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Abstract

Dairying in Pakistan is a vital sector of Agricultural economy. Dairy alone plays a significant role in the national economy, contributing more
than several cash crops. The dairy sector in the country is fragmented and disorganized but it has taken a pace in the recent past through
following some modern husbandry techniques and technological intervention by commercial enterprises. Industry is still facing a lot of
challenges in dairy due to lack of scientific management, lack of breeding strategies and shortage of feeding stuffs, management, scientific
breeding, market related issues and veterinary cover. By covering these hurdles, the country owes a great challenge in improving the
productivity of dairy animals by taking care of public demands and health issues through balancing their diet and nutrition. This chapter will
delineate some measures to augment the milk production and availability by adopting scientific management, improving genetic potential,
precision nutrition, improving milking systems, herd welfare and management and by adapting modern interventions. The government is
also expected to bring farmer friendly dairy policies, with economic considerations, having decent market margins and improved
infrastructures to make dairying one of the lucrative enterprises.
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Introduction

Cattle (taurine) were domesticated about ten to twelve thousand years ago in the Levant, western Iran, and central Anatolia. During
Indus valley civilization Zebu Cattle had been domesticated and used for their milk for 7,000-8,000 years (Felius et al., 2014). Since then,
dairy animals have been a source of livelihood for the people of the subcontinent. While water buffalo were domesticated around 6,300 years
ago in western India, the river buffalo spread west to Egypt, the Balkans, and Italy (Zhang et al., 2020). In the old ages dairy production was
a hard task including a significant level of physical work but as the technologies advanced dairy became easy but also complex and beneficial
for mankind before and now.

Pakistan possesses 103.8 million heads (MH) of cattle (57.5) and buffaloes (46.3) which produce 67,986 thousand tons of milk (Fig 1).
The sheep (32.7 MH) and goat (87.0 MH) provide 42, and 1074 thousand tons (TT) of milk and the camel (1.2 MH) adds 956 TT, making the
total milk production in the country to the tune of 70,071 TT (Pakistan Economic Survey, 2023-24).

Pakistan is the third-largest milk-producing country in the world (FAO, 2024) making dairy farming a vital sector of agriculture with
large number of animals as stated above. Dairying provides milk and a variety of products including butter, buttermilk, yogurt, cheese, etc.

Management of dairy animals has been a routine practice of livestock owners and dairy farmers. Most of the dairy animals constitute
family farms and their management has been a traditional chore but now the dairy farms have evolved dramatically and drastically over the
years, particularly with the integration of modern technological, nutritional and managemental practices under the changing environment.
Commercial dairy farms evolved at the end of the industrial revolution (Fuquay et al., 2011; McGuffey and Shirley, 2011). This holistic
approach through integration of technologies involved in cow health improvement, milk quality, environmental sustainability and economic
viability creating a more resilient and productive dairy farming system. This chapter delineates how modern advancements and innovations
contribute to the production, and well-being of the dairy animals contributing towards holistic health.

Importance of Holistic Health Management

Integrating the physical, emotional, and environmental well-being of dairy cows is essential to holistic health management. Preventing
illnesses is only one aspect of dairy cow health; other factors include protecting the animals' psychological well-being, comfort, and stress-
free environment. Better milk production, quality, and herd lifespan will result from these.

Sustainable methods that lessen the detrimental effects of dairy farming on the environment, including (i) soil erosion, (ii) water
contamination, and (iii) greenhouse gas emissions, are also part of holistic health. While improving the health of the cows, practices including (a)
rotational grazing, (b) appropriate waste management, and (c) the use of organic feed lessen the environmental impact (Brkic and Puvaca, 2024).

Consumers are increasingly interested in dairy products that are not only nutritious but also ethically produced. Holistic dairy farming
approaches thus give a competitive advantage for farmers that can meet the growing demand for dairy products that are environment
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friendly and animal welfare concerned.

To obtain desirable results we need to understand the condiments of Holistic Health Management of dairy animals those include (i)
housing and comfort impact on health and production, (ii) precision nutrition and feeding management, (iii) breeding management (iv)
milking systems and their evolution, (v) herd health and welfare management, (vi) sustainable dairy farming practices, (vii) technological
innovation in dairying, (viii) economic considerations, and (ix) future trends in dairying (Fig 2).
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Fig. 1: Showing the total population of animals & their
milk production.

