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  Rearing of goat (Capra hircus) is a source of 
livelihood for small and marginal farmers including 
landless laborers. It provides steady and substantial regular 
income through milk, meat and manure. In India, goat 
breeding is only based on natural service and therefore, it 
needs an immediate implementation of appropriate 
breeding strategies and breed improvement programs 
through conservation of potential animals. To improve the 
productivity potential of goats, the incorporation of 
superior germplasm is essential and it is possible only with 
the use of outstanding sires. Therefore, artificial insemination 
is the most valuable tool for the dissemination of superior 
germplasm and control of venereal diseases (Dalal et al., 
2018). The season of the year and frequency of semen 
collection are of concern with fertility traits of spermatozoa. 
These traits have been studied extensively in cow and 
buffalo bulls (Javed et al., 2000; Shelke, 2000; Asadpour et 
al., 2007) besides rams (Kaya et al., 2002; Cardozo et al., 
2006). However such studies are meager in goats 
(Oyeyemi et al., 2000; Srinivas et al., 2002; Karagiannidis 
et al., 2000). Therefore, the present investigation was 
undertaken to exploit the productive potential of Indian 
goat in view to amplify the economic returns to poor class 
of people and also to meet the requirements of researchers 

/scientists.

MATERIALS AND METHODS

 The present work was conducted at the LRS, KU, 
Navsari for a period of 60 days during breeding and non-
breeding seasons. Seven adult apparently healthy Surti 
bucks of 18-37 months of age were selected and divided 
randomly in two groups: Group-I (n=3) and Group-II 
(n=4). The semen was collected daily in morning at 7:30 to 
8:30 hr using Artificial Vagina. In Group-I, semen was 
collected once a day from all the three bucks, while in 
Group II; it was collected twice a day during the breeding 
and non-breeding seasons. The second successive 
ejaculate was collected with no predetermined time. 
Semen samples of each buck were pooled in Group-I 
whereas in Group-II, the first and second ejaculates were 
pooled separately. A total of 330 semen ejaculates were 
obtained from bucks during each season. Immediately 
after semen collection, the cups containing semen were 
placed in a beaker filled one fourth with water having 36-
37º C temperature and maintained till processing for its 
physical studies. The pH was estimated using pH meter, 
mass motilityby placing a drop of semen on glass slide 
placed under microscope, sperm concentration using 
neubauer’s chamber and live spermatozoa and sperm 
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Table 2. Physical characteristics of semen and spermatozoa during different ejaculation frequencies

Sr. No. Physical Characters Group-I Group-II Average F Value
  (n=60)  (n=180)
   First Ejaculate Second Ejaculate
   (n=60) (n=60)

1 pH 6.83 ± 0.02 6.80 ± 0.05 6.80 ± 0.03 6.80±0.04 1.39

2 Mass Motility 4.06 ± 0.06 4.04 ± 0.06 4.06 ± 0.03 4.05±0.04 0.02
6 a a b3 Sperm Concentration × 10 /ml 2908.20 ± 39.48  2900.88 ± 32.09  2618.33 ± 22.35  2800.72±18.86 38.47*

a a b4 Live Spermatozoa (per cent) 86.22 ± 0.58  85.66 ± 0.30  81.35 ± 0.36  84.80±0.27 48.52*

Mean with different superscripts in row differ significantly (p<0.01)  *Significant (p<0.01)

Table 3. Physical characteristics of semen and spermatozoa in relation to ejaculation frequencies during different seasons

Physical characters Seasons Group-I Group-II F Value
  Once daily
  (n=30) First ejaculate Second
   (n=30) ejaculate (n=30)

pH Breeding 6.83 ± 0.02 6.83 ± 0.01 6.83 ± 0.03 0.58

 Non-breeding 6.88 ± 0.02 6.80 ± 0.03 6.78 ± 0.02

Mass motility Breeding 4.07 ± 0.09 4.03 ± 0.11 4.07 ± 0.09 0.07

 Non-breeding 4.08 ± 0.09 4.08 ± 0.06 4.08 ± 0.08
6 aa aa abSperm concentration×10 /ml Breeding 3077.38 ± 29.73  3084.67 ± 32.95  2785.67 ± 27.90  3.38*

ba ba bb Non-breeding 2748.62 ± 15.40  2724.00 ± 19.85  2484.08 ± 11.41
aa aa abLive spermatozoa (per cent) Breeding 87.98 ± 0.48  87.83 ± 0.44  83.96 ± 0.46  0.20
ba ba bb Non-breeding 84.18 ± 0.40  83.90 ± 0.44  79.60 ± 0.30

Means with different superscripts in rows differ significantly (p<0.01); Means with different subscripts in columns differ significantly 
(p<0.01);  *Significant (p<0.01)

Table 4. Morphological abnormalities (per cent) of spermatozoa during different ejaculation frequencies

Sr. No. Type of abnormality Group-I Group-II Average F Value
    (n=180)
  Once daily First Ejaculate Second Ejaculate
  (n=60) (n=60) (n=60)

a a b1 Total abnormality 8.20 ± 0.72  8.49 ± 0.29  10.24 ± 0.33  9.12 ± 0.15 14.21*
a a b2 Head abnormality 3.54 ± 0.22  3.65 ± 0.24  4.82 ± 0.22  4.09 ± 0.22 10.36*

3 Mid-piece abnormality 2.35 ± 0.13 2.67 ± 0.17 2.45 ± 0.23 2.55 ± 0.44 0.75
a a b4 Tail abnormality 2.35 ± 0.24  2.15 ± 0.16  3.07 ± 0.28  2.49 ± 0.27 9.03*

Mean with different superscripts in row differ significantly (p<0.01); *Significant (p<0.01)

Table 1. Physical and  morphological characteristics of semen and spermatozoa during different seasons

Sr. No. Seminal Characteristics Seasons Calculated
   ‘t’ value
  Breeding (n=90) Non-breeding (n=90)

1 pH 6.80 ± 0.04 6.81 ± 0.06 1.33

2 Mass Motility 4.06 ± 0.08 4.06 ± 0.04 0
6 a b3 Sperm Concentration × 10 /ml 2978.23 ± 24.54  2644.28 ± 16.07  16.41*

a b4 Live Spermatozoa (per cent) 87.08 ± 0.85  82.50 ± 0.33  9.01*
a b5 Total Abnormal Spermatozoa (per cent) 7.48 ± 0.18  10.70 ± 0.28  15.70*
a b Head Abnormality (per cent) 3.20 ± 0.18  4.88 ± 0.22  7.42*
a b Mid-piece Abnormality (per cent) 1.98 ± 0.14  3.10 ± 0.47  4.83*
a b Tail Abnormality (per cent) 2.05 ± 0.12  2.98 ± 0.15  5.16*

Means with different superscripts in rows differ significantly (p<0.01)     *Significant (p<0.01)
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trus synchronizathod that synchronizes ovulations is 
named briefly as “Ovsynch” (Pursley et al., 1995). The 
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 In tropical countries like India ticks and tick-borne 
diseases, especially bovine theleriosis, babesiosis and 
anaplasmosis, can cause sudden death of severely infected 
animals. The cattle tick Rhipicephalus (Boophilus) 
microplus is a significant vector of these deadly diseases 
(Ghosh et al., 2015). The most common method for 
controlling tick infestation is to treat the host with synthetic 
acaricides like Arsenic trioxide, organochlorines, 
organophosphates, carbamates, amidines, pyrethroids and 
ivermectins etc.  which kill the associated larvae, nymphs, 
and adults. Although this has limitations due to wide 
spread environmental pollution, increased risk of 
insecticide residue, quick development of resistance and 
parasite reoccurrence (Picinin et al., 2017).

 It has been reported that the topical treatment of 
animals with herbal acaricidal formulations is safe and less 
toxic as compared to synthetic agents (Chen et al., 2019). 
In response to the insecticides residue problems, many 
researchers attempted to develop bioint, acaricidal, and 
larvicidal and which in particular acts against Rhipicephalus 
microplus (Martins, 2006). The main objective of the 
present study was to observe the effect of Citronella oil on 
tick infested cattle on the basis of improvement in 
haemato-biochemical attributes, management of clinical 
manifestations and reduction in tick count.al Dairy Farm 
for providing infrastructure and necessary facilities to 
conduct the research.
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products supply chain refers to the blue water. Usage of 
rainwater refers to the green water and the non-consumable 
water due to deteriorative water quality refers to the grey 
water (Hoekstra et al., 2011).

 Male cattle rearing farmers were purposively 
selected for the collection of data. Selection of farmers was 
completely based on multistage sampling method (5 villages 
were selected from Hisar district on random basis, further 
10 farmers from each village were selected on random basis). 
For production of milk, both, direct (servicing, drinking 
and bathing) and indirect (through fodder and feed intake) 
is used as consumptive water. The parameters estimated 
were Blue and Green WF of cattle milk (Table 1). This 
study did not attempt estimation of Grey WF component 
given the inherent complexities and scope of study.

WF  + WF  = WFINDIRECT DIRECT MILK

Direct water consumption (WF )DIRECT

 The data on water used for drinking, servicing, mixing 
with feed and fodder, and bathing (Lt./day) was collected. 
The estimation of above-mentioned water use at the farm 
was quite difficult but data was collected by interviews of 
farmers and observation of farms (the pipe’s diameter, time 
of water run in pipe, animal numbers on the farm, volume 
of buckets or water trough used and number of times per 
day these were filled by farmer) for different seasons.

WF  = Drinking water + Bathing water + Service waterDIRECT

Indirect water consumption (WF )INDIRECT

 Indirect water =   x  × CWUi i i

 x  = consumption of ‘i’ concentrate/roughage (kg) by i

the cattle. It was measured using the weighing balance. 
CWU  = The Consumptive Water Use of ‘i’ concentrate/ i

3roughage resource expressed in m /kg.

 The crop water requirement by crop is required to 
calculate the indirect WF (blue and green water components). 
Crop water demand is the sum of ETp across a crop’s four-
stage development cycle. (Allen et al., 1998). For the 
present study, data reported from Sirohi et al. (2013) for 
Haryana specific feed and fodder crops was selected as 
Secondary data source.

WF  = WF  + WF  + WFINDIRECT DRY-FODDER GREEN-FODDER CONCENTRATE

RESULT AND DISCUSSION

The Production System

 Male farmers selection was done purposively 

because males of the family are responsible to take decisions 

and actions for animal rearing practices in the research 

area. Significant aspects of farms and homes are summarised 

in Table 2. Adequate quantity of concentrates, agricultural 

by-product, green grass and fodder as feed was available in 

animals’ stalls. Availability of green forage was totally 

dependent on the season. Lactating cattle were the potent 

recipients of the costlier food like concentrates.

Direct Water Use

 In order to have sensible estimates of the direct water 
consumption, the information was collected for summer, 
humid and winter season (Table 3). The total direct water 

-1use was calculated 134 Lt. day . However, the previous 
study judged the wide volumes of direct water use from 

-1 -1100 Lt. day  (Singh et al., 2004) to 64 Lt. day  (Chapagain 
and Hoekstra, 2003) for lactating Indian dairy cattle. 
Similarly, Sirohi et al. (2013) reported blue WF from direct 

-1 -1use of 85 Lt. day  from Karan Fries and 80 Lt. day  from 
Sahiwal and Tharparkar at organized dairy farms. The 
researchers also estimated direct water use for unorganized 

-1dairy farms being 66 Lt. day  for local and cross bred cattle 
(ibid). Although, different practices, species, recall errors 
etc, can be considered as sources of variation, but suggesting 
the reasons for varying reports will be merely speculative, 
at least, at this stage. Therefore, further studies to accurately 
estimate water use are advocated. Interestingly, it was 
found that no water was used for service during summer 
season as owner shifted their animals to dry and sandy land. 
This, perhaps, is a sign of lack of adequate water availability. 
The respondent farmers preferred not to bathe their animals 
in winter season. Although the variations in the available 
literature and findings of the study are not very wide, but 
there is scope of further studies or larger scale to estimate 
water usage for animals in different parts of the state and 
country which will pave way for appropriate water 
management steps.

Indirect Water Use

 The term “indirect WF” usually relates to the water 
use as well as pollution which may be linked to the producer’s 
other (non-water) inputs. (Hoekstra et al., 2011). In this 
study, grey component of WF was not studied. Many other 
researchers have earlier avoided estimating grey component 
(Example, Murphy et al., 2017; Ibidhi and Salem, 2020 
and Bansod, 2012). Perhaps, the complexities involved in 
estimating the grey component makes it a difficult task. 
However, it cannot be ignored that water pollution due to 
animal and their product is an area of concern. Therefore, it 
is suggested that attempts should be made for estimating 
grey water component also.

 The estimation of Indirect water uses attributable to 
feed and fodder consumed was done by using secondary 
data reported by Sirohi et al. (2013). There is a wide variety 
in the amount of water found in the foods eaten (performed 
water) based on the feed’s moisture content, 90% or more 
in succulent crops or little as 5% in dry crops (Zinash et al., 
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  Studies have shown that livestock raising, together 
with other agricultural operations like cultivating animal 
feeding crop or fodder, drinking, washing, and animal 
products processing, uses a lot of fresh water. Additionally, 
it is well-known that the availability of water resources and 
the global hydrological cycle would be impacted by a 
warming planet. There is a potential for a two- to threefold 
increase in animal water consumption if temperatures rise, 
and the livestock industry accounts for around 8% of 
worldwide human water demand (Nardone et al., 2010). 
Due to water scarcity and customer worries about the 
environmental implications of livestock agriculture, 
quantifying the water usage of animal products has been 
more popular over the last 2 decades (Legesse et al., 2017). 
Because of the growing concern about water shortages, 
water footprints have been recognised as a crucial 
indication of the long-term viability of our current 
methods of producing food. The livestock business has 
critical shortfalls in providing the food demands of a 
growing human population without negatively impacting 
water resources, which is why WF assessment throughout 
the full value chain of animal products is gaining 
significance (Zonderland-Thomassen et al., 2014).

 Hoekstra and Hung (2002) used the term “Water 
Footprint” (WF) to describe a method of measuring a 
person’s or a company’s freshwater consumption that 
takes into account both their direct and indirect water 
usage. The amount of total water used in manufacturing a 

product is the products WF. It has been argued that, if the 
Water Footprint for milk is estimated at nation level, China 
has the maximum Water Footprint 1257 Lt/kg, followed by 
India 1060 Lt/kg and Netherland has the least Water 
Footprint 494 Lt/kg (Mekonnen and Hoekstra, 2012). WF 
is now widely recognised as a key measure of food production 
systems’ long-term viability. Due to the availability of very 
limited literature, we planned to assess the Water Footprint 
of lactating cow’s milk produced at smallholder farms. In 
view of the foregoing, this manuscript gives a brief 
account of performed study.

