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  India has experienced rapid growth and development 
in recent times. In rural areas, where 54.6% of the 
workforce is involved in agricultural and allied sector 
activities, small and marginal land holdings, ranging from 
0.00 to 2.00 hectares, made up 86.08% of total land holdings 
in 2015-16 (Annual report, 2020-21). Additionally, the 
livestock sector is employing 16.44 million workers in 
activities such as animal farming, mixed farming, fishing, 
and aquaculture, according to the Department of Animal 
Husbandry and Fisheries (DADF, 2019). The dairy sector 
looks much more balanced as compared to agriculture. 
Dairying plays a big role mainly for small and marginal 
farmers as a shock absorber during crop failure. Dairy 
production, processing, and marketing employ 80-90 
million people (Rao, 2017) which helped in poverty 
alleviation and rural employment in the country. The 
Haryana state has a record of about 117.35 MT of milk in 
2019-20 and ranks second in-country for per capita per day 
milk availability of 1118 grams (GOI, 2021). Due to 
diminishing land holdings and a growing population, dairy 
farming is emerging as a crucial pillar of support for the 
rural population in Haryana. Consequently, the Department 
of Animal Husbandry and Dairying is dedicated to enhancing 
milk productivity by implementing genetic improvements 
and reducing input costs. Livestock Development Schemes 
play a great role in farmers’ socio-economic development.

 The Department of A.H. and Dairying has been 
implementing various schemes over the years to support 

livestock development and bring about socio-economic 
development. Some of these Schemes include a scheme for 
the conservation and development of indigenous cattle and 
Murrah development (CDIC and MD), a Scheme for 
providing employment opportunities to Scheduled Castes, 
Haryana Pashudhan Bima Yojana, Pashu Kisan Credit 
Card (PKCC scheme), Scheme for the establishment of Hi-
Tech and Mini Dairy units, etc. for this sector (Haryana 
Govt., 2022). However, the effectiveness of such schemes 
has not been ascertained. Earlier, Chand et al. (2014) 
reported that Livestock services provided by SDAH were 
deemed moderately effective, available to a reasonable 
extent, and satisfactory according to farmers. However, 
there is a shortage of studies that systematically capture the 
challenges faced by beneficiaries of these schemes.

 Considering these factors, a research investigation 
was carried out to identify the challenges encountered by 
farmers and veterinarians in accessing and executing these 
schemes, respectively. This study has the potential to offer 
valuable insights and essential input for enhancing the 
planning and implementation processes.

METHODOLOGY

 The word constraint is commonly used in most 
social sciences synonymous to problems or barriers. A 
constraint refers to anything that hinders a system from 
attaining a superior performance in relation to its 
objective. Constraints are also defined as the condition of 
being limited or restricted in a particular course of action. 
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In the present study, constraints were defined as specific 
irresistible forces, as perceived by respondents and 
veterinarians, that served as obstacles in the utilization and 
execution of livestock development schemes, as perceived 
by beneficiaries and veterinarians, respectively.

 The study was conducted in Haryana state using 
multistage sampling, covering both northeastern and 
southwestern zones. Sampling was carried out from zone 
to village level to evaluate the overall impact of LDS in 
Haryana. Random selection was made for two districts, 
Kurushetra and Hisar, and two sub-divisions, Thanesor 
and Shahbad in Kurushetra district, and Hisar-II and 
Barwala in Hisar district. The SDO (A.H. & D.) office of 
selected subdivisions provided a comprehensive list of 
beneficiaries of selected livestock development schemes 
for 2017-18, 2018-19, 2019-2020, and 2020-2021. Fifteen 
beneficiaries were randomly chosen from each subdivision 
using a simple lottery method, totaling sixty beneficiaries. 
A list of non-beneficiaries was prepared with the help of 
the veterinarian of the area from where beneficiaries were 
selected, and non-beneficiaries were chosen randomly 
from the prepared list. The selection of beneficiaries and 
non-beneficiaries is crucial to provide a clear picture of the 
effects of various schemes on farmers who are beneficiaries 
and those who are not. A list of veterinarians was obtained 
from the DD (A.H. & D.) office of each selected district, 
and twenty veterinarians were randomly chosen using a 
simple lottery method from each district, making a total of 
forty veterinarians selected.

 A well-structured interview schedule was used as a 
tool for collecting data from selected respondents which 
contain the provision for assessment of constraints 
perceived by beneficiary farmers in availing the LDS. 
Similarly, a questionnaire was developed for the ascertaining 
constraints perceived by veterinarians in implementing the 
livestock development schemes. Under the direction of 
subject matter experts and members of the scheme’s 
implementing agency, constraint items were selected in 
accordance with the limited scope of the plan, resource 
availability, regulatory requirements, time limits, technical 
limitations, etc. Participants and veterinarians were 
requested to assess constraints using a three-point scale, 
indicating ‘agree,’ ‘neutral,’ and ‘disagree,’ with corresponding 
score values of 3, 2, and 1. Subsequently, the scores for 
each constraint item were totaled.

RESULTS AND DISCUSSION

 Data regarding constraints faced by the beneficiary 
respondents is summarized in the table-1 indicates that a 
majority of beneficiaries considered inadequate field staff 
in village as major constraint with mean score value 2.98. 

