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Introduction

During the past decade, the highest growth in the world’s egg production took place in (semi-) tropical regions. Asia, 
Africa, south and central America are the continents that have experienced massive growth in the production of eggs, 
and future growth is still forecasted to be high in these regions in the coming decades. It is not always easy to manage 
birds under these (semi-) tropical conditions even though the red junglefowl (e.g. the ancestor of today’s modern laying 
hens) originates from these semi-tropical/jungle regions. With the ever-increasing summer temperatures and number of 
heatwaves in the more temperate regions of the world, heat stress is also occurring more often and becoming a bigger 
challenge for more and more egg producers all over the globe. We have developed this management guide to provide 
the latest insights and practical tips and tricks to egg producers all over the world to help to improve the wellbeing and 
the performance of their flocks.

We trust that this management guide will make a positive contribution to the continuous improvement in the 
performance of laying hens all over the globe. We hope that each reader will be able to find some useful information 
from this management guide. More information on rearing and keeping laying hens can be found in our other 
publications. All the publications are freely available to you, please have a look at our website: layinghens.hendrix-
genetics.com. For tailor-made advice, please contact your local sales representative.

Villa ‘de Körver’ 
P.O. Box 114 
5830 AC Boxmeer 
The Netherlands, EU 

T +31 485 319111
E layinghens@hendrix-genetics.com

layinghens.hendrix-genetics.com

© Copyright 2021 Hendrix Genetics, Boxmeer, The Netherlands. 
All rights reserved.

Version L1203-1
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1  Biosecurity
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1  Biosecurity 
1.1  Introduction
Achieving good results with your flock depends highly on the health status of your birds. A good health status is very 
important for two main reasons: Healthy animals are more efficient producers, as disease costs energy that affects your 
profitability. Secondly, your goal of keeping laying hens is to produce safe and high-quality eggs. The eggs need to be 
safe for human consumption, free from pathogens and any other contamination. Biosecurity programs are installed to 
maintain a good health status. Biosecurity is the key to prevention of disease, together and in cooperation with custom 
made vaccination programs and disease eradication programs. Any national and local legislation, regulations and 
environmental restrictions must be followed. Prevention is always better and cheaper than cure.

In order to implement a biosecurity program, you need to understand what Biosecurity is about:
• Biosecurity is the prevention of introducing disease
• Biosecurity means minimizing the risk of entrance of pathogens onto a farm and into a house (flock)
• Biosecurity is the exclusion, eradication or effective management of risks.
• Biosecurity is recognizing risks and acting accordingly
• Disease can be airborne over a limited distance
• Disease can come along with the introduction of contaminated birds (direct contact)
• Disease can be introduced, attached to visitors/workers/rodents/flies/trucks/materials/feed/equipment (indirect contact)

1.2  Housing
Ideally, your poultry houses are located well away from other poultry houses and be managed under “all-in-all-out” 
principles, in order to prevent contamination between flocks of different ages. Whatever the building style, houses 
should be constructed in such a way that they can be easily and thoroughly cleaned and disinfected in between flocks. 
Ceiling height should be adequate for proper ventilation. Equipment used in the house should be designed for easy 
access and removal for clean-out, maintenance, and biosecurity considerations. 

Observe a strict separation between the outside and the inside of the farm premises. Install fences and facilitate the 
clean road / dirty road principle for the delivery of feed and the removal of manure and dead birds. This will prevent 
indirect contact between birds of different farms/houses. Do not allow trucks and cars on the clean part of the 
premises. Also maintaining the strict separation between outside and inside of the houses is important. This can be 
implemented quite simply: by changing clothes and footwear and washing + disinfection of hands before entering a 
poultry house. Ideally, equipment should be dedicated exclusively to one house and if the introduction of equipment 
or tools from another house is necessary, they should be carefully disinfected. The risk from vehicles entering the farms 
must be managed also.

With electrically powered equipment, it is essential to use a reliable source of electrical power. In houses with a 
controlled environment, standby generators and power failure alarms are necessary.

Houses should be rodent and bird-proof to prevent disease transmission from wild birds. Every air inlet should be 
equipped with nets to prevent this risk. Bait stations should be placed inside and outside the houses in order to control 
rodent activity. They should be checked regularly (once a month) in order to refill them, and the frequency of inspection 
should be increased during outbreaks of rodent activity. Wild animals should not have access to feed and water to 
prevent vermin. Keep insects under control, as insects can also be a source of contamination. Insect activity should be 
monitored in order to apply appropriate treatments at the right time. Only insecticides permitted for use near animals 

The most important part of biosecurity programs is often changing the way of thinking about what is clean and 
what is dirty – and acting accordingly. An understanding of the reasons why you implement certain biosecurity 
measures on a farm can help significantly in persuading staff to behave according to these rules. Biosecurity 
measurements must be simple, easy to understand, agreed upon and monitored.
Biosecurity is the cheapest, most effective means of disease control. The difficulty is not to implement a 
biosecurity program but to maintain it!
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1.3  Personnel    and visitors
Visits should be strictly controlled, and visitors should confirm that they have had no recent contact with other birds for 
at least 48 hours (preferably 72 hours). You should keep track of your visitors; you could do this via a visitor registration 
form (Appendix 1). Entry should be through a cloakroom with a full change of clothes and boots, and if possible, after 
taking a shower. Special care should be taken with boots, which should always be disinfected before entering the 
poultry houses. Cloakroom design should clearly show different areas with a dirty zone to remove “civilian” clothes, and 
a clean one, in which to put the farm clothes on. 

• Effective hand washing is the basis of 
good hygiene practice and is the first line 
of defense against infection as hands can 
easily be contaminated with pathogens. 
We can not only infect ourselves, we 
can also spread infection to co-workers 
and patients by touching them or shared 
objects. 

• Foot baths with disinfectant or disinfected 
treated pads are hard to maintain and 
therefore often useless. 

• At any time, dogs and cats should be 
kept out of the farm as they are potential 
transmitters of diseases that can affect 
your flock!

In order to prevent cross contamination do not allow farm employees to have poultry at home. Dedicated personnel for 
each flock are a must to reduce the risk of contamination from house to house. If this is not possible, visits should always 
be done in the order from younger to older houses, and to finish with sick/affected flocks if there are any.

should be used during the rearing and production periods. When you use insecticides, we strongly recommend the use 
inside the house just after depletion and a second treatment, just before the arrival of the replacement flock.

Storage rooms, where material to be used in the poultry houses is stocked, must also be bird, rodent and fly free. Feed 
can be a major risk factor for Salmonella. And make sure that you test that the drinking water is free from pathogens as 
drinking water can be contaminated with E. coli, yeast, molds and even Avian Influenza when surface water is used.
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Overview of the main production parameters that need to be monitored

Traits Optimal advanced practice

Feed consumption Daily

Water Consumption Daily

Mortality Daily

Climate Daily

Egg Production Daily

2nd grade eggs Daily

Egg size Daily

Hen bodyweight Weekly till 30 weeks, monthly after 30 weeks of age 

Disease free status Monthly

1.5 Clean up and disinfection
Bacteria and viruses can survive in environments for a long time. After flock depletion, houses must be cleaned and 
disinfected carefully, to prevent contamination with pathogens from the previous flock. The absence of stock permits 
unhindered access to all parts of the building and equipment, facilitating the terminal hygiene program of cleaning and 
disinfection. As soon as the stock have been depleted, work should commence. The sooner the program is completed, 
the greater the reduction in potential pathogens prior to restocking.

There are three basic tasks to be carried out:
1. Cleaning -the purpose is to remove organic matter and to make all surfaces visually clean.
2. Disinfection- the act of sanitizing the ‘clean’ surfaces.
3. Down Time – the time the house is empty, very effective tool to kill pathogens 

Dead birds can be a source of bacteria 
multiplication: make sure you remove dead birds 
daily. Dispose dead birds in a hygienic way, e.g. do 
not store them inside the laying house.

Prevent that rodents and insects have access to the 
dead birds as they can spread easily the pathogens. 
Register your mortality daily, by registering the 
mortalities and making it visual via a graph, you can 
better identify when your mortalities become too 
high and allows you to act in time!

1.4  Monitor your flock
Poultry keeping is all about the chickens, they are the ones producing the eggs. By monitoring the birds carefully, you 
can not only tell a lot about the health of your flock, but also about the quality of the housing and care. By having a 
close look on the flocks’ production, health status and behavior you should be able to understand your flock.

What to check?
Besides checking the disease-free status of your flock, as this will inform you how effective your biosecurity program is, 
normal production parameters should be registered and monitored in order to detect any abnormalities (reduction of lay, 
feed consumption or bodyweight). This is the best way to implement early corrective actions in order to solve any problem 
that might occur. 
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There are different suppliers of chemicals, and generally different products are needed for these two tasks, detergents 
are used for cleaning, and disinfectants for sanitizing. There are detergents available that also have some disinfecting 
properties, but in the poultry house make sure that you still apply a suitably formulated disinfectant to safeguard proper 
disinfection of the poultry house. In the following section we explain the different phases of a proper cleaning and 
disinfection program, step-by-step.

Stage 1 – removal
1. Livestock
2. Deadstock: dead birds and any carcasses
3. Feedstuffs: if you plan well, this can be minimized
4. Moveable equipment
5. Manure, remove all the manure from the manure belts/manure pits
6. Whilst the house is still warm it is recommended to treat for red mite/insects
7. Bait extensively for rodents

Stage 2 – preparatory
1. Drinking system – drain and refill with detergent solution
2. Soaking – all surfaces and equipment with detergent solution
3. Hand cleaning – any non-waterproof items

Stage 3 – washing
Pressure wash all surfaces with detergent solution. This should not be restricted to internal surfaces – concrete access areas, 
air inlets etc., should also be washed.

Stage 4 – re-assembly
Re-instate cleaned moveable equipment into the poultry house when dry.

Stage 5 – disinfection
Spray all previously washed surfaces of building and equipment with disinfectant solution. Water lines must be cleaned first 
with an alkaline based detergent and after, an acid-based detergent and then flushed out thoroughly. Afterwards spray all 
surfaces) with appropriate chemicals for insect and mite control.

Stage 6 – fumigation
If the poultry house structure allows, close the building before atmospheric fogging with formalin or a suitable disinfectant.

Stage 7 – sanitary break period / down time
The building should be kept empty for at least 2 weeks. If maintenance work is to be carried out, normal biosecurity 
precautions should be observed and repeat stages 5 and 6 before the new flock arrives.

Stage 8 – preparation for the arrival of new stock
1. Check the proper functioning of all equipment
2. Supply the drinking system with fresh water
3. The feeders should remain empty
4. Depending on the time of the year and the flock (day old chicks), the building should be heated
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2  The birds physiology
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2   The birds physiology
2.1  Introduction
Laying hens are warm blooded (homeothermic) animals, that means that they can maintain their body temperature 
constant, i.e. within a certain range. On average, the body temperature of healthy chickens falls within the range of 40 
- 42°C.  The thermal neutral zone for adult laying hens ranges from 18 °C to 24 °C (ambient temperatures), this means 
that within this temperature range the birds do not need to modify their metabolism to stay warm or to get rid of the 
heat. For newborn animals it takes some time before their heat regulating mechanisms can function normally, that is the 
main reason why the young birds need higher ambient temperatures during the first weeks of their life. Directly linked 
to that is their lack of body reserves (especially fat), and the ratio of the surface area vs. their bodyweight is unfavorable, 
resulting in heat losses. 

When house temperatures are not within the thermal 
neutral zone, birds have several characteristics that enable 
them to keep their body temperature constant without the 
need to produce extra heat. These characteristics include:
• Feathers, they have an insulating effect and help to 

prevent the birds from excessive heat loss
• Tissue insulation, subcutaneous fat will allow the birds to 

drop their skin temperature whilst not negatively affecting 
their body temperature.  

• Adapt the blood flow through the skin (including combs 
and wattles), birds can regulate the widening and 
contraction of their blood vessels. In order to lose more 
heat, the blood flow will be enlarged

• Huddle together to minimize the loss of heat
• Ability to increasing the body surface to lose more heat

2.2 Five ways to keep cool
Birds regulate their body temperature via their hypothalamus, which is a part of the brain that is comparable to a 
thermostat. Heat emission and heat retention is largely influenced by the contraction and widening of the blood vessels 
and the speed of respiration. Chickens do not have sweat glands; therefore, they are not able to lose their heat via 
transpiration. They do are able to lose their heat themselves via different pathways: 
• Radiation
• Convection
• Conduction
• Evaporation
• Vasodilation

Radiation, convection, and conduction are all 3 related to sensible heat loss. Sensible heat is the energy required to 
change the temperature of a substance with no change of phases. The loss of body heat comes from the contact with 
the cooler surrounding air, that absorbs the heat of the birds. Chickens are normally able to maintain their normal body 
temperature of 40 - 42°C via sensible heat loss when the environmental temperature falls within their thermal neutral 
zone of 18 – 24°C. When the barn temperature rises above 25°C the efficiency of sensible heat loss is going down, and 
at 35°C it has hardly any effect unless the relative humidity is low. Management plays a vital role in maintaining your 
birds body temperature within their comfort zone.  
Birds can lose heat to the surrounding air, this is called convection or radiation, which permits the transfer of body 
heat to the air. Proper ventilation, which results in faster air movement inside the poultry house, will result in better 
heat loss due to convection. As long as the ambient air temperature is colder than the birds’ body temperature the 
aforementioned will work. Therefor cooling the incoming air will result in improved radiation. But keep in mind, the 
smaller the difference between the body temperature of the birds and the ambient temperature gets, the lower the 
possibility for proper heat loss gets. This is also true for humidity, the amount of moisture that the birds can evaporate 
becomes smaller when the humidity gets up. 

A young chick has relatively the largest contact surface with the surrounding air, therefore they can cool off much 
quicker compared to an adult female.



12 Commercial Management Guide Hot & Tropical Climates

Next to panting, birds can increase their heat loss by extending their wings and putting up their feathers (they become 
fluffy). This will allow more air to circulate near the body (especially the skin), and it increases the contact surface 
with the surrounding air to expel the heat. As mentioned earlier, the birds can regulate their blood circulation to lose 
heat. They can increase blood circulation in their comb, wattles, and skin to lose more heat to the cooler surrounding 
air (called vasodilation). Always reconsider the aforementioned prior to asking for dubbed birds as it can negatively 
influence the bird’s health and welfare under situations of heat stress.
The above mechanisms can only work when management is properly adopted to the needs of the birds. Changes in 
water and feed management, like adding vitamins or buffers can impact about 15% of the heat stress, much larger 
impact (85%) can be made via managing the climate in the poultry house via ventilation. As this will better help your 
flocks in dealing with too high and too cold temperatures via the management of the flock. 

Heat stress occurs when the birds’ core body temperature increases to fatal temperatures because of poor heat 
loss. Birds are not that well capable to cope with high body temperatures, therefor severe heat stress can cause 
increased mortality of the flock. Both temperature and the relative humidity play a crucial role in the occurrence 
of heat stress. It is key to measure an monitor both carefully.  

As birds cannot sweat, they use evaporation (latent heat) to stabilize their body temperature by increasing their 
respiration rate. The latent heat of evaporation is the heat required to change ware into water vapor. The water vapor 
is taking away the heat from the birds’ body. This behavior is better known as “panting”. Panting can only be effective 
when the relative environmental humidity is not too high. The evaporation of 1 gram of water results in a heat loss of 
over 500 calories! Losing heat also comes with a cost, as the birds need to expend their energy in trying to maintain 
their body temperature below 42.5°C. as it is pretty hard to compensate for this higher energy requirement via their 
nutrition, you’ll likely see a reduction in growth, body weight and production performance.

Keep in mind: chickens do not have sweat glands, therefor they are not able to lose their heat via transpiration. 
When a chicken wants to cool down, she will start panting. Via panting with her beak open (you can see the 
birds’ throat rapidly moving backwards and forwards) the bird is able to get rid of the excess heat as the panting 
enables moisture to evaporate through the airways.  Next to the panting, the birds will hold their wings out 
slightly from their bodies and they raise their feathers to maximize the skin contact with air to expel the heat. 

As heat stress is already a stress on its own, it is important not to stress your birds any further. We have listed 
some practical tips and tricks below, often easy to implement and at a low cost.
• When bird handling is required (vaccination, transfer, sorting, depopulation) it is advised to do this in the early 

mornings. 
• When transporting the birds, place fewer birds in crates and place empty crates in the truck to enhance 

ventilation during transport. Try to minimize the drive and drive during late nighttime and early morning 
• Try to avoid disturbing the birds during the hottest part of the day, disturbance results in even more stress to 

the birds
• Respect the stocking densities carefully, both in cage and floor housing systems. Too high stocking densities 

could reduce the effectiveness of ventilation and creates competition for water and feed. In general, cage birds 
are more susceptible to heat stress as they are not able to find themselves a cooler place. 
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Vasodilation – Blood swells the 
wattles and the combs, sending the 
core body heat to the surface which 
is lost to the surrounding air (so do 
not remove combs). 

Evaporation – loss of heat by 
evaporation of water, i.e. the cooling 
effect of water turning from a liquid 
into a gas. Fast, shallow breathing 
with mouth open helps to increase 
the loss of body heat. Removing or 
lowering the moisture content in 
the surrounding air of the chickens 
contributes to evaporative cooling.  

Conduction – direct transfer of 
heat via contact with an object of a 
different temperature, think of the 
slats, cage wire, roost floors, litter 
poultry house. the loss of body heat. 

Radiation – emission of heat via 
electromagnetic waves as they 
transfer energy through the air. Body 
heat is irradiated to colder objects 
in the barn, think of equipment, the 
walls or the ceiling of the poultry 
house. 

Convection – the loss of body heat 
through cold circulating air. Chickens 
enlarge the exposed surface area by 
lowering and extending their wings 
away from their bodies. Moving air 
helps to remove radiated heat as it is 
creating a cold air effect. 
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3  Climate
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3.1 Introduction
The climate inside the poultry house influences the health and wellbeing of your birds. When suboptimal climatic 
conditions are common, it is more likely to have disorders related to the respiratory and digestive system. Next to that 
behavioral troubles can occur with your flock. Growth and productivity can also be negatively impacted when the 
climatic conditions are not met according to the standard. The best way to measure the climate is by having a look at the 
birds and the way they behave, are they active, do they eat and drink normal levels, are egg production and mortality 
in line with the expectations, are they visibly panting, i.e. suffering from heat stress? The climate is defined by several 
factors:
• House temperature
• The relative humidity
• Air movement and it’s speed
• Air composition
• Light

3  Climate

Always monitor and measure the climate at bird level! It can be very well possible that the climate inside the 
house is acceptable, but that it is unsuitable at bird level. For example: CO₂ is a heavy gas, therefor the CO₂ levels 
can be much higher at floor level (bird level) compared to your eye level (human level). 