METHODOLOGY

 This study was accomplished in the Hisar district of 
Haryana, which is categorised as hot arid eco-sub-region 
lying in transgangetic plain region (western-agro-climatic 
zone). The volumetric WF technique given by Hoekstra et 
al. (2011) and the Life Cycle Assessment (LCA) established 
in the ISO standards are two examples of widely 
acknowledged ideas of WF. The volumetric WF technique 
is growing in popularity because it provides an all-
encompassing evaluation of usage of water, pollution 
associated with the production or consumption (Owusu-
Sekyere et al., 2017), and generates information and aids 
in water management (Palhares, and Pezzopane, 2015). 
Water footprint accounting for smallholder cattle farms 
was evaluated using the volumetric WF approach proposed 
by Hoekstra et al. (2011). Green water, grey water, and 
blue water are the elements that make up a water footprint. 
Water consumed from groundwater and surface, along the *Corresponding author: ektamahi103@gmail.com
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Chapagain and Hoekstra (2004) and Amarsinghe et al. 
(2011) have reported all India average of total Water 

3Footprint of milk to be 1369 and 1789 m /ton, respectively.

 The question of how India will satisfy its rapidly 
growing need for food and water has risen to the forefront 
of global supply and demand estimates in recent years. The 
consequences of severe weather occurrence heavily affect 
the water availability for agricultural production. Fodder 
and Feed may be impacted as a result of this. Ninety percent 
of India’s water withdrawals go to agriculture (Amarasinghe 
et al., 2007), with groundwater being the source of irrigation 
for sixty-three percent of the irrigated land (GOI, 2010). 
Groundwater consumption has become unsustainable in 
several locations, threatening the viability of the highly 
efficient feed crops and milk yield. There is a compelling 
argument for reducing the WF of milk to increase 
sustainability as milk production in the nation becomes 
more water-intensive and demanding.

 If integrated research and development doesn’t lead 
to much greater water-use efficiency, then the projected 
growth in food consumption in developing nations over 
the future years would require a considerable need for 
extra agricultural water. Lately, it is advised that prime 
target should be to achieve high productivity in Indian 
lactating dairy cattle. But it must also ensure that this 
doesn’t disturb the smallholder production systems being 
practised at village level, also careful consideration must 
be given to other environmental concerns. There is huge 
requirement for vast assessment of such environmental 
impacts in order to reach at reliable solutions and it is 
believed that the easiest ways are tough to find.

CONCLUSION

 Dairy farmers have started to worry about climate 
change since it is altering rainfall patterns and water 
availability. The most significant indirect contributor is 
agricultural water usage, which may be drastically 
decreased. Milk production could be possible in a more 
water-sustainable manner if certain conditions are met, 
such as high agricultural productivity, low CWU, good 
nutritional value forage/fodder crops, optimal pattern of 
animals feeding, and procedures that save water. This 
would result in a lesser WF.

REFERENCES
Allen, R.G., Pereira, L.S., Raes, D. and Smith, M. (1998). Crop 

evapotranspiration: Guidelines for computing crop water 
requirements. FAO Irrigation and Drainage. p. 56.

Amarasinghe, U.A., Shah, T. and Om Prakash, S. (2007). Changing 
Consumption Patterns: Implications on Food and Water 
Demand in India. International Water Management Institute, 
Colombo, Sri Lanka. p. 119.

Amarasinghe, U.A., Shah, T. and Smakhtin, V. (2011). Water-milk nexus 

in India: a path to a sustainable water future. Int. J. Agric. Sustain. 
10(1): 93-108.

Bansod, S.J. (2012). Water requirement and water footprint analysis of 
cattle and buffalo milk production. Doctoral dissertation. NDRI, 
Karnal, India.

Chapagain, A.K. and Hoekstra, A.Y. (2003). Virtual water flows between 
nations in relation to trade in livestock and livestock products. 
Value of Water Research Report Series. Institute for Water 
Education, UNESCO-IHE. Delft, Netherlands. p. 13.

Deutsch, L., Falkenmark, M., Gordon, L., Rockström, J. and Folke, C. 
(2010). Water-mediated ecological consequences of intensification 
and expansion of livestock production. In Livestock in a changing 
landscape ed. Steinfeld, H. Mooney, H.A. Schneider, F and 
Neville, L.E. Washington DC, USA. pp. 97-111.

GOI (2010). Districts Wise Land Use and Crop Production Statistics in 
India. Available online: http://dacnet.nic.in/eands/At_Glance_ 
2008/pcrops_new.html (Accessed on 21 January, 2023).

Hoekstra, A.Y., Chapagain, A.K., Aldaya, M.M. and Mekonnen, M.M. 
(2011). The Water Footprint Assessment Manual. London: 
Earthscan. p. 1.

Hoekstra, A.Y. and Hung, P.Q. (2002). Virtual water trade: a quantification 
of virtual water flows between nations in relation to international 
crop trade. Value of Water Research Report Series, IHE, the 
Netherlands. p. 11.

Ibidhi, R. and Salem, H.B. (2020). Water footprint and economic water 
productivity assessment of eight dairy cattle farms based on 
field measurement, Animal. 14(1): 180-189.

Legesse, G., Ominski, K.H., Beauchemin, K.A., Pfister, S., Martel, M., 
McGeough, E.J. and McAllister, T.A. (2017). Board-invited 
review: Quantifying water use in ruminant production. J. Anim. 
Sci. 95(5): 2001-2018.

Mekonnen, M.M. and Hoekstra, A.Y. (2011). The green, blue and grey 
water footprint of crops and derived crop products. Hydrol. 
Earth Syst. Sci. 15(5): 1577-1600.

Mekonnen, M.M. and Hoekstra, A.Y. (2012). A global assessment of the 
water footprint of farm animal products. Ecosystems. 15: 401-
415.

Nardone, A., Ronchi, B., Lacetera, N., Ranieri, M.S. and Bernabucci, U. 
(2010). Effects of climate changes on animal production and 
sustainability of livestock systems. Livestock Sci. 130(1-3): 57-69.

Owusu-Sekyere, E., Scheepers, M.E. and Jordaan, H. (2017). Economic 
water productivities along the dairy value chain in South Africa: 
implications for sustainable and economically efficient water-
use Policies in the dairy industry. Ecol. Eco. 134: 22-28.

Palhares, J.C.P. and Pezzopane, J.R.M. (2015). Water footprint accounting 
and scarcity indicators of conventional and organic dairy 
production systems. J. Clean. Prod. 93: 299-307.

Singh, O.P, Sharma A, Singh, R. and Shah, T. (2004). Virtual Water 
Trade in Dairy Economy Irrigation Water Productivity in Gujarat. 
Eco. Polit. Wkly. 39(31): 3492-3497.

Sirohi, S., Pandey, D., Singh, S.V., Bansod, S. and Upadhyay, R.C. 
(2013). Water Footprint of Cattle and Buffalo Milk Production. 
Climate Resilient Livestock and Production System. NDRI, 
Karnal. Intech Printers & Publishers. pp. 207-217.

Zinash, S., A. Tegene and G. Tekele Tsadik (2002). Water Resources for 
Livestock in Ethiopia: Implication for Research and Development. 
http//www. Ilri.cgiar.org/info.serv/.html. (Accessed on 18 January, 
2023).

Zonderland-Thomassen, M.A., Lieffering, M. and Ledgard, S.F. (2014). 
Water footprint of beef cattle and sheep produced in New Zealand: 
water scarcity and eutrophication impacts. J. Clean. Prod. 73: 
253-262.

22

blue water use, respectively. Thus, the estimated total indirect 
3 -1water use was 10.343 m  day . In term of percentage, it is 45% 

as green and 55% as blue water use. However, methodological 
problems confound the issue of CWU by the cotton crop. 
Further studies to reliably estimate water use in cotton crops 
are thus advocated.

 Yet, it can be seen that it is the indirect water use that 
largely accounts for greater proportion water use for animals. 
Deutsch et al. (2010) have also argued that globaly rise in 
animals feed production will further lead to much higher 
water consumption as majority of water consumption is 
associated with feed and fodder production for farm animals. 
Mekonnen and Hoekstra (2011) assessed that for the period 
1996-2005, WF for the global crop production was 7404 

3 -1Gm  yr .

Total Water Footprint

 The present research work revealed that the total 
consumptive water for lactating cattle was 1391.37 Lt. 
water/Lt. milk. In the estimates, major share is due to indirect 
blue water use (Table 3). This is probably due to the fact that 
Hisar is classified as hot arid district of Haryana and receives 

low rainfall. The average rainfall is  450 mm/year. Because 

of which, a greater reliance on irrigation for crops becomes 
crucial. However, the WF per tonne of feed is higher in 
Netherlands and the United States, and this fact cannot be 
overlooked (Mekonnen and Hoekstra, 2012). The 
worldwide average of total WF of milk for grazing system 

3 3was 1191 m /ton, with 1087 m /ton contribution from green 
3water, and 56 m /ton from blue water (ibid). Contrarily, 

2002). A crop’s water needs are based on the average ETp 
throughout the course of its 4 growth stages (initial, 
development, mid and late stage). Environmental factors, 
management, crop, and weather, all influence the 
evapotranspiration of crops. Table 4 summarizes the 
estimated green and blue WF of on the basis of feed and 
fodder consumed by cattle. In the present study, the crop 
water requirement was highest for cotton crop due to high 
ETp for the locale of the study. The CWU of crops were 
furnished to primary and by-products (Ground nut cake, 
wheat straw, paddy straw, cotton seed and cotton seed cake).

 When the values reported by Sirohi et al. (2013) are 
taken into account, the consumptive water use by crop has 

3 -1contribution of 4.684 and 5.659 m  day  from green and 

-1 -1Table 3. Total consumptive water for lactating cattle (Lt. head  day )

-1 -1WF Component Type Water use Season (Lt. head  day ) (Mean ± SD) Estimated
      average

-1 -1   Summer Humid Winter (Lt. head  day )

Blue Water Direct Drinking water 72.48 ± 25.95 34.66 ± 12.79 48.85 ± 18.64 51.99
  Bathing water 40.09 ± 20.89 56.5 ± 26.11 0 51.48
  Servicing water 0 7.36 ± 6.78 13.36 ± 6.49 13.84
  Water in feed - - - 16.72
 Indirect Irrigation water - - - 5659
Green Water Indirect Soil moisture - - - 4684

  Total    10477.03

Table 2. Farms milk production and respondents’ family 
status

Sr. No. Characteristics Mean ± SD

1. Cultivable land (acres) 3.33 ± 1.32

2. Animal’s Lactation Number  2.81 ± 0.22

3. Family member strength 5.8 ± 0.21

4. Average Milk Yeild (Lt. / animal /day) 7.51 ± 0.91

5. Animal’s Age (years) 5.33 ± 0.15

Table 4. Blue and Green Water Footprint of feed and fodder 
crops for lactating cattle

3 3Sr. No. Feed type Crop GWP (m ) BWP (m )

1. Dry fodder Wheat straw 0.009 0.394
  Paddy straw 0.009 0.021
2. Green fodder Sorghum 0.036 0.029
  Barseem 0.0003 0.031
  Maize 0.004 0.006
  Oats 0.0006 0.026
  Local grass 0.0005 0.020
3. Concentrate Cotton seed 0.0051 0.276
  Ground nut cake 1.080 0.377
  Wheat bran 0.022 1.07
  Cotton seed cake 3.514 3.13
  Pearl millet grain 0.003 0.186
  Wheat flour 0.001 0.093

  Total 4.684 5.659

Table 1. Components of Water Footprint in Milk Production

WF  Direct water footprint Indirect waterMILK

 (WF ) footprintDIRECT

  (WF )INDIRECT

Element Source Type of use Type of use

Green Water Effective - CWU from soil
 rainfall  moisture in fodder
   and other feed crops

Blue Water Irrigation Drinking, bathing, CWU from irrigation
  servicing and mixing water in crop
  with feed and fodder. production.
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  Rearing of goat (Capra hircus) is a source of 
livelihood for small and marginal farmers including 
landless laborers. It provides steady and substantial regular 
income through milk, meat and manure. In India, goat 
breeding is only based on natural service and therefore, it 
needs an immediate implementation of appropriate 
breeding strategies and breed improvement programs 
through conservation of potential animals. To improve the 
productivity potential of goats, the incorporation of 
superior germplasm is essential and it is possible only with 
the use of outstanding sires. Therefore, artificial insemination 
is the most valuable tool for the dissemination of superior 
germplasm and control of venereal diseases (Dalal et al., 
2018). The season of the year and frequency of semen 
collection are of concern with fertility traits of spermatozoa. 
These traits have been studied extensively in cow and 
buffalo bulls (Javed et al., 2000; Shelke, 2000; Asadpour et 
al., 2007) besides rams (Kaya et al., 2002; Cardozo et al., 
2006). However such studies are meager in goats 
(Oyeyemi et al., 2000; Srinivas et al., 2002; Karagiannidis 
et al., 2000). Therefore, the present investigation was 
undertaken to exploit the productive potential of Indian 
goat in view to amplify the economic returns to poor class 
of people and also to meet the requirements of researchers 

/scientists.