Earlier other workers like Chaudhary and Intodia (2000), 
Smitha et al. (2019) and Maria Poulose and Veerakumaran 
(2022) also reported that low accessibility to veterinary 
services and a lack of sufficient veterinary officials were 
the main problems faced by dairy farmers. The unavailability 
of staff when farmers visit could be the cause for respondents 
identifying this as a constraint. Since the officials felt the 
shortage of the staff members to implement the scheme, 
special staff particularly for implementation of scheme 
need to be appointed. The respondents’ perception of this 
constraint was quite logical as many posts in institutions 
are vacant. Most often, the veterinarians are being involved 
in rendering of veterinary services with the coverage area 
of 6-10 villages. Obviously, the fact of inadequate manpower 
hampers the implementation of these schemes under the 
ambit of the institution.

 Lack of official’s co-operation with a mean score of 
2.97 ranked as second most serious constraint (Table 1). 
Again 98.3 per cent beneficiaries perceived it as constraint. 
Heavy workloads specially on financing agencies and banks 
while availing these schemes and lack of coordination 
among different livestock service delivering agencies 
might be probable reason for this constraint. The finding is 
in the accordance with the study of Manoharan et al. 
(2003), Bardhan and Tiwari (2007), Bushetti and Biradar 
(2019), Smitha et al. (2019) and Singh and Chandel (2020) 
who reported that a significant constraint was the insufficient 
assistance received from the department and the delayed 
response from the government department when accessing 
benefits.

 Lack of sufficient interest to complete formalities 
with mean score 2.85 was third major constraint followed 
by a lot of time is required (delay in processing of 
application), limited target number of beneficiaries, lack 
of knowledge about various schemes, lack of confidence 
level of beneficiaries and poor internet connection in village 
etc. (Table 1). The majority of farmers may be reluctant to 
approach various government departments, possibly 
because of their non-cosmopolitan background.

 The schemes administered by the Department of 
Animal Husbandry and Dairying (DAHD) of the Haryana 
Government require adherence to numerous documentation 
procedures to provide benefits to farmers. Documents such 
as bank certificates, animal insurance, veterinary health 
certificates, PPP, PAN, AADHAR, Below Poverty Line 
(BPL) cards, and others must be submitted. Moreover, 
these documents undergo verification by designated 
committees consisting of local elected representatives. 
These procedures are established to ensure the fair 
identification of suitable beneficiaries. This tedious 
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trus synchronizathod that synchronizes ovulations is 
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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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  India has experienced rapid growth and development 
in recent times. In rural areas, where 54.6% of the 
workforce is involved in agricultural and allied sector 
activities, small and marginal land holdings, ranging from 
0.00 to 2.00 hectares, made up 86.08% of total land holdings 
in 2015-16 (Annual report, 2020-21). Additionally, the 
livestock sector is employing 16.44 million workers in 
activities such as animal farming, mixed farming, fishing, 
and aquaculture, according to the Department of Animal 
Husbandry and Fisheries (DADF, 2019). The dairy sector 
looks much more balanced as compared to agriculture. 
Dairying plays a big role mainly for small and marginal 
farmers as a shock absorber during crop failure. Dairy 
production, processing, and marketing employ 80-90 
million people (Rao, 2017) which helped in poverty 
alleviation and rural employment in the country. The 
Haryana state has a record of about 117.35 MT of milk in 
2019-20 and ranks second in-country for per capita per day 
milk availability of 1118 grams (GOI, 2021). Due to 
diminishing land holdings and a growing population, dairy 
farming is emerging as a crucial pillar of support for the 
rural population in Haryana. Consequently, the Department 
of Animal Husbandry and Dairying is dedicated to enhancing 
milk productivity by implementing genetic improvements 
and reducing input costs. Livestock Development Schemes 
play a great role in farmers’ socio-economic development.

 The Department of A.H. and Dairying has been 
implementing various schemes over the years to support 

livestock development and bring about socio-economic 
development. Some of these Schemes include a scheme for 
the conservation and development of indigenous cattle and 
Murrah development (CDIC and MD), a Scheme for 
providing employment opportunities to Scheduled Castes, 
Haryana Pashudhan Bima Yojana, Pashu Kisan Credit 
Card (PKCC scheme), Scheme for the establishment of Hi-
Tech and Mini Dairy units, etc. for this sector (Haryana 
Govt., 2022). However, the effectiveness of such schemes 
has not been ascertained. Earlier, Chand et al. (2014) 
reported that Livestock services provided by SDAH were 
deemed moderately effective, available to a reasonable 
extent, and satisfactory according to farmers. However, 
there is a shortage of studies that systematically capture the 
challenges faced by beneficiaries of these schemes.

 Considering these factors, a research investigation 
was carried out to identify the challenges encountered by 
farmers and veterinarians in accessing and executing these 
schemes, respectively. This study has the potential to offer 
valuable insights and essential input for enhancing the 
planning and implementation processes.

METHODOLOGY

 The word constraint is commonly used in most 
social sciences synonymous to problems or barriers. A 
constraint refers to anything that hinders a system from 
attaining a superior performance in relation to its 
objective. Constraints are also defined as the condition of 
being limited or restricted in a particular course of action. 

