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  Artificial insemination (AI) plays an imperative 
role in improving the productivity of bovines by upgrading 
their genetic potential as well as enhancing the milk 
production and productivity in the country. However, as 
per 2015-16 data available from the states, average three 
semen doses are required for attaining one successful 
conception (GOI, 2017). While conception rate is 
influenced by many factors, production of high quality 
cryopreserved semen, remains the target of male germ-
plasm producing units of the country. However, this well-
established technique of cryo-preservation is recognized 
to have an injurious effect on spermatozoal functions. 
Nearly 40 to 50% of spermatozoa are assumed to be 
decimated during the entire process. This post-thaw semen 
deterioration is even more evident in crossbred bulls 
(Tyagi et al., 2000).

 To check the quality of semen post-freezing, there 
arevarious assays and out of all, the most accepted one is 
the post-thaw progressive motility (PTM). Although, PTM 
is an essential criterion for judging fertilizing ability of 
spermatozoa, it is not the sole attribute responsible for 
fertility (Kumaresan et al., 2020). To be more sure about 
the quality of semen following cryopreservation, the 
recent guidelines have given emphasis on regular post-
thaw incubation tests and periodic acrosome and plasma 
membrane integrity test. Further, there exists a need for 
including more in vitro tests which can hastily determine 
the quality of cryopreserved semen in Bulls. Here, the objective 
of the work was to assess the sperm mitochondrial 

membrane potential (MMP) and oxidative stress levels in 
the spermatozoa of Frieswal Bulls and to correlate the 
results with the conventional semen quality parameters.

MATERIALS AND METHODS

Sample collection, cryopreservation and grouping: The 
present research was undertaken at Cattle Physiology and 
Reproduction Division, ICAR-Central Institute for 
Research on Cattle, Meerut, India. Three healthy Frieswal 
(HF×Sahiwal) breeding bulls maintained under uniform 
feeding, housing and managerial conditions with an 
average weight of 550-650 Kg were utilized for the study. 
The ejaculates were collected early morning between 8 to 9 
AM in graduated glass collection tubes, as per regular 
standard practice. A total of 24 ejaculates (8 ejaculates per 

bull) with Initial progressive motility (IPM) of  70% and a 
6concentration of  500 × 10  sperm/mL were selected for 

the experiment. Concentration was calculated with bovine 
semen specific photometer (Accucell, IMV- France).

 The semen was extended in Tris-fructose-egg yolk-
glycerol extender to yield a desired final concentration of 
approximately 80 million progressive motile sperm 
cells/mL. The extended semen was filled and sealed in 
0.25 mL French mini straws and kept for equilibration at 5° 
C for 4 h in the cold handling cabinet. The freezing of 
samples was done using a programmable automated 
freezing system (IMV, France). Following freezing, the 
straws were stored in cryo-containers plunged in liquid 
nitrogen till analyzed. The semen samples were rearranged 
in two groups according to the post-thaw motility (PTM) 
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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.
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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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Cat. No. Item No. 15003). This satin selectively enters into 
mitochondria and changes fluorescence characteristics 
with alteration in MMP. In live and active sperm cells JC-1 
forms complexes (multi-meres known as J-aggregates), 
which fluoresce red/orange (high-MMP). A decrease in 
MMP, which is a very early event in apoptosis, results in 
JC-1 monomers, which fluoresce green, low MMP (Fig. 
1). The procedure followed was described by Srivastava 
and Pande (2017). Briefly, 1 mL of sperm suspension was 

analysis viz. freezable (n=15; PTM  50%) and non-

freezable semen sample (n=9; PTM < 50%).

Semen quality assessment: Frozen samples were thawed 
in a thawing unit at 37° C for 30 seconds. The contents of 
semen straws were evacuated in a plain borosilicate glass 
test tube maintained in a water bath at 34° C. The semen 
samples underwent assessment for parameters related to 
semen quality, including sperm motility, viability, 
acrosome intactness, and plasma membrane integrity after 
the thawing process. The forward progressive motility of 
the sperm cells was assessed under a light microscope 
(Olympus BX40) at a magnification of ×200 and at least 10 
different fields were observed.

