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Solar radiation and temperature
as predictor variables for dry
matter intake in beef steers
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Lauren L. Hulsman Hanna', Ronald Degges®?
and Marc L. Bauer™

'Department of Animal Science, North Dakota State University, Fargo, ND, United States,
2Department of Statistics, North Dakota State University, Fargo, ND, United States

Solar radiation may be an important weather variable that has not been
included in previous dry matter intake (DMI) prediction models. Solar
radiation affects the overall effective ambient temperature, which in turn
contributes to the net gain of heat in an animal's body. This experiment
examined ambient temperature and solar radiation with DMI in beef steers.
Data from 790 beef steers collected between 2011 and 2018 using an Insentec
feeding system was used. Daily data was condensed into weekly averages (n =
13,895 steer-weeks). The variables considered for this study were DMI (2.50 to
23.60 kg/d), body weight (197 to 796 kg), calculated dietary energy density
(NEq; 0.79 to 2.97 Mcal/kg), ambient temperature (-23.73 to 21.40°C), two-
week lag of ambient temperature (-20.73 to 23.56°C), monthly lag of ambient
temperature (-17.95 to 22.74°C), solar radiation (30.8 to 297.1 W/m?), two-
week lag of solar radiation (34.6 to 272 W/m?) and monthly lag of solar radiation
(43.7 to 256.6 W/m?). Residuals of DMI fitting week of the year (fixed) and
experiment (random) were used to generate scatter plots with other
explanatory variables to identify if non-linear relationships existed. Body
weight and NE,, had both linear and quadratic relationships with DMI, while
the relationship with DMI for other variables was linear. The MIXED procedure
of SAS with Toeplitz variance-covariance structure was used to determine the
final model of DMI. After accounting for body weight and NE,, in the model,
two-week lag of ambient temperature and monthly lag of solar radiation
interacted together (P = 0.0001), and this accounted for 0.7790 (R?) variation
in DMI and improved the model fit. Therefore, these two variables and their
interactions should be considered in DMI prediction equations of beef steers.
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Introduction

It has been well established that the thermal environment has
significant influence on livestock species (NRC, 1981). Animals
compensate for changes in their thermal environment by either
adjusting the amount of energy they consume, improving their
method of heat dissipation or altering their metabolism. Thornton
et al. (2009) reported that when animals do not acclimatize to a
sudden change in weather, the result is reduction in production, or
even death. The change in the environment due to climate change
poses a risk to livestock production, and this necessitates
accounting for more of the environmental (weather) variables
that influence dry matter intake. This will enable producers to
provide for their livestock more accurately with the amount of
nutrients and energy to reduce their vulnerability to normal and
extreme weather conditions.

Thermoregulation in cattle is dependent on the breed,
physiological class, age, and diet. Thermoregulation is achieved
by the interaction of extrinsic environment with the intrinsic
environment, which results in a response for the maintenance of
homeostasis. The response could be in the form of lowering
metabolism, vasoconstriction, or increasing the quantity of hairs
(Nakamura and Morrison, 2008). Collier et al. (2019)
summarized the effect of varying thermal conditions on feed
intake in Holstein cows in a controlled environment. They
observed a decrease in feed intake as the thermal environment
increased from a temperature humidity index (THI) of 57 to 72
(cool to hot). They also reported that an array of environmental
factors such as ambient temperature, solar radiation, relative
humidity and windspeed are known to have either direct or
indirect effects on livestock. However, to the best of our
knowledge, DMI estimation models for beef cattle do not
account for the effect that solar radiation may have on DMI. In
addition, the current DMI models available may not fit the
northern Great Plains of North America well, where
temperatures can be as low as -30°C in the winter (Block et al,
2001). Therefore, improving these models may be beneficial. Our
objective was to examine how much variation in DMI is
accounted for by ambient temperature and solar radiation.

Materials and methods
Data collection

Data used for this experiment were collected from the Beef
Cattle Research Complex (BCRC) of North Dakota State
University, Fargo, North Dakota located at latitude 46.9027853
degrees North and longitude -96.8418183 degrees West. An
Insentec feeding system (RIC feeding system; Hokofarm Group,
Marknesse, The Netherlands), which records the amount of feed
intake, number of visits, time of visit and meals for each animal,
was used for the data collection. The data used were from 10
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experiments that were conducted between 2011 to 2018 (Table 1).
The Insectec system does a good job of reducing feed waste, for
this study, feed disappearance from the bunk is assumed to be the
intake by the animals.

Weather data

Data for weather variables were obtained from the North
Dakota Agricultural Weather Network (NDAWN) station,
which is 2.33 km from the BCRC (NDAWN, 2021). Each
NDAWN station is assumed by NDAWN to adequately
represent all weather conditions, except rainfall, in a 32 km
radius. For this study, daily summaries of each weather variable
were averaged for each week and these weekly averages were
used in the analysis as described below.

Weather variables modeled for this study included: ambient
temperature, the average air temperature of the surrounding
environment for a 24-hour period from midnight to midnight
(°C); solar radiation, sum of all hourly totals of incident solar
radiation energy for a 24-hour period from midnight to midnight.
Total incident solar radiation flux density is measured in Watts/m*
at approximately 2 m above the soil surface with a pyranometer,
and two-week lag and monthly lag of each weather variable was
also considered. Two-week lag is the average of the previous two
week’s weather variable while monthly lag is the average of the
previous month’s weather variable.

Non-weather variables

The non-weather variables considered for this experiment
include weekly average of daily dry matter intake (DMI) in kg,
weekly average body weight (BW) in kg, dietary concentration of
net energy for maintenance (NE,,) Mcal/kg of DM, experiment,
and the week of the year. Week of the year ranged from week 1 to
22 and week 38 to 52.

