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IHTRODITCTIOH 

In poultry produotion "•troos" has boooao a familiar term. 

Streas kaa been defined by Haaa Selye (19^0) aa any deviation from 

the normal reating atate. When an organiam has been aubjeoted to 

a ohange in ita environment which requirea it to make an adaptation 

in order to maintain ita homeoataaiat then it haa been atreaaed. 

The atreaaea in poultry are many and varied. They may be 

divided roughly into four groupat genetic, management, disease, 

and nutrition. 

Of the many stress factors affecting poultry, temperature is 

of major importance. It is known that the environmental temperature 

influeneea many characteristics of poultry, such aa egg produotion, 

fertility and hatohability of eggs, quality of eggs, diaeaae 

reaiatance, metabolic rate, effioienoy of feed utilisation, and 

growth rate. 

The domestication of poultry and the development of the modern 

poultry industry haa resulted in many problems pertaining to tem 

perature. The natural habitats of the ancestors of modem fowl 

were in restricted areas of the world. It night appear that natural 

selection might have undoubtedly resulted in populations genetically 

adapted to their climate. Today poultry production la world wide, 

and, to a considerable extent, resistanoe to temperature c^rtremaa 

has been eliminated as a selection factor in the breeding of poultry. 

Poultry confined in houses are subjected to the ranges in 

temperatures of those houses. With the exception of small ohioks 
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it has not boen gsaorally oonsidarsd soonoBically fsasibls to 

eoBtrol ths tamperatura of poultry housas in this araa. Taaparaturas 

within Tannassaa poultry housas aay approach 100* f• on oartain 

suBunar days and balow freasing on occasional wintar days* 

recent trend in poultry production has bean to increase the bird 

density in houses. This means a greater concentration of body heat 

and greater discomfort to the birds on hot days. In transporting 

poultry to market the birds are crowded in coops and considerable 

mortality has been known to occur on hot days. 

During periods of axtramaly high temperatures many deaths 

of poultry from heat prostration have been reported in all parts of 

the United States. Thus it is of great economic importance to the 

poultry industry that it knows the ability of the chicken to with-

stand the stress of temperatxire extremes and how resistance might 

be modified. 
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OBJECTIVES 

ExperiBcnts were daalgaed to study in chickenst 

(1) ths rslatlouship of rearing temperature to the ability 

to reaist eztremea of temperat\ire, 

(2) the relationship of the ability to resist one extreme 

of temperature to the ability to resist the opposite extreme, 

(5) the relationship of adrenal siae and ascorbic acid 

content to rearing temperatures and the ability to resist temperature 

extremes, and 

(4) the effect of a tranquiliser upon the development of 

resistanoe to extremes of temperature. 

-•oi. , 



LITERATUHB REVIEW 

Til* llt*ratur* *n th* subjaet of aoollmatlzation of aniaala 

i* 8oatter*d and Inforaation la Boagor. The ability of a vide 

variety of anlaal speoiea to adapt to a given envlronaient has 

been studied. While It la oonoelvable that there aiay be acollmatl-

■atloB to various physloal faetors of the envlronaent, the subject 

that has reeelved aajor attention is aeollauttlsation to temperature* 

The heat aoclimatlsatlon of fishes was studied by Loeb and 

Wastenoys (1912) and by Hathaway (1927). Whs latter worker found 

that, when large-mouthed blaok bass were exposed to a temperature 

of 54* C* for one hour, about 50 percent of the fish dledf however. 

If the fish had been kept at 50* 0* for four days before exposure 

to the high temperature, the lethal temperature was 58* C* The 

lethal temperature dropped to 50* C* If the fish were kept at 

10* C* for sixteen days prior to exposure to the elevated temperaturei 

Sumner and Boudoroff (1958) studied heat aoclifflatization In 

a Paeiflo Coast goby (Qllllohthys mlrabllis). They aoclimatized 

the gobies by keeping them at a temperature of 50* C. for varying 

lengths of time. Most of the aoolliiiatlsatlon was found to oocur 

within 26 hours in this species. 

Ogle and Hills (1955) found that rabbits raised at a high 

temperature (52* C.) were less able to resist chilling than those 

raised at lower temperatures. 

Sellers ^ al. (I951<t) oonduoted studies on the aoclimatl 

satlon of rats. When adult rats were clipped and exposed to a cold 
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•nYiroBaiMi of 1*5* C.» all died within 5 to 25 hours. However, 

when rats whleh had been aoclimatlzed by living In the oold en« 

vironaent for 2 or more months were ollpped, most survived for 17 

days or more. The explanation of this dlffersnoe was believed to 

be the ability of the aocllmatlsed animals to maintain a greatly 

Increased produotlon of body heat. The survival times of adrenaleo-

tomlzed and of thyroldeotomlzed rats subjected to oold were lengthened 

by previous aoolimatlzatlon and also by Injeetions of cortical extract 

and thyroxlne. Sellers et al. (1951^) 1b b later study on rats 

reported that the acclimatization was only temporary and decreased 

considerably when the aocllmatlsed rats were kept at room temperature 

for four days. 

The Importanoe of physiological acclimatization In Improving 

the heat tolerance of mam In hot climates Is well known. Bazett 

et al. (1940) reported changes In the blood volume amd plasiaa protein 

concentration of men while exposing them to 21.1* C. and 52.5* C. 

for several weeks. These workers concluded that blood volume and 

plasma protein Increased at the higher temperature and decreased at 

the lower temperature. It was concluded by Burton e^j^. (1940) 

that the process of acclimatization in man involves changes In both 

total heat exchange and Its partition. Eorvath et al« (194?) con 

ducted metabollo studies on five men who resided In oold envlroximento 

and concluded that the data gave some Indication that acclimatisation 

to cold may occur. 

The basal metabolism of the house sparrow was fovind by Miller 
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(1959) to b« Inoreaaod by oxpoavire to cold. Hoffman and Shaffaor 

(1950) found that residenoo In a warn clinato reduced the basal 

astabollsffl of growing ohiokens. Changes in the histology and siss 

of the thyroids were obserwed after aecllBiatiBatioa treatment. 

That the fowl oan tolerate heat better after a series of 

short sharp sxposures has been demonstrated by Hutchinscn and Sykes 

(1953). After 24 successive daily exposures of up to four hours 

to a tenperature of 99* F** expcsiire to a temperature of 102.5* F. 

resulted la about the sans hyperthermla as did ths szposurs to 

99* F. at the beginning of the tests. 

