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ABSTRACT 

The present study was conducted in two block i.e. Mawana and Hastinapur, Mccrut district of Wcstcm Utm 

~.To know the cost and return in milk production of members and non members of dairy cooperative 

llOCICUcs. It was ~ tha.t the overall a\'Cl'agc cost of milk production per Utcr Rs. 25. 18 of members. while 

noii mern,hm side wu Ra. ~.14 per liter. The c:atcgory wise cost of milk production was fotmd higher in small 

mmcn ~c. Rs. 28.67 per liter of non member side, Overall average milk p-oduetion per animal was found 

1759.S2 htcn of members and non members was of1690.76 litcr. The season wise milk production of per animal 

was found higher in winter season i.e. 756. 1S litet in member side and non member side 724.95 l.itcr in overall 

average. The lowest milk production wu found in summer season. The overall gross return from milk was fotmd 

of Rs. 72725.94 per animal in cue of member !ride, while non member side of Rs. 62337.39. The category wise 

gross return from milk was found of Rs. 69201.n of small farmers, Rs. 70378.01 ofmar:ginal fanncn and Rs. 

7S913.40 of landless families. The overall average net tct:um from milk per animal in case of member of dairy 

cooperative societies was found of Rs. 24905.86. The overall average cost benefit ratio was found higher in non 

member as compared to member of dairy cooperative societies i.e. 1.66 and 1.64 receptively per animal. The net 

rdUm per animal was found higher in asc of members as compare non members. 

Key words : IJve stock. dairy caterprbes, milk coopentive sodedet, memben and non members or 

respoadents 

In India dairy is one of the important occupation 

which is commonly practiced in rural areas. The 

economy of India is based on crop raising and milk 

production. The knowledge of cost and returns of milk 

for encouraging the dairy enterprising. In this regards 

the dairy cooperative societies are positively 

influencing the development of villages in India. This 

study was condw::ted in Mecrut district of Western 

uuar Pradesh. It tries to assess the contribution of 

selected milk cooperative societies in the rural 

development of the village in terms of uplifbnent of 

poor people, increase income level, iocreasc in 

education level and ~ to beaJth services. The 

contnbution of the livestock sector to total national 

gross domestic product (GDP) was 5.9 percent in 

2000-0 I, with the milk group making the highest 

contribution to the total value of the agriculture and 

aJJied sector (Rs.I ,44.088 crores). The millions of 

people are employed in the livestock sector and women 

constitute about 70 percent of the labour force. 

2Dirccr« Rescarcb and DeYelopmcnt 
> Associate Profcuor, SVPUA & T, MCffllt 

Dairying has become an important secondary source of 

income for millions of rural families and has assumed a 

most important role in providing employment and 

income generating opportunity. Indian Dairying is 

unique in more than one way. It ranks first with its 

185.2 million cattle and 97.9 million buffaloes, 

accounting for about 51 percent of Asia's and about 19 

per cent of the world's bovine population 

(Kannakar:2006). It also ranks first in milk production 

with a production of 144 million tonnes in 2014. 

Contributing about 5.3 per cent to India's agricultural 

GDP, milk is a leading agricultural produce. Livestock 

sector provides employment to 18 million people and 

nearly 70 per cent of them are women. further. dairy 

sector is the major source of income for an estimated 

27 .6 million people. Among these. 65 to 70 per cent are 

small, marginal Canners and land-less labour. The dairy 

sector supports around IO million members / farmers 

through one lakh cooperative societies existing in the 

country. Apart from employment generated by rearing 

of animals, the procurement of milk and its processing 
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also provides substantial employment It is well known 

fact that there are large inter-regional and inter-state 

variations in milk production as well u per capita 

availability in India. About two-third of national milk 

production comes from Utter Pradesh, Punjab, 

R.ajasthan, Madhya Pradesh, Maharashtra, Gujarat, 

Andhra Pradesh and Haryana. It is also fact that major 

milk producing regions in country have gobd resource 

endowment and infrastructme. The ean:m region is 

lagging behind in tam of dauy development. The 

avenge per capita availability of milk in India is 3SS g 

per day duru\g 2016-17 was highest in Punjab (1075g 

per day), followed by Haryana (930 g per day). 

RajasdwJ (785g per day). The average per capita 

consumption of milk and dairy product is lowest in 

rural areas than in urban areas, even though milk is 
providing by nnJ areas. 

~EARCH METBODOLOOY 

The percent study was conducted in Meerut 

district of Uttar Pradesh. The Meerut district comprises 

of twelve blocks out of which two blocks i.e. Mawana 

and Hastimpur were purposively selected for the 

investigation. The primary data was collected 

persona)y with the help of pre structure interview 

schedule from the respondents and secondary data was 

collected from documents. The data was statically 

analyzed and find out the percentage for per liter cost 

and returns. 

RF.SOLTS AND DISCU~IONS 

The data presented in Table-I indicates that the 

overall average cost of milk production per liter was 

Rs.25.18 of members. The category wise analysis 

indicate that the cost of milk production per liter was 

Rs.28.67 on small farmers, Rs. 25. JI on marginal 

fanncn and R.s.23.87 on landless families. It indicated 

that cost of milk production was higher in case of small 

farmers and lower in landless families. 

The table further indicate that cost of milk 

production per litre overall average was Rs. 22.14 in 

DOD-members. The catcgOl)'-Wisc analysis Indicates 

that the cost of milk production per litre was Rs. 

23.57. Ra. 20.41 and Rs. 22.76 in small. marginal and 

landJcss category. rcspcctively. It indicates that the cost 

of milk production was maximum on small fanners and 

minimum on marginal fiumers. 

The 'lable-2 shows that the ovetall average milk 

production per animal in members was 1159.50 litres. 

lt varies according to the season since the milk 

production was found to bo 532.92 litres in rainy 

season, 756.57 litres in winter season and 470.0J litres 

in summer season. The category wise analysis 

revealed that the production of milk wasl660.14 litres 

of small fanners, J 741.3 Jlitres of marginaJ farmers 

and 1815.07 litres of landless families. The milk 

production was found highest in lai'.ldfets families 

and lowest on small fimners. It was due to better care 

and better feeding of animals by the landless families. 

The table further shows that per animal 

ovcrall average production of milk in non-members 

was 1690.76 litres being 529.22 litres in rainy 

season 724.95 litres in winter season and 436.60 

litres in $wnmer season. The table also shows that 

category wise milk production was 1635.16 litn:s o.o 
small farmers 1685.39 litres of marginal farmers and 
1711.18 litres of land.Jess families. Milk production 

per animal in landless families was hight.St. 

The Table-3 shows that the overall gross rctunts 

from milk was Rs. 72725.94 per animal. The table 

further reveals that category wise gross returns from 

milk was Rs. 69201.77 on smaU farmers, Rs. 70378.01 

on marginal farmers and Rs. 75913.40 in land.Jess 

families. It shows that per animal gross returns was 

highest in landless families and lowest on small 

fannen. It was due to more milk production in 

land.Jess families in case of members and remunerative 

prices by the G.D.U.S.S. to members. The table further 

indicates that overall average gross return per animal 

in case of non-members was 62337.39. The results 

further reveals of non-members were found to be Rs. 

58752.61, Rs. 61890.'78 and Rs. 63715.23 in small, 

marginal and land.Jess category. It indicates that the 

retwns ftom milk was highest on landless families and 

lowest in small farmers. 

Table-3 revealed that the overall average nel 

returns from milk per animal in case of members 

was Rs. 28414.25. The category wise analysis shows 

that the net retun.is from milk was Rs. 21609.33 

Rs.26660.42. and Rs. 32583.38 of'small, niarginal and 

landless category re.,pectively. It shows that net retums 

ftom milk was maximum in landless families and 

minimum on small fiumers. The overall average and 
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1lable I : TIie cat vi 11111k pnclacdaa per 11tmn el....._ ud _. IUlllllen of dmy ceopmdh'a lodtda. 

ea-..,. MDk prodacdolt per animal Net maJatellaact Colt per Per Dfff msl or mDk 

per vur (liter) yeu (In Rs.) prodadfon fRL) 

Manben 

Small 1660.14 47592.44 28.67 

MaramaJ 1741JI 43717.59 2.S.11 

Landless 1815.07 43330.02 23.87 

Ovenall 1759.S0 44311.70 25.18 

Noa-memben 

Small 1635.16 38S4.S.J4 23.57 

Mm-gina1 1685.39 34406.31 20.41 

Landlas 1711.18 38950.55 22.76 

OwnD 1690.76 37431.53 22.14 

1laWe 2: Seno11 wlle prodlldloa ofmDk perulmal olmemben a■d D011111t111ben of dalrycoopmadftsodeda (Ill lltres) 

Catepry Rainy Seuoa Winter Sasoa Sammer Seaoa Total 

Memben 

Small 486.32 725.29 448.53 1660.14 

(29.29) (43.69) (21.02) (I 00) 

Marginal 523.16 732.21 485.94 1741.31 

(30.04) (42.05) (27.91) ()00) 

LandJcss 559.81 787.37 467.83 1815.07 

(30.85) (43.38) (25.77) 000) 

Overall 512.92 156.51 470.01 1759.SO 

(30.29) (43.00) (26.71) (100) 

Noa-members 

Small 521.36 690.91 422.89 1635.16 

(31.88) (42.25) (25.86) (100) 

Mlrginal 528.85 727.83 428.71 1685.39 

(31.38) (43.18) (25.44) (JOO) 

Landles.'I 531.86 133.65 445.61 1711.18 

(31.08) (42.87) (26.040) (100) 

Overa)J 529.22 724.95 436.60 1690.76 

(31 .30) (42.88) (25.82) (100) 

maintains cost per year was found of Rs,44311.70 

member of dairy cooperative societies, while non­

members of Rs, 37431.53. The net maintains cost of 

members was higher as compare to non-members. 

The oost-bcncfit ratio which expresses the 

relationship between the unit cost and the 

prQp<>rtiOWJte return is another parameter ofloolcing 

into the efficiency of dairy business. 

The table further shows that overall average net 

returns from milk per animal was Rs. 2490S.86 in case 

of non-members. The category-wise analysis shows 

that the net returns was found to be Rs. 20207.47 on 

small farmers, Rs. 27484.47 on marginaJ farmers and 

Rs. 24764.68 in landJess families. lt shows that the net 

retwns from milk was lower in case of small farmers 

and higher on nwginal farmers. It was due to 

lower maintenance cost per animal on small 

fanners. 

The cost benefit ratio is the ratio between gros., 
return to the net maintenance cost. The cost benefit 

ratio was estimated and the results are presented in 

Table-4 shows that in case of members per family 

overall average income per rupee of investment wu 

of Rat: 1.64. The income per rupee of investment in 

different categories was of Rs 1.45 on small farmers, 

Rs 1.61 on marginal fanners and Rs l.75 in landless 

families. It shows that the income per rupee of 
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lable 3 : Gnu retana. mahateunce cost-per yar ud net man or aifelGl'lel or memben ud no11-111e111ben. 
-

Catepry Gl'OII retaru Net malatrauce Cod per year Net retarm 

(In RI.) 

Memben 

Small 69201.77 47592.4-4 21609.33 

Marainal 70378.0J 43717.59 26660.42 

Landless 75913.40 43330.02 32583.38 

Overall 72725.94 44311.70 28414.25 

No■-memben 

Small S81S2.6I 38545.14 20207.47 

Maroinal 61890.78 34406.31 21-484.41 

landless 6371S.23 38950.SS 24764.68 

OYcraD 62337.39 37431.53 24905.86 

Table 4 : Cost beaellt ntlo per aalmal members and noJHDemben of dairy cooperatives sodeda. 

Catttory Net malatmuce eost De.r yw- (In RI.) 

Small 41592.44 

Mqinal 437)7.59 

Landless 43330.02 

Overall 44311.70 

Small 38545.14 

Marginal 34406.3) 

LandJea 38950.55 

OvcraU 37431.53 

investment was maximum in landless families. In 

case of non-members side the over all average cost 

benefit ratio was found I : 1.51 in smaJI farmers, I: 1. 78 

marginal farmers and 1: 1.63 Jandless. It show that the 

income per rupees of invesbncnt was higher in 

marginal fanners. 

The table furtha- reveals that the net mums per 

animal was highest in case of members as 

compared to non-members. It is advisable for 

non-members to become the mcmbcn of the viUage 

level milk producer co-operative society, because 

they provide a guaranteed market for milk at a 

ranuncrative price, supply cattle feed at a reasonable 

cost and provide efficient veterinary and extension 

services for the millc producer's. 

Table S indicated that the overall average benefit 

Gron IDCOme <Rs.) I Cottbeadltndo 

Memben 
69201.77 l: L4S 

70378.0) 1: 1.61 

75913.40 1: 1.75 

72725.94 I: J.64 

Non-memben 
58152.61 ): I.SI 

61890.78 l: J.78 

63715.23 I: 1.63 

62337.39 l: J.66 

gained per family was of Rs. 789.86 i.e.17.52 per cent 

of the material supplied by Gangol Sahakari Dugdh 

Utpadak Sangh Ltd, Meerut. In case of small, marginal 

and landless categories, it was 14.65, 17.03 and 19.11 

per cent, respectively. lt shows that landless families 

got more concession from the Gangol Sahakari Dugdh 

Utpadak Sangh Ltd, Mecrut in the. value of the material 

supplied by Gangol Sabakari Dugdh Utpadak Sangh 

Ltd, Meerut District. 

CONCLUSION 

On the basis of findings it may be concluded that 

the cost of milk production per liter was found higher 

in mcmbcn of dairy cooperative societies as compare 

to non members. The milk production per animal was 

higher in all categories of members as compare to non 
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Table S : Benefits derived by the memben per family from G11gol Saubri Dagel• Utpadu S1ngll Ltd, Meerat daring 

2016-17. 

Category Concessional value Market val1e Benefit derived Percentlge benefit 

(Rs.) (concessional) (Rt) 

Stmll 4823.31 5651.19 827.88 14.65 

Matginal 3960.75 4773.72 812.97 17.03 

landless 3204.51 3961.56 757.05 19.11 

Overall 3780.35 457011 189.86 17.52 

members. The gro~ return per animal was higher in all 5. Seema Jhagrawat; Pant, D.C.; Burark, S.S. 2013 lncome 

categories of members as compared to non members. and employment generation of dairy cooperatives in 

The net return from milk per animal was higher in all Southern Rajasthan, India. Asian Journol of Dairy and 

categories of members as compared to non members. Food Rtsearth 32(1) : 46-49 

The cost benefit ratio was found higher in non 6. Shiyan~ R.L. ( 1995). Contribution of daizy co-operatives 

members in c-0mparison to members. to the income of milk producers in Saumhtra 

region-modified decomposition analysis, Ind. J. Agri. 
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Abstract 

The study designed to detect arsenic level in water, oil & poultry meat in the five different locations in Fatzabad district of casterm Uttar 
Pradesh and correlated with soil and poultry meat arsenic content. In this study, 8O samples of cach water, soil and puultry meat were collected 
AAS The dfterent areas Arsenie contents of samiples were detected by Hydnde ieneraton Atomic Absorytion Spectruphotometer (H 
0.17924+0.05247ug'g respectively.Analysis of 80 drinking water samples revealed that Arsenic concentration was above MPL 10ugl) n 
I125%.The Arsenic content in drinking water ranged from I.049-13.879gl with a mean valuc of 5.5312-3,0407ug l in Faizabad district 
Analysis of s0 soil sarmples revealed that Arsenic concentrationå was above MPL (10ug'g) in 12 5% The Arsenic content in soil rangod from 

0. N66-13.365ugg with a mean valuc of 5.550=2,981Ouglg in Faizabad district Analysis of 80 poultry meat sarnples revcaled that Ansenic 

vatie of 0.17924z0 0524Teg' in Fatrabat district The comelation natrs how that soil and ltny meat' arsens conte a senfn 
correlated with water arscnic content. Correlation analysis showed a significant positive correlation betwoen drinking water. soil and poultry 
meat (Corelation coefficient r 0.623. p0.01) and corelation was alo found positive at (Corelation coefficent r-0497. p0.05) 
Keywords: Hydride Generation Alomic Absorption Spectrophotometet (HG-AAS), Maximum Permissible Limit (MPLI 

Introduction |Though most arsenic is cleared from thesc sites, residual amounts 
Arsenic is one of the most toxic metals derived frum the naturalremain in the keratin-rich tissuCs, rails, hair and skin. After about fwo 
envirmment. The major cause of animal anenic toxicity is from weceks of ingesticn, ursem1c is deposited in the hair and nailk. Chronic 
Ihan from mining. smclting or agricultural soutses (nesicidsor senie can lead fo cancer of the skin, lungs. 

fertilizers)," Arsenic is semi metallic in nature and widely present in Materials and Methods 

of he workd D Weubeine of cks converts arsenieA 

sulfides to arsenic trioxide, which enters the arscnc cycle as dust or by 
dissolution in rain. rivens, or groundwater. + The oceurrence of bigh B. 
concentrations of arsenic in groundwater used for drinking purpose has 

euasa major ublie health concerm in several parts of 

and results in reduction in their bio-mass."H Presently, the extent of 
groundwatcr arscnic contamination in Wes Bengal has reached an 
alarming situation as nine districts uf West Bengal have bcen reported| 
to have gTound watet arsenic concentratians above S0ugl and several A 
renresents a further notential 

ISSN 2277-7601 
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2.1 

To sarry out the socio-toxicological survey study in the different 
locations of Faizabad distriet. 
To collect the varnous ficld samples like water. soil & poultry meat 
frum the different identified places of Faizabad district of castern 
Uttar Pradcsh. 

estraction and 
uscd for the cstimation of arsenie hy Hvdride Centin 

Absorption Spectropibotometer (HG-AAS) 
Socio-toricolagical survey: 

alig 

survey was carrmied out to assess the socio-economic and public 
dneam mrtance ot Arenic toxicity in animals. his survey was done 

where crops are irigatcd with high arscnic ground water, grown in soil and poultry mcat wene collccted in Faizabad district of eastern 
contaminated ficlds or where food is cooked using arsenic Uttar Pradesh The obtainod informution was recorded to correlate the 
contaminated water7A toxicity of Arsenic in animals exposed to arsenic through contaminated 
Routes of As-assimilation could be through ingestion and inhalation. water, sonl and poultry meat 80 samples of each water, soil and poultry 

aborbed in the gastrointestinal tract About So% of the ntd om the diferent identified locations of Faizabad 

dosc may be eliminated in the urine in three to five days In acute|Water samples of abot 125 mi were collected from diflerent water 
poisoning electro-thenal atomic absorption spectrometry studies sources in polyethylene vials, these vials are pre-treated with clean up 
show that the highest concentration of arsenic is in the kidncys and proccdure. Before filling. rinse the botles two or three times with the 

Anene may be present in the organie or inorganie forms 4IM or heu Ater collcction, Naniple is acidificd with conc 

inorganic forms, arsenite (trivalent) and arsenate (pentavalent) ate the heavy metals on the container walls Ater acidifying sample 

derived muinly from eroded Himalayan sediments, and is belicved to Soil samples were collected t00 g cach time at the locations uscd for 
under an acrobie condition n ehnnie ancnie innetina cueciGu rm a epn range of approNimately 

ccumulates in the liver, kidneys, heart and lungs and smaller amounts 200-mesh sieve, and transferred to high-density polyethylene (HDPE) 
in the muNcles, nervous system, gastrointestinal tract and spleen. |bottles and were properly labeledLM) They were immediately sent to 

NAAS Rating- 5.20 Impact factor-4.035 261 

the carth-crust in the forms of oxides or sulfides or as a salt of iron, This study was des1gncd to detect the Arsenic level in various field 
sodium, calcium, copper cte Arsenic and its compound are well knownsamples in Faizabad district of castern Uttar Pradesh. The major 

two most prevalent and potential dangerous forms, while organic form transfer to the lab and kept in refrigerator at 4C temperature until 
of organoarsenicals is of importance 4 I In ndia Arsenic is naturally further analysis 
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Abstract 

Hariana is known as best draught breed of zebu cattle and also known for its endurance, resistance to tropical diseases, tick resistance and 

drought resistance. The present investigation was carried out on 258 Hariana cows for their 983 calving records spread over a period of 25 

years from 1992 to 2016 maintained at State Livestock cum Agricultural Farm, Hastinapur (Meerut) UP to study the incidence of lactation 

disorders. The data were collected on different lactation disorders and other relevant information from different records, registers and 

pedigree cum history sheets and was classified into 4 periods of 25 years, 04 seasons of calving based on climatological parameters and 5 

parity of lactation and subjected to statistical analysis. The study revealed that overall incidence of abnormal births was 4.7 percent and 

significantly affected by the period of calving. There is no significant effect of genetic factor on the incidences of utero-vaginal prolapse and 

retention of placenta. In conclusion, the parity affects incidence of utero-vaginal disorders significantly and do not have significant effect on 

abnormal births, while season of calving significantly affects abnormal births. 