Another example is the temperature within the brooding rings, in the brooding rings, heat is trapped as there is 
less movement of ground air. This can save energy costs for heating as you need less energy to heat up the entire 
house. On the other hand, you need material, time and effort to install these temporarily rings.    

The climate of the house can be influenced via insulating the roofs, walls and the flooring, installing ventilation, heating or 
cooling, and even via the lighting.   

3.2 Temperature
The critical temperature for adult laying hens is 18°C. For every 1°C lower than 18°C, the birds require an extra 1 g of feed 
per day. The critical temperature for chicks in rearing depends heavily on the age of the chicks.  
Measuring the temperature is one of the most common ways to assess the climate inside the poultry house. It is easy to 
measure the temperature, and it does not come at a high cost. Different types of thermometers can be used, it is wise to 
have multiple thermometers inside the house so you can have a better view of possible temperature differences inside the 
house, and it is easier to find out if one got broken.
 
Where to place the thermometers?
First of all, place them on locations where you can easily read the temperature, i.e. do not place them too high. As the 
temperature inside the house is not uniform, it is advised not to place them close to the walls, as on these locations the 
airflow is often the lowest. Take into account the air inlets (when you have closed houses), the location of the ventilation, 
and of the heaters (for brooding). It is advised to place the thermometers as close as possible to the animals, this will 
give you the best indication of the temperature they experience. Place them in such way that the fresh air passes the 
thermometer prior reaching to the birds. 

Heat loss in adult birds

There are two measures of temperature:
• The actual air temperature measured by the thermometer
• The effective temperature, i.e. the temperature that the bird feels. The effective temperature increases when 

humidity increases, but it decreases with increased air movement.  
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3.3 Temperature zones
The thermal neutral zone (also called comfort zone) is defined as the temperature zone in which the birds are able to keep 
their body temperature constant with just minimum efforts. This comfort zone depends on the environmental conditions, 
so always take the relative humidity into account next to temperature! From figure… you can see that the behavior of 
the birds will change when barn temperatures go up. Birds will become less active, reduce their feed intake, and become 
fluffy whilst hanging their wings to expand the movement of air in contact with their body. As a result of the reduced feed 
intake, egg production and egg size can go down. If temperatures even rise further the birds will further reduce their feed 
intake, and they start panting in order to reduce their body temperature. 
The opposite is also true, when temperatures are below the birds comfort zone, they will try to keep warm: feed intake 
can go up as energy from the feed can be used to keep the birds warm, and you’ll see birds huddle together to keep each 
other warm.

The thermoneutral zone is not fixed, it depends on several factors:
• Age
• Body weight
• Health status of the birds
• Climate in the house (temperature + relative humidity (RH) + ventilation (air velocity)
• Housing system 
• Feed and feed strategies

Increase in 
feed intake and 

reduction in 
activity to stay 
warm < 18°C

Ideal 
temperature 

range 18 - 24°C

Slight reduction 
in feed intake

24 - 29°C

Further drop 
in feed intake, 

drop in egg 
production  
29 - 33°C

Increase in 
feed intake and 

reduction in 
activity to stay 
warm < 18°C

Heat stress  
is possible
  33 - 35°C

Heat stress  
is probable

  > 38°C
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In the thermal neutral zone, the water to feed ratio is approximately 2:1. With increasing temperatures, the birds will 
reduce their feed intake whilst increasing their water intake to stay cool, but also they will increase their water intake as a 
result of panting, panting creates even more heat through the muscle activity.  When heat stress occurs, the water to feed 
ratio can even go up to 5:1! Not the entire increase in water usage is directly consumed, part of it is spilled as they “play” 
with the water and spread it over their wattles and comb in order to improve their cooling function. When severe heat 
stress occurs, the birds are not able to increase their water intake sufficiently, i.e. they are not able to compensate for the 
losses through respiration and urine excretion. Without any climatic interventions the condition may worsen, and the birds 
may die!  

Increasing the water intake, whilst lowering the birds feed intake, will highly likely result in more wet manure with reduced 
quality and consistency. Large piles of wet manure can cause the relative humidity in the barn to go up, even worsening 
the climate in the barn. It is advised to remove the manure more often and dry it elsewhere. When keeping birds on the 
floor, keep in mind that the litter can produce heat as when it gets moist it starts to decompose. Caked litter should always 
be removed to improve the climate in the poultry house.     

3.4 Relative Humidity
The relative humidity describes the level of water present in the air, i.e. if the air is holding 20% of its capacity to hold 
water, the humidity is 20%. When the humidity is reaching 100%, it means that the air is fully saturated. Like temperature, 
the relative humidity is not fixed, it can change and therefore it varies during the day. Air expands as the result of rising 
temperatures, therefor its moisture holding capacity increases. As a result of lower temperatures at night, the RH is 
generally higher during nighttime, as the colder temperature has a lower moisture holding capacity. The most dangerous 
period for laying hens is during the summer periods, or the hot season, and especially the late afternoon (3-6 pm). During 
that time, the temperature starts to decrease, but the RH is on the increase, which makes it harder for the birds to get rid 
of their heat. Most losses due to heat stress occur during this time of the day.

The relationship between temperature and Relative Humidity
In many cases, egg producers are focused too much on the barn temperatures. The Relative Humidity is often overlooked. 
But the climate inside the barn, which defines if the bird feels comfortable or not, is the result of the interaction between 
the temperature and the relative humidity.
The golden standard is that the sum of the temperature and the relative humidity should be around 90.

Sum of Temp °C + % RH Results in 

 90 The birds feel comfortable

<80 Cold / poor air

>100 Sweltering (hot and humid)

>115 Fatal consequence

Sum of Temp °C + % RH Feels like 

25°C + 45% RH = 70 23°C

25°C + 55% RH = 80 24°C

25°C + 65% RH = 90 25°C

25°C + 75% RH = 100 26.5°C

25°C + 85% RH = 110 28°C
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The response of a laying hen to heat stress

Panting

Respiratory 
alkalosis

Acid-base 
imbalance

Reduced feed 
intake

Nutrient 
deficiency

Decreased  
activity

As a result drop in egg production and increased mortality
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3.5 The potential of cooling
From the table that is listed below, it can be seen there are large differences in the potential for cooling for the same 
temperature, but for different levels of RH. It clearly demonstrates that the interaction between temperature and RH 
should be taken into account when you want to optimize the climate inside the house via management. The impact of 
high relative humidity should not be neglected, as this has a direct impact on the effect of the birds’ panting.  

Temperature Relative Humidity RH

21 86 77 68 59 51 44 36 29 22 15

22 86 77 69 61 53 45 38 31 24 18

23 86 78 69 61 54 47 39 33 26 20

24 87 78 70 63 54 48 41 34 28 22

26 87 79 71 64 56 49 43 36 30 24

27 87 79 72 64 57 50 44 38 32 26 20 16

28 88 80 72 65 58 51 45 39 33 28 22 18

29 88 80 73 66 59 52 46 40 35 29 24 19

30 88 81 73 66 60 53 47 42 36 31 26 21

31 88 81 74 67 61 54 48 43 37 32 27 22

32 89 81 74 68 61 55 49 44 39 34 29 24

33 89 82 75 68 62 56 50 45 40 35 30 25

34 89 82 75 69 63 57 51 46 41 36 31 27

36 89 82 76 69 63 58 52 47 42 37 32 28

37 89 83 76 70 64 58 53 48 43 38 34 29

38 89 83 77 70 65 59 54 49 44 39 35 30

39 90 85 78 72 67 62 56 51 46 42 36 32

40 90 85 78 72 67 62 56 52 47 43 38 33

41 90 85 78 73 67 62 57 52 47 43 39 34

42 90 85 78 73 67 62 57 53 48 44 40 35

43 91 85 79 73 68 63 57 53 49 45 41 37

Potential cooling for a given temperature and relative humidity

1.7 2.8 3.9 5 6.1 7.2 8.3 9.4 10.6 11.7 12.8 13.9
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3.6 Controlling the Climate
In most countries with modern laying houses, the climate can be relatively easy controlled. It has already been taken care 
of in the design, i.e. insulation to prevent the heat from getting in our out, or mechanical ventilation or cooling systems 
that have been added.  However, there are still many laying houses that lack proper climate control. 

The objectives of climate control can be defined in several stages: 
• To remove excess heat in the hot season
• To remove excess moisture to lower the effective temperature
• To limit the build-up of harmful gasses whilst safeguarding the supply of oxygen and fresh air 

°C °F 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

20 68 63 63 63 64 64 64 64 65 65 65 66 66 66 66 67 67 67 67 68 68

22 72 64 65 65 66 66 66 67 67 67 68 68 69 69 69 70 70 70 71 71 72

24 75 66 67 67 68 68 69 69 70 70 70 71 71 72 72 73 73 74 74 75 75

26 79 68 69 69 70 70 71 71 72 73 73 74 74 75 75 76 77 77 78 78 79

28 82 70 70 71 72 72 73 74 74 75 76 76 77 78 78 79 80 80 81 82 82

30 86 71 72 73 74 74 75 76 77 78 78 79 80 81 81 82 83 84 84 85 86

32 90 73 74 75 76 77 77 78 79 80 81 82 83 84 84 85 86 87 88 89 90

34 93 75 76 77 78 79 80 81 82 83 84 84 85 86 87 88 89 90 91 92 93

36 97 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 93 94 95 96 97

38 100 78 79 81 82 83 84 85 86 88 89 90 91 92 93 95 96 97 98 99 100

Temperature and Humidity Stress Index for Laying Hens 

The relationship between temperature and Relative Humidity

State Heat Stress Index Actions

Comfort State 63 - 69
No special actions are required. Make use of this opportunity to check if all 
systems are working properly.

Alert State 70-75

Be prepared to take necessary cooling measures, increase the ventilation rate, 
and turn on the cooling fans where applicable. When the humidity levels 
allow, you can consider using the foggers. Monitor the bird behavior for signs 
of heat stress such as panting, decreased activity and wings hanging. Make 
sure that plenty of fresh drinking water is available to the flock.  

Danger State 76-81

Immediate action is needed to safeguard the health and welfare of the flock. 
Increase the ventilation rate to increase the movement of air over the birds. 
When humidity levels allow, use evaporative cooling pads and tunnel 
ventilation when possible. Monitor daily water and feed consumption 
carefully when feed intake is dropping adjust the nutrient density of the 
poultry diets. Flush the water lines periodically to allow the birds to cool via 
drinking fresh and cold drinking water. Closely monitor the behavior of the 
birds if they respond to the action. 

Emergency State >81

All the alarm bells should ring now, implement all the advices, and avoid any 
handling and transfer of the birds during daytime (as this causes stress and 
therefor extra heat). You can reduce the birds’ activity by dimming the lights. 
Mid-night feeding will help to avoid eating during the hottest parts of the day.

Reference: All the information on this page is based on and derived from Heat Stress Indices for Livestock, by Xin et al., (1998)
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The reduction in effective temperature (so the temperature felt by the bird) is called the “wind chill” factor. The 
birds have to deal with 2 sources of heat, heat derived from the environment, and the heat produced internally 
because of their metabolism. The excess heat must be elimintaed. As mentioned earlier, most of this can be lost 
by evaporation via panting. But panting negatively impacts the RH in the laying house. the higher the RH gets, 
the less effective panting becomes. Heat starts to build up in the body of the birds, and may result in birds dying 
because of the heat stress. 

Try to block the sunlight as much as possible from entering the house, i.e. sunlight should never shine directly on the birds. 
Use window shades, or roof overhangs to block the sunlight from directly entering the house. It is recommended to use porous 
window shades, as they will effectively block the sunlight, but allowing the air to pass through. 

The objectives that have been stated above can be achieved using several principles. Tunnel ventilation can be very 
effective, to increase the flow of air, or via evaporative cooling, through fogging, or pad and fan systems. 
To enable the birds to get rid of the excess of heat produced during daytime, try to lower the nighttime temperatures 
by 12-16°C. The lower temperature will allow the birds to recover from the heat stress experienced during the day. It is 
important that during nighttime the temperature does not drop too much, as huge changes in temperature within a short 
period of time can negatively influence the health and wellbeing of the birds, i.e. they can easily get a cold. 

Practical and cost-effective tips

Renovating and refurbishing poultry houses to make them more resistant to heat stress can be a very costly exercise, as we 
understand that it can be hard to finance, we have listed several practical tips that come at low investment costs.  
• The location of the house matters when we are talking about naturally ventilated houses. It is advised to construct them 

in an east-west direction, this will prevent the sun from shining directly into the house. besides, this location utilizes the 
wind the best. 

• Insulation can be a very cost-effective tool in hot climates, it will prevent the heat from entering the house during 
daytime (radiation and conduction of solar heat), and it will prevent the heat from escaping during nighttime. Adding 
insulation will allow the birds to be longer in their thermal neutral zone. Bubble foil, which is covered on both sides 
with layers of aluminum has proven to be extremely effective in tropical conditions. Next to being effective, it is cheap 
to buy and easy to install. Roofs can also be covered with thatching material, like sugarcane tops, palm tree leaves, 
paddy straw, etc., to reduce the solar heating of the roof. 
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• Try to block the sunlight as much as possible from entering the house, i.e. sunlight should never shine directly on the 
birds. Use window shades, or roof overhangs to block the sunlight from directly entering the house. It is recommended 
to use porous window shades, as they will effectively block the sunlight, but allowing the air to pass through. 

• A light-colored roof is better able to reflect the heat. Roofs could be painted white to allow for better reflection 
(hydrated lime, or white cement could be used to whitewash the roofs), for naturally ventilated houses, an open ridge 
allows the rising hot air to escape the house via the roof.

• Planting tall trees close to the house will create shade, as moisture from the trees will evaporate, the surrounding air will 
cool down, resulting in a more comfortable climate inside the poultry house. Try to plant them in such way, that they 
do not block the air flow. Do keep the biosecurity in mind, as trees are likely to attract wild birds and rodents. Make 
sure you have an effective biosecurity program in place to protect the health and wellbeing of your birds. 

• Well maintained grass around houses will result in cooler conditions inside compared to bare ground, rocks or concrete. 
Grass will radiate less heat compared to concrete or ground.   

• When you have installed cages, always make sure the feed bins are connected to the cages at the sides where the 
corridors are located. The coldest air can often be found in the corridors, and this will help the birds to get rid of their 
heat more easily.  

• The water tank should preferably be stored inside, as inside it will have a lower chance to heat up via direct sunlight. 
When placed outside, try to protect it with wet blankets or wet jute, as the evaporation of the wet blanket/jute will 
always require heat. As this heat is coming from the water tank, it will keep the water inside the tank cooler. Painting 
your water tank white will allow better cooling of the water, as heat is reflected instead of absorbed.   

• Allow for a backup power system, as the event of power outage is in general higher during hot weather/hot seasons. 
The impact of a power outbreak is much more detrimental in the hot season, when ventilation stops, heat stress arises, 
and quickly becomes fatal. 

• Open sided houses can be transformed into power ventilated houses by installing curtains to the open walls. It is often 
cost effective and you can benefit from the advantages of both systems. 

Open sided houses can be transformed into power ventilated houses by installing curtains to the open walls. It is often cost 
effective and you can benefit from the advantages of both systems. 
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Painting the water tank white will allow better cooling of the 
water, as heat is reflected instead of absorbed. Also, a white 
painted water tank shed will result in better cooler thank 
black painted water tank storage sheds.    

3.7 Ventilation
The ventilation of a laying house should always be based on bird comfort, and air quality. The behavior of the birds is one 
of the most important aspects to determine if ventilation is correct. If bird behavior indicates that changes to ventilation 
are required, it is strongly advised to make these changes. The goal is to keep your birds as comfortable as possible, always 
try to avoid exposure to environmental extremes . When you have a modern, well equipped poultry house, still have a 
close look to your birds and their behavior, never use a climate control system as the only indicator for a proper house 
climate. The minimum required ventilation capacity of the system in hot climates should be at least 6m³ / kg live weight / 
hour. 

Signs to look for to see if the ventilation rate is at the right level:
The minimum ventilation rate should be increased when:
• High relative humidity
• High levels of ammonia
• The air feels stuffy
• Wet litter
• Condensation found on the ceiling and or walls
• Condensation on the incoming water pipes (water drops on the pipes)
The minimum ventilation rate should be decreased when:
• The poultry house is dusty as a result of very dry litter
• Feeling cold inside the house, birds huddling together (especially in rearing)
• Feed intake is not in line with the performance, age and feather condition of the birds
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In order to create airflow inside a poultry house, a difference in air pressure between the inside and the outside of the 
house must be present (positive or negative pressure). If you don’t have fans installed, the only real airflow you will get 
is because of the wind. Fans can help to reduce the pressure inside the house, creating negative pressure as the inside 
pressure is lower than the outside. Of course the actual pressure is not negative, it is still positive, but lower compared 
to the outside pressure. The larger the negative pressure, the faster the speed of the incoming air via the inlets. Fans can 
also be operated during nighttime, this can help the birds to recover better from the heat stress. The number of fans is 
dependent on the capacity of the fans, the size of the barn and the stocking density. 

3.7.1 The wind-chill effect 
It is well known that air movement is one of the most effective methods of cooling birds during hot weather. As air 
moves over a bird’s hot body, heat is removed from the bird’s body. As a result, the bird is feeling cooler. This cooling 
effect produced via air movement is often referred to as the wind-chill effect. The challenge for egg producers is trying 
to determine how much air movement equals how much cooling so they can determine whether they are keeping the 
proper poultry house air temperature. The greater the amount of air movement, the greater the cooling effect produced. 
The cooling produced by air movement is real, i.e. the chickens will not only think the house is cooler when exposed 
to air movement during hot weather, but they will continue to eat and produce eggs if the air temperature really is ten 
degrees lower than it actually is. Though the wind-chill effect is real, it is difficult to measure. The reason: thermometers 
only indicate actual air temperature, not the wind-chill temperature. So even though a thermometer may indicate the air 
temperature is 32°C, the birds may think it is 27°C or lower if there is a lot of air movement in the house. The inability 
to measure effective air temperature can make it difficult to manage a poultry house where a lot of air movement can be 
generated (great example of these are tunnel-ventilated houses). 