MATERIALS AND METHODS

 The present work was conducted at the LRS, KU, 
Navsari for a period of 60 days during breeding and non-
breeding seasons. Seven adult apparently healthy Surti 
bucks of 18-37 months of age were selected and divided 
randomly in two groups: Group-I (n=3) and Group-II 
(n=4). The semen was collected daily in morning at 7:30 to 
8:30 hr using Artificial Vagina. In Group-I, semen was 
collected once a day from all the three bucks, while in 
Group II; it was collected twice a day during the breeding 
and non-breeding seasons. The second successive 
ejaculate was collected with no predetermined time. 
Semen samples of each buck were pooled in Group-I 
whereas in Group-II, the first and second ejaculates were 
pooled separately. A total of 330 semen ejaculates were 
obtained from bucks during each season. Immediately 
after semen collection, the cups containing semen were 
placed in a beaker filled one fourth with water having 36-
37º C temperature and maintained till processing for its 
physical studies. The pH was estimated using pH meter, 
mass motilityby placing a drop of semen on glass slide 
placed under microscope, sperm concentration using 
neubauer’s chamber and live spermatozoa and sperm 

ABSTRACT

 A study was designed to find out the effect of seasons and semen ejaculation frequencies on physical characteristics of Surti buck semen 
during the breeding and non-breeding seasons at LRS, KU, Navsari, Gujarat. Seven apparently healthy adult Surti bucks of 18-37 months age were 
selected and randomly divided in two groups: Group-I (n=3) where semen was collected once a day and pooled while in Group-II (n=4) semen was 
collected twice a day where the first and second ejaculates were pooled separately. The pH and mass motility of semen was not found to be affected 
due to season and collection frequency. However, sperm concentration and per cent live spermatozoa were significantly low during the non-breeding 

6 6season (2644.28 ± 16.07 × 10  sperm/ml and 82.50 ± 0.33) than breeding season (2978.23 ± 24.54 × 10  sperm/ml and 87.08 ± 0.85). Similarly, the 
total spermatozoa abnormalities and head, mid-piece and tail defects were significantly higher during the non-breeding season. In relation to 

6ejaculation frequency, the sperm concentration and live spermatozoa increased significantly in ejaculates obtained once daily (2908.20 ± 39.48 ×10  
6sperm/ml and 86.22 ± 0.58 %) than the second ejaculate (2618.33 ± 22.35 × 10  sperm/ml and 81.35 ± 0.36 %) whereas, the percentage of total sperm 

abnormalities and head and tail defects were significantly higher at the second ejaculate (10.24 ± 0.33, 4.82 ± 0.22 and 3.07 ± 0.28) than the ejaculate 
obtained once daily (8.20 ± 0.72, 3.54 ± 0.22 and 2.35 ± 0.24). The interaction of season × frequency of semen collection was apparent on the sperm 
concentration and live spermatozoa. Similar influence was observed on total sperm abnormalities and head and tail defects wherein seasonal 
influence was noted at second successive ejaculate.

Keywords: Abnormality, Buck, Semen, Sperm, Surti
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Table 2. Physical characteristics of semen and spermatozoa during different ejaculation frequencies

Sr. No. Physical Characters Group-I Group-II Average F Value
  (n=60)  (n=180)
   First Ejaculate Second Ejaculate
   (n=60) (n=60)

1 pH 6.83 ± 0.02 6.80 ± 0.05 6.80 ± 0.03 6.80±0.04 1.39

2 Mass Motility 4.06 ± 0.06 4.04 ± 0.06 4.06 ± 0.03 4.05±0.04 0.02
6 a a b3 Sperm Concentration × 10 /ml 2908.20 ± 39.48  2900.88 ± 32.09  2618.33 ± 22.35  2800.72±18.86 38.47*

a a b4 Live Spermatozoa (per cent) 86.22 ± 0.58  85.66 ± 0.30  81.35 ± 0.36  84.80±0.27 48.52*

Mean with different superscripts in row differ significantly (p<0.01)  *Significant (p<0.01)

Table 3. Physical characteristics of semen and spermatozoa in relation to ejaculation frequencies during different seasons

Physical characters Seasons Group-I Group-II F Value
  Once daily
  (n=30) First ejaculate Second
   (n=30) ejaculate (n=30)

pH Breeding 6.83 ± 0.02 6.83 ± 0.01 6.83 ± 0.03 0.58

 Non-breeding 6.88 ± 0.02 6.80 ± 0.03 6.78 ± 0.02

Mass motility Breeding 4.07 ± 0.09 4.03 ± 0.11 4.07 ± 0.09 0.07

 Non-breeding 4.08 ± 0.09 4.08 ± 0.06 4.08 ± 0.08
6 aa aa abSperm concentration×10 /ml Breeding 3077.38 ± 29.73  3084.67 ± 32.95  2785.67 ± 27.90  3.38*

ba ba bb Non-breeding 2748.62 ± 15.40  2724.00 ± 19.85  2484.08 ± 11.41
aa aa abLive spermatozoa (per cent) Breeding 87.98 ± 0.48  87.83 ± 0.44  83.96 ± 0.46  0.20
ba ba bb Non-breeding 84.18 ± 0.40  83.90 ± 0.44  79.60 ± 0.30

Means with different superscripts in rows differ significantly (p<0.01); Means with different subscripts in columns differ significantly 
(p<0.01);  *Significant (p<0.01)

Table 4. Morphological abnormalities (per cent) of spermatozoa during different ejaculation frequencies

Sr. No. Type of abnormality Group-I Group-II Average F Value
    (n=180)
  Once daily First Ejaculate Second Ejaculate
  (n=60) (n=60) (n=60)

a a b1 Total abnormality 8.20 ± 0.72  8.49 ± 0.29  10.24 ± 0.33  9.12 ± 0.15 14.21*
a a b2 Head abnormality 3.54 ± 0.22  3.65 ± 0.24  4.82 ± 0.22  4.09 ± 0.22 10.36*

3 Mid-piece abnormality 2.35 ± 0.13 2.67 ± 0.17 2.45 ± 0.23 2.55 ± 0.44 0.75
a a b4 Tail abnormality 2.35 ± 0.24  2.15 ± 0.16  3.07 ± 0.28  2.49 ± 0.27 9.03*

Mean with different superscripts in row differ significantly (p<0.01); *Significant (p<0.01)

Table 1. Physical and  morphological characteristics of semen and spermatozoa during different seasons

Sr. No. Seminal Characteristics Seasons Calculated
   ‘t’ value
  Breeding (n=90) Non-breeding (n=90)

1 pH 6.80 ± 0.04 6.81 ± 0.06 1.33

2 Mass Motility 4.06 ± 0.08 4.06 ± 0.04 0
6 a b3 Sperm Concentration × 10 /ml 2978.23 ± 24.54  2644.28 ± 16.07  16.41*

a b4 Live Spermatozoa (per cent) 87.08 ± 0.85  82.50 ± 0.33  9.01*
a b5 Total Abnormal Spermatozoa (per cent) 7.48 ± 0.18  10.70 ± 0.28  15.70*
a b Head Abnormality (per cent) 3.20 ± 0.18  4.88 ± 0.22  7.42*
a b Mid-piece Abnormality (per cent) 1.98 ± 0.14  3.10 ± 0.47  4.83*
a b Tail Abnormality (per cent) 2.05 ± 0.12  2.98 ± 0.15  5.16*

Means with different superscripts in rows differ significantly (p<0.01)     *Significant (p<0.01)
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 In tropical countries like India ticks and tick-borne 
diseases, especially bovine theleriosis, babesiosis and 
anaplasmosis, can cause sudden death of severely infected 
animals. The cattle tick Rhipicephalus (Boophilus) 
microplus is a significant vector of these deadly diseases 
(Ghosh et al., 2015). The most common method for 
controlling tick infestation is to treat the host with synthetic 
acaricides like Arsenic trioxide, organochlorines, 
organophosphates, carbamates, amidines, pyrethroids and 
ivermectins etc.  which kill the associated larvae, nymphs, 
and adults. Although this has limitations due to wide 
spread environmental pollution, increased risk of 
insecticide residue, quick development of resistance and 
parasite reoccurrence (Picinin et al., 2017).

 It has been reported that the topical treatment of 
animals with herbal acaricidal formulations is safe and less 
toxic as compared to synthetic agents (Chen et al., 2019). 
In response to the insecticides residue problems, many 
researchers attempted to develop bioint, acaricidal, and 
larvicidal and which in particular acts against Rhipicephalus 
microplus (Martins, 2006). The main objective of the 
present study was to observe the effect of Citronella oil on 
tick infested cattle on the basis of improvement in 
haemato-biochemical attributes, management of clinical 
manifestations and reduction in tick count.al Dairy Farm 
for providing infrastructure and necessary facilities to 
conduct the research.
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Fig. 1. Dead male foal with fetal membrane after delivery

21

products supply chain refers to the blue water. Usage of 
rainwater refers to the green water and the non-consumable 
water due to deteriorative water quality refers to the grey 
water (Hoekstra et al., 2011).

 Male cattle rearing farmers were purposively 
selected for the collection of data. Selection of farmers was 
completely based on multistage sampling method (5 villages 
were selected from Hisar district on random basis, further 
10 farmers from each village were selected on random basis). 
For production of milk, both, direct (servicing, drinking 
and bathing) and indirect (through fodder and feed intake) 
is used as consumptive water. The parameters estimated 
were Blue and Green WF of cattle milk (Table 1). This 
study did not attempt estimation of Grey WF component 
given the inherent complexities and scope of study.

WF  + WF  = WFINDIRECT DIRECT MILK

Direct water consumption (WF )DIRECT

 The data on water used for drinking, servicing, mixing 
with feed and fodder, and bathing (Lt./day) was collected. 
The estimation of above-mentioned water use at the farm 
was quite difficult but data was collected by interviews of 
farmers and observation of farms (the pipe’s diameter, time 
of water run in pipe, animal numbers on the farm, volume 
of buckets or water trough used and number of times per 
day these were filled by farmer) for different seasons.

WF  = Drinking water + Bathing water + Service waterDIRECT

Indirect water consumption (WF )INDIRECT

 Indirect water =   x  × CWUi i i

 x  = consumption of ‘i’ concentrate/roughage (kg) by i

the cattle. It was measured using the weighing balance. 
CWU  = The Consumptive Water Use of ‘i’ concentrate/ i

3roughage resource expressed in m /kg.

 The crop water requirement by crop is required to 
calculate the indirect WF (blue and green water components). 
Crop water demand is the sum of ETp across a crop’s four-
stage development cycle. (Allen et al., 1998). For the 
present study, data reported from Sirohi et al. (2013) for 
Haryana specific feed and fodder crops was selected as 
Secondary data source.

WF  = WF  + WF  + WFINDIRECT DRY-FODDER GREEN-FODDER CONCENTRATE

RESULT AND DISCUSSION

The Production System

 Male farmers selection was done purposively 

because males of the family are responsible to take decisions 

and actions for animal rearing practices in the research 

area. Significant aspects of farms and homes are summarised 

in Table 2. Adequate quantity of concentrates, agricultural 

by-product, green grass and fodder as feed was available in 

animals’ stalls. Availability of green forage was totally 

dependent on the season. Lactating cattle were the potent 

recipients of the costlier food like concentrates.

Direct Water Use

 In order to have sensible estimates of the direct water 
consumption, the information was collected for summer, 
humid and winter season (Table 3). The total direct water 

-1use was calculated 134 Lt. day . However, the previous 
study judged the wide volumes of direct water use from 

-1 -1100 Lt. day  (Singh et al., 2004) to 64 Lt. day  (Chapagain 
and Hoekstra, 2003) for lactating Indian dairy cattle. 
Similarly, Sirohi et al. (2013) reported blue WF from direct 

-1 -1use of 85 Lt. day  from Karan Fries and 80 Lt. day  from 
Sahiwal and Tharparkar at organized dairy farms. The 
researchers also estimated direct water use for unorganized 

-1dairy farms being 66 Lt. day  for local and cross bred cattle 
(ibid). Although, different practices, species, recall errors 
etc, can be considered as sources of variation, but suggesting 
the reasons for varying reports will be merely speculative, 
at least, at this stage. Therefore, further studies to accurately 
estimate water use are advocated. Interestingly, it was 
found that no water was used for service during summer 
season as owner shifted their animals to dry and sandy land. 
This, perhaps, is a sign of lack of adequate water availability. 
The respondent farmers preferred not to bathe their animals 
in winter season. Although the variations in the available 
literature and findings of the study are not very wide, but 
there is scope of further studies or larger scale to estimate 
water usage for animals in different parts of the state and 
country which will pave way for appropriate water 
management steps.

Indirect Water Use

 The term “indirect WF” usually relates to the water 
use as well as pollution which may be linked to the producer’s 
other (non-water) inputs. (Hoekstra et al., 2011). In this 
study, grey component of WF was not studied. Many other 
researchers have earlier avoided estimating grey component 
(Example, Murphy et al., 2017; Ibidhi and Salem, 2020 
and Bansod, 2012). Perhaps, the complexities involved in 
estimating the grey component makes it a difficult task. 
However, it cannot be ignored that water pollution due to 
animal and their product is an area of concern. Therefore, it 
is suggested that attempts should be made for estimating 
grey water component also.

 The estimation of Indirect water uses attributable to 
feed and fodder consumed was done by using secondary 
data reported by Sirohi et al. (2013). There is a wide variety 
in the amount of water found in the foods eaten (performed 
water) based on the feed’s moisture content, 90% or more 
in succulent crops or little as 5% in dry crops (Zinash et al., 

20

  Studies have shown that livestock raising, together 
with other agricultural operations like cultivating animal 
feeding crop or fodder, drinking, washing, and animal 
products processing, uses a lot of fresh water. Additionally, 
it is well-known that the availability of water resources and 
the global hydrological cycle would be impacted by a 
warming planet. There is a potential for a two- to threefold 
increase in animal water consumption if temperatures rise, 
and the livestock industry accounts for around 8% of 
worldwide human water demand (Nardone et al., 2010). 
Due to water scarcity and customer worries about the 
environmental implications of livestock agriculture, 
quantifying the water usage of animal products has been 
more popular over the last 2 decades (Legesse et al., 2017). 
Because of the growing concern about water shortages, 
water footprints have been recognised as a crucial 
indication of the long-term viability of our current 
methods of producing food. The livestock business has 
critical shortfalls in providing the food demands of a 
growing human population without negatively impacting 
water resources, which is why WF assessment throughout 
the full value chain of animal products is gaining 
significance (Zonderland-Thomassen et al., 2014).

 Hoekstra and Hung (2002) used the term “Water 
Footprint” (WF) to describe a method of measuring a 
person’s or a company’s freshwater consumption that 
takes into account both their direct and indirect water 
usage. The amount of total water used in manufacturing a 

product is the products WF. It has been argued that, if the 
Water Footprint for milk is estimated at nation level, China 
has the maximum Water Footprint 1257 Lt/kg, followed by 
India 1060 Lt/kg and Netherland has the least Water 
Footprint 494 Lt/kg (Mekonnen and Hoekstra, 2012). WF 
is now widely recognised as a key measure of food production 
systems’ long-term viability. Due to the availability of very 
limited literature, we planned to assess the Water Footprint 
of lactating cow’s milk produced at smallholder farms. In 
view of the foregoing, this manuscript gives a brief 
account of performed study.