Housing and Comfort: Impact on Health and Production

Housing design and environmental management are critical to guarantee
dairy cows' health, comfort, and productivity. Modern dairy housing systems
prioritize cow welfare, focusing on ventilation, bedding, space, and temperature
management. Comfortable cows produce more milk, thus proper housing design
is a concern for modern dairy farms (Toledo, 2018).

In modern dairy farming the housing is made of free-stall barns with
comfortable bedding which provide better comfort and easy approach to feeding
and watering facilities, however congested behavior need to be avoided that leads
to aggressive behavior. However, Rao et al. (2014) stated that when cow lies
down, around 22% of the blood circulates more to the udder. This shows that
extra hours of lie down (maximum upto 14 hrs) produces additional 1-2 liter milk
per head per day. The flooring used in dairy barns is crucial for preserving hoof
health and preventing lameness, so soft bedding and non-slip flooring materials
are recommended. In addition to providing a pleasant resting surface, proper
bedding regulates moisture and bacteria levels, lowering the risk of diseases like
mastitis. Regular cleaning and restocking of bedding ensure excellent hygiene and
comfort for cows (Andreasen and Forkman, 2012).

Ventilation and steady flow of fresh air in the dairy barns is vital that
reduces the moisture, heat, temperature and development of toxic gasses such as
ammonia, which can irritate cows' respiratory systems and raise the risk of
sickness. Ventilation will reduce the causes of heat stress that significantly lower

milk output. Tomasello et al. (2021) suggested that barns having cooling devices such as fans, sprinklers, and misters to keep cows cool and
lessen the incidence of heat stress. They further stated that when air velocity ranged between 0.24ms™ and 1.23ms™, the percentage of lying
cows highly increased and this corresponds to discomfort reduction.

Fig. 2: Condiments of Modern Dairy
Farming.
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Proper nutritional management is one of the most important aspects of contemporary dairy farming since it directly influences milk
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production, cow health, and overall farm profitability. Precision feeding, or tailoring diets to the precise needs of individual cows or groups of
cows, has emerged as the gold standard in modern dairy operations. Such feeding ensures that each animal gets the proper nutritional
requirements to fulfill its protein, caloric and mineral requirements, also it improves the waste reduction and feed efficiency.

High-quality forages such as grass, hay and silage, which are the backbone of dairy feed that fulfill the fiber requirements of the dairy
cows and help in maintaining the rumen environment. This helps in better FCR and enhances milk production. Considerable advances have
been seen in fodder management with the use of inoculants and preservatives that increase silage fermentation and preserve its nutritional
content for extended periods of time.

As a sustainable approach, the rotational grazing systems are getting popular which allow cows to graze in a regulated manner
preventing overgrazing and giving time to grasslands recovery. This increases the nutritional content of forage, and also adds to soil health
and conservation of biodiversity. Some researchers have concluded that rotational grazing is an excellent approach for low input dairy
operations (Billman et al., 2020), that result in greater forage mass availability and improve nutritive value in comparison with crowd
grazing. The nutritional requirements of dairy animals keep on changing depending on age, physiological stages, lactation, environment and
overall health thus it warrants precision feeding system by using the data with the help of herd management software to offer the feed as per
individualized or specialized group of dairy animals.

Sustainable milk production demands a balanced ration avoiding metabolic disorders like ketosis. To offer the right amount of protein
and energy, precision feeding systems should be in place to provide good health and to lower the risk of nutritional imbalances. Bach, (2014)
and Tariq & Singh (2023) narrated that accurate monitoring of moisture and nutrient contents of total mix ration (TMR), stocking density
and feed bunk management can increase the milk production of any dairy farm.

In modern dairy farms, the feed additives and supplements are frequently employed in addition to their basic diets, to improve cow
health and production. To keep the rumen pH stable and prevent acidosis, rumen-protected amino acids, and buffers are used to promote
milk protein. Also, use of probiotics and prebiotics is gaining popularity as natural alternatives to antibiotics for improving gut health and
immunity. Moreover, the supplementation of minerals such as Se and Zn are added to dairy diets to boost reproductive performance and
general health (Omur et al., 2016).

