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ABSTRACT 

Data from six cooperating commercial Holstein 

dairies in the Phoenix, Arizona area were used in this study; 

two with no environmental modification (except shade areas), 

two with evaporative-cooled shade areas, and two with high-

pressure foggers in conjunction with the shade area. 

Records were obtained from 3 00 - 500 cows at each d'airy over 

a three year period (1978 - 1980, inclusive). The influence 

of season, and microclimatic modification on seasonal depres

sion of fertility were studied. 

The results showed that cows with access to evapo

rative cooled shade had the shortest calving interval, days 

open and interval between breedings. Both microclimatic 

modifications reduced the number of services required per 

conception. Climatic conditions associated with summer 

months resulted in reduced fertility as compared with spring 

and fall. Differences between farms within treatment 

emphasized the importance of management in achieving 

fertility in dairy herds. 

viii 



INTRODUCTION 

Reproductive efficiency of dairy cattle is highly 

sensitive to the degree of environmental heat stress imposed 

on the animal. The effects of thermal environment on 

reproduction have been reviewed by (Ulberg, 1958, 1967; 

Dutt, 1960, 1964;.Hafez, 1962, 1964, 1965; Bianca, 1965; 

Venter et al., 1978; Stott, 1974). The severity of the 

heat stress imposed varies considerably depending on 

ambient temperatures, relative humidity, thermal radiation 

and wind speed, which may directly affect the animal's 

ability to maintain body temperature. 

Seasonal infertility in dairy cattle associated 

with intense summer heat stress is an important problem to 

the dairy industry in the lower elevations of Arizona 

(£25 00' MSL), as it is in other regions where seasonal high 

temperatures are common (Branton et al., 1953; Yeates, 1953; 

Stott and Williams, 1962; Wiersma and Stott, 1966, 1969; 

Dunlap and Vincent, 1971). Although low production is 

responsible for 50 to 60% of the cows culled annually, 

infertility accounts for another 15 to 2 0%. Furthermore, 

some cows culled for low production may have been low 

producers because of fertility problems (Bath et al., 1978). 

1 
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The causes of low breeding efficiency include anatomical, 

genetic, physiological, pathological, management and 

climatic factors. The climatic environment includes 

thermal, photoperiodic and other factors (Roller and 

Stombaugh, 1974). The thermal environment is usually 

characterized by dry-bulb temperature, air moisture 

content (e.g., wet-bulb temperature, dew point tempera

ture or relative humidity), thermal radiation and wind 

speed. Photoperiod (expressed as hours of daylight) 

influences the reproductive cycle of sheep, but much less 

so for cattle and swine. All these factors interact to 

affect reproductive efficiency in cattle. In Arizona, 

Wolff and Monty (197 4) reported that high temperature 

during summer is particularly stressful to the lactating 

dairy cow and frequently causes the cow to lose the abili

ty to maintain homeothermy. In central and southern Arizona, 

the summer season is characterized by intense heat, solar 

radiation and low relative humidity, extending from June 

through September (Wolff and Monty, 1974). 

Various artificial methods have been developed to 

reduce heat stress in dairy cows such as shade, evaporative 

cooling, water sprinklers or foggers. Use of evaporative 

cooling systems in Arizona has resulted in increased fer

tility and milk production (Wiersma and Stott, 1966; Stott 

et al., 1972). 
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The objectives of this study were to determine 

the influence of season (climatic environment) on repro

ductive performance, and evaluate the influence of micro

climatic modifications (evaporative cooled shade and water 

fogging under the shade area) on seasonal depression of 

fertility. 



REVIEW OF LITERATURE 

Low breeding efficiency is recognized as one of the 

major problems in the dairy industry, resulting in serious 

economic losses. Economic losses due to low breeding 

efficiency include the following: 1) Inconvenience and 

cost of repeated inseminations. 2) Prolonged lactations or 

dry periods due to low breeding efficiency resulting in 

long maintenance periods without profit from production. 

3) Cost of replacing cows sold for slaughter because their 

delay in settling and resultant prolonged lactation makes 

it impossible for them to continue producing at a profitable 

level. 4) There are fewer calves born as a result of 

decreased fertility. 5) The breeding and veterinary fees 

increase. 6) Genetic progress is reduced because of 

reduced voluntary culling. Many factors influence breeding 

efficiency in dairy cattle. There are many published 

observations indicating seasonal and monthly variations in 

reproductive efficiency of dairy cattle. This review will 

emphasize the effect of season as an indicator of climatic 

conditions which include temperature, humidity and daylight 

on fertility in dairy cattle. 

4 
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Seasonal Variation 
in Breeding Efficiency 

The Female 

Seasonal variation in fertility occurs in both 

dairy and beef cattle. In northern regions of the United 

States and in Canada, breeding efficiency of cows is 

usually lowest during winter when duration of daylight 

(photoperiod) is short (Mercier and Salisbury, 1946, 1947a,b; 

Erb and Waldo, 1952; Burgess, 19 53; Salisbury, 1967; 

Sullivan and Elliott, 1968). In a study of three herds of 

cattle located at different latitudes in eastern Canada, the 

percentage of successful services was lowest during the 

winter and spring and highest duri ng the summer and fall. 

The average monthly conception rate of the three herds was 

positively correlated with the monthly average length of 

daylight (Mercier and Salisbury, 1947a). In tropical and 

subtropical climates and in the southern regions of the 

United States, seasonal variation in reproductive efficiency 

has largely been attributed to hot ambient temperatures and 

high humidity. Hillin (1960); Stott (1961); Stott and 

Williams (1962); Wiersma and Stott (1966, 1969); Dunlap and 

Vincent (19 71); Bond and McDowell (1972); Stott et al. 

(1972); Ingraham et al. (1974, 1976); Monty and Wolff 

(1974); Thatcher (1974); Thatcher et al. (1974); Wolff and 

Monty (1974) and Gwazdanskas et al. (1973, 1975) have 
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reported a decrease in reproductive performance when 

cattle were bred during the hottest part of the year. Stott 

(1961) worked with three dairy breeds (Jersey, Holstein 

and Guernsey) in Arizona and found that fertility decreased 

12% during the hot summer months where the daytime 

temperature exceeded 40°C. Monty and Wolff (1974) reported 

a reduction from 50% to less than 2 0% in fertility (number 

of live calves born per number of breedings per month) 

during the summer in lactating Holstein-Friesian cows in 

Arizona. Stott and Williams (1962) conducted another 

study in Arizona and found a low rate of fertilization and 

high rate of embryonic mortality were the major factors 

causing low seasonal breeding efficiency associated with 

high ambient temperatures. When ambient temperatures are 

maximum, pregnancies which result from breeding cows during 

August have ranged from 9% to 15%. In Lousiana, Loyacano 

et al. (1972) compared the reproductive performance of 

lactating postpartum Hereford cows maintained under fall 

(December 15 to February 15) and spring (April 15 to June 

16) breeding seasons. Cows calving in the spring had a 

shorter postpartum interval to first estrus (68 vs. 84 days) 

and gained more weight postpartum (34 vs. 8 kg) than cows 

calving in the fall. However, cows calving in the fall 

had a higher postpartum pregnancy rate than cows calving in 

the spring (85 vs. 47%). Hot temperatures and high 
4 

humidity were considered to be the major factors causing 
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the lower pregnancy rate in this study. Monty .and Wolff 

(1971+) reported that Holstein-Friesian cows calving 

during the hot Arizona summer (July to September when 

maximum daytime temperatures do not exceed 40°C) did not 

have a greater frequency of dystocia, retained placenta, or 

postpartum uterine infection than cows calving dur ing a 

cooler season (January to April when maximum daytime 

temperatures do not exceed 25°C). However, the interval 

from parturition to subsequent pregnancy was longer (131 vs. 

