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Environmental  influences 
on laying hens production 

Luigi G. CAVALCHINI,  Silvia  CEROLINI, R. MARIANI 
Istituto de Zootechnia,  Facultá  di  Medecina  Veterinaria,  Universitá  degli  Studi  di  Milano (Italy) .~ 

In  the  Mediterranean  region  poultry  are  raised  in  a  climate  in which the  summer  temperatures  are  rather 
high and  the  winter  temperatures  are  more or less  severe,  depending  on  the  distance  from  the  sea  and 
the  exposure of  the site  to  the  wind. Environmental  pollution  is  also  often  a  problem. 

The  type of final  product  desired is greatly  influenced by  the eating  habits  and  the  age-old  traditions of this 
region.  Obviously,  the  requirements  are  more  specific  and  more  numerous for meat. For eggs, the  only 
requirements  are for a  particular  shell  colour.and for  the weight of the  egg. 

Both the  environment  and  breeders  have  interacted  in  the  selection of animals  over  time so as to obtain 
strains  that  are  adapted  to  particular  conditions. The  strains  typical of the  Mediterranean  area  are  usually 
resistant to  high  temperature  and  to  changes  in  temperature,  are  resistant diseases  and  have few 
specific nutritional  requirements. 

In  Italy there  are local strains of chicken that  have  satisfied  human  needs  for  millenia.  One  of  these is the 
"Livornese" whose genetic  inheritance  has  been partly introduced  into  almost all  the commerical  hybrids 
used today  for egg production. 

However,  in  recent decades the  breeding  situation  has  been  totally  transformed.  Local  strains  have  almost 
completely  disappeared or are  on  the  way  to  extinction,  and  throughout  the  world  there  are  only  four or 
five commercial hybrids for industrial  production of eggs.  Most of these  hybrids  .are  quite  similar  in  their 
characteristics. This  change  has  been  paralleled by unification  and  standardization. of environmental 
conditions. At present,  the  buildings,  equipment and  technologies for breeding  and  feeding  are  almost  the 
same in all  parts of the world. 

Therefore,  I will try  to  summarize  the  many  different  environmental  influences  that can affect  animal 
production,  including  immediate  consequences and long-term  accumulation  effects.  It is easy  to see the 
immediate  effects  and  to  determine their cause, but  the  delayed  effects  are  much  more dificult to  identiw 
(Scheme 1). 

II. - Effects of light 

1. Photoperiod 

Light  is  of  fundamental  importance  in  the  reproducton of birds,  both  during  the  rearing  and  the  laying  time. 
In  the 1960s, many  studies  were  done  by  Morris  and  his  co-workers  on  the  effects of different 
photoperiods  on  reproductive  activity.  Many  other  investigators  rooked  into  the  effects  of  alternative  and 
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traditional" light programmes.  (Cavalchini et al., 1983 ; Shanawany,  1982,  1983 ; Ernst et al., 1987 ; 
Rowland,  1985). 

By now  the  best  quantitative  and  qualitative  characteristics  of  the  photoperiod  for  modern  use  have  been 
established  for  the  different  types of shelter available.  Two  different  situations  can be  identified : 

a) in which  closed  sheds  and  artificial  light  are  used, and 
b) in which  the  sheds  have  windows,  and  natural  light is available. 

During  the  rearing  period  (0-18  weeks),  the  most  convenient  light  programme  can be used in situation A : 
a  constant  8  hours  of  light  and 16  hours  of  dark  (8L:16D)  for  the entire  period (Figure' 1). It is also 
possible  to  use  6  hours of constant  light as described in the  King  system  (1  959),  or  even  1 O hours,  without 
making  any  great  difference.  In  situation B, there  are two phenomena : 

1"- Chicks  born  more or  less  between  April  1  and  September  15,  are in the  best  situation  (in  the 
northern  hemisphere)  since  they  have  a  decreasing  photoperiod  and it  is not  necessary to modify 
the  number  of  hours  of  natural  light ; 

2"- Chicks  born  between  September  16  and  March  31  are  worse-off  because  the  natural  photoperiod 
is increasing  and  this  can  lead  to  premature  laying. 