Data management

The daily feed intake data were averaged into weekly averages
to reduce the day-to-day fluctuation. Dry matter analysis (AOAC,
2010) of the diet was conducted on samples collected weekly and
used, along with as-fed feed intake, to calculate DMI consumed
by each animal. Weekly BW for each animal was calculated from
BW data collected monthly by using simple linear regression.
Daily ambient temperature and solar radiation were averaged per
week to align with weekly DMI Dietary NE,,, was calculated by
using the equation of Lofgreen and Garrett (1968) and Zinn and
Chen (1998) using initial BW, final BW, average daily gain
(ADG) and average DMI. Table 2 shows the descriptive
statistics of the variables used for this study.
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https://doi.org/10.3389/fanim.2022.975093
https://www.frontiersin.org/journals/animal-science
https://www.frontiersin.org

Yusuf et al.

TABLE 1 Experiments used in this study.

10.3389/fanim.2022.975093

Month, year (week of the year) Steers, n' Steer-week observations, n’ Breed> Publication
Start End

Nov. 2011 (wk 45) Jan. 2012 (wk 4) 67 804 AN, SM, and SH Islas et al., 2014
Nov. 2012 (wk 46) Feb. 2013 (wk 5) 94 1,120 AN, SM, and SH Prezotto et al., 2017
March 2012 (wk 10) June 2012 (wk 22) 63 819 AN, SM, and SH Swanson et al., 2014
Feb. 2013 (wk 6) June 2013 (wk 22) 66 1,098 AN, SM, and SH Swanson, et al., 2017a
Sep. 2013 (wk 38) Feb 2014 (wk 5) 113 2,260 AN-crossbred Swanson et al., 2018
March 2014 (wk 11) June 2014 (wk 22) 44 527 AN, SM, and SH Swanson et al., 2017a
Jan. 2014 (wk 4) June 2014 (wk 22) 81 1,339 AN, SM, and SH Rodenhuis et al., 2017
Dec. 2015 (wk 51) May 2016 (wk 18) 61 1,211 AN, SM, and SH Knutson et al., 2020
Nov. 2016 (wk 45) May 2017 (wk 20) 134 3,432 AN, SM, and SH Sitorski et al., 2019
Nov. 2017 (wk 46) April 2018 (wk 15) 67 1,285 AN and SM Trotta et al., 2019

'n, number.
AN, Angus; SM, Simmental; SH, Shorthorn.

Statistical analysis

Data were analyzed using the MIXED procedure of SAS 9.4
software (SAS Institute Inc. 2015) and within-individual
relationship due to repeated measures per steer was accounted
for using the Toeplitz covariance structure. Raw DMI was
initially fit to output residuals adjusted for week of the year
(fixed) and experiment (random). DMI residuals were then
investigated for linear correlations and scatter plots with
weight, NE,,,, and weather variables using CORR procedure of
SAS. Raw DMI was then fit with a base model, which included
linear and quadratic effects of BW and NE,,, week of the year
(fixed), and experiment (random) effects. The base model was
expanded in a stepwise addition of weather variables as fixed
covariates using maximum likelihood (ML) to compare fit. Each
version of each weather variable (no-lag, two-week lag, monthly
lag) were fit independently of other versions so that each weather
variable was present in the model only once. Akaike information

TABLE 2 Descriptive statistics of variables across the period of experiment.

criterion (AIC) and Bayesian information criterion (BIC) values
were used to assess model fit during the stepwise process. Once
the final model was determined, parameter estimates were
generated using the restricted maximum likelihood estimation
(REML) procedure and solution statement. Coefficient of
determination (R?) for each model was calculated using the
glmmQPL function in R (v 4.2.1, R Core Team, 2022).

Results

Correlation between BW, NE,, and
residuals of DMI

The correlation between BW and NE,,,, and residuals of DMI,
adjusted for week of the year (fixed) and experiment (random),
confirmed that linear and quadratic relationships exist after
examining the trend of the scatter plots and testing the linear

Variable' Mean Minimum Maximum SD? SE®
BW, kg 474 197 796 99.04 0.84
DM, kg/d 10.69 2.50 23.60 2.76 0.02
NE,,,, Mcal/kg of DM 2.01 0.79 297 0.30 0.00
Ambient temperature, °C

No lag -2.01 -23.73 21.40 10.45 0.09

Two-week lag -2.19 -20.73 23.56 9.58 0.08

Monthly lag -2.24 -17.95 22.74 9.05 0.08
Solar radiation, W/m?>

No lag 112.5 30.8 297.1 64.00 0.54

Two-week lag 107.0 34.6 272.0 58.57 0.50

Monthly lag 104.2 43.7 256.6 54.31 0.46

! Variable with 13,895 observations, BW, body weight; DMI, dry matter intake; NE,,, net energy for maintenance.

?$D, Standard deviation.
3SE, Standard error.
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and quadratic effects of BW and NE,;, in the model. The correlation
coefficients for the relationships for BW and NE,,, with DMI were
0.2312 (P < 0.0001; Figure 1.) and -0.073 (P< 0.0001; Figure 2.),
respectively. Therefore, both the linear and quadratic effect of BW
and NE,, were retained in the model (Table 3).

Base model, ambient temperature, and
solar radiation

Table 4 provides model summary statistics when fitting each
weather variable independently of each other to the base model.
Inclusion of all three forms (no-lag, two-week lag, and monthly
lag) in a single model was not possible due to multicollinearity.
All three ambient temperature variables were significant sources
of variation, with the two-week lag providing the best model fit
statistics (Table 4). Model parameters when including the two-
week lag regressor are provided in Table 5.

For solar radiation, only monthly lag of solar radiation was
significant and improved model fit statistics compared to the
base model (Table 4). Model parameters, when including the
monthly lag regressor of solar radiation are provided in Table 6.
When the main effect of two-week lag of ambient temperature
and monthly lag of solar radiation were included in the model,
only two-week lag of ambient temperature was significant (P <
0.005) in the model (Table 7). Although, the main effect of
monthly lag of solar radiation was not significant when
considered with two-week lag of ambient temperature,
monthly lag of solar radiation was significant when included
in the model alone. This prompted examination of an
interaction between these two variables.