68 days) in cows calving and conceiving during hot ambient 

temperatures as compared to cows calving and conceiving 

during cool ambient temperatures. They concluded that 

reduced conception rate as reflected by number of services 

per conception for cows exposed to hot or cool ambient 

temperatures (3.3 vs. 1.1 services) accounts for most of the 

extended interval from parturition to subsequent pregnancy. 

Duration of estrus was shortened by hot environmental tem

peratures in dairy heifers and postpartum lactating dairy 

cows (Branton et al., 1957; Hall et al., 1959; Gangwar 

et al., 1965; Gwazdauskas et al., 1974b; Monty and Wolff, 

1974; Wolff and Monty, 1974). In general, the duration of 

estrus was reduced by 3 to 5 hr; this reduced duration may 

be a contributing factor to lowered fertility in cattle 

exposed to hot ambient temperatures. 



8 

Because the establishment of pregnancy in lactating 

cows during the summer is a major problem, efforts have 

been made to identify the stage of gestation when hot 

ambient temperatures and high humidity reduce fertility in 

cattle. Wiersma and Stos.s (1966, 1969) in studies conducted 

during hot summer using refrigerated buildings found that 

the pregnancy rate of dairy cattle was not affected by sub

jecting a cow to hot temperature (37.8°C) beginning 10 days 

after breeding. However, hot temperatures during the first 

4 to 6 days after breeding were more detrimental. At the 

Florida Agricultural Experiment Station, Gwazdauskas et al. 

(197 5) reported that maximum and minimum temperature on the 

day after insemination, rainfall on the day of insemination, 

solar radiation on the day of insemination and minimum 

temperature on the day of insemination were most highly 

correlated (r = -.90) to pregnancy rate at 40 to 54- days 

after insemination. They added that as the maximum tem

perature on the day after insemination increased from 21.1 

to 35°C, pregnancy rates decreased from 40 to 32%. The 

effects of solar radiation (on day of insemination) were 

significant and, as solar radiation increased, pregnancy 

rate decreased from 39.5 at 3 00 Lnagleys/day to 2 6.0% at 

800 Langleys. Results from other studies (Ingraham et al., 

1974, 19 76) in Hawaii and Mexico have shown that the 

temperature-humidity index (THI = dry bulb temperature in °F -

I 
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(.55 - .55 relative humidity) (dry bulb temperature in °F -

58) on the second day before breeding was most closely 

correlated (r = -.925) with fertility as determined by 

delivery of calf. Furthermore, they reported that when 

the index of the second and first day before the breeding, 

the day of breeding and the day after breeding were 

evaluated, only the THI of the second day before breeding 

had a significant partial correlation coefficient (-.595). 

Although the data of Gwazdauskas et al. (197 5) and Ingraham 

et al. (197 4, 1976) are not in full agreement, both show 

that hot ambient temperatures near or at the time of 

insemination were negative influences on the fertility of 

cows. 

The Male 

Spermatozoa pass through a number of stages during 

and after formation in the testes. This process normally 

requires several weeks for completion prior to ejaculation 

in the semen. During this period, factors such as nutri

tion, disease or environmental heat stress may have an 

adverse effect on the maturation process, which in turn can 

influence fertility. Casady et al. (19 53) reported that 

initial motility, sperm concentrations, and total sperm 

count of semen decreased when bulls were subjected to high 

temperatures by artificial means. Bianca (1965) reported 
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that high environmental heat loads adversely affect 

spermatogenesis. Continuous exposure of Guernsey bull in 

a room to temperatures up to 37°C depressed initial sperm 

motility and sperm concentration. Williams (196 2) reported 

that normal Arizona summer temperatures do not adversely 

affect semen quality as estimated by laboratory analysis. 

Similar reductions in semen quality and reproductive 

performance have been noted in sheep. Dutt and Hamm (19 57) 

have reported a substantial decrease in semen quality when 

unshorn rams were exposed to dry-bulb temperatures of 32°C 

for a one-week period. Although semen volume was not 

decreased significantly, motility, percent of abnormal cells 

and sperm cell concentrations were adversely affected. 

These effects became apparent during the first or second 

week following exposure, reached a maximum during the fifth 

week, and had returned to normal by the seventh or eighth 

week following exposure. Similar changes in rams' semen 

quality partially due to thermal stress have been reported 

on a seasonal basis by Cupps et al. (1960). Other studies 

by Dutt and Simpson (19 57), Whiteman and Brown (1958) and 

Entwistle (1973) have indicated that high ambient tempera

tures in the ram not only influence the microscopically 

visible measures of semen quality, but also affect ferti

lity in the ewe and ram libido under practical conditions. 
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Physiological Responses 
to Heat Stress 

Several physiological responses have been measured 

to further understand how ambient temperatures influence 

fertility of cattle (Dunlap and Vincent, 1971; Bond and 

McDowell, 1972; Gwazdauskas et al., 1973; Monty and Wolff, 

1974; Wolff and Monty, 1974; Roman-Ponae et al., 1977). 

In response to hot ambient temperatures, respiration rate 

increased in lactating dairy cows (Wiersma and Stott, 

1969; Wolff and Monty, 1974); heart rate decreased (Wolff 

and Monty, 1974); and skin temperature varied directly with 

the ambient temperature (Wolff and Monty, 1974). Rectal 

temperatures of lactating cows increased from 3 8.5 to an 

average peak of 40.1°C during exposure to hot ambient 

temperatures. Rectal temperatures began to increase when 

ambient temperatures exceeded 30°C (Wolff and Monty, 1974). 

Gwazduskas et al. (1973) and Wolff and Monty (19 74) reported 

a close relationship between average ambient, rectal and 

uterine temperatures of lactating dairy cows. Ulberg and 

Burfening (1967) reported that pregnancy rates in cattle 

decreased from 61 to 45% as rectal temperatures at 12 hr 

after insemination increased 1°C. Dunlap and Vincent (1971) 

exposed beef heifers immediately after breeding to 32.2°C 

or 21.1°C for 7 2 hr and recorded average rectal temperatures 

of 40°C and 3 8.5°C, respectively, during the exposure period. 

All twenty-three heifers exposed to 32.2°C failed to 
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maintain pregnancy, whereas 12 of 25 heifers exposed to 

21.1°C maintained pregnancy. Increased plasma progesterone 

concentrations were associated with poor fertility and 

increased rectal temperatures of those heifers exposed to 

32.2°C. 

An extremely large number of studies have been 

conducted with sheep. In countries with temperate climates, 

reproductive activity of sheep is restricted to certain 

months of the year. Yeates (1949) showed that the gradual 

decrease in daylight was the major factor contributing to 

the onset of estrous activity in ewes. Results from studies 

of photoperiod and ambient temperature show that ambient 

temperature does not directly control the time of the year 

at which estrous activity is initiated, but has a modifying 

influence on photoperiod. 