To  avoid  this,  two  alternative  systems  can be used : calculate  the  longest  photoperiod  between  the 1st and 
the  18th week  and  maintain the light  for  this  length of time  throughout  rearing by using  artificial  light  partly 
in the  morning and  partly in the evening, or  determine  the  number of hours  of  light  that  there will be in the 
18th week  and then add from 4h15' to  6h  of  artificial  light  on  the  3rd  day  of  life  and  then  decrease  by  15- 
20  minutes  per week until the  18th week. 

According  to Shanawany  (1  983),  the  best  age  for  the  hen to  reach  sexual  maturity is 150-160  days,  and 
this is the  condition  for  producing  the  largest number  of  eggs  with  the best  alimentary  conversion  index 
(ACI). However,  feed  intake  does  not  seem  to  be  affected  by  when  oviposition  begins. 

Continuous  selection of animals  that  grow  ever  more  rapidly  has  produced  hens  that  are  of laying  size  at 
an, early  age.  Light  has  been  used  for  early  induction  of  sexual  maturity  in  these  animals  with  early 
mrophological  development to  mature  size. 

When  the  number  of  hours  of  light is increased  from 8L:16D to  14L:lOD  by  the  15th  to  18th  weeks  of life 
instead of the  21st,  there is an increase  in  the  number of  eggs  produced, but they  weigh  less  (Leeson  and 
Summers,  1980). If the  increased  photostimulation is applied  even  earlier,  at  10  to  12  weeks  fewer  eggs 
are produced (Ceeson  and  Summers,  1985b). 

Therefore, it is generally  advised  to  start  a  progressive  increase in light  during  the  18th  week  of  life,  with 
the  daily  increases  suitable  for  stimulating  sexual  maturity  and  with it the  initiation  of  oviposition  at  the  best 
time.  The  hens  begin to lay  about 4  weeks  after  the  start  of  photostimulation.  The  increase is usually 
gradual, to  avoid  early  peak  and  to  maintain'deposition (Figure 1). 

A photoperiod of  10L:14D is sufficient  for  stimulating  oviposition  and  14L:lOD  provides  the  maximal 
production.  Further  increases to 17L:7D  do not  consistently  increase  production  and if the  exposure  to  light 
is even  greater  than  this,  production  decreases.  Rowland  (1982)  compared  18L:6D  with  15L:9D  and  found 
a  larger  percentage of  breakage  of  the  shell in the  oviduct,  6.4 Yo 2.4 YO, and a  worsening  of  the 
specific  gravity of the  shell  with  the  longer  light  exposure. 
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2. Quality of the  light 

Except  for the first week, in which  intense  light is needed  to  stimulate  the  chicks  to  eat,  the  intensity  of  .the 
light  should  be  lower  than  natural  light.  Different  studies  with  the  hen  (Cavalchini  et al., 1976 ; Morris, 
1968)  found  that  for  good  reproductive  activity  there  should be at  least  10  lux  of  .light.  The  light 
requirements of the  pullets are less well  known. 

. *  

There is a strict linear  correlation  between  the  intensity of light  and  body  activity. As one increase  light 
from  1 to 120  lux, the  motor  activity of the  animals  increases,  and  as a consequence, so does the energy 
expenditure  measured as heat  production.  This  correlation is the basis  of  the  observation that. in birds,  as 
well  as in mammals in general, there is a  correlation  between  intensity of light and perception of light 
(Boshouwers  and  Nicaise,  1987). 

It is a  useful  rule  to  avoid  excessive  differences in intensity  and  colour  of the light  behveen  the  phase of 
growth  and  that of oviposition. For this purpose,  pullets  that  have  been  reared  under  artificial  light  are 
maintained  under  the  same  type  of  light  after  they  begin  to  lay  eggs,.  or  may  become  excessively  excitable. 
It is even  more  necessary to continue  keeping  pullets  under  natural  light if they  have  been  raised  under 
natural  light. 