Keywords: Reproductive disorders, Cattle, Retention of Placenta, Metritis 

Introduction 

India is an agrarian country, said to live in villages and about 70% of 

its population engaged in agriculture in one or the other way with 

livestock as the integral part of agriculture. Animal husbandry is a 

component of agricultural economy playing its crucial role in 

development of the country. This sector may be helpful in reducing 

the poverty in rural India. Animal products contribute 27% of the 

agriculture output and the value of output from livestock sector as a 

whole increased three-fold (Birthal et al, 1999 and Dastagiri, 2010). 

Globally, India ranks first in milk production and during the year 

2017-18, there is 6.6% increase in milk production to 176.35 million 

tonnes (Anon., 2018).  

The various sources of losses from disease are the reduced milk yield, 

discarding of milk from diseased cow, drugs and veterinary services 

involved in treatment of diseased cow, requirement of more labor, 

premature loss of cows due to death or culling at low price, reduced 

milk quality and finally reduced genetic gain. The premature culling 

of a cow due to lactation disorders amounts to a great loses not only 

of the milk production but also of the offspring due to which a best 

dairy cow with high genetic merit may not replace itself. This reduces 

the genetic gain and hence lowers the rate of genetic improvement. 

The most important lactation disorders are the utero-vaginal disorders, 

breeding problems, and udder problems. These disorders do not only 

result into low milk production but also lowers the fertility and 

longevity of the animals and hence reduces the income to dairy 

farmers in a number of ways. There had been unusual rate of genetic 

improvement for yield traits of dairy cattle through breeding 

strategies. The present study was conducted to know the incidence and 

inheritance of lactation disorders in Haryana cattle.  

Materials and Methods 

Source of Data 

The present study was carried out on Hariana cows maintained at 

Hastinapur (Meerut), Uttar Pradesh. The data were collected from the 

history sheets cum pedigree sheets, health register, culling reports, 

mortality register and fertility records of the cows. A total of 983 

calving records of 258 adult cows were recorded over a period of 25 

years (1992-2016). The calving records of cows which have 

completed at least one lactation were included in the present study.  

Location and Climate of the farm 

The Govt. livestock farm, Hastinapur is situated about 30 km north-

east of Meerut (U.P.) on the edge of Holley river Ganga. The climate 

of the farm is typically tropical in nature. There is daily variation in 

temperature reaching as high as 430C during summer months (April-

June) followed by humid but less hot monsoon period from July to 

September. The cold weather starts from December ending in March 

during which the temperature ranges from 4 to 30 0C. Thus, the 

animals of this farm faced great climatic stress of both hot and cold.  

Breeding and Management Practices 

The breeding policy at this farm was selective breeding with Hariana 

bulls from high yielding dams. Selection and culling criterion of 

females as well as the selection of young male calves for breeding was 

on the basis of dam’s milk yield. The nutritional requirements were 

met by supplying a balanced ration of green and dry fodder 

supplemented with concentrate. The cows were stall fed along with 

grazing.  Landholding of farm was 400 acres and used for fodder 

production and grazing of animals. The animals were also fed the 

mineral mixture according to age group. Concentrate feeding to 

milking cows was based on their milk production. There were separate 

sheds for animals of different age groups. The animals were given 

protection from adverse climatic conditions i.e. from cold and heat. 

The milking cows were hand milked twice a day. The udder and teats 

of the milking animals were washed thoroughly before milking. The 

milk recording was also done by the milk recorder for individual cow 

both the times. Sick animal were identified and given the proper 

treatment by the veterinarian. The prophylactic measures were 

adopted by vaccinating the animals for different diseases as per norms. 

Data collection and description 

The data were collected on different traits of lactation disorders and 

disposal pattern of adult cows from different registers/reports. The 

data like cow number, sire number, dates of different services in 

different lactations, date of calving in different lactations, sex and type 

of calf born in different lactations, milk yield in different lactations, 

number of days under treatment for various disorders, date of death of 

cows and date of culling of cows were recorded to generate some 

characters and to feed the data for statistical analysis. The reproductive 

disorders like calving problems, utero-vaginal prolapse, retention of 

placenta and metritis were collected from health/treatment register and 

breeding records or service records. 

Data Classification: The data spread over a period of 25 years for the 

cows belonging to different parity of lactation calved in different 

seasons of year were classified into periods, parity order (lactation 

number) and season of calving. 

a) Parity of lactation: The parities of lactations were considered up 

to the last parity available in the history sheet of cow. The 

numbers of cows in fifth and above parities of lactation being 

less were combined in to one group as 5 & above. 

b) Period of calving: The complete data of 25 years were divided 

in to 5 periods. This was done considering that management 

levels do not change during some years and the change 

accumulated over 4-5 years may become important in 
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influencing the performance records of the animals. The 

following classification of 25 years was done as: 

Years Period code 

1992 – 1996 1 

1997 – 2001 2 

2002 – 2006 3 

2007 – 2011 4 

2012 – 2016 5 

c) Season of calving: The climatic conditions are different during 

different months of a year but these are more or less similar for 

2-3 consecutive months and hence the 12 month of a year were 

grouped into  four seasons as under: 

Months Season Season code 

December-March Winter 1 

April-June Summer 2 

July-September Rainy 3 

October-November Autumn 4 

Statistical analysis: The incidence of various lactation disorders were 

calculated for different levels of parity, period and season of calving 

as the percentage of cows affected with a particular disorder. The 

significance of the effect of various non genetic factors viz. parity, 

period and season of calving on various lactation disorders and 

disposal traits were estimated by conducting the analysis of variance 

(F-test).  

Results and Discussion 

Incidence of lactation disorders: The overall average values of 

various lactation disorders as well as their average values in relation 

to the levels of different non genetic factors viz. parity order, period 

and season of calving and the results of analysis of variance (ANOVA) 

showing the significance of different non genetic factors have been 

presented in tables 1-4. 

Abnormal calving: The overall incidence of abnormal birth was 4.7 

percent (Table 1). Previous studies (Bhattacharya and Buchoo, 2008; 

Kumari et al., 2015 and Sardar et al., 2015). On contrary, higher 

incidence than the present study (Tesfaye and Shamble, 2013; Hadush 

et al. 2013; De Amicis et.al., 2018), whereas low incidence have been 

reported by Tomar and Singh (1973) for Hariana cows bred to bulls of 

different breeds (1.1-3.6%), Rawal and Tomar (1996a) for  Sahiwal 

breed (3.5%) and Sangeeta et al. (2002) for crossbred cow (3.03%). 

The incidence of abnormal calving varied from 3.5 percent (5th 

lactation) to 6.6 percent (Ist lactation) among the cows of different 

lactations and the incidence was higher in first calvers than older cows. 

This may be because genital organs of first calf heifers are not well 

accustomed to the normal act of parturition. Higher incidence of 

abnormal births among younger cows have also been reported by 

Singh and Jain (1997) whereas Arun et al. (1995) have found that the 

incidence was higher in older cows but no trend along parity order of 

lactation was observed by Mukherjee and Tomar (2000). There was 

no significant relation between the effect of parity order and abnormal 

calving. This is in agreement with previous studies (Banik and Naskar, 

2006; Tesfaye and Shamble, 2013) while significant effect of parity 

order on abnormal calving was reported by Hadush et al., 2013 and 

Sardar et al., 2015. The period of calving was found to influence 

significantly (P<0.01) the incidence of abnormal calving in this study 

(Table 2) ranging 2.5% to 8.3%. Similar to this study, previous reports 

(Singh et al., 2002; Bhattacharya and Buchoo, 2008) were in 

agreement while Singh and Jain (1997) could not find significant 

effect of period of calving on the incidence of abnormal births 

The rate of abnormal calving was found to be highest among summer 

calvers (8.3%) while it was lowest (2.7%) among those calved during 

autumn season and statistically significant. Higher incidence of 

abnormal births among summer calvers have also been reported 

previously (Arun et al., 1995). This might be because the cows with 

inadequate feed supply and reduced feed consumption during summer 

abort as a protective mechanism to conserve their own body reserve 

(Roberts, 1971).   

Utero-vaginal prolapse: The incidence of Uterovaginal prolapsed was 

3.35 percent, which was similar to previous studies (Bhattacharya and 

Buchoo, 2008). However, low incidence have also been reported by 

Sangeeta et al (2002) in crossbred cattle (0.1%), Hadush et al. 2013 

(1.9%) and Sardar et al., 2015 (0.66%). There was no significant 

relationship between prolapsed and parity of animals. Contrary to this, 

Hadush et al. 2013 and Sardar et al., 2015 reported that parity of 

lactation had significant effect on the incidence of prolapse. 

Retention of placenta: The overall incidence of retention of placenta 

in the present study was 5.80%. Similar to present study, Bhattacharya 

and Buchoo (2008) have reported almost same incidence of retention 

of placenta. Contrary to present findings, low incidence of retained 

placenta have been reported by Sangeeta et al. (2002), Hadush et 

al.(2013) and Sardar et al. (2015), while high incidence of retention 

of placenta was reported by Tesfaye and Shamble (2013), Kumari et 

al., 2015) and Khan et al., 2016). There was no significant difference 

between incidences of retention of placenta with season of calving and 

parity of animals.  

Metritis: In the present study, overall 7.22 percent cows developed 

metritis following parturition (Table 3). Similar to present findings, 

previous studies (Bhattacharya and Buchoo, 2008; Hadush et al., 

2013; Khan et al., 2016) have also reported similar incidences. The 

parity of lactation had significant effect on the incidence of metritis. 

The cows calving during rainy season had high incidence of metritis 

(9.35%) and low incidence in the cows calved during summer seasons 

(5.39%). The high incidence during rainy season may be due to the 

reason that there are more chances of septic condition during rainy 

season particularly when the placenta is removed manually. Tomar 

and Tripathi (1994) had also reported the significant effect of season 

of calving, also being high during rainy season. In conclusion, the 

parity affects incidence of utero-vaginal disorders significantly and do 

not have significant effect on abnormal births, while season of calving 

significantly affects abnormal births. The high incidences of 

reproductive problems in the herd may be the reason of culling in the 

animals.  
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Table 1: Incidence (%) of abnormal births and sex ratio (% males) in relation to  non genetic factors. 

Effects Total births Abnormal births Male births Female 

births 

Total normal 

births No. % No. Sex ratio (%) 

Lact-1 258 17 6.6 110 45.6 131 241 

         2 202 9 4.5 98 50.8 95 193 

         3 162 5 3.1 72 45.9 85 157 

         4 129 7 5.4 53 43.4 69 122 

         5 232 8 3.5 109 48.7 115 224 

Period        

         1 86 6 7.0 34 42.5 46 80 

         2 197 5 2.5 92 47.9 100 192 

         3 303 10 3.3 140 47.8 153 293 

         4 217 18 8.3 94 47.2 105 199 

 5 180 7 3.9 82 47.4 91 173 

Season        

     Winter   417 18 4.3 199 49.9 200 399 

     Summer   204 17 8.3 80 42.8 107 187 

     Rainy   214 7 3.3 96 46.4 111 207 

     Autumn   148 4 2.7 67 46.5 77 144 

Overall 983 46 4.7 442 47.2 495 937 

Table 2: ANOVA indicating the effect of non-genetic factors on abnormal births and sex ratio. (Mean Square Values). 

Sources of variation Degree of freedom Abnormal calving Sex ratio 

Lactations 4 0.0638 0.1228 

Periods 4 0.1792** 0.0699 

Seasons 3 0.1698* 0.5201* 

Error     0.0491(971) 0.1919 (925) 

* P<0.05,    ** P<0.01 

Table 3: Incidence of utero-vaginal disorders (%) in relation to non-genetic factors 

Effects No of 

Observations 

Prolapse Retention of Placenta Metritis 

Overall 983 3.35 (33) 5.80 (57) 7.22 (71) 

Parity 

        1 258 3.88 (10) 6.59 (17) 7.75 (20) 

        2 202 2.97 (6) 5.94 (12) 11.88 (24) 

        3 162 3.09 (5) 4.94 (8) 6.79 (11) 

        4 129 3.10 (4) 3.88 (5) 5.43 (7) 

        5 232 3.45 (8) 6.47 (15) 3.88 (9) 

Period 

        1 86 4.65 (4) 5.81 (5) 9.30 (8) 

        2  197 3.55 (7) 5.08 (10) 7.61 (15) 

        3 303 3.63 (11) 5.61 (17) 6.60 (20) 

        4 217 2.76 (6) 6.91 (15) 6.91 (15) 
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        5 180 2.78 (5) 5.56 (10) 7.22 (13) 

Season 

     Winter        417 2.40 (10) 5.28 (22) 7.19 (30) 

     Summer 204 4.41 (9) 7.35 (15) 5.39 (11) 

     Rainy 214 4.21 (9) 6.07 (13) 9.35 (20) 

     Autumn 148 3.38 (5) 4.73 (7) 6.76 (10) 

Figures in parenthesis are the number of affected cows. 

Table 4: ANOVA indicating the effect of environmental factors on various utero-vaginal disorders (Mean Square values). 

Sources of variation DF Prolapse Retention of Placenta Metritis 

 Lactations    4  0.0084  0.0098  0.2012* 

 Periods    4  0.0052  0.0684   0.0008 

 Seasons    3  0.0598  0.0477  0.2275* 

 Error 971  0.0496  0.0698  0.0659 

* P< 0.05 
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Abstract 

Staphylococcus aureus is considered as a potential cause of wide variety of infections in human and animals. Biofilm formation not only 

protects the bacteria from host immune cells but also protect it from antimicrobial drugs thus facilitating the survival of bacteria for a longer 

period. The aim of this study was to determine the prevalence of biofilm formation among S. aureus isolated from clinical samples of human 

and animals in and around Mathura, India. In the present study, a total of 175 clinical samples from human (75) and animals (100) were 

collected and processed for isolation of S. aureus. All the S. aureus isolated were further confirmed by morphological, standard biochemical 

tests, and molecular tests. Biofilm formation ability of S. aureus isolates were examined by Congo red agar (CRA). A total of 175 samples 

were collected from animals and human, out of them, 78 (44.57%) samples were confirmed as S. aureus on the basis of cultural, 

morphological, biochemical and molecular characteristics. All the 78 isolates were tested for slime production using congo red agar method 

and only 47 (23 from human and 24 from animals) were found positive for biofilm formation. From the study, it can be concluded that, there 

is high prevalence of S. aureus infections in wounds / abscesses in human and animals and concurrent biofilm formation. High level of biofilm 

forming Staphylococcus aureus isolates in human and animal population may play a key role in the transmission of these microorganisms. 

Keywords: Biofilm formation, Congo red dye, Prevalence, Staphylococcus aureus 

Introduction 

Staphylococcus aureus is a leading cause of infections in human as 

well as animals [1-3]. It may cause variety of infections ranging from 

minor skin infections to chronic systemic infections and sometimes 

failures of treatment [4]. This ability of bacterium is mainly due to the 

acquisition of resistance to multiple antimicrobials, virulence and 

capability to produce biofilms [5-7]. Biofilms are the extracellular 

polymeric substances, which provide the protection from host immune 

defense and space for the growth of bacterial, thus facilitating the 

survival of bacteria for a longer period. Infection due to biofilm 

producing S. aureus is more dangerous in comparison to that of non–

biofilm producing S. aureus because bacteria within the biofilm are 

also protected from the antimicrobial agents leading to failure of 

treatment and repeated infections [8].   

In a resource-limited country like India, the prevalence and early 

detection of biofilm forming S. aureus in clinical isolates is essential 

for the prevention and management of infections in humans and 

animals. Although previous studies have demonstrated the prevalence 

of S. aureus [2,3,5], limited knowledge about prevalence of biofilm 

forming S. aureus is available in clinical samples, especially in human 

and animal’s infections. In the present study, authors aim to detect the 

prevalence of biofilm forming S. aureus in clinical isolates of man and 

animals in medical and veterinary practices in and around Mathura, 

India. 

Materials and Methods 

2.1. Sample source and collection 

A total of 175 samples were collected during the study, out of them 75 

samples were from humans consisting of pus samples from wounds, 

post-operative wounds, skin abscess, while 100 samples from animals 

from different sources such as abscesses, post-operative wounds, 

wounds etc. from the cattle, buffalo and dogs presented to the 

Veterinary Clinical Complex (VCC), DUVASU, nearby Goushalas 

and during clinical camps in and around Mathura, India. All the pus 

samples were collected with the help of sterilized swabs and 

immediately transferred to Tryptose soya broth (Hi Media, India) with 

6.5% NaCl (Merck, India) for further processing. 

2.2. Isolation and identification of S. aureus 

All the samples were cultured on Nutrient agar media (Himedia, India) 

containing 6.5% Sodium Chloride. The presumptive Staphylococcus 

colonies (golden, round, smooth, glistening, opaque) were subjected 

to Gram’s staining, biochemical tests, including mannitol 

fermentation, positive catalase and negative oxidase reaction [9]. 

2.3 DNA Extraction and PCR assay: 

The DNA of all isolates was extracted using the phenol chloroform 

method as described previously (Sambrook and Russel, 2001). 

Concentration of DNA in each extract was measured using Nanodrop 

1000 (NanoDrop). PCR primers for nucA gene and conditions of PCR 

have been described previously [10].  

2.4. Screening of biofilm production:   

The in vitro biofilm production was measured using phenotypic assays 

like Congo Red Agar (CRA) method. The biofilm producing strains 

were screened by qualitative methods like Congo Red Agar (CRA) 

method. All the confirmed S. aureus were grown on Congo red agar 

plates for 24h at 37°C and analyzed as described previously [11].  Black 

and brown colonies were regarded as slime producer isolates, while 

red and dark red colonies classified as non-biofilm producing strains. 

Results and Discussion 

Out of 175 clinical samples of wounds/ abscesses collected from 

human (75) and animals (100), 78 (44.57%) were positive for S. 

aureus. The prevalence of S. aureus in human and animal samples 

separately was found 61.3% and 32% respectively. All the 78 S. 

aureus isolated strains were showing cultural characteristics 

producing golden yellow colour colonies on Nutrient agar medium 

(Fig 1) and Mannitol salt agar (Fig 2), morphological characteristic 

like coccus arranged in grapes like bunches on Gram’s staining, 

mannitol fermentation, catalase and coagulase positive and further 

characterized using specific primers for nucA gene (Fig 1). The 

distribution of the S. aureus strains among clinical samples collected 

from human and animals are shown in Table 1. 

Table 1: Distribution of S. aureus among clinical samples of 

human and animals 

S. No. Origin Total samples No. of S. aureus 

1 Human 75 46 (61.30) 

2 Animal 100 32 (32.00) 

3 Total 175 78 (44.57) 
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Fig. 1: Golden Yellow Colonies of S. aureus 

on Nutrient Agar 

Fig. 2: Golden Yellow Colonies of S. aureus on 

Mannitol Salt Agar 

 

 

Fig. 3: Gram Positive Cocci S. aureus on 

Gram’s staining 

Fig. 4: S. aureus showing Catalase Positive 

Reaction 

 
Screening of biofilm production 

On modified CRA, slime producing strains formed strong black 

colonies, whereas non-producing strains develop complete red 

colonies. Among all 78 S. aureus isolates, 47 (60.26%) isolates were 

positive in CRA, while 31 (39.74%) isolates were biofilm non-

producers with red colonies. Out of 47 isolates 23 and 24 were slime 

producing isolates from human and animals respectively.  Among 

these 60.2% revealed black pigmentation and 39.7% revealed red 

color on published Congo red agar. 

 

 

Fig. 5: PCR amplification of Staphylococcus aureus 
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Fig. 6: Congo red agar plate test. Black colonies: 

the slime-producing strains 

Increase in the development of antimicrobial resistance in 

staphylococcal infections poses a serious threat to one health. S. 

aureus is a major human and animal pathogen that causes wide range 

of infections and due to antibiotic resistance difficult to treat. Such 

types of treatment failure are mainly associated with biofilms formed 

by S. aureus. Therefore, detection of biofilm forming staphylococci 

plays a crucial role in the prevention and management of infections.  