Postpartum intervals (anestrus) of different lengths 

are shown by ewes lambing under conditions of increasing or 

decreasing photoperiods (Mallampati et al., 1971; Hunter 

and Van Aarde, 1973). Mallampati et al. (19 71) reported 

that ewes lambing under increasing photoperiods (March to 

June) had postpartum intervals in excess of 100 days, 

whereas those lambing under decreasing photoperiods 

(September to December) had postpartum intervals of less 

than 5 0 days. 
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Early Embryonic Mortality 

Embryonic mortality increases in a number of 

species following exposure of the female to elevated 

ambient temperatures, especially in tropical and sub

tropical areas. In the early stages of development, the 

embryo is directly affected by increased maternal body 

temperature due to elevated ambient temperatures 

(Alliston et al., 1961; Alliston and Ulberg, 1961). 

With the development of artificial insemination and 

quality control of semen, attention has been drawn to 

early embryo mortality in cattle.. Hansel (1959) reported 

that efficient cows have a fertilization rate of 9 6%, but 

a subsequent 10% embryo mortality loss. Tanabe and Casida 

(1949) in a study of reproductive failures in cows of known 

low fertility found an embryonic mortality of 39.2% during 

the first 34 days of pregnancy. A later study with dairy 

heifers of low fertility by Tanabe and Almquist (195 3) 

showed a fertilization rate of 66.7%, but also found a 

subsequent high embryonic death of 54.1% within the first 

month of pregnancy. Hawk et al. (195 5) studied embryonic 

mortality of low fertility cows and determined the wastage 

between Day 16 and 34 post-breeding. Fifty-eight percent 

had normal embryos at Day 16, while only 28% were normal at 

Day 34 for an estimated embryonic death of 51.7%. 
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Results from many studies have shown that ewes 

subjected to continuous hot temperatures in climatic 

chambers at and after breeding have high embryo mortality 

rates. However, similarly high embryo mortality rates 

generally are not encountered in ewes exposed to hot ambient 

conditions (Shelton, 1964b; Smith et al., 1966) or to hot 

diurnally variable temperatures imposed by climatic chambers 

(Yeates, 1956; Ryle, 1961; Thwaites, 1969). Thwaites (1969) 

reported that continuous exposure to hot environmental 

temperature (3 5.8°C) during the first 15 days of pregnancy 

raised the rectal temperatures and respiration rates of 

mature shorn and unshorn Merino ewes and led to the death 

of 83% of the embryos. Exposure of ewes during the first 15 

days of pregnancy to a hot, diurnally variable temperature 
( 

(8 hr at 41.1°C) resulted in increased rectal temperatures 

and respiratory rates, but only 35% embryo mortality, 

whereas in control ewes housed at .5 to 18.3°C, embryo 

mortality was only 19%. Similar results have been reported 

by Goerke and Dutt (1973) and Dutt and Jabra (1976). These 

researchers exposed pregnant ewes to hot temperatures (37°C) 

for 48 hr or for 1 week beginning on Day 10, 16 or 22 of 

gestation. Embryo mortality was greater in ewes exposed for 

1 week beginning on Day 10 or 16 of gestation than in ewes 

exposed for 48 hr on Day 10, 16, or 22 of gestation. 

Researchers concluded that fertilization rates and embryo 
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survival rates were influenced more drastically in ewes 

exposed to hot ambient temperatures at or immediately after 

breeding than in those exposed during later stages of 

gestation (Dutt, 1963, 1964; Thwaites, 1971) Yeates (1953) 

and Shelton (1964b) reported that continued hot summer 

temperatures during middle and late gestation significantly 

reduced lamb birth weight and increased lamb mortality. 

Heat Stress and Hormonal Changes 

Considerable work has been published concerning 

the relationship between heat-induced hormonal alteration 

and low fertility in dairy cattle. Wiersma and Stott (1969) 

reported that blood progesterone concentration in heat 

stressed dairy cows in Arizona was nearly 10 times greater 

than that of cooled cows. Cows exposed to hot ambient 

temperatures require more services per conception than cows 

exposed to cool temperatures. They concluded that increased 

plasma progesterone concentrations may be of adrenal origin. 

Abilay and Johnson (197 3) have shown increased progesterone 

due to environmental heat exposure, but after the second 

estrous cycle under heat, the progesterone concentration 

tended to be less than normal. The increased progesterone 

during the first estrus may be due to the effect of acute 

heat stress. Madan and Johnson (1971, 1972, 1973) reported 

that exposure of Guernsey heifers to 3 3°C lessened base 

line as well as peak LH and duration of estrus. They 



suggested that alterations in pituitary, ovarian and adrenal 

hormone levels may influence certain physiological aspects 

related to lowered fertility in cattle. In Arizona, 

Moody (1964) studied the effect of high ambient temperatures 

on progesterone concentrations in the corpus luteum and 

adrenals of the bovine, and reported that heat stress does 

increase the production of adrenal progesterone, and the 

possibility of an adrenal relationship to lowered breeding 

efficiency may exist in areas where high ambient tempera

tures are common. 

Environmental Modifications 

The application of artificial cooling as a means 

of alleviating environmental heat stress and increasing 

production and improving fertility has been the object of 

development and research for many years. Researchers in 

Arizona (Wiersma and Stott, 1966; Stott et al., 1972; and 

Stott and Wiersma, 1974, 19 76) and in Florida (Roman-Ponce 

et al., 1977) have shown the advantages fo providing shade 

and evaporative cooling for dairy cattle during hot summer 

conditions through improved milk production and fertility 

rates. In Arizona, Stott et al. (197 2) conducted a study 

using Holstein-Friesian cows and reported that cows having 

access to evaporative cooled shades had higher breeding 

efficiency (58%) than those having access to the conven

tional shade (35%). Breeding success was based on con

firmed pregnancies/breeding. They also added that the 
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fertility of the cooled cows was higher in September and 

October (65%) than during June, July and August (55%); 

values for the control cows in the comparable periods were 

3 6 and 33%, respectively. Apparently the control cows, 

with the greater stress, had a carryover of reproductive 

impairment into the fall after the hot weather had 

moderated. In a similar study in Arizona, Stott and 

Wiersma (1974) found that peak air temperatures under the 

cooled shade have been consistently 10 to 12°C lower than 

the ambient temperatures under the conventional shade when 

ambient air temperature was near 40°C. Results of this 

experiment indicate that animals that were cooled had double 

the fertility level of the controls during the summer 

months (July, August and September). Fourteen percent of 

the control cows and 31 percent of the cooled cows were 

found pregnant. For the fall breeding season, which 

includes October and November, the breeding results were 33% 

successful breedings for the cooled cows versus 2 3% suc

cessful breedings for the control cows. Roman-Ponce et al. 

(197 7) reported that rectal temperatures of lactating cows 

provided with shade averaged 38.9°C, whereas cows provided 

with no shade averaged 39.4°C. Conception rates were |4'4.4% 

and 25.3%, respectively. Wiersma et al. (1973) conducted 

a study in Arizona comparing three methods of cooling 

shades (evaporative cooling, sprinkling system and fogging) 



with feedlot beef cattle. They reported that although the 

microclimatic conditions were better in all cooled treat

ments, the animals did not respond with significantly 

improved gains, or feed efficiency over the control animals. 

The average daily gain for all cattle was about 1.14 kg 

per day. Feed efficiency ranged from 3.18 to 3.64 kg of 

feed per kg or weight gain. They concluded that perfor

mance of beef cattle is not sufficiently improved by 

cooling to justify the associated costs. 