When the interaction between two-week lag of solar radiation
and monthly lag of solar radiation was included in the model

Observation 13895
5.0- Correlation  0.2312
P-value <0.0001

N
W

Residual of DMI, kg/d
=
<

|
1
W

10.3389/fanim.2022.975093

while retaining the main effects of each, the fit improved and
indicated a significant interaction (Table 8). The BIC values were
reduced by 5 points indicating an improvement in model fit
relative to the previous model that had no interaction between
ambient temperature and solar radiation included. The reason
the main effects were insignificant could be because of a
cancellation effect that the main effects and the interactions had
on each other. When only the interaction between two-week lag
of ambient temperature and monthly lag of solar radiation were
added to the base model, the interaction was highly significant
(P =0.0001), and the AIC and BIC values were lower indicating
the model was improved and has a better model fit (Table 9;
Figure 3). Since the interaction between two-week lag of ambient
temperature and monthly lag of solar radiation gave a better
model fit, the interaction was left in the model while their main
effects were removed. AIC, BIC, and R” values for the models are
shown (Table 10). It is important to note that there is no agreed
way of calculating R* in mixed models of SAS. Therefore,
R statistical software was implemented using the method
described by Nakagawa et al. (2017). Caution should be taken
when interpreting the R” values because it is an index that is likely
to interpret only a few aspects of model fit to the data and should
not be used to determine the quality of the model but rather
should be used along with the AIC and BIC values (Nakagawa
and Schielzeth, 2013; Nakagawa et al., 2017).

Discussion

Body weight as a predictor for DMI has long been reported
(Lehmann, 1941; Kruger and Schulze, 1956; Conrad et al, 1964;
Baile and Forbes, 1974). It is necessary to account for BW in our
model so that the contribution of BW the variation in DMI by

200 400

600 800

Body weight, kg

FIGURE 1

Scatter plot showing the relationship of residuals of dry matter intake (DMI) against body weight, kg.
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Correlation ~ -0.073
| P-value <0.0001
1.0 1.5
FIGURE 2

2.0 3.0

NEm, Mcal/kg

Scatter plot showing the relationship of residuals of dry matter intake (DMI) against net energy for maintenance (NE,,, Mcal/kg of DM).

other variables can be examined more accurately. Generally, our
data starts with younger, lighter calves in the fall and winter, and
ends with older, heavier calves in late winter, spring, and early
summer, depending on the study. When analyzed, BW of steers
are distributed across season, but the effect of age, BW, or a
combination may still not be completely accounted for in our
base model. Dietary energy density (Mcal of NE,,/kg of feed) has
also been reported by many authors as a major determinant of
DMI in ruminants (Crampton et al, 1957; Blaxter, 1961;
Baumgardt, 1970).

Previous temperature is thought to influence basal
metabolism, thereby indirectly affecting DMI (NRC, 1981). This
is supported by the work of Fox and Tylutki (1998), who
recommended that the average over a month should be used in
prediction models to remove the day-to-day variation because
temperature changes slowly from season to season. In this study,
data was collected during the colder months with average weekly
temperature ranging from -2 to 24°C and average weekly solar

radiation from 30 to 300 W/m?; therefore, this model may
not accurately represent regions with warmer temperatures
and/or different solar radiation patterns. Environmental factors
affecting DMI has been previously reported (NRC, 1981). Hill
and Wall (2017) reported that at high temperatures, DMI
typically decreases. Other factors such as growth rate and BW
also affect DML Hill and Wall (2017) reported that thermal stress
(either high or low temperature) might be better handled by
efficient cattle compared to less efficient cattle. Efficient cattle are
better at directing feed to growth and have been reported to have
lower rectal temperatures and produce less metabolic heat
(Basarab et al., 2003). NRC (1981) recommended a
thermoneutral temperature range of 15 to 25°C for beef cattle.
For cold weather conditions, DMI is often thought to increase.
However, an apparent relationship between ambient temperature
and DMI does not exist as reported by NRC (1981) because
ambient temperature is most likely influenced by other variables.
For example, Mader et al. (2010) reported that the strength of

TABLE 3 Variables in the base model using restricted maximum likelihood estimation method (REML).

Variable' Estimates
Intercept -6.20 x 10°
Week of the year
Body weight, kg
Linear 475 x 107
Quadratic -3.00 x 10°
Dietary NE,,, Mcal/kg of DM
Linear 3.69 x 10°
Quadratic -1.31 x 10°

! Variables with 13,895 observations.
2SE, Standard error.
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SE> F-value P-value
1.25 x 10° — 0.0008
34.62 0.0001
227 x 107 437.85 0.0001
227 x10°° 184.47 0.0001
9.70 x 107! 14.55 0.0001
243 x 107! 29.12 0.0001
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TABLE 4 AIC, BIC, F and P values of each weather variable considered when added to the base model individually using maximum likelihood

estimation method (ML).

Variable' F-value P-value AIC? BIC?
Base model —_— —_— 45,067 45,088
Ambient temperature, °C
No lag 28.82 0.0001 45,041 45,063
Two-week lag 55.52 0.0001 45,017 45,038
Monthly lag 27.52 0.0001 45,044 45,065
Solar radiation, W/m?*
No lag 3.67 0.0553 45,065 45,087
Two-week lag 0.32 0.5703 45,068 45,090
Monthly lag 10.95 0.0009 45,058 45,080
Variables with 13,895 observations.
2AIC, Akaike information criterion.
3BIC, Bayesian information.
TABLE 5 Base model with two-week lag of ambient temperature.
Variable' Estimates SE? F-value P-value
Intercept -6.42 x 10° 1.24 x 10° — 0.0006
Week of the year —_— —_— 3523 < 0.0001
Body weight, kg
Linear 4.76 x 10 227 x 107 441.09 < 0.0001
Quadratic -3.00 x 10° 227 x 10°° 186.94 <0.0001
Dietary NE,,, Mcal/kg
Linear 3.70 x 10° 9.68 x 107" 14.58 0.0001
Quadratic -1.31 x 10° 243 x 107" 29.15 < 0.0001
Two-week lag of ambient temperature, °C 217 x 102 2.91x 102 55.52 < 0.0001
'Variables with 13,895 observations.
2SE, Standard error.
TABLE 6 Base model with monthly lag of solar radiation.
Variable' Estimates SE? F-value P-value
Intercept -5.91 x 10° 1.24 x 10° — 0.0010
Week of the year —_— —_— 33.95 < 0.0001
Body weight, kg
Linear 470 x 10 227 x 107 428.53 < 0.0001
Quadratic -3.00 x 10°° 227 x10° 179.66 < 0.0001
Dietary NE,,, Mcal/kg
Linear 3.70 x 10° 9.65 x 10" 14.71 0.0001
Quadratic -1.31 x 10° 243 x 10" 29.40 <0.0001
Monthly lag of solar radiation, W/m* -3.20 x 107 9.67 x 10 10.95 0.0009
Variables with 13,895 observations.
2SE, Standard error.
Frontiers in Animal Science 06 frontiersin.org
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TABLE 7 Base model with two-week lag of ambient temperature and monthly lag of solar radiation.