The innovations of sensor-based feeding technologies like automatic calf feeder, robotic feeding and TMR plants have transformed the
management of dairy farms nutrition. At modern dairy farms the computerized data obtained through sensor based IoT (internet of things)
devices allow the dairy managers to allow precision feeding to individual animals or groups at predetermined times, ensuring that they eat a
constant, and balanced ration. Such automation will increase feed efficiency and also lower the labor expenses and lessens the possibility of
human error in feed formulation and distribution (Simitzis et al., 2022).

Breeding Management

Breeding management is the most crucial component for the smooth and gainful running of a dairy enterprise. It has a direct influence
on milk production, herd replacement, and farm profitability. Selection of breeding stock is the most essential component of the dairy farm
which include right true to type dairy animals and bulls with high genetic potentials for character and traits like milk yield, fat percentage,
and disease resistance, etc.

For the long-term genetic improvement, advanced genomic evaluation aids in the identification of beneficial genes associated with
production, fertility, and adaptability. A careful selection is required to choose animals with a proven calving history and with genetic
markers for features like as calving ease, with minimal reproduction disorders and disease resistance that can help in accurate selection of
dairy animals. Screening for genetic abnormalities assures breeding stock's health and viability. For efficient heat detection technologies such
as mounting behavior, activity monitors, use of pedometers and mucous discharge, etc. can be used for accurate detection and timeliness. The
role of artificial insemination (AI) has significant advantages, such as increased genetic variety and lower illness risks. Proper semen handling
and skilled technicians enable high conception rates, but natural breeding necessitates strict monitoring of breeding bull health and overall
fertility (Luz et al., 2018). For dairy animals, reproductive health is very important that includes frequent health screenings and
immunizations against illnesses such as brucellosis. Ease of calving management reduces risks by ensuring quick help during difficult
parturitions and prompt postpartum care of dam and calf. Accurate breeding record facilitates tracking of estrus, insemination events,
pregnancy diagnosis and timely parturitions.

Hormonal treatments are done for estrus synchronization and uniformity in calving schedules (Heuwieser et al., 1997). Breeding
management, which combines genetic advancements, precise health protocols, and modern technology, ensures sustainable milk production
and profitability on dairy farms. Breeding success is confirmed by pregnancy diagnosis using techniques like ultrasound or milk protein tests,
which also optimize herd management. For any successful dairy farm culling practices (10-15%) and herd replacements with genetically
superior heifers are essential for maintaining productivity.

Modern Milking Systems

Gone are the days when milking was done manually, which was easy, though time-consuming and time specific but was susceptible to
changes in milk quality and sanitation as relying on human labor attracted contaminations due to human interventions. The introduction of
automated milking systems (AMS) has transformed the dairy industry. These methods allow cows to be milked based on their natural cycles,
minimizing stress, and improving overall milk production. AMS devices are intended to milk cows more effectively and hygienically by
utilizing sensors to monitor the cow's udder and ensure that each teat is optimally milked without causing any discomfort to the milking
herd.

The real-time information about each cow's milk yield, milking frequency, and milk composition is automatically recorded and this
offers in identifying health problems early, such as mastitis that can compromise milk quality. Early diagnosis of health issues enables
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farmers to respond quickly, limiting disease transmission and increasing overall herd health and biosecurity (Neculai-Valeanu et al., 2024).

New milking parlors such as rotary and parallel parlors have accelerated the milking process, enabling large-scale operations that can
milk hundreds of cows in a short period of time. These systems also focus cleanliness, with automated teat washing and post-milking
disinfection routines to limit the incidence of diseases. Furthermore, the design of these parlors is based on cow comfort, reducing stress
while increasing milk output. However, ignoring "cow comfort" can cost much coinage in milk production (Lage, 2024).

Recent studies have revealed that milking cows more often can boost milk output. AMS permits cows to be milked up to four times (4x)
per day, depending on their production potentials. Increased frequency of milking promotes the udder to produce more milk without putting
udder under pressure which may cause discomfort and health related issues like mastitis, udder fatigues and decreased milk yield in the long
run. However, cow’s well-being may be kept in mind while increasing the frequency of milking (Ipema and Benders, 1992).

