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ABSTRACT

A study was carried out to fi nd out various 
buffalo management practices adopted by the 
farmers in Khammam district of Andhra Pradesh. 
More than half of the farmers under survey (58%) 
were able to provide insemination or natural 
service to their animals in heat at the right time, 
while 42% of farmers were unable to inseminate 
their animals in time due to various reasons. Only 
16.66% farmers utilized the facility of artifi cial 
insemination, while 37.51% farmers opted for 
natural service. About 85.85% farmers fed green 
and dry roughage in combination and provided 
clean drinking water to their animals, but none of 
the farmer practiced silage making or other special 
treatments like chaffi ng, soaking or urea treating 
paddy straw. Most of the farmers collected fodder 
from the fi elds. Only 3% farmers fed additional 
concentrates to pregnant animals; the rest did not 
do this. As a part of summer management, 51% 
farmers allowed their buffaloes to wallow in the 
village tanks during the hotter parts of the day and 
49.16% farmers washed their animals by splashing 
water manually. Washing of the animals and of 
their udders before milking were practiced by 15.68 
and 98.40% farmers, respectively. Non-descript 

buffaloes were predominant in this region and the 
majority of the farmers were poor in certain aspects 
of scientifi c feeding, breeding, housing, milking 
and health care practices and needed to be educated. 
Artifi cial insemination should be made available to 
all the farmers, which in turn would result in the 
upgrading of local buffaloes and improving their 
performance.

Keywords: buffaloes, breeding, feeding, housing, 
management, milking

INTRODUCTION

Buffaloes are the backbone of rural 
economy in many developing countries of the 
Asian region including India. Buffaloes occupy 
a prominent place in the social, economic and 
cultural life of Indian rural communities and are 
useful as a triple purpose animal for milk, meat 
and draft power. Dairying with buffaloes in India 
is a closely interwoven integral part of agriculture. 
India possess 283 million dairy bovines and stands 
fi rst in milk production with more than 100 million 
metric tonnes but the productivity of dairy animals 
is very much less than in the developed countries. 
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The performance and productivity of buffaloes in 
the region appears to be at low level and the factors 
responsible need greater attention. Productivity of 
an animal is primarily the product of interaction of 
its genetic makeup and the environment in which 
it develops. Therefore, a study was undertaken 
to assess various management practices such as 
breeding, feeding, housing, milking practice etc., 
in Khammam district of Andra Pradesh.

MATERIALS AND METHODS

 Two revenue divisions in Khammam district 
of Andra Pradesh were selected purposively, having 
highest buffalo population. From each revenue 
division two mandals and from each mandal fi ve 
villages were selected. Thus, 20 villages from four 
mandals of two revenue divisions were selected. 
From each village six farmers who were rearing 
buffaloes were selected randomly, giving a sample 
size of 120 farmers for the study. While conducting 
survey, the assistance of the local Veterinary 
Assistant Surgeon was sought.  
 The selected farmers were interviewed 
by contacting them at their doorstep utilizing a 
pre-tested interview schedule developed for the 
purpose. While collecting data suffi cient time 
was given to the farmer to arrive at values by the 
memory recall method. The family members of the 
farmers were also involved in collection of the data 
so as to get accurate information as far as possible. 
The information regarding management practices 
such as breeding, feeding, housing, milking, health 
care including calf management were collected 
and data were subjected to appropriate statistical 
analysis (Snedecor and Cochran, 1994).

RESULTS AND DISCUSSION

Results of buffalo management practices 
adopted by the farmers in the villages under study 
are appended in Tables 1, 2, 3, 4 and 5.

General observations
Occupation: It was observed (Table 1) that 

agriculture was the main occupation among 84.5% 
of the farmers and dairying was the secondary 
occupation of 15.5% of farmers, whereas dairying 
was the main occupation of 15.5% and agriculture 
was the secondary occupation of 84.5%. Prasad 
et al. (2001) reported that dairying was the main 
occupation among 64% of the milk producers and 
a subsidiary occupation for 36% in urban areas of 
Andhra Pradesh. Similarly 75% farmers had dairying 
as secondary occupation in the North east zone of 
Tamil Nadu (Balusami, 2004). The present study 
indicated that the majority of the farmers depended 
on agriculture as the main source of livelihood and 
also maintained livestock, especially buffaloes, as 
these enterprises are interdependent on each other. 
They maintain buffaloes for secondary source of 
income i.e. through sale of milk or utilizing milk 
for their home needs. These farmers utilized their 
agricultural byproducts like paddy, jowar and 
maize straws and green grasses, either cultivated or 
natural fodders for their buffaloes, which converted 
these poor roughages into valuable milk. 