 The supra-vital stain Eosin was used to differentiate 
between viable and non-viable spermatozoa. A minimum 
of 200 sperm heads were counted across the slides in 
different fields. The sperm plasma membrane integrity was 
assessed using HOST. A minimum of 200 spermatozoa were 
counted in different fields at 400× under a phase-contrast 
microscope for determining HOST reactive spermatozoa. 
Acrosomal integrity was assessed using the Giemsa stain, 
as per the standard protocol. The spermatozoa 
wereobserved under oil immersion (1000 ×). A minimum 
of 200 sperm cells were counted per slide for assessment.

 The sperm MMP was assessed using a membrane-
permeable fluorimetric cationic dye, 5,6-dichloro-2-[3-
(5,6-dichloro-1,3-diethyl-1,3-dihydro-2H-benzimidazol-
2 - y l i d e n e ) - 1 - p r o p e n - 1 - y l ] - 1 , 3 - d i e t h y l - 1 H -
benzimidazolium, monoiodide (JC-1 byCayman, USA; 

Table 3: Correlation* coefficients and the P values between MMP, LPO, Catalase activity and semen quality parameters in 
Frieswal Bulls

 MMP (%) MDA (µmol/mL) Catalase (U/mg)

 r P r P r P

PTM (%) 0.725 <0.0001 -0.642 <0.001 0.071 NS

Motility PI-120 min (%) 0.585 <0.003 -0.720 <0.0001 0.194 NS

Viability (%) 0.702 <0.0001 -0.627 <0.001 0.060 NS

Acrosome Intactness (%) 0.664 <0.0001 -0.547 <0.006 -0.141 NS

Membrane Integrity (%) 0.694 <0.0001 -0.597 <0.002 0.007 NS

NS, not statistically significant; *Pearson’s correlation;  n = 24, PTM, post-thaw motility, PI, post-incubation, MMP, Mitochondrial 
membrane potential, MDA, malondialdehyde

Table 2. Semen quality parameters of Frieswal bulls at 
post-thaw stage (Means ± SEM)

Groups Freezable Non-Freezable
n 15 9

b aPTM (%) 54.67±1.33  34.44±1.76
b aMotility PI-120 min (%) 35.00±1.38  15.56±1.76
b aViability (%) 58.73±1.46  38.78±1.87
b aAcrosome Intactness (%) 53.93±1.60  34.89±1.84
b aMembrane Integrity (%) 48.93±1.49  36.00±1.43
b aHigh-MMP (%) 50.05±1.15  36.78±1.01

Catalase (U/mg) 0.01±0.00 0.01±0.00
a bMDA (µmol/mL) 1.73±0.04  2.26±0.08

Values bearing different superscripts in a row differ significantly 
(p<0.05). n, number of samples, PTM, post-thaw motility, PI, 
post-incubation, MMP, Mitochondrial membrane potential, 
MDA, malondialdehyde.

mixed with 1 mL of working JC-1 solution. The mixture 
was kept in incubator (5% CO  for 20 min at 37° C) in 2

humidified chamber. Thereafter, it was centrifuged, and 
the sperm pellet was re-suspended in1 mL ice-cold 
staining buffer. A drop was then placed on a slide and 
observed under a coverslip. The observations were 
performed immediately under an epifluorescence 
microscope (80i Nikon, Japan) under 400 × in green filter.

 The levels of lipid peroxidation (LPO) were 

Table 1. Semen quality assessment of fresh semen (Means± 
SEM)

Semen Attributes 

Volume (mL) 5.54±0.11

Progressive Motile Sperm (%) 74.58 ±1.03
6Concentration (10 /mL) 961.25±29.79

Viability (%) 78.21±1.05

Membrane Integrity (%) 73.29±1.35

Intact Acrosome  (%) 75.53±1.67

Abnormality (%) 8.18±1.03

N, number of samples = 24
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determined by measuring the levels of malondialdehyde 
(MDA) which is an end product of lipid peroxidation. 
MDA was estimated using thiobarbituric acid (TBA) assay 
(Sanocka and Kurpisz, 2004). Catalase activity was 
determined in sample using Aebi’s method (1984) and 
estimated using the formula by Cuellar-Cruz et al. (2009).

Statistical analyses: The data underwent statistical 
analysis using standard procedures. The results obtained 
are presented as mean ± SEM. Data were analyzed by 
using SPSS 20.0 (SPSS Inc., Chicago, USA) statistical 
software. The regression analysis graph was designed 
using GraphPad Prism software version 5.0 (GraphPad 
Software, San Diego, CA, USA).