Variable' Estimates
Intercept -6.31 x 10°
Week of the year —
Body weight, kg

Linear 4.74 x 10

Quadratic -3.00 x 107°
Dietary NE,,, Mcal/kg

Linear 3.70 x 10°

Quadratic -1.31 x 10°
Two-week lag of ambient temperature, °C 207 x 107
Monthly lag of solar radiation, W/m* -1.05x 107

SE? F-value P-value
1.24 x 10° — 0.0007

— 34.92 <0.0001
227 x 107 434.66 <0.0001
228 x10°° 183.97 < 0.0001
9.67 x 107! 14.60 0.0001
243 x 107! 29.20 <0.0001
3.06 x 10 45.63 <0.0001
1.01x 107 1.07 0.3012

Variables with 13,895 observations.
2SE, Standard error.

relationship between ambient temperature and DMI might be
questioned because DMI is influenced by cattle type, body
condition, management, and other environmental factors. In
our study, we accounted for the variation that could be
explained by BW, dietary energy density, individual differences
in animals and time of the year. All possible variations that may
exist from the animal and the environment which are known to
affect DMI were accounted for in the base model. However, there
could be other unknown variables that affect DMI that were not
accounted for, such as solar radiation and the interaction between
ambient temperature and solar radiation.

Solar radiation has been reported to have an influence on
ambient temperature and heat loss from animals (Brosh et al.,
1998). The sun angle changes daily and seasonally, which
influences the thermal balance of the animal because exposed
surface area and insulation are affected differentially (Keren and
Olson, 2006). A perpendicularly standing animal to the sun’s ray
will absorb more short-wave radiation than one standing parallel
to the sun (Clapperton et al, 1965). Factors such as sky

conditions, ground cover and the shape and orientation of the
animal’s body also determine the amount of solar radiation
absorbed (Keren, 2005). Prediction models used in the past did
not examine the lag of solar radiation nor did they consider solar
radiation separately, rather it was considered with other weather
variables using an index named current effective temperature
index (CETI) which accounts for temperature, humidity, wind
speed and sunlight hours (Tedeschi and Fox, 2016). Mader et al.
(2010) developed a comprehensive climate index (CCI) using
ambient temperature while adjusting for relative humidity, wind
speed and solar radiation. This type of indices do not explain the
interaction of solar radiation or its lag with temperature on DMI.

The better model fit we observed in this study between the
interaction between solar radiation and ambient temperature
indicates that solar radiation is important and could better
explain the variation in DMI than just temperature alone. Others
(Bakken, 1981; Mader et al., 2010; Tedeschi and Fox, 2016) have
considered ambient temperature and some weather variables
together, combining them into an index. This shows that

TABLE 8 Base model, two-week lag of ambient temperature and monthly lag of solar radiation and their interaction.

Variable'

Intercept
Week of the year
Body weight, kg
Linear
Quadratic
Dietary NE,,, Mcal/kg
Linear
Quadratic
Two-week lag of ambient temperature, °C
Monthly lag of solar radiation, W/m*

Two-week lag of ambient temperature x monthly lag of solar radiation, °C x W/m?

"Variables with 13,895 observations.
2SE, Standard error.

Frontiers in Animal Science 07

Estimates SE? F-value P-value
-6.32 x 10° 1.25 x 10° — 0.0007
32.92 <0.0001

475 x 102 228 x 107 43537 < 0.0001
-3.00 x 10 228 x 10°° 183.98 < 0.0001
3.69 x 10° 9.68 x 107" 14.56 0.0001
-1.31 x 10° 243 x 107! 29.13 <0.0001
-6.91 x 107 6.00 x 10 1.33 0.2494
3.08 x 10 1.14 x 107 0.07 0.7867
-1.40 x 10 520 x 107° 7.18 0.0074
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TABLE 9 Base model and interaction between two-week lag of ambient temperature and monthly lag of solar radiation using restricted

maximum likelihood estimation method (final model).

Variable!

Intercept
Week of the year
Body weight, kg
Linear
Quadratic
Dietary NE,,, Mcal/kg
Linear
Quadratic
Two-week lag of ambient temperature x monthly lag of solar radiation, ‘C x W/m?

Variables with 13,895 observations.
*SE, Standard error.

multiple weather variables interact together to affect DMI
suggesting that combining weather variables into an index
should be discouraged. It is important to note that, although the
main effect of week of the year was accounted in this study, there
might be an interaction between week of the year and temperature
or solar radiation. We did not try to account for this interaction in
this study to avoid complexity in the models.

National Academies of Science, Engineering, and Medicine
(NASEM, 2016) reported that solar radiation accentuates the
effect of temperature. In our model, solar radiation accentuated
the effect that low and high temperature had on DML
Interestingly, in Figure 3, it can be observed that, with
increasing temperature and reduction in solar radiation, DMI
increased. This could be attributed to the interaction between
temperature and solar radiation and how they influence each
other. This could suggest that on sunny days with high