METHODOLOGY

 This study was accomplished in the Hisar district of 
Haryana, which is categorised as hot arid eco-sub-region 
lying in transgangetic plain region (western-agro-climatic 
zone). The volumetric WF technique given by Hoekstra et 
al. (2011) and the Life Cycle Assessment (LCA) established 
in the ISO standards are two examples of widely 
acknowledged ideas of WF. The volumetric WF technique 
is growing in popularity because it provides an all-
encompassing evaluation of usage of water, pollution 
associated with the production or consumption (Owusu-
Sekyere et al., 2017), and generates information and aids 
in water management (Palhares, and Pezzopane, 2015). 
Water footprint accounting for smallholder cattle farms 
was evaluated using the volumetric WF approach proposed 
by Hoekstra et al. (2011). Green water, grey water, and 
blue water are the elements that make up a water footprint. 
Water consumed from groundwater and surface, along the *Corresponding author: ektamahi103@gmail.com
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Chapagain and Hoekstra (2004) and Amarsinghe et al. 
(2011) have reported all India average of total Water 

3Footprint of milk to be 1369 and 1789 m /ton, respectively.

 The question of how India will satisfy its rapidly 
growing need for food and water has risen to the forefront 
of global supply and demand estimates in recent years. The 
consequences of severe weather occurrence heavily affect 
the water availability for agricultural production. Fodder 
and Feed may be impacted as a result of this. Ninety percent 
of India’s water withdrawals go to agriculture (Amarasinghe 
et al., 2007), with groundwater being the source of irrigation 
for sixty-three percent of the irrigated land (GOI, 2010). 
Groundwater consumption has become unsustainable in 
several locations, threatening the viability of the highly 
efficient feed crops and milk yield. There is a compelling 
argument for reducing the WF of milk to increase 
sustainability as milk production in the nation becomes 
more water-intensive and demanding.

 If integrated research and development doesn’t lead 
to much greater water-use efficiency, then the projected 
growth in food consumption in developing nations over 
the future years would require a considerable need for 
extra agricultural water. Lately, it is advised that prime 
target should be to achieve high productivity in Indian 
lactating dairy cattle. But it must also ensure that this 
doesn’t disturb the smallholder production systems being 
practised at village level, also careful consideration must 
be given to other environmental concerns. There is huge 
requirement for vast assessment of such environmental 
impacts in order to reach at reliable solutions and it is 
believed that the easiest ways are tough to find.

CONCLUSION

 Dairy farmers have started to worry about climate 
change since it is altering rainfall patterns and water 
availability. The most significant indirect contributor is 
agricultural water usage, which may be drastically 
decreased. Milk production could be possible in a more 
water-sustainable manner if certain conditions are met, 
such as high agricultural productivity, low CWU, good 
nutritional value forage/fodder crops, optimal pattern of 
animals feeding, and procedures that save water. This 
would result in a lesser WF.
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blue water use, respectively. Thus, the estimated total indirect 
3 -1water use was 10.343 m  day . In term of percentage, it is 45% 

as green and 55% as blue water use. However, methodological 
problems confound the issue of CWU by the cotton crop. 
Further studies to reliably estimate water use in cotton crops 
are thus advocated.

 Yet, it can be seen that it is the indirect water use that 
largely accounts for greater proportion water use for animals. 
Deutsch et al. (2010) have also argued that globaly rise in 
animals feed production will further lead to much higher 
water consumption as majority of water consumption is 
associated with feed and fodder production for farm animals. 
Mekonnen and Hoekstra (2011) assessed that for the period 
1996-2005, WF for the global crop production was 7404 

3 -1Gm  yr .

Total Water Footprint

 The present research work revealed that the total 
consumptive water for lactating cattle was 1391.37 Lt. 
water/Lt. milk. In the estimates, major share is due to indirect 
blue water use (Table 3). This is probably due to the fact that 
Hisar is classified as hot arid district of Haryana and receives 

low rainfall. The average rainfall is  450 mm/year. Because 

of which, a greater reliance on irrigation for crops becomes 
crucial. However, the WF per tonne of feed is higher in 
Netherlands and the United States, and this fact cannot be 
overlooked (Mekonnen and Hoekstra, 2012). The 
worldwide average of total WF of milk for grazing system 

3 3was 1191 m /ton, with 1087 m /ton contribution from green 
3water, and 56 m /ton from blue water (ibid). Contrarily, 

2002). A crop’s water needs are based on the average ETp 
throughout the course of its 4 growth stages (initial, 
development, mid and late stage). Environmental factors, 
management, crop, and weather, all influence the 
evapotranspiration of crops. Table 4 summarizes the 
estimated green and blue WF of on the basis of feed and 
fodder consumed by cattle. In the present study, the crop 
water requirement was highest for cotton crop due to high 
ETp for the locale of the study. The CWU of crops were 
furnished to primary and by-products (Ground nut cake, 
wheat straw, paddy straw, cotton seed and cotton seed cake).

 When the values reported by Sirohi et al. (2013) are 
taken into account, the consumptive water use by crop has 

3 -1contribution of 4.684 and 5.659 m  day  from green and 

-1 -1Table 3. Total consumptive water for lactating cattle (Lt. head  day )

-1 -1WF Component Type Water use Season (Lt. head  day ) (Mean ± SD) Estimated
      average

-1 -1   Summer Humid Winter (Lt. head  day )

Blue Water Direct Drinking water 72.48 ± 25.95 34.66 ± 12.79 48.85 ± 18.64 51.99
  Bathing water 40.09 ± 20.89 56.5 ± 26.11 0 51.48
  Servicing water 0 7.36 ± 6.78 13.36 ± 6.49 13.84
  Water in feed - - - 16.72
 Indirect Irrigation water - - - 5659
Green Water Indirect Soil moisture - - - 4684

  Total    10477.03

Table 2. Farms milk production and respondents’ family 
status

Sr. No. Characteristics Mean ± SD

1. Cultivable land (acres) 3.33 ± 1.32

2. Animal’s Lactation Number  2.81 ± 0.22

3. Family member strength 5.8 ± 0.21

4. Average Milk Yeild (Lt. / animal /day) 7.51 ± 0.91

5. Animal’s Age (years) 5.33 ± 0.15

Table 4. Blue and Green Water Footprint of feed and fodder 
crops for lactating cattle

3 3Sr. No. Feed type Crop GWP (m ) BWP (m )

1. Dry fodder Wheat straw 0.009 0.394
  Paddy straw 0.009 0.021
2. Green fodder Sorghum 0.036 0.029
  Barseem 0.0003 0.031
  Maize 0.004 0.006
  Oats 0.0006 0.026
  Local grass 0.0005 0.020
3. Concentrate Cotton seed 0.0051 0.276
  Ground nut cake 1.080 0.377
  Wheat bran 0.022 1.07
  Cotton seed cake 3.514 3.13
  Pearl millet grain 0.003 0.186
  Wheat flour 0.001 0.093

  Total 4.684 5.659

Table 1. Components of Water Footprint in Milk Production

WF  Direct water footprint Indirect waterMILK

 (WF ) footprintDIRECT

  (WF )INDIRECT

Element Source Type of use Type of use

Green Water Effective - CWU from soil
 rainfall  moisture in fodder
   and other feed crops

Blue Water Irrigation Drinking, bathing, CWU from irrigation
  servicing and mixing water in crop
  with feed and fodder. production.
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Plate 1: Different types of head abnormalities in spermatozoa (× 1000) (a. Abaxial attachment of head and swollen neck; b. Detached spermatozoa with 
ruptured post-nuclear capsule; c. Detached head; d. Elongated and pyriform head; e. Macrocephalic spermatozoa; f. Microcephalic spermatozoa with 
pyriform head; g. Microcephalic spermatozoa with double tail; h. Narrow broad head; i. Rounded Macrocephalic with swollen mid-piece; j. Ruptured 
head; k. Head with unilateral uneven boarder; l. Abaxial attachment of head)

Plate 2: Different types of mid-piece abnormalities in spermatozoa (× 1000) (a. Bent and tortated mid-piece; b. Broken mid-piece; c. Curved mid-piece 
without tail; d. Double mid-piece with abaxial attachment; e. Distal protoplasmic droplet; f. Proximal protoplasmic droplet; g. Swollen mid-piece 
with broken neck; h. Uneven thickness of mid-piece)

Plate 3: Different types of tail abnormalities in spermatozoa (× 1000) (a. Dag defect, Bent tail; b. Coiled tail with straight mid-piece; c. Coiled tail region; d. 
Dag defect; e. Detached tail; f. Detached tails; g. Short tailed spermatozoa; h. Swollen and short tailed spermatozoa)
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abnormalities using H & E staining. Data were analyzed 
using SPSS software (v17.0; SPSS Inc.) using Paired ‘t’ 
test, one-way ANOVA,CRD and factorial-CRD methods. 
Differences of p<0.05 were considered significant and 
p<0.01 as highly significant as per Steel and Torrie (1981).

RESULTS AND DISCUSSION

Hydrogen Ion Concentration (pH): The pH of Surti buck 
semen was observed to be 6.80±0.04 and 6.81±0.06 during 
the breeding and non-breeding seasons, respectively 
(Table 1). This corroborated with the findings of earlier 
studies in different breeds of bucks (Bhuskat et al., 2000; 
Dogan et al., 2005; Bhoi, 2010). The pH values also differed 
non-significantly between the semen ejaculation frequency 
and seasons within the groups (Table 3). El-Sharabassy et 
al. (1990) and Bhoi (2010) also reported non-significant 
variation on effect of season and successive ejaculation in 
Egyptian Baladi and Mehsanabucks, respectively.

Mass Motility: The mass motility of spermatozoa in our 
experiment did not show any discernible variation 
between the breeding and non-breeding seasons (Table 1); 
which agreed to the earlier report of Srinivas et al. (2002). 
The mass motility differed non-significantly between 
Group-I and Group-II (Table 2). Similar non-significant 
variations were also documented in cross breed bucks 
(Joseph and Nair, 1991).

Sperm Concentration: The perusal of data revealed a 
highly significant increase (p<0.01) in sperm 
concentration during the breeding season compared to 
non-breeding (Table 1). The values are in close 
approximity to the earlier reports in Osmanabadi 
crossbreds (Puranik et al., 1993) and Damascus bucks 
(Ahmed et al., 2004). The findings on seasonal variations 
in sperm concentration are comparable to Karagiannidis et 
al. (2000) and Bhoi (2010) in Damascus and Mehsana 

bucks who have documented higher sperm concentration 
during the breeding season. The sperm concentration in 
Group-I and Group-II differed significantly (p<0.01) 
(Table 2).

 The sperm concentration at once daily collection in 
Group-I and second ejaculate in Group-II, during breeding 
and non-breeding breeding seasons differed significantly 
(p<0.01). The differences in sperm concentration were 
also significant between first and second ejaculate in 
Group-II but non-significant between Group-I and first 
ejaculate of Group-II (Table 3). Earlier studies also 
reflected a considerable reduction in sperm concentration 
as the frequency of successive ejaculation increased 
(Prado et al., 2003). The findings are corroborated with the 
earlier studies in Native bucks of Andhra Pradesh (Srinivas 
et al., 2002) and Mehsana bucks (Bhoi, 2010).

Live Spermatozoa: The live spermatozoa were found to 
be significantly higher (p<0.01) during the breeding 
season than non-breeding season. The findings are in 
agreement with earlier study in native breeds of Andhra 
Pradesh (Srinivas et al., 2002). The reduction in live 
spermatozoa during the non-breeding season might be 
attributed to high environmental temperature leading to 
disturbed spermatogenesis. The live spermatozoa count 
differed significantly (p<0.01) between bucks ejaculated 
semen once daily in Group-I and second ejaculate in 
Group-II (Table 2). Joseph and Nair (1991) and Bhoi 
(2010) also reported similar reducing trend as the semen 
collection frequency increased. However, Oyeyemi et al. 
(2000) did not observe any variation in West African 
Dwarf bucks. The per cent live spermatozoa in relation to 
ejaculation frequency during breeding and non-breeding 
season differed significantly (p<0.01). However, no 
significant difference due to frequency of ejaculation 

Table 5. Morphological abnormalities (per cent) of spermatozoa in relation to ejaculation frequencies during different 
seasons

Abnormality Seasons Group-I Group-II F Value
  Once daily
  (n=30) First ejaculate Second
   (n=30) ejaculate (n=30)

aa aa abTotal abnormality Breeding 5.72 ± 0.25  7.24 ± 0.25  9.88 ± 0.42  0.44
ba ba bb Non-breeding 10.35 ± 0.29  10.08 ± 0.28  12.24 ± 0.80

aa aa abHead abnormality Breeding 2.31 ± 0.11  2.59 ± 0.27  4.24 ± 0.18  3.19*
ba ba bb Non-breeding 4.58 ± 0.19  4.62 ± 0.36  5.31 ± 0.09
a a aMid-piece abnormality Breeding 2.28 ± 0.22  2.32 ± 0.21  1.44 ± 0.28  5.72**
a b b Non-breeding 2.61 ± 0.22  3.20 ± 0.21  3.17 ± 0.27
aa aa abTail abnormality Breeding 1.83 ± 0.29  1.97 ± 0.15  2.73 ± 0.22  1.11
ba bb bc Non-breeding 3.19 ± 0.34  2.62 ± 0.30  3.28 ± 0.31

Means with different superscripts in rows differ significantly (p<0.01); Means with different subscripts in columns differ significantly 
(p<0.01);  *Significant (p<0.05)**Significant (p<0.01)
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trus synchronizathod that synchronizes ovulations is 
named briefly as “Ovsynch” (Pursley et al., 1995). The 
study was aimed to evaluate the efficacy of different 
methods of estrus sync
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 In tropical countries like India ticks and tick-borne 
diseases, especially bovine theleriosis, babesiosis and 
anaplasmosis, can cause sudden death of severely infected 
animals. The cattle tick Rhipicephalus (Boophilus) 
microplus is a significant vector of these deadly diseases 
(Ghosh et al., 2015). The most common method for 
controlling tick infestation is to treat the host with synthetic 
acaricides like Arsenic trioxide, organochlorines, 
organophosphates, carbamates, amidines, pyrethroids and 
ivermectins etc.  which kill the associated larvae, nymphs, 
and adults. Although this has limitations due to wide 
spread environmental pollution, increased risk of 
insecticide residue, quick development of resistance and 
parasite reoccurrence (Picinin et al., 2017).