ABSTRACT

 Livestock Development Schemes (LDS) are crucial programs that aim to support and promote livestock production. However, their 
effectiveness can be significantly limited by various constraints. A thorough investigation was carried out in the Hisar and Kurukshetra districts of 
Haryana to record the challenges veterinarians encountered when executing different livestock development programs. The study also aimed to 
identify the constraints that dairy farmers encounter when availing of these schemes. The respondents included 60 farmers and 40 veterinarians. The 
study identified several major constraints faced by dairy farmers, such as inadequate field staff, lack of official cooperation, lengthy procedures, 
enormous formalities, regulatory hurdles, lack of knowledge, and limited target of beneficiaries. In contrast, veterinarians considered the 
multifarious jobs of field functionaries the most important constraint. To overcome these constraints, it is suggested to simplify the procedures for 
availing the schemes. Such constraints can significantly impact the ability of dairy farmers and veterinarians to take advantage of opportunities, 
improve their operations, and promote sustainable practices.

Keywords: Constraints, Haryana, Livestock schemes, Veterinarians
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In the present study, constraints were defined as specific 
irresistible forces, as perceived by respondents and 
veterinarians, that served as obstacles in the utilization and 
execution of livestock development schemes, as perceived 
by beneficiaries and veterinarians, respectively.

 The study was conducted in Haryana state using 
multistage sampling, covering both northeastern and 
southwestern zones. Sampling was carried out from zone 
to village level to evaluate the overall impact of LDS in 
Haryana. Random selection was made for two districts, 
Kurushetra and Hisar, and two sub-divisions, Thanesor 
and Shahbad in Kurushetra district, and Hisar-II and 
Barwala in Hisar district. The SDO (A.H. & D.) office of 
selected subdivisions provided a comprehensive list of 
beneficiaries of selected livestock development schemes 
for 2017-18, 2018-19, 2019-2020, and 2020-2021. Fifteen 
beneficiaries were randomly chosen from each subdivision 
using a simple lottery method, totaling sixty beneficiaries. 
A list of non-beneficiaries was prepared with the help of 
the veterinarian of the area from where beneficiaries were 
selected, and non-beneficiaries were chosen randomly 
from the prepared list. The selection of beneficiaries and 
non-beneficiaries is crucial to provide a clear picture of the 
effects of various schemes on farmers who are beneficiaries 
and those who are not. A list of veterinarians was obtained 
from the DD (A.H. & D.) office of each selected district, 
and twenty veterinarians were randomly chosen using a 
simple lottery method from each district, making a total of 
forty veterinarians selected.

 A well-structured interview schedule was used as a 
tool for collecting data from selected respondents which 
contain the provision for assessment of constraints 
perceived by beneficiary farmers in availing the LDS. 
Similarly, a questionnaire was developed for the ascertaining 
constraints perceived by veterinarians in implementing the 
livestock development schemes. Under the direction of 
subject matter experts and members of the scheme’s 
implementing agency, constraint items were selected in 
accordance with the limited scope of the plan, resource 
availability, regulatory requirements, time limits, technical 
limitations, etc. Participants and veterinarians were 
requested to assess constraints using a three-point scale, 
indicating ‘agree,’ ‘neutral,’ and ‘disagree,’ with corresponding 
score values of 3, 2, and 1. Subsequently, the scores for 
each constraint item were totaled.

RESULTS AND DISCUSSION

 Data regarding constraints faced by the beneficiary 
respondents is summarized in the table-1 indicates that a 
majority of beneficiaries considered inadequate field staff 
in village as major constraint with mean score value 2.98. 

Earlier other workers like Chaudhary and Intodia (2000), 
Smitha et al. (2019) and Maria Poulose and Veerakumaran 
(2022) also reported that low accessibility to veterinary 
services and a lack of sufficient veterinary officials were 
the main problems faced by dairy farmers. The unavailability 
of staff when farmers visit could be the cause for respondents 
identifying this as a constraint. Since the officials felt the 
shortage of the staff members to implement the scheme, 
special staff particularly for implementation of scheme 
need to be appointed. The respondents’ perception of this 
constraint was quite logical as many posts in institutions 
are vacant. Most often, the veterinarians are being involved 
in rendering of veterinary services with the coverage area 
of 6-10 villages. Obviously, the fact of inadequate manpower 
hampers the implementation of these schemes under the 
ambit of the institution.

 Lack of official’s co-operation with a mean score of 
2.97 ranked as second most serious constraint (Table 1). 
Again 98.3 per cent beneficiaries perceived it as constraint. 
Heavy workloads specially on financing agencies and banks 
while availing these schemes and lack of coordination 
among different livestock service delivering agencies 
might be probable reason for this constraint. The finding is 
in the accordance with the study of Manoharan et al. 
(2003), Bardhan and Tiwari (2007), Bushetti and Biradar 
(2019), Smitha et al. (2019) and Singh and Chandel (2020) 
who reported that a significant constraint was the insufficient 
assistance received from the department and the delayed 
response from the government department when accessing 
benefits.

 Lack of sufficient interest to complete formalities 
with mean score 2.85 was third major constraint followed 
by a lot of time is required (delay in processing of 
application), limited target number of beneficiaries, lack 
of knowledge about various schemes, lack of confidence 
level of beneficiaries and poor internet connection in village 
etc. (Table 1). The majority of farmers may be reluctant to 
approach various government departments, possibly 
because of their non-cosmopolitan background.