Estimates SE? F-value P-value
-6.23x 10° 1.26 x 10° - 0.0008
33.71 <0.0001

474 x 10 227 x 107 434.78 <0.0001
-3.00 x 10 227 x10°° 182.89 <0.0001
3.69 x 10° 9.67 x 107! 14.47 0.0001
-1.31 x 10° 243 x 10! 28.99 < 0.0001
-1.80 x 10 2.30x 107 61.92 <0.0001

temperature, DMI decreases but on sunny days with extremely
low temperature, DMI increases. In extreme cold temperatures,
the NE,, requirement of cattle increases linearly and, therefore,
the animal needs to increase energy intake from feed to meet the
requirement for increased heat production and maintenance of
homeostasis. There is a dearth of information on the effect of
solar radiation on animals in extremely cold weather conditions.
Most reported studies examined the effect of solar radiation on
animals in warm to hot weather conditions (Mader et al., 2006;
Mader at al., 2010; Melton et al, 2018; Lees et al., 2019). Studies
that examined the effect of cold weather conditions on animals
(Siple and Passel, 1945) did not examine the effect of solar
radiation on DML. Siple and Passel (1945) developed a windchill
index (WCI), relating ambient temperature (Ta) and wind
speed (WS) to the time for freezing water for cold conditions.
Mader et al. (2006) developed adjustments to the THI based on
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The final model interaction between two-week lag of ambient temperature and monthly lag of solar radiation and their influence on dry matter

intake (DMI). F-value = 61.92. P-value < 0.0001.
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TABLE 10 AIC, BIC, and R? (coefficient of determination) values of various models examining solar radiation as a predictor variable for DMI in

beef steers to summarize the model fit in each stepwise process.

Variable!

Base model only (Restricted Maximum likelihood estimation method)
Base model only (Maximum Likelihood estimation method)
Two-week lag of ambient temperature + base model

Monthly lag of solar radiation + base model

Two-week lag of ambient temperature + Monthly lag of solar radiation + base model

Two-week lag of ambient temperature + Monthly lag of solar radiation and their interaction + base model

Interaction between two-week lag of ambient temperature and monthly lag of solar radiation + base model*

Best model using restricted maximum likelihood estimation method

AIC? BIC? R?

45,151% 45,160* —
45,067" 45,0887 0.7708
45,017" 45,038" 0.7744
45,058" 45,0807 0.7761
45,018" 45,040" 0.7755
45,013" 45,0357 0.7790
45,0117 45,0327 0.7790
45,113* 45,121% —

! Variable with 13,895 observations. Units are °C for temperature and W/m? for solar radiation.

2AIC, Akaike information criterion.

3BIC, Bayesian information criterion.

* Best model.

"Maximum likelihood estimation method was used.
*Restricted maximum likelihood estimation method was used.

panting scores and measures of wind speed and solar radiation
but only two studies were conducted in cold weather conditions
in the data they examined. Olson (1938) examined the effect of
sunlight on dairy cattle that were exposed to sunlight or without
sunlight and fed the same amount of feed. The no-sunlight group
had better growth than the sunlight group because the sunlight
group were housed outside and maintained under cold winter
conditions. This corroborates the effect of extreme cold weather
on energy requirements and growth. If the intake of the animal
does not increase to meet the energy demand for heat
production, growth performance is compromised. On the
other hand, under high ambient temperatures, livestock are
expected to have decreased DMI to reduce their metabolic
heat production. Mader et al. (2010) reported that solar
radiation and ambient temperature have a linear relationship,
which is similar with what we observed in this study. Heat input
from metabolic heat production and solar radiation, and heat
output from evaporative and non-evaporative avenues are the
factors that determine body temperature in cattle (Brosh et al.,
1998). As temperature decreased to below the lower critical
temperature, the animal becomes cold stressed, and the
maintenance energy requirement increases. Although it is
often assumed that DMI increases with decreasing
temperature in cold weather, Donald (1988) reported that
animals under severe cold stress tend to have reduced intake.
However, in this study, DMI increased with increasing solar
radiation and reduction in temperature. This may be because
increases in solar radiation lessen the negative effect of the cold
stress on the animal resulting in an increase DMI. Olson and
Wallander (2002) reported that during extreme cold weather,
cattle spent more time standing to maximize heat gain from
solar radiation instead of lying down. However, our final model
indicates that DMI increased with increasing solar radiation and
decreasing temperature, whereas DMI decreased with increasing
solar radiation and increasing temperature. DMI changed less
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when solar radiation was minimal. This may be because
increases in solar radiation lessens the negative effect of cold
stress or enhances the negative effect of hotter ambient
temperatures on the animal resulting in changes in DML

Solar radiation is known to influence thermal balance of
ruminants. Study by Sevi et al. (2001) examined the effect of
solar radiation on Comisana ewes. They reported that solar
radiation and the interaction between solar radiation and
feeding time had significant effect on rectal temperatures. This
indicates that solar radiation influences thermal balance, energy
metabolism and could be attributed to the change in DMI at
different intensities of solar radiation. Solar radiation has been
reported to directly affect the surface that an animal has contact
with as well as the temperature of the animal, especially in dark-
hided cattle (Mader et al., 2006). Kennedy et al. (1986) reported
that in cold weather, ruminal motility and digesta passage
increases, which could be contributing factors to the observed
increases in DMI. Sunshine hours and day length both
contribute to solar radiation reaching an animal directly or
indirectly (absorbed by surrounding surfaces and the ground).
Dahl et al. (2000) observed a positive relationship between milk
production and day length which could be because of reduced
melatonin production with increasing photoperiod. The
influence of day length and temperature on performance of
Swedish red and white bulls fed ad libitum concentrates or ad
libitum forage and concentrates was reported to observe an
increase in DMI as day length increased (Mossberg and Jonsson,
1996). This is similar to the result in this study where increased
solar radiation in cold weather was observed to increase DMI but
caused a reduced DMI in warmer temperatures.

It was reported by NASEM (2016) that other adverse weather
conditions can increase the effects of ambient temperature.
However, the response to temperature varies between animals
(Young, 1981). The observed increase in DMI as two-week lag of
temperature decreases, and monthly lag of solar radiation
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increases, could also be attributed to the long-term effect of solar
radiation on melatonin. Light inhibits melatonin secretion by
inhibiting the production of N-acetyltransferase, the primary
enzyme for melatonin synthesis (Hickman et al., 1999).
Melatonin slows metabolism, increases fat deposition and
decreases feed intake and, ultimately, productivity of animals.
With more light and solar radiation, we speculate that this caused
a reduction in melatonin secretion over time, therefore,
contributing to the observed increase in feed intake. However,
more research is needed on the relationships between solar
radiation, melatonin secretion, DMI, and growth.