Land holding: In the present investigation, 
it was found that 43.3% farmers possessed between 
one to three acres of land, 47.5% possessed above 
three acres of land and 9.2% were landless. Singh 
and Thomas (1992) and Yadav and Yadav (1995) 
observed that the land holding was positively 
associated with the level of adoption of dairy 
innovations among the respondents. It was 
observed that, all the farmers irrespective of size 
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of land holding maintained buffaloes as source of 
income. The majority of the dairy farmers held land 
as major source of income.

Fodders cultivation: Among the selected 
farmers, 45.0% grew fodders and 55% did not 
cultivate fodder but depended on natural grasses 
from their own fi elds, common lands, bunds and 
other sources. Among the fodder growing farmers, 
18.3% grew fodders on an area of about 0 to 0.5 
acre and 26.6% on an area of about 0.5 acres 
and above. These fi ndings are in agreement with 
the results of Garg et al. (2005) who reported, 
about 48.43% farmers grew fodders. The results 
indicated that almost 55% farmers in this study did 
not grow any fodders and were dependent on either 
sole grazing or cut natural grasses for feeding of 
buffaloes. Most of the farmers grew sorghum as 
a source of fodder, which may have been due to 
utilisation of agricultural land for growing regular 
crops during kharif season and sorghum as fodder 
crop during rabi season because of suitable agro-
climatic conditions.

Breeding Management 
The present study revealed that, 95% 

farmers were not able to detect heat in animals 
(Table 2). This observation was not in agreement 
with Dwaipayan et al. (2005), who observed 
inability of the 6.11% farmers to identify heat 
symptoms; on the contrary Balusami (2004) 
reported that 82% farmers were able to detect heat 
in buffaloes in Tamil Nadu. More than half of the 
farmers under survey (58%) were able to provide 
insemination or natural service to their animals 
in heat at the right time while 42% farmers were 
unable to inseminate their animals in time due to 
various reasons. Only 16.66% farmers utilized the 
facility of artifi cial insemination, while 37.51% 
farmers opted for natural service and 45.83% 

simultaneously had their animals inseminated and 
also undertook natural service with the expectation 
that it would increase the conception rate. Breeding 
bulls or scrub bulls were accessible to all farmers 
in their villages for natural service. Sawarkar et al 
(2001) reported that, most of the farmers preferred 
natural service only due to various reasons. It was 
also noticed that as many as 75.83% were unable 
to detect pregnancy diagnosis at 3 months age. 
Low adoption of artifi cial insemination by farmers 
may have been due to the presence of scrub bulls, 
the distance to artifi cial insemination centers, lack 
of faith in artifi cial insemination, ignorance of 
farmers, being busy with agricultural operations 
and non availability of veterinary staff etc. 

Feeding Practices 
 From the present investigation it was 

observed that only 11.67% farmers fed balanced 
rations to their animals; the rest of the farmers 
(88.33%) had not adopted this practice (Table 3). 
It was found that on an average 9.17, 5 and 85.83% 
farmers fed only green fodder, dry roughages and 
both in combination, respectively, and 36.67% 
farmers fed 1 - 10 kg dry roughages per day while 
63.33% farmers fed more than 10 kg. Out of the total 
selected farmers, the majority (71.67%) fed 1 kg of 
concentrate mixture as feed supplement, whereas 
28.33% of them were feeding 2 kg. Kamboj and 
Tomar (2000) and Sahu (2001) reported that farmers 
were not feeding or feeding minimum quantities of 
concentrates to their buffaloes. About 85.83% of the 
farmers were feeding green and roughage fodder 
in combination and provided clean drinking water 
to their animals, but none of the farmers practiced 
silage making or any other special treatments 
like chaffi ng, soaking or urea treating paddy 
straw. Most of the farmers collected fodder from 
the fi elds. Dwaipayan et al. (2005) reported that, 
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59.72% farmers fed poor quality concentrates. The 
present results clearly indicated that there is a lot of 
scope for improvement of buffalo performance by 
better feeding. Only 3.5% farmers fed additional 
concentrates to pregnant animals; the rest did not. 
Similarly, 11.25% farmers providing additional 
concentrates to pregnant animals was reported by 
Garg et al. (2005) in rural areas of Baran district 
of Rajasthan. About 13.33% farmers provided a 
supplementary mineral mixture to their animals 
while 86.67% did not follow this practice. Garg 
et al. (2005) also observed that 62.5% farmers did 
not feed mineral mixture or feed supplements to 
their dairy animals. The non-feeding of additional 
supplements to the pregnant animals and of 
mineral mixture to all animals clearly indicates 
that productive animals were facing shortages of 
nutrients which would inhibit their exhibiting their 
performance. This might have been due to a lack 
of scientifi c feeding knowledge among the buffalo 
farmers, high costs and feed and mineral mixtures 
or non-availability etc. 