Rearing farms: Rearing farmers with tunnel-ventilated houses sometimes operate their houses at a lower effective 
temperature than is desirable because they do not take the wind-chill effect into account. Chickens in rearing are less well 
feathered and have more space between them compared to adult chickens. As explained in the previous chapter, these 
factors both increase heat loss. Therefore, the younger the age of the bird, the cooler they feel with the same amount of air 
movement (Illustrated in the pictures below). 
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A tool that can be very useful in determining effective house temperature is a wind-chill chart. A windchill chart indicates 
the amount of cooling produced by different amounts of air movement at a specific air temperature. Having an air velocity 
meter is ideal in helping to determine windchill effect You must be careful when using windchill charts as most windchill 
charts are developed from measurements taken from a single bird in a specially designed laboratory wind tunnel (see 
theoretical versus actual in the graph). But in the real barn situation, the air movement over the surface of a chicken is 
limited by the other chickens standing near it. This is especially true when the birds are older and heat stress is more of a 
concern. Studies have shown the heat loss from a bird in a group is only about 60 percent of that of a bird standing alone.

Windchill effect for seven and four-week-old birds

Windchill effect for a mature bird

Reference: the information on this page is based on the Poultry Housing Tips on the Windchill Effect by Czarick and Lacy (1996)
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3.7.2 The basic principles of tunnel ventilation and evaporative cooling systems
Ventilation and evaporative cooling systems improve the availability of oxygen for respiration as they remove the harmful 
gases. It is known that warm and heated air rises, while the cool air sinks to the ground. As ammonia is one of the heavier 
gasses, it will remain at the lower level, while carbon dioxide will rise. 

In many cases, you can manage the climate through air flow. Airflow at the birds’ level is key to remove heat from the 
birds. Increasing ventilation to remove this heat should be among your first priorities. Naturally ventilated barns are at risk 
of heat stress when the air is calm and no supplemental fans have been installed. Mechanically ventilated barns are at risk 
when the ventilation capacity is insufficient for the size of the barn, the position of the fans and the population of birds.  
Tunnel ventilation can be very effective in improving the climate when the ambient temperature stays below 35°C. 
Tunnel ventilation aims to reduce the effective temperature through the wind-chill effect, that is caused by the increased 
movement of air. When the outside temperatures get too high, moving extra air is not always the solution to provide a 
comfortable environment for the birds. 

In a conventional ventilation system without the functionality of cooling, the temperature of the incoming air from the 
inlets is the same as the outside air. Don’t forget, the direct actions of the heat of the sun, the heat of the building, and the 
heat from the birds should be added. Resulting in an inside temperature that can rise even up to more than 10 degrees on 
top of the outside air.  

Evaporative cooling systems reduce the air temperature by making use of the atmospheric heat and the movement of air in 
order to evaporate the water. The disadvantage of evaporative cooling is that it increases the Relative Humidity, therefore 
it is not advised to apply it in circumstances where the relative humidity is already high, i.e. over 80% RH. Evaporative 
cooling is advised for hot and dry climates, as the relative humidity is in general very low.  As the relative humidity is in 
general the lowest during the hottest part of the day, evaporative cooling will be most effective during that period of the 
day. 

Many types of systems are available on the market. Evaporative cooling by use of pads (cellulose and wood shavings), 
spinning discs, and either high or low-pressure foggers, have proven to be the most effective. There is no heat gained or 
lost during the thermodynamic cooling process; sensible heat, which is used to evaporate the water, is converted to latent 
heat. Where transfer of sensible heat depends on temperature differences, the latent heat transfer depends on differences 
in vapor pressure and the movement of air.

Keep it clean

To safeguard optimal ventilation, it is important 
to keep the poultry house clean and free from 
obstructions. Special attention should be given at 
the air inlets and fans. Remove dust and spider webs 
to improve the functioning of the ventilation. Water 
filters should be cleaned or changed when necessary, 
clogged filters restrict the flow of fresh drinking 
water and can result in less effective evaporative 
cooling. When possible, remove the manure as often 
as possible. To minimize the stress on the birds and 
maximize the effectiveness, remove the manure prior 
to the start of the hot season. Accumulated manure 
starts to decompose quicker under hot and humid 
conditions. Heat is produced as manure is being 
decomposed. Next to the previous, large piles of 
manure in the house (cage housing)will restrict the 
movement of air, thereby reducing the effectiveness 
of ventilation. Change your evaporative cooling pad 
filters frequently, clogged filters restrict the flow of 
fresh air entering the poultry house.
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Evaporative cooling is a natural way of cooling, e.g. the wind passing over the surface of the ocean causes the 
water to evaporate. This results in a drop in the temperature of the air, as this physical process converts energy in 
the form of heat taken from the wind.

Below we have listed several methods of air cooling 

• Low-pressure fogging system. Fogging nozzles that 
operate at regular water pressures are installed 
throughout the house, they can be installed over the 
birds, as long as they do not get soaked.  

• Low-pressure misting system with screens. This low-
pressure evaporative cooling system is a system that 
operates at regular water pressure. It is placed outside 
the house in the air inlets, where the air can be 
intercepted and cooled. The water spray (mist) from the 
nozzles should overlap by the same width of the inlet, 
so no air can go into the house without passing through 
the water mist. The lower screen works as a filter to 
clean the air as dust particles will be removed and also 
as a pad to lower the air temperature. The upper screen 
works as a filter to remove the excess water droplets 
from the air. If not removed, they could result in a wet 
shed. The two pads work as evaporation elements as 
they increase the contact surface with the air. As a result, 
more evaporation takes place, which results in more 
cooling. This system is more affordable when compared 
to a pad system and also easier to maintain. It is advised 
to install a gutter to collect the water under the screens. 
In this way it can be recycled and used again to reduce 
the use of water and costs. 

• Pad-and-fan system. Exhaust fans in the house draw 
incoming air through a wet pad where the evaporation 
of moisture from the pad reduces the temperature of the 
incoming air. 

• Fog-and-fan system. This is similar to the pad-and-fan 
system except that incoming air is drawn through a hood 
in which high-pressure foggers have been installed. As air 
is drawn through the fog, its temperature is reduced. 

• High-pressure fogging system. This is a special nozzle 
that converts water from liquid to vapor form. This 
change has a great cooling effect on the air that it comes 
in contact with. This system is very efficient. But please 
note, it is not advised to use in countries with very hard 
water, unless a filter is used to soften the water. The hard 
water will create problems in maintaining the nozzles 
clean and without deposits of sediments.  

• Spinning disk: this system consists from three 
components, a high-speed motor, a metal disk and a 
water supply source. The spinning disk is connected to 
the high-speed motor. Water droplets are plunged in the 
center of the spinning disk. This causes the droplets to 
shatter into micro droplets (mist).At the same time, air is 
being drawn through this fog, as a result the temperature 
is lowered. The spinning disk comes along with low 
maintenance and low investments. 
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3.7.3 Pad & Fan system

The realization of an optimum climate is the 
decisive factor in determining the success of 
production in poultry houses. The productivity of 
laying hens has always suffered from unfavorable 
climatic conditions, especially in (sub)tropical 
and hot climates. For many years, the use of a 
reliable method to improve the climate in the 
aforementioned regions has been a challenge. 
Results from around the globe have shown that 
evaporative cooling based on the "pad and fan 
system" is one of the most efficient methods to 
improve the performance of the birds. An increase 
in temperature reduces the stocking density, i.e. 
by installing a cooling system you are able to get 
increased production as your birds will stay more 
productive in an acceptable climate. 

30°C 22°C

35°C 26°C

To reproduce the example of the natural evaporation from 
the ocean in a poultry house, you need to create a surface 
of water over which evaporation can take place. Next to 
this, you will need a system to safeguard the supply of 
this area with water, a method of controlling the passage 
of air across the surface. The heart of the cooling system 
is the pad where cooling is achieved through a natural 
evaporation process. The cooling pad is manufactured of 
fluted cellulose sheets that are glued together. A special 
water distribution pad spreads water over the surface, 
ensuring a uniform supply of water to the pad wall to keep 
the entire air contact surface thoroughly wetted. Fans, 
that are installed on the opposite wall, create a zone of 
negative pressure inside the building, causing air to be 
sucked in through the pad. Evaporation results from the 
contact between water and air. A control system operates 
the water pumps and regulates the number of fans in 
operation. On a hot and sunny day, the moisture content 
of the atmosphere remains virtually constant; this means 
that the relative humidity is at its lowest in the afternoon 
when the temperature is at its peak. As stated before, the 
lower the relative humidity, the better the evaporative 
cooling effect. I.e. the cooling effect is best when you need 
it most. It is important to clean or replace the pads when 
they become clogged. 

How does the pad and fan system works?

What to remember from this chapter
• When heat stress occurs, focus should be mostly on management, less on nutrition
• Climate is defined by the interaction between temperature and relative humidity
• Evaporative cooling is a GO for hot and dry climates, a NO GO for hot and humid climates
• Be cautious when applying maximum ventilation for young birds as they lose heat quicker 
• Adjusting the house to create a better climate for the birds can already be done on a tight budget
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3.8 The relationship between heat stress and eggshell quality

Adding Vitamin C, Vitamin E and H₂CO₃ to the 
diets can help to prevent the blood from becoming 
alkalotic.As a result of heat stress, 

the birds body temperature
 can rise above the 42.5°C. 

As a result of panting 
(hyperventilation), the birds will 
loose extreme amounts of CO2. 

this extreme loss will cause a rise in 
the pH of the blood, i.e. the blood 
will become alkalotic and causing 

metabolic alkalosis. This will cause low 
concentrations of blood calcium. 
As the blood pH increases, blood 

transport proteins, such as calbindin, 
become more ionized into anions. This 
causes the free calcium present in the 
blood to bind more strongly with the 

calbindin, resulting in less availability of 
calcium and phosphor for the eggshell 

formation and reduced secretion of 
calcium and carbonate by the shell 

gland. Combined with reduced calcium 
and phosphor availability as a result.

CO₂ + H₂O H₂CO₃ H+ + HCO₃- CO₃- + H+

Non-diffusable calcium bounds to protein
Ionized diffusible 

calcium

           Lungs                                                              Blood                                                               Shell gland
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4 Drinking water quality
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4.1 Introduction
Often neglected as a source of nutrients, but water is a very important nutrient for all production animals. Besides, water 
can also be used as a carrier for vaccines and antibiotics/chemotherapeutics. But on the other hand, it can also be an 
important source of pathogens!

Good quality drinking water is clean, clear, fresh, tasteless and free from contaminants. The birds can easily find, reach and 
drink it, and they can drink as much as they need. Other salient points are the source of the water and the type of drinking 
water system used in the houses (storage vessels, pipelines, drinkers).

Piped water system is normally a safe source. Borehole water sometimes needs some treatments to make it suitable for 
drinking. The quality of borehole water should always be checked on a regular basis, at least once every year.

Once the source has been checked, look at the quality of the water at the point of delivery to the birds, at the end of the 
line, directly from the nipples or drinkers. The water quality also depends on the hygiene of the water system. The water 
system in the houses should be regularly cleaned and disinfected. It should always be disinfected in-between flocks and 
after water treatments. To keep the water system clean in longer production periods, check the water system regularly and 
if needed, also clean during production. The frequency of checking should be at least once every 3 months.
If the system is disinfected during the production cycle care should be taken to follow the sanitizer manufacturer’s 
instructions, especially regarding adequate flushing and correct dosing. Make sure the water system is closed and cannot 
be contaminated from the outside. Pay extra attention to storage vessels, when used.

Surface water should never be used as a source for drinking water, because of the risk of contamination with bird 
pathogens. Waterfowl travel freely over the globe, carrying diseases with them (i.e. avian influenza) and dropping 
large amounts of contaminated droppings on their resting places along their way.

4.2 Water quality parameters

Parameter Good Quality Do not use

pH 5 - 8 < 4 and >9

Ammonium mg/l <1.0 >2.0

Nitrite mg/l <1.0 >1.0

Nitrate mg/l <100 >200

Chloride mg/l <200 >300

Sodium mg/l <100
>200a 
>400b

Sulfate mg/l <100 >250

Iron mg/l <0.5 >1.0

Manganese mg/l <0.5 >1.0

Hardness in German degrees >4 <15 >20

Oxidizable organic matter mg/l <50 >200

H2S Non detectable Non detectable

Coliform bacteria’s cfu/ml <10 >100

Total germ count cfu/ml <10.000 >100.000
a for laying hens under 20 weeks of age 
b for laying hens above 20 weeks of age

4  Drinking water quality
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Different products can be used for cleaning the system, both in-between flocks, when the houses are cleaned and 
disinfected, and during rearing or production. These products can contain (combinations of) acetic acid and hydrogen 
peroxide, chlorine, organic acids and inorganic acids. Follow the sanitizer manufacturer’s instructions, especially regarding 
adequate flushing and correct dosing 

There must be no organic matter in the water, and a low iron and manganese concentration: if these conditions are not 
met, a proper water disinfection with chloride is not efficient. Using only organic acids as a water sanitizer for a longer 
period of time can be dangerous. You can see growth of yeasts and molt in the water. It is better to use acids and chlorine 
alternatively.

Water is a very important nutrient, but it is also used as a carrier for drinking water vaccinations and for all kinds of in-
water treatments. This means that the water quality must also be suitable for that. For (modified) live vaccines, no traces of 
disinfectants should be in the water during vaccinations. The solubility of some antibiotics and chemotherapeutics depends 
highly on the pH of the water and can be influenced by the presence of minerals. Together with these minerals, additives 
can form a biofilm inside the water tubes. Large amounts of bacteria can bind on this biofilm. This is the reason why the 
water system must always be cleaned after in-water treatments.

Once the water supply is clean, you need to check the following:
• Can the birds easily find and drink the water?
• For day-old chicks, is there enough light to find the water from the start?
• Is the water fresh (e.g. has the system been flushed shortly before the delivery of the day-old chickens)?
• Is the height of the drinkers correct? (adjust it over time as the chicks will grow)
• Is the system of drinkers used the same in the different phases of production (rearing versus lay)?
• What kind of nipples?
• Can the small birds easily activate the nipples?
• What is the nipple flow rate?
• Are there enough drinkers/nipples per bird installed?
• What is the water pressure?

Birds, at all ages, must always have easy access to good quality drinking water. The quality of the drinking water 
should be regularly checked, and contaminated drinking water can cause serious disease problems. When birds 
don’t drink, they won’t eat and cannot grow or produce!
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Another important aspect of drinking water quality is the 
temperature of the drinking water: bacteria, fungi and 
molds grow much faster in warm water. Therefore, always 
check the temperature and the quality of the water at 
both ends of the line. Large differences can be present 
between the beginning and the end of the system. The 
water temperature should be below 25°C. 

Protect your water reservoirs / water tanks from direct 
sunlight to keep the drinking water as cool as possible. 
When your water reservoirs are black, paint them white, 
as the white color will reflect the sunlight which will 
keep the tanks cooler. To prevent too warm water, avoid 
placing water pipes too close to the ceiling; preferably 
they should be insulated or buried underground. 
Water temperature in drinking systems quickly reaches 
environmental temperature: frequent flushing of water 
lines with fresh cooler water will help to reduce the 
impact of heat stress in the flock.  

4.3 Water quality and management
Laying hens will increase their water intake during periods of heat stress. Water quality during hot and tropical conditions 
is extremely important since the bacterial load (e.g. E. Coli) are rapidly increasing during hot and humid conditions. This 
bacterial load not only affects drinking water quality, but also litter quality if water spraying is being used. 

Providing enough fresh and clean water will encourage your layers to drink and consequently eat. As shown in Figure 2, 
birds are consuming most of their water during the end of the day. It is important to provide clean, fresh water of the 
correct temperature all day, but especially at the end of the day. Flushing water lines will help to maintain the correct 
temperature of the water and to keep your water clear. The cooler the water, the better the layers can tolerate the high 
temperatures. Therefore, protecting water reservoirs and plumbing from direct sunlight is necessary. Flush particularly after 
using electrolytes or vitamin supplementations on the water to support your birds, to prevent bacterial growth in the water 
lines and a change in water taste.

Figure Daily water intake pattern (lights on between 6.30 AM and 6.30 PM) (Leeson & Summers, 2005)
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5 General management 
during the brooding 
period   
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5   General management during the brooding period
5.1  Introduction
The rearing period is of major importance for the performance of the flock later on in life. The productivity of a flock 
depends to a large extent on the successful attainment of bodyweight targets from an early age.

The objectives during the brooding period are:
• Rapid growth to reach body weight target at 5 weeks of age
• Good uniformity from the beginning
• Excellent livability

From day old to transfer, the bird will grow slowly, and organ development occurs at various ages. A lack of growth 
during a stage could have a detrimental impact on pullet quality. Any delay in growth at 4-5 weeks will be reflected in a 
reduction in bodyweight at 16 weeks and then in performance, particularly in mean egg weight in temperate climates. 
Two birds with the same bodyweight haven’t necessarily developed the same body composition. Good growth curves 
lead to good pullet development. 

Growth is split in the following stages:
• The first 3 weeks are devoted to the development of the organs and the immune system.
• From week 3 to week 6, skeleton and muscles are growing. Bodyweight at 5/6 weeks is the most important 

determinant of pullet quality. Any delay in growth at this stage is harmful to the birds, as it will have a detrimental 
impact on pullet quality and body composition, which will in return impact negatively the birds’ performance.

• From week 6 to week 15 growth is starting to slow down, 
• The final stage is characterized by ovary development and rapid growth of these organs. Sexual hormonal regulation 

takes place around 18 weeks and leads to sexual maturity around this age.

At all stages flock uniformity needs to be reviewed. The objective is to have a very high uniformity in order to facilitate 
flock management and stimulation. Low uniformity leads to poor laying performance! The number of feeders and 
drinkers, feed distribution, the presentation of the feed and the farmers’ management are strong contributors to ensure 
uniformity. Heterogeneity at early age has a negative impact on uniformity during transfer.  

Bodyweight development
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5.2 Equipment and Environment
The standards set out in this section have been proven to give excellent performance in the production stages.
At all times: check your regional/national legal requirements. 