Several  studies of the  influence of the  colour  of  light  (Benoît et al., 1950 ; Harrison,  1972 ; Mc 'Ginnis et 
al., 1966 ; Morris,  1968 ; Oishi  and  Lauber,  1973)  have  shown  that  birds  are  more  sensitive to wave- 
lengths  toward orange  and red and  less  sensitive to blue,  green  or  yellow.  The  optimal  wave-lengths  are 
between  600  and 750  nm.  From a  practical  point of  view, it has  been  proposed  that  fluorescent  lamps of 
suitable  colour  can  be  substituted  for  incandescent lamps,  reducing  the  energy  expenditure to 113 to 114. It 
has  been shown, in studies  that if monochromatic  light is used,  sexual  maturity is shifted  from day 131 to 
day 124 of life, and.  also that  the  quality of the  light  affects  the body  weight  and the abdominal  fat deposits 
(Pryzak et al., 1986). 

3. Manipulations of the  photoperiod  and  ahemeral cycles 

In the last few  decades  most  of  the  research  into  the  effects  of  light  has  been  carried  out to determine  the 
possibility of using  intermittent  light programmes  or  circadian  cycles  longer  or  shorter  than 24 hours, called 
ahemeral  cycles.  The  initial  interest in such  photopdriods was to save  considerable  amounts  of  electricity, 
but  the.  results  have  turned  out to be of interest  principally  for  the  effects  on  the  quality of the eggs. 

. ,  

Shanawanuy  wrote  a  review in 1982 in which  he  summarized the effects of circadian cycles that  were 
not 24 hours on both  total egg  production  and  the  weight  of  the  eggs;  He  calculated  from  the  data  of  many 
trials  that  shortening  circadian  cycles to less than 24  hours  decreased  egg  laying  more  or  less  linearly, 
down to 21 hours. 

When cycles were  prolonged  above  24  hours,  there  was  no  change in production at  25  hours,  but  from  25 
to 33 hours  there was  again a  progressive  decrease  as  the  cycle  was  lengthened.  The  weight  of the egg 
increased by 5% for  each  hour of change in the cycle,  either  above  or  below  24  hours,  The  quality of the 
shell was better in the  27  hour  cycles  (6-8%  thicker).  and  the  28  hour  cycles (8-1O% thicker) and the 
number of deformed  or  shell-less eggswas decreases  by  4%.  Nordstrom  (1982)  obtained  a  better  quality 
of shell,  as  g/cmq,  with  a  photoperiod  of 27 hours  after  only  one  week  of  treatment  and  after 3 weeks the 
weight of the eggs  had  increased  significantly.  Feed  consumption  decreased  when  a  photoperiod of  28 
hours was  used  (Leeson  and  Summers,  1985a).  The AC1 showed the same  pattern  with  cycles  of  26 27 

(Nordstrom,  1982) (Table 1). 

Recently it has  been  suggested  that  the  period  of  darkness  be  changed  to  a  period  of  very  low  intensity 
light so that the various  operations  required  for  breeding  can be carried  out  at  the  most  convenient  times, 
whatever the  time of the dark  period.  The  experimental  results  have  been  good.  Hens  on this  type of 
photoperiod  still  recognize the light stimulus  and  the  pattern  of  egg-laying is the same  as  when the 
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"darkness" is total  (Rose et al., 1985 ; Waters er al., 1987). A 5:l ratio of the  intensity of the  "daylight"  to 
the  "dark" is sufficient  for  stimulating  egg  laying,  but  the  results  are  better if the  ratio is 30:l  (Waters et al., 
1987). 

Breaking up the  periods of light in  either  circadian  or  ahemeral  cycles  into  short  light-dark cycles is 
usually  called  intermittent  light  programming.  Rowland  (1985)  divided  these  into  two  types.  In  type  1,  the 
lightdark cycles are  repeated  without  change  although  they  can  be  of  equal  duration  (3L:3D) X 4 or 
different  duration (1.5L:4.5D) X 4. In  type 2, the  light-dark  periods  are  not  repeated  symmetrically 
(6L:2D:6L:1  OD).  When the  programme is of  type  1,  oviposition is distributed  over  the  24  hours  without any 
particular  pattern.  When it  is of  type 2, there is the same  circadian  oviposition cycles as there is in 
continuous  light (Figure 2). 

This is because  the  hen  kept  under  conditions of type  2  cyles  again  distinguishes  a  "day-time"  and  a 
"night-time" and  the  laying  cycle is adjusted to this.  The  "day"  period  interpreted by the  hen  under 
intermittent light is called  "subjective  day"  and it  must last  at  the  most  for  16  hours  to  be  recognized. 