Although the prevalence of S. aureus infections in and around 

Mathura, India was previously reported [2,3,5] the prevalence of biofilm 

forming S. aureus was not studies in the area. The presence of S. 

aureus in the clinical specimen represents a potential source for the 

introduction of the pathogen to human and animals and resulting risk 

of zoonosis[11]. The present study aimed to identify the prevalence of 

biofilm forming S. aureus in various clinical samples of human and 

animals. In this study, 175 clinical samples of pus / wound / abscesses 

from human and animals were processed for isolation of S. aureus 

isolates and in-vitro biofilm production by congo red agar method. 

This study is a pilot study for detecting the prevalence of biofilm 

producing S. aureus in animals and human. Further the use of congo 

dye method is easy, cheap suitable and reproducible method for 

detection of biofilm producing Staphylococci.  

Conclusion 

From the study, it can be concluded that, there is high prevalence of S. 

aureus infections in wounds / abscesses in human and animals and 

concurrent biofilm formation. High level of biofilm forming 

Staphylococcus aureus isolates in human and animal population may 

play a key role in the transmission of these microorganisms. 

Acknowledgement 

Authors are thankful to Vice Chancellor, Vice-Chancellor, Uttar 

Pradesh Pandit Deen Dayal Upadhyay Pashu Chikitsa Vigyan 

Vishwavidyalaya Evam Go-Anusandhan Sansthan (DUVASU), 

Mathura for the necessary help and the facilities provided during the 

study. Authors are also thankful to Smt. Mamta, and Sri Raman Bihari 

Lal Sharma Ji for providing technical support during the study. 

References 

Lister JL, Horswill AR. Staphylococcus aureus biofilms: recent 

developments in biofilm dispersal. Frontiers in Cellular and Infection 

Microbiology. 2014; 4: 178. 

Sharma L, Verma AK, Kumar A, Rahal A, Neha, Nigam R. 

Incidence and Pattern of Antibiotic Resistance of Staphylococcus 

aureus Isolated from Clinical and Subclinical Mastitis in Cattle and 

Buffaloes. Asian Journal of Animal Sciences. 2015; 100-109. 

Kutar K, Verma AK, Kumar A, Sharma B. Analysis of mecA Gene 

and Antibiotic Resistance in Staphylococcus aureus Isolates from 

Bovine Mastitis. Indian Journal of Comparative Microbiology, 

Immunology and Infectious Diseases. 2015; 22-27. 

Fitzpatrick F, Humphreys H O'Gara, JP. Evidence for icaADBC-

Independent Biofilm Development Mechanism in Methicillin-

Resistant Staphylococcus aureus Clinical Isolates. Journal of Clinical 

Microbiology. 2005; 43(4): 1973–1976. 

Jayshree, Singh VK, Kumar A, Yadav SK. Prevalence of 

Methicillin Resistant Staphylococcus aureus (MRSA) At Tertiary 

Care Hospital of Mathura, India. Progressive Research – An 

International Journal. 2016; 11: 5495-5498.  

Figueiredo AMS, Ferreira FA, Beltrame CO, Cortes MF. The role 

of biofilms in persistent infections and factors involved in ica-

independent biofilm development and gene regulation in 

Staphylococcus aureus. Critical Reviews in Microbiology. 2017; 

43(5): 602-620. 

Waters EM, Rowe SE,  O'Gara JP, Conlon BP. Convergence of 

Staphylococcus aureus Persister and Biofilm Research: Can Biofilms 

Be Defined as Communities of Adherent Persister Cells? PLoS 

Pathology. 2016; 12(12): e1006012. 

Kateete DP, Kimani CN, Katabazi FA, Okeng A, Okee MS, 

Nanteza A, Joloba ML, Najjuka FC. Identification of 

Staphylococcus aureus: DNase and Mannitol salt agar improve the 

efficiency of the tube coagulase test. Annals of Clinical Microbiology 

and Antimicrobials. 2010; 9: 23. 

Ciftci A, Findik A, Onuk EE, Savasan S. Detection of methicillin 

resistance and slime factor production of Staphylococcus aureus in 

bovine mastitis. Brazilian Journal of Microbiology. 2009; 40(2): 254-

61. 

http://www.ycjournal.net/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lister%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=25566513
https://www.ncbi.nlm.nih.gov/pubmed/?term=Horswill%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=25566513
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4275032/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4275032/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fitzpatrick%20F%5BAuthor%5D&cauthor=true&cauthor_uid=15815035
https://www.ncbi.nlm.nih.gov/pubmed/?term=Humphreys%20H%5BAuthor%5D&cauthor=true&cauthor_uid=15815035
https://www.ncbi.nlm.nih.gov/pubmed/?term=O'Gara%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=15815035
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1081404/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1081404/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Figueiredo%20AMS%5BAuthor%5D&cauthor=true&cauthor_uid=28581360
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferreira%20FA%5BAuthor%5D&cauthor=true&cauthor_uid=28581360
https://www.ncbi.nlm.nih.gov/pubmed/?term=Beltrame%20CO%5BAuthor%5D&cauthor=true&cauthor_uid=28581360
https://www.ncbi.nlm.nih.gov/pubmed/?term=C%C3%B4rtes%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=28581360
https://www.ncbi.nlm.nih.gov/pubmed/28581360
https://www.ncbi.nlm.nih.gov/pubmed/?term=Waters%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=28033390
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rowe%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=28033390
https://www.ncbi.nlm.nih.gov/pubmed/?term=O'Gara%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=28033390
https://www.ncbi.nlm.nih.gov/pubmed/?term=Conlon%20BP%5BAuthor%5D&cauthor=true&cauthor_uid=28033390
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5199038/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5199038/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kateete%20DP%5BAuthor%5D&cauthor=true&cauthor_uid=20707914
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kimani%20CN%5BAuthor%5D&cauthor=true&cauthor_uid=20707914
https://www.ncbi.nlm.nih.gov/pubmed/?term=Katabazi%20FA%5BAuthor%5D&cauthor=true&cauthor_uid=20707914
https://www.ncbi.nlm.nih.gov/pubmed/?term=Okeng%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20707914
https://www.ncbi.nlm.nih.gov/pubmed/?term=Okee%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=20707914
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nanteza%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20707914
https://www.ncbi.nlm.nih.gov/pubmed/?term=Joloba%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=20707914
https://www.ncbi.nlm.nih.gov/pubmed/?term=Najjuka%20FC%5BAuthor%5D&cauthor=true&cauthor_uid=20707914
https://ann-clinmicrob.biomedcentral.com/
https://ann-clinmicrob.biomedcentral.com/
https://www.ncbi.nlm.nih.gov/pubmed/20707914
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ciftci%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24031354
https://www.ncbi.nlm.nih.gov/pubmed/?term=Findik%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24031354
https://www.ncbi.nlm.nih.gov/pubmed/?term=Onuk%20EE%5BAuthor%5D&cauthor=true&cauthor_uid=24031354
https://www.ncbi.nlm.nih.gov/pubmed/?term=Savasan%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24031354
https://www.ncbi.nlm.nih.gov/pubmed/?term=Detection+of+methicillin+resistance+and+slime+factor+production+of+Staphylococcus+aureus+in+bovine+mastitis


VOL. VIII, SPECIAL ISSUE, NATIONAL SEMINAR ON RTTEPSR NDUAT AYODHYA-2019             MULTILOGIC IN SCIENCE           ISSN 2277-7601 

An International Refereed, Peer Reviewed & Indexed Quarterly Journal in Science, Agriculture & Engineering 

www.ycjournal.net           NAAS Rating- 5.20           UGC Approved journal                      Impact factor-1.137                            233 

Knobloch JK, Horstkotte MA, Rohde H, Mack D. Evaluation of 

different detection methods of biofilm formation in Staphylococcus 

aureus. Medical Microbiology and Immunology. 2002, 191(2):101-

106. 

Papadopoulos P, Papadopoulos T, Angelidis AS, Kotzamanidis C, 

Zdragas A, Papa A, Filioussis G, Sergelidis D. Prevalence, 

antimicrobial susceptibility and characterization of Staphylococcus 

aureus and methicillin-resistant Staphylococcus aureus isolated from 

dairy industries in north-central and north-eastern Greece. 

International Journal of Food Microbiology. 2019; 291:35-41.

 

 

http://www.ycjournal.net/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Knobloch%20JK%5BAuthor%5D&cauthor=true&cauthor_uid=12410349
https://www.ncbi.nlm.nih.gov/pubmed/?term=Horstkotte%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=12410349
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rohde%20H%5BAuthor%5D&cauthor=true&cauthor_uid=12410349
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mack%20D%5BAuthor%5D&cauthor=true&cauthor_uid=12410349
https://www.ncbi.nlm.nih.gov/pubmed/12410349
https://www.ncbi.nlm.nih.gov/pubmed/?term=Papadopoulos%20P%5BAuthor%5D&cauthor=true&cauthor_uid=30445283
https://www.ncbi.nlm.nih.gov/pubmed/?term=Papadopoulos%20T%5BAuthor%5D&cauthor=true&cauthor_uid=30445283
https://www.ncbi.nlm.nih.gov/pubmed/?term=Angelidis%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=30445283
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kotzamanidis%20C%5BAuthor%5D&cauthor=true&cauthor_uid=30445283
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zdragas%20A%5BAuthor%5D&cauthor=true&cauthor_uid=30445283
https://www.ncbi.nlm.nih.gov/pubmed/?term=Papa%20A%5BAuthor%5D&cauthor=true&cauthor_uid=30445283
https://www.ncbi.nlm.nih.gov/pubmed/?term=Filioussis%20G%5BAuthor%5D&cauthor=true&cauthor_uid=30445283
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sergelidis%20D%5BAuthor%5D&cauthor=true&cauthor_uid=30445283
https://www.ncbi.nlm.nih.gov/pubmed/30445283


VOL. VIII, SPECIAL ISSUE, NATIONAL SEMINAR ON RTTEPSR NDUAT AYODHYA-2019             MULTILOGIC IN SCIENCE           ISSN 2277-7601 

An International Refereed, Peer Reviewed & Indexed Quarterly Journal in Science, Agriculture & Engineering 

www.ycjournal.net           NAAS Rating- 5.20           UGC Approved journal                      Impact factor-1.137                            125 

INDIAN DAIRY BREEDS: SOURCE OF SAFER AND HEALTHIER MILK (A2MILK) 

Devesh Kumar Yadav 1, Kuldeep K.Tyagi 1 Atul Gupta1, Gulab Chandra2, Harshit Verma3, S.P.Yadav4, Premsagar Maurya5 

and Vikas Jasiwal6 
1Department of Animal Genetics & Breeding, 2Department of Veterinary Physiology & Biochemistry, 3Department of Veterinary 

Microbiology, 4Department of Animal Husbandry,5Department of Veterinary Parasitology, 6Department of Veterinary Pathology,  

College of Veterinary and animal sciences, SVPUAT, Meerut, U.P. 

Abstract 

Beta casein in bovine milk is abundantly present and considered as one of the excellent source of nutrition and amino acids. Beta casein chain 

is 209 amino acid long. If at 67th position Proline amino acid is  present  it will be A2 Beta casein and if histidine replaces the proline then 

nomenclature will be A1 Beta casein. Digestion of A1 milk results in production of a bioactive peptide known as  betacasomorphine 7 (BCM7) 

which may lead to development of some human diseases. In A1 milk, BCM-7 level is 4 times more  than in A2 milk.A1 is the most frequent 

in exotic breeds of cattle. Comparatively these ill effects are not seen after the consumption of A2 milk Indian native dairy cows and buffaloes 

have only A2 allele (A2 milk) and hence considered as source of safe milk i.e A2 milk. Although more research are needed to find out other 

favourable results of A2 milk. It is immediate demand of time to give attention on our  cattle breeding policy for conserving and   promoting 

valuable germ- plasm so that safe and healthy milk  for public consumption can be easily available.  

KEYWORDS: A2 milk, polymorphism, beta-casomorphin7, Indian native dairy cows. 

Introduction 

Secretions of the mammary gland of mammals after the calving results 

in the production of a white liquid which is most perfect food for new 

born of each one (including the humans) is called as milk. This milk 

is considered as source of complete food for the infant because of 

presence of carbohydrate (lactose), fat (fat soluble vitamins), proteins 

(proteins lipids and amino acids) and minerals in addition to water. 

Several micro-nutrients, enzymes, hormones, growth factors, 

immunoglobulins, and many bioactive peptides which are present in 

the milk are needed for growth and development of calf as well as for 

humans. The lipids in milk are emulsified and proteins are in colloidal 

dispersions as micelles. Milk composition varies with stage of 

lactation, nutrition, breed, age, health status of the udder and energy 

balance of the milking animal. Colostrums also differ considerably 

from milk to milk and the proteins are higher in colostrums than in the 

later lactational milk[1]. This review is focused on discussing the 

importance of Indian breeds of cows, and buffaloes which are 

confirmed as A2 milk producers and at the same time rethinking of 

Cross Breeding Strategies for Indian cattle breeds. 

Beta- casein polymorphism and nomenclature of A1 and A2 milk: 

In general Bovine milk has 85% water, 4.6% lactose (milk sugar), 

3.7% triacylglycerols (milk fat), 2.8% caseins (milk protein), 0.54% 

minerals and 3.36% miscellaneous substances. Bovine milk protein is 

composed approximately of 80% casein and 20% whey. But some 

researchers have also opinion that whey proteins constitute about14% 
[2]. Beta casein is abundantly present and considered as one of the 

excellent source of nutrition and amino acids. The casein micelles are 

seen and observed as colloidal complexes of protein and salts, 

especially calcium[3]. This casein is of four types named as: alpha 

s1(CSN1S1, 39–46% of total caseins), alpha s2(CSN1S2, 8–11%), 

beta (CSN2, 25–35%), and kappa (CSN3, 8–15%) [4].There is also 

gamma-casein, which is a product of degradation of beta-

casein[5].Production of Caseins are governed by polygene. The genes 

encoding 4 caseins are found on bovine chromosome 6 [6]. Beta-casein 

constitutes about 30% of the total protein content in milk. Due to 

polymorphism there are several variants of beta casein named as: A1, 

A2, A3, B, C, D, E, F, H1, H2, I, G. Out of these, common variants of 

beta –casein in dairy cattle breeds are A1, A2, B, A3 and C but 

amongst these, A1 and A2 variants are most common types of β-casein 

which are found in the milk of  dairy cattle [7] . Beta casein chain is 

209 amino acid long. Position number 67th of amino acid is deciding 

w.r.t. nomenclature of A1 or A2 Beta casein. If at 67th position amino 

acid Proline comes then it will be A2 Beta casein and if histidine 

replaces the proline at 67th position then nomenclature will be A1 Beta 

casein. A2 milk is that milk which contains only A2 type of beta-

casein protein while A1 milk contains only A1 beta casein protein or 

A1A2 type. A1 casein protein type is generally found in milk which is 

produced from exotic breeds and crossbred cattle. Production of A2 

casein protein milk is exclusively done by indigenous cows and 

buffaloes of India (Asia as a whole).  

Genetics behind genotypic and phenotypic consideration of A1 

and A2 milk: 

 The A1 or A2 milk status of a dairy cow is determined by genetic 

makeup on the sixth chromosome. At this locus, because of co- 

dominant nature of alleles (A1 and A2 beta casein alleles ) there would  

be  three possible  genotypes, i.e. A1A1 (homozygous) , A1A2 

(heterozygous) and A2A2 (homozygous). If homozygous combination 

occurs in parental generation then only one type of gametes are 

produced for each homozygous genotype i.e. either bearing A1 ( if 

homozygous is A1A1) or bearing A2 (if homozygous is A2A2). In 

case of each homozygous condition their progeny will be having 100% 

probability for receiving either A1 or A2 gametes produced from 

respective homozygous parents. In case of A1A2 (heterozygous) 

individual, provided segregation is normal, there will be production of 

equal number of A1 and A2 gametes and their progeny will receive 

either A1 or A2 gametes with only 50% probability.  

Distribution of Milk protein variants in different breeds of Cattle 

Researches envisaged to investigate variants of milk protein on exotic 

cows (Taurine type), indigenous cows (Zebu type) and buffaloes have 

revealed that A1 allele ((A1 milk) is more frequent in exotic breeds of 

dairy cattle while Indian native dairy cows and buffaloes have only 

A2 allele[8].There are some Indian milk breeds of cows and buffaloes 

who are homozygous for gene (Red Sindhi, Tharparkar, Sahiwal, 

Rathi Gir) while some Indian breeds are around 94 per cent pure for 

A2 allele [9] . The percentage of purity w.r.t. purity for A2 allele 

decreases for foreign breeds (Jersey and HF) and  it is around 60 per 

cent. Varient A1 β-casein is not found in the milk of pure African and 

Asian Cattle[10].So, our indigenous cows and buffaloes produce A2 

milk.  

Why A2 milk is considered as safe milk? 

Digestion of A1 milk results in production of a bioactive peptide 

known as betacasomorphine 7 (BCM7) which may lead to 

development of some human diseases. BCM-7 may get absorb in the 

infants GIT as compared to adults. In A1 milk, BCM-7 level is 4 times 

more than in A2 milk. On the basis of some studies which had been 

carried out in the late of 20th century, it had been suggested that 

consumption of A1 milk increases the risk factor for type 1 (insulin-

dependent) diabetes mellitus [11] ,  ischaemic heart disease in humans 

[7], sudden infant death syndrome (SIDS) [12] .Some other problems 

like as autism and schizophrenia also seems to be associated with A1 

milk consumption ( higher level of BCM-7). Comparatively these ill 

effects are Epidemiological evidence from New Zealand suggests that 

A2 milk is better for human health than A1 milk [13] .As compared to 

the possible effects of A1 milk these ill effects are not seen after  the 

consumption of A2 milk and hence can be considered as the safer and 

healthier milk. 

http://www.ycjournal.net/
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Conclusion 

Now a day due to more awareness people are more concerned with 

their diet and health status. Till date, results published and finding of 

epidemiological studies have clear indication that our indigenous 

dairy cattle breeds in addition to the buffalos are valuable source of 

producing A2 milk. Keeping the public health in mind we should see 

it as an opportunity to provide safe and healthy milk by our valuable 

dairy germ plasm. It will not only save public money but will also 

contribute to make healthy nation following the lines that prevention 

is better than treatment.At the same time the animal genetics breeders 

and policy makers should pay attention that -  if the composition and 

source of bovine milk is going to decide the health status of its 

consumers then certainly we will have to pay immediate attention for 

breeding and promotion of Indian breeds of cows, and buffaloes which 

are confirmed as A2 milk producers and at the same time there is time 

for rethinking of cross breeding strategies for Indian cattle breeds. 
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Abstract 

The skin is the largest body organ that serves as protective barrier, an endocrine, sensory and thermoregulatory organ. We investigated the 

increased heat loads on adaptation mechanism in Murrah buffalo dermal fibroblast. Dermal fibroblasts are the most regular cell constituent 

of dermis in buffalo’ skin that is crucial for homeostasis. Dermal fibroblasts (DF) from ear pinna of Murrah buffaloes heifers (n=10) were 

collected and cultured in Dulbecco’s Modified Eagle Medium (DME/F-12) supplemented with 10% bovine calf serum (Hyclone, Logan, UT, 

USA), 1% Gentamicin solution (Sigma Chemical Co., St. Louis, Missouri, USA) at 37°C in a humidified atmosphere at 5% CO2. After fifth 

passage, dermal fibroblasts was subjected to thermal stress, at 25°C, 40°C, 44°C for 3h to measure Nitric oxide (NO). The results of the study 

showed that overall NO production was found to be significantly different (P<0.0001) on exposure to different temperature. At 25°C, NO 

production did not differ significantly (P<0.05) as compared to normal temperature (37°C) in Murrah buffaloes. Due to heat stress effect, NO 

production increased in dermal fibroblasts cell lysate of Murrah buffaloes in comparison to control. At 40°C, NO production increased 

significantly (P<0.05). At 44°C, NO production was significantly higher (P<0.05) in Murrah buffaloes. In summary, dermal fibroblast 

resistance to heat shock differed at different temperature. Present studies revealed that an important mechanism by which cells adapt to heat 

stress involves modifications in endogenous NO synthesis. Nitric oxide plays a critical role in the regulation of cellular phenotypes. This 

specific NO signaling pathway may also operate in conjunction with gene expression. Thus, NO is a novel regulator of heat stress. Nitric 

oxide plays a significant role in animal survival with in sub lethal temperature. 

