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CHAPTER I

INTRODUCTION

A vegetative region is a product of its environment., A portion of this
environment can be controlled through range management practices such as
stocking rate adjustment, fertilization, irrigation and range burning,
However, climatic conditions of enviromment such as temperature and rainfali
cannot be controlled, therefore they must be accepted,

Even though climatic conditions cannot be controlled their effect on
range conditions and cattle weight gains must be understood. Without this
understanding the range manager cannot develop proper management practices,
Climatic conditions prior to and during the grazing season should be
considered when selecting the type and weight of cattle to stock, fixing the
proper stocking rate and determining the best burning date.

It is well known that climate affects both range production and animal
production, but when range production is an intermediate to animal production
it can be difficult to separate the effect climate had on each individually,
This interaction does exist, and should be remembered.

The purpose of this study was to determine the effect of temperature
and rainfall on summer Steer gains obtiined on bluestem range near

Manhattan, Kansas.



CHAPTER 2

REVIEW OF LITERATURE

Range Management

Hensel (1923) began burning studies on Flint Hills range in 1918, It
was found that burning had no effect on forage production. However, both
maximum and minimum soil temperatures averaged 3,5 to 4°F higher for the
season on burned than on unburned plots, but minimum temperatures frequently
were lower on burned plots than on unburned ones in March and April., Soil
moisture was not measured, but it was pointed out that warmer soils would
have caused early rapid plant growth and increased early use of soil moisture.
This could have caused a soil moisture shortage for later growth.

Aldous (1934) observed that burned plots had higher soil temperatures
than unburned ones and that the higher temperatures stimulated earlier
growth, The forage yields were higher for the burned plots until mid June,
after this time the unburned plots had the most forage, Measurements showed
that the upper 3 feet of the burned plots were drier than on the unburned
plots and it was speculated that increased runoff caused the reduction in
forage yield on burned plots. In contrast to Henzel {1923), burning
decreased the total forage yield for the season,

Hanks and Anderson (1957) concluded that decreased infiltration rate
was one reason burned plots had less soil moisture than unburned ones,
Observations showed that after an intense September rain of 4,47 inches, soil
moisture in the upper 5 feet of soil increased by 4 inches on unburned plots
but only 2.5 inches on burned plots,

Bieber ai! Anderson (1961) with the aid of aluminum access tubes and a

neutron moisture gauze concluded that time of burning will affect the amount



of soil moisture, Early burned plots were found to have significantly less
soil moisture when compared to unburned plots, but late spring burned plots
had approximately the same soil moisture content as did unburned plots.

Anderson {1965) reported that burning reduced soil moisture regardless
of burning date., Early spring burning caused the greatest reduction and
the reduction was greatest in the deeper soil levels.

Forage yvields appear to depend on soil moisture, which in turn depends
on rainfall and time of burning, McMurphy and Anderson (1963) showed th-:t
burned plots had lower forage yields and that the lowest yields occurred
during the driest seasons, Anderson (1964) summarized 30 years of burning
trials on ungrazed bluestem plots at Manhattan, Kansas, The trials showed
forage yields were consistently less on burned plots regardless of the time
of burning., However, late spring burned plots (about May 1) yielded more
than those burned earlier,

Ehrenreich and Aikman (1957) showed that burning nearly doubled
bluestem production in northeastern Iowa, The three main grasses studied

were big bluestem (Andropogon gerardi), little bluestem (A. scoparius) and

indiangrass (Sorghastrum nutans).