The light programme  affect  oviposition both quantitatively  and  qualitatively.  The production of  eggs tends  to 
decrease  markedly  when  the  intermittent  (Sauveur  and  Mongin,  1983 ; Van Tienhoven et al., 1984 ; 
Leeson et al., 1982)  or  ahemeral  28  hour  lighting  programmes  (Leeson  and  Summers,  1985a)  are 
administered from the  start of the  productive  cycle. If, instead,  the  cycles  are  changed  near  the  end  of  the 
hen's egg-laying  activity,  no  marked  differences  occur  (Nordstrom  and  Ousterhout,  1983 ; Skoglund  and 
Wittaker,  1980) (Table 1). .To  maintain  the  production  at  a  level  similar  to  that  obtained  with  a  photoperiod 
of  16L:8D, intermittent  light  must  be  administered at  least  10  hours  (Nordstrom  and  Ousterhout,  1983), but 
some  investigators say  that  as little as 4 hours is sufficent (Van  Tienhoven el al., 1984). 

Egg  weight is always  heavier  when  light is administered in either  intermittent cycles (Skoglund  and 
Whittaker,  1980 ; Nys  and  Mongin,  1980 : Sauveur  and  Mongin,  1983)  or  ahemeral cycles (Van  Tinhoven 
et al., 1984 ; Nordstrom  and  Ouserhout,  1983 ; Leeson  and  Summers,  1985a) (Table 2). The  quality  of the 
shell is also improved,  as  agreed  by  several  investigators  (see  the  review  by  Sauveur  and  Picard,  1987). 
Both  the  total  weight of the  shell  (Nordstrom  and  Ousterhout,  1983 ; Nordstrom,  1982)  and its resistance 
to  breakage  (Nys  and  Mongin,  1981 ; Sauveur  and  Mongin,  1983 ; Van Tienhoven et al., 1984)  are 
greater.  However,  Lesson et al. (1982)  found  no  differences in total  egg  weight  or  in  the  quality of the  shell 
when  they  applied  an  intermittent  schedule of  17L:7D (Table 2). 

As already underlined  by  Sauveur  and  Picard  (1987),  the  better  shell  quality,  measured as thickness  and 
resistance,  appeared  to  be  due  to  the longer  interval  between  the  laying  of  one  egg  and  the  next,  with  the 
egg  remaining in the  oviduct. In addition,  under intermittent  light,  feed  consumption is distributed  more 
uniformly  over  the day (Nys  and  Mongin,  1981). 

If intermittent light of 3L:3D is used  when  rearing  the  chicks,  sexual  maturity  does  not  seem  to  be  delayed, 
but egg  production is decreased  by 5% (Sauveur  and  Mongin,  1983). 

During  the major period of  egg  production,  the  traditional  photoperiod is thus  still  the  best,  but  ahemeral or 
intermittent photoperiods  can  be  used  toward  the  end of the  productive  period  of  the  hen  to  improve  the 
quality  of  the  egg  shell.  Before  we  can  confirm  the effects of  their use  during  the  period  of  maximal 
production or  of  rearing, further  studies  must  be  done,  especially  with  large  numbers  of  animals,  such  as 
those  found  in  actual  production. 
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111. - Effects of temperature 

Hens  are  usually  housed in cages  containing  3-5  birds  and  without any possibility of moving  or.choosing 
and so they  must  survive  the  cryptoclimate of the  room. 

The  principal  mechanisms available to the  chicken for  maintaining a normal  temperature  have  been  divided 
by  Meltzer  (1987)  into  two  groups.  The  first  group  includes  physical  mechanisms,  such as standing in a 
certain way,  increasing  the  respiration  rate  (tachypnea)  which  increases  respiratory evaporation or 
changing  the  angles  of  the  feathers so as to retain  or  disperse  more  heat  (however, it must be kept in 
mind  that  when  hens  are  towards  the  end  of  their  reproductive  period,  they  lose  many of their  feathers  and 
therefore  have  less  thermal  protection). The  second  group  includes  chemical  or  metabolic  mechanisms, 
such as  changing  the  amount  of  feed,  consumed  or  the  activity  of  some  endocrine  glands  (hypophysis, 
thyroid,  adrenals  and  pancreas). 