Keywords: Dermal fibroblast, Heat stress, Murrah buffalo, Nitric oxide, Skin 

Introduction 

Heat stress causes significant financial burden to animal production 

system [1]. The increase in body temperature caused by heat stress has 

direct, adverse consequences on cellular function which directly and 

indirectly affect production of farm animals [2]. The thermal balance is 

affected by environmental factors (ambient temperature, relative 

humidity, solar radiation, air movement, and precipitation), animal 

factors (rate of metabolism, moisture loss) and thermoregulatory 

mechanisms of the animals [3]. High environmental temperature 

challenges the homeostasis and stimulates excessive production of 

free radicals [4] and excess of these free radicals causes cellular 

damage. 

The skin being largest organ of body lead to protects the internal body 

structures from a hostile external environment from varied nature 

(pollution, temperature, humidity and radiation). Skin also help in 

maintaining water and heat loss from the body [5]. Skin is composed of 

three layers: epidermis, dermis and hypodermis. Fibroblasts are the 

most regular cell constituent of dermis in animals’ skin [6], which 

represent a heterogeneous population of cells defined according to 

their location within the dermis. Two subpopulations of fibroblasts 

exist in distinct dermal layers: the papillary and reticular dermis [7]. A 

third group is associated with hair follicles. If animals are adapted to 

a set of environmental conditions, they will have skin morphological 

features that will allow them to survive under a given environmental 

condition [8]. Nitric oxide (NO) is a unique biological messenger 

molecule that is synthesized from L-arginine by nitric oxide synthase 

(NOS) enzyme [9]. NOS is a remarkably complex enzyme, which acts 

on molecular oxygen and arginine in neurons, endothelial cells, 

platelets, neutrophils and other cells to produce NO. Quantitative 

determination of total nitrite acts as an indicator of NOS activity in 

biological samples. NO is a unique second messenger molecule that 

readily diffuses through cell membranes to exert a variety of biological 

actions in mammalian cells. NO is produced and released by major 

cell types in skin such as fibroblasts, keratinocytes, melanocytes and 

endothelial cells [10, 11] and plays a significant role in the response to 

infection and injury in skin [12].  

An important understanding on physiological role of skin will help in 

modulating heat tolerance and improve functions under different heat 

load conditions. Although dermal fibroblast cells constitute a major 

portion of skin, the information on fibroblasts and its response to heat 

stress is meager in Murrah buffalo. In light of the changing climate, 

an understanding of the physiological changes would allow for 

predictions of heat stress adaptation in Murrah buffalo. Therefore, 

present studies were conducted to know the effect of thermal stress on 

skin of Murrah buffalo. 

Materials and Methods 

Experimental animals  

Murrah buffalo heifers (N=10) ranging from 1-2 year age group were 

selected from the herd of National Dairy Research Institute (NDRI), 

Karnal for various sets of experiments. All these animals were 

maintained under general management practices followed for heifers 

at the institute. At the time of the actual experiment, all the animals 

were clinically healthy and free from any physical or anatomical 

abnormalities. 

Ethical permission 

The experiment was approved by the Institutional Animal Ethics 

Committee (IAEC) constituted as per the article number 13 of the 

CPCSEA–rules, laid down by Government of India. 

Isolation and Culture of Murrah buffalo dermal fibroblast  

Skin biopsies were taken from the ear pinna of the healthy heifers, 

aseptically. The margin of the ear pinna was shaved using a razor and 

wiped with sterile tissue papers. Skin tissue was pinched off from the 

ear pinna of the animals and the wound was dressed after the 

application of antiseptics. Norms regarding the ethical treatment of 

animals during the whole operation were strictly followed. The tissue 

was held in sterile DPBS and transported to the laboratory for further 

processing. The tissues were then washed thoroughly, with Ca++ and 

Mg++free DPBS. The tissue was transferred into a cell culture dish 

containing 2ml DMEM/F-12 supplemented with 10% FBS, 1% 

Gentamicin solution and 2.5µg/ml Amphotericin B. Skin along with 

the hair follicles was removed on both surfaces. The remaining tissue 

was minced into small pieces (about 1 mm in size) using a sterile 

surgical blade. The tissues were washed again in culture medium 

(DMEM containing 10% FBS), 5 times and seeded into 60 mm tissue 

culture dishes without addition of any medium (the small amount of 

medium sticking to the tissue was sufficient to nourish them till their 

attachment). The dishes were incubated for 4-8 hours in a CO2 

incubator and observed at different intervals so as not to allow them 

to dry out completely. Upon attachment of tissues, culture medium 

was added to the dishes and incubated in a 5% CO2 incubator at 37ºC. 

Tissue explants were regularly observed for proliferation of 

fibroblasts and were removed aseptically when a sufficient number of 
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cells had proliferated and formed a monolayer on the cell culture 

dishes. The monolayer was treated as primary cell culture of 

respective cells. After reaching 70-80% confluence, the fibroblast 

cells were sub-cultured by partial trypsinization. The cells were 

subjected to 5 continuous passages for selection of homogeneous 

population of dermal fibroblast. The dermal fibroblast was routinely 

evaluated for sterility by growing them in antibiotic free media. The 

cells were also tested for incidence of mycoplasma contamination 

using Myco Alert Mycoplasma detection kit (Lonza, USA). 

Heat stress to dermal fibroblast  

In the present study, the dermal fibroblasts were divided into the 

following four groups. Group 1 (Control): carried out at 37°C. The 

dermal fibroblasts of the experimental groups were exposed to a 

temperature of 25°C (Group 2), 40°C (Group 3) and 44°C (Group 4) 

for 3 h.  

Nitric oxide (NO) determination 

Nitric oxide (NO) was determined in dermal fibroblast culture media 

of Murrah buffalo by “Nitrate/Nitrite Colorimetric Assay kit” 

(Catalog No. 780001) from Cayman Chemical Company, 1180 East 

Ellsworth Road Ann Arbour, MI 48108, USA. 

Materials provided: Assay Buffer, Nitrate Reductase Enzyme, Nitrate 

Reductase Cofactors, Nitrate Standard, Griess Reagents R1 and R2.  

Reagent Preparation:  

Assay Buffer: The total content of the assay buffer vial was diluted to 

100 ml with Milli-Q water.  

Nitrate Reductase Enzyme Preparation: The vial was reconstituted 

with 1.2 ml assay buffer.  

Nitrate Reductase Cofactors Preparation: The vial was reconstituted 

with 1.2 ml assay buffer. 

Nitrate Standard: The vial was reconstituted with 1.0 ml assay buffer. 

Again 0.1 ml of reconstituted Nitrate Standard +0.9 ml of assay buffer 

yielded 200µM concentration that is used to prepare 0, 5, 10, 15, 20, 

25, 30 and 35 µM concentration.  

Assay Protocol: (1) 200 µl of assay buffer was added to the blank 

wells. Any other reagent was not added to blank wells. (2) 80 µl of 

sample and standards were added to the ample and standard wells. (3) 

10 µl of the enzyme cofactor mixture was added to each standard and 

sample well. (4) 10 µl of the nitrate reductase enzyme mixture was 

added to each standard and sample well. (5) Plate was covered with 

adhesive strip and incubated at room temperature for one hour. (6) 50 

µl each of Griess reagents R1 and R2 was added to each standard and 

sample well. (7) Optical density was taken after 10 minutes, using 

TECAN infinite PRO200 ELISA reader (Tecan Asia Pte Ltd. 

Singapore) at 540 nm. 

Calculation: The duplicate readings were averaged for each standard 

and samples. The average blank optical density was subtracted. The 

average absorbance of standards as a function of final nitric oxide 

concentration (µM) was plotted and concentration of the samples were 

calculated using linear regression equation of standard curve.  

Precision: Inter-assay and intra-assay coefficient of variation was 

3.4% and 2.7% respectively. 

Assay Range: 2.5–200 µM 

Statistical analysis 

The data analysis was done using SAS software, Version (9.1) of the 

SAS System for Window, Copyright© (2011) SAS Institute Inc., Cary, 

NC, USA. Data from different experiments are presented as mean±SE. 

The pair-wise comparison of means was carried out using 

Tukey's multiple comparison tests. The difference at P≤0.05 was 

considered to be statistically significant.  

Results and Discussion 

Nitric oxide production is an indicator of cellular stress. The results 

on nitric oxide (NO) have been presented in table 1.0; change in NO 

at different temperatures has been shown in figure 1.0. 

At normal temperature (37°C) for optimal cell growth, total NO 

production observed was 9.59±0.24µM. Exposure at 25°C resulted in 

to a decrease in NO production but the level increased at 40 and 44°C 

(table 1.0). Decrease in NO production at 25°C was observed to be 

8.07±0.20 which is 15.88 % less than normal value at 37°C (figure 

1.0). The NO production increased by 12.2±0.59 which is 27.36 % 

more at 40°C, whereas value increased further to 14.18±0.46 which is 

47.85 % more at 44°C exposure temperature as compared to normal 

value at 37°C (figure 1.0).  

Table 1.0 Effect of heat stress on NO production (µM) in dermal 

fibroblasts of Murrah Buffalo (N=10; Mean±SE) 

Group Temperature 

(ºC) 

NO production (µM) 

Group 1 37 9.59±0.24a 

Group 2 25 8.07±0.20a 

Group 3 40 12.22±0.589b 

Group 4 44 14.18±0.46c 

Mean ± SE with different superscript in small letter in the column 

differ significantly (P<0.05) 

The overall NO production was found to be significantly different 

(P<0.0001) on exposure to different temperature. At 25°C, NO 

production did not differ significantly (P<0.05) as compared to normal 

temperature (37°C) in Murrah buffaloes. Due to heat stress effect, NO 

production increased in dermal fibroblasts cell lysate of Murrah 

buffaloes in comparison to control. At 40°C, NO production increased 

significantly (P<0.05). At 44°C, NO production was significantly 

higher (P<0.05) in Murrah buffaloes. 

The present studies on dermal fibroblasts of Murrah buffaloes 

indicated that NO production decreased at 25°C, whereas increased at 

40 and 44°C as compared to control temperature (37°C). The increase 

in stress markers and the deviation from normal cellular functions 

reflects increased level of stress. The increased levels of the NO are 

associated with the susceptibility of dermal fibroblasts to different 

environmental stress. The higher level of NO in Murrah buffaloes 

confers their susceptibility to hot dry environment.  

Figure 1.0 Effect of heat stress on percentage (%) change in NO 

production (µM) in dermal fibroblasts of Murrah Buffalo 

 
The primary source of ROS is molecular oxygen (O2) and in aerobic 

cells during electron transport, about 10% of reducing equivalents 

from NADH leaks to produce superoxide (O2¯) and hydrogen 

peroxide (H2O2). RNS (NO) also fuel ROS generation through a 

similar interaction with cytochrome c oxidase to give rise to O2
¯/H2O2 

or react with O2
¯ to generate peroxynitrite (ONOO¯). ROS attacks 

DNA to form hydroperoxides and peroxides [13, 14]. Mitochondrial 

nitric oxide synthase produces NO, the primary RNS that reacts with 

O2
¯ to give peroxynitrite. In normal cellular metabolism, low to 

moderate ROS/RNS are generated as part of the signaling pathways, 

and in innate and adaptive immune response against danger signals 
[15]. The production of NO is associated with the inflammatory 

process. It was significantly affected by heat stress, suggesting that the 
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up regulation of iNOS in this study might be associated with NO 

production after cyclic heat stress [16].  

NO is also involved in skin cell growth and differentiation. The half-

life of NO is 3-5 sec in biological tissues and it acts only locally [17]. It 

is degraded to stable end products nitrate and nitrite by reacting with 

oxygen and water [18]. It has the capacity to modulate the activity of 

proteins through reversible reactions with available functional groups, 

notably ferrous and thiols. Thus, enzymes such as guanylylcyclase, 

cyclooxygenase and cytochrome P450 become target for nitric oxide. 

NO mediates a variety of essential physiological functions viz. 

vasodilation, mediation of immune defense, neurotransmission, 

cytoxicity and inflammation [19]. Pathophysiological functions include 

interaction with mitochondrial systems to regulate cell respiration or 

cell death [20]. A co regulated function between iNOS and HSP70, both 

in normal and in oxidative stress conditions have been demonstrated 
[21, 22]. NO displays anti-inflammatory and antimicrobial properties and 

plays a significant role in wound healing [23, 24, 25, 26] and infection [27]. 

The biphasic action of NO and its metabolites on cell proliferation of 

keratinocyte has been studied. Some co-workers also reported that NO 

increases intracellular cGMP level, and cGMP signaling pathway is 

involved in collagen expression in response to NO [28, 29]. Buffalo 

lymphocytes are responsive to nitric oxide compounds and produce 

significant amounts of nitric oxide to modify lymphocyte mitogenesis 
[30]. Buffalo lymphocytes produce NO, which was significantly 

enhanced in response to mitogen stimulation during gestation and 

peripartum period [31]. Though the production was more during 2nd and 

3rd trimester or on day of parturition, the difference was not significant 

owing to significant variations between lymphocyte activities in 

different buffaloes [32]. High THI or milk production level of buffaloes 

does not significantly affect nitrite production by PBMCs in vitro, 

though PBMCs of high producing buffaloes and those in hot season 

showed higher nitrite in their culture supernatants [33]. The Murrah 

buffalo calves lymphocytes also have an active nitric oxide synthase 

(NOS) system [34]. 

NO plays a key role in orchestrating the skin’s response to external 

stimuli such as heat, ultra violet (UV) light, response to infection, and 

wound healing, as well as possibly underlying certain pathological 

conditions [35]. The human skin represents a tissue with demonstrated 

roles for NO generation by constitutively expressed NOS in whole-

body thermoregulatory reflexes and in local control of skin vessels [36]. 

Only inflammatory processes, such as skin burns or wounds, increase 

iNOS levels to those of nNOS and eNOS [37]. In addition, 24 h or 

longer are required for sufficient expression of iNOS to generate 

increases in NO levels [38]. These observations argue against a role for 

iNOS in cutaneous active vasodilatation. 

Present research indicated that an important mechanism by which cells 

adapt to heat stress involves modifications in endogenous nitric oxide 

(NO) synthesis. The effect of oxygen on the NO pathway involving 

cyclic guanosine monophosphate (cGMP)-dependent signaling 

appears to play a critical role in the regulation of cellular phenotypes. 

This specific NO signalling pathway may also operate in conjunction 

with gene expression. Thus, NO is emerging as a novel regulator of 

hat stress in Murrah buffalo. 
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Abstract 
Fortified flour was prepared by blending wheat flour with mung flour and milk powder in ratios of 100:0:0, 
90:5:5, 80:10:10 and 70:15:15 respectively and packaged in glass jar for further experiment to develop 
biscuits. The mass, diameter and thickness of biscuits are important to design the mould and cast of the 
biscuit.  The study revealed that the mass and thickness of fortified biscuits decreased with increase in the 
incorporation of mung flour and milk powder with wheat flour. The value of mass of control (wheat flour) 
biscuits was lowest as compared to other fortified biscuits. 
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Introduction 
Food fortification is one way of solving 

nutrient deficiencies in developing countries, 
and so far the implementation of those programs 
has been very successful for correcting 
nutritional deficiencies within a very short 
period. In the developing countries, it should be 
taken into account that the food selected as a 
vehicle for the nutrient should be stable and 
consumed by the population at risk, and the 
amount of nutrient added should be sufficient to 
correct the possible deficiency. 

In general, all the rice-consuming 
countries have a vitamin A deficiency, which is 
associated with corneal lesions that can lead to 
partial or total blindness, and also with reduced 
resistance to infectious diseases, and in 

consequence an increased morbidity and 
mortality. Another deficiency associated with 
rice-consuming countries cause nutritional 
anemia due to iron deficiency, which has been 
linked to reduced resistance to infections and 
also effects on cognitive development and 
physiological functions in children, and in 
severe cases of deficiency causing maternal 
deaths. Iodine constitutes the third major 
deficiency in rice-consuming countries. This 
mineral is necessary for correct fetal 
development and also for normal physical and 
mental activities in adults. 

Cereals grains contain about 10-14 % 
moisture, 58-72 % carbohydrates, 8-13% 
protein, 2-5 % fat, and 2-11 % indigestible fibre. 
They are also containing 300-350 kcal/100 g of 
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the grain. Cereals grains contain about two-
thirds carbohydrates, most of which is in the 
form of digestible starches and sugars. The 
operations of milling generally remove much of 
the indigestible fibre and fat from the grains 
when they are to be consumed as human food 
(Potter and HotchKiss, 1996). Cereals do not 
contain vitamin A or vitamin C (Rama Krishnan 
and Venkat Rao, 1995). Soft wheat is used in 
cakes, pastries, cookies, crackers and oriental 
noodles where as hard wheat is used in breads. 
When hard wheat and soft wheat dried salt 
noodles with similar protein content were 
compared the hard wheat noodles were generally 
darker and stronger but less firm at the surface 
(Oh et al., 1985a). Around 1100 large roller 
flour mills in the country convert about 10.50 
million tones of wheat into wheat products. 
Moreover 2, 60,000 small flour mills are 
engaged in primary milling of wheat (Malik and 
Singh, 2010). 

Amongst legumes, mung bean (Vigna 
radiate L. Wilczek) is an excellent source of 
high quality protein and is one of the cheapest 
and richest sources of plant protein (Akaerue 
and Onwuka, 2010). Moreover, mung bean is 
rich in essential fatty acids, antioxidant and 
minerals (Kolloarova et al., 2010). Therefore, 
mungbean-wheat flour blends was used as 
alternate or in combination with other 
ingredients in many food products (Kenawi et 
al., 2009). Consumption of mungbean 
supplemented products can fulfill requirements 
of essential amino acids (Iqbal et al., 2006). 
Milk is an important part for manufacturing the 
biscuits. Thus keeping above all facts, present 
study has been designed to prepare the wheat-
mungbean-milk powder blends. The quality 
estimation and their potential application in 
cereal based products are the limelight the 
manuscript. The outcomes of the present 
research are important for all stakeholders to 
devise strategy to culminate the menace of 

protein energy malnutrition through blending of 
wheat-mungbean flour with milk powder.  

Material and Methods 

The entire research work was conducted 
at Division of Quality Assurance, Gangol Dugdh 
Utpadak Sagkari Sangh (Parag Dairy) Partapur, 
Meerut and Food Processing Unit, Department 
of Agricultural Engineering, S.V.P. University 
of Agric. & Tech., Meerut (U. P.). Various 
instruments / equipment namely Deck oven, 
convective oven, spiral mixer, grinder, 
electronic balance, hot air oven, muffle furnace, 
digital pH meter, digital spectrophotometer, etc 
were used for the research work.  Raw materials 
viz., wheat flour (maida or refined flour), mung 
flour, potato, other ingredients, packaging 
materials (glass jar) were procured from the 
local market of Meerut for the present study. 

Development of Biscuit from fortified flour  

 The fortified flour biscuits were 
prepared from various combinations of wheat 
flour, mung flour and milk powder. The 
standardized formulations for biscuit had 
ingredients as 100 g flour, 40 g sugar, 25 g 
hydrogenated fat, 1.5 g sodium bicarbonate, 1.5 
g baking powder and 1.0 g antioxidant. Hot 
liquid Hydrogenated fat and sugar were taken 
and creamed to a uniform consistency. The 
flour, required amount of water, baking powder, 
antioxidant and sodium bicarbonate were added 
to creamed mixture and mixed for 10 min at 
medium speed in dough mixer to obtain a 
homogeneous mixture. The dough was rolled out 
into thin sheet of uniform thickness and was cut 
into desired shape using mould. The cut pieces 
were placed over perforated tray and transferred 
into convective baking oven at 1500C for 20-30 
min till baked. The well baked biscuits were
removed from the oven, cooled to room 
temperature, packaged and stored at room 
temperature for further studies.  
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Proximate analysis of Biscuit  
The moisture of biscuits was 

analytically estimated by the methods as 
recommended by AOAC (2000). The pH, 
acidity and browning index (optical density) was 
determined by using the method as 
recommended by Ranganna (2001).  