 The schemes administered by the Department of 
Animal Husbandry and Dairying (DAHD) of the Haryana 
Government require adherence to numerous documentation 
procedures to provide benefits to farmers. Documents such 
as bank certificates, animal insurance, veterinary health 
certificates, PPP, PAN, AADHAR, Below Poverty Line 
(BPL) cards, and others must be submitted. Moreover, 
these documents undergo verification by designated 
committees consisting of local elected representatives. 
These procedures are established to ensure the fair 
identification of suitable beneficiaries. This tedious 
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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., 
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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

Haryana Vet. (September, 2023) 62(SI-2), 18-21 Research Article

WATER FOOTPRINT ASSESSMENT OF CATTLE MILK AT SMALLHOLDER FARMS

RAKESH KUMAR, GAUTAM and EKTA RANI*
Department of Veterinary and Animal Husbandry Extension Education,

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

Received: 31.01.23; Accepted: 25.04.2023

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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from such dairy development schemes.

 Apart, each item analysis of perceived constraints 
showed that more than 90 per cent beneficiaries agreed that 
inadequate field staff in village creates hindrance in 
availing these schemes; Lack of official’s co-operation, lot 
of time is required and sufficient interest to complete 
formalities as constraints. Above 60 per cent beneficiaries 
agreed that poor internet connection in village, confidence 
level of beneficiaries, and lack of knowledge about various 
schemes and limited target in Livestock development 
schemes as constraints. Favouritism in disbursal of these 
schemes, improper record keeping and sufficient skill to 
complete formalities perceived as least valuable constraints 
because of less than one fourth of beneficiaries were agreed 
with them. The findings align with the research conducted 
by Rana et al., 2019, which investigated the implementation 
of the Doodh Ganga Yojana in the Kangra District of 
Himachal Pradesh. The study identified constraints faced 

procedure for availing benefits from these schemes was 
the one of major constraints which were faced by the 
beneficiaries. Hence, steps should be taken to make 
procedure for availing various livestock schemes more 
relaxed and simplified. Rana and colleagues (2019) reported 
comparable results. On the other hand, favoritism in 
disbursal of these schemes with mean score 1.02 was lowest 
ranked constraint. This was followed by improper record 
keeping and sufficient skill to complete formalities for 
availing the schemes. The success of the Hi-tech and Mini 
Dairy Unit Establishment Scheme and the PKCC Scheme 
relies on the subsidy amount, which necessitates a 
certificate from bank authorities. Beneficiaries identified a 
lack of understanding about banking activities as a 
constraint. Additionally, a significant constraint was 
perceived to be the lack of awareness among farmers about 
the scheme. Therefore, there is a need to conduct awareness 
programmes so that more number of the farmers get benefit 

Table 1. Constraints perceived by beneficiaries in availing livestock development schemes (N=60)

Sr. Constraints F (%) of ME ± SD Rank
No.  agreement

1 Do you think inadequate field staff in village creates hindrance in availing these schemes? 59 (98.3) 2.98±0.13 I

2 Do you think that lack of official’s co-operation is a major constraint in availing these schemes? 59 (98.33) 2.97±0.26 II

3 Do you think that you have sufficient interest to complete formalities for availing these schemes? 54 (90) 2.85±0.48 III

4 Do you think that a lot of time is required for availing these schemes? 55 (91.67) 2.83±0.55 IV

5 Do you think that number of beneficiaries is limited in these schemes? 49 (81.67) 2.75±0.57 V

6 Do you think that lack of knowledge about various schemes hinders their availability? 47 (78.33) 2.67±0.67 VI

7 I am confident that I can avail schemes 37 (61.67) 2.62±0.49 VII

8 Do you think that poor internet connection in village is main constraint in availing these schemes? 37 (61.67) 2.47±0.74 VIII

9 Do you think that you have sufficient skill to complete formalities for availing these schemes? 15 (25) 2.12±0.61 IX

10 Do you think that improper record keeping is major constraint in availing these schemes? 05 (8.33) 1.64±0.63 X

11 Do you think that there is favoritism in disbursal of schemes? 0 (0) 1.02±0.13 XI

(Figures in parentheses indicate percentage)

Table 2. Constraints perceived by Veterinarians in implementing livestock development schemes (N=40)