Therefore, it is easy to understand why it is so important to maintain  an  optimal  microclimate  that  provides 
a  thermoneutral  zone in which  the  hen  stays  well.  This  zone is 
response to environmental  temperature  varies  considerably in different  genetic  strains  and  the  adaptation 
process  varies  accordingly (Arad et al., 1981). 

Figure taken  from Van  Kampen  (1981),  shows  how  heat  production  decreases  as the  environmental 
temperature is increased to (for  non-acclimatized  animals  the  upper  limit is and  then  rapidly 
increases. 

Usually  the  body  temperature is maintained  up to 26"-27"C environmental  temperature.  At higher 
temperatures  the  animal  needs to call  into play  effective  thermoregulatory  mechanisms,  such  as  an 
increased  respiratory  rate  (Sykes  and Fataftah,  1886a).  By the  respiratory  rate is.5-6 times  the  30- 
35mn  that  occur  between 2" and (Arieli ef al., 1980).  At  about 35"-38"C the animal  pants  and 
develops  alkalosis,  which  continues to worsen  up to 41  "C,  with  the pH of the  blood  going  from  7.5 to 7.6 
(El Hadi  and  Sykes,  1982)  because  of  the  decrease in the  partial  pressure of C02 (PC02) in the  arterial 
blood  and  the  increased  concentration of HC03 (El Hadi  and  Sykes,  1982 ; Staten  and  Harrison,  1984 ; 
Koelkebeck  and  Odom,  1985). 

These  changes in PC02 and  the  alkalosis  they  cause  have a  negative  effect  on  egg  shell  formation  that is, 
inevitably  reflected in the quality of the shell. 

The  increase in environmental  temperature is usually accompanied  by  an increase in r,espiratory 
evaporation  (Arieli et al., because  the  adaptation to the  high  temperature  seems to be  due to 
increased loss of  heat  as  well  as a simultaneous  decrease in heat  production  (Meltze,  1987). 

Above  certain  limits,  increasing  the environmental  temperature  leads  to a  progressive  increase in body 
temperature,  whether  the  animals  had  or  had  not  been  adapted to cold or hot  environments  (Arieli et a/., 
1980).  At  an  environmental  temperature  of  41  "C,  the  body  temperature is (El Hadi  and  Sykes, 
1982). Figure 4 shows the daily  patterns  of  body  production  as  a  function  of  the  high  environmental 
temperatures  that  can  occur in tropical  climates. 

The  qualitative  and  quantitative  effects of  environmental  temperature  on  the  reproductive  capacity  of  the 
laying  hen  have  been  reviewed by  Deaton  (1  983). 

It is useful at this  point  to  note  that  optimal  production  efficiency  means  to  combine  the  lowest AC1 with the 
maximum production of  eggs; in terms of total weight.  Usually  when  the  temperature  is  increased there is 
a  decrease in feed  consumption  (Deaton et al., 1981 ; Tanor et al., 1984)  and,  above a  certain limit,  also in 
egg  weight  (Tanor et al., 1984 ; Peguri  and  Coon,  1985 ; Magruder,  1982),  whether the animals  are 
maintained  under  constant  or  variable  temperatures  (Emery et al., 1984). , 
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The  interval  between 24" and is usually  considered  to  be  that in which  the AC1 is lowest (Table3). 

The  maximal  values  for  percentage  production are  generally  obtained  at  temperatures  from  16 O to 25"C, 
although  with  a  suitable  diet  this  can  be  raised to it is necessary to 
increase the concentration of feed so as to maintain the daily  protein  consumption. 

The  literature  often  gives  different and  variable  temperatures  that  are considered to provide the best  egg 
production,  because  increasing  environmental  temperature  does  not  always  correspond  with any significant 
differences in production  (Grover and  Anderson,  1980 ; Magruder  and  Coune,  1980 ; Deaton et al., 1981, 
1982 ; Emery et  al., 1984 ; Peguri  and  Coon,  1985) (Tables 5, 6). 