Conclusion

To summarize, our results showed that variation in DMI was
better explained by having the interaction between two-week lag of
ambient temperature and monthly lag of solar radiation in the
prediction model as opposed to ambient temperature alone. This
indicates that solar radiation could be a good predictor and explain
some variation in DMI occurring because of thermal effects.
Furthermore, using a model similar to the model developed in
this study may be a better alternative than using THI or CCI as an
index combining effects of individual weather variables.

Implications

Changes in and the interaction between solar radiation and
temperature were associated with changes in DMI. We suggest that
these variables may be important and should be considered in DMI
prediction equations. Dry matter intake changes in response to
adverse weather conditions. Dry matter intake is influenced by
several factors and how cattle respond to changes in DMI is highly
variable among individuals. Understanding the variables that
influence DMI will help in increasing the accuracy of DMI
prediction models, which will in turn assist producers and feedlot
managers better manage daily feed delivery and feed inventories.
Further research to examine how other weather variables such as
windspeed and dewpoint interact with temperature and solar
radiation to influence DMI and ADG is needed.

References

AOAC. (2010). Official methods of analysis of AOAC International. AOAC
International, Horwitz, W., Latimer, G. 18th ed. rev 3 (Gaithersburg, MD:
AOAC Int.).

Baile, C. A, and Forbes, J. M. (1974). Control of feed intake and regulation of energy
balance in ruminants. Physiol. Rev. 54, 160-214. doi: 10.1152/physrev.1974.54.1.160

Bakken, G. S. (1981). How many equivalent black-body temperatures are there?
J. Therm. Biol. 6, 59-60. doi: 10.1016/0306-4565(81)90045-0

Basarab, J. A,, Price, M. A, Aalhus, J. L., Okine, E. K,, Snelling, W. M., and Lyle,
K. L. (2003). Residual feed intake and body composition in young growing cattle.
Can. J. Anim. Sci. 83, 189-204. doi: 10.4141/A02-06

Frontiers in Animal Science

10

10.3389/fanim.2022.975093

Data availability statement

The original contributions presented in the study are
included in the article/supplementary material. Further
inquiries can be directed to the corresponding author.

Ethics statement

Ethical review and approval was not required for the animal
study because all data had been collected previously. All previous
studies were reviewed and approved by the North Dakota State
University Animal Care and Use Committee.

Author contributions

MY compiled the data, analyzed the data, and wrote the
manuscript. KS helped with raw data collection, formatting, and
manuscript review. LHH contributed to the analysis of the data
and manuscript review. RD contributed to the analysis of the
data. MB helped with raw data collection, formatting, data
analysis, manuscript preparation, review, and submission.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Baumgardt, B. R. (1970). “Control of feed intake in the regulation of energy
balance,” in Physiology of digestion and metabolism in the ruminant. Ed. A. T.
Phillipson (New-castle-Upon-Tyne: Oriel Press), 235-253.

Blaxter, K. L. (1961). Efficiency of feed conversion by different classes of livestock
in relation to food production. Fed. Proc. 20, 268-274.

Block, H. C., McKinnon, J. J., Mustafa, A. F., and Christensen, D. A. (2001).
Evaluation of the 1996 NRC beef model under western Canadian environmental
conditions. J. Anim. Sci. 79, 267-275. doi: 10.2527/2001.791267x

Brosh, A., Aharoni, A. A, Degen, A. A., Wright, D., and Young, B. A. (1998).
Effects of solar radiation, dietary energy, and time of feeding on thermoregulatory

frontiersin.org


https://doi.org/10.1152/physrev.1974.54.1.160
https://doi.org/10.1016/0306-4565(81)90045-0
https://doi.org/10.4141/A02-06
https://doi.org/10.2527/2001.791267x
https://doi.org/10.3389/fanim.2022.975093
https://www.frontiersin.org/journals/animal-science
https://www.frontiersin.org

Yusuf et al.

responses and energy balance in cattle in a hot environment. J. Anim. Sci. 76, 2671-
2677. doi: 10.2527/1998.76102671x

Clapperton, J., Joyce, J. P., and Blaxter, K. L. (1965). Estimates of the
contribution of solar radiation to the thermal exchanges of sheep at a latitude of
55° north. J. Agric. Sci. (Cambridge) 64, 37-49. doi: 10.1017/S0021859600010455

Collier, R. J., Baumgard, L. H., Zimbelman, R. B., and Xiao, Z. Y. (2019). Heat
stress: Physiology of acclimation and adaptation anim. Front. Anim. 9, 12-19.
doi: 10.1093/af/vfy031

Conrad, H. R, Pratt, A. D., and Hibbs, J. W. (1964). Regulation of feed intake in
dairy cows; change in importance of physical and physiological factors with
increasing digestibility. J. Dairy Sci. 47, 54-62. doi: 10.3168/jds.50022-0302(64)
88581-7

Crampton, E. W. (1957). Interrelations between digestible nutrient and energy
content, voluntary dry matter intake, and the overall feeding value of forages.
J. Anim. Sci. 16, 546-552. doi: 10.1093/ansci/16.3.546

Dahl, G. E., Buchanan, B. A,, and Tucker, H. A. (2000). Photoperiodic effects on dairy
cattle: a review. J. Dairy. Sci. 83, 885-893. doi: 10.3168/jds.50022-0302(00)74952-6

Donald, G. W. (1988). Effects of cold stress on cattle performance and
management factors to reduce cold stress and improve performance. Bovine
Practitioner 23, 88-92. doi: 10.21423/bovine-vol0no23p88-93

Fox, D. G., and Tylutki, T. P. (1998). Accounting for the effects of environment
on the nutrient requirements of dairy cattle. J. Dairy Sci. 81, 3085-3095. doi:
10.3168/jds.S0022-0302(98)75873-4

Hickman, A. B., Klein, D. C,, and Dyda, F. (1999). Melatonin biosynthesis: The
structure of serotonin n-acetyltransferase at 2.5 A resolution suggests a catalytic
mechanism. Mol. Cell. 3, 23-32. doi: 10.1016/s1097-2765(00)80171-9