Assessment of physical properties of biscuits  
Diameter: The diameter of biscuits was 

measured by laying five biscuits edge to edge 
with the help of a scale rotating those at 900 and 
again measuring the diameter of five biscuits 
(cm) and finally average value was considered 
(Chandra et al., 2015).   
 Thickness: Thickness was measured by 
stacking five biscuits on a top of each other and 
average thickness (cm) was considered. 
 Mass: Mass of biscuits (g) was 
measured as average of values of five individual 
biscuits with the help of digital electronic 
weighing balance. 
 Spread Ratio: Spread ratio was 
calculated by dividing the average value of 
diameter by average value of thickness of 
biscuits.  
 Per cent spread: Per cent spread was 
calculated by dividing the spread ratio of 
composite biscuit with spread ratio of control 
biscuits and multiplying with 100.  
 Bulk Density: The bulk density was 
determined according to the method described 
by Okaka and Potter (1977). Fifty (50) g sample 
of biscuits was put into a 100 ml graduated 
cylinder. The cylinder was tapped 40-50 times 
and the bulk density was calculated as weight 
per unit volume of samples.  

Results and Discussion  

The present study was undertaken to 
develop fortified biscuits from the composite 
flours. The wheat flour (refined flour) was 
blended with mung flour and milk powder in 
various combinations to prepare composite 

flours. The effect of incorporation ratio of flours 
were observed on moisture content, acidity, pH 
and non enzymatic browning or optical density); 
physical attributes (Thickness, mass, diameter, 
spread ratio, percent spread and bulk density) of 
fortified biscuits.  The reported values are mean 
of three replications with statistical analysis 
using OPSTAT software.  
Effect on Moisture Content: The moisture 
content of biscuits samples varied from 2.83 to 
3.03 per cent. The values of moisture content for 
freshly prepared biscuits was highest for W70 
biscuits (3.03 %) followed by W80 (3.01 %) and 
W90 (2.91 %) while lowest for control biscuits 
(2.83%).  The moisture content of fortified 
biscuits was higher as compared to control 
biscuits (Table 1). It was increased with increase 
in the incorporation of mung flour and milk 
powder with flour. Similar trends were found by 
Anu et al., (2007). They prepared biscuits from 
refined flour, pearl millets and mung in the ratio 
of 50:40:10 (type I) and 30:60:10 (type II). From 
Table 1 indicated that the control biscuits 
absorbed higher moisture from the ambient as 
compared to  other samples because of wheat 
flour had higher hygroscopicity property than 
others flours.  

Effect on Acidity: From Table 1, it could be 
seen that the acidity decreased with increase the 
incorporation of mung flour and milk powder 
with wheat flour. The acidity was measured 
highest for control biscuits followed by W90, 
W80 and lowest in W70 biscuits. Overall range of 
acidity among all the samples varied 0.153 to 
0.182 %. In the view of above, acidity decreased 
with decreasing in the proportions of wheat flour 
in biscuit formulation.  The effect of 
incorporation of flours on acidity of biscuits 
were found to be significant at p<0.05 level of 
significance.  
Effect on pH:  The effect of incorporation of 
mung flour and milk powder on pH of biscuits 
are presented in Table 1. The pH range for fresh 
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biscuits was observed 6.55-6.80 among all the 
biscuits samples. Highest pH was found for W70 
biscuits (6.80) followed by W80 (6.70), W90 
(6.60) while lowest for control biscuits (6.55) 
just after baking. The result of study revealed 
that the pH of biscuits increased with increasing 
the incorporation of mung flour and milk 

powder with wheat flour.  The effect of 
incorporation of flours on pH of biscuits were 
found to be significant at p<0.05 level of 
significance.  Highest pH was observed for W70 

biscuits while lowest for control biscuits as 
compared to others.  

Table 1: Proximate analysis of fresh fortified biscuits 
Proximate 
composition 

Biscuits CD5% 
W100 W90 W80 W70 

Moisture, % 2.83±0.026 2.91±0.020 3.01±0.034 3.03±0.020 0.053 
Acidity, % 0.182±0.002 0.165±0.002 0.160±0.007 0.153±0.005 0.011 

pH 6.55±0.053 6.60±0.045 6.70±0.045 06.80±0.026 0.115 
NEB (OD) 0.181±0.002 0.193±0.005 0.196±0.007 0.203±0.008 0.009 

Description  
W100 = Wheat flour (100 %) 
W90 = Wheat flour (90 %) + mung flour (5%) + milk powder (5%) 
W80 = Wheat flour (80 %) + mung flour (10%) + milk powder (10%) 
W70 = Wheat flour (70 %) + mung flour (15%) + milk powder (15%) 

 
Effect on Non enzymatic browning (optical 
density): The effect of incorporation of mung 
flour and milk powder on Non enzymatic 
browning (optical density) of biscuits is 
presented in Table 1. Optical density is the 
physical property associated to the presence of 
pigment in any sample. Non enzymatic 
browning (NEB) of biscuits was found to have 
increased with increase in the incorporation of 
mung flour and milk powder with wheat flour. 
Highest NEB was observed for W70 (0.203) 
followed by W80 (0.196), W90 (0.193) and lowest 
for control biscuits (0.181) as a fresh samples.  
The increase in Non enzymatic browning during 
baking was due to maillard reaction or 
interaction between protein and sugar or amino 
acids and sugar or organic acids and sugars. 
Mung flour and milk powder led to enhance the 
browning index of biscuits during baking due to 
enzymatic reactions and caramelization of sugar. 

Physical properties of fortified biscuits  
 The knowledge of important physical 
properties such as shape, size, volume, surface 
area, density, length, thickness, spread ratio, per 

cent spread and mass of biscuits is necessary for 
designing of baking equipment, packaging 
materials, handling and storage systems. These 
properties are also helping to calculate the 
energy and mass balance during baking. The 
mass, diameter and thickness of biscuits are 
important to design the mild and cast of the 
biscuit.  The effect of incorporation of flours on 
physical properties of freshly prepared biscuits 
were analyzed and discussed as follows.  
 

Effect on Mass: The variation in mass (g) of 
biscuits is given in Table 2. The mass per biscuit 
ranged 6.80 to 8.40g. The highest mass per 
biscuit was measured for W90 biscuit (8.40g) 
followed by W80 (8.20 g), W70 (7.80g) and 
lowest for wheat flour biscuit (6.80g). The study 
revealed that the mass of fortified biscuits 
increased with increase in the incorporation of 
mung flour and milk powder with wheat flour. 
The value of mass of control (wheat flour) 
biscuits was lowest as compared to other 
fortified biscuits.  The mass of biscuits was 
affected by the mass of dough taken for making 
the biscuit. The biscuits had variation in the 
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initial weight and size of biscuit due prepared by 
manually. Similar trends were found by Mridula 
and Wanjari (2006) and Chandra et al., (2015). 
They reported that weight of biscuit decreased 
gradually with increase in proportion of full fat 
soybean flour from 5 to 20 per cent and 
decreasing the proportion of wheat flour 100 to 

80 per cent. From this, it is clear that the effect 
of incorporation mung flour and milk powder 
with wheat flour on mass of biscuit were found 
to be non-significant at p<0.05. The study was 
accounted that the mass of biscuit increased with 
increase in the incorporation of other ingredients 
with wheat flour.  

Tables 2: Physical properties of fortified biscuits 
Biscuits Mass 

(g) 
Diameter 

(cm) 
Thickness 

(cm) 
Spread ratio Per cent 

spread 
Bulk density 

(g/cc) 
W100 6.80 4.25 0.96 4.43 100.00 0.499 
W90 8.40 4.40 1.10 4.00 90.29 0.395 
W80 8.20 5.58 1.05 5.31 119.86 0.397 
W70 7.80 4.80 0.73 6.16 139.05 0.591 

CD5% NS NS NS NS 10.779 NS 
Description  

W100 = Wheat flour (100 %) 
W90 = Wheat flour (90 %) + mung flour (5%) + milk powder (5%) 
W80 = Wheat flour (80 %) + mung flour (10%) + milk powder (10%) 
W70 = Wheat flour (70 %) + mung flour (15%) + milk powder (15%) 

 

Effect on Diameter: The value of diameter of 
biscuits ranged 4.25 to 5.58 cm. The highest 
diameter was observed for W80 biscuits (5.58 
cm) followed by W70 (4.80 cm) and W90 (4.40 
cm) and lowest for control biscuits (4.25 cm). It 
is clear that the diameter of fortified biscuits had 
larger as compared to control biscuits (Table 2). 
The diameter of fortified biscuits increased with 
increase in the incorporation of mung flour and 
milk powder with wheat flour. Diameter and 
spread ratio of biscuits are the important 
parameter used for evaluation the wheat 
varieties for biscuits making (Nemeth et al., 
1994).  Larger biscuit diameter and higher 
spread ratio are considered as the desirable 
quality attributes (Yamamoto et al., 1996).  
Similar findings were observed by Yadav et al., 
(2012) and Chandra et al., (2015). It could be 
seen that the incorporation of mung flour and 
milk powder with wheat flour had non-
significant effect at p<0.05 level of significance. 
This study revealed that diameter of biscuits 

decreased insignificantly with increase in the 
incorporation of different flours with wheat 
flour. The control biscuits had smaller diameter 
(4.25 cm) and larger for W80 biscuits (5.58 cm).  

Effect on Thickness: Data on the physical 
parameter like thickness of biscuits as affected 
by the incorporation of mung flour and milk 
powder with wheat flour are presented in Table 
2. The thickness per biscuit ranged 0.73 to 1.10 
cm. The highest thickness per biscuit was 
measured for W90 biscuit (1.10 cm) followed 
W80 (1.05 cm), W100 (0.96 cm) and lowest for 
W70 (0.73 cm). From the study revealed that the 
thickness of biscuits decreased with increase in 
the incorporation of mung flour and milk 
powder with wheat flour. Highest value of 
thickness was observed for W90 biscuits as 
compared to control biscuits. The thickness of 
biscuits was influenced by the initial mass of the 
dough ball which was taken for the preparation 
of biscuits. Decrease in diameter and thickness 
of fortified biscuits with other flours with wheat 
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flour may be due to dilution of gluten. Similar 
results were reported by Ajila et al., (2008) and 
Chandra et al., (2015).  It is clear that the 
incorporation of different flours with wheat flour 
on thickness of biscuits were found to be non 
significant at p<0.05 level of significance.  

Effect on Spread Ratio: The spread ratio is the 
ratio of diameter to thickness of biscuits. The 
variation in spread ratio for biscuits is given in 
Table 2.  The spread ratio of biscuits ranged 4.00 
to 6.16. The highest spread ratio was evaluated 
for W70 biscuits (6.16) followed by W80 (5.31), 
W100 (4.43) and lowest for W90 biscuits (4.00). 
The results indicated that the incorporation of 
other ingredients with wheat flour increased the 
spread ratio of biscuits.  Spread ratio of W90 
biscuits was found lower than control biscuits 
but higher for W80 and W70 biscuits. Results 
were also revealed that the spread ratio of 
fortified biscuits increased with decrease in the 
incorporation of wheat flour in fortified flours. It 
is clear that spread ratio is mostly influenced by 
the diameter and thickness of biscuits. Spread 
ratio and per cent spread decreased with addition 
of mung flour and milk powder. Rababah et al., 
(2006) reported the reduction in spread ratio 
when chickpea, broad bean and isolate soy 
protein were substituted for wheat flour in 
biscuits. Hence, it was observed that the spread 
ratio of biscuit were found to be non significant 
as compared to control biscuits at p<0.05 level 
of significance. Spread ratio of the fortified 
biscuits increased with increase in the 
incorporation of mung flour and milk powder.  

Effect on Per cent Spread: The experimental 
data for variation in per cent spread of biscuits is 
shown in Table 2. The per cent spread of 
biscuits varied 90.29 to 139.05. The highest 
score of per cent spread were observed for W70 
biscuits (139.05) followed W80 (119.86), control 
biscuits (100.00) and lowest for W90 biscuits 
(90.29). The study revealed that the per cent 
spread of biscuit increased with increase in the 

incorporation of mung flour and milk powder 
with wheat flour. The per cent spread of biscuits 
increased with decrease in the incorporation of 
wheat flour. Per cent spread of biscuits was 
influenced by the thickness and diameter of 
biscuits. Adair et al., (2001) found that mung
bean paste incorporation reduced cookie spread 
at all the level of substitutions (25, 50, 75 and 
100%) of peanut butter which was not similar to 
present study. Mandal et al., (2004) reported that 
incorporation of 25 per cent mung flour in the 
formulation of biscuit improved height, 
diameter, spread ratio, colour, texture and 
flavour.  Similar result was quoted by Chandra 
et al., (2015). Study revealed that the per cent 
spread of biscuits were affected significantly at 
p<0.05 level of significance. The spread ratio of 
biscuit was found to be significant as compared 
to control biscuits.  

Effect on Bulk density: The variation in bulk 
densities of biscuits are reported in Table 2, 
which shows the effect of incorporation of mung 
flour and milk powder with wheat flour. Bulk 
densities of biscuits ranged 0.395 to 0.591 g/cc. 
The highest bulk density was reported for W70 
biscuits (0.591 g/cc) followed by W100 
(0.499g/cc), W80 (0.397 g/cc) and lowest for W90 
biscuits (0.395 g/cc). It was also noticed that 
level of incorporation of different ingredients 
was influenced the bulk density of biscuits. 
From Table 1, it was observed that the bulk 
densities among all biscuit samples decreased 
with increase in the incorporation of mung flour 
and milk powder with wheat flour, while 
decreased with decrease in the proportions of 
wheat flour in composite flours. Hence, bulk 
density of biscuits depends on the particle size 
of incorporating flours which reduced by coarse 
size of potato flours in biscuits.  Akubor and 
Obiegbuna (1999) reported that bulk density of 
sample could be used in determining its 
packaging requirements as this related to the 
load the sample being stacked and allowed to 
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rest directly on one another. The density is often 
noted as an important quality parameter in 
biscuit making, in particular for predicting 
crunchiness (Bartalucci and Launay, 2000). 
Lower density is often suggested as a quality 
index for biscuits (Fustier et al., 2009). Study 
also revealed that the bulk density of biscuits 
were found to be non significant at p<0.05 level 
of significance. It is clear the bulk density 
decreased non-significantly with increase in the 
incorporation of different flours with wheat 
flour. Highest bulk density was found for W70 
biscuits while lowest for W90 biscuits at p<0.05 
level of significance. 

Conclusion  
The moisture content, pH, non 

enzymatic browning (NEB) of fortified biscuits 
had higher as compared to control biscuits. It 
was increased with increase in the incorporation 
of mung flour and milk powder with flour. The 
acidity decreased with increase the incorporation 
of mung flour and milk powder with wheat 
flour. The mass, diameter and thickness of 
biscuits are important to design the mould and 
cast of the biscuit.  The study revealed that the 
mass and thickness of fortified biscuits 
decreased with increase in the incorporation of 
mung flour and milk powder with wheat flour. 
The value of mass of control (wheat flour) 
biscuits was lowest as compared to other 
fortified biscuits.  The diameter, spread ratio, 
percent spread and bulk density of fortified 
biscuits increased with increase in the 
incorporation of mung flour and milk powder 
with wheat flour. Percent spread of biscuits was 
influenced by the thickness and diameter of 
biscuits. 
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EVAL U A TION OF PER FOR MANCE OF BROILER CHICKEN FED WITH MAIZE GLU TEN

COM PARED TO SOYA DOC WITH 3% RE PLACE MENT

Singare Deepak*, Suradkar Sanjay, Tasewal Dilip and Jaiswal Vikas 
Dr. B.V. Rao In sti tute of Poul try Man age ment and Tech nol ogy, Tilekarwadi, Urulikanchan, Pune-412202, Maharashtra 

ABSTRACT

An experiment was carried out by using one thousand seven hundred sixty, day old commercial broiler chicks (VenCobb
430 Strain), divided into two groups, one control and one treatment group with eight replicates of one hundred ten chicks
in each. Two experimental diets were prepared, viz., standard broiler ration as per BIS standards which was control
ration T0 and T1 with 3 % maize gluten meal (67%) by replacing soya de oiled cake (DOC). Growth performance (body
weight gain, feed intake and feed conversion ratio) and economics of broiler farming were evaluated. The average body
weights at the end of sixth week was significantly (P<0.05) higher in treatment group T1 as compared to control groupT0.
No significant differences were observed in feed consumption among all dietary treatments. Feed conversion ratio didn’t 
differ significantly at the end of 6th week for both the groups. The cost of feed per kg live weight gain was more for T1

group as compared to group T0 but due to more weight gain in T1 group the net profit fetched per bird was more in T1 than 
group T0. It can be concluded that maize gluten can be used as replacement of soya DOC in the diet of broilers

Key words : Broiler, maize gluten, growth performance and economics 

Poultry farming offers the best prospects for rapid

production of high quality protein in the form of eggs and

meat. Feed is a major component in the poultry production 

as it constitutes 70% to 80% of the total cost of production. 

(1). Poultry farmers utilize different type of protein source

such as fish meal, meat meal, blood meal, decorticated

cotton seed meal, til cake, toria cake, guar meal,

ground-nut  cake, sun flower cake and soybean meal and

maize gluten meal. Vegetable protein sources are

available in comparatively greater quantities and can

efficiently be incorporated in poultry rations. Constraints

on the use of soya bean meal in poultry diets are the

serious consumer concerns on the environmental impact

of soybean production and use (2). The remaining

sources, like cottonseed meal, sunflower meal and

rapeseed meal are being used in the poultry diets with a

caution due to presence of anti-nutritional factors in these

ingredients (3). The ever increasing cost of conventional

energy and protein sources used in poultry feed, such as

maize and soybean meal, have increased the cost of

poultry production. This rising cost of production in broiler

chicken can be overcome by the use of maize gluten meal. 

Keeping in view the importance and vitality of maize gluten 

meal in broiler feed, the present study was therefore,

carried out to determine the effect of maize gluten meal

(67%) on the growth performance and economical

production of broiler.

MATERIALS AND METHODS

Maize gluten is a by-product of the manufacture of maize

starch by a welling process (RFA, 2008). It is a rich feed,

containing about 43 to 67% crude protein (DM),

depending on its grade, used as a source of protein. It is

highly digestible source of plant proteins. Protein from

maize gluten meal is composed mainly of zein (68%),

glutelin (27%) and small amount of globulins (1.2%) (4). It

is relatively rich in linoleic acid and abundant in carotenes

and xanthophylls particularly made from yellow corn (5, 6). 

Maize gluten meal is a rich source of protein, vitamin A,

Lucine and isoleucine. The present experiment was

undertaken to evaluate the performance of broiler chicken

fed with maize gluten compared to soya DOC with 3%

replacement through assessment of growth performance

(body weight gain, feed intake and feed conversion ratio)

and economics of broiler farming. The maize gluten was

was purchased from local market.  The experiment was

carried out on 1760, day-old Vencobb 430 straight run

commercial broiler chicks for a period of 42 days (6

weeks) in the Dr B V Rao Institute of Poultry Management

and Technology, Tilekarwadi, Urulikanchan, Pune. The

chicks were obtained from M/s Venkateshwara Hatcheries 

PVT. LTD. Naigaon, Pune, Maharashtra. On arrival, the

chicks were weighed individually and distributed randomly 

on equal body weight basis into two groups viz, treatment

group T1 and control group T0 with eight replicates of 110

chicks in each.  The total birds were allocated to different

treatment groups are presented in Table-1.

Housing and management : All the pens, waterers,
feeders, brooders and floor were cleaned, washed,
disinfected and fumigated before arrival of broiler chicks. 
The birds were housed under deep litter system with rice
husk and saw dust as litter material.  The uniform
managemental practices viz. feeding, watering and
lighting were followed for all the groups throughout the
experimental period. The experimental chicks were
housed in four different pens and provided one and half
square foot floor space to each chick.  The birds were
offered ad-libitum drinking water throughout the
experiment. All the experimental chicks were vaccinated
for Marek’s and Gumboro disease vaccine.
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All the broiler chicks were fed with ground maize for

first two days of age followed by the experimental ration

prepared as per (7) standards up to 42nd day of age. The

diets were fed ad-libitum to all groups. Maize gluten was

added in ration @ 3% replacement to Soya DOC in T1

treatment group at the time of feed preparation. Weighed

amount of ration was offered every day to the entire

treatment groups.