Housing Management 
Among the farmers who provided housing, 

60% provided thatched roof sheds, 36.66% provided 
asbestos roof sheds and 3.34% provided no housing. 
Among the sheds, 84.17% had kutcha type fl ooring 
and 15.83% had pucca type (cement concrete) 
fl ooring. The present study is in agreement with the 
reports of Deoras et al. (2004), who reported similar 
types of housing for the animals of the majority of 
farmers. On the contrary, Sohi and Kherde (1980) 
reported that a large number of dairy farmers had 
sheds for their animals as they were commercial 
dairy farmers. The results of the present study do 
not agree with the fi ndings of the said authors as this 
study was conducted in rural areas. The majority of 
the farmers (62.5%) maintained cleanliness in the 

shed, and the fl oor space available to the animals 
of almost all (98.24%) was adequate. Similarly, 
94% of the farmers provided proper ventilation 
for their animals. These fi ndings were similar to 
the results of Deoras et al. (2004) who reported, 
100 percent of the farmers provided adequate fl oor 
space and ventilation for their dairy animals in 
rural areas. Srivastava et al. (2000) also reported 
that 99.5% the farmers studied kept their animals 
in well-ventilated houses. It was also found that 
locally made mangers were used by 83% farmers, 
and 17% farmers maintained cement mangers. 
Improper or no mangers may lead to wastage of 
feed and fodder, which is already in short supply. 
The majority of farmers (> 94%) provided adequate 
drainage systems for their animals. It was noticed 
that application of disinfectants was occasional by 
most (88.33%) of the farmers, and about 11.67% 
of them applied disinfectants to their sheds rarely. 
Similarly, low use of disinfectants was also reported 
by Lal (1999). One hundred percent of the farmers 
in the present study had manure pits nearer to their 
dwellings or farms and dumped solid manure into 
these pits, which was used by them for agricultural 
purposes. The reasons for disinfectants were not 
used might have been a lack of awareness among 
farmers, a high disinfectant cost, and an additional 
burden which did not give any immediate return 
to the farmer. As a part of summer management, 
50.84% of the farmers allowed their buffaloes to 
wallow in village tanks during hotter parts of the 
day and 49.16% of the farmers washed their animals 
by splashing water on them manually. Tailor and 
Pathodiya (2000) reported 4.67% of the farmers 
they studied in Rajasthan allowed their buffaloes 
to wallow. Hot and dry climatic conditions and 
heat intolerance of buffaloes requires summer 
management like wallowing, sprinkling and 
splashing of water etc. to improve the performance 
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of buffaloes during the summer.

Milking Practices
In the present study, all the buffalo farmers 

allowed their calves to suckle their mothers before 
and after milking twice a day and also used the 
calf to let down milk from the udder (Table 5). It 
was observed that 100 percent of the farmers were 
following a regular milking interval, which is in 
agreement with the reports of Malik and Nagpaul 
(1999) wherein 88.88% of the farmers followed a 
similar practice in Murrah buffaloes in Haryana. In 
the present study, 88.33, 4.17 and 7.5% of farmers 
used steel utensils, iron buckets and plastic vessels, 
respectively. Very few farmers (8%) followed the 
full hand method of milking; the remainder (92%) 
followed the knuckling method, which was not 
a recommended practice. Khupse et al. (1980) 
reported that 8.18% of the farmers studied had 
adopted full hand milking, whereas Malik and 
Nagpaul (1999) reported that 36.11% farmers 
followed the knuckling method of milking in 
Haryana. These results indicate lack of awareness 
among farmers and the urgent need for education on 
the correct method of milking. Washing of animals 