Hilleraan and Wilson (1955) compared the reaction of hens 

subjected to sudden changes in temperature with their adapted per-

foxmanes. Bens were aoolimatlzed for three months at 50-60* F. 

and then exposed to an air temperature of 102* F. for two hours. 

Body temperatures rose to 110.4* F* and IO9.5* F. for males and 

females, respectively. The hens were then removed to a cooler 

environment of 90* F. and at this temperature homeostasis was 

STident on the third day. 

Weiss and Borbsly (1957) reported that White Leghorn hens, 

maintained in an environment which fluctuated with outside temperature, 

survived exposure to 105* F. and 70 per cent relative humidity better 

in summer than in the winter. All eight hens of a winter series 

expired in an average of 127 minutes, whereas, two out of ten in a 

summer series sxirvived beyond four hours. Ths eight that died did 

so in an average of I90 minutes. It was suggested that this seasonal 
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aduptftticn of the summer hirds was asscoisted with a slower rise 

of body temperature and a higher rate of respiration. Similar 

results were reported by Weiss (1939&)* 

An initial effect of temperature extremes is stimulation of 

the stressoregulating function of the adrenal oortex. Aseorbio 

aeid in the adrenals raries in amount depending upon the aotirity 

of the oortex. 

It has been reported by Eartman et al. (195I) that cold in 

creases the size of the adrenals. Bate exposed to temperatures 

ranging from 5 to 20* C, for fiwe or six hotirs at a time over a 

period of days or weeks until a total of thirty hours or more had 

been reached possessed adrenals whioh averaged 9*7 por oent heavier 

than those of the control rats whioh were maintained at 27 to 28* C, 

Martini and Torda (1957) showed that the adrenal contains 

more ascorbic acid in the sxunmer than in the winter and that this 

may be due to temperature effect as exposure of the animal to high 

temperatures for several hours greatly reduoed the amount of this 

substanoe in the adrenal* 

Bugals and Therien (1947) reported that asoorbie aeid increased 

markedly in the tissues of the white rat after prolonged exposure 

and adaptation to oold. These workers f-^d various levels of aseorbio 

aold to guinea pigs and found a direct relation between the ability 

of the animals to adapt to oold and the ascorbic aoid level. These 

experiments indicate that aoolimatization to lew temperatures requires 

large quantities of asoorbie aoid. 

VJ*V 
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It hAt bAen generally considered that under normal oonditione 

the chick does not hare a dietary requirement for aeoorbio aoid. 

The poasibility exists, hoverer, that the power of the ohlok to 

synthesise aseorbie aeid may be limited dxiring periods of stress 

sueh as that produoed by temperature extremes. 

That the aseorbie aoid available to the ohlok is not always 

adequate for matxioal performance is shown by the work of a number 

of researohers, Brlggs e^ (1944) suggested that chicks fed a 

highly purified diet were not able to syntbssise sufflolent aseorbie 

aoid to permit maximum growth. March and Biely (1933) found that 

the feeding of aseorbie aoid inoreased the growth rate of ohloks 

fed diets oontaining different levels of folio aoid. Dietrich et al. 

(1949) reported that the effect of vitamin o® growth of chicks 

was enhanced by aseorbie aoid. Shell thickness of eggs was reported 

by Thorton and Moreng (1958) to be increased by the addition of 

aseorbie aoid to the diet of the hens* This effeet was more pronounced 

when environmental temperatures were highest. 

The function of ascorbic acid in the animal's body is believed 

by Hughes at (1952) to be that of a eoenayme essential in the 

produotlon of oxy-type adrenal cortical hormones. 

In recent years thers has been an increased interest in ths 

use of tranquillasrs by the poultry industry. Particularly has thsre 

bsan an intsrsat In the behavior of tranquilised birds under strsss. 

Of ths various tranquillsers tsstsd rsserplna has produced the most 

promising results. 



R«a«rpin« has been reported by Sturkie (1959) to reduee the 

heart rate and blood pressure of chiokene# Binger (1959) reported 

elailar results with turkeys* Huston (1959)» Anderson and 

Sayth (1959) found that when reserpine was fed to ohiokens the 

thyroid glands were significantly redueed in sise. Huston also 

reported a reduction in body tenperatures of the treated birds. 

The effects of reserpine on a number of characteristics of 

economic importance in ohiokens have been studied. Burger (1959) 

observed that the mortality of S. C. White Leghorn chickens sub 

jected to acute heat stress was reduced by the feeding of as little 

as 5 ag./kg. of feed of reserpine for four days. Treatment for only 

one day did not give protection but gave a consistently higher death 

rate at the moderate dosages used. There was found to be no inter-

aotion of age of bird and treatment level. 

Bgg production was lowered by feeding reserpine in experiments 

conducted by Oilbreath (1959)» hut Couch (1959)» Carlson (l959)f and 

Anderson and Smyth (1959) found no significant difference in egg 

numbers of the treated birds as compared to the controls. 

A number of workers have indicated an improvement in egg 

characteristics as the result of feeding reserpine to hens. Anderson 

and Smyth (1959)» aad Oilbreath (1959) reported an increase in egg 

sise of the reserpine treated hens. Couch (1959) obtained a sig 

nificant reduction in the percentage of eggs with checks when reserpine 

was fed. 

Weiss (1959b) reported that reserpine fed to laying hens at 
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th« rate of 1*6 of food for four woeks inoroaaod thoir 

ourrlral timo whon expoaod to the heat otreas of 105* F. in three 

out of four trials* The one trial with negative results was one on 

winter aocliaatized birds* The birds of the other trials were 

■unmor aeolinatised* Weiss suggests that the improved heat tolerance 

Of the resorpine treated birds was due to thoir bettor ability to 

olimiaato heat through the respiratory aeehanism. 