MATERIALS AND METHODS 

Source of Data 

Data were obtained from cooperating commercial 

Holstein dairies within a 25 mile radius of Phoenix, 

Arizona. Information obtained from individual cow records 

included birth date of cow, estrous periods, breeding dates, 

calving dates, sex of calf and birth status of calf. 

Culling records were also obtained where available. A 

total of six dairy herds were involved; two with no envi

ronmental modification (except shade area); two with 

evaporative cooled shade areas; and two with high-pressure 

foggers under the shade area. Records were obtained from 

3 00 - 50 0 cows at each dairy over a three year period 

(1978 - 1980, inclusive). 

In an attempt to reduce variation in management, 

dairies were selected based on herd size and level of milk 

production. Data were permanently recorded on punched cards 

and statistically evaluated utilizing University of Arizona 

computer center facilities. Information was obtained from 

approximately 20 00 cows representing 500 0 parturitions. 

Most of the cows included in the study were bred by 

artificial insemination, although some were mated 

19 
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naturally. Climatological data were obtained from U. S. 

National Weather Service at Phoenix Sky Harbor International 

Airport, and included average maximum and minimum tempera

tures, average relative humidity readings at 500 and 17 00 

hours, average wind speed and total- precipitation. In 

this study, three calving seasons were established: 

Spring: February, March, April, May 

Summer: June, July, August, September 

Fall-
Winter: October, November, December, January 

Traits 

The traits studied are described below: 

Calving Interval: Interval between the previous 

and the present calving date. Calving 

intervals less than 3 00 days were 

eliminated. 

Days Open: Number od days from parturition to 

successful mating. 

Services per Conception: Determined by number of 

services required for the cow to conceive. 

Interval between Breedings: Determiend by number 

of days between each two consecutive breed

ing dates. Intervals less than 10 days were 

eliminated. 
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Percent of Abortion: Determined by number of 

abortions divided by number of calves 

born multiplied by 10 0. 

Postpartum Interval (anestrus) was not included in this 

study because no records were maintained on occurrence of 

estrus until breeding was initiated at 45 - 60 days post 

parturn. 

Statistical Analysis 

techniques according to Nie et al. (1975). Duncan's 

multiple range test was utilized to compare various means. 

Dependent variables (calving interval, days open, services 

per conception, interval between breedings and percent of 

abortion) were analyzed by nesting farm within treatment by 

season of calving subclasses. The following model was 

used: 

All data were analyzed by analysis of variance 

Y. 
ijkl 

~th 
^ijkl = ^''ie dependent variable for the 1 cow o: 

"fch the k farm in j season of calving in 

i"'*''1 treatment. 

cow on 

u = overall mean 



T. = effect of treatment (i = 1, 2, or 3) 
l 

"HVt 

Sj = effect of j season of calving (j = 1, 2, or 

TS.. = treatment X season interaction, 
ID 

4-Vi 

F, /TS.. = effect of k farm within treatment and 
k ID 

season of calving, 

e..,, = error term (residual variance). 
13 kl 



RESULTS AND DISCUSSION 

Climatological data for Phoenix (Sky Harbor Airport) 

during the period of study are summarized in Table 1, Figure 1. 

Climatic conditions in the lower elevation of Arizona 

(<_2 500 MSL) remain relatively constant from year to year. 

The weather is mild in fall-winter and spring (October 

through May). In summer, temperatures become very hot; 

daytime temperatures often exceed 40°C. Nighttime 

temperatures are very warm and often remain above 2 5°C. 

Average relative humidity in summer (27.8%) is much lower 

than that in either spring or fall-winter (41.1 and 46.4%, 

respectively). These data are different from those in 

central and northern states where low temperatures and high 

humidity are common. This also differs from that in 

southeastern states where high temperatures and high 

humidity are common. Total precipitation is much lower 

than that in central and northern states. Wind speed is 

relatively consistent from year to year1. The overall speeds 

in spring, summer and fall were 12.7, 11.6 and 10.1 km per 

hour, respectively. 

Descriptive data on management procedures (as 

reported by the managers in the respective dairies) are 

summarized in Table 2. Cows were observed for heat twice 

23 
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Table 1. Climatological Data for Phoenix, Arizona 
(Sky Harbor Airport) during Period of Study 

Temperature 
(°C) 

Relative 
Humiditya 

Total 
Precipitation 

Wind 
Speed 

Avg. 
Min. 

Avg. 
Max. 

(%) (cm) (km/hr] 

1978 

Spring 12,9 27.1 42.9 11.7 12. 9 

Summer 24. 8 40.5 28. 6 8.1 13 . 7 

Fall-
Winter 

10.4 23.1 58.6 18.8 11.6 

1979 

Spring 11.1 26.7 40.4 6.9 12.6 

Summer 24. 8 40.4 28.1 4.3 12.2 

Fall-
Winter 

8.7 22.8 41.6 6.4 10.0 

1980 

Spring 12.7 26.0 40. 0 9.1 12. 6 

Summer 25.7 39.8 26.6 2.0 9.0 

Fall-
Winter 

11.0 25.0 39.1 4.3 8.9 

Overall 

Spring 12. 2 26.6 41.1 9.1 12.7 

Summer 25.1 40.3 27.8 4.8 11. 6 

Fall-
Winter 

10,, 0 23.6 46.4 9.9 10.1 

aAverage readings at 50 0 and 17 00 hrs. 

• 
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Table 2. Descriptive Data on Management as Reported by The Dairymen 

Treatment 

Frequency 
of Heat 

Farm Detection 
(Daily) 

Time of 
Observing 
Cows for 
Estrus 
(hrs) 

Cooling Systems 
Reduction 

Interval 
from 
Calving 

Source of 
Months of Daily in Calving Replacement 
Operation Operation Temperature to First Heifers 

(hr) (°C) Breeding 
(Days) 

Control 5 

6 

2 600 S 1930 

2 500 S 2000 

45 - 60 

60 

raise 

raise 

Cooler 

Fogger 

430 S 2030 

1000 8 1900 

5 30 S one 
hr before 
sundown 

530 S 1700 

June 1 to 11 
Sept 15 

June 1 to 12 
late Sept 

early June 5-6 
to late 
Sept 

early June 4 . 
to Sept 15 

7-10 

7-10 

60 

45 

6 0  

40 - 45 

raise 

raise 

raise 

raise 
and 

purchase 

hO 
CD 
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daily (in the morning and in the evening). Both evaporative 

cooling and fogger systems were operated during the period 

from early June to late September. The evaporative cooling 

system reduced the temperature under the shade by 7°C to 

10°C, as compared to that outside the shade C40°C), while 

the fogger system reduced the temperature inside the shade 

by only 6°C as compared to that outside the shade. Average 

interval from calving to first breeding was 45 - 60 days. 

Table 3 summarizes the analyses of variance for all 

dependent variables. Season of calving and the type of 

treatment were significant for all variables except percent 

of abortion. The interaction between season of calving and 

tye type of treatment was significant for number of services 

per conception, interval between breedings and the percent 

of abortion, but not significant for calving interval and 

days open. The differences between farms within treatment 

and season of calving were highly significant for all varia

bles . 

Numbers of observations for each dependent variable 

are summarized in Table 4. Distribution of these observa

tions shows that a large number of calves are born during the 

summer season. 