before milking and of the udder after milking was 
practiced by 15.68 and 1.6% farmers, respectively, 
whereas 76.66% farmers did not follow any sanitary 
practices before and after milking, and the majority 
(95%) did not follow any mastitis prevention 
programme. The majority of the farmers did not 
wash the entire body of their buffaloes before 
milking even in the summer (Verma and Sastri, 
1994). The practice of not washing the udder after 
milking might have been due to allowing the calf 
to suckle after milking, when the calf consumes all 
the leftover milk and leaves a layer of saliva on the 
teats, or it might have been a way to save labour. 

The present study concludes that 
management practices had a signifi cant role on 
the performance of buffaloes in the divisions of 
Khammam district under study. Non- descript 
buffaloes were predominant in this region, and 
majority of the farmers were poor in certain 
aspects of scientifi c feeding, breeding, housing 
and milking practices and need to be educated. 
Artifi cial insemination should be made available to 
all the farmers, and this would result in upgrading 
of the local buffaloes and improvement in their 
performance.
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Table 2. Breeding management practices followed by the selected farmers. 

Sl. No. Breeding management practices

Number 
of farmers 

following the 
practice

Percentage

1 Proper heat detection 
procedures and methods

Adopted 6 5.00
Not adopted 114 95.00

2 Insemination of buffaloes 
at right time

Followed 62 58.00
Not followed 58 42.00

3 Method of Insemination
Artifi cial Insemination 20 16.66
Natural service 45 37.51
Both 55 45.83

4 Availability of breeding 
bull in village

Yes 120 100.00
No 0 0.00

6 Pregnancy diagnosis at 
 the age of 3 months

Adopted 29 24.16
Not adopted 91 75.83

Table 1. General information about the selected farmers.

Sl. No. Observation Number of 
farmers Percentage

1 Main occupation
Agriculture 101 84.50
Dairying 19 15.50

2 Subsidiary 
occupation

Agriculture 19 15.50
Dairying 101 84.50

3 Land holding 
(acres)

Landless 11 9.20
Medium( 1-3) 52 43.30
Large (> 3) 57 47.50

4 Area under fodder 
crops

No fodder crops 66 55.10
0- 0.5 acres 22 18.30
> 0.5 acres 32 26.60
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Table 3. Feeding management practices followed by the selected farmers. 

Sl. 
No. Feeding management practices

Farmers 
following the 

practice
Percentage

1 Feeding balanced ration 
Yes 14 11.67
No 106 88.33

2 Feeding dry roughages
per day

1-10 kgs 44 36.67
Above 10 kgs 76 63.33

3 Feeding concentrate 
supplements 

Not feeding at all 0 0.00
Up to 1 kg 86 71.67
2 kg 34 28.33

4 Combination of roughages 
fed

Dry only 6 5.00
Green only 11 9.17
Both combined 103 85.83

5 Feeding of silage fodder
Yes 0 0.00
No 120 100.00

6 Clean drinking water 
access

Yes 115 95.83
No 5 4.16

7 Special treatment given to 
feed and fodder

Chaffi ng 0 0.00
Soaking 0 0.00
Urea treated paddy straw 0 0.00
Mixture of green+ dry 
+concentrate 120 100.00

8 Source of fodder
Home grown 26 21.67
Purchased 0 0.00
Collected from the fi elds 94 78.33

9

Additional allowance 
of concentrates during 
advanced pregnancy and 
lactation

Yes 3 3.50

No 117 97.50

10 Feeding mineral 
supplements

Yes 16 13.33
No 104 86.67
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Table 4. Housing management practices followed by the selected farmers. 