 It has been reported that the topical treatment of 
animals with herbal acaricidal formulations is safe and less 
toxic as compared to synthetic agents (Chen et al., 2019). 
In response to the insecticides residue problems, many 
researchers attempted to develop bioint, acaricidal, and 
larvicidal and which in particular acts against Rhipicephalus 
microplus (Martins, 2006). The main objective of the 
present study was to observe the effect of Citronella oil on 
tick infested cattle on the basis of improvement in 
haemato-biochemical attributes, management of clinical 
manifestations and reduction in tick count.al Dairy Farm 
for providing infrastructure and necessary facilities to 
conduct the research.
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Fig. 1. Dead male foal with fetal membrane after delivery
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products supply chain refers to the blue water. Usage of 
rainwater refers to the green water and the non-consumable 
water due to deteriorative water quality refers to the grey 
water (Hoekstra et al., 2011).

 Male cattle rearing farmers were purposively 
selected for the collection of data. Selection of farmers was 
completely based on multistage sampling method (5 villages 
were selected from Hisar district on random basis, further 
10 farmers from each village were selected on random basis). 
For production of milk, both, direct (servicing, drinking 
and bathing) and indirect (through fodder and feed intake) 
is used as consumptive water. The parameters estimated 
were Blue and Green WF of cattle milk (Table 1). This 
study did not attempt estimation of Grey WF component 
given the inherent complexities and scope of study.

WF  + WF  = WFINDIRECT DIRECT MILK

Direct water consumption (WF )DIRECT

 The data on water used for drinking, servicing, mixing 
with feed and fodder, and bathing (Lt./day) was collected. 
The estimation of above-mentioned water use at the farm 
was quite difficult but data was collected by interviews of 
farmers and observation of farms (the pipe’s diameter, time 
of water run in pipe, animal numbers on the farm, volume 
of buckets or water trough used and number of times per 
day these were filled by farmer) for different seasons.

WF  = Drinking water + Bathing water + Service waterDIRECT

Indirect water consumption (WF )INDIRECT

 Indirect water =   x  × CWUi i i

 x  = consumption of ‘i’ concentrate/roughage (kg) by i

the cattle. It was measured using the weighing balance. 
CWU  = The Consumptive Water Use of ‘i’ concentrate/ i

3roughage resource expressed in m /kg.

 The crop water requirement by crop is required to 
calculate the indirect WF (blue and green water components). 
Crop water demand is the sum of ETp across a crop’s four-
stage development cycle. (Allen et al., 1998). For the 
present study, data reported from Sirohi et al. (2013) for 
Haryana specific feed and fodder crops was selected as 
Secondary data source.

WF  = WF  + WF  + WFINDIRECT DRY-FODDER GREEN-FODDER CONCENTRATE

RESULT AND DISCUSSION

The Production System

 Male farmers selection was done purposively 

because males of the family are responsible to take decisions 

and actions for animal rearing practices in the research 

area. Significant aspects of farms and homes are summarised 

in Table 2. Adequate quantity of concentrates, agricultural 

by-product, green grass and fodder as feed was available in 

animals’ stalls. Availability of green forage was totally 

dependent on the season. Lactating cattle were the potent 

recipients of the costlier food like concentrates.

Direct Water Use

 In order to have sensible estimates of the direct water 
consumption, the information was collected for summer, 
humid and winter season (Table 3). The total direct water 

-1use was calculated 134 Lt. day . However, the previous 
study judged the wide volumes of direct water use from 

-1 -1100 Lt. day  (Singh et al., 2004) to 64 Lt. day  (Chapagain 
and Hoekstra, 2003) for lactating Indian dairy cattle. 
Similarly, Sirohi et al. (2013) reported blue WF from direct 

-1 -1use of 85 Lt. day  from Karan Fries and 80 Lt. day  from 
Sahiwal and Tharparkar at organized dairy farms. The 
researchers also estimated direct water use for unorganized 

-1dairy farms being 66 Lt. day  for local and cross bred cattle 
(ibid). Although, different practices, species, recall errors 
etc, can be considered as sources of variation, but suggesting 
the reasons for varying reports will be merely speculative, 
at least, at this stage. Therefore, further studies to accurately 
estimate water use are advocated. Interestingly, it was 
found that no water was used for service during summer 
season as owner shifted their animals to dry and sandy land. 
This, perhaps, is a sign of lack of adequate water availability. 
The respondent farmers preferred not to bathe their animals 
in winter season. Although the variations in the available 
literature and findings of the study are not very wide, but 
there is scope of further studies or larger scale to estimate 
water usage for animals in different parts of the state and 
country which will pave way for appropriate water 
management steps.

Indirect Water Use

 The term “indirect WF” usually relates to the water 
use as well as pollution which may be linked to the producer’s 
other (non-water) inputs. (Hoekstra et al., 2011). In this 
study, grey component of WF was not studied. Many other 
researchers have earlier avoided estimating grey component 
(Example, Murphy et al., 2017; Ibidhi and Salem, 2020 
and Bansod, 2012). Perhaps, the complexities involved in 
estimating the grey component makes it a difficult task. 
However, it cannot be ignored that water pollution due to 
animal and their product is an area of concern. Therefore, it 
is suggested that attempts should be made for estimating 
grey water component also.

 The estimation of Indirect water uses attributable to 
feed and fodder consumed was done by using secondary 
data reported by Sirohi et al. (2013). There is a wide variety 
in the amount of water found in the foods eaten (performed 
water) based on the feed’s moisture content, 90% or more 
in succulent crops or little as 5% in dry crops (Zinash et al., 
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  Studies have shown that livestock raising, together 
with other agricultural operations like cultivating animal 
feeding crop or fodder, drinking, washing, and animal 
products processing, uses a lot of fresh water. Additionally, 
it is well-known that the availability of water resources and 
the global hydrological cycle would be impacted by a 
warming planet. There is a potential for a two- to threefold 
increase in animal water consumption if temperatures rise, 
and the livestock industry accounts for around 8% of 
worldwide human water demand (Nardone et al., 2010). 
Due to water scarcity and customer worries about the 
environmental implications of livestock agriculture, 
quantifying the water usage of animal products has been 
more popular over the last 2 decades (Legesse et al., 2017). 
Because of the growing concern about water shortages, 
water footprints have been recognised as a crucial 
indication of the long-term viability of our current 
methods of producing food. The livestock business has 
critical shortfalls in providing the food demands of a 
growing human population without negatively impacting 
water resources, which is why WF assessment throughout 
the full value chain of animal products is gaining 
significance (Zonderland-Thomassen et al., 2014).

 Hoekstra and Hung (2002) used the term “Water 
Footprint” (WF) to describe a method of measuring a 
person’s or a company’s freshwater consumption that 
takes into account both their direct and indirect water 
usage. The amount of total water used in manufacturing a 

product is the products WF. It has been argued that, if the 
Water Footprint for milk is estimated at nation level, China 
has the maximum Water Footprint 1257 Lt/kg, followed by 
India 1060 Lt/kg and Netherland has the least Water 
Footprint 494 Lt/kg (Mekonnen and Hoekstra, 2012). WF 
is now widely recognised as a key measure of food production 
systems’ long-term viability. Due to the availability of very 
limited literature, we planned to assess the Water Footprint 
of lactating cow’s milk produced at smallholder farms. In 
view of the foregoing, this manuscript gives a brief 
account of performed study.

METHODOLOGY

 This study was accomplished in the Hisar district of 
Haryana, which is categorised as hot arid eco-sub-region 
lying in transgangetic plain region (western-agro-climatic 
zone). The volumetric WF technique given by Hoekstra et 
al. (2011) and the Life Cycle Assessment (LCA) established 
in the ISO standards are two examples of widely 
acknowledged ideas of WF. The volumetric WF technique 
is growing in popularity because it provides an all-
encompassing evaluation of usage of water, pollution 
associated with the production or consumption (Owusu-
Sekyere et al., 2017), and generates information and aids 
in water management (Palhares, and Pezzopane, 2015). 
Water footprint accounting for smallholder cattle farms 
was evaluated using the volumetric WF approach proposed 
by Hoekstra et al. (2011). Green water, grey water, and 
blue water are the elements that make up a water footprint. 
Water consumed from groundwater and surface, along the *Corresponding author: ektamahi103@gmail.com
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Chapagain and Hoekstra (2004) and Amarsinghe et al. 
(2011) have reported all India average of total Water 

3Footprint of milk to be 1369 and 1789 m /ton, respectively.

 The question of how India will satisfy its rapidly 
growing need for food and water has risen to the forefront 
of global supply and demand estimates in recent years. The 
consequences of severe weather occurrence heavily affect 
the water availability for agricultural production. Fodder 
and Feed may be impacted as a result of this. Ninety percent 
of India’s water withdrawals go to agriculture (Amarasinghe 
et al., 2007), with groundwater being the source of irrigation 
for sixty-three percent of the irrigated land (GOI, 2010). 
Groundwater consumption has become unsustainable in 
several locations, threatening the viability of the highly 
efficient feed crops and milk yield. There is a compelling 
argument for reducing the WF of milk to increase 
sustainability as milk production in the nation becomes 
more water-intensive and demanding.

 If integrated research and development doesn’t lead 
to much greater water-use efficiency, then the projected 
growth in food consumption in developing nations over 
the future years would require a considerable need for 
extra agricultural water. Lately, it is advised that prime 
target should be to achieve high productivity in Indian 
lactating dairy cattle. But it must also ensure that this 
doesn’t disturb the smallholder production systems being 
practised at village level, also careful consideration must 
be given to other environmental concerns. There is huge 
requirement for vast assessment of such environmental 
impacts in order to reach at reliable solutions and it is 
believed that the easiest ways are tough to find.

CONCLUSION

 Dairy farmers have started to worry about climate 
change since it is altering rainfall patterns and water 
availability. The most significant indirect contributor is 
agricultural water usage, which may be drastically 
decreased. Milk production could be possible in a more 
water-sustainable manner if certain conditions are met, 
such as high agricultural productivity, low CWU, good 
nutritional value forage/fodder crops, optimal pattern of 
animals feeding, and procedures that save water. This 
would result in a lesser WF.
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blue water use, respectively. Thus, the estimated total indirect 
3 -1water use was 10.343 m  day . In term of percentage, it is 45% 

as green and 55% as blue water use. However, methodological 
problems confound the issue of CWU by the cotton crop. 
Further studies to reliably estimate water use in cotton crops 
are thus advocated.

 Yet, it can be seen that it is the indirect water use that 
largely accounts for greater proportion water use for animals. 
Deutsch et al. (2010) have also argued that globaly rise in 
animals feed production will further lead to much higher 
water consumption as majority of water consumption is 
associated with feed and fodder production for farm animals. 
Mekonnen and Hoekstra (2011) assessed that for the period 
1996-2005, WF for the global crop production was 7404 

3 -1Gm  yr .

Total Water Footprint

 The present research work revealed that the total 
consumptive water for lactating cattle was 1391.37 Lt. 
water/Lt. milk. In the estimates, major share is due to indirect 
blue water use (Table 3). This is probably due to the fact that 
Hisar is classified as hot arid district of Haryana and receives 

low rainfall. The average rainfall is  450 mm/year. Because 

of which, a greater reliance on irrigation for crops becomes 
crucial. However, the WF per tonne of feed is higher in 
Netherlands and the United States, and this fact cannot be 
overlooked (Mekonnen and Hoekstra, 2012). The 
worldwide average of total WF of milk for grazing system 

3 3was 1191 m /ton, with 1087 m /ton contribution from green 
3water, and 56 m /ton from blue water (ibid). Contrarily, 

2002). A crop’s water needs are based on the average ETp 
throughout the course of its 4 growth stages (initial, 
development, mid and late stage). Environmental factors, 
management, crop, and weather, all influence the 
evapotranspiration of crops. Table 4 summarizes the 
estimated green and blue WF of on the basis of feed and 
fodder consumed by cattle. In the present study, the crop 
water requirement was highest for cotton crop due to high 
ETp for the locale of the study. The CWU of crops were 
furnished to primary and by-products (Ground nut cake, 
wheat straw, paddy straw, cotton seed and cotton seed cake).

 When the values reported by Sirohi et al. (2013) are 
taken into account, the consumptive water use by crop has 

3 -1contribution of 4.684 and 5.659 m  day  from green and 

-1 -1Table 3. Total consumptive water for lactating cattle (Lt. head  day )

-1 -1WF Component Type Water use Season (Lt. head  day ) (Mean ± SD) Estimated
      average

-1 -1   Summer Humid Winter (Lt. head  day )

Blue Water Direct Drinking water 72.48 ± 25.95 34.66 ± 12.79 48.85 ± 18.64 51.99
  Bathing water 40.09 ± 20.89 56.5 ± 26.11 0 51.48
  Servicing water 0 7.36 ± 6.78 13.36 ± 6.49 13.84
  Water in feed - - - 16.72
 Indirect Irrigation water - - - 5659
Green Water Indirect Soil moisture - - - 4684

  Total    10477.03

Table 2. Farms milk production and respondents’ family 
status

Sr. No. Characteristics Mean ± SD

1. Cultivable land (acres) 3.33 ± 1.32

2. Animal’s Lactation Number  2.81 ± 0.22

3. Family member strength 5.8 ± 0.21

4. Average Milk Yeild (Lt. / animal /day) 7.51 ± 0.91

5. Animal’s Age (years) 5.33 ± 0.15

Table 4. Blue and Green Water Footprint of feed and fodder 
crops for lactating cattle

3 3Sr. No. Feed type Crop GWP (m ) BWP (m )

1. Dry fodder Wheat straw 0.009 0.394
  Paddy straw 0.009 0.021
2. Green fodder Sorghum 0.036 0.029
  Barseem 0.0003 0.031
  Maize 0.004 0.006
  Oats 0.0006 0.026
  Local grass 0.0005 0.020
3. Concentrate Cotton seed 0.0051 0.276
  Ground nut cake 1.080 0.377
  Wheat bran 0.022 1.07
  Cotton seed cake 3.514 3.13
  Pearl millet grain 0.003 0.186
  Wheat flour 0.001 0.093

  Total 4.684 5.659

Table 1. Components of Water Footprint in Milk Production

WF  Direct water footprint Indirect waterMILK

 (WF ) footprintDIRECT

  (WF )INDIRECT

Element Source Type of use Type of use

Green Water Effective - CWU from soil
 rainfall  moisture in fodder
   and other feed crops

Blue Water Irrigation Drinking, bathing, CWU from irrigation
  servicing and mixing water in crop
  with feed and fodder. production.
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Plate 1: Different types of head abnormalities in spermatozoa (× 1000) (a. Abaxial attachment of head and swollen neck; b. Detached spermatozoa with 
ruptured post-nuclear capsule; c. Detached head; d. Elongated and pyriform head; e. Macrocephalic spermatozoa; f. Microcephalic spermatozoa with 
pyriform head; g. Microcephalic spermatozoa with double tail; h. Narrow broad head; i. Rounded Macrocephalic with swollen mid-piece; j. Ruptured 
head; k. Head with unilateral uneven boarder; l. Abaxial attachment of head)

Plate 2: Different types of mid-piece abnormalities in spermatozoa (× 1000) (a. Bent and tortated mid-piece; b. Broken mid-piece; c. Curved mid-piece 
without tail; d. Double mid-piece with abaxial attachment; e. Distal protoplasmic droplet; f. Proximal protoplasmic droplet; g. Swollen mid-piece 
with broken neck; h. Uneven thickness of mid-piece)

Plate 3: Different types of tail abnormalities in spermatozoa (× 1000) (a. Dag defect, Bent tail; b. Coiled tail with straight mid-piece; c. Coiled tail region; d. 
Dag defect; e. Detached tail; f. Detached tails; g. Short tailed spermatozoa; h. Swollen and short tailed spermatozoa)
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abnormalities using H & E staining. Data were analyzed 
using SPSS software (v17.0; SPSS Inc.) using Paired ‘t’ 
test, one-way ANOVA,CRD and factorial-CRD methods. 
Differences of p<0.05 were considered significant and 
p<0.01 as highly significant as per Steel and Torrie (1981).