Floor Cage

0 - 2 Weeks 2 - 5 Weeks 0 - 3 Weeks 3 - 5 Weeks

Ventilation

Minimum ventilation rate 0.7 m³/hour/kg 0.7 m³/hour/kg 0.7 m³/hour/kg 0.7 m³/hour/kg

Required ventilation 
capacity

4 m³/hour/kg 4 m³/hour/kg 4 m³/hour/kg 4 m³/hour/kg

Stocking densities Birds/m² 30 20

Cm²/ bird 125 250

Water supply Chicks/Chick drinker 75 80 ª

Birds/drinker 75 75

Birds/nipple 10 10 10 b 10 b

Feed supply d Birds/starting pan 50 C

cm trough feeders d 4 4 2 4

Birds/round feeder 35 35

Pan diameter Number of birds/feeder (max)

30 38

40 50

50 63

Pan diameter per number of birds

Brooding at high density (double brooding) requires special attention to the following points:
•  Adjust the equipment to the bird number
•  Do not release birds too late (4 - 5 weeks)

Otherwise poor brooding conditions will:
•  Negatively affect growth and uniformity
•  Increase the potential for disease challenges
•  Negatively impact litter quality

a place one additional drinker per cage for the first week
b make sure that all birds have access to at least 2 nipples
c spread sheets of paper over the cage bottom to last for 7 days, remove the top sheet every day
d to calculate feeder space availability when chain feeders are used, both sides of the through should be taken into account if both sides are accessible

5.3 Preparing for Chick arrival
The success of brooding depends a lot on a good start for the chicks. Most of the chicks have travelled for quite some 
time and they are looking for a safe place that provides them with water, feed, a comfortable environment and a good 
place to rest. We have listed here the key points:    
• The houses have been cleaned, disinfected and are empty for at least 14 days. The houses and its content should be 

dry before the new chicks come in.
• Start the heating system 24 to 36 hours before the chicks arrive (depending on climatic conditions). The brooder area 

and litter area should be warm enough with a constant temperature in the range of 33 – 35°C when the chicks arrive.  
• Flush water lines prior to arrival of the chicks, and make sure that no disinfectant is left in the water lines when the 

chicks arrive.
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• Make sure that the nipples and round drinkers are at the correct height: nipples should be at eye level of the chicks 
and round drinkers on the floor.

• Whatever drinking system is in use check whether the water supply is sufficient. When nipples are used, adjust the 
water pressure so that the chicks can see the water drop on the nipple and the water flows easily, at the lightest 
touch.

• If the chicks have been infrared beak treated in the hatchery, it is very important to use sideways activated nipples 
(360°) or nipple drinkers with cups and to use supplementary starting mini drinkers.

• Put paper under the nipples to attract the chicks and put extra feed on the paper or in cardboard trays.
• Check that all the birds, even the smaller ones, have access to feed and water.
• After a long transport duration, it is useful to wait for 3 to 4 hours before distributing feed, to make sure chicks 

first drink enough water to restore their body fluid.
• During the first 2 days use tepid water at 25°C to 30°C.
• In hot conditions, be careful not to let water temperature increase too much, as this may reduce the feed intake of 

the chicks. Regularly flush the water lines to maintain the temperature.
• The removal of the supplementary starter drinkers should be done gradually, making sure that the chicks have 

acquired the habit of using the other drinkers.
• Monitor the water consumption.
• To maintain litter quality, it is necessary to avoid water spillage, by carefully regulating the drinkers or the nipples.
• The drinkers should be always kept clean. For the first 2 weeks, they should be cleaned at least on a daily basis.

A: radiant heater of 1450 Kcal capacity
B: 5 drinkers (7 for hot climates)
C: 10 feed trays
D: 75-Watt bulb at 1.5 meter above floor level
E: surround: 4m diameter – 0.6m high

Key points:
• Make sure that all the birds have access to at least 2 nipples.
• Place feed under the nipples and close to the automatic feeder to attract the chicks.
• Start placing the chicks in the warmest and brightest area.
• Make sure environmental conditions (temperature, ventilation, light) are uniform throughout the house. 

     Recommended layout for 500 chicks              Radiant heater position and ground temperature
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Keep in mind that during the first few days, the chicks must rely on the temperature that we maintain before their own 
thermoregulation starts to work properly. In order to ensure that the equipment and the litter are warm for chick arrival, 
we advise starting to raise the house temperature enough in advance before chick arrival so that the air temperature 
reaches 33 to 35°C when the chicks arrive, but also concrete floor is 28°C and the litter or  cage bottoms/papers at 
30°C.

The best way to check if the house temperature is correct during the first days after arrival is to measure the cloacal 
temperature of the chicks (40°C). Find the correct set point for house air temperature by managing the body 
temperature of the chicks.  From day 5 the chicks will normally be able to keep up their own body temperature of 41º C 
(within limits). From there on, set point for house air temperature can be gradually reduced to reach around 20°C at 5 
weeks of age (e.g. 0.5°C per day). Temperature standards are given on the next page. But again, the observation of the 
flock is the best indicator of the real needs of the chicks.

Measuring floor temperature Measuring chick body temperature

A clean barn for a good start Add extra heaters to warm the house
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Age (days)
Brooding temperature

Room Temperature
Relative Humidity

At the edge of the 
brooders

At 2-m from the 
brooders

Optimum-Maximum 
in %

0 – 3 35°C 29 – 28°C 35 – 33°C 55 – 60 %

4 – 7 34°C 28 – 27°C 32 – 31°C 55 – 60 %

8 – 14 32°C 27 – 26°C 30 – 28°C 55 – 60 %

15 – 21 29°C 26 – 25°C 28 – 26°C 55 – 60 %

22 – 24 25 – 23°C 25 – 23°C 55 – 65 %

25 – 28 23 – 21°C 23 – 21°C 55 – 65 %

29 – 35 21 – 19°C 21 – 19°C 60 – 70 %

After 35 19 – 17°C 19 – 17°C 60 – 70 %

 Standards for temperature and humidity

This table should be used as a guide, but temperatures can be adjusted according to the behavior and distribution of 
chicks:
• If the chicks crowd together under the brooder, the temperature is too low.
• If the chicks are close to the surround, inactive, lethargic and spreading away from the heat source, the temperature is 

too high.

Distribution behavior according to temperature

Too cold Too warm Draught Ideal

Recommended temperatures should be maintained as constant as possible at chicks’ level: even in warm countries 
environmental temperatures often vary significantly during day and night and it may not be necessary to provide extra 
heat during the day but only at night.  Keep this in mind and do not remove too early heat sources from the brooding 
area if there is risk of drop of environmental temperature, depending on the season, farm location and altitude etc. 
Young pullets can cope better with lower temperature from 5 – 6 weeks of age, when down has been completely 
replaced by juvenile feathers.

Key points:
• Chicks should be unloaded immediately after arriving. Avoid dehydration due to exposure to high temperatures 

especially when they stay too long in the chick transportation boxes.
• Observation of the flock is the best indicator of real needs!
• For the first week confine chicks to floor brooder areas and prevent air drafts.
• Temperature and relative humidity should be uniform throughout the building.
• Changes in temperature should be carried out gradually.
• Some ventilation is necessary during the first weeks to provide enough oxygen and to eliminate carbon dioxide, 

water vapor, ammonia as well as carbon monoxide from combustion. Maximum levels not to be exceeded are: 
* CO2: maximum 2500 ppm
* CO: < 10 ppm
* NH3: maximum 20 ppm
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5.4 Lighting program
During the first few days, it is important to keep the chicks under a maximum light regime (22 to 23 hours) with a high 
intensity (30-40 lux) in order to encourage the intake of water and feed and the activity of the chicks. After the first few 
days the light intensity could be gradually reduced. Light intensity will also depend on bird behavior.

Feed intake is still limited during the first 5 weeks of the chick’s lifetime, due to the limited capacity of the 
gastrointestinal tract, but there is a link between daylength and growth: slower reduction in light duration is preferred in 
hot climate, since longer days provide better chance for the chicks to eat.  

Lighting program in brooding according to age and rearing house system

 
Rearing in dark or semi-dark house Rearing in hot climate (open houses)

Light duration Light intensity Light duration Light intensity

1 – 3 days 23 hours 20 – 40 lux 24 - 23 hours 40 lux

4 – 7 days 22 hours 15 – 30 lux 22 hours 40 lux

8 – 14 days 20 hours 10 – 20 lux 20 hours 40 lux

15 – 21 days 18 hours 5 – 10 lux 19 hours 40 lux

22 – 28 days 16 hours 5 – 10 lux 18 hours 40 lux

29 – 35 days 14 hours 5 – 10 lux 17 hours 40 lux

After arrival of the chicks an intermittent program could be applied for the first 2 weeks. This program consists of 4 
hours of light/2 hours of dark repeated 4 times to equal 24 hours for the first week, followed by a transitional program 
on the second week (8 hours light/2 hours dark/8 hours light/6 hours dark) and then switch to the regular step-down 
program.  This program allows rest periods to chicks and synchronizes  their activity, which has a positive effect on feed 
and water consumption, makes easier monitoring the flock behavior and contributes to reduction of early mortality. 
This program can only be implemented if it is compatible with local regulations.

4

2

4

24

2

4

2

Intermittent Lighting Program

8

2
8

6

Transitional Lighting Program
  Intermittent Lighting Program       Transitional Lighting Program
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6 General management 
during the growing period  
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6.1 Building the potential
After a good start during the growing period, the objective is to ensure the full development of the birds so that they reach 
their highest potential for producing eggs later in life. 

The objectives during the growing period are:
• to achieve the recommended weight at 5% production
• to establish a good feeding behavior pattern
• to develop the digestive tract (crop and gizzard)
• to obtain a good uniformity of at least 80%

These objectives can be achieved by:
• a correct stocking density and housing conditions
• a lighting program adapted to the rearing conditions
• a good standard of beak treatment (when local legislation allows the application of beak treatment)
• a good management of the feeding program and feeding techniques

6   General management during the growing period

6.2 Housing and equipment

Equipment requirements for the rearing period (5-17weeks)

Floor Cage

5 – 10 weeks 10 – 17 weeks 5 – 10 weeks 10 – 17 weeks

Ventilation

Minimum ventilation rate 0.7 m³/hour/kg 0.7 m³/hour/kg 0.7 m³/hour/kg 0.7 m³/hour/kg

Required ventilation 
capacity

6 m³/hour/kg 6 m³/hour/kg 6 m³/hour/kg 6 m³/hour/kg

Stocking densities Birds/m² 12 8

Cm²/ bird 300 400

Water supply Chicks/Chick drinker

Birds/drinker 75 75

Birds/nipple 9 8 8 a 8 a

Feed supply

cm trough feeders 5 7 4 6

Birds/round feeder 25 23

a make sure that all the birds have access to at least 2 nipples

These figures should be used as a general reference keeping in mind how challenging controlling the climate conditions 
is, which will differ mainly depending on the type of house and ventilation system. Lower stocking densities, especially 
in cages, will make heat loss easier, and increased feeder and drinker space will help to a better growth, which is 
essential for future laying performances.

6.3 Feeding Program
The diet for the rearing period must be adapted to the actual evolution of the frame and bodyweight development. The 
following diets are identified for the different growth phases:

• Starter diet is recommended from one-day old to 4 weeks old. This can be extended up to 5 or 6 weeks to secure frame 
development in case the body weight is below the standard. Frame development occurs for the large part during the 
first 8 weeks of the rearing period. There is a clear correlation between body weight target at week 5 -6 and early cull in 
production, therefore achieving correct body weight at early age is even more important during extended laying cycles. 

• Grower diet is recommended from 4 weeks old to 10 weeks old and can be extended up to 11 or 12 weeks old, in order 
to secure growth. As the rearing period objective is also to develop the digestive tract, this grower diet is high in energy 
content and should not be given after 12 weeks old. The risk being to reduce the development of the digestive tract and 
feed intake at the start of lay as a result of using feed with too high energy content.
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• The distribution of a developer diet up to 16 weeks will help the development of the crop capacity thanks to a lower 
energy level than grower feed, and slightly lower than the pre-lay or layer feed.

• In order to secure the development of the medullary bone which acts as a reservoir of calcium used for shell formation, 
we advise the use of a pre-lay feed for the two weeks before 2% production.

The detailed specifications for each of these diets are explained in a separate chapter. A good quality starter feed should be 
distributed when chicks have drunk enough water to restore their body fluid (± 4 hours after delivery) where it is possible 
to do so. During the period from one day old to five weeks old, the chick is not able to adapt its feed consumption to 
its energy level. To encourage good growth, we recommend using a diet presented in crumb form. When available, 
micro-pellets specially produced for young chicks until 7 to 10 days of age are also a good alternative. They provide a 
homogeneous and suitable feed form for young chicks that will be helpful for a good start.  The starter feed should contain 
an adequate concentration of protein (20.5%) and energy (2950 Kcal/kg) - from 0 to 28 days in temperate climates and 
from 0 to 35 days in hot climates- until the bodyweight target is reached.

Small additional feeders or non-smooth paper can be used to increase the feeding space for the first few days. We 
recommend distributing smaller quantities of feed several times per day during the first 4 weeks. When present, start to 
use the automatic feeding system from early age so the chicks get accustomed to it. Let the chicks empty the feeders once 
or twice a week to avoid the accumulation of fine particles in the feeders. 

Key points:

• After the chick delivery, wait ± 4 hours with supplying feed to allow time for restorage of the chicks’ body fluid. 
• Check for filled crops:
 A simple tool that can be used to monitor the feed intake after arrival. Take a sample of 40 -50 chicks from 3 or 

4 different places in the house and check for filled crops. You can measure this by gently feeling the crop, if you 
feel a round full sac the crop can be considered as full. Note then your findings on paper, and calculate the % of 
chicks with full crops. The target is at least 80% of crops filled after 10 hours and 95% after 24 hours.

• Check the quality of the crumbs. They should not be too hard and be of suitable size (1.5 to 2mm).
• Young chicks should be fed “ad libitum” but avoid the build-up of fine particles in the feeders in the first weeks, 

making sure they are emptied at least once each week. We recommend distributing smaller quantities of feed 
several times per day during the first 4 weeks.

• Start using the automatic feeding system from the very beginning, so that chicks get accustomed to it.
• An even distribution of feeders over the brooding area will make it easier for the chicks to locate the feed.
• Monitor growth by taking the body weight of a sample of birds:

* From 0 – 4 weeks, weigh a group of a minimum of 100 birds each week.
* From 4 weeks of age, start weekly individual weighing (at least 100 chicks) to determine flock uniformity.
* If the flock is divided into separate pens, it is important to take a sample of 50 birds from each pen and 

then to calculate the overall mean.

Check your birds regularly to see if their crops are filled and to spot any abnormalities
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6.4 Feeding Technique
The feeding techniques used between 5 and 16 weeks are designed to:
• avoid the build-up of fine particles
• encourage crop development through rapid feed intake

Birds are grain eaters by nature, with a strong preference for coarse particles. Fine particles are more difficult for birds to 
eat; therefore, they spend more energy for the same quantity consumed. The accumulation of fine particles in the feeding 
system leads to under-consumption. In order to ensure the birds from getting all the necessary elements of the diet, it is 
essential that the feeders are emptied every day from week 5 of age onwards. This rule applies equally to pullets and layers.

Feed management in rearing has an impact on feed consumption later in production. The idea is to develop the digestive 
tract during the rearing phase to prepare the birds to eat enough during the laying phase, especially immediately after 
transfer, when feed intake should increase sharply in just a few weeks. The crop is the bird’s feed storage organ. It allows 
the bird to eat enough feed in the evening to satisfy its energy needs throughout the night. Rapid feed consumption during 
rearing leads to crop development. Therefore, feed consumption during the rearing period needs to be fast enough and 
eating speed will depend mainly on feeding times and feed texture. Since birds naturally eat earlier in the morning and in 
the evening, it is important to take advantage of this natural behavior and get empty feeders in the middle of the day. 

Feed distribution management in rearing

                  60% of the feed in the
                  afternoon 2 to 3h before lights off

 

Nighttime       Empty feeders every day 2 to 3 h   Nighttime
                   10 - 12h of light at plateau

To encourage rapid consumption, we recommend that the 
complete daily ration should be given about 2 to 3 hours before 
“lights off”. At “lights on”, because the digestive system is empty, 
the birds will eat finer particles. If the feeding system does not 
allow the entire daily ration to be given in one distribution, 
distribute 60% of the daily ration in the early afternoon and 
the 40% in the morning at “lights on”. This feeding routine can 
be started between 4 and 8 weeks according to the feeding 
equipment in use. The length of time, during which the feeders 
are empty, should be gradually increased, so that by around 10-
12 weeks of age the feeders are empty for a minimum of 2 to 3 
hours per day. It is however possible, to give two distributions 
in the afternoon, provided that the feeding periods are kept 
short. Pullet feed presented in coarse particles helps gizzard 
development.

Using this feeding technique and making sure that birds empty the feeders is particularly beneficial under heat stress, 
adapting the time of feed distributions to maximize feed intake in cooler periods of the day and avoiding running feeders 
during periods of highest temperature, when birds are not interested to eat.

We recommend using a feeding system which distributes feed rapidly throughout the house and enables the birds to finish 
all the feed distributed each day. This encourages the birds’ intake capacity and avoids fine particle accumulation. Feed 
troughs with rapid chains are the best option, with the easiest feed intake control. If pan or tube feeders are used, they 
should be adapted specifically for this technique.
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6.5 Water   program
Do not forget to wash the drinking system after disinfection and use tepid water for the first 2 days (20 – 25°C). Start to 
use the automatic drinking system when the chicks are placed. The use of supplementary drinkers during the first days will 
improve the condition of the chicks (remove them gradually after day 4).

Always clean the drinkers daily during the first 2 weeks, as bacterial growth is stimulated under the warm conditions at 
brooding. After 2 weeks you can clean them with a minimum of once a week. When nipple drinkers are used, use the 
strips of embossed paper under the drinkers’ lines. Adjust the lines height to that of the chicks, so that all of them have 
a chance to start. Enough drinking space, that is easily accessible is an extremely important tool to prevent non-starting 
chicks and uneven flock. Make sure that the water is of sufficient quality (check the table at page 13). In hot climate 
environment, flush the line just before the chicks arrive to provide them with fresh water. Drinking nipples should assure a 
water flow of 30 to 90 ml of water per minute. The required water flow rate depends on the presence of cups (60-90 ml/ 
minute) or without cups (30-50 ml/minute).

Note: the water flow rate in nipple systems depends on the type of drinking nipple system and therefore the supplier 
should provide the system specific values.
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6.6 Monitoring development
Weekly measurement of growth is a must to check the actual development of the flock. Early detection of abnormal 
weight gain is of extreme importance to determine what corrective actions must be taken. Late attempts to correct low 
bodyweight are not efficient at improving body composition and frame size. In addition to this, monitoring of body weight 
is essential to calculate the appropriate quantity of feed to be issued, as requirements vary according to the energy level of 
the diet as well as the house temperature and the health status of the flock.