It has  been  observed  that  the  production of  eggs  by  adult  hens  between  170  and  236  days  of life, 
whatever the environmental  temperature  (21 "C constantly,  Co,  or 21 cyclically,  Cy), is significantly 
affected by  the  temperature to which  they  were  exposed  as  pullets  (Cowan  and  Michie,  1983). 

The thickness of the shell  usually  decreases  as  the  temperature  raises  (Deaton et al., 1981 ; Tanor et al., 
1984),  but  not  always  significantly  (Grover  and  Anderson,  1980) (Table 6). 

Further  studies  have  shown  that  for  equal  mean  environmental  temperatures,  whether  the  temperature is 
variabie  or  constant  can  sometimes  cause  differences,  with  variable  temperatures  giving  the  best  results 
(Emery et  al., 1984), but again the  differences  are  not  always  significant  (Deaton et  al., 1982). 

As already  indicated,  changes in temperature,  humidity  and  ventilation  change  the  amount  of  feed  intake, 
as a  function of its energy  content,  and it should  be  remembered  that  larger  feed  intake  makes the 
resistance to heat worse  (Sykes  and  Salih,  1986 ; Sykcs  and  Fataftah,  1986b). 

It must  always  be  kept in mind,  however,  that  when  energy  consumption falls below a  certain  level,  first the 
body  weight  and  then  egg  production  decrease.  From  this, we can  conclude  that any- factor  that can 
modify  metabolic  activity  can  affect  the  resistance to heat  (Sykes  and  Salib,  1986). 

The  decrease in feed  consumption is probably  connected to the loss in live weight  at  high  temperatures 
observed  by many investigators (Deaton et  al., 1981 ; Tanor et  al., 1984 ; Peguri  and  Coon,  1985), 
although this is not  a  constant  finding (Sloan  and  Harms,  1984)  and  weight loss is not  always  significant 
(Arad et  al., 1981). 

For  equal  mean  temperatures, it does  not  seem  to  matter  for  body  weight  whether  the  temperature is 
constant or  variable  (Deaton et  al., 1982),  though  one  sometimes  sees a  greater  initial loss of weight in 
animals  exposed to variable  temperatures,  but  this  tendency  inverts at  275 to 336  days  of  age  (Emery et 
al., 1984). 

Exposure to when the animals  are  pullets  results in significantly  lower  weights in the  laying  hens  than 
the  weight of hens  reared  at 15"C, regardless of the  temperature  at  which  the  adult  hens  are  kept (21 "C 
Co  or  21 Cy)  (Cowan  and  Michie,  1983) (Table 5). 

Even if there is no  absolute loss of to slower 
growth in the first 12 weeks of laying  than  temperatures  of 15"-18" but  this  does  not  affect  the  live  weight 
of the animals  (Grover  and  Anderson,  1980). 

In  parallel  with  reduced  feed  consumption,  there is a change in the amount  of  water  intake.  Increased 
temperatures  notably  increase water  consumption  (Lesson,  1986).  In  some  cases,  even  when  there is 
ample  water  available,  many  hens still go into  negative water balance  (Sykes  and  Fataftah,  1986a). 

It is also  interesting to see  how the  effects of  environmental  temperature  vary  with  the  photoperiod.  If the 
animals  are  on  a  photoperiod  of 76L:8D and  with  cyclically varying  temperatures  from  21 O to 35"C, the 
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best  performance is obtained  when  the  highest  temperature  occurs  during  the  hours  of  light.  Not  only  that, 
if the  high  temperatures  occur  during  the  hours  of  dark  there  is  a  negative effect on  the  deposition  of 
calcium in the  62-week-old  hens  and in younger  animals  there is an effect on  ovulation  (Nasser el al., 
1 985). 

From  what  we  have  summarized so far,  we can  conclude  that  environmental  temperature  does  affect 
laying  performance  and  that  every  time  hens  are  kept  outside  the  zone  of  thermoneutrality,  negative 
effects occur. In order to avoid  production loss because  of  anomalous  temperatures,  which  can  occur  at 
any time  because  of  mechanical  breakdowns  or  exceptional  weather  conditions  (Deaton et al., 1982), it 
may be ueful to acclimate  the  animals.  This is especially  true  for  the  adults,  because at all ages  thermal 
stress,  has  negative  effects,  but in laying  hens  the  combination  of  this  with  calcium  metabolism  aggravates 
the  situation  (Leeson,  1986). 