Calving Interval 

The effect of type of treatment (environmental 

modification) on calving interval was highly significant 



Table 3. Summary of Analyses of Variance 

Mean Squares for Dependent Variables 
Source df 

Calving 
Interval Days Open 

Services 
per 

Conception 

Interval 
between 
Breedings 

Percent 
of 

Abortion 

Season of Calving 
(S of C) 

2 102,496"" 103 ,182s*" 74.7** 8094** .23 

Treatment (T) 2 21,214"" 18,699" 2.7* 3543** 1.45* 

S of C x T 4 3,195 4 * 121 5.7** 1026* 1.06* 

Farms/S of C x T 9 42,172"" 48,764** 10.0** 8152** 1.02** 

Error 3,736 3,834 1.5 418 .40 

(df) (2309) (2312) (4609) (1287) (2282) 

*P<.05 

**P<.05 



Table 4. Number of Observations for Each Dependent Variable 

Dependent Variables 
Treatment Farm 

Season n -i • ™ Services Interval Percent 
of Calving Days per, between of 

Calving n erva Pen Conception Breedings Abortion 

Control 

Cooler 

Fogger 

5 Spring 35 35 103 48 68 
Summer 128 128 257 42 129 
Fall 128 128 243 106 115 

6 Spring 119 119 259 121 141 
Summer 273 273 438 26 165 
Fall-Winter 260 260 393 267 133 

1 Spring 59 59 199 23 140 
Summer 104 104 253 27 149 
Fall-Winter 109 110 . 275 111 167 

3 Spring 93 94 208 42 114 
Summer 181 182 377 19 195 
Fall-Winter 140 140 248 119 108 

2 Spring 163 163 406 44 243 
Summer 209 209 366 10 157 
Fall-Winter 149 149 237 138 88 

4 Spring 30 30 79 23 49 
Summer 73 73 167 22 94 
Fall-Winter 74 74 119 117 45 
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(P<.01, Table 3). Calving interval for cows in the cooler 

group (376.1 days) was less (P<.05) than for those in 

control and fogger groups (384.1 and 386.2 days, 

respectively). The latter two groups did not differ 

(P>.05) from each other as shown in Table 5, Figure 2. The 

treatment difference in calving intervals may be due to the 

use of evaporative cooling, which improved the number of 

services per conception and days open. Evaporative cooling 

systems were more effective in maintaining the temperature 

inside the shade during the summer season, although the 

differences in calving interval between these treatments 

in spring and fall-winter were not significant. In Arizona, 

Stott et al. (197 2) reported that cows having access to an 

evaporative cooled shade had a markedly higher breeding 

efficiency (58%) than those having access to conventional 

shade (35%). Slama et al. (1976) reported that intervals 

from calving to first service, from first service to 

conception and service per conception were the major factors 

affecting calving interval. 

Season of calving had a significant effect (P<.01) on 

calving interval (Table 3). Cows calving during summer 

had a longer calving interval (39 2.6 days) than those 

calving during spring and fall-winter (368.9 and 37 8.6 

days, respectively). All values for calving interval were 

found to be different (P<.05) from each other (Table 5, 
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Table 5. Means for Calving Interval 

Treatment Farm Season of Calving Treatment 

Spring Summer Fall-
Winter 

Average 

Control 5 413.5h 414.3h 403.0h 

6 361.8g 382.1s 368. 3g 

Avg. 373.6 392.4de 379.7 384.le 

Cooler 1 363 .1 381.3 371.9 

3 364.8 386.5 374. 8 

AVg. 364.2 384.6d 373 .5 376.ld 

Fogger 2 362.4g 397.6® 371.0g 

4 403.9h 411.2h 405.0h 

Avg. 368.9 401.le 382 .3 386.2e 

Season 
Average 368.9a 392 .6C 378.6b 382.4 

a'k'cOverall season averages with different superscripts are 
different, P<.05. 

d'eTreatment means in volumns with different superscripts are 
different» P<.05. 

_ *u 
g' Means for farms within treatment-season subclass with 

different superscripts are different, P<.05. 
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Figure 3). The longer calving interval for cows calving 

during summer may be explained by the high temperatures 

during the summer season, as shown in Table 1 and Figure 1. 

The difference between spring and fall-winter may be 

due to a carry-over effect during the fall-winter because of 

high temperatures during the summer season. In Arizona, 

Stott et al. (197 2) reported that the fertility of evapora

tive cooled cows was higher in September and October (65%) 

than during June, July and August (55%); values for the 

control cows in the comparable periods were 36 and 3 3%, 

respectively. They concluded that the control cows with 

the greatest stress had a carry-over of reproductive im

pairment into the fall after the hot weather had moderated. 

High ambient temperatures during summer have been reported 

to decrease reproductive efficiency (Stott, 1961; Stott and 

Williams, 1962; Wiersma and Stott, 1966, 1969; Dunlap and 

Vincent, 1971; Stott et al., 1972 ; Ingraham et al., 1974, 

1976; Monty and Wolff, 19 74; Wolff and Monty, 1974). Stott 

(1961) worked on three dairy herds in Arizona and found 

that fertility decreased 12% during the hot summer months. 

In a similar study, Monty and Wolff (1974) reported a 

reduction from 50% to less than 20% in fertility during the 

summer in lactating Holstein-Friesian cows in Arizona. 

The interaction of treatment by season of calving 

for calving interval was not significant (P>.05). However, 

differences between farms within treatments and seasons 
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were significant (_P<.01, Table 3). In the control group, 

cows in Farm 5 had longer (P<.05) calving intervals than 

than those in Farm 6 for all seasons. The same pattern can 

he seen for those in Farms 2 and 4 in the fogger group. 

No differences (P>.05) were found between cows in Farms 1 

and 3 in the cooler group. Differences in calving interval 

between cows in Farms 5 and 6 in the control group and 

those in Farms 2 and 4 in the fogger group may be due to 

differences in management such as problems associated with 

detection of estrus and in some instances incorrect timing 

of insemination. Table 2 summarizes some actual difference 

in management between these farms. Several authors have 

stressed the importance of timely heat detection. Johnson 

(1966) reported that difficulty in detecting heat is a 

common cause of long calving intervals. He suggested that 

heat detection can be improved by proper training and more 

careful observation. On the other hand, Hall et al. (1959) 

reported 3 0% more heats detected by checking cows 4 times 

daily than twice daily. They also reported that 54.8% of 

the cows studied came into heat during the night, indi

cating than an early morning check for heat is important. 

Poston et al. (196 2) reported that in addition to the 

possible climatic influence, other forces such as 

managerial procedures operate through physiological and/or 

nonphysiological pathways to bring about fluctuations 

in reproductive efficiency. 



Days Open 

Type of treatment (environmental modification) had a 

significant effect (P<.01) on days open (Table 3). Cows 

in control and fogger group were open a greater (P<.05) 

number of days (104.4 and 109.3 days, respectively, Table 6, 

Figure 2) than those in the cooler group (98.1 days). No 

significant difference (P>.05) was found between cows in 

control and fogger groups. These results appear to be 

related to the benefits of using evaporative cooling which 

maintained the ambient temperature inside the shade 7°C to 

10°C below that outside the shade. In this study, the 

fogger system was not effective and may even have been 

detrimental to fertility. This may be due to the shorter 

daily operating period (5 hrs daily) as well as the increase 

in humidity and poorer lot conditions associated with this 

treatment. 