K&SEfilALS MD U£7H0])S 

Bxp»yUent>l AnimmU 

k total of 6^0 chioka waa employad in a aerlea of threa 

axperlaenta dealgaad to atudy the ability of ohickena to become 

adapted, or aoclimatized, to various environmental temperatures* 

Care of Chioka Prior to Aaalgnlng to freatiaenta 

At one day of age the ohicka were aexed, vaoclnated intra* 

ocularly with a oombination Hewcaatle»bronohltla vaoclne, and placed 

in eleetrleally heated battery broodera. Temperatures under the 

heating elements were maintained at 93* ?. during the first week 

and were reduced five degrees per week for the five weeks they 

remained in the batteries* Feed and water were available to the 

ohioka ad liblttua throughout the experiments* 

Composition of Diet 

The oompoaltiott of the basal diet used In these experiments 

is ehown in Table I* This broiler diet meets the reeommendationa 

of the Hatlonal Research Council (1954) for all nutrients* 

Exposure Tests 

The primary eriterlon of adaptation of the chickens to the 

environmental temperatures was their ability to maintain a normal 

body temperature when subjected to extremes of temperature* 
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TABLE I 

BROILER STARTER DIET 

Ingredient Pounds 

Tellov oorn 476 

Fish meal (menhaden 60^ protein) 50 

Alfalfa meal (dehydrated, 1?^ protein) 25 

Com gluten meal 60 

1 1 2
Vitamin , mineral ,and S. Q. mix 58 

LL-lfethioniae 1 

Dried whey products 20 

Hydrolysed feather meal 20 

Soybean oil meal (30^ protein) 225 

Stabilised animal grease 65 

Total 1000 

Calculated Attalyala 

Crude protein 25.49?5 
Productlre energy 1020 Caloriee per pound 
C/P ratio 40tl 

Calculated to aeet Blnlmua requirements of Rational Research 
Counoil. 

2 
Calculated to provide sulfaquinozaline at the level of 

0.01759^ of diet. 
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Wli«n th« chicks w«r« ten weeks of age, in Experinents I and 

II, and nine weeke of age in Experiaent III, after having been sub-

Jeeted to the various treatments of temperatxires and additives in 

the diet, birds were selected at random from eaoh experimental group* 

Thejr were then restrained on raeks side by side by tieing their legs 

and wings* fhey were then exposed to one of several extremes of 

temperatures* Their body temperatures were measured at regular 

intervals by a thermometer inserted into the oloaoa. The time 

elapsing from the removal from the batteries to start of the ex 

posure was approximately one hour and the length of exposure was 

from two to two and one-half hours. 

The extremes of temperature tested included 50* F. water bath, 

60* F. water bath, 120' f water bath, 0* F, room temperature, and 

11®*'• room temperature* Vo bird was exposed to more than one of 

the above eonditions* Generally, a bird was removed from the ex 

posure when its body temperature fell below 95» F. or went higher 

than 116.5* F* 

Ascorbio Acid Determination 

The adrenal glands were dissected from the birds and hold on 

ice until the analysis was made during the afternoon of the eame day 

en whioh they were taken* The prooodure employed was that as des-

oribed in "Methods of Analysis* AOAO"* (1945) with the exception that 

six per cent rather than three per cent metaphcaphorie acid was used. 

The glands of eaoh of the experimental groups were pooled so as to 
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proYidt » sufficient i^usntit/ of Ksterial for each analysis. 

Eatpsriment I 

EiYs-wssk-old broiler type female ohioks^ grown as previously 

desorlbedf were divided into four groups of fifty eaoh, individually 

veighedy and plaeed in growing batteries* The following treatments 

to ten weeks of age were givent 

Group 1. Room temperature of 90* 7* 

Group 2. Room temperature of 90* 7. plus the tranquiliser 

"Serpasil"^ im the feed at the level of 1 ppm. 

Group 3* Room temperature of 70* 7. 

Group 4* Room temperature of 30* 7. 

At ten weeks of age birds from each of the four treatment 

groups were individually weighed and subjected to temperature treat 

ments. The temperatures to which the ohioks were subjeoted weret 

30* 7. water bath, 60* 7. water bath, 120* 7. water bath, 0* 7. 

room temperature and 110* 7. room temperature. 

Survival times were recorded for the birds placed in the 

water baths. Body temperatures were measured at 13 minutes intervals 

in the groups exposed to the extremes of room temperature* 

After the birds had been subjeoted to the water baths their 

adrenal glands were removed and weighed. 

^Serpasil-Cibafa 0.2 per cent reserpine premix. 
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Exixrlagnt II 

FiT«-v«ek-old broiler-typ« chioks, of both ooxoo, grown as 

proTlously dasoribed, wai-a divided into five groups and placed in 

growing batteries. They were treated to ten weeks of age as followst 

Group 1. Roon temperature of 90* f. 

Group 2. Roon temperatiire of 90* 7. plus 1 ppm* Serpasil 

in the feed. 

Group 3* Toom temperat\ure of 70* 7. 

Group 4. Room temperatiire of 30* 7» 

Group 5* Room temperature of 50* 7. plus 1 ppm. Serpasil 

in the feed. 

At tan weeks of age individual body weights and body temper 

atures of all ohioks were recorded. Four males and four females 

from each group were exposed to 0* 7. room temperature and four 

males and four females from each group were exposed to 110* F. 

temperature. The body temperature of eaeh chiok was recorded at 

30 minute intervals. 

The adrenal and thyroid glands were dissected out and weighed 

from an average of five males and five females from each group. These 

birds had not been exposed to the extremes of temperature. The 

adrenal glands were analysed for asoorbio sold content. 

Experiment III 

Five-week-old Leghorn type cockerel chicks were divided into 

six groups and placed in growing batteries. They were treated to 
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nlno weeks of «iro as followst 

Group 1. Room temperature of 90* 

Group 2. Room tempormture of 90* F* plus the addltioa of one 

half ac» asoorblo aeid per ga. of feed. 

Group 5* Room temperature of 90* F. plus the addition of 1 

mg, of asoorblo aeld per ga* of feed. 

Group 4* Rooa temperature of 70* F. < 

Group 5* Room temperature of 70* F* plus the addition of one 

half ag* ascorbic acid per ga* of feed* 

Group 6. Room temperature of 70* F* plus the addition of 

1 ag. asoorblc acid per ga. of feed* 

The diets eontalnlng the asoorblo acid supplementation were 

mixed twice weekly. 

At nine weeks of age» after all chicks were weighed and their 

body temperatures taken, five birds from each group were exposed to 

0* F* room temperature and flwe chicks from each group were exposed 

to 110* F* rooa temperature. Body temperatures of eaeh ohiok were 

recorded at interrals of 50 minute at these two extremes of tea-

perature. 



RESULTS AHD DISCUSSION 

Experla»nt I and II 

Growth and Pead Converalon. The weight gains of the chicken# 

reared at the various enviroaaental temperatures from five to ten 

weeks of age are summarized in Tables II and III. In all of the 

experiments (including Experiment III) the growth rate was best 

at the 70* f. temperature and poorest at the 90* F. temperature. 