Observations recorded : The live body weights of all

birds were recorded at weekly interval. From these data,

the average weekly body weight and weight gain per bird

were calculated for various treatment groups. The

average feed consumption was calculated from the total

feed offered minus left over feed on the next day morning.

Feed conversion ratio (FCR) was calculated by dividing

the feed consumption by weight gain. The chemical

analysis of the experimental broiler rations were carried

out as per (8) for all the proximate principles. The data

collected during this investigation were subjected to

statistical analysis by Complete Randomized Design

(CRD) method with week and treatment as two factor as

per (9).

RESULTS AND DISCUSSION

Analyzed composition of experimental ration is given in

Table-3. It may be observed from values in Table-3 that

experimental ration contained adequate nutrients for

growth as per (7) for broilers. 

Weight gain : At the end of sixth week T1 group gained

significantly (P<0.05) higher body weight (2480.12 g) as

compared to T0 group (2409.62 g). The results obtained in

this experiment are in concurrence with the findings of (10, 

11, 12) who reported significant (P<0.05) improvement in

body weight gain in broilers. However, contradictory

results were observed by (2) who reported that the body

weight values of maize gluten meal group were

significantly lower than control. (3) observed no any

significant effect on body weight. 

Table-1 : Experimental details.

Sr.
No.

Treatment
group

Treatment details Replicates No. of birds              
in each replicate

Average body
weight (g)

1. T0 Standard broiler ration 8 110 46.5 ± 0.29

2. T1 3% Maize gluten (replacement of Soya DOC) 8 110 46.10 ± 0.19

Table-2 : Per cent composition of experimental rations.

Sl. No Ingredients Prestarter % Starter % Finisher %

T0 T1 T0 T1 T0 T1

1. Maize 53.730 55.530 56.670 58.905 60.050 62.295

2. Soya DOC 37.400 33.500 33.770 29.500 29.780 25.500

3. Maize Gluten 0.000 3.000 0.000 3.000 0.000 3.000

4. Lime Stone Powder. 0.970 1.000 1.100 1.120 1.100 1.150

5. Di Calcium Phosphate 1.150 1.150 0.950 0.950 0.830 0.830

6. Soya Refined Oil 2.690 1.800 3.835 2.800 4.775 3.750

7. L-Lysine 0.230 0.320 0.190 0.280 0.180 0.270

8. DL-Methionine 0.340 0.310 0.280 0.250 0.260 0.220

9. L-Threonine 0.100 0.100 0.030 0.030 0.090 0.100

10. Vitamin Premix 0.050 0.050 0.050 0.050 0.050 0.050

11. Mineral Premix 0.100 0.100 0.100 0.100 0.100 0.100

12. Liver tonic 0.025 0.025 0.025 0.025 0.025 0.025

13. Coccidiostat 0.100 0.100 0.100 0.100 0.100 0.100

14. Toxin binder 0.100 0.100 0.100 0.100 0.100 0.100

15. Optiphos DS 0.010 0.010 0.010 0.010 0.010 0.010

16. Citric Acid 0.030 0.030 0.030 0.030 0.030 0.030

17. Soda Premix 1.200 1.200 1.100 1.100 0.900 0.900

18. Salt Premix 1.100 1.000 1.000 1.000 1.000 0.950

19. Choline Chloride Premix 0.675 0.675 0.660 0.650 0.620 0.620

Total 100.000 100.000 100.000 100.000 100.000 100.000



70 Singare Deepak et al.,

Feed consumption : The feed consumption of

experimental broiler chicks was recorded at weekly

interval throughout experimental period of six weeks. The

average weekly feed consumption of broiler chicks is

presented in Table-4. Weekly feed consumption per bird

at the end of sixth week didn’t differ significantly among

treatment and control group. The birds in T1 group

consumed significantly (P<0.05) higher feed as compared

to T0 group. It is obvious from result that 3% maize gluten

in replacement of Soya DOC proved to be an no much

difference in feed consumption. The results of present

study could be correlated with the results of (2, 12) who

reported that the feed intake did not differ among

treatment groups. However, contradictory results were

observed by (11) who also experienced that maize gluten

meal supplementation to a certain level caused decrease

in feed consumption.   

Feed conversion ratio : Feed conversion ratio during 0 to 

6 week were calculated from the data of average weekly

body weight gain and weekly feed consumption and

presented in Table-4. The means at the end of 6th week for 

treatment T0 (1.69) and T1 (1.67) didn’t differ significantly.

The results of present study could be correlated with the

results of (2, 13) who observed that FCR values did not

differ significantly among the experiment groups.

However, contradictory results were obtained by (14, 15)

who observed positive effect of maize gluten meal

supplementation and reported that feed efficiency

improved significantly with increasing maize gluten meal

to a certain proportion.

There was no adverse effect of maize gluten meal on 

the mortality of broilers, which shows that maize gluten

meal is a safer supplement for broiler ration so far the

mortality is concerned. These results have been fully

supported by earlier workers like, (12, 14, 15) who also

found that broiler fed on ration contained maize gluten

meal had no effect on mortality rate of broilers.

Economics : The cost of feed was Rs.100.06 and 100.96

in groups T0 and T1 respectively; while the total cost per

bird was Rs. 133.76 and 134.66 in groups T0 and T1

respectively. Against above production cost per chick, the

total income per chick achieved was Rs. 148.77 and

153.12 in groups T0 and T1 respectively. Thus, the net

profit per bird received was Rs. 6.23 and 7.45 in groups T0

and T1 respectively. So, in this investigation group T1

proved to be most economical and profitable for broiler

production. It was concluded that inclusion of three per

cent maize gluten meal instead of Soya DOC for broiler

ration proved to be an efficient feed ingredient for optimum 

growth, FCR and better net profits for farmers.
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ABSTRACT
The present investigation was conducted during Kharif
2017 in crop cafeteria at Krishi Vigyan Kendra, Bilari,
Moradabad to examine 12 released varieties for genetic
variability, correlation and path analyses towards grain
yield in black gram. The experiment was laid out in
Randomized Block Design with three replications. ANOVA
showed highly significant differences among all the 12
genotypes for all the eight attributes under studied. High
genotypic and phenotypic coefficient variations were
recorded for number of pods per plant, grain yield per
plant and number of primary branches per plant. High
heritability (bs) was recorded for all the characters except
days to maturity while high genetic advance in per cent of
mean for all the characters except days to maturity and
plant height. Strong positive association of grain yield per
plant observed for all the characters except days to maturity.
Direct and positive effect on grain yield was recorded for
number of pods per plant, number of primary branches
per plant and harvest index.

Keywords genetic variability, correlation, path,
heritability, genetic advance.

The pulses are second most important group of crops
after cereals, globally. Black gram is a short duration crop
widely cultivated in India which is an excellent source of
easily digestible good quality protein and ability to restore
the fertility of soil through symbiotic nitrogen fixation. The
major constrains in achieving higher yield of black gram
are lack of genetic variability, suitable varieties and
genotypes with adaptation to local condition. Grain yield
is considered as an end product and very complex character
which controlled by poly genes and linked with other yield
component, hence, it is, very difficult to improve yield
directly. Due to high self-pollination and flower droop, the
creation of variability is difficult through hybridization
(Deepalakshmi and Anandakumar, 2004). The major
constrains in achieving higher yield of black gram is absence
of suitable ideotypes for different cropping system, poor
harvest index and susceptibility to disease (Souframanien
and Gopalakrishnan, 2004). To improve yield and other
polygenic characters, genetic variability is basic
requirement for breeding programme (Appalaswamy and
Reddy, 2004). In India, black gram is grown in both season
Kharif and Zaid. So the variability among the existing
varieties is the primary need to develop suitable genotype
for specific season. A successful breeding programme
would need information on the nature and variability in the
available genetic stock for choosing the right parents for
further improvement (Falconer, 1981).

MATERIALS AND METHODS
The experimental material for the present

investigation consisted of 12 released varieties viz., TU 94-
2, SHEKHAR 3, KUG 791, LBG 787, IPU 94-1, LBG 645, LBG
623, LBG 752, KU 96-3, IPU 2-43, NUL 7 and PU 31 collected
from Indian Institute of Pulses Research, Kanpur. The
experiment was conducted in Randomized Block Design in
crop cafeteria at Krishi Vigyan Kendra, Bilari, Moradabad
during Kharif 2017. Recommended cultural practices were
followed to raise healthy crop. Ten plants from each
genotype were randomly selected for recording
observations on eight characters viz., days to maturity,
plant height (cm), number of primary branches per plant,
number of pods per plant, biological yield (g), grain yield
per plant (g), 1000-grain weight (g) and harvest index (%).
Analysis of variance was carried out as per standard
procedure (Fisher, 1938). Genotypic and phenotypic
coefficient of variation (GCV and PCV) was calculated
according to Burton and de Vane, 1953. Broad sense
heritability and genetic advance as per Hanson 1963 and
Robinson et al., 1949, while correlation and path analyses
worked out as the method Searle, 1961 and Deway and Lu,
1969, respectively.

RESULTS AND DISCUSSION
ANOVA for all the characters revealed significant

differences among all the genotypes for eight characters
under study (Table 1), indicated that there is ample scope
to utilized these genotypes for further breeding programmes.
Phenotypic coefficient variation was higher than genotypic
coefficient of variation for all the characters thus indicating
influence of environmental/ genotype environment
interaction effects on these characters. The GCV and PCV
maximum for number of pods per plant (29.68, 27.91), grain
yield per plant (27.28, 26.31) and number of primary branches
per plant (27.10, 23.23). Moderate PCV and GCV were
recorded for harvest index, biological yield per plant and
1000-grain weight while rest two characters showed low
values (Table 2). Therefore, suggested that greater scope
of selection for number of pods per plant, grain yield per
plant and number of primary branches per plant while
harvest index, biological yield per plant and 1000-grain
weight indicated chances of obtaining some improvement
through selection. Low estimate of PCV and GCV for rest
two attributes revealed little scope of improvement in these
traits through selection. These findings are accordance with
earlier report of Konda et al., 2009; Samad et al., 2013.

Heritability (bs) include additive and epistatic effects,
it is realized only when accompanied with genetic advance.
It is also suggested that GCV with high heritability estimates
give the best picture of extent of genetic advance for
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Table 1.  Analysis of variance for 8 different quantitative characters in 12 varieties of blackgram

Sl. No.  Characters Mean Sum of Squares 

Replication 
(d. f. = 02)  

Treatments  
(d. f. = 11) 

Error 
 (d. f. = 22)   

1. Days to maturity 7.58 49.75*** 7.43 

2. Plant height (cm) 5.62 30.12*** 2.72 

3. No. of primary branches per plant 0.44 4.14*** 0.44 

4. Number of pods per plant 4.7 171.24*** 7.17 

5. Biological yield per plant (g) 0.15 13.02*** 1.41 

6. Grain yield per plant (g) 0.19 6.28*** 0.15 

7. 1000-grain weight (g) 2.13 76.35*** 1.40 

8. Harvest index 9.44 128.02*** 3.72 

 
Table 2. Genetic parameters for 8 biometrical characters of 12 varieties of blackgram

Sl. 
No.  

Characters Range  Mean  Vg Vp GCV PCV h2(bs) 
% 

GA GA % 
of 
mean 

1. Days to maturity 71.33-85.66 75.33 14.11 21.54 4.99 6.16 65.50 6.26 8.31 

2. Plant height (cm) 39.50-50.00 43.64 9.20 11.93 6.95 7.91 77.12 5.49 12.57 

3. No. of primary 
branches per plant 

3.33-6.33 4.78 1.23 1.68 23.23 27.10 73.49 1.96 41.03 

4. Number of pods per 
plant 

17.66-36.00 26.50 54.69 61.86 27.91 29.68 88.40 14.32 54.05 

5. Biological yield per 
plant (g) 

11.16-19.47 15.94 3.87 5.28 12.34 14.42 73.23 3.47 21.76 

6. Grain yield per plant 
(g) 

3.40-7.47 5.43 2.04 2.20 26.31 27.28 93.02 2.84 52.27 

7. 1000-grain weight (g) 35.73-52.20 43.60 4.99 26.39 11.46 11.78 95.69 10.02 22.98 

8. Harvest index 24.72-42.93 33.86 41.44 45.16 19.01 19.84 92.76 12.70 37.51 

 Table 3. Estimates of phenotypic (upper diagonal) and genotypic (lower diagonal) correlation coefficients between 8
characters of blackgram

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

Characters Days to 
maturity 

Plant 
height 
(cm) 

No. of 
primary 
branches 
per plant 

Number 
of pods 
per plant 

Biological 
yield per 
plant (g) 

1000-grain 
weight (g) 

Harvest 
index 

Grain 
yield/ 

plant (g) 

Days to maturity 1.000 0.1587 0.2051 0.3619* 0.4851** 0.1247 0.1584 0.3861* 

Plant height (cm) 0.3156 1.000 0.4201* 0.4966** 0.3522* 0.0983 0.4449** 0.5215** 

No. of primary branches per plant 0.4554 0.4448 1.000 0.8351*** 0.3879* 0.6088*** 0.8041*** 0.7942*** 

Number of pods per plant 0.4391 0.5942 0.9831 1.000 0.5439*** 0.5597*** 0.8638*** 0.9151*** 

Biological yield per plant (g) 0.5845 0.5218 0.6573 0.6027 1.000 0.4204* 0.2633 0.7133*** 

1000-grain weight (g) 0.1633 0.1364 0.7649 0.6411 0.4938 1.000 0.5997*** 0.6551*** 

Harvest index 0.2533 0.5451 0.9461 0.9910 0.3955 0.6569 1.000 0.8614*** 

Grain yield per plant (g) 0.4748 0.6482 0.9458 0.9367 0.7470 0.7022 0.9042 1.000 

 

selection of such character. Present investigation showed
high GCV, heritability (bs) and genetic advance for number
of pods per plant, grain yield per plant and number of primary
branches per plant and these character would be improve
through selection in black gram (Table 2). The result were
in agreement with Jonson et al. (1995); Konda et al. (2009);

Sowmini and Jayamani (2013); Wani et al. (2007).
The present investigation showed that grain yield

per plant exhibited highly significant and positive
phenotypic correlation with all the characters except days
to maturity. Thus, number of pods per plant, harvest index
and number of primary branches per plant emerged as most
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important and strongly associated with grain yield (Table
3). At the genotypic level (Table 3) for these characters
were same direction but higher in magnitude with grain
yield indicated that these characters could be helpful for
improvement of grain yield per plant through improving
these characters. Direct effects revealed that number of
pods per plant, number of primary branches per plant and
harvest index exerted very high positive direct effects on
grain yield per plant at phenotypic as well as genotypic
level showed in Table 4 and 5, respectively. Thus, these
three attributes emerged as most important direct yield
components. So selection through these traits would be
effective for grain yield. The direct effects of the remaining
characters were to be considered important. The observation
is agreement of earlier workers Chauhan et al. (2007); Gupta
et al. (2005); Umadevi and Ganesan (2006).

Breeding strategies
The present investigation showed ample genetic

variability available for yield and its component related traits.
Number of pods per plant, harvest index and number of

primary branches per plant emerged as most important and
strongly associated with grain yield per plant. At genotypic
level the correlation coefficient for these characters was
same in direction but higher in magnitude with grain yield
indicated that these characters could be helpful for
improvement of grain yield/plant through improving these
characters. Number of pods per plant, number of primary
branches per plant and harvest index emerged as most
important direct yield components. So selection through
these traits would be effective for grain yield and these
varieties could be further exploit for improving grain yield
per plant in breeding programme on the basis of per se
performance.
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Table 4. Direct (Bold diagonal figures) and indirect effects of different characters on grain yield per plant at genotypic
level in blackgram

Residual Effect = 0.0728

Table 5. Direct (Bold diagonal figures) and indirect effects of different characters on grain yield per plant at phenotypic
level in blackgram

Residual Effect = 0.0504

Characters Days to 
maturity 

Plant height 
(cm) 

No. of 
primary 
branches 
per plant 

Number of 
pods per 
plant 

Biological 
yield per 
plant (g) 

1000-grain 
weight (g) 

Harvest 
index 

Days to maturity 0.0689 0.0218 0.0314 0.0303 0.0403 0.0113 0.0175 

Plant height (cm) -0.0203 -0.0642 -0.0286 -0.0381 -0.0335 -0.0088 -0.0350 

No. of primary branches per plant -0.1312 -0.1282 -0.2882 -0.2969 -0.1894 -0.2204 -0.2726 

Number of pods per plant -0.0488 -0.0660 -0.1145 -0.1111 -0.0670 -0.0712 -0.1101 

Biological yield per plant (g) 0.3327 0.2970 0.3742 0.3430 0.5692 0.2811 0.2251 

1000-grain weight (g) 0.0004 0.0003 0.0016 0.0014 0.0011 0.0021 0.0014 

Harvest index 0.2731 0.5875 1.0198 1.0682 0.4263 0.7081 1.0779 

Grain yield per plant (g) 0.4748 0.6482 0.9958 0.9967 0.7470 0.7022 0.9042 

 

Characters Days to 
maturity 

Plant height 
(cm) 

No. of 
primary 
branches 
per plant 

Number of 
pods per 
plant 

Biological 
yield per 
plant (g) 

1000-grain 
weight (g) 

Harvest 
index 

Days to maturity 0.0250 0.0040 0.0051 0.0090 0.0121 0.0031 0.0040 

Plant height (cm) 0.0040 0.0252 0.0106 0.0125 0.0089 0.0025 0.0112 

No. of primary branches per plant 0.0044 0.0090 0.0215 0.0179 0.0083 0.0131 0.0173 

Number of pods per plant 0.0047 0.0064 0.0108 0.0129 0.0070 0.0072 0.0111 

Biological yield per plant (g) 0.2385 0.1732 0.1907 0.2675 0.4917 0.2067 0.1295 

1000-grain weight (g) 0.0019 0.0015 0.0092 0.0085 0.0064 0.0151 0.0091 

Harvest index 0.1076 0.3022 0.5462 0.5867 0.1788 0.4074 0.6793 

Grain yield per plant (g) 0.3861 0.5215 0.7942 0.9151 0.7133 0.6551 0.8614 
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Impact of CFLD on Production and productivity  blackgram (Urd)
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Abstract
 Pulses are rich source of protein and can play vital role in fulfilling the rquirement of swiftly

increasing population. India is the world’s first largest producer (25%) and consumer (27%) of
pulses and importer (14%) of pulses in the world. It was for the first time since plan intervention
on pulses that nation inscribed a success by achieving higher production at 23.13 Mt and 25.23
Mt during 2016-17 and 2017-18. Major increment was recorded in kharif production i.e. 62 per
cent mainly due to lion share contributed by urd (82 per cent) followed by tur (52 per cent) and
mung (34 per cent). Over all maxium number of farmers fall in category of poor level kowledge,
while very fiew with high knowledge level. The average yield recommended practice (CFLD) was
obtained 13.66 q/ha as compared to farmers’ practice 7.03 q/ha, which was 94.44 per cent higher
than farmers’ practice. Technology gap is the gap in the demonstration yield over potential yield
was found 0.34 q/ha while extension gap was recorded 6.64 q/ha. Technology index I (1.43-
3.43). The two years average yield of CFLD demonstration technology I was found 2.43 per
cent. Technology Index II of CFLD black gram was found higher (48.57) over farmers’ practice.
Cultivation of black gram under improved technologies gave higher net return 41400 & 47120
Rs/ha compared to 13050 & 16040 Rs/ha under farmers’ practice in the corresponding years.
The average benefit cost ratio of CFLD demo was 2.65, and that of farmers’ practice 1.66.
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Introduction
India foodgrain production to hit a record high

291.95 million tonnes in 2019-20. Total pulse production
during 2019-20 is estimated at 23.02 million tonnes
which is higher by 2.76 million tonnes than the Five
Year average production of 20.26 million tonnes. Pulses
account for 20 per cent of the area under foodgrain
and cntributed around 7-10 per cent of the total
foodgrains production in country. Madhya Pradesh,
Maharasthra, Rajasthan, Uttar Pradesh and Karnataka
are the top five pulses producing stastes and
productivity of pulses is 764 kg/ha. Pulses are rich
source of protein and can play vital role in fulfilling the
rquirement of swiftly increasing population. India is
the world’s first largest producer (25%) and consumer
(27%) of pulses and importer (14%) of pulses in the
world. Globally, different pulses are cultivated in 83.3
million hactares in 171 countries with the production

of 81.8 million tonnes. India is world’s largest producer,
accounting for 34% of area and 24% of production.
The total consumption of various pulses and pulse
products in India about 21 - 22 million tonnes. The
most imported pulses are pegionpea, chickpea,
blackgram, lentil and greengram, along with it being
the largest importer of pulses, it is also largest producer
of the same. Almost 24 per cent of total GDP in terms
of Global output is been contributed by pulses in the
country. India imported pulses worth over 110 billion
Indian rupees in financial year 2021, an increse from
the previous financial year.