Sr. Constraints F (%) of Hisar Kurukshetra MS±SD Rank
No.  agreement MS±SD MS±SD

1. Multifarious jobs of Animal Husbandryfield functionaries 38 (95) 3±0 2.85±0.48 2.92±0.34 I

2. Incomplete documentation on the part of farmers 37 (92.5) 2.8±0.61 2.9±0.45 2.85± 0.53 II

3. Frequent rejection of application by banks 34 (85) 2.75±0.55 2.85±0.49 2.8±0.51 III

4. Lack of transport facilities for extension work 33 (82.5) 2.6±0.68 2.95±0.22 2.77±0.52 IV

5. Delay in processing of applied application 31 (77.5) 2.7±0.65 2.65±0.67 2.67±0.65 V

6. Improper distribution of targets per GVH 28 (70) 2.6±0.75 2.45±0.82 2.52±0.77 VI

7. Larger area per extension officer 28 (70) 2.35±0.87 2.65±0.74 2.5±0.80 VII

8. Lack of extension staff  for Animal HusbandryExtension Activities 27 (67.5) 2.25±0.96 2.6±0.75 2.42±0.86 VIII

9. Technical problems in saralharyana.gov.in portal 22 (55) 2.05±0.99 2.4±0.82 2.22±0.91 IX

10. Superstitious belief  about schemes 20 (50) 2.45±0.82 1.95±0.88 2.2±0.87 X

11. Record keeping is a difficult task in field 18 (45) 1.9±0.96 2.25±0.85 2.07±0.91 XI

12. Negative feedback from farmers 12 (30) 1.95±0.89 1.7±0.86 1.82±0.86 XII

13. Communication barrier with farmers 10 (25) 1.9±0.91 1.5±0.76 1.7±0.84 XIII

14. Frequent transfer of field staff 9 (22.5) 1.7±0.92 1.5±0.76 1.6±0.83 XIV

(Figures in parentheses indicate percentage)
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officer and lack of extension staff. Similarly, Jadoun et al. 
(2017), Channappagouda and Sasidhar (2018), 
Sangameswaran et al. (2019) and Sahu et al. (2019) 
reported that insufficient number of veterinary professionals 
at field, inadequate supporting staff, more area of 
coverage, poor transportation facilities, fewer avenues for 
promotion and veterinarians identified insufficient 
linkages between research and extension services as a 
significant constraint. Arbitrary fixation of targets might 
be due to inadequate baseline information about the 
village. Most often, livestock development programmes 
are aimed at targeted approach in rendering inputs to the 
pro-poor farmers. But as expressed by the respondents of 
the study, the fixed targets should match the baseline data 
of the village for the successful implementation of the 
programme. Similar finding was reported by Goyal et al. 
(2014) and Yadav et al. (2017). On the other hand, frequent 
transfer of field staff (22.5%) was least perceived constraint 
by veterinarians followed communication barrier with 
farmers, negative feedback from farmers, record keeping 
is a difficult task in field, superstitious belief about 
schemes, technical problems in www.saralharyana.gov.in 
portal etc. This probably reflects good communication 
skills of vets and a greater confidence in the inter-
relationship with beneficiary farmers. Phand et al. (2020) 
also revealed that Skill, communication and technical 
barrier were most remarkable constraints. Besides, Goyal 
et al. (2018) revealed that veterinarians considered 
financial constraints to be the most severe, followed by 
situational, technological, motivational, administrative, 
and human resource development constraints. Additionally, 
they identified policy, system, and regulation constraints, 
social constraints, and infrastructural constraints.

CONCLUSIONS

 In the present paper, an attempt has been made to 
document the constraints perceived by veterinarians and 
dairy farmers. The overall analysis indicates that major 
constraints faced by dairy farmers were inadequate field 
staff followed by lack of official co-operations, time 
consuming process, lack of interest and knowledge and 
limited coverage of beneficiaries. Perhaps, the farmers 
aspire for more of such schemes. Therefore, it is suggested 
that there should be expansion in coverage of such 
schemes. The major constraints faced by veterinarians 
were multifarious job of field functionaries followed by 
incomplete documentation, frequent rejection of 
application, lack of transport facilities, and delay in 
processing and improper distribution of targets. To 
overcome these constraints, it is essential to invest in 
education and outreach programs to increase awareness 
about LDS programs, provide access to resources and 

by various stakeholders and concluded that the cumbersome 
loan application process, delays in loan approval, and a 
lack of awareness among farmers about the scheme were 
considered significant constraints. Data regarding 
constraints perceived by veterinarians in implementing 
LDS is presented in the table 2. A majority of Veterinarians 
(95%) perceived multifarious jobs of Animal Husbandry 
field functionaries as the most serious constraint with 
mean score value 2.92 (table 2). Veterinarians are involved 
in implementation of many livestock development 
programmes under their ambit. Most often, veterinarians 
are involved in treating the ailing animals, attending 
disease outbreaks, implementation of livestock development 
programmes and disease control programmes. Thus, this 
study suggest that integration in planning, implementation 
and evaluation with due cooperation from all the actors is 
inevitable for the success of livestock development 
schemes. Jadoun et al. (2017), Verma et al. (2020), Subash 
et al. (2021) and Sharma et al. (2022) reported similar 
findings that various administrative workloads was 
perceived as top reported constraints by the Vets. Incomplete 
documentation on the part of farmers (92.5%) with a mean 
score of 2.85 ranked as second most serious constraint 
(Table 2). The results obtained were consistent with the 
findings of the study by Channappagouda and Sasidhar 
(2018) and Sangameswaran et al. (2019) who found that 
low and untimely availability of input documents was one 
of major constraint.

 As we know, many documents like PAN, AADHAR, 
PPP, No dues certificate from various banks etc. have to 
produce to complete formalities of these schemes which 
itself is tedious procedure. This might be logical reason for 
incomplete documentation on behalf of farmers. Frequent 
rejection of application by banks (85%) ranked as third 
most serious constraint followed by lack of transport 
facilities for extension work. Frequent rejection of application 
may be due to incomplete documentation on behalf of 
farmer. Poor budget allocation to DAHD may results in 
lack of transport facilities. Veterinarians serving at 
grassroots level find it very difficult to serve the needy 
farmers due to shortage of many basic facilities. In order to 
improve livestock service delivery, adequate transport 
facilities with budgetary allocation for maintenance was 
suggested by vets. They were not given vehicles and travel 
allowances for field visits. This discovery aligns with the 
results reported by Rajput (2006), who highlighted that 
inadequate transport facilities in villages and a lack of 
medicinal resources in hospitals were major challenges for 
pastoralists in accessing animal health services. These 
were followed by delay in processing of applied application, 
improper distribution of targets, larger area per extension 
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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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from such dairy development schemes.