The growth rate at the 50* F. temperature was less than at 70* P. 

but better than that at 90* F. temperature. These differenees 

were statistically significant. 

In Experiment I (Table II) the diet containing Serpasil 

resulted in an increased rate of growth of females reared at 90* F. 

In Experiment II (Table III) the Serpasil resulted in an increased 

growth rate of females reared at JO* F. Thus in the two cases 

where a statistically significant increased rate of growth resulted 

from the use of Serpasil female chicks were involved. At 90* P. 

and at JO* F. Serpasil retarded the growth of males. This would 

indleats Serpasil is more effeotive in promoting growth in females 

than in males. 

In Experiment I (Table II) the 90* F. temperature resulted 

in the best feed conversion whereas in Experiment II (Table III) 

the 70* F. temperature resulted in the best feed conversion. No 

explanation oan be given for this difference in the two experiments. 

In both experiments» the poorest feed conversion was obtained at 
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TABLE II 

TEE EFFECT OF EEVIRCNMEKTAL TEMPERATURE AKD TRAHCiUILIZER OK TEE 
WEIGHT GAIN AND PEED CONVERSION OF PEMLES CHICKS FROM FIVE 

TO TEN H'EEKS OP AGE. EXPERIMENT I. 

Treatment Average body relight Average Peed -
(3 to 10 vke*) Initial Final Gain Convereion 

(5 wka,) (10 vke*) 

gms. gas. gas. 

F. 555*5 1464.5 911.2® 5.16 

90* F. + tranq.^ 557.0 1504.5 947.5^ 5.12 

70* F* 548.1 1628.4 1080.5® 5.54 

50* F. 575.4 1622.0 1046.6*^ 5.52 

^Serpaail (resarplne Ciba) fed at the rate of 1 lb./ton 
feed. Thie supplies 1 ppm. reserpine 

2Means with different superseripts are significantly different 
at the 1 per eent level of probability as determined by Duncan's 
Multiple Range Test (1951)* 

5'^Pounds feed required per pound gain. 
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TABLE III 

THE EFFECT OF EEVIBONMENTAL TEMFERATUHE AND TRANi^UlLlZEB OV 
WEIGHT GAIN AHD FEED CGNTERSILH OP CHICKS FfiOM FIVE 

TO TSK WEEKS OF AGE. EXFERIMENT XI. 

2 
Awerage Body Weight Gains 

Treatment Peed -
(5.10 wka.) Males Females Oonyexaion 

gas. gma. 

1 
90* P. + tranq. 846.4* 756.6' 3.14 

90* P. 989.7^ 792.6' 3.02 

50* P. + tranq.^ 1225.3' 1091.5° 5.34 

50* P. 1284.4* 1025.8^ 5.29 

70* P. 1364.9* 1052.2^° 2.83 

Sarpasil (reserpin* Ciba) f«d at th« rat* of 1 lb./ton 
feed. Thia aupplles 1 ppa. reaerplne. 

2 
Maana with different auperaoripta are elgnifioantly different 

at the 1 per oent lerel of probability as determined by Duncan's 
Multiple Range Test (l93l)* 

3 
Founda feed required per poxuad gain. 
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ih* 50* temperature. The total Intake of feed per bird W4l 

(reatest in the F. group indioating a greater maintenanee requi* 

rement for the birds kept at this low temperature. 

Anomalies. Obserratioas were made en the inoidenoe of 

perosie in the groups of chloks reared at the Tarious temperatures. 

(Table IT). Among 180 ohioks reared at 90* f. temperature 6 eases 

of perosis were noted whereas among 220 ohioks reared at lower tem 

peratures only one case of perosis was observed. These results 

suggest that the nutritional requirements of ohioks reared at a 

high temperature may be different from those reared at low tem 

peratures. 

Excessive bleeding from minor injuries were observed to be 

oommoh in ohioks reared at the 30* F« temperatiire indioating an 

effeot of environmental temperature upon the coagulation time of 

the blood. 

Survival Test. The average survival time of the ohiokens in 

the 30* F* water bath was 12.8 minutes« 45*1 minutes in the 60* F. 

water bathi and 12.0 minutes in the 120* F. water bath. The room 

temperature at whioh the birds were grown from 3 to 10 weeks of 

age and supplementation of Serpasil in the feed had no signifioant 

effeot on the survival time (Table T) at these three water temper 

atures. 

It beoame apparent that the birds of the different treatment 

groups were dying after about the same lapse of time following sub 

mersion it was felt that possibly this was not the best test of 

survival as the water coming in direot contact with the skin would 
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TABLE IV 

THE EFFECT OP ENVIROirMiCNTAL TEMPEfiATURE AND TRAH(tUILXZE8 OH 
MORTALITY AND OCCtJRENCE OP PEB03IS OP CRICKS 

PROM FIVE TO TEH WEEKS OP ACE. 

Treatment EXtGrlfflcnt I ExTjerlment II 
(9 - 10 vka.) Perosia Mortality Perosia Mortality 

per cent per oent per oent per cent 

90* P. 4.0 2.0 2.5 10.0 

2.090* f. * tranq.^ 2.0 5.0 5.0 

70" P. 0.0 4.0 0.0 0.0 

50* P. 2.0 4.0 0.0 5.0 

50* P. + tranq.^ 0.0 2.5 

Sarpasll At th« rats of 1 lb./ton of food* 
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TABLE V 

THE EFFECT OF ENVIRONMENTAL TEMPEHATUHE AND THAKQUILIZER 
OH SURVIVAL TIMES OP CHICKS EXPOSED TO COLD 

AND HOT WATER BATHS. EXPERIMENT I 

Averajra Siirylval Tlaa*
Traatment 

(S - 10 vka) 50* F. bath- 60* P. bath' 120* F. bath' 

aia. ain. Bin. 

90* F. 14.0* 42.5* 14.1* 

90* F. + tranq.^ 13.5* 46.2* 10.9* 

70* F. 12.5* 43.5* 11.4* 
50* F. 11.0* 40.2* 11.4* 

Sarpaail fad at tha rata of X lb./ton of faad. 
2Araraga siurrlTaX tiaaa la aaoh ooluan with alailar supar-

aoripta are not aignificant at the 5 per oent lerel of probability. 
3 
Two birds froa each treataent tested. 

^Four birds froa eaoh treataent tested. 
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itnd to •limlnato oortain possible meehanisas of rssistanoe# It 

was therefore decided to test survival at high and low room tea* 

peratures. 