RESULTS AND DISCUSSION

Hydrogen Ion Concentration (pH): The pH of Surti buck 
semen was observed to be 6.80±0.04 and 6.81±0.06 during 
the breeding and non-breeding seasons, respectively 
(Table 1). This corroborated with the findings of earlier 
studies in different breeds of bucks (Bhuskat et al., 2000; 
Dogan et al., 2005; Bhoi, 2010). The pH values also differed 
non-significantly between the semen ejaculation frequency 
and seasons within the groups (Table 3). El-Sharabassy et 
al. (1990) and Bhoi (2010) also reported non-significant 
variation on effect of season and successive ejaculation in 
Egyptian Baladi and Mehsanabucks, respectively.

Mass Motility: The mass motility of spermatozoa in our 
experiment did not show any discernible variation 
between the breeding and non-breeding seasons (Table 1); 
which agreed to the earlier report of Srinivas et al. (2002). 
The mass motility differed non-significantly between 
Group-I and Group-II (Table 2). Similar non-significant 
variations were also documented in cross breed bucks 
(Joseph and Nair, 1991).

Sperm Concentration: The perusal of data revealed a 
highly significant increase (p<0.01) in sperm 
concentration during the breeding season compared to 
non-breeding (Table 1). The values are in close 
approximity to the earlier reports in Osmanabadi 
crossbreds (Puranik et al., 1993) and Damascus bucks 
(Ahmed et al., 2004). The findings on seasonal variations 
in sperm concentration are comparable to Karagiannidis et 
al. (2000) and Bhoi (2010) in Damascus and Mehsana 

bucks who have documented higher sperm concentration 
during the breeding season. The sperm concentration in 
Group-I and Group-II differed significantly (p<0.01) 
(Table 2).

 The sperm concentration at once daily collection in 
Group-I and second ejaculate in Group-II, during breeding 
and non-breeding breeding seasons differed significantly 
(p<0.01). The differences in sperm concentration were 
also significant between first and second ejaculate in 
Group-II but non-significant between Group-I and first 
ejaculate of Group-II (Table 3). Earlier studies also 
reflected a considerable reduction in sperm concentration 
as the frequency of successive ejaculation increased 
(Prado et al., 2003). The findings are corroborated with the 
earlier studies in Native bucks of Andhra Pradesh (Srinivas 
et al., 2002) and Mehsana bucks (Bhoi, 2010).

Live Spermatozoa: The live spermatozoa were found to 
be significantly higher (p<0.01) during the breeding 
season than non-breeding season. The findings are in 
agreement with earlier study in native breeds of Andhra 
Pradesh (Srinivas et al., 2002). The reduction in live 
spermatozoa during the non-breeding season might be 
attributed to high environmental temperature leading to 
disturbed spermatogenesis. The live spermatozoa count 
differed significantly (p<0.01) between bucks ejaculated 
semen once daily in Group-I and second ejaculate in 
Group-II (Table 2). Joseph and Nair (1991) and Bhoi 
(2010) also reported similar reducing trend as the semen 
collection frequency increased. However, Oyeyemi et al. 
(2000) did not observe any variation in West African 
Dwarf bucks. The per cent live spermatozoa in relation to 
ejaculation frequency during breeding and non-breeding 
season differed significantly (p<0.01). However, no 
significant difference due to frequency of ejaculation 

Table 5. Morphological abnormalities (per cent) of spermatozoa in relation to ejaculation frequencies during different 
seasons

Abnormality Seasons Group-I Group-II F Value
  Once daily
  (n=30) First ejaculate Second
   (n=30) ejaculate (n=30)

aa aa abTotal abnormality Breeding 5.72 ± 0.25  7.24 ± 0.25  9.88 ± 0.42  0.44
ba ba bb Non-breeding 10.35 ± 0.29  10.08 ± 0.28  12.24 ± 0.80

aa aa abHead abnormality Breeding 2.31 ± 0.11  2.59 ± 0.27  4.24 ± 0.18  3.19*
ba ba bb Non-breeding 4.58 ± 0.19  4.62 ± 0.36  5.31 ± 0.09
a a aMid-piece abnormality Breeding 2.28 ± 0.22  2.32 ± 0.21  1.44 ± 0.28  5.72**
a b b Non-breeding 2.61 ± 0.22  3.20 ± 0.21  3.17 ± 0.27
aa aa abTail abnormality Breeding 1.83 ± 0.29  1.97 ± 0.15  2.73 ± 0.22  1.11
ba bb bc Non-breeding 3.19 ± 0.34  2.62 ± 0.30  3.28 ± 0.31

Means with different superscripts in rows differ significantly (p<0.01); Means with different subscripts in columns differ significantly 
(p<0.01);  *Significant (p<0.05)**Significant (p<0.01)
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trus synchronizathod that synchronizes ovulations is 
named briefly as “Ovsynch” (Pursley et al., 1995). The 
study was aimed to evaluate the efficacy of different 
methods of estrus sync
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 In tropical countries like India ticks and tick-borne 
diseases, especially bovine theleriosis, babesiosis and 
anaplasmosis, can cause sudden death of severely infected 
animals. The cattle tick Rhipicephalus (Boophilus) 
microplus is a significant vector of these deadly diseases 
(Ghosh et al., 2015). The most common method for 
controlling tick infestation is to treat the host with synthetic 
acaricides like Arsenic trioxide, organochlorines, 
organophosphates, carbamates, amidines, pyrethroids and 
ivermectins etc.  which kill the associated larvae, nymphs, 
and adults. Although this has limitations due to wide 
spread environmental pollution, increased risk of 
insecticide residue, quick development of resistance and 
parasite reoccurrence (Picinin et al., 2017).

 It has been reported that the topical treatment of 
animals with herbal acaricidal formulations is safe and less 
toxic as compared to synthetic agents (Chen et al., 2019). 
In response to the insecticides residue problems, many 
researchers attempted to develop bioint, acaricidal, and 
larvicidal and which in particular acts against Rhipicephalus 
microplus (Martins, 2006). The main objective of the 
present study was to observe the effect of Citronella oil on 
tick infested cattle on the basis of improvement in 
haemato-biochemical attributes, management of clinical 
manifestations and reduction in tick count.al Dairy Farm 
for providing infrastructure and necessary facilities to 
conduct the research.
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Fig. 1. Dead male foal with fetal membrane after delivery
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products supply chain refers to the blue water. Usage of 
rainwater refers to the green water and the non-consumable 
water due to deteriorative water quality refers to the grey 
water (Hoekstra et al., 2011).

 Male cattle rearing farmers were purposively 
selected for the collection of data. Selection of farmers was 
completely based on multistage sampling method (5 villages 
were selected from Hisar district on random basis, further 
10 farmers from each village were selected on random basis). 
For production of milk, both, direct (servicing, drinking 
and bathing) and indirect (through fodder and feed intake) 
is used as consumptive water. The parameters estimated 
were Blue and Green WF of cattle milk (Table 1). This 
study did not attempt estimation of Grey WF component 
given the inherent complexities and scope of study.

WF  + WF  = WFINDIRECT DIRECT MILK

Direct water consumption (WF )DIRECT

 The data on water used for drinking, servicing, mixing 
with feed and fodder, and bathing (Lt./day) was collected. 
The estimation of above-mentioned water use at the farm 
was quite difficult but data was collected by interviews of 
farmers and observation of farms (the pipe’s diameter, time 
of water run in pipe, animal numbers on the farm, volume 
of buckets or water trough used and number of times per 
day these were filled by farmer) for different seasons.

WF  = Drinking water + Bathing water + Service waterDIRECT

Indirect water consumption (WF )INDIRECT

 Indirect water =   x  × CWUi i i

 x  = consumption of ‘i’ concentrate/roughage (kg) by i

the cattle. It was measured using the weighing balance. 
CWU  = The Consumptive Water Use of ‘i’ concentrate/ i

3roughage resource expressed in m /kg.

 The crop water requirement by crop is required to 
calculate the indirect WF (blue and green water components). 
Crop water demand is the sum of ETp across a crop’s four-
stage development cycle. (Allen et al., 1998). For the 
present study, data reported from Sirohi et al. (2013) for 
Haryana specific feed and fodder crops was selected as 
Secondary data source.

WF  = WF  + WF  + WFINDIRECT DRY-FODDER GREEN-FODDER CONCENTRATE

RESULT AND DISCUSSION

The Production System

 Male farmers selection was done purposively 

because males of the family are responsible to take decisions 

and actions for animal rearing practices in the research 

area. Significant aspects of farms and homes are summarised 

in Table 2. Adequate quantity of concentrates, agricultural 

by-product, green grass and fodder as feed was available in 

animals’ stalls. Availability of green forage was totally 

dependent on the season. Lactating cattle were the potent 

recipients of the costlier food like concentrates.

Direct Water Use

 In order to have sensible estimates of the direct water 
consumption, the information was collected for summer, 
humid and winter season (Table 3). The total direct water 

-1use was calculated 134 Lt. day . However, the previous 
study judged the wide volumes of direct water use from 

-1 -1100 Lt. day  (Singh et al., 2004) to 64 Lt. day  (Chapagain 
and Hoekstra, 2003) for lactating Indian dairy cattle. 
Similarly, Sirohi et al. (2013) reported blue WF from direct 

-1 -1use of 85 Lt. day  from Karan Fries and 80 Lt. day  from 
Sahiwal and Tharparkar at organized dairy farms. The 
researchers also estimated direct water use for unorganized 

-1dairy farms being 66 Lt. day  for local and cross bred cattle 
(ibid). Although, different practices, species, recall errors 
etc, can be considered as sources of variation, but suggesting 
the reasons for varying reports will be merely speculative, 
at least, at this stage. Therefore, further studies to accurately 
estimate water use are advocated. Interestingly, it was 
found that no water was used for service during summer 
season as owner shifted their animals to dry and sandy land. 
This, perhaps, is a sign of lack of adequate water availability. 
The respondent farmers preferred not to bathe their animals 
in winter season. Although the variations in the available 
literature and findings of the study are not very wide, but 
there is scope of further studies or larger scale to estimate 
water usage for animals in different parts of the state and 
country which will pave way for appropriate water 
management steps.

Indirect Water Use

 The term “indirect WF” usually relates to the water 
use as well as pollution which may be linked to the producer’s 
other (non-water) inputs. (Hoekstra et al., 2011). In this 
study, grey component of WF was not studied. Many other 
researchers have earlier avoided estimating grey component 
(Example, Murphy et al., 2017; Ibidhi and Salem, 2020 
and Bansod, 2012). Perhaps, the complexities involved in 
estimating the grey component makes it a difficult task. 
However, it cannot be ignored that water pollution due to 
animal and their product is an area of concern. Therefore, it 
is suggested that attempts should be made for estimating 
grey water component also.

 The estimation of Indirect water uses attributable to 
feed and fodder consumed was done by using secondary 
data reported by Sirohi et al. (2013). There is a wide variety 
in the amount of water found in the foods eaten (performed 
water) based on the feed’s moisture content, 90% or more 
in succulent crops or little as 5% in dry crops (Zinash et al., 
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  Studies have shown that livestock raising, together 
with other agricultural operations like cultivating animal 
feeding crop or fodder, drinking, washing, and animal 
products processing, uses a lot of fresh water. Additionally, 
it is well-known that the availability of water resources and 
the global hydrological cycle would be impacted by a 
warming planet. There is a potential for a two- to threefold 
increase in animal water consumption if temperatures rise, 
and the livestock industry accounts for around 8% of 
worldwide human water demand (Nardone et al., 2010). 
Due to water scarcity and customer worries about the 
environmental implications of livestock agriculture, 
quantifying the water usage of animal products has been 
more popular over the last 2 decades (Legesse et al., 2017). 
Because of the growing concern about water shortages, 
water footprints have been recognised as a crucial 
indication of the long-term viability of our current 
methods of producing food. The livestock business has 
critical shortfalls in providing the food demands of a 
growing human population without negatively impacting 
water resources, which is why WF assessment throughout 
the full value chain of animal products is gaining 
significance (Zonderland-Thomassen et al., 2014).

 Hoekstra and Hung (2002) used the term “Water 
Footprint” (WF) to describe a method of measuring a 
person’s or a company’s freshwater consumption that 
takes into account both their direct and indirect water 
usage. The amount of total water used in manufacturing a 

product is the products WF. It has been argued that, if the 
Water Footprint for milk is estimated at nation level, China 
has the maximum Water Footprint 1257 Lt/kg, followed by 
India 1060 Lt/kg and Netherland has the least Water 
Footprint 494 Lt/kg (Mekonnen and Hoekstra, 2012). WF 
is now widely recognised as a key measure of food production 
systems’ long-term viability. Due to the availability of very 
limited literature, we planned to assess the Water Footprint 
of lactating cow’s milk produced at smallholder farms. In 
view of the foregoing, this manuscript gives a brief 
account of performed study.