It  has  been  found  that  exposure  of  the  animals several  days to for 4 hours a day  at  a  relative 
humidity  of  26%  increased  their  resistance  to  climatic  conditions  that  had  been  lethal  without this 
acclimatization  (Sykes  and  Fataftah,  1986a). 

There  are  very  few  data in the  literature  about  the  influence  of  relative  humidity (RH), which  should 
however  be  taken  into  consideration.  It is well to remember  that  excessively  high RH makes  adaptation to 
extremes  of  temperature  more  difficult.  An  increase in RH  decrease  the loss of  heat  by  evaporation  at  high 
temperature  and  decreases  the  thermal  isolation  of  the  animal  at  low  temperatures. 

The  success  of  the  adaptation  depends  on  following  some  rules  based  on  the  fact  that  constantly  high 
temperatures  cause  more  damage  than  variably  high  temperatures  (Leeson,  1986).  This  was  shown in an 

produced  significantly  less  than  the  others  (Deaton et al., 1982). 

It just before  being  subjected to thermal 
stress in a  room  at they  are no longer  able to react  effectively to the  high  temperatures,  having  lost 
their  heat  resistance  (Sykes  and  Fataftah,  1986b).  This  phenomenon  appears to be  due to the  increased 
metabolic  activity  and  increased  heat  production  caused  by  the  lowering  of  the  temperature  counteracting 
the  decrease in heat  production  induced  by  the  thermal  stress.  The  first  mechanism  outweighs  the  second 
and  makes  the  animals  more  sensitive to heat  (Sykes  and  Fataftah,  1986b). 

The  animals  also  temporarily  loose  acquired  resistance  to  heat  when  tested in groups of two  or  three ; this 
appears to be  due to greater  physical  activity  rather  than  limitation  imposed  by  the  crowding  or  the 
adoption  of  particular  postures  (Sykes  and  Fataftah,  1986a). 

Co or 5.6"-35"C Cy) 
does  not  seem to affect  egg  weight,  but  the  percentage  of  oviposition is significantly  lower  for  the  group 
acclimated  at  the  constant  temperature  (Deaton et al. 1982). 

Finally,  we  must  realize  that  there  are  two  or  three  levels of heat  stress  to  which  the  animals  respond 
differently, just as  there  are  differences in response  according  to  the  strain  or  breed  studied  (Leeson, 
1986). 

Resistance  to  heat  also  depends  on  the  age,  the  climate  of  the  zone in which  the  animals  are  reared,  and 
the  diet  they  are  given.  Generally  light  birds  resist  better  than  heavy  birds  (Meltzer,  1987). 

Strains  that  are  native  to  hot  climates,  such  as  Sinai  breed,  when  gradually  acclimated to high 
temperatures,  are  able to increase  egg-laying  to  38"-4OoC  and  even  a Sinai X 2 Leghorn  hybrid  has 
better  qualitative  and  quantitative  performance  at  high  temperatures  than  the  acclimated  Leghorn  (Arad et 
al., 1981). 
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We can  suppose  from  this  that  local  strains  are  both  physiologically  and  genetically  adapted'  to  high 
temperatures.  This  should  enable  us  to  select  animals  particularly  resistant  to  heat  and  able  to  maintain 
satisfactory  production  levels (Arad et al., 1981). 

IV. - Conclusion 

To obtain  better  climate  control  and  increase  the  performance  of  laying  hens in Italy,  we  are transforming 
laying  houses. 

Up to a few  years ago, the  classic  housing  structure  was a shed  open  on  two  sides  that could  be  closed 
with  plastic  curtains,  with a poor  thermal  isolation.  The  concentration of  animals  was not very high  because 
most  the  cages  were on two or three  levels. 

This  type of structure  has  been  replaced  with  closed  sheds  that  have  forced-air  ventilation,  cooling units 
and  controlled  light. This has provided better control of the microclimate, which is  particularly 
advantageous  because it means  that  in  the  summer  the  negative  effects  of  excessively  high  temperature 
on  egg  production  can  be avoided  and  in  the  winter  feed  consumption is lower. 