RESULTS AND DISCUSSION

Assessment of neat semen

 The neat semen characteristics of Frieswal bulls are 
presented in Table 1.

Assessment of frozen-thawed semen

 The percentage of progressively motile spermatozoa, 
post-thaw incubation motility (120 min), viability, 
acrosome intactness and plasma membrane functionality 
in both the groups are presented in Table 2. The forward 
progressive motility (%) exhibited a significant decrease 
(p < 0.001) in all cryopreserved semen samples, regardless 
of the group, as compared to neat semen. However, in the 
non-freezable semen samples there was a huge reduction 
in all the semen quality parameters. Further, the levels of 
MDA in freezable group was significantly lower than that 
in the non-freezable group. However, the results of 
catalase test did not show statistically significant 
differences between the groups.

 The results of this study also showed a significant 
correlation between post-thaw MMP and lipid per-
oxidation levels with all the routine semen analysis 
parameters assayed (Table 3).

 In the present study, a positive correlation between 
MMP levels was observed with sperm motility, which 
substantiates previous reports in crossbred bulls (Bollwein 
et al., 2008) and confirms the importance of mitochondrial 
potential to maintain sperm functionality. We also 
confirmed the significant correlation of MMP levels with 
post-incubation motility after two hrs, viability, acrosome 
intactness and plasma membrane integrity (Table 3). These 
observations demonstrated that the assessment of early 
apoptosis marker of sperm cell i.e. MMP may reflect 
sperm quality. Likewise, the importance of mitochondrial 
potential and its positive correlation with the conception 
rate in Frieswal cattle (Srivastava et al., 2018) was earlier 
observed. In the present study, the linear regression 

analysis between MMP and post-thaw motility, along with 
the regression equation, is illustrated in Fig. 2.

 A significant negative correlation of MDA levels 
with the routine semen analysis variables was observed 
(Table 3). LPO, a second messenger of oxidative stress 
(OS), was inversely correlated with post-thaw progressive 
motile spermatozoa (%) at 0 min, post-thaw 120 min 
incubation, acrosome intactness and plasma-membrane 
functionality of cryopreserved semen samples in Frieswal 
bulls. Spermatozoa are susceptible to OS as the sperm 
plasma membrane is composed of substantial amount of 
polyunsaturated fatty acids which are the target sites of 
reactive oxygen species (Agarwal et al., 2014). High levels 
of LPO are detrimental to sperm functions and decreases 
membrane fluidity, which in turn affects sperm motility 
(Atiken, 2020). In our study, the correlation between MDA 
levels and semen parameters are in congruence with the 
other research reports (Kadirvel et al., 2014; Soni et al., 

Fig. 2. Linear regression analysis between mitochondrial membrane 
potential (MMP) and post-thaw motility in Frieswal Bulls

Fig. 1. Spermatozoa with High (red/orange mid-piece; A) and low 
(green mid-piece; B) mitochondrial membrane potential (400×)
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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

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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Cat. No. Item No. 15003). This satin selectively enters into 
mitochondria and changes fluorescence characteristics 
with alteration in MMP. In live and active sperm cells JC-1 
forms complexes (multi-meres known as J-aggregates), 
which fluoresce red/orange (high-MMP). A decrease in 
MMP, which is a very early event in apoptosis, results in 
JC-1 monomers, which fluoresce green, low MMP (Fig. 
1). The procedure followed was described by Srivastava 
and Pande (2017). Briefly, 1 mL of sperm suspension was 

analysis viz. freezable (n=15; PTM  50%) and non-

freezable semen sample (n=9; PTM < 50%).

Semen quality assessment: Frozen samples were thawed 
in a thawing unit at 37° C for 30 seconds. The contents of 
semen straws were evacuated in a plain borosilicate glass 
test tube maintained in a water bath at 34° C. The semen 
samples underwent assessment for parameters related to 
semen quality, including sperm motility, viability, 
acrosome intactness, and plasma membrane integrity after 
the thawing process. The forward progressive motility of 
the sperm cells was assessed under a light microscope 
(Olympus BX40) at a magnification of ×200 and at least 10 
different fields were observed.