Essistanoe Teats. After exposure to a room temperature of 

110* V. for 165 minutes, the birds reared at 90* T» in Experiaent 

1 (Table Tl) had an average body temperature of 111.2* F« The 

birds reared at 30* 7. in this experiment had an average body 

temperature at this time of 113.1* P. The group reared at 70* P. 

was intermediate with an average body temperature of 111#9* P. 

The same order of resistance occurred in Experiment II (Table YIIl), 

The group reared at 90* P. had an average body temperature of 110.9* 

P. after exposure to 110* P. for 150 minutes. The 50* P. group averaged 

115.1* P. and the 70* P. groups 111.0* P. 

On exposure to a room temperature of 0* P. for 120 minutes, 

the order of resistance of the three groups was reversed as compared 

to their resistance to 110* P. In Experiment I (Table TIl) the 

50* P. group averaged 105.2* P. body temperature, the 90* P. group 

had an average body temperature of 97.7" P. while the 70* P. group 

averaged 100.0* P. body temperature. In Experiment II (Table U) 

the 50* P. group averaged IO5.8, the 90* P. group averaged 102.0* 

P., while the 70* P. group was again intermediate with an average 

body temperature of IO5.4* P. 

Theee results show that chickens can be conditioned to given 

environaental temperatures. The chickens reared at 90* P. were 

better able to resist exposure to high temperature. The ohiokene 
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fABIX n 

THE EFFECT OF ENVIROHMEHTAL TEMPEEATURE AHD TRAHqUILIZER OH 
BODY TEMPERATURE AMD CHICKS EXPOSED TO 110* F. 

ROOM TEMPERATURE. EXPERIMEMT I 

Tr«atai«nt 

(;.10 wk8.) ATarag8 body tampTatarea (*F) 

Minutaa of azpoaura 

0 15 45 90 120 165' 

107.1 107.5 107.9 108.1 109.2 111.2* 

90* F.+tranq.^ 106.8 107.4 107.9 108.9 109.4 112.4* 

70* F. 106.9 107.1 107.2 109.0 110.1 111.9* 

50* P. 107.3 107.7 109.0 109.6 111.4 113.1* 

^Sarpasll fad at tha rata of 1 lb./ton of faad. 
2 
Four faaala ohioka from aaoh traatmaat wara axpoaad. 

5 
"^Araragaa in thla ooluam with aama auperaoript ara not 

aignificantly diffarant at the 5 oant laral of probability. 
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flBLE ?II 

THE BTPECT 01 EHTIROHMEHTAL TEMPERATURE AND TRAHQUILIZER 01 
BODY TEMPERATURE OP CHICKS EXPOSED TO 0* P. 

ROOM TEMPERATURE. EXPERIMENT I 

Treatment 

(5-10 wk«.) Ayraga Body teaperaturaa 4» (*P) 

Minutes of exposure 

0 15 45 90 12o' 

90* P. 106,7 105.7 102.9 99.6 97.7® 

90* P. -f tranq.^ 107.4 105.9 102.5 99.0 97.5*" 

70" P. 106.8 106.5 104.6 102.5 100.0* 

50* P. 107.1 106.9 106.0 105.6 105.2^ 

Sarpasll fad at tha rata of 1 lb./ton feed. 
2 
Pour faaale ohloks froa aaoh traatnent were axpoaad. 

5 
Awaragaa in this eolumn with different aupersoripta are 

aignifioantly different at the 5 per eant lerel as determined by 
Dnnoan*i Maltipla Ranee Test (1951). 
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TABLE VIII 

THE EFFECT OF ENVIRONMENTAL TEMPERATURE AND TRANQ,UILIZER ON 
BODY TEMPERATURE OP CHICKS EXPOSED TO 110° F. 

ROOM TEMPERATURE. EXPERIMENT II 

Tr«atB«Bt 2 
(5-10 wka.) Ayerag* body tamparaturos (*F) 

Mlnutas of axpoaura 

0 SO 60 90 120 15o5 

90* r. * t.^ 107.7 109.4 109.4 IO9.S 110.0 110.3* 

90* 108.0 109.3 109.7 110.0 110.5 110.9*^ 

70* f. 

SO- r. 

SO* F. ♦ t.^ 

107.5 

106.9 

106.7 

109.5 

109.9 

109.9 

109.6 

111.4 

110.8 

109.9 

111.6 

111.2 

110.5 

115.1(7)* 

113.5 

111.0*^(7) 

115.1^®(5) 

114.1®(4) 

^Sarpaail fad at tha rate of 1 lb./ton of feed. 
2 
Four mala and four female ohloks from each treatment were 

expoaed* 

3 
'^Areragaa in thia colxum with different superaoripta are 

aignifioantly different at the 5 per cent lewel of probability aa 
determined by D\mcan*8 Multiple Range Teet (I951). 

*The number of chicks, where leea than eight, whose body 
temperatures were recorded at the designated times are enclosed in 
the parentheses. Chicks were removed from the exposure test upon 
deathor when their body temperature reached ll6° F. and their last 
recorded temperature was used in subsequent averages for their 
appropriate groups. 
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TABLE IX 

THE EFFECT OF ENVIROHICENTAL TEMPEHATUHE AHB TEAKQUILIZEE OH 
BODY TEMPERATURE OP CHICKS EXPOSED TO 0* F. 

ROOM TEMPERATURE. EXPERIMEHT II 

Treataent 1 

(3 - 10 vks.) Average body taaperatures ("F.) 

Minutes of axposTira 

o' 50 60 90 120^ 
2 

90* f. 4- tranq. 107.7 104.4 101.8 99.4 97.8* 

90* F. 106.0 104.9 104.0 102.5 102.0^ 

70* F. 107.5 106.5 105.1 104.1 103.4^® 

50* F. 
2 

tranq. 106.7 106.4 106.0 105.5 105.1^°"^ 
50* F. 106.9 106.7 106.4 106.0 105.8*^ 

Four aale and four fomalo ohioks froa each treataent wera 
•xpoood. 

^Sorpaall fad at the rate of 1 lb./ton feed. 
3 
'^Taaperaturaa in thla ooluan ware raoorded prior to raaoval 

of the chicka froa their raspeetiTe treataent taaperatures. 

