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PREFACE
CRC SERIES IN NUTRITION AND FOOD

Nutrition means different things to different people, and no other field of endeavor
crosses the boundaries of so many different disciplines and abounds with such diverse
dimensions. The growth of the field of nutrition, particularly in the last 2 decades,
has been phenomenal, the nutritional data being scattered literally in thousands and
thousands of not always accessible periodicals and monographs, many of which, fur-
thermore, are not normally identified with nutrition.

To remedy this situation, we have undertaken an ambitious and monumental task
of assembling in one publication all the critical data relevant in the field of nutrition. .

The CRC Series in Nutrition and Food is intended to serve as a ready reference
source of current information on experimental and applied human, animal, microbial,
and plant nutrition presented in concise tabular, graphical, or narrative form and in-
dexed for ease of use. It is hoped that this projected open-ended multivolume compen-
dium will become for the nutritionist what the CRC Handbook of Chemistry and Phys-
icshas become for the chemist and physicist. :

Apart from supplying specific data, the comprehensive, interdisciplinary, and com-
parative nature of the CRC Series in Nutrition and Food will provide the user with an

easy overview of the state of the art, pinpointing the gaps in nutritional knowledge
" and providing a basis for further research. In addition, the series will enable the re--
searcher to analyze the data in various living systems for commonality or basic differ-
ences. On the other hand, an applied scientist or technician will be afforded the oppor-
tunity of evaluating a given problem and its solutions from the broadest possible point
of view, including the aspects of agronomy, crop science, animal husbandry, aquacul-
ture and fisheries, veterinary medicine, clinical medicine, pathology, parasitology, tox- .
icology, pharmacology, therapeutics, dietetics, food science and technology, physiol-
ogy, zoology, botany, biochemistry, developmental and cell biology, microbiology,
sanitation, pest control, economics, marketing, sociology, anthropology, natural re-
sources, ecology, environmental science, population, law politics, nutritional and food
methodology, and others.

To make morefacile use of the series, the publication has been organized into sepa-
rate handbooks of one or more volumes each. In this manner the particular sections
of the series can be continuously updated by publishing additional volumes of new
data as they become available.

The Editor wishes to thank the numerous contributors many of whom have under-
taken their assignment in pioneering spirit, and the Advisory Board members for their
continuous counsel and cooperation. Last but not least, he wishes to express his sincere
appreciation to the members of the CRC editorial and production staffs, particularly
President Bernard J. Starkoff, Earl Starkoff, Sandy Pearlman, Pamela Woodcock,
Lisa Levine Eggenberger, John Hunter, and Amy G. Skallerup for their encourage-
~1ent and support.

We invite comments and criticism regarding format and selection of subject matter,
as well as specific suggestions for new data which might be included in subsequent
editions. We should also appreciate it if the readers would bring to the attention of
the Editor any errors or omissions that might appear in the publication.

. Miloslav Rechcigl, Jr.
Editor-in-Chief



PREFACE

HANDBOOK OF AGRICULTURAL PRODUCTIVITY
The greatest challenge of our time is to produce sufficient food to kcep pace with
the rapidly growing population. In the opinion of experts, during the next 25 years
there will be a need for as much food as was produced in the entire history of mankind
to date. Of the various measures available, improvement in agricultural productivnty
is judged as the ultimate means of augmenting food production and supplies. 2
In this Handbook, an international team of experts consider the most important -

factors affecting production of both crops and livestock. This Handbook is intended. * :

as a scientific guide to practitioners and students, as well as to researchers, who: should ;
find here stnmulatmg ideas for further exploranon



THE EDITOR

Miloslav Rechcigl, Jr. is a Nutrition Advisor and Chief of Research and Methodol-
ogy Division in the Agency for International Development.
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ists, and Fellow of the International College of Applied Nutrition. He holds member-
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ology, pathology, enzymology, molecular biology, agriculture, and international de-
velopment. Most recently he authored and edited Nutrition and the World Food Prob-
lem (S. Karger, Basel, 1979), World Food Problem: a Selective Bibliography of
Reviews (CRC Press, 1975), and Man, Food and Nutrition: Strategies and Technolog-
ical Measures for Alleviating the World Food Problem (CRC Press, 1973) following
his earlier' pioneering treatise on Erzyme Synthesis and Degradation in Mammalian
Systems (S. Karger, Basel, 1971), ard that on Microbodies and Related Particles, Mor-
phology, Biochemistry and Physiology (Academic Press, New York, 1969). Dr. Rech-
cigl also has initiated a new series on Comparative Animal Nutrition and was Associ-
ated Editor of Nutrition Reports Intéernational.
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Volume II 3
CLIMATE AND ANIMAL PRODUCTIVITY*

H. D. Johnson and G. L. Hahn

_INTRODUCTION

Climate, .in the general context, includes physical factors such as temperature, hu-
midity, wind, radiation, rainfall,-and altitude; chemical factors such as air composi-
tion; and indirect factors such as quantity and quality of feed and water, disease,
parasxtes, soil, and fertility. Animal management, shelter provisions, and the many
~factors associated with modern animal industry alter climatic influences of a temper-
dte, arctic, or tropical environment.

All species of the plant and animal kingdom have an optimal environmental zone
or set of conditions in which they function most productively and, usually, most effi-
ciently. In this chapter, information on the environment is limited to primary climatic
factors such as temperature, humidity, air velocity, radiation (when available and the
effects these factors have on productivity of domestic animals. Data on domestic
animals of major agricultural importance (cattle, sheep, poultry, and swine) are pre-
sented. Factors of productivity such as milk production, egg production, growth, re-
production, and associated physiological functions such as feed intake, body temper-
ature, and heat balance are briefly categorized. Lactation of mammals and egg
production of birds are productive functions that are dependent upon an optimal cli-
mate and environment for optimum growth, and time required for sexual maturity.
The processes of lactation and ovulation are regulated by the neuroendocrme system,
which in turn is strongly influenced directly and indirectly by climatic envnronmental
factors. Reproduction and growth of birds and mammals are similarly influenced. Ef-
ficiency of all these productive functions is dependent upon availability and utilization
of indirect factors of the environment such as quantity and quality of feed and water.
The response to altered heat balance that operates to maintain homeothermy affects
all of these as well as other animal functions described.

The climatic temperature for optimal productivity is summarized in Table 1; current
recommended practices in the production of cattle, swine, and poultry are summarized
in Table 2.2

Figure 1 is a generalized illustration of the productivity of pigs, laying hens, and
dairy cows at temperatures ranging from 4.4 to 37.8°C.? Other environmental factors
such as humidity, air flow, radiation, level of feeding, and breed and age differences
modify these general curves. More specific information is presented in subsequent sec-
tions on growth, and egg and milk production.

Zones of thermoneutrality are similar to zones of optimal productivity for the var-
ious species and breeds and, of course, may vary due to many factors such as age,
level of feed intake, physical activity, and acclimation. Data included in the section
on heat production and heat loss substantiate the thermoneutral zone designations.

REPRODUCTION

Cattle

' Seasonal variation in fertility occurs in both dairy and beef cattle. In the cool north-
ern latitudes, fertility in the female is usually lowest during the winter months. In warm
humid areas, however, cow fertility is lowest during late summer and fall. Semen qual-
ity and fertility in the:male are depressed during the summer in most locations. Expo-

* Tables follow;text, beginning on page 21.