 The supra-vital stain Eosin was used to differentiate 
between viable and non-viable spermatozoa. A minimum 
of 200 sperm heads were counted across the slides in 
different fields. The sperm plasma membrane integrity was 
assessed using HOST. A minimum of 200 spermatozoa were 
counted in different fields at 400× under a phase-contrast 
microscope for determining HOST reactive spermatozoa. 
Acrosomal integrity was assessed using the Giemsa stain, 
as per the standard protocol. The spermatozoa 
wereobserved under oil immersion (1000 ×). A minimum 
of 200 sperm cells were counted per slide for assessment.

 The sperm MMP was assessed using a membrane-
permeable fluorimetric cationic dye, 5,6-dichloro-2-[3-
(5,6-dichloro-1,3-diethyl-1,3-dihydro-2H-benzimidazol-
2 - y l i d e n e ) - 1 - p r o p e n - 1 - y l ] - 1 , 3 - d i e t h y l - 1 H -
benzimidazolium, monoiodide (JC-1 byCayman, USA; 

Table 3: Correlation* coefficients and the P values between MMP, LPO, Catalase activity and semen quality parameters in 
Frieswal Bulls

 MMP (%) MDA (µmol/mL) Catalase (U/mg)

 r P r P r P

PTM (%) 0.725 <0.0001 -0.642 <0.001 0.071 NS

Motility PI-120 min (%) 0.585 <0.003 -0.720 <0.0001 0.194 NS

Viability (%) 0.702 <0.0001 -0.627 <0.001 0.060 NS

Acrosome Intactness (%) 0.664 <0.0001 -0.547 <0.006 -0.141 NS

Membrane Integrity (%) 0.694 <0.0001 -0.597 <0.002 0.007 NS

NS, not statistically significant; *Pearson’s correlation;  n = 24, PTM, post-thaw motility, PI, post-incubation, MMP, Mitochondrial 
membrane potential, MDA, malondialdehyde

Table 2. Semen quality parameters of Frieswal bulls at 
post-thaw stage (Means ± SEM)

Groups Freezable Non-Freezable
n 15 9

b aPTM (%) 54.67±1.33  34.44±1.76
b aMotility PI-120 min (%) 35.00±1.38  15.56±1.76
b aViability (%) 58.73±1.46  38.78±1.87
b aAcrosome Intactness (%) 53.93±1.60  34.89±1.84
b aMembrane Integrity (%) 48.93±1.49  36.00±1.43
b aHigh-MMP (%) 50.05±1.15  36.78±1.01

Catalase (U/mg) 0.01±0.00 0.01±0.00
a bMDA (µmol/mL) 1.73±0.04  2.26±0.08

Values bearing different superscripts in a row differ significantly 
(p<0.05). n, number of samples, PTM, post-thaw motility, PI, 
post-incubation, MMP, Mitochondrial membrane potential, 
MDA, malondialdehyde.

mixed with 1 mL of working JC-1 solution. The mixture 
was kept in incubator (5% CO  for 20 min at 37° C) in 2

humidified chamber. Thereafter, it was centrifuged, and 
the sperm pellet was re-suspended in1 mL ice-cold 
staining buffer. A drop was then placed on a slide and 
observed under a coverslip. The observations were 
performed immediately under an epifluorescence 
microscope (80i Nikon, Japan) under 400 × in green filter.

 The levels of lipid peroxidation (LPO) were 

Table 1. Semen quality assessment of fresh semen (Means± 
SEM)

Semen Attributes 

Volume (mL) 5.54±0.11

Progressive Motile Sperm (%) 74.58 ±1.03
6Concentration (10 /mL) 961.25±29.79

Viability (%) 78.21±1.05

Membrane Integrity (%) 73.29±1.35

Intact Acrosome  (%) 75.53±1.67

Abnormality (%) 8.18±1.03

N, number of samples = 24
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determined by measuring the levels of malondialdehyde 
(MDA) which is an end product of lipid peroxidation. 
MDA was estimated using thiobarbituric acid (TBA) assay 
(Sanocka and Kurpisz, 2004). Catalase activity was 
determined in sample using Aebi’s method (1984) and 
estimated using the formula by Cuellar-Cruz et al. (2009).