A 

^ATeragaa in this ooluan with different auperacripta are 
aignifioantly different at the 3 F^r eent level as determined by 
Dunoan*s Multiple Range Teat (1931)* 
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reared at 50* F* vara batter able to resist lev temperature. It 

oan also be oonoluded that adaptation to one aztrene of temparaturs 

results in a deoreasad rasistanoa to the opposite extremes» for 

examplef while the birds reared at 90* F. were more resistant to 

110* F», they were lees resistant to exposure of 0* F. Chiokens 

reared at 50* F. were better able to withstand exposure to 0* F.» 

but were less able to withstand the 110* F. temperature. The high 

temperature exposure had a more deleterious effeet than did the 

low temperature exposure when measured in terms of body temperature. 

Tranquiliaer and Resistanoe. The feeding of a tranquiliser 

for the 5 weeks period preoeeding the exposure test resulted in a 

deoreasad resistanee to the 110* F. temperature as measured by the 

rise in the body temperature in two out of three experimental groups. 

In Experiment I (Table 71)» the average body temperature of 

the group reared at 90* F. without reoaiving the tranquiliser was 

111.2* F. after exposure to 110* F. for 165 minutes while that of 

the 90* F. group reoeiwing the tranquiliser was 112.4* F. In 

Ezperiaent II (Table Till) the arerage body temperature after 

exposure to 110* F. for 150 minutes was 115.1* F. in the group 

reared at 50* F. as oompared to 114*1* F. for the group reared at 

50* F. with tranquiliser. In the groups in Experiment II reared at 

90* F. with and without tranquiliser the body temperatixres were 

the rewersal of those of the first experiment. The 90* F. group 

with tranquiliser had an arerage body temperature of 110.5* F. as 

oompared to 110.9* F. for the group reared at 90* F. without tran 

quiliser. 
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la Ezperlaant I (Table TII) the group of birds reared at 

90* 7* whea expoaed to 0* 7* for 120 minutes were able to maintain 

an average body temperature of 9/.7* 7. while the group reared at 

the same temperature reeeiving traaquiliser had aa average body 

temperature 97*3* 7* la Ezperimeat II (Table IX) the dlfferenoe 

was eoneiderably greater between these compared groups* The group 

reared at 90* 7* without tranquillzer had an average body temperature 

of 102* 7* while the group reared at this temperature and reeeiving 

traaquiliser had a body temperature of only $7,8* 7* 

In Experiment II (Table IX)* the group reared at 30?„7* 

without tranquilizer had an average body temperature of 103*8* 7* 

as compared to 105*1* 7* for the group reared at 50* 7* and receiving 

traaquiliser* 

Adrenal Glands* While the results are not statistically sig* 

nlfleant* the data in Table X might be interpreted to indicate that 

the weights of the adrenal glands of the birds reared at the higher 

temperature were reduced less by exposure of the birds to the 120* 7. 

water bath than by exposure to the 60* 7* water bath* In contrast* 

the weights of the adrenal glands of the birds reared at the lower 

environmental temperatures were reduced more by exposure of the 

birds to a water bath of 120* F* than b; exposuie to a water bath 

of 60* 7* 

The temperatures at which the^blrds were reared resulted in 

different* though not statistically significant* average adrenal 

weights (Table XI). The data indicate that as the environmental 

temperature either increased above 70* 7* or decreased below 70* 7* 
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TABLE X 

THE EFFECT OF EXPOSURE OF CHICKS TO HOT AITD COLD WATER BATHS 
ON THE WEIGHT OP THEIR ADRENAL OL/iNDS. EXPERIMENT I 

Adrenal veighta^ 
Trsatfflsnt per bird per 100 gm. 
(5-10 wk«.) body wt. 

120* F« water bath 

6®* 

90* P. .0958 .0066* 
90* F. + tran(i»' .0874 .0060 
70* P. .1016 .0064® 
50* F. .0902 .0055'' 

60* P. water bath 

90* P. .0627 .0043: 
90* p. + tranq*' .0704 .0045: 
70* P. .0976 .0060: 
50* P. .0908 .0058' 

The average of the combined weights of two glands from 
eaeh of four ohlcks. 

2 /Serpasil fed at the rate of 1 lb./ton of feed. 

3Averages la this column with different superscripts are 
signlfioan«ly different at the 5 oent level of probability 
Bs determined by Duncan*s Multiple Range Test (1951;. 
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TABLE XI 

THE EFEECT OF ENVIRONMEHTAL TEMPERATURE AND TRANQUILIZER ON 
THE WEIGHT OP THE ADRENAL AND THYROID GLANDS 

OF CHICKS, EXPERIilENT II 

Treataent Av, adrenal wt.^ At. thyroid wt,^ 
(5 - 10 wks.) per bird per 100 ga. per bird per 100 ga. 

of body wt. of body wt. 

ga. ga. ga.' 
90* F. .2122 .0112* .1563 .0082* 
90* F, ♦ tranq. .1651 .0111* .1557 .0104* 

70* F. .1996 .0106* .2333 .0125* 

50* F. .2596 .0124® .2127 .0110* 

50* F. + tranq,^ .2266 .0124® .2661 .0145* 

Two adranal and two thyroid glands were wolghed from an 
awsrags of 10 chloks psr troatment group. 

'Serpasil fod at the rate of 1 Ih./ton of feed. 

Awerages in these oolumns with the same supersorlpt are not 
significantly different at the 5 per cent level of probability. 
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an inora&ta in adirenal weight per 100 gm» body woight occurrsd* 

It would thus appear that temperature atrese reaulta in an en* 

largement of the adrenal gland. 

determination of aaoorbie acid oontent of the adrenal 

glands of the birds subjected to rarious rearing temperatures 

shows that the extremes of temperatiire resulted in adrenals whioh 

were not only possibly larger in average sise but had a greater 

concentration of ascorbic acid per unit of material (Table XIl). 

This indicates that the larger size of the adrenal glands of the 

birds subjected to temperature stress can be partially attributed 

to a larger content of ascorbic aoid* 

Experiment III 

AiOorblo Add Supplementation. The average body weights 

of the chickens fed diets containing three levels of ascorbic acid 

supplementation (Table XIII) were not statietioally significant, 

however, the average weight of chicks rscsiving the larger amounts 

of asoorbie aoid in the feed was smallest. The weights of the 

birds reared at 70* F. were significantly heavier than those reared 

at 90* F, 

While the average body temperatures of the birds fed different 

levels of ascorbic acid were not statistically different after 

exposure to 110* F. room temperature or to 0° F. room temperature, 

there was an indication that ascorbic aoid may be an important faotor 

in the ability of the bird to resist exposure to cold. Espeoially 
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TABLE XIX 

THE EFFECT OP ENFIEOiniEirTAL TEMPEEATURl AND TEAKQUILIZEH OH 
THE ASCORBIC COITEHT OF THE ADRENAL OLANDS OF CHICKS. 