Besides the average body weight of the flock it is also important to calculate its uniformity. The objective is to have a high 
uniformity to ensure an even response across the flock to management techniques, treatments and especially to light 
stimulation. If all the birds have a uniform development, they will react more or less as one and they will be easier to 
manage. 

Method of weighing control:
• Weighing time should be fixed, preferably in the afternoon.
• We advise carrying out individual weighing and using histogram type weighing sheets (see the chart on the next page) 

which shows at a glance the weight distribution within the population.
• A sample of a minimum of 100 birds should be taken to obtain a good estimate of mean bodyweight and uniformity. 

However, if the flock is divided into separate pens, it is necessary to take a sample of 60 birds from each pen and then to 
calculate the overall mean.

The most important factor in judging the quality of a flock is its uniformity. A batch is uniform when at least 80% of 
the weights lie within a range of ± 10% of the mean. Using modern weighing devices, it is also possible to obtain the 
coefficient of variation (CV), which is the ratio of standard deviation to the mean of the population expressed in %. A CV 
below 8% is considered to be good.

If uniformity/CV % is outside the target range, 
it is necessary to identify the causes and to 
check:

• Feeder space and position
• Speed of the feed chain
• Quality of beak treatment
• Vaccination status
• Disease and parasitism
• Housing density

Depending on the conclusions, management 
should be adapted to improve uniformity.

If uniformity is poor, separating the birds by bodyweight in groups as early as possible and keep them into different pens 
by weight class (usually light pullets, average pullets and heavy pullets) will give underweight birds more chance to recover. 
If  light birds are segregated, competition is minimized, feed  composition can be adjusted, change of diet postponed as 
needed and additional feeders installed to provide them best conditions for better development.   
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6.7 Body weight recording  chart

Time of Weighing a.m. / p.m. Weighed by: 

Comments  __________________________________________________________________________________________________
        __________________________________________________________________________________________________

Grams   
No. of Birds

5 10 15 20 25

600

20

40

60

80

700 x x x x x

20 x x x x x x x x

40 x x x x x x x x x x x x x x

60 x x x x x x x x x x x x x x x x x x

80 x x x x x x x x x x x x x x

800 x x x x x x x x x x x x x x x x

20 x x x x x x x x x x x x x x x x

40 x x x x x x x x x

60 x x x x x

80 x x x x

900 x x x

20 x x x x

40

60

80

1000
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7 Lighting Programs  
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7.1 Introduction
Pullets are sensitive to changes in the lighting regime, and these will influence the age of sexual maturity. In addition, feed 
consumption is greatly influenced by the duration of day length. During rearing, the main objectives of lighting programs 
are encouraging growth and controlling the birds’ sexual maturity. Lighting programs should be adapted to rearing facilities 
(dark or open house systems), conditions of production, climate and the egg weight profile required by the market. 

Two basic rules should be followed in every lighting program:
• Do not increase day length in rearing before the moment of light stimulation
• Do not decrease day length during production

Time of light stimulation should always be based on bodyweight, not on age. Premature light stimulation and/or too low 
bodyweight can lead to poor performance later in production (peak and persistency), as well as higher mortality and poor 
eggshell quality.

For the first weeks (rearing), a step-down lighting program is recommended in order to maximize growth, followed by a 
period of constant light duration. Speed of daylength reduction and hours of light at the plateau should be adapted to 
breed, growth performance, climate, expected sexual maturity and required egg weight.  

When pullets are reared in open system houses, control of sexual maturity is difficult to achieve. It is recommended to 
darken the poultry house and to use a lighting program that takes the natural day length at the moment of transfer into 
account. Golden rule: the total light duration at the plateau must never be shorter than the longest natural day length in 
the period between 6 weeks of age and the moment the birds are transferred to the laying house.

Lighting programs have different objectives:
In rearing:

• To promote early development and encourage feed intake and growth
• To control the birds’ sexual maturity

During production:
• To encourage growth at start of lay
• To counteract the harmful effects of decreases in natural day length

7   Lighting Programs

GUIDE LINE FOR LIGHTING PROGRAMME FOR REARING IN A DARK POULTRY HOUSE

C

B

A

A B C

0 1 2 3 4 5 6 7 8 9 10 11 12 13 Age in weeks

Lighting program  
during temperate period

Lighting program  
during hot season

Lighting program  
delaying maturity

Light Duration

7.2 Lighting program
Standard lighting programs included in our Management Guides for Alternative and Cage Housing Systems can be used if  
the rearing houses are light-proof and ventilation and cooling systems allow stable and comfortable in-house conditions 
(temperature on the thermoneutral zone, not exceeding 26º C) from 5 / 6 weeks of age, once first moult is completed and 
all down has been replaced by juvenile feathers. 
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Age (weeks) Hours of light per day Light Intensity (lux)

1 days ª 23 h 20 – 40

4 – 7 days 22 20 – 30

2 22 20

3 21 10

4 20 5 – 10

5 19 5 – 10

6 18 5 – 10

7 17 5 – 10

8 16 5 – 10

9 15 5 – 10

10 14  5 – 10

11 13 5 – 10

12 12 b 5 – 10

13 12 5 – 10

14 12 5 – 10

15 12 5 – 10

16 c 12 5 – 10

17 12 5 – 10

18 d 13 5 – 10

19 14 5 – 10

20 15 5 – 10

21 16 5 – 10

a  After arrival of the chicks an intermittent program could be applied for the first 2 weeks. This program consists of 4 hours of light/2 hours of dark repeated 
4 times to equal 24 hours for the first week, followed by a transitional program on the second week (8 hours light/2 hours dark/8 hours light/6 hours dark) 
and then switch to the regular step-down program (see graphs in page 23).

b  12 h or natural light in open-sided houses
c  1h 30 to 2 h of midnight lighting can be introduced from transfer or from 5 % lay (see page 63) but not before 16 weeks of age (risk of too early sexual 

maturity)
d  Light stimulation should start when body weight reference is achieved (see Productive Life section page 62) and flock uniformity is at least 80 %. If any of 

these two conditions are not met, it is recommended to wait until daily rate of lay reaches 5 %, to minimize risks of mortality due to prolapse due to early 
stimulation of underweight pullets.

However, in tropical regions, maintaining the ideal environment house conditions is not always easy. On the other hand, 
there are many open-sided chicken houses in these regions, which limits the options to apply some lighting programs. 

In open houses it is difficult to control sexual maturity because the seasonal fluctuations of day length interfere with sexual 
development. But in latitudes close to the equator there is little change in natural day length throughout the year, and 
daytime period always lasts about 12 h, meaning that sexual maturity will depend mainly on body weight. 

The following program can be used as a guide. It should be adapted to the specific circumstances of the farm and 
according to the performance results previously obtained.
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Example: Light schedule used in hot climates

Slow step-down
If you notice that bodyweights are staying behind target, you can choose for a slower step-down lighting program. 
This will allow the birds more time to eat which will result in better growth. 
Slower step down can also be applied when you aim for higher egg sizes straight from the beginning of 
production. Be aware that it will delay the onset of lay! 
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Transferring birds from a semi-dark rearing house to a windowed house can bring about advanced sexual 
maturity. Under these conditions, there is an increased risk of having underweight birds at the point of light 
stimulation. To reduce this risk, we recommend working with a higher light intensity in rearing (i.e. 40 lux) 
or gradually increasing in the final weeks of rearing the light intensity to get adapted to the conditions to be 
experienced in the production house.

Transferring the birds from an open or semi-dark house to a dark laying house slows down the sexual 
development of the chicken and causes a delay in the onset of lay. Under these conditions, it is necessary to 
keep a light duration and intensity equivalent to the day-length at the time of transfer, and to gradually adjust 
the light intensity after the transfer.
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7.3 Light Intensity
Light intensity is an important factor during the first days of the rearing period, encouraging the chicks to explore their 
environment and quickly locate water and the feed. Next, light intensity can gradually be reduced to a level that in practice 
will depend on the:

• Light required to inspect the birds
• Degree of darkness of the building (light leaking in)
• Intensity to be used during the laying period

There is a strong relationship between light intensity, physical activity, pecking behavior and feather loss. High light 
intensity tends to increase the nervousness of the birds and it can result in increased mortality by vent pecking. This risk is 
higher when birds are kept at a high stocking density. Using dim light in rearing and during the production period will help 
to obtain better livability. 

In open-sided houses window shades or roof overhangs can be used to avoid sunlight shining directly on the birds and to 
decrease light intensity. Window shades should be porous and kept clean and free of dust, to allow the air to pass through. 

Source of artificial light should be also a special point of attention in hot climates: incandescent lights are not very efficient 
and less of 10 % of the energy used goes to light production and more than 90 % of the energy is “wasted” as heat 
production.

The light intensity required in production is relatively low, from 5 to 10 lux, and it is not necessary to increase it for 
effective light stimulation. However, a slightly higher intensity at the start of production can help to stimulate feed intake, 
if needed. Achieving a good uniformity of light spread is also very important.
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8 Transfer 
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8.1 Transfer to the laying house
Transfer is a stressful event for the birds. In effect they experience two stresses: 1) the handling and transport involved 
in movement from rearing to laying facilities, plus 2) the change from rearing to laying environment. Therefore, transfer 
requires careful planning and management. Transfer should ideally be done 4 weeks before egg production starts, certainly 
no later than 2 weeks before egg production starts. The purpose is that the birds receive the time to recover from the 
stress accompanied with the transfer and that the rapid ovarian development is not being depressed. Unfortunately, the 
latter falls exactly within the period of transfer. Late transfer bears the risk of damage to the birds, in particular to the 
ovaries. In the ideal situation, birds are transferred at 16 weeks of age, this will enable them to be fully adapted to the 
new layer house before the onset of lay. When birds are transferred too close to the onset of lay, the subsequent risk of 
egg peritonitis is increased. The movement of birds with mature ovaries may cause rupture of yolk follicles, which are then 
deposited in body cavity. When transferred, the flock should be fed a pre-lay or a layer’s ration. Please note: pullet (or 
developer) rations must not be used, as the nutrient density of these feeds is too low!

8   Transfer

8.2 Preparation at the rearing farm
There is an important preliminary period before transfer, in which time the stock is prepared for the conditions they will 
encounter in the laying house. The following points should be considered:
• The birds must always conform to the bodyweight of the breed. This should not simply be according to the age of the 

birds but also according to age of sexual maturity. Note that because of the stress caused by the transfer, birds’ weight 
can be reduced by 10% to 15% due to moisture loss.

• For easier adaptation to the laying house, ideally rearing house temperature and light intensity should be gradually 
adjusted in the last couple of weeks before transfer to match laying house conditions

• Two weeks prior to transfer the birds should not be handled, except for routine uniformity and bodyweight checks. The 
birds must have had every opportunity to grow, even during this critical period.

• Feed withdrawal before departure should not exceed 6 hours and should be adapted to transport duration and climatic 
conditions.

• Vaccinations should be given at least one week before transfer, to obtain a good vaccine reaction. A late or long transfer 
often leads to delayed start of lay and higher mortality.

8.3 Preparation at the Laying Farm
The laying house should be well prepared prior to the arrival of the new flock. The following points should be considered:
• An appropriate terminal hygiene program must be implemented to avoid disease transmission.
• Maintenance and repairs must be completed before arrival of stock.
• Flush the water system and provide fresh water the day before arrival of new stock. This is critical, as the key to the 

successful start of the incoming flock is provision of water. The better the water quality, the less the depression in feed 
intake following transfer.

• The house should be dried prior to the arrival of the new flock.
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8.4 Transfer
An ideal time for transfer is during the early morning. Disturbance to routines of drinking and eating is minimized if the 
birds are unloaded and housed by the time their day typically starts on the rearing farm. Transport vehicle and equipment 
must be clean and disinfected. The flock should be transferred within the same day as this causes less stress and avoids the 
issue of low temperatures in partially filled rearing and laying houses. Every effort should be made before and after transfer 
to maintain water and feed intake according to the normal routine of the stock. Precautions should be taken to minimize 
undue exposure to wind and rain/sun during transfer procedure as these factors are very stressful.

Transfer is accompanied by changes in environment, temperature, humidity, and equipment. It is therefore a 
major source of stress and it should be carried out as rapidly as possible. Because of the stress to which pullets 
are subjected during and immediately after transfer, it is extremely important that transfer is completed before 
the appearance of the first eggs. We recommend scheduling the transfer at 16 weeks of age and ensuring that all 
hens are housed in the production facilities by 119 days of age. 

8.5 Lighting
The duration of lighting during lay should consider the program used during rearing. Exchanging detailed information on 
lighting program used in rearing, including not only total hours of light and light intensity used, but also time at lights on 
and lights off, is essential for a better adaptation of birds by adjusting time schedules to make them match. 

Water consumption
Birds can become dehydrated during transfer. The water loss is between 0.3% and 0.5% per hour according to 
atmospheric conditions (4 g/hour at 20°C, more than 8 g above 30°C). 
The drinking water devices must have been triggered and purged before pullets arrive to ensure they are working 
properly. The newly arrived pullets should drink before feeding. The absence of feed at transfer helps them 
find the drinkers more easily. Wait for 3 to 4 hours before feed distribution and check that all the pullets drink 
properly. A daily check on water consumption is of paramount importance. If nipple drinkers are used in the 
laying house but the pullets have not been reared with nipples, increase the pressure and allow some loss of 
water during the first few days.
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9 The productive life  
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9   The productive life
9.1 Arrival at the laying site
Unloading of the birds is a delicate procedure, it should be done as quickly and gently as possible. The laying house should 
provide the following to the birds:
• A dry house (+ its equipment) at a temperature of no less than 15°C.
• To encourage water intake, drinking water must be clean and fresh when the pullets arrive. Aim to achieve normal drink-

ing habits within 6 hours after arrival.
• To improve the birds’ appetite, it is better to use meal feeding instead of feeding ad-libitum

Light duration should be decided according to what has been used during rearing. Some strategies can help for a better 
adaptation: 
• Applying 22 h of light the first day
• Increasing the light intensity for 4 to 7 days to help the birds in the darkest cages to find nipples.
• Then gradual reduction of light intensity while ensuring that normal water intake continues. Too high light intensity for 

longer than 7 days can increase the nervousness of the flock and risks of pecking.

During the first days, the farm workers should spend time with the birds, observing their behavior and monitoring 
the water and feed consumption.. Inspection of the flock should not be limited to daytime only! Listening to the 
birds after turning off the lights can be very useful: coughing or sneezing, also known as “snicking”, as a result of a 
respiratory infection can readily be detected when the flock is resting. 

9.2 Basic concept of growth
From transfer, birds continue their growth towards achieving their physical maturity around 30 weeks of age, the 
bodyweight gain must be around 300 g. After 30/35 weeks most bodyweight gain is fat, and its excess has a negative 
impact on the birds’ laying performance and feed conversion. A lack of bodyweight gain after transfer makes hens 
vulnerable and less robust against environmental variation like disease and heat. Flock uniformity must be followed up to 
avoid extremes of bodyweight as this will negatively impact laying performance.
From a nutritional point of view, the prelay period is characterized by an increase of the calcium concentration of the 
feed. The first objective of the higher calcium levels is to reinforce the mineralization of medullary bone and layer calcium 
storage, before the beginning of lay. 
The second objective is to prevent demineralization of early sexually mature birds. With a classical developer feed, 
calcium concentration is not enough compensating the calcium exported for the formation of the eggshell. This leads to 
the decrease in the medullary bone calcium reserve. Layers without adequate calcium content on prelay will have poor 
eggshell quality during the last period of lay.

Higher calcium levels in the prelay diet will prevent bone demineralization of birds that come into lay early. It will 
also reinforce the mineralization of medullary bone before transfer and will ensure a longer lasting eggshell quality. 

The prelay diet constitutes a step, in terms of feed, between rearing and laying feed. It is strongly recommended to 
use a prelay diet to get the birds accustomed to the layer feed. If the prelay diet is not used, the risk for a too low 
feed consumption after transfer to the laying house is higher as the abrupt increase in calcium carbonate content from 
developer feed to layer feed can lead to a decrease in feed intake due to lower appetence.
During the prelay phase, the birds continue to grow. It is during this period that the lightest birds have the opportunity 
to improve and adjust their bodyweight. The birds that are early sexually mature could begin to lay. Both require a high 
nutritional feed to assist correct growth and production. Protein and amino-acids levels must be high at this time to meet 
the nutritional requirements. Without using an adapted feed, the uniformity of the flock could be jeopardized.

9.3 Housing and equipment
Standard equipment recommendations for temperate climates can be found in our Cage and Alternative Management 
Guides and could be used if production houses are environmentally controlled and equipped with pad-cooling systems 
allowing stable and comfortable in-house conditions (temperature on the thermoneutral zone, not exceeding 26º C). 
Otherwise, in the table below we have listed the requirements for equipment which have proven themselves to be 
successful in tropical conditions: additional space and better ventilation between the birds together with more feed and 
water space is beneficial to fight heat stress. 
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Floor Cages

ventilation Minimum ventilation rate 0.7 m³/hour/kg 0.7 m³/hour/kg

Required ventilation capacity 6 m³/hour/kg 6 m³/hour/kg

Stocking density Birds/m² 6

cm²/bird 500 - 550 a

Water supply Birds/ nipple 8 b 8 b

Feed supply cm of through feeder 10 10

Perche space/bird cm of perch 10 – 15 cm c

a The local legislation should be followed for the stocking density
b Make sure that all the birds have at least an access to 2 nipples
c Use of perches helps to increase available space in the layer house and reduce heat stress

Following increasing worldwide concern for animal welfare, furnished or enriched cages have been designed to combine 
some of the advantages of conventional cages with additional features to allow hens to express more of their natural 
behaviour, such as perching, dustbathing and nesting.
Enriched cages provide extra space per bird compared to conventional battery cages and are equipped with furnishings like 
perches, nests, scratch pads and claw-shortening devices. 

9.4 Feeding/Drinking
Laying hens must have fresh, clean, potable water, readily available all time.

It is very important that birds find the same type of drinkers in the laying house as they were already accustomed 
to in the rearing house! 

It is important to monitor the daily water and feed intake. Any strong deviations from the previous day’s 
consumption might indicate a start of some disease or technical problem. When this is part of your regular flock 
inspection it will help you to avoid big surprises in the development of your flock. 