Researchers in Arizona (Wiersma and Stott, 1966; Stott 

and Wiersma, 1974) and in Florida (Roman-Ponce et al., 1977) 

have shown improved pregnancy rates from providing shade 

and evaporative cooling to dairy cattle during the hot 

summer. Stott and Wiersma (1974) reported that 14% of 

control cows and 31% of cooled cows bred during the hot 

summer months were found pregnant. 

As seen in Table 3, the effect of season of calving 

on the number of days open was highly significant (Pc.Ol). 
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Table 6. Means for Days Open 

Treatment Farm 

Season of Calving 

Spring Summer Fall-
Winter 

Treatment 
Average 

Control 5 

6 

Avg. 

140. 3' 

8 2 .  4 *  

95.5 

136.2J 

102.3^ 

113. lc 

123.11 

87 .1 

99.0 

g 

104. 45 

Cooler 1 

3 

Avg. 

87.2 

91.3 

89.7 

105.9 

109.8 

108.4C 

94, 

95, 

95, 98.r 

Fogger 2 

4 

Avg. 

84.9' 

131. 61 

92.2 

120.6' 

137.4 

125. 0( 

h 
• 92, 

128, 

104, 

3§ 

4h 

3 109.3 

Season 
Average 91. 5C 114.7l 99.3 104.4 

a'k'G0verall season averages with different superscripts 
are differents P<.0 5. 

d s ' Treatment means in columns with different superscripts 
are significantly different» P<.05. 

_ V 

Means for farms within-treatment-season subclasses with 
different superscripts are different, P<.05. 
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cows calving during the summer had the greatest number of 

days open (114.7 days). The number of days open for cows 

calving during spring and fall-winter were 91.5 and 99.3 

days, respectively. All values were found to be different 

(P<.05) from each other (Table 6, Figure 3). The greater 

number of days open in fall-winter as compared to spring 

may be due to the carryover effect during fall-winter after 

a very hot summer. These results are in agreement with 

Vincent (1972), Monty and Wolff (1974) and Thatcher et al. 

(1974). Monty and Wolff (1974) reported that Holstein-

Friesian cows calving during the hot Arizona summer (July 

to September, maximum daytime temperature exceeds 40°C) 

did not have a greater frequency of dystocia, retained 

placenta or postpartum uterine infection than cows calving 

during a cooler season (January to April, maximum daytime 

temperature exceeds 25°C). However, the interval from 

parturition to subsequent pregnancy was longer (131 vs. 

6 8 days) in cows calving and conceiving during hot ambient 

temperatures as compared to cows calving and conceiving 

during cool ambient temperatures. In Lousiana, Loyacano 

et al. (197 2) comapred the reproductive performance of 

lactating postpartum Hereford cows maintained under fall-

winter (December 15 to February 15) and spring (April 15 

to June 16) breeding seasons. Cows calving in the spring 

had a shorter postpartum interval to first estrus (68 vs. 

84 days) than cows calving in the fall. 
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The interaction of treatment by season of calving was 

not significant (P>.05) with respect to number of days open 

(Table 3). However, the difference between farms within 

treatments and seasons were highly significant (Pc.Ol, 

Table 3). In the control group, cows in Farm 6 had fewer 

(P<.05) days open than those in Farm 5 during spring, summer 

and fall-winter. The same pattern can be observed for cows 

in Farms 4 and 2 in the fogger group. Cows in Farms 1 and 

3 in the cooler group were not significantly different 

(P>.05) during any season (Table 6). As mentioned earlier, 

the possible reason for the differences between farms in the 

same treatment may be due to a difference in management 

procedures, such as careful observations for cows in heat, 

time of observation, and the time of insemination. The most 

important differences in management between these farms are 

listed in Table 2. 

Number of Services per Conception 

The effect of type of treatment (environmental 

modification) on the number of services per conception was 

significant (P<.05, Table 3). Number of services per con

ception for cows in the control group (1.82) were greater 

(P<.05) than those in the cooler and fogger group (1.73 and 

1.72, respectively), while no differences (P>.05) were 

found between the latter two groups (Table 7, Figure 2). 
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Table 7. Means for Number of Services per Conception 

Treatment Farm 
Season of Calving Treatment Treatment Farm 

Spring Summer Fall-
Winter 

Average 

Control 5 1.57 1.77g 1.8 8h 

6 1.44 2.24 h 1. 66g 

Avg. 1.48de 2.07e 1.75 1. 82e 

Cooler 1 1.56 1. 94 1.70 

3 1.62 1.73 1.79 

Avg. 1. 59e 1. 81d 1.74 1.73d 

Fogger 2 

4 

1.38® 

1.66h 
1. 89g 

2. 00h 
1. 59g 

2.2 3h 

Avg. 1.43d 1.92de 1.80 1.72d 

Season 
Average 1.49a 1. 94C 1.76b 1.75 

a'k'cOverall season averages with different superscripts 
are different, P<.05. 

c'eTreatment means in columns with different superscripts 
are significantly different, P<.05. 

®'^Means for farms within-treatment-season subclasses with 
different superscripts are different, P<.05. 
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These results are in agreement with Wiersma and Stott (1969) 

who reported that the number of services per conception for 

cooled and control cows during the hot Arizona summer 

(.June to September) were 1.2 and 2.5, respectively. In 

another study in Arizona, Monty and Wolff (1974) reported 

that the number of services per conception for cows exposed 

to hot or cool ambient temperatures were 3". 3 and 1.1 

services, respectively. These results account for most of 

the extended interval from parturition to subsequent preg

nancy. In this study, the control group had substantially 

fewer services per conception than that reported by Wiersma 

and Stott (1969) and .Monty and Wolff (1974). This may be 

due to the good management in the selected dairies. 

In this study, the cooler system maintained the tempera

ture inside the shade 7°C to 10°C below that outside the 

shade (42°C), which resulted in improving the reproductive 

efficiency in the cooler group. On the other hand, the 

fogger system reduced the temperature inside the shade by 

only 6°C. The fogger system was effective in reducing the 

number of services per conception, however it was not 

effective, and may even have been detrimental in other 

aspects of fertility. 

Season of calving had a significant effect (P<.01) on 

the number of services per conception (Table 3) which is in 

agreement with Stott et al. (1972), Monty and Wolff (1974) 
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and Thatcher et al. (1974). Cows calving during summer 

had the greatest (P<.05) number of services per conception 

(1.94), while those calving during spring or fall-winter 

required 1.49 and 1.76 services, respectively. All values 

were found to be different (P<.05) from each other 

(Talbe 7, Figure 3). The difference between fall-winter 

and spring may be due to a carry-over effect during fall-

winter after a very hot summer. 

The interaction of treatment by season of calving was 

highly significant (P<.01, Table 3). In spring, the number 

of services per conception for cows in the control group 

were not different (P>.05) from that in the cooler and 

fogger groups, although the fogger group was significantly 

less (P<.05) than the cooler group (Table 7, Figure 4). In 

summer, the fogger group was not different (P>.05) than 

cooler and control group. However, the cooler group 

required fewer (P<.05) services per conception than the 

control group. No differences (P>.05) were found between 

all groups in the fall-winter. Another way of explaining 

the interaction between treatment and season is to examine 

the decrease in breeding efficiency from spring to summer. 

The decrease in breeding efficiency from spring to summer 

was much less in the cooler group (.22) as compared to 

control and fogger groups, .59 and .49, respectively. 