EXPERIMENT II 

Trvatmant Aaoorblo Acid 
(5 - 10 wka.) par bird per 100 gm, par 100 ga. of 

body vt. adrenal tiaaua 

■MB. mgm. ■ga. 

90* I. .19 .0116 100.1 

90* F, traaq.^ .13 .0085 84.0 

70' F. .14 .0071 77.9 

50- F. .23 .0199 103.3 

50* F. + traaq.^ .21 .0182 97.4 

SarpaaiX fad at tha rata of 1 lb./ton of food. 

.M 
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TABUS Xlll , j 

til imOT or ASOORBZC ACID SOrmiiSHTATXOX OB T8X BOBY 
fKlOHT 8AX5S or CSICKS AT TWO REA&UIO TBSiFESATOIlS 

FBOM FIVE TO TEH WEEKS AOB« EXFERIlCEHf 111 

f , ATerage «aiaa in bedy velghta^ (em*) ' : 
Bearing teap« 
(5 - 10 wBa*) 0 1/2 I At* 

TO* f. 515.0 474.0 449.0 478.9* 

70* r. 577.4 507.7 556.5 574.0^ 
At. 545.6' 590.8* 502.9* 

^AT*r«E** vltbln •a«li row or eoliuui vlth dlfforont ouporooripta 
«ra aigaifleantl/ different at the 5 per sent lerel of prObablXltp 
mm daterained by the uialysis of rarianee and the f teat* 
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it might b* tru« that aaoorbio aold aupplementatlon may ba of Yaltta 

in ineraaalng rasistanoa of a non*adapted bird upon axpotura to ooXd 

(Tablaa XIT and XT)* Tha body temparaturas of tha birds raarad at 

90* f, tamparatura wara aignifioantly lowar than thosa raarad at 

70* f. tamparatiira aftar azposura to 0* f. room tamparatura for 120 

minutas (Tabla XIT)* Tha body tamparatura of tha birds raarad at 

70* 7* vara aignifioantly highar than thosa raarad at 90* 7* tam 

paratura aftar axposura to 110* I. for 120 Binutoa (Tabla XT)* 



>6 

TABLE XIY 

THE EFFECT OF ASCORBIC ACID ON THE BODY TEMHERATUHE OF 
CHICKS EXPOSED TO 0* P. BOOM TEMPERATURE 

EXPERIMENT III 

Tr«ata«at 
(5.10 vka.) Averaga Body teaparature ('P.) 

Raaring Mga. Miautas of axpoatura 
taap. aaoorbie 

aoid/ga. 0 50 60 90 120^ 

90" F. 0 108.0 104.0 101.3 97.3 95.3* 

i 10T»6 105.6 101.5 98.6 95.2* 

I 107.7 103.2 100.7 96.6 94.2^ 

70* F. 0 107.4 103.6 100.7 99.0 97.5^ 
102.3 100.2 99.0"b it 107.4 104.4 

I 107.0 105.1 103.0 101.4 100.5^ 

ATaraga of flva birda par group. 

2 
Araragas in ocluna with differant superacripta ara aig« 

nifioantly diffarant at tha 5 par oant laval of probability aa 
deteminad by Dunoan'a Multipla Ranga Taat (I93l)* 
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TABLE X? 

TEH BEFBCf OF A3C0BB1C ACID OH THE BOLT TEMPEMTUBE Of 
CaiCKS MPOaEl) to lio* f. boom TEMFEMTSBE 

SXPSRIMEHT ZII 

Troataont 

(9 » 10 «fca.) 

Boarlag Mga, 
boap« aaoorbio 

aold/ga. 0 

90* f. 0 100*0 

i 107*6 

1 107*7 

70* f. 0 107*4 

f 107.4 

I 107*0 

Boaaiaf Body 
toap* t«i9. (*f) 

90'f* 113.it 
70* f* 119*0° 

1 

Arorago body toaporaturo (*?•) 

Mlatttoo of oxpoouro 

30 60 

109*2 110*9 

108.9 110.2 

108.8 111*6 

109*0 111*6 

109*4 111*9 

109*3 111*3 

llga* aaoorbio 
acid/ga* food 

0 

i 
1 

90 120^ 

112.0 112.9 

111.7 112.9 

113*6 114*2 

114*2 114*9 

114*0 119*0 

114*0 119*0 

Body 
to^p.(*f*) 

113.9® 
113*7^^ 
114*6® 

Av«r*c« of flTo birto por irrouf• 

Avorocoa la oaoh ooluaa with difforost suporaoFlpta turn 
■l^ifloant a« tho 9 per oont lerol of probability a« dottmined by 
tbo aaalyola of ▼arlanoo aad tho F toot« 
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SimUABT 

total of 650 chickens was involved in a series of three 

ezperiaents designed to study the relationships of rearing tea-

peratures and of certain feed additives to the developoent of 

resistance to extrenes of environmental temperatures* 

When exposed to a room tenperature of 110* T,, chickens 

reared five to ten weeks of age at 90* t. were able to maintain 

the lowest body temperature while chickens reared at JO* were 

intermediate in this respect and those reared at 50* F. had the 

higheet body temperature* 

When exposed to a room temperature of 0* F. chickens reared 

at 90* F* were least able of the three groups to maintain a normal 

body temperatureI chickens reared at 70* F. were intermediate and 

chickens reared at 50* F* were best able to maintain a body tem 

perature near normal* 

Serpasil increased the growth rate of female chickens* 

Evidenoe was obtained that the tranquiliser interfered with the 

adaptation of chickens to extremes of temperatures when fed over a 

prolonged period of time. 