Hill, D. L., and Wall, E. (2017). Weather influences feed intake and feed efficiency
in a temperate climate. J. Dairy Sci. 100, 2240-2257. doi: 10.3168/jds.2016-11047

Islas, A, Gilbery, T. C., Goulart, R. S., Dahlen, C. R., Bauer, M. L., and Swanson,
K. C. (2014). Influence of supplementation with corn dried distillers grains plus
solubles to growing calves fed medium-quality hay on growth performance and
feeding behavior. J. Anim. Sci. 92, 705-771. doi: 10.2527/jas.2013-7067

Kennedy, P. M., Christopherson, R. J., and Milligan, L. P. (1986). Digestive
responses to cold. In: Control of digestion and metabolism in ruminants. Eds. L. P.
Milligan, W. L. Grovum and A. Dobson (Engle-wood Cliffs. NJ: Prentice Hall),
p. 285-306.

Keren, I. N. (2005). “Thermal balance model for cattle grazing winter range”, in
Master’s thesis submitted to the department of animal and range sciences (Bozeman,
MT: Montana State University).

Keren, E. N,, and Olson, B. E. (2006). Thermal balance of cattle grazing winter
range: Model development. J. Therm. Biol. 31, 371-377. doi: 10.2527/2006.8451238x

Knutson, E. E., Menezes, A. C. B, Sun, X., Fountoura, A. B. P., Liu, J. H., Bauer,
M. L, et al. (2020). Effect of feeding a low-vitamin a diet on carcass and production
characteristics of steers with a high or low propensity for marbling. Animal 14,
2308-2314. doi: 10.1017/S1751731120001135

Kruger, L., and Schulze, G. (1956). Uber futteraufnahme und verzehrleistungen
bei milchkuhen II. die sattigungsbewertung der futtermittel. Zuch tungskunde 28,
438-450.

Lees, A. M, Sejian, V., Wallage, A. L, Steel, C. C., Mader, T. L., Lees, J. C., et al.
(2019). The impact of heat load on cattle. Animals. 9, 322. doi: 10.3390/ani9060322

Lehmann, F. (1941). Die lehre vom ballast. z. tierphysiol. teirnahr. Futtermittelk
5, 155-173.

Lofgreen, G. P., and Garett, W. N. (1968). A system for expressing net energy
requirements and feed values for growing and finishing beef cattle. J. Anim. Sci. 27,
793-806. doi: 10.2527/jas1968.273793x

Mader, T. L., Davis, M. S., and Brown-Brandl, T. (2006). Environmental factors
influencing heat stress in feedlot cattle. J. Anim. Sci. 84, 712-719. doi: 10.2527/
2006.843712x

Mader, T. L., Johnson, L. J., and Gaughan, J. B. (2010). A comprehensive index
for assessing environmental stress in animals. J. Anim. Sci. 88, 2153-2165.
doi: 10.2527/jas.2009-2586

Melton, B. M., Winders, T., Boyd, B. M., Macken, C. N,, Watson, A. K,
MacDonald, J. C., et al. (2018). Impact of shade on performance, body
temperature, and heat stress of finishing cattle in Eastern Nebraska. 10th Int.
Livestock Environ. Symposium (ILES X). doi: 10.13031/iles.18-098

Mossberg, 1., and Jonsson, H. (1996). The influence of day length and
temperature on food intake and growth rate of bulls given concentrate or grass
silage ad libitum in two housing systems. Anim. Sci. 62, 233-240. doi: 10.1017/
S$1357729800014533

Nakagawa, S., Johnson, P. C. D., and Schielzeth, H. (2017). The coefficient of
determination R” and intraclass correlation coefficient from generalized linear

Frontiers in Animal Science

11

10.3389/fanim.2022.975093

mixed-effects models revisited and expanded. J. R. Soc. Interface 14, 20170213.
doi: 10.1098/rsif.2017.0213

Nakagawa, S., and Schielzeth, H. (2013). A general and simple method for
obtaining R? from generalized linear mixed models. Me. Eco. Evol. 4, 133-142.
doi: 10.1111/j.2041-210x.2012.00261

Nakamura, K., and Morrison, S. F. (2008). A thermosensory pathway that
controls body temperature. Nat. Neurosci. 11, 62-71. doi: 10.1038/nn2027

National Academies of Science, Engineering, and Medicine (2016). Nutrient
requirements of beef cattle. 8th Rev. Ed (Washington DC: The National Academies).

North Dakota Agricultural weather station (NDAWN) (2021). Available at:
https://ndawn.ndsu.nodak.edu/ (Accessed January 15, 2021).

NRC (1981). Effect of environment on nutrient requirements of domestic animals
(Washington DC: National Academy Press).

Olson, T. M. (1938) Effect of sunlight on the growth, production, and
reproduction of dairy cattle. bulletins. paper 319. Available at: http://openprairie.
sdstate.edu/agexperimentsta_bulletins/319.

Olson, B. E., and Wallander, R. T. (2002). Influence of winter weather and
shelter on activity patterns of beef cows. Can. J. Anim. Sci. 82, 491-501.
doi: 10.4141/A01-070

Prezotto, L. D., Gilbery, T. C., Bauer, M. L,, Islas, A., and Swanson, K. C. (2017).
Influence of limit-feeding and time of day of feed availability to growing calves on
growth performance and feeding behavior in cold weather. J. Anim. Sci. 95, 5137-
5144. doi: 10.2527/jas2017.1925

R Core Team (2022). R: A language and environment for statistical computing
(Vienna, Austria: R foundation for Statistical Computing). Available at: https://
www.R-project.org/.

Rodenhuis, M. A., Keomanivong, F. E., Gaspers, J. ]., Gilbery, T. C., Underdahl,
S. R, Bauer, M. L, et al. (2017). Influence of grain source and dried corn distiller’s
grains plus solubles oil concentration on finishing cattle performance and feeding
behavior. Can. J. Anim. Sci. 97, 545-552. doi: 10.1139/cjas-2016-021

SAS Institute Inc. (2015). Base SAS 9.4 Procedures Guide. 5th ed. (Cary, NC:
SAS Institute Inc.). Available: http://support.sas.com.