 Apart, each item analysis of perceived constraints 
showed that more than 90 per cent beneficiaries agreed that 
inadequate field staff in village creates hindrance in 
availing these schemes; Lack of official’s co-operation, lot 
of time is required and sufficient interest to complete 
formalities as constraints. Above 60 per cent beneficiaries 
agreed that poor internet connection in village, confidence 
level of beneficiaries, and lack of knowledge about various 
schemes and limited target in Livestock development 
schemes as constraints. Favouritism in disbursal of these 
schemes, improper record keeping and sufficient skill to 
complete formalities perceived as least valuable constraints 
because of less than one fourth of beneficiaries were agreed 
with them. The findings align with the research conducted 
by Rana et al., 2019, which investigated the implementation 
of the Doodh Ganga Yojana in the Kangra District of 
Himachal Pradesh. The study identified constraints faced 

procedure for availing benefits from these schemes was 
the one of major constraints which were faced by the 
beneficiaries. Hence, steps should be taken to make 
procedure for availing various livestock schemes more 
relaxed and simplified. Rana and colleagues (2019) reported 
comparable results. On the other hand, favoritism in 
disbursal of these schemes with mean score 1.02 was lowest 
ranked constraint. This was followed by improper record 
keeping and sufficient skill to complete formalities for 
availing the schemes. The success of the Hi-tech and Mini 
Dairy Unit Establishment Scheme and the PKCC Scheme 
relies on the subsidy amount, which necessitates a 
certificate from bank authorities. Beneficiaries identified a 
lack of understanding about banking activities as a 
constraint. Additionally, a significant constraint was 
perceived to be the lack of awareness among farmers about 
the scheme. Therefore, there is a need to conduct awareness 
programmes so that more number of the farmers get benefit 

Table 1. Constraints perceived by beneficiaries in availing livestock development schemes (N=60)

Sr. Constraints F (%) of ME ± SD Rank
No.  agreement

1 Do you think inadequate field staff in village creates hindrance in availing these schemes? 59 (98.3) 2.98±0.13 I

2 Do you think that lack of official’s co-operation is a major constraint in availing these schemes? 59 (98.33) 2.97±0.26 II

3 Do you think that you have sufficient interest to complete formalities for availing these schemes? 54 (90) 2.85±0.48 III

4 Do you think that a lot of time is required for availing these schemes? 55 (91.67) 2.83±0.55 IV

5 Do you think that number of beneficiaries is limited in these schemes? 49 (81.67) 2.75±0.57 V

6 Do you think that lack of knowledge about various schemes hinders their availability? 47 (78.33) 2.67±0.67 VI

7 I am confident that I can avail schemes 37 (61.67) 2.62±0.49 VII

8 Do you think that poor internet connection in village is main constraint in availing these schemes? 37 (61.67) 2.47±0.74 VIII

9 Do you think that you have sufficient skill to complete formalities for availing these schemes? 15 (25) 2.12±0.61 IX

10 Do you think that improper record keeping is major constraint in availing these schemes? 05 (8.33) 1.64±0.63 X

11 Do you think that there is favoritism in disbursal of schemes? 0 (0) 1.02±0.13 XI

(Figures in parentheses indicate percentage)

Table 2. Constraints perceived by Veterinarians in implementing livestock development schemes (N=40)