Herd Health and Welfare

Running a successful dairy farm depends a lot on effective herd health management. It is not just about treating cows when they’re sick
but there is so much more to do with it. Preventive care, keeping stress significantly levels low, and detecting the illnesses early possible, all
play a big role in modern dairy farming. A good manager should always has a goal to create an environment where cows can truly be
comfortable and produce clean, healthy milk not just react to problems as they come up.

Preventive care of cow health has become a major part of running a modern dairy farm. Some measures like customized vaccination
schedules, regular deworming, and biosecurity measures make a huge difference in preventing diseases like foot-and-mouth disease (FMD),
brucellosis, or bovine viral diarrhea (BVD). A regular health check-up on the herd and keeping an eye out for early signs of diseases can save
a lot of difficulties facing ahead cutting down the need of antibiotics and helps the whole herd stay stronger and robust (Newcomer et al.,
2014).

One of the most common health problems of dairy cows is mastitis that can cause serious financial losses by affecting milk production
and its quality. To timely address this issue, techniques like somatic cell count (SCC) can help in early detection of udder infections. Now a
days, modern milking parlors have the ability to test SCC levels in real times that elevates the awareness levels of the farmers saving them
from future complications among the dairy herd. Along with careful monitoring, many farmers are practicing antibiotic-free treatments like
probiotics therapies and herbal disinfectants for keeping their animals healthy (Chotigarpa et al., 2019). All these steps don’t just help treat
the illness they also play a big role in making sure the milk that reaches consumers is safe and of high-quality (Pyorala, 2002).

Taking care of foot health is a big challenge in keeping the herd healthy. When a cow is affected by laminitis, it can seriously affect how
well she can graze or move around, which often leads to a drop in milk production. These days, many dairy farms focus on regular hoof
trimming, using softer bedding, and adding supplements to diets to keep hooves strong. Some farms even use automated footbaths to help
prevent bacterial infections, which can go a long way in reducing the risk of lameness (Thomsen et al., 2012).

Sustainable Dairy Farming

Sustainability is becoming more important in modern dairy production, as consumers and regulatory agencies value environmental
care. Sustainable dairy farming strategies safeguard the environment while also ensuring dairy farms' long-term survival by lowering cost of
production and increasing efficiency.

Manure management is a critical aspect of sustainable dairy farming. Properly managed manure may be utilized as a beneficial fertilizer
in crop production, decreasing the requirement for chemical inputs. Many contemporary dairy farms employ manure storage systems to
avoid fertilizer runoff into surrounding water sources. In addition, some farms are implementing methane capture technology, which
transform gasses produced during manure breakdown into sustainable energy. This not only cuts greenhouse gas emissions but also
generates additional revenue for the farm (Tauseef et al., 2013).

Dairy production is a water intensive industry, as it is utilized to hydrate cows as well as clean them. Water recycling devices are being
used at modern dairies to reduce water wastage and efficient water usage by fulfilling the three R strategy (reuse, recycle and renew). For
example, many systems now collect and purify water that’s been used to clean barns, parlors and milking equipment. This recycled water can
then be reused for things like irrigation or cleaning tasks that don’t require clean and drinking water. It’s a win-win situation: farmers save
money while also meeting stricter environmental regulations around water use and pollution (Monteiro et al., 2023).

Sustainable dairy farming also requires a good soil health as high-quality and good forages can’t be produced with unhealthy soils. And
it also reduces the use of synthetic fertilizers. Practices like rotational grazing, planting cover crops, and minimizing tillage are making a big
difference. For instance, rotational grazing allows pastures to recover between grazing periods, giving cows access to nutrient-rich feed while
preventing overgrazing. According to Billman et al. (2020), this approach not only protects the soil from erosion but also improves water
retention. This results in greener pastures, healthier cows, and a more sustainable way to produce fodder and forages.