Sl. No. Housing management practices No. of 
farmers Percentage

1 Type of housing

Thatched roof shed 72 60.00
Asbestos roof shed 44 36.66
Pucca shed 0 0.00
No shed 4 3.34

2 Type of fl ooring
Kutcha 101 84.17
Pucca (Concrete) 19 15.83

3 Cleanliness in the shed
Satisfactory 75 62.50
Not satisfactory 45 37.50

4 Adequacy of fl oor space
Adequate 118 98.24
Not adequate 2 1.76

5 Proper ventilation to the 
animals

Available 112 94.00
Not available 8 6.00

6 Type of manger
Cement trough 20 17.00
Local made trough 100 83.00

7 Drainage system
Proper 113 94.16
Not proper 7 5.84

8 Manure disposal

Manure pit 0 0.00
Bio gas 0 0.00
Direct application to 
the fi elds 120 100.00

9 Use of disinfectants
Regular 0 0.00
Occasional 106 88.33
Rare 14 11.67

10 Summer management
Wallowing 61 50.84
Splashing of water 59 49.16
Sprinkling of water 0 0.00

11 Intervals of the cleaning 
sheds

Once in a year 13 10.84
Occasional 107 89.16
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Table 5. Milking management practices followed by the selected farmers. 

Sl. 
No. Milking management practices

Number 
of farmers 

following the 
practice

Percentage

1 Let down of milk

Use of calf 120 100.00
Use of oxytocin 0 0.00
Use of a phantom 
calf 0 0.00

2 Number of times animals are 
milked Twice 120 100.00

3 Interval between each milking
Regular 120 100.00
Irregular 0 0.00

4 Type of utensils used for 
milking and storage

Stainless Steel 106 88.33
Iron buckets 5 4.17
Plastic vessels 9 7.50

5 Full hand milking
Adopted 10 8.00
Not adopted 110 92.00

6 Sanitary practices followed 
before and after milking 

Yes 28 23.34
No 92 76.66

7 Care against mastitis
Followed 6 5.00
Not followed 114 95.00

8 Washing of animals before 
milking

Followed 19 15.68
Not followed 101 84.32

9 Washing of udder after milking
Followed 2 1.60
Not followed 118 98.40



Buffalo Bulletin (June 2013) Vol.32 No.2

106

REFERENCES

Balusami. 2004. Performance of buffaloes in North 
East Zone of Tamil Nadu. Ph.D. Thesis, 
Tamil Nadu University of Veterinary and 
Animal Sciences, Tamil Nadu, India.

Deoras, R., K. Nema, S.P. Tiwari and Mohan Singh. 
2004. Feeding and housing management 
practices of dairy animals in Rajanandgaon 
of Chhatisgarh plain. Indian J. Anim. Sci., 
74: 303-306.

Dwaipayan, B., R.S.L. Srivastava and Y.P.S. Dabas. 
2005. A study on constraints perceived by 
farmers in rearing dairy animals. Indian J. 
Dairy Sci., 58: 3, 214-220.

Garg, M.K., L.S. Jain and J.L. Chaudhary. 2005. 
Studies on housing, feeding and milking 
management practices of dairy cattle in 
Baran district of Rajastan. Indian J. Dairy 
Sci., 58: 123-128.

Kamboj, M.L. and O.S. Tomar. 2000. Feeds and 
feeding managemental practices of Nagori 
cattle under fi eld conditions. Indian J. Anim 
Prod. Manage., 16: 129-131.

Khupse, T.S., V.P. Dhumal and S.D. Nimbalker. 
1980. Adoption of improved dairy 
management practices. Livestock Advisor, 
5: 11-14.

Lal, H., 1999. Animal husbandry practices in 
Mewat area of Haryana under different 
farming systems. Ph.D. Thesis, Haryana 
Agricultural University, Hisar, India.

Malik, D.S. and P.K. Nagpaul. 1999. Studies 
on milking and calf rearing management 
practices of Murrah buffalo in its home tract 
of Haryana. Indian J. Anim. Prod. Manage., 
15: 52-54.

Prasad, R.M.V., G.N. Rao and V. Jayaramakrishna. 
2001. Analysis on milk production from 

buffaloes. Indian Vet. J., 78(3): 257-259.
Sahu, S.P. 2001. The buffalo management practices 

followed by the farmers of Karnal and 
Kurukshetra district of Haryana. M.V.Sc. 
Thesis, Haryana Agricultural University, 
Hisar, India.

Sawarkar, S.W., M.M. Borkar, S.V. Upadhye and 
S.B. Jadhao. 2001. Chararacteristics of 
dairy owners, their awareness, adoption 
and constraints in adoption of artifi cial 
insemination practices in Vidarbha region. 
Indian J. Dairy Sci., 54: 194-202.