Sr. Constraints F (%) of Hisar Kurukshetra MS±SD Rank
No.  agreement MS±SD MS±SD

1. Multifarious jobs of Animal Husbandryfield functionaries 38 (95) 3±0 2.85±0.48 2.92±0.34 I

2. Incomplete documentation on the part of farmers 37 (92.5) 2.8±0.61 2.9±0.45 2.85± 0.53 II

3. Frequent rejection of application by banks 34 (85) 2.75±0.55 2.85±0.49 2.8±0.51 III

4. Lack of transport facilities for extension work 33 (82.5) 2.6±0.68 2.95±0.22 2.77±0.52 IV

5. Delay in processing of applied application 31 (77.5) 2.7±0.65 2.65±0.67 2.67±0.65 V

6. Improper distribution of targets per GVH 28 (70) 2.6±0.75 2.45±0.82 2.52±0.77 VI

7. Larger area per extension officer 28 (70) 2.35±0.87 2.65±0.74 2.5±0.80 VII

8. Lack of extension staff  for Animal HusbandryExtension Activities 27 (67.5) 2.25±0.96 2.6±0.75 2.42±0.86 VIII

9. Technical problems in saralharyana.gov.in portal 22 (55) 2.05±0.99 2.4±0.82 2.22±0.91 IX

10. Superstitious belief  about schemes 20 (50) 2.45±0.82 1.95±0.88 2.2±0.87 X

11. Record keeping is a difficult task in field 18 (45) 1.9±0.96 2.25±0.85 2.07±0.91 XI

12. Negative feedback from farmers 12 (30) 1.95±0.89 1.7±0.86 1.82±0.86 XII

13. Communication barrier with farmers 10 (25) 1.9±0.91 1.5±0.76 1.7±0.84 XIII

14. Frequent transfer of field staff 9 (22.5) 1.7±0.92 1.5±0.76 1.6±0.83 XIV

(Figures in parentheses indicate percentage)
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officer and lack of extension staff. Similarly, Jadoun et al. 
(2017), Channappagouda and Sasidhar (2018), 
Sangameswaran et al. (2019) and Sahu et al. (2019) 
reported that insufficient number of veterinary professionals 
at field, inadequate supporting staff, more area of 
coverage, poor transportation facilities, fewer avenues for 
promotion and veterinarians identified insufficient 
linkages between research and extension services as a 
significant constraint. Arbitrary fixation of targets might 
be due to inadequate baseline information about the 
village. Most often, livestock development programmes 
are aimed at targeted approach in rendering inputs to the 
pro-poor farmers. But as expressed by the respondents of 
the study, the fixed targets should match the baseline data 
of the village for the successful implementation of the 
programme. Similar finding was reported by Goyal et al. 
(2014) and Yadav et al. (2017). On the other hand, frequent 
transfer of field staff (22.5%) was least perceived constraint 
by veterinarians followed communication barrier with 
farmers, negative feedback from farmers, record keeping 
is a difficult task in field, superstitious belief about 
schemes, technical problems in www.saralharyana.gov.in 
portal etc. This probably reflects good communication 
skills of vets and a greater confidence in the inter-
relationship with beneficiary farmers. Phand et al. (2020) 
also revealed that Skill, communication and technical 
barrier were most remarkable constraints. Besides, Goyal 
et al. (2018) revealed that veterinarians considered 
financial constraints to be the most severe, followed by 
situational, technological, motivational, administrative, 
and human resource development constraints. Additionally, 
they identified policy, system, and regulation constraints, 
social constraints, and infrastructural constraints.

CONCLUSIONS

 In the present paper, an attempt has been made to 
document the constraints perceived by veterinarians and 
dairy farmers. The overall analysis indicates that major 
constraints faced by dairy farmers were inadequate field 
staff followed by lack of official co-operations, time 
consuming process, lack of interest and knowledge and 
limited coverage of beneficiaries. Perhaps, the farmers 
aspire for more of such schemes. Therefore, it is suggested 
that there should be expansion in coverage of such 
schemes. The major constraints faced by veterinarians 
were multifarious job of field functionaries followed by 
incomplete documentation, frequent rejection of 
application, lack of transport facilities, and delay in 
processing and improper distribution of targets. To 
overcome these constraints, it is essential to invest in 
education and outreach programs to increase awareness 
about LDS programs, provide access to resources and 

by various stakeholders and concluded that the cumbersome 
loan application process, delays in loan approval, and a 
lack of awareness among farmers about the scheme were 
considered significant constraints. Data regarding 
constraints perceived by veterinarians in implementing 
LDS is presented in the table 2. A majority of Veterinarians 
(95%) perceived multifarious jobs of Animal Husbandry 
field functionaries as the most serious constraint with 
mean score value 2.92 (table 2). Veterinarians are involved 
in implementation of many livestock development 
programmes under their ambit. Most often, veterinarians 
are involved in treating the ailing animals, attending 
disease outbreaks, implementation of livestock development 
programmes and disease control programmes. Thus, this 
study suggest that integration in planning, implementation 
and evaluation with due cooperation from all the actors is 
inevitable for the success of livestock development 
schemes. Jadoun et al. (2017), Verma et al. (2020), Subash 
et al. (2021) and Sharma et al. (2022) reported similar 
findings that various administrative workloads was 
perceived as top reported constraints by the Vets. Incomplete 
documentation on the part of farmers (92.5%) with a mean 
score of 2.85 ranked as second most serious constraint 
(Table 2). The results obtained were consistent with the 
findings of the study by Channappagouda and Sasidhar 
(2018) and Sangameswaran et al. (2019) who found that 
low and untimely availability of input documents was one 
of major constraint.

 As we know, many documents like PAN, AADHAR, 
PPP, No dues certificate from various banks etc. have to 
produce to complete formalities of these schemes which 
itself is tedious procedure. This might be logical reason for 
incomplete documentation on behalf of farmers. Frequent 
rejection of application by banks (85%) ranked as third 
most serious constraint followed by lack of transport 
facilities for extension work. Frequent rejection of application 
may be due to incomplete documentation on behalf of 
farmer. Poor budget allocation to DAHD may results in 
lack of transport facilities. Veterinarians serving at 
grassroots level find it very difficult to serve the needy 
farmers due to shortage of many basic facilities. In order to 
improve livestock service delivery, adequate transport 
facilities with budgetary allocation for maintenance was 
suggested by vets. They were not given vehicles and travel 
allowances for field visits. This discovery aligns with the 
results reported by Rajput (2006), who highlighted that 
inadequate transport facilities in villages and a lack of 
medicinal resources in hospitals were major challenges for 
pastoralists in accessing animal health services. These 
were followed by delay in processing of applied application, 
improper distribution of targets, larger area per extension 
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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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infrastructure, simplify regulatory processes, and promote 
sustainable practices that ensure long-term success for 
both dairy farmers and veterinarians. There also appears a 
certain degree of gap in formulation and implementation 
of such schemes. It can be conjugated that regular 
interaction and stakeholder involvement in planning 
schemes including target fixation can be considered to 
ensure enthusiastic participation and in turn motivating the 
veterinarians. By mitigating these constraints, Livestock 
Development Services (LDS) programs can exert a more 
substantial influence on the advancement of the livestock 
industry, thereby contributing to the broader economic and 
social development of rural communities.
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of goats.

MATERIALS AND METHODS

Experimental location and duration: The whole 
experiment was conducted from June 2022 to October 
2022 at the Department of Veterinary Gynaecology and 
Obstetrics, College of Veterinary and Animal Science, 
Rajasthan University of Veterinary and Animal Sciences, 
Bikaner (Rajasthan), India.