Thus, evaporative cooling of the shade area reduced the 
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detrimental effect of summer conditions and services per 

conception 

The differences between farms within treatment and 

season were highly significant (P<.01, Table 3). In the 

control group, cows in Farm 6 had fewer (P<.05) services per 

conception than those in Farm 5 during fall-winter, but 

much greater during summer. No differences (P>.05) were 

found between these farms in the spring. In the cooler 

group, no differences (P>.05) were found between Farms 1 

and 3 during any season. In the fogger group, cows in 

Farm 2 had fewer (P<.05) services per conception than those 

in Farm 4 during all.three seasons (Table 7). These 

differences between farms in the same treatment may be due 

to differences in management procedures, such as heat 

detection, time 'of insemination and the inseminator. 

Several authors have stressed the importance of timely heat 

detection. Hall et al. (1959) reported that difficulty 

in detecting heat is a common cause of low breeding effi

ciency in dairy herds. He indicated that heat detection 

can be improved by proper training and more careful obser

vation. Furthermore, the fertility was highest for insemi

nations conducted 7 - 12 hr after the onset of estrus. 

Interval between Breedings 

The effect of type of treatment (environmental 

modification) on the interval between breedings was highly 
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significant (Pc.'Ol, Table 3). Interval between breedings 

in the fogger group (37.5 days) was greater (P<.05) than 

that in either the control or cooler group (34.0 and 3 0.0 

days, respectively). All values were found to be different 

(P<.05) from each other (Table 8, Figure 2). These results 

may be due to differences in embryonic mortality which 

extended the estrous cycle. 

Season of calving had a significant effect (P<.01) on 

the interval between breedings (Table 3). Cows calving 

during summer had a longer interval (43.1 days) than those 

calving during spring or fall-winter (32.9 and 31.7 days, 

respectively), while no differences (P>.05) were found 

between the latter two seasons (Table 8, Figure 3). These 

results are in agrement with Stott and Williams (19 62) who 

conducted a study in Arizona which included a herd of 406 

Holstein 2 yr-old cows and reported a large percent of the 

cows bred during the summer months (June through September) 

did not return to estrus by 3 5 days, but were found without 

viable embryos at the 35-41 day postbreeding pregnancy 

examination. These animals also manifested logn estrual 

intervals when heat periods resumed following the pregnancy 

examination. The long itnervals corresponded with the 

months of low seasonal breeding efficiency. The mean 

intervals for May, June, July, August, September, October 

and November were 50, 54, 56, 48, 49, 43 and 39 days, 
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Table 8. Means for Interval between Breedings 

Treatment Farm 
Spring 

Season of Calving Treatment 

Summer Fall- Average 
Winter 

Control 5 51. ,3h 52. .0 43. ,3h 

6 25. .78 38. .3 27. .8* 

Avg. 33. 

0) 0
 46. . 8e 32. ,2 C

O
 

-P
 

•
 

O
 CD

 

Cooler 1 25. ,1 27. .4 26. ,7 8 

3 28. .6 42. .6 32. , 2h 

Avg. 27. .3d 33, . 7d 29. ,6 

O
 

•
 

O
 

C
O

 

Fogger 2 26. .8® 37, .2 28. .18 

. 4 59. . 3h 54, .0 38. , 6h • 

Avg. 38, . 0e 48, . 7e 32. , 9 37.5 

Season , 
Average 32.9a 43.1° 31.7a 33.2 

a ' k ' c O v e r a l l  season average with different superscripts are 
different, P<.05. 

dse,fTreatment means in columns with different superscripts 
are significantly different, P<.05. 

_ T_ 

s' Means for farm-within-treatment-season subclasses with 
different superscripts are different,"P<.05 . 



47 

respectively. Not only are the intervals longer for animals 

bred during the summer months, but a higher percent of 

long intervals (those that exceed 26 days) also occurs. 

During May (50.0%), June (47.4%), July (49.3%), and 

August (47.3%), nearly half the intervals were long, while 

the number of long intervals declined during September 

(28.0%) and October (40.2%), and by November only 11.0% 

of the intervals are classified as long. They concluded 

that increased frequency of extended estrous cycles in 

dairy cows which did not become pregnant during the summer 

in Arizona may be due to early embryonic death. Other 

investigators have reported that the estrous cycle of 

unbred Holstein-Friesian heifers is prolonged by hot weather 

(Gangwar et al., 196 5; Hall et al., 19 59). On the other 

hand, Dutt (1963) reported that heat stress in the ewe 

is accompanied by early embryonic mortality and the death 

of the embryo may or may not be associated with prolonged 

estrous cycles. If the ewe is exposed to heat within the 

first 2 days after breeding, the cycle is not prolonged, 

whereas heat exposure thereafter lengthens the cycle. 

When the embryo dies early, degeneration is rapid, whereas 

death at later stages is characterized by a longer period 

of embryonic degeneration. He concluded that prolonged 

embryonic degeneration is thought to maintain activity of 

corpora lutea and to extend the estrous cycle. Delayed 
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luteolysis in turn delays the onset of the next proestrous 

period. In Kansas, Bozworth et al. (19 72) conducted a 

study using forty Holstein cows and reported that the 

difference in interval between services was related to the 

efficiency of detecting heat, although embryonic losses 

undoubtedly caused some repeat intervals longer than 2 5 days. 

Interaction of treatment by season of calving was 

significant (P<.05, Table 3). In spring, no differences 

(P>.05) were found between the control group and either 

cooler or fogger groups; however, the cooler group was 

significantly shorter (P<.05) than the fogger group 

(Table 8, Figure 4). In summer, the cooler group was 

different (P<.05) than either the control or the fogger 

groups, while no differences (P>.05) were found between the 

latter two groups. During fall-winter, no differences 

(P>.05) were found between all treatments. Another way of 

explaining the interaction of treatment by season is to 

look at the decrease in breeding efficiency from spring to 

summer. Decrease in breeding efficiency (as measured by 

interval between breedings) from spring to summer was 

much less in the cooler group (6.4 days) as compared to 

control and fogger groups (13.8 and 10.7 days, respectively). 

The differences between farms within treatment and 

season of calving were significant (P<.01, Table 3). In 

the control group, cows in Farm 6 had a shorter (P<.05) 
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interval between breedings than those in Farm 5 during 

spring and fall-winter but no differences (P>.0 5) were 

found between the two farms during the summer. The same 

pattern can be seen for Farms 2 and 4 in the fogger group 

(Table 8). In the cooler group, no differences (P>.05) 

were found between cows in Farms 1 and 3 in either spring 

or summer, however, they differ (P<.05) from each other in 

the fall-winter. These results emphasize the importance 

of management in achieving fertility in dairy herds. 

Regular reproduction requires individual attention to each 

cow from parturition to conception. Observing cows at 

intervals thorughout the day likely would improve heat 

detection. Hall et al. (19 59) reported that 54.8% of the 

cows studied came into heat during the night, indicating 

that an early morning check for heat is important. Dairymen 

may also need to learn symptoms of estrus, other than 

standing heat, to improve heat detection. 

Percent of Abortion 

As seen in Table 3, the effect of treatment on percent 

of abortion was significant (P<.05). Percent of abortion 

in the control group (.9 8%) was not different (P>.05) 

than that in either cooler or fogger groups (.53% and 1.3 5%, 

respectively, although the cooler group was less (P<.05) 

than the fogger group (Table 9). 