METHODOLOGY

 This study was accomplished in the Hisar district of 
Haryana, which is categorised as hot arid eco-sub-region 
lying in transgangetic plain region (western-agro-climatic 
zone). The volumetric WF technique given by Hoekstra et 
al. (2011) and the Life Cycle Assessment (LCA) established 
in the ISO standards are two examples of widely 
acknowledged ideas of WF. The volumetric WF technique 
is growing in popularity because it provides an all-
encompassing evaluation of usage of water, pollution 
associated with the production or consumption (Owusu-
Sekyere et al., 2017), and generates information and aids 
in water management (Palhares, and Pezzopane, 2015). 
Water footprint accounting for smallholder cattle farms 
was evaluated using the volumetric WF approach proposed 
by Hoekstra et al. (2011). Green water, grey water, and 
blue water are the elements that make up a water footprint. 
Water consumed from groundwater and surface, along the *Corresponding author: ektamahi103@gmail.com
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Chapagain and Hoekstra (2004) and Amarsinghe et al. 
(2011) have reported all India average of total Water 

3Footprint of milk to be 1369 and 1789 m /ton, respectively.

 The question of how India will satisfy its rapidly 
growing need for food and water has risen to the forefront 
of global supply and demand estimates in recent years. The 
consequences of severe weather occurrence heavily affect 
the water availability for agricultural production. Fodder 
and Feed may be impacted as a result of this. Ninety percent 
of India’s water withdrawals go to agriculture (Amarasinghe 
et al., 2007), with groundwater being the source of irrigation 
for sixty-three percent of the irrigated land (GOI, 2010). 
Groundwater consumption has become unsustainable in 
several locations, threatening the viability of the highly 
efficient feed crops and milk yield. There is a compelling 
argument for reducing the WF of milk to increase 
sustainability as milk production in the nation becomes 
more water-intensive and demanding.

 If integrated research and development doesn’t lead 
to much greater water-use efficiency, then the projected 
growth in food consumption in developing nations over 
the future years would require a considerable need for 
extra agricultural water. Lately, it is advised that prime 
target should be to achieve high productivity in Indian 
lactating dairy cattle. But it must also ensure that this 
doesn’t disturb the smallholder production systems being 
practised at village level, also careful consideration must 
be given to other environmental concerns. There is huge 
requirement for vast assessment of such environmental 
impacts in order to reach at reliable solutions and it is 
believed that the easiest ways are tough to find.

CONCLUSION

 Dairy farmers have started to worry about climate 
change since it is altering rainfall patterns and water 
availability. The most significant indirect contributor is 
agricultural water usage, which may be drastically 
decreased. Milk production could be possible in a more 
water-sustainable manner if certain conditions are met, 
such as high agricultural productivity, low CWU, good 
nutritional value forage/fodder crops, optimal pattern of 
animals feeding, and procedures that save water. This 
would result in a lesser WF.
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blue water use, respectively. Thus, the estimated total indirect 
3 -1water use was 10.343 m  day . In term of percentage, it is 45% 

as green and 55% as blue water use. However, methodological 
problems confound the issue of CWU by the cotton crop. 
Further studies to reliably estimate water use in cotton crops 
are thus advocated.

 Yet, it can be seen that it is the indirect water use that 
largely accounts for greater proportion water use for animals. 
Deutsch et al. (2010) have also argued that globaly rise in 
animals feed production will further lead to much higher 
water consumption as majority of water consumption is 
associated with feed and fodder production for farm animals. 
Mekonnen and Hoekstra (2011) assessed that for the period 
1996-2005, WF for the global crop production was 7404 

3 -1Gm  yr .

Total Water Footprint

 The present research work revealed that the total 
consumptive water for lactating cattle was 1391.37 Lt. 
water/Lt. milk. In the estimates, major share is due to indirect 
blue water use (Table 3). This is probably due to the fact that 
Hisar is classified as hot arid district of Haryana and receives 

low rainfall. The average rainfall is  450 mm/year. Because 

of which, a greater reliance on irrigation for crops becomes 
crucial. However, the WF per tonne of feed is higher in 
Netherlands and the United States, and this fact cannot be 
overlooked (Mekonnen and Hoekstra, 2012). The 
worldwide average of total WF of milk for grazing system 

3 3was 1191 m /ton, with 1087 m /ton contribution from green 
3water, and 56 m /ton from blue water (ibid). Contrarily, 

2002). A crop’s water needs are based on the average ETp 
throughout the course of its 4 growth stages (initial, 
development, mid and late stage). Environmental factors, 
management, crop, and weather, all influence the 
evapotranspiration of crops. Table 4 summarizes the 
estimated green and blue WF of on the basis of feed and 
fodder consumed by cattle. In the present study, the crop 
water requirement was highest for cotton crop due to high 
ETp for the locale of the study. The CWU of crops were 
furnished to primary and by-products (Ground nut cake, 
wheat straw, paddy straw, cotton seed and cotton seed cake).

 When the values reported by Sirohi et al. (2013) are 
taken into account, the consumptive water use by crop has 

3 -1contribution of 4.684 and 5.659 m  day  from green and 

-1 -1Table 3. Total consumptive water for lactating cattle (Lt. head  day )

-1 -1WF Component Type Water use Season (Lt. head  day ) (Mean ± SD) Estimated
      average

-1 -1   Summer Humid Winter (Lt. head  day )

Blue Water Direct Drinking water 72.48 ± 25.95 34.66 ± 12.79 48.85 ± 18.64 51.99
  Bathing water 40.09 ± 20.89 56.5 ± 26.11 0 51.48
  Servicing water 0 7.36 ± 6.78 13.36 ± 6.49 13.84
  Water in feed - - - 16.72
 Indirect Irrigation water - - - 5659
Green Water Indirect Soil moisture - - - 4684

  Total    10477.03

Table 2. Farms milk production and respondents’ family 
status

Sr. No. Characteristics Mean ± SD

1. Cultivable land (acres) 3.33 ± 1.32

2. Animal’s Lactation Number  2.81 ± 0.22

3. Family member strength 5.8 ± 0.21

4. Average Milk Yeild (Lt. / animal /day) 7.51 ± 0.91

5. Animal’s Age (years) 5.33 ± 0.15

Table 4. Blue and Green Water Footprint of feed and fodder 
crops for lactating cattle

3 3Sr. No. Feed type Crop GWP (m ) BWP (m )

1. Dry fodder Wheat straw 0.009 0.394
  Paddy straw 0.009 0.021
2. Green fodder Sorghum 0.036 0.029
  Barseem 0.0003 0.031
  Maize 0.004 0.006
  Oats 0.0006 0.026
  Local grass 0.0005 0.020
3. Concentrate Cotton seed 0.0051 0.276
  Ground nut cake 1.080 0.377
  Wheat bran 0.022 1.07
  Cotton seed cake 3.514 3.13
  Pearl millet grain 0.003 0.186
  Wheat flour 0.001 0.093

  Total 4.684 5.659

Table 1. Components of Water Footprint in Milk Production

WF  Direct water footprint Indirect waterMILK

 (WF ) footprintDIRECT

  (WF )INDIRECT

Element Source Type of use Type of use

Green Water Effective - CWU from soil
 rainfall  moisture in fodder
   and other feed crops

Blue Water Irrigation Drinking, bathing, CWU from irrigation
  servicing and mixing water in crop
  with feed and fodder. production.
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while significant effects of seasons were noticed in 
Egyptian Baladi bucks (El-Sharabassy et al., 1990).

Abnormal Spermatozoa: The percentage of average total 
abnormal spermatozoa and morphological defects of head, 
mid-piece and tail during breeding and non-breeding 
seasons are presented in Table 1. The types of 
abnormalities have also been shown (Plate 1, 2 and 3). The 
results shows significantly (p<0.01) lower abnormalities 
during breeding season than the non-breeding season. 
These findings are in agreement with the earlier reports of 
Karagiannidis et al. (2000) and Bhoi (2010) in Damascus 
and Nubian and Mehsana bucks. The overall sperm 
abnormalities vis-à-vis head and tail except mid-piece 
defects increased at second ejaculate during the non-
breeding season (Table 5). Previous workers have also 
reported higher spermatozoa abnormalities with increased 
number of sperm/ejaculation (Joseph and Nair, 1989 and 
Bhoi, 2010). Among total sperm defects, only head and tail 
defects were increased significantly at second ejaculate in 
Group-II compared to Group-I whereas, mid-piece 
abnormalities did not show any demarkable variation 
(Table 4). These findings are in agreement with the earlier 
reports of Bhoi (2010) in Mehsana buck.
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 Murrah is renowned world-famous buffalo breeds of 
India. Its home tract is Rohtak, Hisar, Jind, Sonepat and 
Bhiwani districts of Haryana. Due to their high milk yield, 
Murrah buffaloes have a significant impact on the dairy 
sector. The objectives of selection in India were mainly 
based on production traits due to which the fertility traits 
remained neglected for the long time (Valsalan et al., 
2014). By raising culling rates, extending calving 
intervals, lowering milk output, producing fewer calves 
per cow per year, and eventually, lowering profit, a decline 
in reproductive performance raises production costs. 
Now-a-days, breeding programmes for dairy animals 
focus on the reproductive and functional characteristics of 
dairy cows because neglecting fertility lowered a farm’s 
economic return (Komlosi et al., 2010). Economic 
efficiency of sires are judged from the production and 
fertility performance of the daughters of those sires. 
Estimated breeding values (EBVs) of traits determine the 
genetic merits of animals of each trait. True genetic 
potential or genetic transmitting ability of animals are 
reflected by the estimated breeding values (Berry et al., 
2011). Ranking of elite sires based on their progeny 
performances helps in selecting superior quality bulls to 
produce next generation of high production and fertility 
performances. However, it has been shown in many 
studies (Shalaby, 2005; Mostafa et al., 2006) that the 
production and fertility performance traits had antagonistic 
relationship with one another. Consequently, the primary 

goal of this study was to rank the superior and inferior sires 
according to their EBVs for the production and fertility 
performance traits. Additionally, the Pearson and Spearman’s 
rank correlations between the EBVs of these traits were 
drawn in order to ascertain their relationship.

MATERIAL AND METHODS

Source of data

 The data collected from history-cum-pedigree 
sheets of buffalo farm, Department of Livestock Production 
Management, Lala Lajpat Rai University of Veterinary and 
Animal Sciences, Hisar of 614 Murrah buffaloes and 169 
sires related to production and fertility performance traits. 
Hisar climate is subtropical in nature and is found in a 
semi-arid area. Hisar is located in a latitude of 29° 10' N, a 
longitude of 75° 40' E, and an elevation of 215.2 metres. 
For the purpose of estimating estimated breeding values 
and elite sires in terms of production and fertility 
performance attributes, data was gathered during a 24-year 
period from 1996 to 2019.

Standardization of data

 Animals with lactation periods less than 150 days, 
questionable outliers, and atypical records such as 
abortion, mastitis, and chronic sickness were excluded 
from the current study. For research on production 
qualities, it was necessary for a herd to have at least one 
lactation completed. This requirement applied to animals 
whose dates of birth, date of first calving, date of disposal, 
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Hisar. Univariate animal model was used for estimating estimated breeding values of production performance traits viz. 305 days milk yield (305 
DMY), peak yield (PY), lactation length (LL), dry period (DP), lactation milk yield (LMY), wet average (WA), milk yield per day of calving interval 
(MCI) and milk yield per day of age at second calving (MSC) were ranged from -332.72 to 173.87 days, -0.48 to 0.47 kg/day, -41.23 to 29.41 days, -
16.88 to 62.77 days, -380.66 to 360.62 kgs, -0.20 to 0.19 kg/day, -0.21 to 0.25 kg/day and -0.27 to 0.36 kg/day, respectively and for fertility traits viz. 
age at first calving (AFC), service period (SP), conception rate (CR), calving interval (CI), number of services per conception (NSC) and pregnancy 
rate (PR) were ranged from -32.85 to 44.33 days, -15.61 to 28.42 days, -7.41 to 6.48%, -20.64 to 35.79 days, -0.24 to 0.41 and -0.08 to 0.11%, 
respectively. Spearman rank correlation and Pearson correlation was negatively correlated between the production and fertility performance traits but 
it was not unity which indicated that it is possible to have sire which can be best for both kinds of traits and thus, production and fertility performance 
traits can be improved simultaneously.

Keywords: Breeding value, Fertility traits, Murrah buffaloes, Pearson correlation, Production traits, Spearman correlation

Haryana Vet. (December, 2023) 62(2), 113-117

*Corresponding author: dr.cspatil03@gmail.com

ESTIMATION OF ESTIMATED BREEDING VALUES FOR PRODUCTION AND FERTILITY 
PERFORMANCE TRAITS IN MURRAH BUFFALOES

SMRITI SHARMA, S.S. DHAKA and C.S. PATIL*
Department of Animal Genetics and Breeding,

Lala Lajpat Rai University of Veterinary and Animal Sciences, Hisar-125004, Haryana

Received: 13.02.2023; Accepted: 08.06.2023

How to cite: Sharma, S., Dhaka, S.S. and Patil, C.S. (2023). Estimation of estimated breeding values for production and fertility 
performance traits in Murrah buffaloes. Haryana Vet. 62(2): 113-117.

Research ArticleISSN 0033-4359 (P)

Corresponding author: vetsirohi@rediffmail.com

trus synchronizathod that synchronizes ovulations is 
named briefly as “Ovsynch” (Pursley et al., 1995). The 
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 In tropical countries like India ticks and tick-borne 
diseases, especially bovine theleriosis, babesiosis and 
anaplasmosis, can cause sudden death of severely infected 
animals. The cattle tick Rhipicephalus (Boophilus) 
microplus is a significant vector of these deadly diseases 
(Ghosh et al., 2015). The most common method for 
controlling tick infestation is to treat the host with synthetic 
acaricides like Arsenic trioxide, organochlorines, 
organophosphates, carbamates, amidines, pyrethroids and 
ivermectins etc.  which kill the associated larvae, nymphs, 
and adults. Although this has limitations due to wide 
spread environmental pollution, increased risk of 
insecticide residue, quick development of resistance and 
parasite reoccurrence (Picinin et al., 2017).