Smart Dairying

It's fascinating to observe that how many things have been evolved recently by growing technological innovations which are reshaping
the dairy farming systems. Dairy farmers now have access to tools that help them run their farms more efficiently, care for their animals
better, and much increased milk production at the same time. From systems that analyze herd data to robotic milking machines, the focus
has shifted toward saving time, cutting costs, and making sure the cows are happy and healthy. There’s even a term for this high-tech
approach: "precision dairying" (Berckmans, 2017). It’s all about using tools like sensors, cameras, and GPS trackers to get real-time updates
on everything from a cow’s activity levels to her milk yield. For example, wearable sensors have become a game-changer (Kristensen, 2003).
These little devices can be attached to cows to monitor things like body temperature, movement, and even when they’re in heat. Imagine
knowing the exact moment a cow might be getting sick because her activity level dropped or her temperature spiked, it gives farmers a head
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start to intervene and prevent bigger issues. GPS collars, too, are a big help. They let farmers track where the cows are grazing, making sure
they’re eating enough and aren’t under stress (Rehman et al., 2009). It’s a far cry from the days of walking out to the pasture and just
eyeballing things.

Then there are robotic milking systems (RMS), which are one of the coolest innovations in modern farming. These systems let cows
decide when they’re ready to be milked, you read that right. The cows just walk into a milking stall whenever they feel like it, and the
machine takes care of the rest. No farmer standing there attaching milking units; the robot does it all. This is not only a huge labor saver, but
it’s also great for the cows. They’re not being forced into a schedule, and they seem to like the freedom. On top of that, these robots use
sensors to analyze milk quality, yield, and even the cow’s health. They can detect problems like mastitis early, which is critical for keeping the
herd healthy (Simoes Filho et al., 2020).

Another exciting development is in health monitoring systems. These systems are getting so advanced that some can measure things like
rumen pH levels, basically the acidity in a cow’s stomach. This helps farmers catch conditions like acidosis before they become serious. Some
farms are also using robotic footbaths. These devices apply medicine to the cows’ hooves to prevent lameness, but they’re smart enough to
only treat the cows that need it. This not only saves on medication but also keeps the animals in better shape.

And then there’s the software. Modern herd management systems are incredibly detailed. They gather data from all these high-tech
tools like sensors and robotic milkers and give farmers a complete overview of their herd. The software can track things like how much a cow
is eating, how active she is, or how much milk she’s producing. If something seems off, like a cow isn’t eating enough or has a drop in milk
output, the system flags it. Farmers can also use these programs to monitor reproductive cycles, fine-tune breeding plans, and even see how
well artificial insemination is working (Kristensen, 2003). Feeding plans can also be customized using this software, ensuring each cow gets
the right nutrition based on her stage of lactation or her production level. In the end, this reduces feed waste and boosts profits.

It’s amazing to think about how far dairy farming has come, and it’s clear that technology is at the heart of this transformation. Farmers
today aren’t just caretakers; they are data analysts, animal health specialists, and environmental stewards. Farmers feel excited and happy
when they use these tools to handle the dairy herds and their subsequent produce.

Economic Considerations

Although the technological innovations and ecological practices are money intensive, however they have the potential to boost the dairy
farm efficiency. Now it is up to the farmers to weigh the economic benefits of using technological measures against the benefits to be
obtained. For example, installing robotic milking systems, automated feeders, or advanced herd management software requires a major
financial investment. It’s not just about the initial price tag either but there is also maintenance or operating costs to consider. For many
farmers, deciding whether to adopt these tools means balancing the promise of increased efficiency and sustainability with the reality of their
budget. However, these technologies can result in considerable labor savings, higher milk outputs, and better animal health, which can
eventually outweigh the initial expenditures. For instance, implementing an RMS may be expensive, but it may minimize the need for manual
labor, increase milking frequency, and enhance milk quantity and quality. According to Berckmans (2017), farms that use robotic milking
systems often have increased milk output due to reduced cow stress and improved milking intervals. Farmers should do comprehensive cost-
benefit evaluations before investing in new technology to guarantee that the long-term economic benefits outweigh the initial expenditures.
Financing alternatives and government subsidies for implementing sustainable practices may also assist farmers minimize their financial
burden.

