen in cells thus increasing the immunity and interrupting the 
neoplastic process in benign precursor lesion of Bovine ocular squamous cell carcinoma. No complications were 
found at the injection site when observed on day 0, 7, 15, 30 and 60.In group II, on day 15, all the bullocks showed 
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normal healing of corneal wound at the site of superficial keratectomy. Lacrimation and inflammatory changes were 
minimum. There was no recurrence of the tumor. The cornea was transparent which retained vision except at 
operated site. Slight cloudiness was seen on cornea around the operated site in two bullocks. On day 60, all 20 
bullocks showed clear transparent cornea. The operated bed was completely healed with a small whitish scar. There 
was no recurrence of the tumor in 19 out of 20 bullocks. However, follow up after 3 months revealed recurrence of 
the growth in one bullock which was re operated and cauterized with 1% silver nitrate. Results of both the groups are 
shown in table 2. Bhaskaretal. (2010) reported similar findings after three month follow up. 
 
Histopathological study of 26 tissue samples revealed plaques in six bullocks, papilloma in six, non invasive 
carcinoma in four and invasive carcinoma in 10 bullocks. Histologically plaques were characterized by acanthosis, 
thickening of mucous epithelium and greater thickening of prickle cell layer. Monluxetal. (1957), Bhaskaretal. (2010) 
observed hyperplasia and proliferation of prickle cell layer as distinctive histological feature of plaque in bovines. 
Papillomas were characterized by multiple papillary projections comprising of mature epithelial cells at the centre 
and immature epithelial cells at periphery, folding or ingrowth of epithelium to form inner connective tissue 
core(Monluxet al., 1957, Gelatt and Williams, 1995). Non invasive carcinoma was characterized by islands of tumors 
with central keratinization or nest and increased mitotic figures. Similar findings were observed by Bhumeetal. 
(1990). Invasive carcinoma were characterized by multiple islands of squamous epithelial cells forming cell nests, 
concentrically arranged keratin at the centre forming keratin pearls.Sharadaet al. (1995), Das etal. (2004) and Bhaskaret 
al. (2010) observed similar findings in invasive carcinoma of eye in bovines. There was no significant difference in 
physiological parameters such as respiration rate, heart rate and rectal temperature before and after treatment in 
bullocks of both the groups. Haematologically, haemoglobin, total erythrocyte count, total leucocyte count and 
differential leucocyte counts were within the normal limit before and after treatment in both the groups. Biochemical 
observations such as aspertate aminotransferase (AST) and alanine aminotransferse (ALT) were within the normal 
range before and after the treatment.It is concluded that intralesional injection of BCG is effective, if it is given in 
initial stages such as plaques and papilloma. Superficial keratectomy and cauterization of tumor bed with 1% silver 
nitrate can be employed as an effective treatment if the neoplasm is not involved entire cornea and vision is not lost. 
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Fig.1.Bullock showing neoplastic growth on limbus of eye. 

 
 

 
Fig.2.Same bullock with complete regression of the lesion 60 days after intralesionalinjection of BCG  

vaccine. 
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Table 1.Design of technical programme of clinical study 
                                                                                                                        

 

 
Table. 2 Results of treatment of eye cancer with BCG vaccine and superficial keratectomy. 
 

Sl.No. Groups Treatment given Animals Results Remarks 

1. Group I Intralesional injection 
of BCG vaccine 

2 Complete regression No recurrence 

2 Partial regression           _ 
2 Neither regression 

nor progression 
          _ 

2. Group II Superficial 
keratectomy and 
silver nitrate 
application 

19 Cured  No recurrence 

1             _ Recurrence after 
3 months and 
reoperated 

 
 

S.No. Groups  No of animals Method of treatment 

      1. Group I           06 BCG vaccine intralesionally 

      2. Group II           20 Superficial keratectomy followed by 
cauterization of tumor bed with silver 
nitrate 
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