Season of calving had no significant effect (P>.05) on 

percent of abortion, while the interaction of treatment by 
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Table 9. Means for Percent of Abortion 

Treatment Farm 
Season of Calving Treatment Treatment Farm 

Spring Summer Fall-
Winter 

Average 

Control 5 .36 .40g . 44 

6 .77 2.96h .68 

a) 00 C
D

 

•
 Avg. .52 1.66e .57 

a) 00 C
D

 

•
 

Cooler 1 0® .31 1.20 

3 1. 32h .20 1.07 

Avg. . 59 . 15d 1.15 .53d 

Fogger • 2 1.06 1.16 .73g 

4 .67 2.13 2.36h 

Avg. .99 1.52e 1.81 C
O

 
c
n

 CD
 

Season 
Average .73 1.06 .98 .92 

d'eOverall season averages with different superscripts are 
significantly different, P<.05. 

_ 
s' Treatment means for farms within treatment-season 

subclasses with different superscripts are different, 
P<. 05. 
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season of calving was significant (P<.05, Table 3). In 

summer, percent of abortion for cows in the cooler group was 

less (P<.05) than those in either control or fogger groups. 

No differences (P>.05) were found between the latter two 

groups. No differences (P>.05) were found among all 

treatments in either spring or fall-winter. These results 

indicate that using evaporative cooling during summer was 

very effective in reducing abortion, while the fogger system 

had no beneficial effect. Another way of explaining the 

interaction between treatment and season of calving is to 

look at the change in abortion rate from spring to summer. 

Increase in abortion rate was less in the fogger group (.5 3%) 

than in the control group (1.14%), while in the cooler group, 

percent of abortion was actually reduced during summer as 

compared to spring or fall-winter. No explanation can be 

given for the results obtained from the cooler group 

regarding the reduction of abortion rate in the summer. 

The differences between farms within treatment and 

season of calving were significnt (P<.01, Table 3). In 

the control group, cows in Farm 6 had a greater (P<.05) 

percent of abortion than those in Farm 5 during the summer, 

while no differences (P>.05) were found between cows in 

the two farms in either spring or fall-winter (Table 9). 

In the cooler group, cows in Farm 3 had significantly 

(P<.05) more abortions than cows in Farm 1 during spring; 
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however, no differences (P>.05) were found between cows in 

these farms in either summer or fall-winter (Table 9). 

In the fogger group, cows in Farm 2 had significantly 

(P<.05) less abortions than those in Farm 4 during fall-

winter; however, no differences (P>.05). were found between 

cows in these farms in both spring and summer. 

Considerable work has been done to identify the 

stage of gestation when hot ambient temperature and high 

humidity cause embryonic mortality. Thwaites (1969) 

reported that continuous exposure to a hot environmental 

temperature (3 5.8°C) during the first 15 days of pregnancy 

raised the rectal temperature and respiratory rates of 

mature shorn and unshorn Merino ewes and led to the death 

of 8 3% of the embryos. Several authors have reported that 

continued hot summer temperatures during middle and late 

gestation significantly reduced lamb birth weight and 

increased lamb mortality (Yeates, 1953 ; Shelton, 1964b). 

Stott and Williams (1962) found a high incidence of embry

onic mortality during hot weather in young Holstein cows. 

Ulbert and Burfening (19 67) sutdied the effect of body 

temperature on fertility of cows and ewes and reported 

that the pregnancy rate was found to decrease from 61 to 

45% with each degree increase in body temperature. However, 

this was not apparent for temperatures recorded either 24 

hours before or after the expected time of fertilization. 



GENERAL DISCUSSION 

AND CONCLUSIONS 

Climatic conditiosn in the lower elevation of 

Arizona ( 25 00 MSL) remain constant from year to year. 

The weather is mild from October through May. - Temperatures 

begin to rise toward summer levels in May and June; 

however, the nights remain cool. In July, temperatures 

become very hot and remain hot through September. Average 

daytime temperatures during summer (June through September) 

often exceed 40°C, while nithttime temperatures are very 

warm and often remain above 25°C. Summer rainstorms 

increase atmospheric vapor pressure and put further strain 

on the evaporative cooling mechanisms of the cow. Cows 

repsond to hot weather by reducing their feed intake, milk 

production and reproductive activities because high feed 

intake and milk production lead to an increase in heat 

production (heat increment). Lactation may lead to a 

doubling of a cow's heat production (Bianca, 1965). 

Evaporative coolers reduced air temperature under the cooled 

shade by 7°C to 10°C, while foggers reduced temperature 

the shade by only 6°C. Increase in humidity and poorer 

lot conditions were associated with the fogger systems. 

53 



54 

Results in the present study indicate that the 

effect of treatment (environmental modification) upon all 

mentioned traits was highly significant. The cooler group 

had the shortest calving interval, days open and interval 

between breedings. . Cooler and fogger groups had the lowest 

number of services per conception, while no differences were 

found between these two groups and the control group with 

respect to percent of abortion although fewer abortions 

in cooler than fogger systems. These results indicate 

that evaporative cooling is very effective in improving 

fertility by reducing the ambient temperature under the 

shade 7°C to 10°C during the hot summer in Arizona. Dairy

men reported that they began operating the evaporative 

cooling systems June 1 until late September for 11 to 12 

hours daily. On the other hand, the fogger systems were 

not effective in improving any of the mentioned traits 

except the number of services per conception, although 

they did reduce the temperature under the shade by 6°C. 

According to the dairymen, these systems were operated from 

June 1 until late September, but for only approximately 5 

hours daily. 

Season of calving was significant for all traits 

except for percent of abortion. Cows calving during the 

summer had a longer calving interval, days open, interval 

4 
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between breedings and more services per conception than 

those calving during spring and fall-winter. These results 

show the adverse effect of the summer climate in Arizona 

on fertility. 

The interaction of treatment (environmental 

modification) by season of calving was a factor affecting 

all treaits except calving interval and days open (P<.0 5 ) 

Results from this study indicate that the decrease in 

breeding efficiency from spring to summer was much less in 

the cooler group as compared to control and fogger groups. 

These results reflect the importance of evaporative cooling 

which apparently reduced heat stress during the summer 

months. 

Differences between farms within treatments and 

season of calving were highly significant (Pc.Ol) for all 

mentioned traits. These results may reflect the importance 

of management in achieving high fertility in dairy herds. 

Regular reproduction requires individual attention to 

each cow from parturition to conception. Several authors 

have stressed the importance of timely heat detection. 

Hall et al. (19 59) reported 30% more heats detected by 

checking cows 4 times daily rather than twice daily. 

Observing cows at intervals throughout the day likely 

would improve heat detection. He also reported that 54.8% 

of the cows studied came into heat during the night, 
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indicating that an early morning check for heat is very 

important. In this study, since the dairymen reported 

that they observed cows for heat twice daily at 430 -

600 hrs and 1900 - 2030 hrs, the possible reason for the 

differences between these farms may be due to inadequate 

observation and failure to recognize some heat signs. 

Furthermore, time of insemination and the inseminator 

(technician remain very important in achieving fertility 

in dairy cattle. From these results, the following con

clusions appear justified. The evaporative cooling systems 

are very .effective in improving fertility in dairy cows. 

On the other hand, the fogger systems are not effective 

in improving fertility, although they may have some benefits 

other than reproduction; perhaps on milk production. 

Management remains significant in improving fertility in 

dairy cows. Evaporative cooling may reduce the importance 

of management on fertility. Alternatively, dairymen who 

chose evaporative cooling systems may have been better 

managers. 
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