Equipment recommendations
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9.5 Lighting system 
The objective of the lighting program during the production period is:
• To encourage feed intake and growth at start of lay
• To counteract the harmful effects of decreases in natural day length
• To control the livability through the light intensity management

Achieving the best uniformity of light spread possible is essential. Light bulbs lay out (distances and height) should allow 
even light intensity at all different tiers. Bulbs should be kept clean and replaced when burned out to avoid dark spots. 
Lighting systems using bulbs or fluorescents of too low frequency will result in flickering light which will stress birds. Warm 
color type (yellow-orange spectrum, maximum 3000ºK) must be used. In the event of negative bird behavior, the use of 
lampshades and red-light covers can help. In all cases, it is advisable to install dimmers that allow the light intensity to be 
adjusted.

Where lighting is provided by fluorescent tubes, they will need to be evenly distributed and of a warm color (maximum 
3000°K) and of high frequency.

LED lights are increasingly used in poultry houses due to their high light efficiency, low running costs, long-life span and 
wide wavelength range. Some key points to be considered when using LED lights are:
• LED lights used for the laying period should have the appropriate color spectrum, (maximum 3000°K)
• They are easily dimmed. Please make sure that the dimmers do not cause flickering!
• Select the right beam angle, which determines the size of the area to be covered by the light. As LED light is directional 

it tends to create shadows. Combine beam angles, placement and spacing to avoid uneven light distribution and dark 
areas.

When birds are exposed to the effect of natural light, the lighting program used should always take into account the 
natural daylength at transfer, which will vary depending on the season and the latitude. In these houses, time of lights on 
and time of lights off should coincide with the time of sunrise and sunset of the longest day in that latitude.

Naturally lit houses should be built with an east-west orientation to avoid direct exposure to sunlight at dawn and at dusk. 
In open-sided houses, to reduce light intensity and minimize the risk of pecking behavior, shading can be achieved by:
• Painting the windows
• Avoiding reflective ceilings
• Using netting wind-barriers to prevent penetration of sunlight at sunrise and sunset
• Using sliding shutters which allow control of the brightness inside the building during strong sunlight time

Whatever the type of laying house (natural or artificial light), the golden rule is to never decrease daylength 
(interval between lights on and lights off) after the start of lay. The lighting program in production should be the 
continuation of the lighting program used during the rearing period. It is essential to make sure that the light 
duration at transfer is as long as the light duration the birds have already experienced in the rearing house just 
before transfer. It is recommended to make a light schedule before the new flock is placed. 
In hot climates giving light early in the morning will help to overcome the negative effects of heat allowing the birds 
to eat during the cooler hours of the day. There is a relation between total light duration and feed consumption 
which influences the performances, therefore it is recommended to reach a period of 16 h of constant light length 
in production. 
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If the building is dark and the pullets have been reared in dark houses, a minimum light intensity from 5 to 10 lux is 
required for the production house. It is advisable to use slightly higher light intensity at the start of production to stimulate 
the birds’ feed intake. Once the feed intake meets the desired level and the peak of production is achieved, the light 
intensity can be decreased. There is a strong correlation between bird activity and feather loss during production. Too high 
light intensity can encourage pecking and result in increased mortality.

Standard lighting programs included in our Management Guides for Alternative and Cage Housing Systems can be used 
if  the rearing and production houses are light-proof and ventilation and cooling systems allow stable and comfortable in-
house conditions (temperature on the thermoneutral zone, not exceeding 26º C). 

A proper body weight and uniformity together with a well-developed feed intake capacity are the foundations for a 
successful production period. In hot and tropical climates, sufficient ready to lay pullet body weight should be a priority 
when it comes to light stimulation. Too early sexual maturity, when birds are underweight leads to a high risk of mortality 
due to prolapse, not only at onset of lay but during all the production period, as well as to a deterioration of overall laying 
performances (egg number, egg size and eggshell quality and laying persistency.

Light stimulation should start when body weight reference is achieved, and flock uniformity is at least 80 %. If any of 
these two conditions are not met, it is recommended to wait until daily rate of lay reaches 5 %, to minimize the above-
mentioned negative effects on flock performances.
Bwt Ref: the minimum bodyweight reference for hot and tropical climates is:
• 1,250 g to 1,300 g for white egg layers
• 1,400 g to 1,450 g for brown egg layers

The following program can be used as a guide. It should be adapted to the specific circumstances of the farm and 
according to the performance results previously obtained.

Age and / or Bodyweight Hours

Plateau in rearing 12

At bodyweight reference (Bwt refa) 13

Bwt ref + 1 week 14

Bwt ref + 2 weeks 15

Bwt ref + 3 weeks 16
a Bwt ref : bodyweight reference must be fixed according to local conditions and egg size requirement as body weight plays a major role on the egg weight profile
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Control of day-length and light intensity during the laying period helps to achieve good production performance and to 
control abnormal behavior, therefore light-controlled houses are also recommended for the production period.

It is not recommended to move birds from a naturally lit rearing house to a dark laying house as this will slow 
down the sexual development of the birds and could cause a delay in the onset of lay.

Midnight lighting
Where local regulations permit it, mid night lighting (1hr 30min to 2hr in the middle of the dark period ensuring 
that feed is available in the feeders, ideally with the feeders running) is often used to encourage feed intake and 
growth at the beginning of production. If necessary, it can be introduced after transfer and then be gradually 
withdrawn, when birds reach their adult body weight.  To avoid any interferences with the regular lighting 
program, there must be at least 3 hours of dark period before and after the midnight lighting.

Midnight lighting is a useful technique in hot climate, to reduce the negative impact of high temperatures, by 
allowing the birds to eat during the cooler hours of the night. It can be used during the rearing phase to promote 
growth, but caution should be taken when introduced between 10 to 16 weeks of age, as it could interfere with 
sexual maturity.
However, this is a very efficient management tool especially at the onset of lay.

In addition to this, midnight lighting helps to maintain a better eggshell quality by allowing the birds to ingest 
calcium at the end of shell formation. This has a beneficial impact on shell quality and hence on hatchability in 
breeder flocks. 

The regular lighting program (time of “lights-on” and “lights-off”) should not be changed when the midnight light 
is added.  Midnight lighting may be used throughout the flock’s life if necessary, but it can be also removed if not 
needed (body weight target achieved, hot period is over etc.). When midnight light is withdrawn, the reduction 
should be preferably  gradual, in short steps, at a maximum rate of 30 minutes per week, to avoid a negative 
impact on daily feed intake.
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In hot and tropical countries between latitudes 20° north and 20° south, giving lights from 04:00 to 20:00 and at night 
from 23:00 hours to 01:00 has proven to be a suitable lighting schedule for the laying period. When combined with 
suitable feeding times, keeping feeders empty during hottest hours, (see page 73), birds can eat during the cooler hours, 
digestion (which produces heat) is avoided during hot daytime and therefore, thermoregulation of the birds becomes 
easier.

9.6 Ventilation and air quality
An important priority is the provision of fresh air. If the air inside the poultry house is stuffy, humid, smelly or laden with 
dust, then the rate of air change is too low. A house maybe ventilated automatically, naturally, or by a combination of both 
systems. Besides supplying fresh air to the poultry house, the following points must be taken into consideration:
• Removal of excess moisture helps to maintain a drier manure and healthy birds.
• Removal of dust from the environment helps to prevent disease. There is a strong association between dust particles 

and disease, as disease organisms tend to bind to dust particles.
• Maintain a sufficient oxygen supply
• Removal of gasses such as ammonia, having a stressful and depressive effect on the birds and even responsible for 

‘ammonia blindness’.

When rate of air change is low, it is important that air is circulated for the following reasons:
• Fresh air should be distributed to all parts of the house
• As warm air rises up, in battery systems temperature differences between top tiers and lower tiers can be significantly 

high 
• Temperature inside a cage is usually higher than measured temperature on the aisles, depending on stocking density 
• In hot climate, air moving over the birds and within the cages improves their comfort helping to mitigate the effect of 

temperature being above the optimum.

There are different ways to make air circulate within the house, one of the least expensive is to install stir fans. In hot 
conditions it is recommended ensuring a minimum air speed of 2 m/sec at birds’ level. Fans should be spaced and 
positioned in such a way that air movement around the birds is increased.  Circulation fans should be controlled by 
thermostats set at a temperature below 30ºC, the objective is maximizing cooling of the house in the evening and night 
hours before in-house temperature peaks.  
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Poor air quality affects not only the birds’ environment but also affects the birds’ respiratory system, which can 
have a negative impact on the birds’ health: reducing productivity and increasing mortality.

Traits Recommended level

Ammonia (NH³) 20 ppm max

Carbon dioxide (CO²) 2500 ppm max

Air Quality Levels

Frequent problems associated with improper ventilation

Poor Excessive Uneven

E. coli E. coli E. coli

Respiratory diseases Respiratory diseases Respiratory diseases

Feed intake Feed intake Feed intake

Poor internal and external egg quality Nervousness Nervousness

Poor production Poor production



66 Commercial Management Guide Hot & Tropical Climates

10 Beak treatment  
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10   Beak treatment
10.1 Introduction
This treatment is normally carried out to prevent feather pecking and cannibalism. Poor beak treatment often leads to un-
evenness and, in some birds, causes difficulties with feeding and drinking. Well treated birds hardly suffer and future suffer-
ing due to pecking behavior can be prevented. In addition to technical recommendations any codes and local regulations 
concerned with animal welfare should always be followed.

Different methods for beak treatment are used, for example cauterization by hot blade or infra-red treatment. The infra- 
red treatment is the preferred method as this will have the lowest negative impact on the wellbeing of the chicks and their 
development. Cauterization by hot blade is a delicate operation, which should only be performed by specially trained 
personnel. Beak treatment by hot blade is a stressful operation: it is not recommended to beak treat birds if the flock is not 
in good health or if it is suffering from vaccine reactions. In the rearing house, adding vitamin K to the drinking water 48 
hours prior to beak treatment is helpful to prevent hemorrhages.

The decision about the age at which beak treatment takes place depends mostly on the housing system and local 
regulations:
• Always check the latest local regulation on approved beak treatment practices
• In dark houses, when the intensity of the light is low, beaks should be treated at one day old or at 7-10 days.
• For production in open-sided houses, where there is exposure to high natural light intensity, one single beak 

treatment at one day old or a light tipping at 10 days may not prevent pecking completely. If done too severely 
at that age, it will lead to a reduction in growth rate and uniformity. Under these conditions, beak treatment 
could be carried  at a later age (6 to 10 weeks of age) or even twice - a light tipping at 10 days (if previous 
flocks faced early pecking in rearing) and then a second operation between 8 and 10 weeks of age, where local 
regulations allow it.

10.2 Beak treatment at one day old
The preferred method used for beak treatment at one-day old is the infrared beak treatment system (IRBT) in the hatch-
ery. It is a convenient system with low costs and, depending on housing conditions, it may not be necessary to carry out a 
second beak treatment.

As the beak of a chick treated at one-day old is still sensitive, it is very important to use sideways activated nipples (360°) 
or nipple drinkers with cups and supplementary starting mini drinkers for the first few days, to ensure an easy access to 
drinking water in the rearing farm. Lowering the pressure in the nipples will also make it easier for the chicks to drink. The 
infrared treated part of the beak will fall off within 10 and 24 days of age.

Infrared beak treated day-old chick Infrared beak treated chick at 3 weeks of age
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10.4 Beak treatment between 6 and 10 weeks of age
Late beak trimming is an aggressive operation and will temporarily have a negative impact in feed consumption and 
growth. Within this age range, beak treatment at an earlier age will be easier for the operators but there is a risk of 
affecting pullet frame development at a crucial period, while a later beak treatment is more stressful for the pullets but 
most of the skeletal growth of the pullet is already finished.

Method:
• Insert a finger between the 2 mandibles
• Trim the beak perpendicularly at a right angle to its long axis, so that after cauterization about half the length of the 

beak between the tip and the nostrils is left
• Cauterize each mandible with care, particularly at the sides of the beak, so as to round off the sides of the beak and 

avoid lateral re-growth
• Check regularly the temperature of the blade (650 º - 750 º C)

Attention points

Before beak treatment:
• Do not beak treat birds if the flock is not in good health or if it is suffering from vaccine reactions.
• Add vitamin K to the drinking water 48 hours prior to treatment and afterwards to prevent hemorrhages.
• Check the equipment and make sure that the trimming blade is at the right temperature to cauterize but not 

too high to form a blister on the beak later. If the temperature is too low, bleeding can occur.

During beak treatment:
• The operator should be seated comfortably so that each beak is cut in the same manner.
• Do not rush the process. Going too quickly (number of birds/minute) could lead to a higher chance of errors 

and poor uniformity.
• Change blades when required.
• Make sure the birds’ tongues do not get burned.

After beak treatment:
• Increase the water level in the drinkers and lower the pressure in the pipes
• Avoid the feeders from becoming empty for one week
• Use sideways activated nipples (360°) or nipple drinkers with cups
• Use supplementary mini drinkers in the rearing farm for the first few days

10.3 Beak treatment at approximately 10 days
Early precision beak treatment at 7 – 10 days, when carried out properly, will have a minor effect on bodyweight 
development. In open-sided houses, if a second beak treatment at later age is scheduled and when local animal welfare 
regulations allow it, the early beak treatment should be performed less severely.

Method:
• Carefully choose the correct diameter hole on the beak treatment machine.
• Hold the chick in one hand, with the thumb behind the head, holding the head firmly in position resting the beak on 

the forefinger.
• Tilt the chick’s beak upwards at an angle of 15° above horizontal and cauterize the reinforced side edges of the beak, to 

avoid unequal re-growth of the 2 mandibles.
• Cauterization contact time should be between 2 and 2.5 seconds.
• Check the temperature of the blade (600 - 650°C) for each operator and machine, every hour.
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Beak treatment can minimize the damage in case of pecking, but this behavior is usually a combination of multiple 
stressing factors: knowing these factors and careful observation of the birds will help to an early detection of the problem 
and to install corrective actions. Prevention of pecking behavior is better and more rewarding than correction.

Possible causes of pecking are:
• Parasitic infection: external (red mites, lice) or worm infestation
• Enteritis and diarrhea
• Inadequate ventilation: excess of humidity, dust or ammonia. Drafts.
• Overcrowding: non respect of density and equipment (feeder space, drinkers) specifications
• Shortage of water or feed
• Nutritional problems: deficiencies (sodium, amino acids…), lack of insoluble fiber, sudden changes in feed ingredients or 

feed particle size, excessive energy level 
• Light intensity: too bright light source, entry of direct sunlight into the poultry house, flickering bulbs

Disclaimer: Under the Hendrix Genetics Global Animal Welfare Standards we do not support beak treatment after ten days 
of age, unless birds are kept in open house systems. If performed it should be carried out by competent persons solely and 
the equipment must be adjusted to the appropriate settings prior to performing any beak treatments. All equipment used 
to perform physical alterations must be inspected, maintained, and used according to manufacturers’ standard operating 
procedure. All Physical alterations must apply to local laws and requirements at all times.
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11 Nutrition in hot and 
tropical conditions 
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11   Nutrition in hot and tropical conditions
11.1 Introduction
Heat stress affects the nutrient utilization of laying hens via several ways: first and most important, feed intake is reduced 
to reduce the heat production from digestion, if birds are incapable of temperature regulation. Secondly birds are not able 
to sweat, like mammals. Instead they start panting, which requires energy, to lose their heat. 

Heat stress can result in a decreased feed intake, nutrient deficiency, respiratory alkalosis and poor eggshell quality. High 
temperatures will also rise the level of corticosteroids and result in oxidative stress. This all affects laying hen performance 
and might increase mortality. The severity of the consequences of heat stress in laying hens depends on the intensity of 
duration.

Depending on air movement and humidity, heat stress can lead to:
• Reduce in egg weight by about 0.4% per °C between 23 and 27°C and 0.8% per °C above 27°C.
• Growth at point of lay is reduced above 24°C, and is extremely low above 28°C.
• Rate of lay is generally only affected above 30°C.
• Feed conversion ratio is minimum at a temperature of about 28°C; above 28°C it increases, because of the fall in 

production.

Under tropical conditions (high temperature and humidity) there is a higher risk for rapid growth of bacteria and fungi on 
raw materials and poultry feed, producing toxins which have a negative impact in chicken health. Toxic contaminants affect 
the immune response by decreasing the number and phagocytic capacity of leukocytes as well as decreasing production of 
B and T lymphocytes. Furthermore, microorganism development in feed will unbalance the gut microbiota and it is known 
that commensal bacteria have a beneficial role in developing the intestinal host defenses and boosting immune response.

11.2 Reduced feed intake and heat increment 
Laying hens will reduce their feed intake when facing heat stress if birds are incapable of temperature regulation, as 
consuming and digesting feed will increase body heat production. Besides a decreased feed intake, nutrient digestion and 
absorption is reduces as well, due to an impaired intestinal health. Oxidative stress results in an impaired gut integrity, 
furthermore microbiota changes and intestinal inflammation occur. Furthermore, the blood flow towards the intestines is 
reduced, resulting in a decreased protein absorption. Additionally, there is a decreased protein synthesis and deposition 
and increased protein degradation. Together this can result in a nutrient deficiency. If this occurs, it will result in a reduced 
growth in the rearing period and consequently delayed start of lay. During the laying period, this consequently result in 
reduced performance in terms of number of first quality eggs and egg size.

Decreased Feed 
intake

Reduced nutrient 
digestion

Reduced nutrient 
absorption 

Nutrient deficiency Reduced growth and 
production

11.3 Respiratory alkalosis and loss of electrolytes 
Panting reduces the CO2 level in the blood and consequently increases blood pH (respiratory alkalosis). To compensate 
the increased blood pH, the hen will increase her urine production and consequently lose moisture (hydration) and 
electrolytes. Sodium and potassium are important electrolytes, which will be lost via urinating. 

Panting
Reduced CO2 blood 

level
Increased blood pH 

(respiratory alkalosis)
Increased urine 

production
Lose of moisture 
and electrolytes

11.4 Egg shell quality 
As birds are losing CO2 by panting, their blood pH is increasing, and consequently more calcium is needed to buffer the 
blood pH. In addition, laying hens have a reduced feed (and Ca) intake, a reduction in calcium binding proteins (calbindin), 
and a reduction in estrogen and therefore activation of vitamin D3 in the kidney, all resulting in a reduced amount of 
calcium for egg shell formation.
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11.5 Strategies for reducing the negative effects of heat stress in laying hens 
11.5.1 Nutrition 
Nutrition is the combination of feed formulation, water quality, and water- and feed management. It is recommended to 
have a good and regular feed quality monitoring, as fat oxidation, bacterial load and mycotoxins are more critical during 
tropical conditions. 

11.5.2 Feed formulation 
Adaptation in feed formulation can help the layers to reduce the negative effect of heat stress. However, feed changes 
result in an extra stressor and can result in a temporary lower feed intake, therefore it is recommended to not change the 
formulation, when there is a short-term heat stress.