Almost pulses are mainly being grown on
marginal and sub-marginal land under rainfed
conditions with low input usage and less than 15% of
area under pulses is irrigated, exposing its production
to weather-related yield risks.

Blackgram (Urd), the third important crop grop,
was cultivated over an area of 5.44 million ha (Kharif
+ Rabi) and recod a production of 3.56 Mt at a



productivity level of 655 kg/ha. this was the highest
ever area, production and productivity in this crop.
Major contributing state have been MP, Rajasthan, AP,
UP, Tamilnadu, Mahrastra Jharkhand and Gujrat.

It was for the first time since plan intervention
on pulses that nation inscribed a success by achieving
higher production at 23.13 Mt and 25.23 Mt during
2016-17 and 2017-18.

Major increment was recorded in kharif
production i.e. 62 per cent mainly due to lion share
contributed by urd (82 per cent) followed by tur (52
per cent) and mung (34 per cent).

The mandate, of the Krishi Vigyan Kendra
(KVKs) are application of technology through
assessment, refinement and demonstration of proven
technologies under different ‘micro farming’ situations
in a district (Das, 2007). The production and
productivity of Blackgram (Urd) is not adequate in
the district due to use of poor quality seed, poor
production technology, attack of yellow mosaic virus
(YMV), and incidence of insect- pests. Therefore,  it
is  necessary  to  demonstrate production and protection
technologies to the farmers which  are  not  adopted
by  them. Taking into the concentration cluster front
line demonstrations were conducted on Kharif black
gram (Urd) (var. PU 31). The major objectives of the
study was  to demonstrate the performance of
recommended high yielding black gram variety with
full recommended package of practices and to
compare the yield levels of Farmers’ practice.
Methodology

The present study was coduct with aim to
assess the impact of cluster front line demonstration
on production of blackgram. The cluster front line
demonstration of kharif on blackgram for the year 2016
and 2017. Guide line of Cluster Frontline Demonstration
to KVK by ICAR-ATARI, Kanpur Zone III. According
CFLDs under blackgram (Urdbeen) laid out in ten
villages. The knowledge level of the farmers in these
villages was also evaluated by random sample of 30
farmers each village. Thereby sample included 300
numbers of farmers in the study. The farmers were
asked to reply questions about the improved agro
techniques including the high yielding varieties of
blackgram. The score so obtained under various
questions were summed-up. On the basis of the total
score obtained, respondents were categoriezed on to
three classes i.e. low, medium and high level of
knowledge.

The soil sample were taken and analysis before
sowing of CFLDs demonstrations.The soil of CFLDs
fields were found sandy loam to clay loams having 0.3
to 0.6 per cent available organic carbon, 240 to 290
kg/ha nitrogen, 29 to 47 kg/ha available P

2
O

5
 and 60

to 120 kg/ha available potassium with pH range from
6.5 to 7.9. CFLDs on Blackgram were cultivated during
kharif season and sown first fortnight of August. Black
gram crop was sown in line and fertilize with a common
dose of N:P:K:S @ 20:60:40:25 kg/ha. Full Nitrogen,
Phosphorus, Potash and Sulpher applied at the time of
sowing. Nitrogen was use as starter dose of crop. Seed
Treatment done by using carbandazim @ 2g/kg seed
2 to 3 days beforeof sowing. Soil treatment of CFLDs
demonstration fields were taken by using trichoderma
@ 5 kg/ha and plant protaction measures adopted
during crop period.

Participating farmers were provide with all
advance technical know how about advanced
cultivation of blackgram crop.Scientist of KVK also
visited regularly to the demonstrations fields and
continously guided the farmers. The variety PU 31
was utilized for collaction of feedback information for
more improvements in technology transfer programme.
field days and group meeting were also organised at
demonstration site to provide the opportunities for other
farmers to witness benefits of demonstration
technologies. The dataon Blackgram productivity (q/
ha) were collacted from the demonstration and control
plot (Farmers Practice) for further analysis. The critical
inputs were duly supplied to the farmers by KVK.
Data were collacted fro the field of CFLDs farmers
and analysed to compare the yield of farmers’ field
and CFLDs fields. The technology gap, extension gap
and technlogy index I and technology index II were
were estimated by using formulae provided by Samue
et.al. 2000.
Technology gap = Potential Yield – Demonstration Yield
Extension gap = Demonstration Yield – Farmers

Practice Yield (control)
Technology index I

 Potential Yield-Demonstration Yield
     = -------------------------------------------------  x 100

Potantial Yield
Technology index II

Demonstration Yield – Check Yield
= ---------------------------------------------       x 100

Demonstration Yield
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Results and Discussion
Knowledge Level of Advanced  Agronomic Practices of
Blackgram (Urd)

 To know the need of the technological
intervantion the knowledge level of the farmers in ten
villages were estimete from 300 farmers from 30
farmers each village. Over all maxium number of
farmers fall in category of poor level kowledge, while
very fiew with high knowledge level (Tabl 1). thus the
need was felt to introduce latest varieties and nutrient
management in CFLDs programme in 06 villages.
CFLDs are good extension tool to demonstrtion the
impact of new agro techniques to the farmers.
Table 1: Overall knowledge level of farmers in respect

of cultivation of Black gram (Urd) N= 300
____________________________________________
Category of   Score Range   No. of       % of
Knowledge level Farmers  respondent
____________________________________________
Low 30-35 146 49
Medium 36-54 108 36
High 55-75 46 15
____________________________________________
Yield and Technological index I & II :

Implementation of improved production
technology remarkably increased the yield (94.44) over
farmers practice during both years of CFLD
demonstration. The average yield recommended
practice (CFLD) was obtained 13.66 q/ha as compared
to farmers’ practice 7.03 q/ha, which was 94.44 per
cent higher (Table 2). Yield obtained under CFLD
demonstration at par than potential yield of variety. It
may be due to cumulative effect of several biotic and
a biotic factors in micro climatic condition and good
management of agronomic practices.

Yield enhancement under recommended
practice might be due to balance nutrition as per soil
test value, integrated approach, involving fertilizers and
bio fertilizers which play a vital role in making
availability of plant nutrients. Similar results were Singh
et.al. (2019),  Tomar et.al. (2003).

Table 2: Performance of technological intervention (CFLD) on Yield (q/ha)
_____________________________________________________________________________________________________________
Year Yield Potential Yield obtained (q/ha)                           Yield          Technology  Extension

                 (q/ha)              Check                         Demo       increase (%)     gap     gap
         Maximum   Minimum  Average  Maximum   Minimum   Average

_____________________________________________________________________________________________________________
2016 14.00 8.50 6.50 6.95 15.10 12.20 13.52 94.52 0.48 6.57
2017 14.00 8.90 7.20 7.10 15.30 12.30 13.80 94.36 0.20 6.70
Average 14.00 8.70 6.85 7.03 15.20 12.25 13.66 94.44 0.34 6.64
_____________________________________________________________________________________________________________

Technology gap is the gap in the demonstration
yield over potential yield was found 0.34 q/ha while
extension gap was recorded 6.64 q/ha. The technology
gap was found very less that’s mean the application
of technological intervention and climatic condition are
good for the variety. But to minimize the extension it is
need to educate the farmers through various means
for more adoption of improved high yielding variety
and recommended practices to bridge the wide
extension gap. This extension gap requires urgent
attention from planners, scientists, extension personnel,
development department and NGOs working in the
agricultural fields.

Technology index shows the feasibility of the
evolved technology at the farmer’s field. The lower
the value of technology more is the feasibility of the
technology. The Data showed in table 3 that adopting
advance production technology under CFLD
demonstration produce at par than the potential yield
of variety and it reflected technology index I (1.43 -
3.43). The two years average yield of CFLD
demonstration technology I was found 2.43 per cent.
Technology Index II of CFLD blackgram was found
higher (48.57) over farmers’ practice.

Data presented in table 3 revealed that
demonstration technology had impact over farmers’
practice. It might be due to cumulative effect on
average yield of district, technology index I and
technology index II due to good management of CFLD
and technology spread among the farmers of district.
The average yield increased in CFLD demonstration
field due to technology intervention may happen in
other similar situation the results agreement with Singh,
et.al. (2019), Roy et.al. (2006) and Tomar  et.al.

(2003)
Economical Assessment

Input & output prices of commodities prevailed
during each year of demonstration were taken for
calculating cost of cultivation, net return and benefit
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cost ratio (table 4). The investment on production by
adopting improved technologies (cost of cultivation)
were 26200 to 27400 Rs/ha with a mean value of 26800
Rs/ha against farmers’ practice where the variation in
cost of production were 21700 to 22300 Rs/ha with an
average of 22000 Rs/ha. Cultivation of blackgram under
improved technologies gave higher net return 41400
& 47120 Rs/ha compared to 13050 & 16040 Rs/ha
under farmers’ practice in the corresponding years.
The average benefit cost ratio of CFLD demo was
2.65, and that of farmers’ practice 1.66. The average
net return increase 205.5 per cent higher than that of
farmers’ practice. This may be due to higher yields
obtained under CFLD technology compares to
farmers’ practice. The result suggested economics
viability and agronomic feasibility of technology for
blackgram cultivation as reported Singh et.al. (2019),
Deshmukh et.al. (2005) and Pathak (2005)
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Table 3: Performance of technological intervention (CFLD) on technology index I & II
_________________________________________________________________________________________
Year           Area     Demo                 Variety              National av.    State av.        District av.      Potential yield of   Technology   Technology
                    (ha)       (No)      Check            Demo      yield (q/ha)   yield (q/ha)    yield (q/ha)     demo variety          Index I Index II
_________________________________________________________________________________________
2016 10 25 Shekhar PU 31 6.55 3.20 10.70 14.00 3.43 48.59
2017 10 25 Shekhar PU 31 6.55 3.20 10.70 14.00 1.43 48.55
Average 10 25 - - 6.55 3.20 10.70 14.00 2.43 48.57
_________________________________________________________________________________________

Table 4: Economical comparison between CFLD demo and farmers’ practice
_________________________________________________________________________________________
Year Sale        Expenditure and return (Rs/ha)                                   Net income

Price Check Demo                increase (%)
         (Rs/q)     Gross Cost    Gross Income   Net Return    B:C     Gross Cost    Gross Income    Net Return B:C

                (Rs/ha)       (Rs/ha)            (Rs/ha)      ratio       (Rs/ha)  (Rs/ha)            (Rs/ha) ratio
_________________________________________________________________________________________
2016 5000 21700 34750 13050 1.61 26200 67600 41400 2.58 217.0
2017 5400 22300 38340 16040 1.71 27400 74520 47120 2.71 194.0
Average 5200 22000 36545 14545 1.66 26800 71060 44260 2.65 205.5
_________________________________________________________________________________________
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Introduction 

Paddy is one of the most staple and nutritive food crop for human all over the world. It 

requires nutrient elements for their establishment and survival. Among those nutrient 

elements, optimal N supply matching with the actual crop demand is thus vital for improving 

crop growth and maximizing production. Nitrogen (N) is necessary for all forms of life and is a 

crucial component for increasing production of food to feed the continuously increasing human 

population (Abrol et al., 2012). Nitrogen is the most–scarce and highly mobile element in 

nearly all soils. Thus, adequate N fertilizer application is essential for normal crop growth 

and grain yields (Zapata, 2008). Inadequate and/or ineffective fertilizer N management can be 

harmful to crops and the environment. The goal of optimal N management systems is to 

match fertilizer N supply with real crop needs, optimizing crop N absorption while 

minimizing N losses ensuring low risk of environmental pollution. Judicious use of N 

fertilizer makes crop less prone to lodging and certain insect pests and diseases. Two major 

strategies followed in N management are 1) Blanket fertilizer N recommendations 2) Crop-need-

based N management. Blanket-fertilizer N recommendations do not consider variability in soil N 

supply and changes in crop demand. Crop-need-based N management approach takes into 

account variability in soil N supply and crops' additional requirement for N fertilizer. Several 

...
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techniques are used to measure greenness including near-infrared leaf N analysis, chlorophyll 

meters, leaf color charts, crop canopy reflectance sensors and remote sensing (Giller et al., 

2004). Based on leaf area, the chlorophyll meter, also known as SPAD (soil plant analysis 

development), may swiftly and consistently measure a crop's N condition. It has been used 

effectively in rice (Follett et al., 1992). Many Asian farmers are unable to get chlorophyll 

meters because to their expensive cost. The leaf colour chart (LCC) developed by IRRI, 

Manila, Philippines is a low-cost alternative to the chlorophyll meter (Balasubramanian et al., 

1998). LCC are a simple, fast, inexpensive and non-destructive technique for determining and 

managing the nitrogen content of rice leaves by farmers without any help from others (Scharf 

et al., 2011). It is an ideal tool & ecologically-friendly to optimize Nitrogen use efficiency 

irrespective to N applied. 

Role of LCC in Nitrogen management in paddy 

Proper nitrogen management in rice influences yields and grain quality. Monitoring of plant 

N status is important in improving the balance between crop N demand and N supply from 

soil and applied fertilizer. The LCC is used to monitor leaf N status from tillering to panicle 

initiation or later, by either of two equally effective options. The leaf colour chart consists of 

4 or 6 green strips, 1st strip with light green colour and the last strip (4th or 6th) with dark 

green colour and in between strips (2nd to 5th) is with varying intensity of green colour.LCC is 

the chart which appears that of paddy leaves and having the colour from dark green to 

yellowish green colours. Yellowing of leaves in paddy indicates the deficiency of nitrogen, 

but it is difficult to decide the quantity of nitrogen to be applied based on the extent of 

yellowing. The concentration green or yellowish green colours of LCC reflect the N 

concentration (deficient or sufficient) of paddy leaves. Dark green colour of a leaf represents 

the abundant nitrogen status of that leaf and increases in yellow colour shows the severeness 

in deficiency of that leaf.  

Assessment of N requirement through LCC critical value by using of Leaf Colour Chart 

1. Randomly select ten disease free paddy plants from the field for assessing the leaf 

colour. 
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2. Match the colour of the selected leaves by keeping the middle of the leaves on the 

colour strips of leaf colour chart and assess the colour intensity (LCC value) during 

morning hours (8-10 am). 

3. Measure the leaf color against the shade of your body, because direct sunlight affects 

leaf color readings. If possible, it should be ensured that the readings are taken by the 

same person. 

4. If the color of a paddy leaf is in between two colour strips of the chart, then take 

average of two values as the reading. 

5. Assessment of the leaf colour with LCC should be start at 14 days after transplanting 

of paddy or 21 DAS (days after sowing) in direct seeded rice. 

6. LCC readings should be repeat in every 7 days for 110-130-dayrice crops and every 

10 days for more than 130-daycrops until panicle emergence.  

7. Critical LCC values vary considerably among different rice genotypes having 

different genetic background, plant type and leaf colour. LCC critical value is 3.0 in 

low N response cultures and 4.0 in other cultivars and hybrids. 

8. Assess the average LCC values of 10 leaf samples. When the average LCC value of 

ten leaves or when the LCC values of five or more leaves found below the LCC 

critical value, then top dress nitrogen depending on the crop growth and stage. 

Generally, application of N is recommended on the basis of LCC critical values as follow as: 

S. N. Season LCC critical value 
N requirement 

(kg) 

1. Wet season (Kharif) 3 23 

2. Direct seeded* 3 23 

3. Boro rice* 4 35 

* 23 kg of N should be applied as basal dose 

Nitrogen supplied through various organic manures 

Organic manure has been used to improve soil fertility and enhance crop productivity by 

providing all the nutrients that are required by plants but in limited quantities. It helps in 

maintaining C:N ratio in the soil. These organic manure supplied N to the soil in low quantity 
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after mineralization process, which is available for crop. Application of organic manure 

increases organic elements’ availability in soil, thereby improving the nutrient use efficiency 

(NUE) of crops and alleviating the harmful impact of climate change on crop production. 

Various kinds of organic manure are available for supply of N are as follows: 

Organic material
a 

Water C N 

(%) (% of fresh material) 

Human feces   1.0 

Cattle feces   0.3 

Pig feces    0.5 

Fresh cattle manure 60 8–10 0.4–0.6 

Composted cattle manure  35 30–35 1.5 

Pig manure 80 5–10 0.7–1.0 

Poultry manure  55 15 1.4–1.6 

Garbage compost  40 16 0.6 

Sewage sludge  50 17 1.6 

Sugarcane filter cake  75–80 8 0.3 

Castor bean cake 10 45 4.5 
akg nutrient per t fresh manure = % nutrient content × 10 

                                                                                                (Source: Fairhurst et al., 2007) 

Advantages of Leaf Color Chart 

 It is a simple and easy to use tool for farmers to assess the time of N required by the 

crop at different stage. 

 It is very effective in avoiding over application of N fertilizers, which reduce the rate 

of soil degeneration, water, and ecosystem. 

 It offers harmonious behavior of N to the crops, which can be enhanced N use 

efficiency. 

 It helps to reduce cost of cultivation by the judicious application of N. 

 

Conclusion: 

It seems that improper application of nitrogen is subjected to many losses from the rice field 

and also creating environmental pollution. Therefore, it should be applied at required quantity 
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and at required time to enhance the yield and nitrogen use efficiency. It can be easily 

achieved by leaf colour chart. LCC-based N management assures optimal rice yields 

consistent with efficient N use and enhanced farmers’ profits due to the saving in the use of N 

fertilizers. LCC is a simple, cheap, and easy-to-use tool that can help farmers manage N 

judiciously. 
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  ABSTRACT 

 
 

 The present investigation was carried out with 21 diverse genotypes of bread 

wheat incompletely randomized block design with 3 replications at Krishi 

Vigyan Kendra, Bilari, Moradabad to assess these released varieties, their 12 

quantitative characters viz. days to maturity, plant height (cm), no. of 

effective tillers/plant, flag leaf length (cm), flag leaf width (cm), flag leaf area 

(cm2), spike length (cm),  no. of grains/ spike, biological yield (g), 1000-grain 

weight (g), harvest index (%) and grain yield/ plant (g) for genetic diversity 

for yield and its contributing traits under normal sown condition. The 

statistical analysis for genetic divergence was done using Mahalanobis-

D2statistics and clustering of genotypes using Euclidean method. On the basis 

of genetic diversity analysis, it was found that the maximum percent 

contribution towards genetic divergence was from number of effective tillers 

per plant and minimum by grain yield per plant. Clustering of genotypes 

revealed that cluster-III has maximum number of genotypes (07), clusters I 

and VI each have 04 genotypes, clusters II have 3 genotypes, clusters VI have 

2 genotypes while clusters V has only one genotype. The high estintra-cluster 

distance was shown by cluster-VI (81.607) revealing maximum genetic 

divergence among its constituents. The highest inter-cluster distance was 

found between clusters V and VI (548.020) and the lowest was between 

cluster-II and III (96.157). Cluster-I exhibited highest cluster means for the 

traits 1000-grain weight and harvest index, Cluster-VI for grain yield per 

plant, number of grains per spike and biological yield while clusters-II and IV 

revealed highest cluster means for leaf width and leaf area. The genotypes 

having desired values from different clusters can be exploited in further 

breeding programme for the development of high yielding wheat genotypes. 

 

 

 Key words:  D2 statistics, Genetic diversity, intra-inter clusters 

  

 

Wheat (Triticum aestivum L.) is the most widely grown crop and an essential component of the global food 

security, providing one-fifth of the total calories for the world’s population. In India, the 91 per cent wheat area 

is spread over in eight states viz. Punjab, Haryana, Delhi, Uttar Pradesh, Rajasthan, Gujarat, Bihar and Madhya 

Pradesh. Uttar Pradesh is the leading wheat producing state, which shares more than 36 per cent both in area and 

production in the country. Uttar Pradesh occupies an area of 9.35 million hectares and has recorded production 

of 32.089 million tones with productivity of 34.32 q/ha. The highest productivity state is Punjab producing 

51.90 q/ha (Anonymous, 2020).The Genetic diversity and relationship among genotypes is a prerequisite for any 

successful breeding programme (Wani et al. 2020). Genetic diversity of plants determines their potential for 

improved efficiency and hence their use for breeding, which eventually may result in enhanced food production. 