The  concentration of  animals  has  been  considerably  increased.  We  now use  batteries  on 4 levels,  with 4-5 
hens  per  cages,  which  greatly  increases  the  number of  hens  per unit of  surface. 

It has  been  possible  to  increase  the  concentration of  the  hens  because  the  ventilation  systems  have  been 
greatly  improved. We  no  longer use a large  number  of  small  ventilators but a few  ventilators  of large 
capacity,  which  saves a great  deal  of  electricity. 

These  constantly  updated  structures  make it necessary  to  continuously  update  the  technology  and  to 
control both the  environmental  conditions  and  the  general  conditions of the  hens. It is important  to record 
throughout  the  entire  cycle  not only  the  production,  such  as  number of eggdday, weight  of  the  eggs  and 
mortality,  but also  data  on the  microclimatic  conditions,  temperature,  humidity  and  photoperiod. 

Once a week it is useful  to  weigh  individual  animals, so as to  see  whether  the  diet is satisfactory for 
nutrition  and  production of the hen.  At  the  same  time,  notes  should  be  made  about  the  general condition 
and  health of the hen.  It is a good  rule  to  always  weigh  the  same  hens  and  to  weigh a large  enough 
number  of  animals  to  be  representative  of  the  building.  Variability  of  weights in different  parts  of  the 
building is often  rather  large,  and  inter-individual  differences  are  considerable.  The  body  weight  of  the 
laying  hen  increases  notably  up  to 32-34 weeks  of  age  and then  tends  to  stabilize. 

Another control that  can  be made  systematically  and  that  reflects  the  physiological  conditions  of  the  hens 
is the  analysis of the  metabolic  profile  (Cerolini et al., 1987). Blood  biochemical  parameters  can  reveal 
negative effects provoked by unsuitable  environmental  conditions  (Verga et al., 1984 ; Cerolini et al., 
1986). 

The  strains  that  are  widely  used  commercially  are  the  results of intense  genetic  selection.  The  individuals 
produced  are  potentially  able  to  provide  very  high  production  performance as  they  grow  faster  and produce 
large  numbers of eggs  over  their  productive span. 

However,  these  animals  are  more  sensitive  to  unsuitable  housing  conditions  and  must  be  maintained  under 
specific  and  well-controlled environmental conditions. In addition to light and temperature, other 
environmental  factors  play  important  roles.  These are listed in Scheme 1 and include  nutrition, 
management,  health,  etc.. All these  factors can  have  immediate  consequences  and/or  long-term  impacts 
on  animal  production. 
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Figure 1: Standard  light  regime  recommended  for  egg-type  strains 
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Figure 2: Distribution of oviposition  times of hens  under  lighting  schedules of 3L:3D 
(adapted  from Sauveur and  Mongin, 1983) 

and  6L:2D:6L:lOD 
(adapted  from Naito et al., 1982) (Rowland, 1985). 
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Figure 3: Schematic  diagram  showing  the  relationship  between ME intake, 
heat production,  evaporative heat loss and  body  temperature in the fowl. 

(Tb.  body  temp; HP, heat production;  Et, Er and  Ec,  Total  respiratory 
and  cutaneous  evaporative  heat  loss) 

(after  Van  Kampen, 1976) (Van  Kampen, 1981 ) 
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Figure 4: Mean heat  production of six single  White  Leghorn  hens 
during  a  simulated  "tropical  day" 

(adapted  from  Van  Kampen, 1977) (Van  Kampen, 1981) 
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Table 3: of trial measurements of egg  size and egg production by White at 
various  ambient temperature (van Kampen, 1981) 

I REFERENCE 

AL-SOUDI  and  AL-JEBOURI, 

BRAY  and  GERSELL, 

DAVIS,  HASSAN  and  SYKES, 

DAVIS,  HASSAN  and  SYKES, 

MOWBRAY  and  SYKES, 

* A pius-or-minus  sign  indicates  the  mean of a f 

TEMPERATURE 

- + 
- + 

. 

- + 
- -1. 

- + 

- -1. 

+ 

10 

- + 

:tuating temperature 

- 

I- 

I 

temperature 

EGG  SIZE 

limits Witt 

LAYING 
Yo ** 

I brackets. 
Laying  percentage is the  number of eggs laid per  day  by 100 birds. 
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