Statistical analyses: The data underwent statistical 
analysis using standard procedures. The results obtained 
are presented as mean ± SEM. Data were analyzed by 
using SPSS 20.0 (SPSS Inc., Chicago, USA) statistical 
software. The regression analysis graph was designed 
using GraphPad Prism software version 5.0 (GraphPad 
Software, San Diego, CA, USA).

RESULTS AND DISCUSSION

Assessment of neat semen

 The neat semen characteristics of Frieswal bulls are 
presented in Table 1.

Assessment of frozen-thawed semen

 The percentage of progressively motile spermatozoa, 
post-thaw incubation motility (120 min), viability, 
acrosome intactness and plasma membrane functionality 
in both the groups are presented in Table 2. The forward 
progressive motility (%) exhibited a significant decrease 
(p < 0.001) in all cryopreserved semen samples, regardless 
of the group, as compared to neat semen. However, in the 
non-freezable semen samples there was a huge reduction 
in all the semen quality parameters. Further, the levels of 
MDA in freezable group was significantly lower than that 
in the non-freezable group. However, the results of 
catalase test did not show statistically significant 
differences between the groups.

 The results of this study also showed a significant 
correlation between post-thaw MMP and lipid per-
oxidation levels with all the routine semen analysis 
parameters assayed (Table 3).

 In the present study, a positive correlation between 
MMP levels was observed with sperm motility, which 
substantiates previous reports in crossbred bulls (Bollwein 
et al., 2008) and confirms the importance of mitochondrial 
potential to maintain sperm functionality. We also 
confirmed the significant correlation of MMP levels with 
post-incubation motility after two hrs, viability, acrosome 
intactness and plasma membrane integrity (Table 3). These 
observations demonstrated that the assessment of early 
apoptosis marker of sperm cell i.e. MMP may reflect 
sperm quality. Likewise, the importance of mitochondrial 
potential and its positive correlation with the conception 
rate in Frieswal cattle (Srivastava et al., 2018) was earlier 
observed. In the present study, the linear regression 

analysis between MMP and post-thaw motility, along with 
the regression equation, is illustrated in Fig. 2.

 A significant negative correlation of MDA levels 
with the routine semen analysis variables was observed 
(Table 3). LPO, a second messenger of oxidative stress 
(OS), was inversely correlated with post-thaw progressive 
motile spermatozoa (%) at 0 min, post-thaw 120 min 
incubation, acrosome intactness and plasma-membrane 
functionality of cryopreserved semen samples in Frieswal 
bulls. Spermatozoa are susceptible to OS as the sperm 
plasma membrane is composed of substantial amount of 
polyunsaturated fatty acids which are the target sites of 
reactive oxygen species (Agarwal et al., 2014). High levels 
of LPO are detrimental to sperm functions and decreases 
membrane fluidity, which in turn affects sperm motility 
(Atiken, 2020). In our study, the correlation between MDA 
levels and semen parameters are in congruence with the 
other research reports (Kadirvel et al., 2014; Soni et al., 

Fig. 2. Linear regression analysis between mitochondrial membrane 
potential (MMP) and post-thaw motility in Frieswal Bulls

Fig. 1. Spermatozoa with High (red/orange mid-piece; A) and low 
(green mid-piece; B) mitochondrial membrane potential (400×)
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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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ABSTRACT
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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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2019; Gallo et al., 2021).

 Catalases are antioxidant enzymes that catalyse the 
conversion of hydrogen peroxide to water and oxygen 
thus, combatting the OS in most of the body systems/fluids 
including semen.In the present study, no correlation was 
observed among catalase concentration and other semen 
quality parameters and the activity was lower in Frieswal 
bulls as compared to other crossbred bulls (Sharma et al., 
2016; Singh et al., 2020). However, it has been reported 
that exogenous addition of catalase in bull semen, 
improves post-thaw semen quality and a significant 
correlation can be seen between catalase activity in 
freezable and non-freezable semen samples following 
catalase supplementation (Singh et al., 2020).