The growth rate of chickens from 5 to 10 weeks of age wae best 

at a room temperature of 70* F*, slightly less at 50* F* and poorest 

at 90' F* 

The relationships of adrenal sise, ascorbio acid content of 

the adrenals, and the level of ascorbic acid in the feed to the 

ability of chiokens to resist temperature extremes were studied* 



59 

Th« rtaults Indioata that tamperaturs extranaa tand to cauaa adranal 

enlargaaaat and thla enlargaaaat la partially dua to a graatar 

oontant of aaoorbio aoid. Aaoorblc acid fead aupplemantatlon appaara 

to ba Biora affactiva in incraaaing raaiatanoa of tha chicken to a 

cold taaperatura than to a hot taaparatura* 
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ANALYSIS OP TARIANCE-^ OP BODY WEIGHT GAINS IN TABLE II 

Soiuroo Segreeo of Sub of aquares Moan P 

froodoB square 

Total 187 3426649*1 

Troataoat 905220.03 301075.3 22.0»* 

Error 184 2523429.x 13714.3 

**Signifleant «t the 1 p«r oeni l«v«l of probability* 

1,Snodooor (1956). 
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ANALYSIS OF VABIANCE* OF BODY WSIOHT GAINS IN TABLE III 

Souroe Degrees of Sum of squares Mean 

freedom square F 

Total 154 11050592.6 

Treataeat 4 4389349.0 1097337.3 32.44»* 

Sex 1 1466965.5 1486963.5 43.96** 

Sex X treatment 4 62488.0249951.9 1.85 

Error 145 4904329.6 33823.0 

**Slsnifloant at the 1 per oent level of probabllltj. 

1,Snedecor (1956). 
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JLHALYSIS OF VARIANCE* OF SUR7IYAL TIMES, IH TABLE V, 
or CHICKS EXPOSia) to water baths 

50* f. irat«r bath 

Souraa Bagraea of 
fraadoa 

Sub of squaraa Mean 
squara 

Total 

Traatment 

Error 

7 

5 

4 

17.5 

10.5 

7.0 

3.5 

1.6 

2.0 

60* r. vatar bath 

Souroa Bagreea of 
fraadoa 

Sum of squares Mean 

squara 

P 

Total 

TraatBOBt 

Error 

7 

5 

4 

473.2 

72.4 

420.9 

24.1 

105.2 

0.25 

120* F. vater bath 

Souree Degrees of 
fraadoa 

Sub of squares Mean 

squara r 

Total 15 596543.8 

Traataeat 3 94513.3 51504.4 .75 

Error 12 501850.5 4I8I9.2 
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AHALTSIS OP VARIAHCE^OP BODY TEMPEHATBRES II TABUE Y1 

Source Bsgrees of Sum of s^uarea Uoan 
freedom sq^uare 

Total 15 81,3 

Treatment 3 8.3 2.8 0.4 

Error 12 73.0 6,1 

^Saeieeor (1956). 

^ • -■ . 'v:'. 
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AMLTSIS OP VAEIAHCE^ OP 30DY TEMPERATURES ID TABLE TII 

Souiroe Begreeo of Sua of B(iuare8 Mean T 
freedoa ociuare 

Total 15 246*2 

Troatmoat 5 155*7 51*9 6*87** 

Error 12 90*6 7.6 

♦•Si^ifioant at th« 1 per cent level of probability. 
1.Saadeeor (1956)* 
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AHALYSIS OP VARIANCE OP BODY TEMPERATURES IN TABLE VIZI 

Soxiroa Degrees of Sum of squares Mean p 

freedom square 

Total 59 283.1 

20.6 5.82*Troatmsnt 4 82.5 

Sox 1 13.2 15.2 2.45 

Sex X ireataent 4 25.6 6.4 1.19 

Error 50 5.4161.8 

•Significant at th« 3 per cant leval of probability. 



52 

ARALYSIS OF VARIARCE^ OF BODY TEMPERATURES IB TABLE IX 

Sour00 Boirreea of Sub of 8(iuaro8 Moaa F 
froedoa squaro 

Total 59 504.9 

Troataeat 4 526.8 81.7 51.7»» 

Soz 1 55.7 55.7 15.1»» 

Treataoat X ■oz 4 66.9 16.7 6.5** 

Error 50 77.5 2.6 

**Slgnifloant at tha 1 per eent lerel of probability. 

1.Snedooor (1956). 
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AHALYSIS Oy VARIANCE Of WEIGHTS OF ADRENAL GLANDS IN TABLE X 

Source Degreea of Sub of sq.uarea JHeaa F 

freedoB square 

Total 51 59.4 

Eav. temp. 5 4.2 1.4 0.88 

Bath temp* 1 7.1 7.1 4.44* 

E. temp. X bath 
temp* 9 9.2 9.1 1.94 

Error 24 58*9 1.6 

*Signifioant at the 5 oant level of probability* 

^Snedeoor (195^)* 
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AKILYSIS OP VARUNCE OP WEIGHTS OP AHREHAL AHD THYROID 
GUWDS IH TABLE XI 

Adr«nml glandi 

Souro* Dogroea of Sub of aquaroa Mean P 

froodOB aquaro 

Total 24 91.6 

Treataent 4 10.6 2.6 0.6 

Error 20 81.0 4.1 

TDyroid trlands 

Souroo Dogroea of Sub of 8%uaroa Mean P 

froodoB aquaro 

Total 24 545.8 

Treatmont 4 102.4 25.6 2.10 

Error 20 245.4 12.2 

SBtdaeor (1956)* 
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ANALYSIS OP VARIANCE OP BODY WEIGHT GAINS IN TABLE XIII 

Source Degrees of Sub of squares Mean P 
fraadoa square 

Total 59 451826.9 

Asoorbie aeid i 18766.6 1.889585.5 

Tamparatora 1 155565.0 155565.0 27.11»« 

Taaperatxura x aoid 2 7510.5 5755.1 .75 

Error 54 269985.0 4999.7 

•♦Signifieant at tha 1 per oent lerel of probability, 

^Saedaeor (1956)« 
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ANALYSIS OF VAHIANCE^ OF BODY TEMPERATURES IN TABUS XIV 

Source Degrees of Sum of 8q.uare8 Mean F 
freedom 8q.uare 

Total 29 406.4 

Aseerbie acid 2 24.2 12.1 1.42 

Temperature 1 167.57 167.6 1^,62** 

Aacorbie acid z 

temp. 2 4.89.57 0.56 

Error 24 205.1 8.5 

♦♦Significant at the 1 per cent level of probability. 

^Snedcoor (1956). 
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ANALYSIS OP VANIANCE^ OP BODY TEMPERATURES IN TABLE XT 

Source Degrees of Sum of 8q.uare8 Mean P 
freedom square 

Total 29 109.8 

Asoorbie aoid S 2.44.? 0.75 

Temperature 1 25.4 25.4 8,11*# 

Temp* z aeoorbio 
aoid 2 0.724.5 2.3 

Error 24 75.2 3.1 

♦♦Signifloant At the 1 per cent level of probability. 
XcSnedeoor (1956)* 