Curtis and Partch (1950) in Wisconsin noted increased yields after
burning big bluestem and attributed the increase to the removal of
insulating cover of old stems., Dix and Butler (1954) reported increases in
height and number of big bluestem flower stalks the first growing season
after burning,

Kucera and Ehrenreich (1962) reported increased yields of big and little

bluestem and indiangrass following burning, The increase was accredited to



higher soil temperatures, reduction in shade and greater availability of
nutrients,

Hopkins, Albertson and Riegel (1948) found that burning in west-central
Kansas, where the annual precipitation is less than 25 inches reduced little
bluestem production greatly, Elwell, Daniel and Fenton (1941) at Guthrie,
Oklahoma found that burning reduced forage yields by 40 to 60 percent,

Other than increased forage yields in areas of high rainfall, increased
cattle gains in all areas regardless of rainfall is the main reason for
burning. Anderson (1961) reported that over a 10 year period, late spring
burning (May 1) resulted in average annual gains of 266 pounds per head,
compared with 242 pounds for early spring burning (March 20) and 235 pounds
on unburned range., This was confirmed by Smith et al. (1965), when it was
found, that over a 15 year period beef gains on mid (April 10} and late
spring (May 1) burned pastures was 20 to 23 pounds per steer higher than on
ad jacent, unburned pastures,

Smith et al, (1960) found that digestibility of forage was affected by
burning. The protein digestibility did not seem to be greatly affected by
burning. Burning increased digestibility of ether extract, crude fiber and
dry matter.

Neal and Becker (1933) and Greene (1935) found that the ash and protein
content of forages was increased by burning. This was confirmed by Smith
and Young (1959).

Hitchcock and Westgate (1901) reported stocking rates of 1% to 3 acres
per animal in the Flint Hills of Kansas., From this early date to the

present stocking rates have declined which indicates twe things: (1) that



depletion has required reduced stocking rates (2) that range productivity
was over-rated at first, hence, stocking was too heavy.

In 1925, when the Kansas State Board of Agriculture began annual
reporting of stocking rates in the Flint Hills allowances averagéd around
3% acres per yearling and about 4 1/3 for older steers and cows (Kansas
State Board of Agriculture, 1957, 1965), During the drought of the 1930°'s,
the allowance increased to 4% acres per yearling. Average allowances in
1965 were 3.8 acres per yearling.

Smith et al. (1963) showed that a stocking rate of 3.3 acres per
yearling steer gave an gain of 232 pounds while rates of 1.8 and 4,6 acres
per steer gave only 177 and 215 pounds of gain, respectively. The
overstocked rate (1.8 acres per steer) gave the best gains per acre, but
it also caused a lowering of range condition,

Studies in Colorado by Hanson, Love, and Morris (1931) showed that
9 years of deferred-rotation grazing resulted in a 53 percent increase in
density of vegetation, while the total number of undesirable plants actually
decreased 18 percent, ‘

Herbel and Anderson (1959) reported lower utilization of pastures being
deferred-rotated than for moderately stocked pastures, despite the fact that

they had been stocked at the same rate,

Temperature

Horstell and Brody (1953) suggested a more urgent need for developing
methods for protecting cattle against rising temperatures above 80°F than
against declining temperatures below freezing. Angus yearling steers

grazing pastures with natural or artificial shade made significantly better



gains than steers on pasture without shade.

Dice (1935) established that dairy cows can withstand long periods
of exposure to temperatures as low as 0°F with little loss in production
or feed efficiency, However, temperatures in excess of 85°F had detrimental
effects (Rhoad, 1936),

At 80 to 85°F dairy cows reach a point where they are no longer able
to maintain heat balance (Regan and Richardson, 1938). Twelve high
producing dairy cows were observed in a large psychrometric room in which
the temperature was increased from 40 to 100°F while air movement and
relative humidity remained constant. It was found that respiration rate
approximately doubled for each 18°F increase in the room temperature,

At temperatures above 80 to 85°F depending upon the breed of cow, anorexia
developed and milk flow declined.

Hereford and Angus cows on pastures with natural shade gained
significantly more than cows on pastures with no shade (McDaniel and Roark,
1956), However, cows on pastures with artificial shade did not gain
significantly more than the cows without shade. Observations showed that
cows on pastures with either type of shade spent more time grazing and less
time standing than cows with no shade., Calf gains were significantly
improved by shade regardless of kind or amount.