 It has been reported that the topical treatment of 
animals with herbal acaricidal formulations is safe and less 
toxic as compared to synthetic agents (Chen et al., 2019). 
In response to the insecticides residue problems, many 
researchers attempted to develop bioint, acaricidal, and 
larvicidal and which in particular acts against Rhipicephalus 
microplus (Martins, 2006). The main objective of the 
present study was to observe the effect of Citronella oil on 
tick infested cattle on the basis of improvement in 
haemato-biochemical attributes, management of clinical 
manifestations and reduction in tick count.al Dairy Farm 
for providing infrastructure and necessary facilities to 
conduct the research.
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Fig. 1. Dead male foal with fetal membrane after delivery
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products supply chain refers to the blue water. Usage of 
rainwater refers to the green water and the non-consumable 
water due to deteriorative water quality refers to the grey 
water (Hoekstra et al., 2011).

 Male cattle rearing farmers were purposively 
selected for the collection of data. Selection of farmers was 
completely based on multistage sampling method (5 villages 
were selected from Hisar district on random basis, further 
10 farmers from each village were selected on random basis). 
For production of milk, both, direct (servicing, drinking 
and bathing) and indirect (through fodder and feed intake) 
is used as consumptive water. The parameters estimated 
were Blue and Green WF of cattle milk (Table 1). This 
study did not attempt estimation of Grey WF component 
given the inherent complexities and scope of study.

WF  + WF  = WFINDIRECT DIRECT MILK

Direct water consumption (WF )DIRECT

 The data on water used for drinking, servicing, mixing 
with feed and fodder, and bathing (Lt./day) was collected. 
The estimation of above-mentioned water use at the farm 
was quite difficult but data was collected by interviews of 
farmers and observation of farms (the pipe’s diameter, time 
of water run in pipe, animal numbers on the farm, volume 
of buckets or water trough used and number of times per 
day these were filled by farmer) for different seasons.

WF  = Drinking water + Bathing water + Service waterDIRECT

Indirect water consumption (WF )INDIRECT

 Indirect water =   x  × CWUi i i

 x  = consumption of ‘i’ concentrate/roughage (kg) by i

the cattle. It was measured using the weighing balance. 
CWU  = The Consumptive Water Use of ‘i’ concentrate/ i

3roughage resource expressed in m /kg.

 The crop water requirement by crop is required to 
calculate the indirect WF (blue and green water components). 
Crop water demand is the sum of ETp across a crop’s four-
stage development cycle. (Allen et al., 1998). For the 
present study, data reported from Sirohi et al. (2013) for 
Haryana specific feed and fodder crops was selected as 
Secondary data source.

WF  = WF  + WF  + WFINDIRECT DRY-FODDER GREEN-FODDER CONCENTRATE

RESULT AND DISCUSSION

The Production System

 Male farmers selection was done purposively 

because males of the family are responsible to take decisions 

and actions for animal rearing practices in the research 

area. Significant aspects of farms and homes are summarised 

in Table 2. Adequate quantity of concentrates, agricultural 

by-product, green grass and fodder as feed was available in 

animals’ stalls. Availability of green forage was totally 

dependent on the season. Lactating cattle were the potent 

recipients of the costlier food like concentrates.

Direct Water Use

 In order to have sensible estimates of the direct water 
consumption, the information was collected for summer, 
humid and winter season (Table 3). The total direct water 

-1use was calculated 134 Lt. day . However, the previous 
study judged the wide volumes of direct water use from 

-1 -1100 Lt. day  (Singh et al., 2004) to 64 Lt. day  (Chapagain 
and Hoekstra, 2003) for lactating Indian dairy cattle. 
Similarly, Sirohi et al. (2013) reported blue WF from direct 

-1 -1use of 85 Lt. day  from Karan Fries and 80 Lt. day  from 
Sahiwal and Tharparkar at organized dairy farms. The 
researchers also estimated direct water use for unorganized 

-1dairy farms being 66 Lt. day  for local and cross bred cattle 
(ibid). Although, different practices, species, recall errors 
etc, can be considered as sources of variation, but suggesting 
the reasons for varying reports will be merely speculative, 
at least, at this stage. Therefore, further studies to accurately 
estimate water use are advocated. Interestingly, it was 
found that no water was used for service during summer 
season as owner shifted their animals to dry and sandy land. 
This, perhaps, is a sign of lack of adequate water availability. 
The respondent farmers preferred not to bathe their animals 
in winter season. Although the variations in the available 
literature and findings of the study are not very wide, but 
there is scope of further studies or larger scale to estimate 
water usage for animals in different parts of the state and 
country which will pave way for appropriate water 
management steps.

Indirect Water Use

 The term “indirect WF” usually relates to the water 
use as well as pollution which may be linked to the producer’s 
other (non-water) inputs. (Hoekstra et al., 2011). In this 
study, grey component of WF was not studied. Many other 
researchers have earlier avoided estimating grey component 
(Example, Murphy et al., 2017; Ibidhi and Salem, 2020 
and Bansod, 2012). Perhaps, the complexities involved in 
estimating the grey component makes it a difficult task. 
However, it cannot be ignored that water pollution due to 
animal and their product is an area of concern. Therefore, it 
is suggested that attempts should be made for estimating 
grey water component also.

 The estimation of Indirect water uses attributable to 
feed and fodder consumed was done by using secondary 
data reported by Sirohi et al. (2013). There is a wide variety 
in the amount of water found in the foods eaten (performed 
water) based on the feed’s moisture content, 90% or more 
in succulent crops or little as 5% in dry crops (Zinash et al., 
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  Studies have shown that livestock raising, together 
with other agricultural operations like cultivating animal 
feeding crop or fodder, drinking, washing, and animal 
products processing, uses a lot of fresh water. Additionally, 
it is well-known that the availability of water resources and 
the global hydrological cycle would be impacted by a 
warming planet. There is a potential for a two- to threefold 
increase in animal water consumption if temperatures rise, 
and the livestock industry accounts for around 8% of 
worldwide human water demand (Nardone et al., 2010). 
Due to water scarcity and customer worries about the 
environmental implications of livestock agriculture, 
quantifying the water usage of animal products has been 
more popular over the last 2 decades (Legesse et al., 2017). 
Because of the growing concern about water shortages, 
water footprints have been recognised as a crucial 
indication of the long-term viability of our current 
methods of producing food. The livestock business has 
critical shortfalls in providing the food demands of a 
growing human population without negatively impacting 
water resources, which is why WF assessment throughout 
the full value chain of animal products is gaining 
significance (Zonderland-Thomassen et al., 2014).

 Hoekstra and Hung (2002) used the term “Water 
Footprint” (WF) to describe a method of measuring a 
person’s or a company’s freshwater consumption that 
takes into account both their direct and indirect water 
usage. The amount of total water used in manufacturing a 

product is the products WF. It has been argued that, if the 
Water Footprint for milk is estimated at nation level, China 
has the maximum Water Footprint 1257 Lt/kg, followed by 
India 1060 Lt/kg and Netherland has the least Water 
Footprint 494 Lt/kg (Mekonnen and Hoekstra, 2012). WF 
is now widely recognised as a key measure of food production 
systems’ long-term viability. Due to the availability of very 
limited literature, we planned to assess the Water Footprint 
of lactating cow’s milk produced at smallholder farms. In 
view of the foregoing, this manuscript gives a brief 
account of performed study.

METHODOLOGY

 This study was accomplished in the Hisar district of 
Haryana, which is categorised as hot arid eco-sub-region 
lying in transgangetic plain region (western-agro-climatic 
zone). The volumetric WF technique given by Hoekstra et 
al. (2011) and the Life Cycle Assessment (LCA) established 
in the ISO standards are two examples of widely 
acknowledged ideas of WF. The volumetric WF technique 
is growing in popularity because it provides an all-
encompassing evaluation of usage of water, pollution 
associated with the production or consumption (Owusu-
Sekyere et al., 2017), and generates information and aids 
in water management (Palhares, and Pezzopane, 2015). 
Water footprint accounting for smallholder cattle farms 
was evaluated using the volumetric WF approach proposed 
by Hoekstra et al. (2011). Green water, grey water, and 
blue water are the elements that make up a water footprint. 
Water consumed from groundwater and surface, along the *Corresponding author: ektamahi103@gmail.com
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Chapagain and Hoekstra (2004) and Amarsinghe et al. 
(2011) have reported all India average of total Water 

3Footprint of milk to be 1369 and 1789 m /ton, respectively.

 The question of how India will satisfy its rapidly 
growing need for food and water has risen to the forefront 
of global supply and demand estimates in recent years. The 
consequences of severe weather occurrence heavily affect 
the water availability for agricultural production. Fodder 
and Feed may be impacted as a result of this. Ninety percent 
of India’s water withdrawals go to agriculture (Amarasinghe 
et al., 2007), with groundwater being the source of irrigation 
for sixty-three percent of the irrigated land (GOI, 2010). 
Groundwater consumption has become unsustainable in 
several locations, threatening the viability of the highly 
efficient feed crops and milk yield. There is a compelling 
argument for reducing the WF of milk to increase 
sustainability as milk production in the nation becomes 
more water-intensive and demanding.

 If integrated research and development doesn’t lead 
to much greater water-use efficiency, then the projected 
growth in food consumption in developing nations over 
the future years would require a considerable need for 
extra agricultural water. Lately, it is advised that prime 
target should be to achieve high productivity in Indian 
lactating dairy cattle. But it must also ensure that this 
doesn’t disturb the smallholder production systems being 
practised at village level, also careful consideration must 
be given to other environmental concerns. There is huge 
requirement for vast assessment of such environmental 
impacts in order to reach at reliable solutions and it is 
believed that the easiest ways are tough to find.

CONCLUSION

 Dairy farmers have started to worry about climate 
change since it is altering rainfall patterns and water 
availability. The most significant indirect contributor is 
agricultural water usage, which may be drastically 
decreased. Milk production could be possible in a more 
water-sustainable manner if certain conditions are met, 
such as high agricultural productivity, low CWU, good 
nutritional value forage/fodder crops, optimal pattern of 
animals feeding, and procedures that save water. This 
would result in a lesser WF.
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blue water use, respectively. Thus, the estimated total indirect 
3 -1water use was 10.343 m  day . In term of percentage, it is 45% 

as green and 55% as blue water use. However, methodological 
problems confound the issue of CWU by the cotton crop. 
Further studies to reliably estimate water use in cotton crops 
are thus advocated.

 Yet, it can be seen that it is the indirect water use that 
largely accounts for greater proportion water use for animals. 
Deutsch et al. (2010) have also argued that globaly rise in 
animals feed production will further lead to much higher 
water consumption as majority of water consumption is 
associated with feed and fodder production for farm animals. 
Mekonnen and Hoekstra (2011) assessed that for the period 
1996-2005, WF for the global crop production was 7404 

3 -1Gm  yr .

Total Water Footprint

 The present research work revealed that the total 
consumptive water for lactating cattle was 1391.37 Lt. 
water/Lt. milk. In the estimates, major share is due to indirect 
blue water use (Table 3). This is probably due to the fact that 
Hisar is classified as hot arid district of Haryana and receives 

low rainfall. The average rainfall is  450 mm/year. Because 

of which, a greater reliance on irrigation for crops becomes 
crucial. However, the WF per tonne of feed is higher in 
Netherlands and the United States, and this fact cannot be 
overlooked (Mekonnen and Hoekstra, 2012). The 
worldwide average of total WF of milk for grazing system 

3 3was 1191 m /ton, with 1087 m /ton contribution from green 
3water, and 56 m /ton from blue water (ibid). Contrarily, 

2002). A crop’s water needs are based on the average ETp 
throughout the course of its 4 growth stages (initial, 
development, mid and late stage). Environmental factors, 
management, crop, and weather, all influence the 
evapotranspiration of crops. Table 4 summarizes the 
estimated green and blue WF of on the basis of feed and 
fodder consumed by cattle. In the present study, the crop 
water requirement was highest for cotton crop due to high 
ETp for the locale of the study. The CWU of crops were 
furnished to primary and by-products (Ground nut cake, 
wheat straw, paddy straw, cotton seed and cotton seed cake).

 When the values reported by Sirohi et al. (2013) are 
taken into account, the consumptive water use by crop has 

3 -1contribution of 4.684 and 5.659 m  day  from green and 

-1 -1Table 3. Total consumptive water for lactating cattle (Lt. head  day )

-1 -1WF Component Type Water use Season (Lt. head  day ) (Mean ± SD) Estimated
      average

-1 -1   Summer Humid Winter (Lt. head  day )

Blue Water Direct Drinking water 72.48 ± 25.95 34.66 ± 12.79 48.85 ± 18.64 51.99
  Bathing water 40.09 ± 20.89 56.5 ± 26.11 0 51.48
  Servicing water 0 7.36 ± 6.78 13.36 ± 6.49 13.84
  Water in feed - - - 16.72
 Indirect Irrigation water - - - 5659
Green Water Indirect Soil moisture - - - 4684

  Total    10477.03

Table 2. Farms milk production and respondents’ family 
status

Sr. No. Characteristics Mean ± SD

1. Cultivable land (acres) 3.33 ± 1.32

2. Animal’s Lactation Number  2.81 ± 0.22

3. Family member strength 5.8 ± 0.21

4. Average Milk Yeild (Lt. / animal /day) 7.51 ± 0.91

5. Animal’s Age (years) 5.33 ± 0.15

Table 4. Blue and Green Water Footprint of feed and fodder 
crops for lactating cattle

3 3Sr. No. Feed type Crop GWP (m ) BWP (m )

1. Dry fodder Wheat straw 0.009 0.394
  Paddy straw 0.009 0.021
2. Green fodder Sorghum 0.036 0.029
  Barseem 0.0003 0.031
  Maize 0.004 0.006
  Oats 0.0006 0.026
  Local grass 0.0005 0.020
3. Concentrate Cotton seed 0.0051 0.276
  Ground nut cake 1.080 0.377
  Wheat bran 0.022 1.07
  Cotton seed cake 3.514 3.13
  Pearl millet grain 0.003 0.186
  Wheat flour 0.001 0.093

  Total 4.684 5.659

Table 1. Components of Water Footprint in Milk Production

WF  Direct water footprint Indirect waterMILK

 (WF ) footprintDIRECT

  (WF )INDIRECT

Element Source Type of use Type of use

Green Water Effective - CWU from soil
 rainfall  moisture in fodder
   and other feed crops

Blue Water Irrigation Drinking, bathing, CWU from irrigation
  servicing and mixing water in crop
  with feed and fodder. production.
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