Sevi, A., Annicchiarico, G., Albenzio, M., Taibi, L., Muscio, A., and Dell’Aquila,
S. (2001). Effects of solar radiation and feeding time on behavior, immune
response, and production of lactating ewes under high ambient temperature. J.
Dairy Sci. 84, 629-640. doi: 10.3168/jds.S0022-0302(01)74518-3

Siple, P. A, and Passel, C. F. (1945). Measurements of dry atmospheric cooling
in subfreezing temperatures. Proc. Am. Philos. Society. 89, 177-199.

Sitorski, G. L., Bauer, M. L., and Swanson, K. C. (2019). Effect of metabolizable
protein intake on growth performance, carcass characteristics, and feeding
behavior in finishing steers. Transl. Anim. Sci. 3, 1173-1181. doi: 10.1093/tas/
txz124

Swanson, K. C., Carlson, Z. E., Ruch, M. C,, Gilbery, T. C,, Underdahl, S. R,,
Keomanivong, F. E,, et al. (2017). Influence of forage source and forage inclusion
level on growth performance, feeding behavior, and carcass characteristics in
finishing steers. J. Anim. Sci. 95, 1325-1334. doi: 10.2527/jas.2016.1157

Swanson, K. C., Gaspers, ]. ., Keomanivong, F. A, Gilbery, T.C, Lardy, G. P,
and Bauer, M. L. (2018). Influence of feeding direct-fed microbial supplementation
on growth performance and feeding behavior in naturally fed and conventionally
fed finishing cattle with different dietary adaptation periods. J. Anim. Sci. 96, 3370
3380. doi: 10.1093/jas/sky194

Swanson, K. C,, Islas, A., Carlson, Z. E., Goulart, R. S., Gilbery, T. C., and Bauer,
M. L. (2014). Influence of dry-rolled corn processing and increasing dried corn
distillers grains plus solubles inclusion for finishing cattle on growth performance
and feeding behavior. J. Anim. Sci. 92, 2531-2537. doi: 10.2527/jas.2013-7547

Tedeschi, L. O., and Fox, D. G. (2016). The ruminant nutrition system: An
applied model for predicting nutrient requirements and feed utilization in
ruminants, XanEdu Acton, MA, USA.

Thornton, P. K., Van de Steeg, J., Notenbaert, A., and Herrero, M. (2009). The
impacts of climate change on livestock and livestock systems in developing
countries: A review of what we know and what we need to know. Agric. Syst.
101, 113-127. doi: 10.16/j.agsy.2009.05.002

Trotta, R. J., Maddock Carlin, K. R, and Swanson, K. C. (2019). Effects of
ractopamine hydrochloride supplementation on feeding behavior, growth
performance, and carcass characteristics of finishing steers. Trans. Anim. Sci. 3,
1143-1152. doi: 10.1093/tas/txz114

Young, B. A. (1981). Cold stress as it affects animal production. J. Anim. Sci. 52,
154-163. doi: 10.2527/jas1981.521154x

Zinn, R. A, and Shen, Y. (1998). An evaluation of ruminally degradable intake
protein and metabolizable amino acid requirements of feedlot calves. J. Anim. Sci.
76, 1280-1289. doi: 10.2527/1998.7651280x

frontiersin.org


https://doi.org/10.2527/1998.76102671x
https://doi.org/10.1017/S0021859600010455
https://doi.org/10.1093/af/vfy031
https://doi.org/10.3168/jds.S0022-0302(64)88581-7
https://doi.org/10.3168/jds.S0022-0302(64)88581-7
https://doi.org/10.1093/ansci/16.3.546
https://doi.org/10.3168/jds.S0022-0302(00)74952-6
https://doi.org/10.21423/bovine-vol0no23p88-93
https://doi.org/10.3168/jds.S0022-0302(98)75873-4
https://doi.org/10.1016/s1097-2765(00)80171-9
https://doi.org/10.3168/jds.2016-11047
https://doi.org/10.2527/jas.2013-7067
https://doi.org/10.2527/2006.8451238x
https://doi.org/10.1017/S1751731120001135
https://doi.org/10.3390/ani9060322
https://doi.org/10.2527/jas1968.273793x
https://doi.org/10.2527/2006.843712x
https://doi.org/10.2527/2006.843712x
https://doi.org/10.2527/jas.2009-2586
https://doi.org/10.13031/iles.18-098
https://doi.org/10.1017/S1357729800014533
https://doi.org/10.1017/S1357729800014533
https://doi.org/10.1098/rsif.2017.0213
https://doi.org/10.1111/j.2041-210x.2012.00261
https://doi.org/10.1038/nn2027
https://ndawn.ndsu.nodak.edu/
http://openprairie.sdstate.edu/agexperimentsta_bulletins/319
http://openprairie.sdstate.edu/agexperimentsta_bulletins/319
https://doi.org/10.4141/A01-070
https://doi.org/10.2527/jas2017.1925
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.1139/cjas-2016-021
http://support.sas.com
https://doi.org/10.3168/jds.S0022-0302(01)74518-3
https://doi.org/10.1093/tas/txz124
https://doi.org/10.1093/tas/txz124
https://doi.org/10.2527/jas.2016.1157
https://doi.org/10.1093/jas/sky194
https://doi.org/10.2527/jas.2013-7547
https://doi.org/10.16/j.agsy.2009.05.002
https://doi.org/10.1093/tas/txz114
https://doi.org/10.2527/jas1981.521154x
https://doi.org/10.2527/1998.7651280x
https://doi.org/10.3389/fanim.2022.975093
https://www.frontiersin.org/journals/animal-science
https://www.frontiersin.org

	Solar radiation and temperature as predictor variables for dry matter intake in beef steers
	Introduction
	Materials and methods
	Data collection
	Weather data
	Non-weather variables
	Data management
	Statistical analysis

	Results
	Correlation between BW, NEm and residuals of DMI
	Base model, ambient temperature, and solar radiation

	Discussion
	Conclusion
	Implications
	Data availability statement
	Ethics statement
	Author contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