Collection of samples: The samples were collected from 
the municipality and local slaughterhouse of Bikaner city. 
During routine slaughtering operations, the reproductive 
tracts of female Marwari goat genitalia were collected in 
Thermocol box with ice packs. Biometric parameters were 
recorded from 80 healthy non-gravid genital organs of 
Marwari goat.

Sample preparation and segregation of organs: As soon 
as genital organs were brought to the laboratory and it was 
washed with normal saline 2-3 times. Healthy non-gravid 
genital organs were divided into two groups on the basis of 
history taking and dentition before slaughter group A (age 
below 1 year and group B (more than 1 year). Organs in 
group B were further subdivided into two groups i.e. 
follicular phase and luteal phase based on differences in 
the morphological criteria like colour, consistency and 
vasculature of CL as described by Katare et al. (2015). The 
follicular stage would be characterized by the CL with 
creamy reddish white coloured tissues, regressing vessels 
(few to nil) and firm consistency (Jaglan et al., 2010) with 

  Goats were one of the first animals to be tamed by 
humans. Goats provide a dependable source of income to 
the majority of the rural population living below the 
poverty line in India. According to the 20th Livestock 
Census 2019, the total goat population in India is 148.88 
million (M) showing an increase of 10.14% over the 
previous census. Reproductive performance is 
economically important in small ruminants because of its 
effect on the number of offspring produced per year 
(Greyling, 2000). The Capra hircus species is a domestic 
animal in which the reproductive physiology is least 
understood compared to cattle, sheep and pigs. Findings of 
biometry during different phases of the estrous cycle may 
be utilized by the physiologist, embryo transfer 
technologist, breeders and other related workers for the 
development of the goat husbandry. Information on the 
biometrics of the reproductive system of livestock animals 
is necessary to improve fertility, reproduction and 
performance as well as enable the adoption of other 
assisted reproductive technologies (Okoye et al., 2017) 
and its reflects the overall well-being of the animal (Kumar 
et al., 2004). An accurate idea about the reproductive 
organs is necessary to maintain the good reproductive 
performance of goats.

 The present study was therefore designed to 
determine the reproductive tracts morphometry to provide 
baseline data for teaching, further research and for 
enhancing the reproductive capacity of the Marwari breed 

ABSTRACT

 With an objective to elucidate the effect of age on the biometry of genital organs in Marwari goats, a total of 115 genital organs were collected 
from municipal and local abattoirs of Bikaner city. Out of total 115 genitalia, 80 were non- pregnant healthy which were further subdivided into two 
groups (based on history and dentition before slaughter) Gp A (<1 year) and Gp B (>1 year). Furthermore, Gp B organs were categorized into two 
stages based on characteristics of corpus luteum and follicular structures on ovarian surface. Biometries of healthy genital organs were recorded in 
respective groups and phases. A significant (P<0.05) difference was observed in the biometry of genital organs in Gp A and Gp B. A significant 
(P<0.05) difference was recorded in weight, width and number of surface ovarian follicles between the follicular and luteal phase of estrous cycle 
whereas, no significant (P>0.05) difference was observed in ovarian biometry within the phases of estrous cycle. It was concluded that biometrical 
measurements of the different parts of female reproductive tract increase with age.

Keywords: Abattoir, biometry, estrous cycle, genital organs, Marwari goat
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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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P. leydeni | Bos taurus | Arg

P. cervi | Cervus elaphus | Croa

P. cervi | Bos grunniens | Chi

F. elongatus | Bos indicus | Ind

F. elongatus | Capra hircus | Ind

G. crumenifer | Bos indicus | Ind

Explanatum explanatum | Bubalus bubalis | Jap

Calicophoron microbothrium | Bos taurus | Egy

Fasciola gigantical | Bubalus bubalis | Egy

Haemonchus gigantical | Capra hircus | Italy

Paramphistomum epiclitum | Capra hircus | MTR

Paramphistomum epiclitum | Capra hircus | MTR

Fischoederius spp. | Capra hircus | MTR

Gastrothylax crumenifer | Capra hircus | MTR

Explanatum explanatum | Bubalus bubalis | MTR

Paramphistomum epiclitum | Bubalus bubalis | MTR

        KC283190 | G. crumenifer | Bos indicus | Ind

        KX639720 | Fischoederius spp. | Capra hircus | MTR s

        JQ688412 | G. crumenifer | Capra hircus | Ind

          JQ688410 | F. elongatus | Bos indicus | Ind

          GU133061 | F. elongatus | Capra hircus | Ind

       AB817059 | Calicophoron microbothrium | Bos taurus | Egy

         KX274233 | P. cervi | Cervus elaphus | Croa

         KP341659 | P. cervi | Bos grunniens | Chi

       MN535799 | Gastrothylax crumenifer | Capra hircus | MTR s

         KF564870 | P. epiclitum | Bubalus bubalis | Ind

         KX657874 | Paramphistomum epiclitum | Bubalus bubalis | MTR

         JX678261 | P. epiclitum | Bos indicus | Ind

         KX657873 | Paramphistomum epiclitum | Capra hircus | MTR s

         KX657875 | Paramphistomum epiclitum | Capra hircus | MTR s

   KJ995525 | P. leydeni | Bos taurus | Arg

AB743577 | Explanatum explanatum | Bubalus bubalis | Jap

                 KY889140 | Explanatum explanatum | Bubalus bubalis | MTR

                                                      AB553695 | Fasciola gigantical | Bubalus bubalis | Egy

                                                      FN432335 | Haemonchus gigantical | Capra hircus | Italy
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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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