Casady, Legates and Myers (1956) found indications that thermoregulation
in young animals is not as efficient as in the adult, Four Holstein bulls
approximately 18 months old were subjected to continuous air temperatures
of 60, 70, 80, 85, 90 and 95°F in envirommental chambers for 29 to 50 days
in duration, The bulls continued to gain until exposure to temperatures of

70 to 80°F. These same bulls were exposed to identical conditions at 30



months of age, however a loss of weight was not observed until temperatures
over 90°F.

Heat tolerance, as measured by physiological responses to atmospheric
conditions, was observed both in a heat chamber and under natural field
conditions during the summer (Cartwright, 1955). A total of 366 cattle
was observed including bulls, heifers, and steers, principally of Hereford
and Brahman breeds and the cross (F1) between these breeds, Observations
of heat tolerance showed that the Fj group was close to, or identical with,
the more heat tolerant parent, the Brahman., This suggested that heat
tolerance of the Brahman might be partially dominant, Results showed that
summer gain was more useful in selection for heat tolerance than any other
measure studied,

Mullick, Murty and Kehar (1952) observed the pulse rate, respiration
rate, body temperature and body weight on six kumauni hill steers for
summer, autumn, winter and spring seasons over a period of 18 months. The
pulse rate, respiration rate and body temperature increased while body
weight decreased in the summer months (mean temperature 98°F). The ratio
of water intake to dry matter intake was ma¥imum during the summer ,5 to 1,
and minimum during winter, 6 to 4.

Gaztambide Arrillaga, Henning and Miller (1952) observed European breeds
of cattle on farms in Puerto Rico and found no significant affect of
environmental temperatures prevalent during a two year period on body
temperature, respiratory rate, pulse rate or blocod hemoglobin, Contrary
to the behavior of European dairy breeds, the beef cattle of European

breeding appeared to be affected by air humidity.



In a review of environmental effects on growth (Winchester, 1964)
described a negative linear relationship between food intake and ambient
temperatures, Water consumption increased with rising temperatures but
may decrease in the 90 to 100°F range with a decrease in food intake.

Water intake of cattle was directly related to ambient temperature and dry
matter consumption, The review suggested that the severest stress
experienced by mammals may not be after puberty, but that experienced
during prenatal and early postnatal life.

The heat tolerances for certain breeds and crossbred types were
determined by Rhoad, 1942 as follows: Purebred Brahman 93, % Brahman
% Angus 89, purebred Jersey 86, 3/8 Brahman 5/8 Angus 86, purebred Santa
Gertrudis 82, % Brahman 3/4 Angus 76, grade Hereford 73 and purebred Angus
56. These figures ﬁere determined by the following formula developed at
the Iberia Livestock Experiment Farm: 100-10 (BT-101.0), in which BT =
body temperature obtained under conditions of 90°F, 101.0 = normal body
temperature for cattle, 10 = a factor to convert degrees deviation in body
temperature from the normal to a unit-basis and 100 = perfect efficiency in
maintaining body temperature at 101.0°F,

Gaztambide Arrillaga (1949) observed five dairy and three beef breeds
of cattle at 85°F and found the average body temperature of the five dairy
breeds was 102.09°F as compared to 101.5°F considered to be normal. The
respiratory rate for the dairy breeds was 52.7 as compared to 22 respirations
per minute considered to be normal. The pulse rate in the dairy breeds was
45,9 as compared to 45 beats per minute for the normal. The dairy breeds
had lowered blood hemoglobin content, 70,7 as compared to 125 grams

hemoglobin per 100 milligrams of blood for the normal, The beef breeds when



compared to the dairy breeds showed greater variation from the normal in
all measurements,

Darlow et al, (1949) bled 10 cows and five heifer calves of each of
three breeds (Angus, Shorthorn and Hereford) at monthly intervals overa a
2 year period to study the levels of several blood constituents. Considerable
seasonal variation in plasma carotene was observed; levels below 75 mcg
per 100 ml of plasma were observed dﬁring the winter months and levels as
high as 1200 mcg per 100 ml were observed during the summer months, Low
levels of ascorbic acid were found during August, September and February
which were the months of extremes in temperature,