Evaluation of genetic diversity levels among adapted, elite germplasm can provide predictive estimates of 

genetic variation among segregating progeny for pure-line cultivar development. Genetic similarity or 

dissimilarity can be compared by genetic distance among different individuals. Genetic distance can be used to 

measure the genetic divergence between different sub-species or different varieties of a species. The parents 

having more genetic distant relationship result into higher heterotic expression in F1 and greater amount of 

genetic variability in segregating populations (Shekhawat et al., 2001, Khokhar et al. 2019).  

Genetic diversity of genotypes is not always based on factors such as geographical diversity, place of 

release and ploidy level etc. Hence characterization of genotypes should be based on statistical procedures. 

Different statistical methods have been developed to assess the genetic diversity such as D
2
-statistics and 

hierarchical Euclidean cluster analysis. These methods determine the genetic divergence using the similarity or 

dissimilarity based on aggregate effect of different economic important traits. Some appropriate methods, 
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cluster analysis, genetic diversity identification, parental selection, tracing the pathway to evaluate crops, centre 

of origin and diversity (Mohammadi and Prasanna, 2003; Wani et al. 2018; Wani et al. 2020). Genetic 

improvement of yield especially in self-pollinated crops depends on nature and amount of genetic diversity 

(Joshi and Dhawan, 1966). The most common approach for wheat breeding is hybridization and subsequent 

selection. Parents’ choice is the first step in plant breeding program through hybridization. Higher heterosis in 

progeny can be observed with higher genetic distance between parents (Joshi and Dhawan, 1966). Estimation of 

genetic diversity is one of appropriate tools for parental selection in wheat hybridization programmes. This 

study is to estimate the genetic diversity among the genotypes for further utilization in hybridization 

programme.   

 

MATERIALS AND METHODS 

 

The research related to genotypic/phenotypic screening, was carried out in the crop cafeteria of Krishi Vigyan 

Kendra, Bilari, Moradabad during the Rabi 2019-20. The experimental material consists of 21 released varieties 

of bread wheat namely: K-7903, K-1006, K-402, K-9644, K-65, K-607, K-307, K-424, K-9465, K-9006, K-

9351, K-9162, K-1317, K1601, K-1313, K-8962, K-9423, K-9533, K-8434, K-9107 and K-68 were evaluated in 

three rows of 3 meter long. Row to row and plant to plant distance was kept 23 cm and 5 cm, respectively, in 

Randomized Block Design (RBD) with three replications. All the recommended package of practices for wheat 

was followed to raise a healthy crop. The data were recorded for 12 characters namely: days to maturity, plant 

height (cm), no. of effective tillers/plant, flag leaf length (cm), flag leaf width (cm), flag leaf area (cm
2
), spike 

length (cm), no. of grains/ spike, biological yield (g), 1000-grain weight (g), harvest index (%) and grain yield/ 

plant (g)and were subjected to various statistical analyses as usual procedure. Flag leaf area were recorded as 

per method given by Lazerov, 1965 [(leaf length x leaf width at maximum) x 0.66]. The statistical analysis for 

genetic divergence was done using Mahalanobis-D
2
 statistics (Mahalanobis, 1936) and clustering of genotypes 

was done using hierarchical Euclidean cluster analysis. 

 

RESULTS AND DISCUSSION 

 

The present investigation showed that all the 21 genotypes were grouped into six clusters (Fig. 1 and Table 1) 

suggesting considerable amount of genetic diversity in the material. The cluster-III had highest number of 

genotypes (07) 

followed by 

cluster-I & IV (04 

genotypes in 

each), cluster-II 

(03), cluster-VI 

(02) clusters-V 

had single 

genotype only. 

The cluster-I 

consisted of 

genotypes viz.: K 

7903, K 9162, K 

0307, K 1317. 

The genotypes K 

0607, K 9465 and 

K 9107 were 

grouped into 

cluster-II. Cluster 

–III having seven 

genotypes, 

namely, K 9644, 

K 65, K 9006, K 

9351, K 1313, K 

1601 and K 1006. 

Cluster-IV had K 

8962, K 9533, K 

9423 and K 68 

varieties. The 

pattern of distribution of genotypes in different cluster exhibited that geographical diversity was not related to 

Fig. 1: Dendrogram for 21 genotypes showing relationship among them 
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genetic diversity, varieties of same geographical region were grouped into different clusters (Kumar et. al., 

2009; Rahman et al., 2015; Wani, et al.,  2018; Wani, et al., 2020). 
 

 

Table 1: Distribution pattern of 21 genotypes under different clusters 
 

Clusters Number of genotypes Name of genotypes 

Cluster-I 4 K 7903, K 9162, K 0307, K 1317 

Cluster-II 3 K 0607, K 9465, K 9107 

Cluster-III 7 K 9644, K 65, K 9006, K 9351, K 1313, K 1601, K 1006 

Cluster-IV 4 K 8962, K 9533, K 9423, K 68 

Cluster-V 1 K 8434 

Cluster-VI 2 K 402, K 424 
 

On the basis of genetic diversity analysis, the maximum percent contribution  (Table 2) towards genetic 

divergence was from number of effective tillers per plant i.e. 27.14% followed by plant height (22.38%), flag 

leaf length (20.00%), spike length (15.24%), flag leaf area (5.71%), 1000-grain weight (4.29%), days to 

maturity (2.38%), biological yield per plant (1.90%) and minimum by grain yield per plant (0.95%). The 

remaining characters did not show contribution towards genetic divergence. The results were in agreement with 

those of Dobariya et al., 2006 and Arya et. al., 2017. The contribution of various characters towards the 

expression of genetic divergence should be taken into account as a criterion for choosing parents for crossing 

programme to the improvement in such characters. The intra and inter-cluster distances (Table 3) were 

calculated to determine the genetic relationship among the individuals within a cluster and between members of 

different clusters. The highest intra-cluster distance was exhibited by cluster-VI (81.607) followed by cluster-IV 

(63.634), cluster-I (62.418), cluster-II (53.321), cluster-III (49.010), suggesting that genotypes in cluster-VI 

were relatively more diverse than the genotypes in other clusters. 

 

Table 2: Percent contribution of different characters towards genetic divergence 
 

S. No. Characters Contribution % Times Ranked 1
st
 

1 Days to maturity 2.38% 5 

2 Plant height (cm) 22.38% 47 

3 No. of effective tillers/plant 27.14% 57 

4 Flag leaf length (cm) 20.00% 42 

5 Flag leaf width (cm) -  

6 Flag leaf area (cm
2
) 5.71% 12 

7 Spike length (cm) 15.24 32 

8 No. of grains/ spike -  

9 Biological Yield (g) 1.90% 4 

10 1000-grain weight (g) 4.29% 9 

11 Harvest index (%) -  

12 Grain yield/ plant (g) 0.95% 2 
 

 Inter-cluster distance is the main criterion for selection of genotypes using D
2
 analysis (Khare et al., 

2015). The genotypes belonging to those clusters having maximum inter-cluster distance are genetically more 

divergent and hybridization between these genotypes of different clusters is likely to produce wide variability 

with desirable individuals. The  highest  inter-cluster  distance  was  found between clusters-V and VI (548.020)  

 

Table 3: Intra and inter-cluster distance 
 

 Cluster-I Cluster-II Cluster-III Cluster-IV Cluster-V Cluster-VI 

Cluster-I 62.418 98.577 119.869 167.488 317.544 214.323 

Cluster-II  53.321 96.157 161.172 215.519 311.665 

Cluster-III   49.010 102.275 262.743 237.240 

Cluster-IV    63.634 210.469 254.328 

Cluster-V     0.000 548.020 

Cluster-VI      81.607 
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suggested a genetically distant relationship between these two clusters and high degree of genetic diversity 

among the genotypes followed by clusters-I and V (317.544), clusters-II and VI (311.665), clusters-III and V 

(262.743), clusters-IV and VI (254.328), clusters-III and VI (237.240), clusters-II and V (215.519), clusters-I 

and VI (214.323), clusters-IV and V (210.469), clusters-I and IV (167.488), clusters-II and IV (161.172), 

clusters-I and III (119.869), clusters-III and IV (102.275), clusters-I and II (98.577) while the lowest inter-

cluster distance was observed between clusters-II and III (96.157) suggested a closer relationship between these 

two clusters and low degree of genetic diversity among the genotypes. Presence of substantial genetic diversity 

among the parental material screened in the present study indicated that this material may serve a good source 

for selecting the diverse parents for hybridization programme.  

 Cluster means were calculated for all the characters which exhibited considerable differences among 

the clusters. The mean performance of the clusters (Table 4) was used to select genetically diverse and 

agronomically superior genotypes out of 21 genotypes studied. The highest cluster mean for days to maturity 

was exhibited by cluster-V (127.10) followed by cluster-II (124.87), cluster-IV (122.90), cluster-VI (122.20), 

cluster-III (121.27) and the lowest by cluster-I (118.73). The highest cluster mean for plant height (cm) was 

observed in cluster-V (132.73) followed by cluster-IV (112.57), cluster-II (98.73), cluster-III (95.09), cluster-I 

(94.66) and the lowest of cluster-VI (91.07).The highest cluster mean for number of effective tillers per plant 

was observed in cluster-IV (8.68) followed by cluster-III (8.21), cluster-VI (7.57), cluster-V (6.80), cluster-II 

(6.08) and the lowest by cluster-I (5.81). 

 

Table 4: Cluster means for different characters 
 

Characters 

→ 

Clusters ↓ 

Days to 

maturity 

Plant 

height 

(cm) 

No. of 

effective 

tillers/ plant 

Flag leaf 

length 

(cm) 

Flag 

leaf 

width 

(cm) 

Flag 

leaf 

area 

(cm2) 

Spike 

length 

(cm) 

No. of 

grains/ 

spike 

Biological 

Yield (g) 

1000-

grain 

weight 

(g) 

Harvest 

index 

(%) 

Grain 

yield/ 

plant 

(g) 

Cluster-I 118.73 94.66 5.81 25.80 1.97 33.55 15.79 35.87 77.28 37.90 35.87 27.67 

Cluster-II 124.87 98.73 6.08 30.26 2.08 41.50 18.31 42.79 78.10 35.52 34.44 26.86 

Cluster-III 121.27 95.09 8.21 29.29 1.97 38.09 18.26 38.22 79.06 35.09 33.97 26.72 

Cluster-IV 122.90 112.57 8.68 28.99 2.09 39.99 15.98 33.63 70.16 36.15 34.96 24.53 

Cluster-V 127.10 132.73 6.80 31.53 1.77 36.74 20.37 35.23 59.37 33.70 34.24 20.23 

Cluster-VI 122.20 91.07 7.57 20.55 1.65 22.43 16.55 45.47 83.03 35.32 35.14 29.18 

 

The highest cluster mean for flag leaf length (cm)was observed in cluster-V (31.53) followed by cluster-II 

(30.26), cluster-III (29.29), cluster-IV (28.99), cluster-I (25.80) and the lowest by cluster-VI (20.55).The 

maximum cluster mean for flag leaf width (cm) was exhibited by cluster-IV (2.09) followed by cluster-II (2.08), 

cluster-I& III (1.97), cluster-V (1.77), and lowest was exhibited by cluster-VI (1.65). The data showed 

maximum cluster mean for flag leaf area (cm
2
) was observed in cluster-II (41.50) followed by cluster-IV 

(39.99), cluster-III (38.09), cluster-V (36.74), cluster-I (33.55) and minimum was exhibited by cluster-VI 

(22.43). 

The highest cluster mean for spike length (cm) was observed in cluster-VI (20.37) followed by cluster-

II (18.31), cluster-III (18.26), cluster-VI (16.55), cluster-IV (15.98) and the lowest was observed in cluster-I 

(15.79). The maximum cluster mean for number of grains per spike was exhibited in cluster-VI (45.47) followed 

by cluster-II (42.79), cluster-III (38.22), cluster-I (35.87), cluster-V (35.23) and minimum was in cluster-IV 

(33.63).The highest cluster mean for Biological yield (g) was observed in cluster-VI (83.03) followed by 

cluster-III (79.06), cluster-II (78.10), cluster-I (77.28), cluster-IV (70.16) and the lowest by cluster-V (59.37). 

 The highest cluster mean for 1000-grain weight (g)was exhibited by cluster-I (37.90) followed by 

cluster-IV (36.15), cluster-II (35.52), cluster-VI (35.32), cluster-III (35.09) and the lowest by cluster-V 

(33.70).The maximum cluster mean for harvest index (%) was observed in cluster-I (35.87) followed by cluster-

VI (35.14), cluster-IV (34.96), cluster-II (34.44), cluster-V (34.24) and the lowest by clusters-III (33.97).The 

highest cluster mean for grain yield per plant (g) for cluster-VI(29.18) followed by cluster-I (27.67), cluster-II 

(26.86), cluster-III (26.72), cluster-IV (24.53) and the lowest exhibited by cluster-V (20.23). The present 

investigation is supported by Wani et. al. 2018 and Wani et. al. 2020. 

 In conclusion, the most important trait grain yield per plant caused maximum genetic divergence and 

was responsible for differentiating the genotypes studied. The highest inter-cluster distance was found among 

clusters-V and VI (548.020) suggesting that crossing between the members of these two clusters will lead to 

development of wide range of genetic variability and breeder will have greater chances to get desired segregants 

while the lowest inter-cluster distance observed between cluster-II& III (96.157) indicated that the genotypes in 
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these two clusters were relatively close to each other, exhibiting poor range of genetic variability. Cluster-VI 

exhibited highest cluster means for the characters number of grains per spike, biological yield and grain yield 

per plant and cluster-I was marked by highest cluster means for harvest index. The genotypes from these two 

clusters would also be promising if selected for hybridization programme for yield contributing traits. Inter and 

intra-cluster distance provide index of genetic diversity between and within clusters. It would be desirable to 

choose the donor from different clusters. Larger the distance between the clusters better the chances of getting 

transgressive segregants. These findings suggest that the experimental material had sufficient genetic diversity 

for yield and yield contributing traits. Diversity in these characters may be exploited through hybridization for 

the development of superior individuals for grain yield. 
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temperature). Additionally, rainfall showed a strong positive correlation (r = 0.7936) with whitefly incidence and 

was statistically significant (p = 0.0036**). These findings provide valuable insights into the differential 

responses of aphids and whiteflies to weather factors, emphasizing the importance of considering environmental 

influences in pest management strategies. Continuous monitoring and adaptive approaches are essential for 

mitigating potential crop damage and ensuring the sustainability of potato cultivation practices amidst evolving 

environmental conditions. 

Key words: Temporal Trends, Aphid Populations, Whitefly Dynamics, Weather Influences 
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Abstract 

The integration of Artificial Intelligence (AI) in farming represents a paradigm shift in agricultural practices, 

heralding a new era of smart and sustainable agriculture. This paper explores the multifaceted applications of AI 

in farming, emphasizing its pivotal role in optimizing resource utilization, enhancing crop yields, and promoting 

eco-friendly practices. AI-driven technologies, such as machine learning, data analytics, and computer vision, 

empower farmers with real-time insights into crop health, soil conditions, and weather patterns. This smart 

approach enables precise decision-making, from planting to harvesting, resulting in increased efficiency and 

reduced environmental impact. The abstract delves into specific AI applications, including predictive modelling 

for disease detection, autonomous machinery for precision farming, and intelligent irrigation systems. It 

highlights how AI algorithms process vast datasets to forecast pest infestations, enabling proactive measures that 

minimize reliance on chemical inputs. The use of robotics and drones equipped with AI enhances crop 

monitoring, contributing to sustainable practices by minimizing resource wastage. Furthermore, it's important to 

discuss the economic implications of AI in farming, emphasizing its role in promoting financial sustainability 

for farmers. AI algorithms process vast datasets to predict weather patterns, enabling farmers to make informed 

decisions about planting and harvesting. In disease detection, AI-powered systems analyze images of crops to 

identify early signs of diseases, facilitating timely intervention. The adoption of AI-driven technologies not only 

improves productivity but also facilitates market access and better price realization. As the agricultural sector 

faces unprecedented challenges, AI emerges as a transformative force that aligns productivity goals with 

environmental stewardship, paving the way for a smarter and more sustainable future in agriculture. 

Keywords- AI, Smart agriculture, eco-friendly, crop health, weather, precision farming, drones 
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Abstract 

Agriculture today faces growing pressure from numerous factors, including population growth, climate 

change, and resource depletion. Traditional agricultural practices have been used since ancient times but are 

inadequate to ensure long-term environmental and economic sustainability. In agriculture today, the use of 

cutting-edge technologies like robotics and artificial intelligence (AI) is increasing, helping achieve sustainable 

agricultural goals. These practices are paving the way for a future where abundance and environmental 

responsibility can coexist. Researchers have highlighted the profound impacts of these technologies on the 

different aspects of sustainability. Precision agriculture, empowered by data-driven insights from sensors and 

satellite imagery, is leading the charge. Real-time monitoring of soil health, crop stress, and weather patterns 

allows for the targeted application of water, fertilizers, and pesticides, minimizing waste and environmental 

impact. Scientists have demonstrated the use of AI-powered irrigation systems to significantly reduce water 

usage while maintaining yields. Robotics is also crucial in reducing labour dependence and promoting 
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sustainable practices. Autonomous tractors and drones are now employed for seeding, weeding, and harvesting, 

minimizing soil compaction and reliance on fossil fuels. Successful deployment of autonomous weeding robots 

has led to a significant reduction in herbicide use. AI‘s analytical prowess is also aiding in breeding climate-

resilient crops and predicting pest outbreaks. By analysing vast datasets of genetic information and 

environmental factors, researchers can develop crops better adapted to changing weather patterns and resistant 

to diseases. AI has been recently utilized to identify genes controlling heat tolerance in wheat, paving the way 

for more resilient varieties. However, embracing these technologies comes with challenges. Addressing the 

digital divide in rural areas, ensuring data security and privacy, and building trust among farmers are crucial 

aspects that require thoughtful solutions. Additionally, ethical considerations surrounding automation and 

potential job displacement necessitate careful planning and workforce training programs. In conclusion, 

integrating new-age digital technologies presents a golden opportunity to address the sustainability challenges in 

agriculture. From precision resource management to climate-resilient crops, these advancements hold immense 

potential to create a future where agricultural productivity thrives alongside environmental health. By 

addressing the existing challenges and fostering inclusive innovation, we can cultivate a greener future for 

future generations. 

Keywords: Agriculture, Climate change, Digital technologies, Sustainability, Robotics 
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Abstract 

    Digital agriculture technologies (DATs) provide great promise to transform farming methods in 

underdeveloped countries by tackling major issues such resource scarcity, climatic variability, and food 

insecurity. A large percentage of the workforce is employed in agriculture, which is the main driver of the 

economies of many developing countries. It also contributes to food security and rural livelihoods. But the needs 

of an expanding population and a shifting environment are frequently beyond the reach of conventional farming 

practices. DATs provide smallholder farmers with creative ways to increase output, maximize resource 

utilization, and expand their market access. Blockchain-enabled supply chain management systems, mobile 

applications, remote sensing, and precision agriculture technology are some of the key DATs.With the use of 

these technology, farmers can more effectively connect with markets, monitor crop health, and manage 

irrigation and weather forecasting. DATs enable farmers to make educated decisions and adjust to changing 

conditions by digitizing agricultural operations and providing them with real-time information and decision 

support tools. However, there are a number of obstacles to the adoption of DATs in developing countries, such 

as inadequate digital literacy, inadequate infrastructure, and financial limitations. Through investments in digital 

infrastructure, the provision of training and capacity building programs, and the promotion of inclusive and 

sustainable business models, governments, non-governmental organizations, and stakeholders in the private 

sector all play critical roles in removing these obstacles. Notwithstanding these difficulties, DATs have a 

number of positive effects on poor countries, from better food security and resilience to the effects of climate 

change to higher farmer yields and incomes. Developing countries may unleash the potential of their agricultural 

sector to propel economic growth, mitigate poverty, and accomplish sustainable development objectives by 

utilizing digital agriculture technologies. 

Keywords: Digital Agriculture Technology, Climate Variability, Food Security and Sustainable 
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