11.5.3 Energy and protein
Replacing part of the carbohydrates by fat, will reduce the heat increment of the birds and therefore lower the heat 
production for digestion, as shown in Table 1. Fat is also increasing the palatability of the feed, and so stimulate feed 
intake. Besides, increasing fat levels will help to increase the energy content of the feed, and so compensate a bit for the 
reduced feed intake. Please check the fat quality being used, as fat oxidation accelerates during higher temperatures. 

Nutrient Chickens 

Fat 10

Starch 18

Protein 44

Mixed ration 25-30

Table 1 Heat increment of feeding (in % of ME) (Wu, 2018)

As shown in Table 1, protein digestion results in a lot of heat production. In addition, protein absorption is one of 
the effects on the metabolism due to heat stress. Therefore, it will help the birds to reduce part of the protein, while 
maintaining or increasing the amino acid level. So, feeding higher digestible protein sources or a higher amount of 
synthetical amino acids. As amino acids are mainly deposited in the egg, the amino acids content in the feed should be 
adapted to real feed consumption noticed.

11.5.4 Vitamin and minerals 
It is recommended to increase the level of bicarbonate with adding sodium bicarbonate to the feed, till a max of 30% of 
sodium from sodium bicarbonate. Sodium can be added via sodium bicarbonate, but electrolytes can be added via the 
drinking water as well. Vitamin E and C can minimize oxidative stress and so cell damage. Choline and Betaine  can help 
maintaining the osmotic balance to protect cells for dehydration. While magnesium and vitamin C can reduce the cortisol 
level. If vitamins are added on the water lines, pay attention to the dilution and water quality prior and after usage. 
Recommended level of important vitamins during tropical conditions and function related to tropical conditions.

Function Recommended level (mg/kg final feed)

Vitamin C Antioxidant at cellular level 150

Vitamin E Antioxidant at cellular level 150

Choline Fat metabolism and protects against cellular osmotic stress 1000

Betaine Protects against cellular osmotic stress 150

Table 2 Recommended vitamin level during tropical conditions and main function to reducing the negative 
effects of heat stress in laying hens.



Commercial Management Guide Hot & Tropical Climates 73

11.5.5 Feed management
After a night, birds are hungry, and they will start consuming feed in the morning. It is recommended to prevent feeding 
in the warm periods of the day, so in the morning and late afternoon. Make sure feed is always available during the cooler 
period, also early in the morning. Extra drinkers and feeders will stimulate feed and water intake. 
If body weight targets are not reached during the rearing period, delay the shift in feed phase (from starter to grower and 
from grower to developer) till the pullets have the target body weight. This will help the pullets to have a proper rearing 
development. Therefore, always change to a next phase based on performance (either growth and/or egg mass) and not 
based on age.

11.5.6 Feed particle size and diet palatability 
When heat stress is severe, it might help to feed a more palatable 
diet, to stimulate feed intake. This can be done via adding some 
oil, molasses, or water on the feed. Feeding a mash diet with less 
fines (max 10% below 0.5mm) will reduce time spend eating and 
increase feed intake. For the first 5 weeks of age, a crumbled diet is 
recommended to achieve the right body weight development. 

11.5.7 Midnight snack
To stimulate feed intake, midnight feeding can be implemented. This 
1.5 to 2 hours of light in the middle of the night encourage feed intake 
and growth. Furthermore, it helps to provide Calcium during the 
intensive shell deposit. Giving lights from 4 to 20 hours and at night 
from 23 hours to 1 o'clock in the morning appears to be the program 
adopted in most hot countries, between latitudes 20° north and 20° 
south.

11.5.8 Calcium management 
To optimize eggshell quality, it is important to consider the quantity 
of calcium in the diet, the size of the calcium and time of calcium 
provided. With a pre-lay diet (fed till max 2% production) you ensure 
the development of medullary bone, which functions as a calcium 
reserve. With coarse calcium (2-4 mm) fed preferably in the late 
afternoon, calcium is available during the shell formation period. 
Especially during tropical conditions, where feed intake is reduced 
during warmer periods of the day (including the afternoon), it is 
helpful to add extra limestone on top of the feed in the late afternoon. 
Extra limestone can be added manually, mixed on top of the feed or in 
separate feeders.
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11.6 How to help your birds in tropical conditions?
• Texture: a coarse mash with added oil will reduce time and energy spend on eating and therefore will stimulate feed 

intake compared to a fine mash. 
• Feeding times: try to run the feeders in the morning and late afternoon, to encourage feed intake in the cooler periods 

of the day. A midnight snack can be an interesting tool to increase feed intake in the middle of the night, which is 
during a cool period. 

• Water: flush the water regularly, to make sure the laying hens have always fresh and cool water available.
• Higher amino acid levels in the feed can support egg production, as feed intake is reduced and the daily nutrient intake 

equals feed intake times concentration.
• Replace part of the energy towards an oil or fat source instead of carbohydrates. As fat results in a lower heat increment 

compared to carbohydrates. 
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12 The care for the eggs 
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12   The care for the eggs
12.1 Collection of eggs
Egg belts must be always kept clean. Manure and broken eggs should be removed frequently. Egg collecting devices such 
as plastic trays and belts must have holes to allow organic contamination debris to fall away from the eggshell surface and 
to avoid contamination of other eggs. These devices should be cleaned and disinfected before use. Cardboard trays must 
better not be re-used (biosecurity). Prior to handling eggs, hands should be washed and then disinfected with a sanitizing 
solution. Hands should be sanitized frequently during egg collecting time and whenever returning from other tasks. It is 
advised to collect eggs at least 1 time per day. We also advise to increase this in extreme hot or cold weather. 

12.2 Shell quality
Shell quality is another important external aspect when it comes    to producing eggs. The shell must be smooth and free of 
cracks. Thin-shelled eggs tend to crack more easily, with the consequent risk of contaminating other eggs and they should 
not be used. At peak production, during periods of extreme temperatures, and at the end of the production period, special 
attention should be given to a proper balance in calcium allowances (supplementary coarse limestone or oyster shell) to 
ensure good shell quality.

12.3 Egg washing
Washing eggs is possible, but it is not allowed in all parts of the world. It requires a well-constructed egg-washing machine, 
which should be operated in the correct way to avoid adverse effects on contamination and therefor shelf-life.
Strictly follow the manufacturer’s recommendations regarding water quality and temperature, choice and level of sanitizer, 
duration of washing, frequency of change of the washing solution, rinsing and drying conditions etc. If the requirements 
are not met, it can result in the contamination of eggs.

12.4 Storage of eggs
An appropriate egg storage room is required for the storage of eggs. It should be well insulated and equipped with a 
cooling and heating system with a humidifier to maintain a constant temperature and humidity. Room temperature 
between 5°C - 10°C is advised together with a humidity between 80 – 85%. Walls and roofs should be kept free of dust 
and floors tiled for easy cleaning and frequent fumigation. Drafts should be avoided, and mice always kept out of the egg 
storage room.

Storing conditions should be set in order to avoid water condensation on the shell’s surface (“egg sweating”), which 
creates favorable conditions for microbial growth. This phenomenon occurs when stored eggs are transferred to a warmer 
environment and the dew point is reached. To avoid temperature fluctuations and egg sweating during transport, truck and 
farm egg storage room temperatures should be equal.

Eggs should always be handled with care in order to avoid mechanical shocks at loading, during transport and unloading. If 
an egg storage room is not available on the farm, eggs must be collected from the farms to the packing station or directly 
to the retailer more frequent.
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13 Vaccination
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13   Vaccination

Always keep in mind that a very intensive vaccination scheme puts a lot of pressure on the birds and her 
development. More vaccinations do not necessarily offer more guarantees. Hindering growth in the first 5 weeks 
of life can have serious and negative consequences later on in life, all the way up to the production period. Always 
make sure there is adequate time in between repetitive vaccinations, as a repeat vaccination can severely reduce 
the immunity that a chicken has already built up to a particular virus for a short time, and the vaccination will not 
take well because of the chicks existing immunity.

Vaccination programs should always be tailor made, taking into account the following questions:
• What is the local disease situation, e.g. which diseases are present in the area?
• What is the location of the farm, what’s the distance to neighboring farms and what type of birds are housed on the 

neighboring farms?
• Which diseases are present on the farm itself (endemic diseases)?
• Does it hold parent stock or final product?
• Is it a multi-age or a single-age farm?
• Are the chickens fit and healthy?

You must make a risk assessment:
• What is the risk of infection?
• What are the costs of infection and how do they relate to the costs of vaccination?
• What’s the damage done by vaccination compared to the expected benefits of vaccination?
• Is protection needed during rearing and/or during lay and/or should the offspring be protected by vaccination?
• Should you use live or killed vaccines?
• What is the most suitable/practical route of administration of the vaccine? Take into account the principle of priming 

and boosting. Take into account the minimum time distance between two vaccinations targeting the same organ system.

When you vaccinate it is important to monitor the vaccine take. Was the vaccine administered at the right time, 
in the right way? You can monitor the endemic diseases on a farm. Which pathogens are present and what is their 
behavior / dynamics?
You can use regularly taken serum samples for diagnostic reasons. Can observed clinical signs be linked to a rise 
in antibody titer for a certain pathogen? You can monitor the specific pathogen free status of a farm, consult your 
local veterinarian to set up a monitoring scheme.

An individual becomes “immunized” or resistant to a specific disease after inoculation with a specific vaccine, or after 
exposure to a disease agent in the field. Vaccination programs should be designed to “immunize” flocks against diseases 
with an economic impact; and against disease agents that could potentially compromise food safety. The entire disease 
control program relies on sound and well-designed vaccination programs and adequate biosecurity, husbandry and 
nutrition. At the same time, vaccinations should be administered at times or ages when their detrimental impact is 
minimal, and at times when the best possible benefit can be obtained from them.
Most vaccination programs are intended to immunize chickens against diseases that affect the immune system; cause 
tumors in chickens; affect the respiratory, urinary or reproductive tracts; affect the nervous system; induce disease in the 
intestinal tract; or represent a food safety concern. Fortunately, there are vaccines and vaccination methods available to 
protect chickens against most of these groups of conditions. Prior to using any vaccines, ensure that their use is legal and 
that it will not disqualify specialty flocks because of the type of preservatives contained in the vaccines.

131 Introduction
Vaccination is the process in which the animals are infected with a dead or much weakened pathogen. It is done in a 
controlled way to build up the defense against infections, e.g. to make the birds themselves less susceptible to poultry 
pathogens. Parent stock can be vaccinated to make their offspring less susceptible for disease (providing them with 
maternal immunity via the yolk). Poultry can be vaccinated to make them less susceptible for contamination with human 
pathogens, i.e. Salmonella species.

Each vaccination will produce a reaction in the birds’ defense mechanism, as a result your birds will be slightly stressed or 
sick for a few days post vaccination. In case of improper vaccination, the birds can be in severe pain and this will severely 
hinder the birds’ development.
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13.2 Types of vaccines
There are many types of vaccines available for commercial poultry. It is important to become familiar with their basic 
characteristics related to their potential for protection, safety, ease of administration, relative cost, reactivity, compatibility 
with other vaccines, etc. This is a list of some of the most important types of vaccines:

• Live virus vaccines
• Recombinant virus vaccines
• Live bacterial vaccines
• Inactivated bacterial vaccines (bacterins)
• Gene modified and deletion mutant live bacterial vaccines
• Autogenous inactivated bacterial vaccines
• Autogenous inactivated viral vaccines
• Live coccidiosis vaccines
• Live Mycoplasma vaccines
• Inactivated Mycoplasma vaccines (bacterins)
• Recombinant Mycoplasma vaccines
• Competitive exclusion products
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13.3 Vaccination methods
It is important to understand the characteristics of each vaccine and to use each product according to the manufacturer’s 
recommendations. Vaccines are designed and approved for individual or mass application methods.
Individual vaccination methods include:
• Eye-drop
• Beak dipping or intranasal
• Subcutaneous injection
• Intramuscular injection
• Transcutaneous injection (wing web)

Mass vaccination methods include:
• Drinking water vaccination
• Spray vaccination

13.3.1 Eye drop
Eye-drop vaccination is commonly used to protect chickens against respiratory viruses, Mycoplasma and occasionally 
against infectious bursal disease. Eye-drop vaccination is most suitable for delivery of live vaccines against diseases or 
agents such as (but not exclusively) Newcastle disease, infectious bronchitis, infectious laryngotracheitis, and Mycoplasma 
gallisepticum. Eye drop vaccination is likely the most effective and safest method for respiratory viruses. Direct contact
of the vaccine with the mucosa of the eye will result in stimulation of the Harderian gland and a strong local immune 
response.

Despite being highly effective, eye drop vaccination is labor intensive and time consuming and thus it is usually limited to 
application of vaccines that must be administered via the ocular route and by no other method, such as some (but not all) 
live MG vaccines and live attenuated vaccines against ILT.

13.3.2 Beak dipping or Intranasal
Intranasal and beak dipping application of vaccines has the same objectives as the ocular route. Intranasal application is 
popular in some countries, but beak dipping is rarely used. The vaccine is administered by depositing a drop (usually 30 ul 
or 0.03 ml) of reconstituted vaccine directly on the eye or into the nostrils. The advantage of eye drop application is that 
if applied properly, every bird receives a similar dose of vaccine and is thus likely to be immunized (protected) against the 
disease, as opposed to mass application methods, which unavoidably result in suboptimal coverage since not every bird 
receives an equally immunizing dose.

Because eye drop vaccination requires individual handling of birds, biosecurity is most important, and the vaccination 
crews must follow strict biosecurity procedures so as not to bring infectious diseases to the flock being vaccinated. For 
the beak dipping method to be successful, both nostrils must be immersed in the vaccine. This method is suitable only 
for chicks up to 7 days of age and is used for immunization against NDV or IBDV. It is used in areas or farms where even 
vaccine uptake is not possible using the drinking water or spray methods, or with the objective of minimizing vaccine 
reactions.

13.3.3 Subcutaneous and intramuscular injection
Injection via the intramuscular and subcutaneous routes is reserved primarily for inactivated vaccines and bacterins. The 
vaccination equipment should be sterile, and the needles used should be of the proper caliber and length for the age of 
the bird and also for the type of product being injected. The needles should be replaced with sterile needles at least every 
500 injections to prevent injections with bent or blunt needles, and to avoid transmission of some diseases from infected 
to non-infected chickens. Most inactivated (killed) vaccines are administered at approximately 12-14 weeks of age. Should 
it be necessary to vaccinate younger chickens with inactivated products it should be kept in mind that handling and 
administration of inactivated vaccines or bacterins between 6 and 11 weeks of age might delay or alter the development 
of the pullets. Inactivated viral vaccines are usually available in a water-in-oil (WO) or water-in-oil-in-water (WOW) 
emulsion, which are typically not very reactive. Thus, such products can be injected with confidence intramuscularly or 
subcutaneously, provided the injection is done in the proper area and without depositing any of the vaccine product
in the cavity or directly into the internal organs. Inactivated products containing Mycoplasmas and/or bacteria such as 
Salmonella may be quite reactive, and every effort should be made to minimize the local vaccine reactions that can be 
derived from the injections. For subcutaneous injections, it is especially important to avoid the thymus by injecting the 
vaccine in the middle line (avoiding the sides of the neck), and by not injecting too close to the head or the base of the 
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neck. For intramuscular injections (in the breast muscle), every effort should be made to avoid injecting the product into 
the abdominal cavity. Vaccinations in the thigh may contribute to reduced adverse reactions but care must be exercised to 
minimize injuries resulting in lameness.

13.3.4 Transcutaneous injection (wing web)
Transcutaneous (wing web) application is used almost exclusively to vaccinate chickens against poxvirus (POX). For 
convenience, manufacturers of vaccines have added other agents such as chicken infectious anemia virus (CAV) and 
avian encephalomyelitis virus (AE) to POX vaccines and thus it is possible to vaccinate pullets simultaneously against AE, 
POX and CAV in one injection. The latter (CAV) is only necessary in layer breeders but AE and POX are routinely used in 
commercial layers. In addition, there are recombinant vaccines with a poxvirus as a vector carrying genes that express 
proteins from ILTV. Thus, such products can also be administered by wing web application.
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13.3.5 Drinking water (oral) vaccination
Water vaccination can also be accomplished using a water pump to “inject” or “force” the vaccine into the water lines, 
which is a popular and very effective method of mass application using the drinking water for delivery of live vaccines. 
Water pump vaccination requires a closed water system (nipple drinker lines) and can be used successfully for delivery 
of vaccines against diseases or disease agents such as IBDV or CIAV. As with other methods involving water delivery, this 
one requires that the birds be thirsty prior to delivering the vaccine to them. Wherever possible, the drinker lines are 
raised high enough so as to prevent drinking by the birds in the 2-3 hours prior to vaccination. Water vaccination requires 
flushing the drinker lines with fresh water to minimize the number of unwanted residues. Commercial products can be 
used to clean the drinker lines thoroughly prior to vaccination. Even after the use of commercial products, it
is recommended to flush the lines with clean fresh water before vaccinating the flock. This is particularly important in 
operations that have hard water, or in operations that have used antibacterial drugs or other products that may have 
formed a film in the drinker lines. Prior to vaccination, it is important to water-starve the pullets to be vaccinated so that 
most will consume vaccine upon its administration. Check the drinkers or nipple drinkers to ensure they are clean and 
operational and shut down all water sanitizing systems. Allow the birds to become thirsty by interrupting access to water. 
The amount of time required for the birds to become thirsty will depend on their age, environmental temperature, feed 
formulation, etc. The goal should be for all pullets to consume the vaccine in a matter of 90 minutes. Vaccination via the 
drinking water should be used in birds one week old or older because water consumption in younger pullets might be too 
irregular.

A few essential steps for water vaccination are listed as follows:
• Clean and flush the water lines.
• Turn off the water sanitation system.
• Ensure proper functioning of the drinker system.
• Water-starve the pullets enough for them to consume the vaccine in no more than 2 hours but never less than 1 hour.
• Verify that the vaccine to be administered has been stored according to the manufacturer’s recommendations; that it 

is still viable (before expiry); and maintain a record of the type of vaccine, serial (lot) number, number of doses per vial 
and number of vials used, as well as the expiry date.

• Reconstitute the vaccine in an aseptic manner and verify that the number of vials used matches the number of doses to 
be given. The amount of vaccine to be consumed in volume should be equivalent to approximately 1/7 the total water 
consumed the previous day.