 The sperm mitochondria produce energy for the 
movement of the sperm (Hirata et al., 2002). If the 
mitochondria are intact, then the sperm’s fertilisation 
ability is likely to be good. The cryopreserved semen used 
for AI undergoes a series of tests to ensure the best semen 
quality for end-users. However, still the conception rate 
through AI is relatively low (GOI, 2017). In humans, 
recent researches have concluded that threshold levels of 
MMP should be established and included for semen 
examination (Barbagallo et al., 2020). This study also 
validates the use of fluorescence microscope in 
combination with LPO levels as a simple and powerful 
methodology for supplementary evaluation of sperm 
quality. In conclusion, this study states that, the evaluation 
of MMP and LPO levels can reflect sperm quality making 
its application as a complement to routine semen analyses 
in Frieswal breeding bulls. For the validation of the MMP 
and LPO to act as compliment test for semen analysis in the 
breeding bulls needs a state wide study throughout the 
semen stations across the country.
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  Osteoarthritis is one of the commonly encountered 
conditions in geriatric dogs and is characterised by variable 
degrees of pain, reluctant to jump or climb upstairs, 
stiffness of gait, lameness, joint swelling and crepitus 
(Beale, 2004). Obesity causes extra stress to the joint and 
thereby promoting cycle of inflammation, degradation and 
chondrocyte damage in osteoarthritis dog. Overfeeding is 
one of the reasons for development of osteoarthritis in 
older canines. Restricted movement is one of the direct 
reasons predisposing to osteoarthritis in dogs (Nesic et al., 
2006). The major risk factors associated with Osteoarthritis 
in dog are obesity, lack of exercise, injury, hormonal 
imbalances, non-physiological burdens and mixtures of 
several conditions (Gencoglu et al., 2020). Hip dysplasia is 
a hereditary orthopaedic condition in certain breeds will 
predisposes to osteoarthritis in dogs (Lust, 1980). 
Neutering is a major factor for musculoskeletal disorders 
like osteoarthritis in dogs (O’Neill et al., 2020). Vigorous 
exercise (Mele, 2007) and excess calcium supplementation 
especially during the growth stages may predispose dogs 
for the development of osteoarthritis. Dogs kept on slippery 
flooring like tarpaulin and newspapers are more likely to 
develop hip dysplasia, which may lead to osteoarthritis in 
later stages of life (Witte, 2019). Hypothyroidism accounts 
for 3.4% of the osteoarthritic cases in dogs (Juge et al., 2017).

MATERIALS AND METHODS

 The present investigation was carried out in the 
Department of Veterinary Medicine, Veterinary Clinical 
Complex and Veterinary Surgery and Radiology, 
Rajendranagar, Hyderabad and Veterinary Hospital, 
Bhoiguda, Telangana. A total of 3040 geriatric dogs over a 
period of 6 months from January to June 2022 were screened 

to know the incidence of osteoarthritis among geriatric 
dogs. A detailed history was collected from the owners of 
all the suspected cases and subsequently tested for joint, 
bone and soft tissue abnormalities by radiography, 
ultrasonography and computed tomography. Among these, 
350 dogs were affected with osteoarthritis. A detailed 
investigation from all the positive cases were conducted to 
record the risk factors associated with osteoarthritis in 
geriatric dogs.

RESULTS AND DISCUSSION

 In the present study, the risk factors recorded for 
osteoarthritis were reported to be overweight in 202 
(57.71%), followed by neutering in 45 (12.86%), slippery 
floor in 33 (9.43%), overuse of calcium in 30 (8.57%), 
heavy exercise in 20 (5.71%), underlying joint diseases in 
15(4.29%) and hypothyroidism in 5 (1.43%) geriatric 
dogs. Among the all the risk factors, overweight was found 
to be major factor involved in occurrence of osteoarthritis 
in geriatric dogs, followed by neutering, slippery floor, 
imbalances between Ca: P, heavy exercise, underlying 
joint diseases and hypothyroidism.

 The present results are in near accordance with 
findings of McLaughlin and Roush (2002), Marshall et al. 
(2009), Runge et al. (2010), Sanderson (2012) and Anderson 
et al. (2020). Metabolic and systemic consequences of 
obesity may play a more significant role in the aetiology of 
OA, wherein fat produces systemic inflammatory factors 
like cytokines and adipokines, which were distinct adipose 
tissue-produced components with considerable 
inflammatory qualities (Mosley et al., 2022). Further in 
obese cases increased body weight leads to increased 
pressure on the weight bearing joints and predisposes for 
the development of OA (Anderson et al., 2020) and obesity 
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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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