Weldy et al. (1964) observed that Holstein cows and yearling Hereford
heifers in psychrometric chamber at 90°F had a lower total VFA concentrations
in the rumen than at lower temperatures, Lower acetic acid concentrations
were largely responsible for this reduction. A significant positive
correlation was found between total VFA concentrations and rectal temperature,
but the relationships of VFA levels to dry matter and water intake, blood
glucose and blood ketones were quite variable. An explanation may be that
the rumen organisms themselves are affected by ambient temperature as
suggested by Brody (1956),

Conrad (1966) in a review of factors limiting feed intake found that
the hypothalamus contained a thermosensitive area which responded to thermal
gradients, Cooling in the preoptic areas of the hypothalamus increased
feed intake in goats. When other areas of the hypothalamus Were warmed,
eating stopped. At a critical temperature feed intake declined to a level
too low to support normal production. The critical temperature was

dependent on calorigenic effect of the diet, net energy of production
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and characteristics of various breeds and species.

Rainfall

Launchbaugh (1957) at Fort Hays Experiment Station correlated
precipitation with animal gains over an 11 year trial, Precipitation was
highly correlated with forage yield, but there did not seem to be a
corresponding correlation between precipitation and animal gains, During
the first four years precipitation and gains appeared to be related,
however, 1951, the wettest year of the trial, gains were 14 pounds below
average. During the 2 following drought years, gains were well above the
average. He concluded this indicates that forage quality is equally as
important as forage quantity in producing livestock gains and dry years
often produce excellent quality forage though total production may be low,

Observations made on buffaloes at Izatnagér and on hill=-bulls and
sheep at Mukteswar showed that natural rainfall lowered body temperature by
a significant amount in nearly every observation (Minett, 1947). The
buffaloes were observed at an approximate 80°F air temperature before the
rain and experienced a 1,00 to 2,58°F drop in body temperature following the
rain, The sheep and hill=bulls were observed at temperatures ranging from
60 to 75°F and experienced up to 3.87°F lowered body temperatures with the
maximum fall in body temperatures & hours after the rain.

Launchbaugh (1967) found as in 1957, that precipitation was not
correlated with animal gains, however the large yearly variations in total
herbage production in western Kansas were related to annual fluctuations in
precipitation, Precipitation from the previous year plus January through

April of the current year accounted for a nonsignificant 10,9% of the
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variation in total herbage production. Precipitation from October of the
previous year through April of the cﬁrrent year accounted for 43.6Z of the
variation which was highly significant, Precipitation during the current
year was highly significant with the total yield and accounted for 70,.6%
of the variation., Precipitation during the growing season was the major
factor in total herbage yield which is in agreement with Clarke, Tisdale

and Skoglund (1947),
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Chapter 3
EFFECT OF TEMPERATURE AND RAINFALL ON SUMMER

STEER GAINS OBTAINED ON KANSAS BLUESTEM PASTURE

Temperatures of 85°F and higher are detrimental to cattle performance
(Rhoad, 1936), At 80 to 85°F dairy cows reach a point where they are no
longer able to maintain heat balance resulting in anoxeria and lower milk
production (Regan and Richardson, 1938), Increased body temperature,
increased tespiratory rate, increased pulse rate and lowered blood hemoglobin
have been demonstrated by Gaztambide Arrillaga (1949) in heat stressed
cattle, Weldy et al. (1964) found that heat stress lowered total rumen
VFA concentration with lower acetic acid concentration largely responsible,
Brody (1956) suggested that the rumen organism population might be affected
by ambient temperature,

Worstell and Brody (1953) found that natural and artificial shade
protected cattle against temperatures above 80°F. Shaded cattle made
significantly higher gains than cattle on pastures without shade which is
in agreement with McDaniel and Roark (1956).