• Use a commercially produced vaccine stabilizer or powdered skim milk to help protect the vaccine viruses. Closely 
follow the recommendations of the manufacturer of the vaccine stabilizer. If skimmed milk is used, approximately 2.5g 
of well dissolved skim milk per liter of water plus vaccine is enough to protect the vaccine from any residual chemicals 
or minerals in the drinking water. Keep the reconstituted vaccine cool and away from exposure to the sunlight.

• Deliver the vaccine into the drinkers and drinker lines. To ensure a complete fill out of the drinker lines (pipes) add a 
visual aid such as commercial blue dye and let the vaccine be flushed to the end of the lines until blue dye is seen at 
the end of the lines. At this time close the end of the water lines and allow the birds to drink. If the vaccine is delivered 
into open water systems, it is important to walk slowly through the house to stimulate water consumption and to help 
distribute the birds in the house.

• Check at least 100 birds throughout the barn to verify that they have consumed the vaccine. If enough dye was used, 
it should be easy to observe a blue coloring of the tongue, head feathers and occasionally the crop, which is visible 
through the skin. Vaccine coverage of at least 90% should be a realistic goal.

13.3.6 Vaccination through a medicator
Vaccination through a medicator is one of the methods of vaccination with live virus vaccines which is least recommended, 
although it is a suitable method for administration of drugs, vitamins, etc. Coccidiosis vaccination using a medicator should 
be avoided because the Eimeria oocysts will tend to settle and the actual dose of oocysts per bird will vary greatly, and so 
giving very poor results.

13.3.7 Spray Vaccination
Spray vaccination is used primarily for immunization against respiratory viruses such as Newcastle disease virus (NDV) and 
infectious bronchitis virus (IBV). However, it should be noted that spray vaccination should involve the less invasive forms 
or strains of viruses, such as the B1B1 strain of Newcastle, or H120 of infectious bronchitis. In general, the more invasive 
the virus, the better the protection against disease but the harsher the vaccine reactions, especially in flocks infected
with MG or some strains of MS. Coccidiosis vaccines are sometimes sprayed on the feed of layer breeders in some areas. 
Some live Mycoplasma gallisepticum vaccines (but not all) can be sprayed directly on chickens in the field. Each type of 
equipment intended for spray vaccinations may be different and the operator must be thoroughly familiar with each piece 
of equipment and its spray patterns, pressure and particle size. For example, pressurized sprayers are excellent to deliver 
vaccine to the respiratory tract but because of the small particle size that they produce, the vaccine will tend to remain 
suspended in the air or it may be sucked towards the house fans if they are not turned off prior to vaccinating the birds. 
With some types of sprayers, the equipment must be located not more than 50 cm over those birds to be vaccinated.
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This method is therefore not practical for mass application over chickens on the ground. Rather, sprayers intended for 
horticultural use or pesticide application in the horticultural industry have proved very popular and effective for application 
of live respiratory vaccines in the field. The particle size will range between 100 and 300 ums, which is suitable for most 
respiratory viruses. In general, spray vaccination is used for protection against respiratory viruses and Mycoplasma in 
pullets; and for protection against respiratory viruses in hens in production.

A few essential considerations for spray vaccination are listed as follows:
• Prior to choosing spray vaccination to immunize chickens against respiratory viral diseases, consider all possible options. 

Be aware that spray vaccination against Newcastle disease and Infectious Bronchitis generally provides better protection 
than water vaccination, but vaccine reactions can be harsh, particularly in Mycoplasma-positive chickens. Spray 
vaccination against Infectious Laryngotracheitis should be avoided and must never be done in chickens in production. 
Only vaccinate healthy chickens.

• For adult flocks, verify the flock antibody titers prior to vaccination. If antibody titers are low, vaccine reactions may be 
harsh.

• Ensure that the vaccination equipment has been thoroughly cleaned, disinfected and rinsed to remove all traces of 
vaccine and disinfectant.

• Drive the birds (if reared on the floor) to an area of the barn where they can be vaccinated without them flying or 
moving freely away from the vaccination equipment.

• Calculate the total number of doses and the total volume of diluent (distilled deionized water) required to vaccine all 
chickens. The water used should not be chlorinated and should have a pH of 5,5 to 7,0.

• Turn off the lights, brooders and ventilation system while ensuring the birds do not overheat or suffocate. The flock 
should be relatively calm at the moment of spraying the vaccine on them.

• Reconstitute the vaccine aseptically and in the shade, and only immediately prior to vaccinating the flock.
• Use appropriate personal protective equipment (PPE), including protective mask and goggles.
• Adjust the spray nozzle to a proper droplet size. Coarse sprays (>80-120 microns) are recommended for priming 

vaccinations and also, for invasive vaccines. Fine sprays (50-60 microns) are recommended for boost vaccinations in 
older chickens, but only after they have been primed with similar viruses.

• MG-infected chickens tend to react too severely to spray vaccinations, particularly if the droplet size is too small.
• Use distilled water to dilute the vaccine (the amount should be adjusted to every situation). If a pressurized spray 

apparatus is used, it should be kept in mind that this type of equipment delivers droplets with a diameter range of 50-
1000 microns, and thus only part of the vaccine will be inhaled. Thus, it is necessary to spray the vaccine at a

• distance not larger than 50cm from the chickens. This type of equipment typically requires a relatively large volume per 
chicken house (15-20 liters). For situations where a controlled-droplet application apparatus is used, the droplet size is 
considerably more uniform (~50-150 microns). Although the droplet size is more uniform with this type of equipment, 
some of the droplets are too small and may remain in suspension for quite some time after the vaccine is sprayed. This 
may represent a problem because a vaccine that stays in suspension a long time may decrease in virus titer before it is 
inhaled and much of the vaccine ends up on house and equipment surfaces but not in the chickens. In addition, if much 
of the vaccine remains in suspension (in the form of a mist), re-activating the ventilation system will draw the vaccine 
out of the house through the exhaust fans.

• Only spray-vaccinate healthy birds. Avoid spraying birds that are infected with MG.
• Adjust the nozzle to obtain the desired droplet size.
• Wear a mask and goggles for personal protection when spray vaccinating. Make sure the sprayer to be used is clean and 

has no residual disinfectant. The vaccine containers of the spray apparatus should be rinsed with distilled water prior to 
and after every use.

• Use only one dose per bird or less.
• Reconstitute the vaccine only immediately prior to use.
• Close up the house including curtains and doors and shut the ventilation system and dim the lights while the birds are 

being vaccinated and if possible, for 20-30 minutes postvaccination (provided the air quality and temperature allow for 
a temporary shut down without compromising the flock integrity). If the flock is in a high temperature area, vaccinate 
birds at night or early in the morning. Make sure the ventilation system is not running at the time the vaccine is being 
applied or that it runs at a minimum power. Dim the lights to a minimum to settle the birds.

• Spray the birds evenly and thoroughly at least twice and ensure that all calculated doses are used evenly. The heads and 
upper body of the sprayed birds should appear wet after vaccination.

• Make a point of not leaving the farm without making sure the ventilation system and the lights have been re-engaged.
• Ventilation should be restored approximately 20 minutes after the initiation of the vaccination process.
• Rinse, clean, disinfect and re-rinse the vaccination equipment before leaving the farm.
• Destroy all residual vaccine and vaccine vials by incineration. Follow local regulations regarding adequate disposal of 

vaccines, vaccine vials and biological materials.
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13.4 Tips for tropical conditions
Hot climate is more challenging for proper transport, storage and handling of vaccines. Below we have listed several tips 
and tricks to improve the quality of vaccination. 

General
Tropical and hot climates are in general more challenging for proper handling and storage of vaccines. Below we have listed 
several tips and tricks to improve the quality of vaccination.  
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• Vaccines should arrive from the manufacturer or distributor in well insulated boxes or cooler with ice packs, ideally with 
mini-maxi thermometers or data logger inside to check temperature variation in case of problems. 

• Transport to the farm should be also in polystyrene boxes or cooler with ice packs to keep temperature constant. Boxes 
used for transport should be always perfectly clean and disinfected before putting vaccines inside. Place insulation 
(paper or bubble wrap) between vaccine vials and frozen ice packs to prevent direct contact.

• Protect them from sunlight and store them in refrigerator at 2º C – 8º C (35º - 45º F). 
• Make sure the refrigerator is working properly and monitor regularly temperature keeping records of maximum/

minimum thermometer readings or using data loggers. Setting up an alarm for high temperature will warn you in case of 
power failure, if door has not been closed or it is not well sealed. 

• For live vaccines, keep them in the refrigerator until the moment of reconstitution, just before application. 
• Remove inactivated vaccines from the refrigerator for a period prior to application so they can warm to room 

temperature. Especially for bacterins, it can be beneficial to use a warm water bath to reduce the risk of local reaction. 
Always follow the instructions from the vaccine supplier. If the temperature is too high, keep them in polystyrene boxes 
once warmed.

• Vaccinate only healthy birds and do not vaccinate birds that are stressed (following a beak treatment, if they are in a 
stage of recovery from another vaccination, immediately after been transferred…).

Drinking water
• Water tanks should always be well closed to prevent access of wild birds, rodents, insects etc. which can contaminate 

the water. Protect water tanks from direct sunlight.
• Warm water has a negative effect on vaccine titres; it is known that especially live attenuated respiratory vaccine viruses 

survive better in cool water (e.g. Infectious bronchitis).  Water temperature for drinking water vaccination should not 
exceed 28º C (82ºC).  

• Putting ice packs in the water tank can help to keep the vaccine solution cooler. Use clean ice packs and avoid using ice 
made from unreliable water sources as it could be contaminated. 

• Avoid vaccinating during the hottest time of the day and schedule vaccination for the cooler hours: early in the 
morning, birds should be thirsty and water temperature will also be cooler.  

• Decrease water withdrawal time compared to standard recommendations: aim is that all pullets consume the vaccine in 
about 1h30 to a maximum of 2 h, but preventing birds from drinking for too long is very stressful in hot weather

• Adjust the volume of water to be used for vaccination to actual water intake: general guidelines on volume of water 
consumption are usually based in age but not always corrected for increased intake observed in hot temperatures.

• For especially fragile live vaccine viruses (e.g. IBV variants), to keep proper titres, instead of giving the vaccine in one 
single period of 2 h maximum, it can be given in 2 times one immediately after the other. The total volume of vaccine 
solution should be calculated and divided by two: administer the first vaccination with 50 % of the vials mixed in the 
water volume to be consumed in 1 h and when it is finished, prepare and administer the second vaccination with the 
remaining 50 % of the vials in the water for the second hour.

Spray
• Live attenuated vaccine viruses are sensitive to warm temperature: water temperature for spray vaccination should be 

below 28ºC (82ºF).
• Use distilled water for mixing, not tap water
• Vaccinate early in the morning, during the cooler hours of the day 
• Under tropical conditions, in environmentally controlled houses, stopping completely all the ventilation can be risky 

since in-house temperature can increase very fast and can even end up in mortality. Minimize ventilation as much as 
possible depending on the climate conditions: excessive ventilation will lead to a less uniform spread of the vaccine 
solution and uneven titres.

• Work with enough personnel to reduce time for vaccination: use at least two people to vaccinate, divide the dose 
accordingly and distribute how they will move around in the poultry house.

• Sprayer carts are frequently used for birds housed in cages: depending on the capacity of the sprayer and the size of 
the flock, consider using more than one machine to reduce total time for vaccination and risks derived from reduced 
ventilation. 

Eye drop and intra-nasal
• Temperature of the diluent should be maintained between 2ºC and 8º C (35º F – 45ºF), so keep it in a box with ice 

packs.
• Reconstituted vaccine requires to be used immediately and kept at the right temperature during administration: it is 

important to plan enough vaccinators for a rapid vaccination.
• Dividing the diluted vaccine in several smaller clean dropper bottles and keeping them on ice during use will help to 

prevent the content from getting too warm.  Every vaccinator can work with 2 bottles and alternate their use, changing 
every 10 -15 minutes and putting the bottle back in ice.

• Vaccinators should hold the dropper bottle properly, inverted in a vertical position, but avoiding contact with the palm 
of their hands to prevent the contents getting too warm.
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Appendix: conversion table
1 mtr.    = 3,282 feet   1 foot  = 0,305 mtr.
1 sq. mtr.   = 10,76 sq. feet   1 sq. foot = 0,093 sq. mtr.
1 cub. mtr.   = 35,316 cub. feet   1 cub. foot = 0,028317 cub. m.
1 cm.    = 0,394 inches   1 inch  = 2,54 cm.
1 sq. cm.   = 0,155 sq. inch   1 sq. inch = 6,45 sq.cm.
1 kg.    = 2,205 lbs.   1 lb.  = 0,454 kg.
1 g.    = 0,035 ozs.   1 oz.  = 28,35 g.
1 ltr.    = 0,22 gallons   1 gallon  = 4,54 ltr.
 
1 bird per square metre  = 10,76 square feet per bird
3 birds per square metre  = 3,59 square feet per bird 
4 birds per square metre  = 2,69 square feet per bird 
5 birds per square metre  = 2,15 square feet per bird 
7 birds per square metre  = 1,54 square feet per bird 
11 birds per square metre  = 0,98 square feet per bird 
13 birds per square metre  = 0,83 square feet per bird
1 cubic meter/kilogram/hour = 16,016 cubic feet/lb./hour
1 cubic foot/lb./hour  = 0,0624 cubic meter/kilogram/ hour

F ° = 9/5 °C+32 °C = 5/9 (°F-32) 
45 °C = 113 °F  22 °C = 72 °F 10 °C = 50 °F
40 °C = 104 °F  20 °C = 68 °F 8 °C = 46 °F
35 °C = 95 °F  18 °C = 64 °F 6 °C = 43 °F
30 °C = 86 °F  16 °C = 61 °F 4 °C = 39 °F
27 °C = 81 °F  14 °C = 57 °F 2 °C = 36 °F
24 °C = 75 °F  12 °C = 54 °F 0 °C = 32 °F

1 Joule per second = 1 Watt = Volt x Ampere 1 KJ =1000J
1 MJ = 1000KJ
1 MJ = 239 Kcal
1 Kcal = 4.2 KJ
1 KWh = 3.6MJ - 860 Kcal
1 BTU = 1055J
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Lat Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

0 12:07 12:07 12:06 12:06 12:06 12:07 12:07 12:06 12:06 12:06 12:06 12:07

5 11:50 11:54 12:01 12:09 12:17 12:23 12:24 12:19 12:12 12:04 11:56 11:51

10 11:33 11:42 11:56 12:13 12:28 12:40 12:41 12:33 12:18 12:01 11:46 11:35

15 11:15 11:29 11:50 12:16 12:40 12:57 13:00 12:47 12:24 11:59 11:35 11:18

20 10:57 11:16 11:45 12:20 12:52 13:15 13:19 13:01 12:30 11:57 11:23 11:00

25 10:37 11:02 11:39 12:24 13:05 13:35 13:39 13:17 12:37 11:54 11:12 10:41

30 10:15 10:46 11:33 12:29 13:20 13:57 14:02 13:34 12:45 11:52 10:59 10:21

35 9:51 10:29 11:26 12:34 13:36 14:21 14:28 13:53 12:54 11:49 10:44 9:58

40 9:23 10:10 11:18 12:40 13:54 14:49 14:57 14:15 13:03 11:46 10:28 9:32

45 8:50 9:48 11:09 12:47 14:16 15:23 15:33 14:41 13:15 11:42 10:09 9:01

50 8:10 9:20 10:58 12:55 14:42 16:04 16:17 15:13 13:28 11:38 9:47 8:24

55 7:17 8:46 10:45 13:05 15:15 16:59 17:16 15:53 13:46 11:33 9:18 7:35

60 6:03 8:00 10:29 13:18 16:00 18:18 18:42 16:49 14:08 11:26 8:41 6:27

65 3:54 6:54 10:06 13:37 17:05 20:42 21:36 18:14 14:39 11:18 7:48 4:36

Appendix: daylength according to the Northern Hemisphere latitude

Appendix: daylength according to the Southern Hemisphere latitude

Lat Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

0 12:07 12:06 12:06 12:06 12:06 12:07 12:07 12:07 12:06 12:06 12:06 12:07

5 12:24 12:19 12:12 12:04 11:56 11:51 11:50 11:54 12:01 12:09 12:17 12:23

10 12:41 12:33 12:18 12:01 11:46 11:35 11:33 11:42 11:56 12:13 12:28 12:40

15 13:00 12:47 12:24 11:59 11:35 11:18 11:15 11:29 11:50 12:16 12:40 12:57

20 13:19 13:01 12:30 11:57 11:23 11:00 10:57 11:16 11:45 12:20 12:52 13:15

25 13:39 13:17 12:37 11:54 11:12 10:41 10:37 11:02 11:39 12:24 13:05 13:35

30 14:02 13:34 12:45 11:52 10:59 10:21 10:15 10:46 11:33 12:29 13:20 13:57

35 14:28 13:53 12:54 11:49 10:44 9:58 9:51 10:29 11:26 12:34 13:36 14:21

40 14:57 14:15 13:03 11:46 10:28 9:32 9:23 10:10 11:18 12:40 13:54 14:49

45 15:33 14:41 13:15 11:42 10:09 9:01 8:50 9:48 11:09 12:47 14:16 15:23

50 16:17 15:13 13:28 11:38 9:47 8:24 8:10 9:20 10:58 12:55 14:42 16:04

55 17:16 15:53 13:46 11:33 9:18 7:35 7:17 8:46 10:45 13:05 15:15 16:59

60 18:42 16:49 14:08 11:26 8:41 6:27 6:03 8:00 10:29 13:18 16:00 18:18

65 21:36 18:14 14:39 11:18 7:48 4:36 3:54 6:54 10:06 13:37 17:05 20:42
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Appendix: visitor registration
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Appendix: Downgraded egg chart white egg
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Appendix: Downgraded egg chart brown egg
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Notes:
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Notes:
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"Let’s stay cool 
together!"

DISCLAIMER: This Commercial Management Guide Hot & Tropical Climates has been prepared by Institut de Sélection Animale B.V. to inform readers of its activities in the broadest 
sense. It is by no means intended to be complete, not even on the aspects mentioned herein. The performance data contained in this document was obtained from results and 
experience from our own flocks and flocks of our customers and are indicative. In no way does the data contained in this document constitute a warranty or guarantee of the 
performance of nutrition, density or physical or biological environment. There are no implied or explicit guarantees given by Institut de Sélection Animale B.V. and its shareholders as to 
the accuracy and completeness of the provided information in this Commercial Management Guide Hot & Tropical Climates.

layinghens.hendrix-genetics.com
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