Singh, L. and C.K. Thomas. 1992. Knowledge and 
adoption of technology in the dairy farming 
and its constraints. Indian Dairyman, 44: 
445-450.

Sohi, J.S. and R.L. Kherde. 1980. A study of dairy 
adoption behavior of small and marginal 
farmers in Punjab. Indian J. Ext. Edu., 16: 
84-86.

Srivastava, P.N., S.N.S. Parmar, B.C. Sarkhel, S.S. 
Tomar and P.V.A. Pillai. 2000. Random 
Survey of farmers status and geographical 
distribution of Malvi cattle in Madhya 
Pradesh, p. 642-647. In Proceedings of the 
International Conference Held in Thrissur, 
Kerala, India.

Snedecor, G.W. and W.G. Cochran. 1994. Statistical 
Methods, 8th ed. Iowa State University Press, 
Ames, Iowa, USA.

Tailor, S.P. and A.P. Pathodiya. 2000. Genetic 
composition, feeding and management 
practices for buffaloes to establish base of 
dairy industry in Southern Rajasthan - A 
survey, p. 787-789. In Proceedings of the 
International Conference Held in Thrissur, 
Kerala, India. 

*Continued on page 119



Buffalo Bulletin (June 2013) Vol.32 No.2

119

and protozoa in buffalo calves (Bubalus 
bubalis). Buffalo J., 1: 87-91.

Kamra, D.N., R.K. Sawal., N.N. Pathak., N. 
Kewalramani and N. Agarwal. 1991. 
Diurnal variation in ciliate protozoa in the 
rumen of black buck (Antilope cervicapra) 
fed green forage. Lett. Appl. Microbiol., 13: 
165-167.

Kowalik, B., T. Michalowski., J.J. Pajat., M. 
Taciak and J. Rawa. 2008. The effect 
of supplementing cows with live yeast, 
Saccharomyces cerevisiae, on ciliate and 
ruminal fermentation. J. Anim. Feed Sci., 
17(2): 157-165.

Kumar, U., V.K. Sarean and S. Singh. 1994. Effect 
of S. cerevisiae yeast culture supplement on 
ruminal metabolism in buffalo calves given 
a high concentrate diet. Anim. Prod., 59: 
209-215.

Newbold, C.J., R.J. Wallace, X.B. Chen and 
F.M. Mcintosh. 1995. Different strains of 
Saccharomyces cerevisiae differ in their 
effects on ruminal bacterial numbers in vitro 
and in sheep. J. Anim. Sci., 73: 1811-1818. 

Plata, P.F., M.G.D. Mendoza, J.R. Barcena-Gama 
and M.S. Gonzalez. 1994. Effect of a yeast 
culture (Saccharomyces cerevisiae) on 
neutral detergent fi ber digestion in steer fed 
oat straw based diets. Anim. Feed Sci. Tech., 
49: 203-210.

Rita, Sharma, O.P. Nangia and M. Gupta. 1998. Effect 
of yeast culture (Saccharomyces cerevisiae) 
plus growth medium supplementation on 
rumen fermentation in buffalo calves fed 
high roughage diet. Indian J. Anim. Sci., 13: 
121-126.

Singh, G., S. Kulkarni and R. Singh. 2008. Effect 
of Saccharomyces cerevisiae (Yea-sacc1026) 
supplementation on rumen profi le in 

Verma, A.K. and N.S.R. Sastri. 1994. Comparison 
of Buffalo housing practices prevalent in 
rural Haryana with organized farm, p. 21-
23. In Proceedings of National Symposium 
on Livestock Production and Management 
Held at Anand, Gujarat, India.

Yadav, B.L. and M.C. Yadav. 1995. Adoption level 
and index of buffalo husbandry practices in 
the home tract of Murrah. Indian J. Anim. 
Prod. Mgmt., 11: 4-13.

  

  

*Continued from page 106

buffaloes. Indian J. Anim. Sci., 78(2): 172-
174.

Snedecor, G.W. and W.C. Cochran. 1976. Statistical 
Methods, 7th ed. Oxford and IBH Publishing 
Company, Kolkata, Imdia.

Yoon, I.K. and M.D. Stern. 1996. Effects of 
Saccharomyces cerevisiae and Aspergillus 
oryzae cultures on ruminal fermentation in 
dairy cows. J. Dairy Sci., 79: 411-417.