Conrad (1966) reviewed the factors affecting feed intake and found
that the hypothalamus contain a thermosensitive area which responded to
ambient temperatures. Cooling in the preoptic area of the hypothalamus
increased feed intake, while warming other areas of the hypothalamus lowered
feed intake.

Launchbaugh (1957, 1967) attempted to correlate rainfall with cattle
gains. Results indicate that rainfall was highly correlated with forage

yield, but there was not a corresponding correlation with cattle gains.
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The purpose of this study was to correlate steer gains obtained on

Kansas bluestem pasture with existing temperature and rainfall conditions,

EXPERIMENTAL PROCEDURE

From 1950 through 1965, 2129 Hereford steers of high good to low choice
feeder grades were observed on bluestem pasture management trials. These
trials were conducted at the Experimental Range Unit located 8,1 km
northwest of Manhattan, Kansas. An average of 133 steers were randomly
allotted to nine pastures on approximately May 1 of each year and removed
on approximately October 1 of the same year.

Three of the pastures Were grazed season-~long at different stocking
rates} moderate-stocked, over-stocked and under-stocked., During the 16 years
these rates varied from 1,3 to 2.0, 0.7 to 1.4, 1,9 to 3,0 hectares per steer,
respectively, Three of the pastures were on a deferred rotation plan stocked
at the moderate rate. In this plan zall of the animals were placed on two of
the pastures on approximately May 1 and left until approximately July 1 at
which time all the steers were shifted to the deferred pasture, The deferred
pasture was rotated among the three pastures annually, If at a later date
the grass on the deferred pasture became short the steers were allowed to graze
all three pastures for the remainder of the season. Three of the pastures
were used for date of burning studies and were stocked at the moderate rate,
One pasture was early-spring burned varying from February 26 to April 7,
another mid=-spring burned varied from April 1 to April 13, the third,
late-spring burned varied from April 24 to May 4.

The steers were gathered in the afternoon on approximately the first of
each month, held overnight without feed or water and weighed the following

morning.
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Initial and final weights were obtained after putting all the steers

together and weighing them in random order,

Statistical Analysis

Each month of the grazing season was analyzed separately by correlating
that month's 16 year average Steer gain with temperature (mean, mean
maximum and mean minimum) and rainfall averages of that month and the
previous 5 months, Temperature and rainfall measurements of the previous
5 months were added 1 month at a time, resulting in the average of 2, 3,
4, 5 and 6 months temperature and the total of 2, 3, 4, 5 and 6 months
rainfall measurements being correlated with the average steer gain for that
month, Each of the climatic variables were analyzed for quadratic and

linear effects,

RESULTS

May Analysis

None of the climatic conditions tested were highly correlated with May
steer gain. The total rainfall for May plus the previous 4 months
(January, February, March, April and May) showed the highest correlation
with May gain (0.230). The quadratic of the mean maximum temperature for
December through March had the highest temperature correlation with May

gain but this correlation was only 0.084,

There was a trend for ths quadratic of the temperature and rainfall
conditions to have higher correlations with weight gain than did the linear

of the same conditions,
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June Analysis

The quadratic of February through April mean maximum temperature had
the highest correlation with June weight gain (-0.294), This negative
correlation would have to be explained by an effect on the forage because
the steers were not yet purchased during these months,

The February through June mean temperature was correlated -0,292 with
June steer gain. It would appear that this is mainly due to effects on
the forage, If the main effect had been on the steers, the May through
June mean temperatures would have had the highest correlation, but this
correlation was only -0,088,

The rainfall variables had very low correlations with steer gain,

The highest correlation was only 0.055,

July Analysis

The March through May mean maximum temperature had the greatest effect
of all the factors studied on July steer gain with a correlation of 0,280.
The mean temperature of March through July was the next largest contributor
with a correlation of 0,186, Both of these climatic conditions were
quadratic in effect,

The mean maximum temperature over the 16 years during March through
May was only 19.2°C which may explain why the correlation between this
temperature and July steer gain was positive. According to Rhoad (1936),
temperatures below 29,4°C have no detrimental effect on cattle performance
until approaching -17.8°C.