Farmers who follow these methods may profit from higher prices as customer demand for ethically manufactured, ecologically
sustainable, and health-conscious dairy products grow. Organic dairy farming, for instance, has gained appeal due to the supposed health and
environmental benefits of organic production systems. Consumers are typically ready to pay more for dairy products that are free from
antibiotics, hormones, or synthetic fertilizers (McBride and Green, 2009).

Farmers that prioritize sustainability and animal welfare in their marketing efforts can stand out in a competitive market, creating a
devoted consumer base. Partnering with retailers and processors who share the same values can go a long way in building strong, reliable
supply chains for these premium products (Vinnichek et al., 2021). Dairy production systems face a variety of issues, including milk market
price volatility, variable feed prices, shifting weather patterns and climate change scenario. Some of these hazards can be minimized by
modernizing dairy enterprises and implementing precise technology that not only increases efficiency but also lowers input costs. Precision
feeding systems are a great example of how technology can help farmers make the most of their feed while cutting costs, especially during
times when commodity prices are high. By adopting precise feed utilization, these systems will ensure that every bit of feed goes further,
reducing waste and saving money. Farmers also have tools like insurance programs and forward contracts to protect themselves from
unpredictable swings in milk prices. On top of that, diversification can make a big difference. Some farmers even combine crop husbandry
with their dairy operations, creating additional revenue for instance, processed dairy products like cheese or yogurt can open up new income
vistas and reducing their dependence on milk sales alone.

Future trends in Dairying

The future of dairy farming is shaping up to be exciting and a little unpredictable. With technology advancing faster than ever, customer
preferences constantly changing and sustainability becoming a growing issue, it feels like we are standing on the edge of some major
changes. These shifts are not just about making farms run smoother, they also are helping farmers to work in a better environment and
keeping up with the growing global appetite for milk and dairy products.

The changes brought about by Artificial Intelligence (AI) are surprising the entrepreneurs the way they are shaping up the future of
dairy industry. We are talking about using Al to manage herds, monitor feeding, harvesting milk, and even prevent diseases. For example,
imagine Al spotting early warning signs of mastitis in a cow just by noticing tiny changes in her milk or her behavior. It could give farmers a
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chance to step in early and avoid bigger issues. Al could also adjust feeding programs on the fly, factoring in things like the weather or how
much forage is available, to keep cows healthier and cut down on waste. Honestly, it’s kind of mind-blowing how much data these systems
can process and how much they could save farmers in time and money (De Vries et al., 2023).

On the genetics side, there’s some interesting stuff happening too. Scientists are finding ways to improve the genetics of dairy cows, so
they’re healthier, produce more milk, and can handle tough environments better (Britt et al., 2018). Traits like resistance to disease or being
able to use feed more efficiently could make a huge difference for farmers trying to stay profitable. And now there’s talk of gene editing,
which could help create cows that tolerate heat better or have better reproductive performance. With climate change making things harder
for farmers and the world’s population growing fast, these advances might be essential.

At the same time, there’s no ignoring the rise of plant-based and lab-grown dairy products. More and more people are looking for
environment friendly or lactose-free options, and those products are improving to meet the demand. The traditional dairy farms can still
thrive if they focus on what makes them special sustainability, caring for their animals, and producing high-quality milk that’s natural and
nutrient packed. People still value that kind of authenticity (Lonkila & Kaljonen, 2021).

Interestingly, some farms are experimenting with blending the old and the innovative technologies by adding plant-based products to
their lineup alongside traditional dairy. It is a smart move, we think, because it opens up new ways to earn a living while staying competitive
in an ever-changing market. Who knows where this hybrid approach could lead? It is kind of exciting to think about the possibilities.

Outcome

This chapter delineates that dairying is a lucrative business and how commercial dairy farmers can maximize their output from their
animals by adopting modern gadgets of information and devices to understand the cows’ behavior and their possible remedies to generate
welfare to get maximum profit from them. However, one must make cost effective analyses and compare the cost with the benefits derived
from the adoption of these contemporary devices and expensive innovations at any dairy. Judicious use of resources in all faucets of
management, getting maximum profit from healthy and happy animals, and staying competitive in the market should be the goal of any
modern and successful dairy enterprise.
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