March through July total rainfall was negatively correlated with July

weight gain -0,126,
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August Analysis

April through June mean maximum temperature (25,2°C) and August steer
gain had a correlation of =0,382, Part of this negative correlation might
be that the steers were approaching exposure to the critical temperature
(29.4°C). Part might be explained by the effect of high temperature on
forage production and soil moisture,

The June through August mean minimum temperature and August gains had
a correlation of -0,270, while the April through August mean temperature and
August gain had a correlation of -0.327,

March through August total rainfall had a correlation with August

gain of 0,316,

September Analysis

The correlation between September gain an& the quadratic of April
through September mean minimum temperature was -0,152, This was the highest
correlation obtained between September gain and the climatic conditions
studied, The quadratic of June through July mean maximum temperature had
a correlation of only 0.094 with the September gain,

August through September total rainfall had a correlation of 0,147

with September steer gain,
DISCUSSION AND CONCLUSIONS

The low correlations between the temperature conditions previous to
and during May and May weight gain could be explained by the fact that the
steers were only exposed to these conditions during May. The steers during

the 16 years were purchased from various sections of the United States and
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some Were not exposed to eastern Kansas climate until May of each year,
The rainfall, 4 months previous to $nd during May, was correlated with
May gain (0,230), This correlation had to be due to the preseason
rainfall effect on forage production and the forage production iﬁfluencing
steer gain,

Rainfall had a low correlation with June steer gain. Low correlations
between rainfall and weight gain is in agreement with Launchbaugh (1957),
Rainfall was found to be negatively correlated with July weight
gain (-0,126), June and July are the months having the highest rainfall,

An explanation for this negative correlation is that in months of high
precipitation and lush forage production, forage protein intake is lower
per unit of dry matter despite selective grazing by steers (Launchbaugh
and Brethour, 1968).

In conclusion, the mean maximum temperature was the temperature
measurement that had the highest correlation ﬁith each months steer gain,
Results indicated that the envirommental conditions during and 4 months
previous to each months gain had a hiéher correlation with that gain than
any of the other monthly climatic combinations,

The environmental conditions existing prior to the grazing season
appeared to have the major effect on steer gains, since the previous 4
months climatic conditions had the highest correlation with that months
gain. This would indicate that the climatic effect on gain was through
climatic effects on forage production and quality.

Temperature, regardless of type of measurement, mean, mean maximum or
mean minimum, tended toward a quadratic relationship with steer weight gain;

while the relationship between rainfall and steer weight gain was linear,
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From 1950 through 1965, 2129 Hereford steers were observed on bluestem
range near Manhattan, Kansas, The steer summer weight gains were
correlated with existing temperature and rainfall conditions., Each month
of the grazing season was analyzed separately by correlating that months
16 year average steer gain with temperature (mean, mean maximum and mean
minimum) and rainfall averages of that month and the previous 5 months,
Temperature and rainfall measurements of the previous 5 months were added
1 month at a time, resulting in the average of 2, 3, 4, 5 and 6 months
temperature and the total of 2, 3, 4, 5 and 6 months rainfall measurements
being correlated with the average steer gain for that month. Each of the
climatic variables were analyzed for quadratic and linear effects,

The mean maximum temperature was the temperature measurement that had
the highest correlation with each months steer gain. Results indicated
that the environmental conditions during and 4 months previous to each
months gain had a higher correlation with that gain than any of the other
monthly climatic combinations.

The environmental conditions existing prior to the grazing season
appeared to have the major effect on steer gains, since the previous 4
months climatic conditions had the highest correlation with that months
gain, This would indicate that the climatic effect on gain was through
climatic effects on forage production and quality,

Temperature, regardless of type of measurement, mean, mean maximum
or mean minimum, tended toward a quadratic relationship with steer weight
gainj while the relationship between rainfall and steer weight gain was

linear.



