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ABSTRACT

The evaluation of three protein supplements was the focus of this study conducted during
the summer of 1997, Cottouseed meal (CSM), extruded whole cotfonseed (EWC), and
extruded cull cottonseed (FCCY were utilized as protein supplements to lactating cows fed
red top cane stubble hay under dry lot conditions. Purebred Angus cow-calf pairs (n = 24)
were randomly sorted into two groups, The animals in each group received each of the same
three protein supplements over a six-week period during late lactation (average of 142 to
186 days postpartum). Milk vield and cow and call weight was measured at the beginning
of the trial and at the end of each interval {approximately 2 weeks). The milk was analyzed
for erude protein and milk fat wsing the Kjeldahl procedure and Babeock milk fat test,
m&gﬁrwﬁw% Crude protein level in CSM was much higher (41.0%) than EWC (21.8%) or
ECC (22.8%), while crude fat levels of CSM (2.4%) were much lower than EWC (20.4%)
and £ W’ {(21.7%). An apparent advantage was seen for 18-hour milk yield with ECC (8.1
Iy or EWC (8.2 1b) over CSM (7.3 Ib) as the protein supplement. There was also an apparent
difference on cow weight change where the cows fed CSM gained more weight (0.88 Ibhiday)
than those fed the ECC (—8.36 Ib/day) or EWC (-~ 0.42 Ibiday). There were no apparent
differences for calf weight gain, milk crode protein or milk fat across the three protein
supplements. Moderate correlations were seen between milk vield and calf growth; however,
correlations between cow weight change and milk vield were not strong.

KEYWORDS: Extruded cottonseed, Milk production, Beef cows, Weight gain

ong impact on calf growth as well as the cow’s
ceders have placed emphasis on milk yield
ogeny Differences) when selecting registered
jes how many additional pounds of calf at weaning
are expected due to his daughter’s level of milk production compared to that of daughters
of the average bull in the breed. Females with higher mulk EPD’s will generally produce
more milk than thetr lower milk EPIDY counterparts. It is also believed that females
producing large amounts of milk will not be as reproductively efficient as lower milking
cows when feed resources are hmited due to loss of body fat reserves. For many vyears,

Milk vield in beel cattle
future repre { T

through the use of milk EPDs (B
sires. The milk EPD of a bull ¢

has a «m
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Table 1. Initial means and standard deviations for weight and milk traits among

COWS.

Cow wt (Ib) Calf wt (Ib) Day of lactation Milk EPD
Group | 36y = 79 159 & 18 6 6
Group 2 382+ 78 156 + 28 9 &5

utﬁeﬁmi‘xmm has been placed on the prod mm of beef calves with high weaning and yearling
: 5 ows with greater mature weights. Many breeds have also stressed
mph 51 §tm hw}m milk pmdmmm wawai studies (IMaz et al,, 1992, Marston et al.,
1992 Malbinckrodtet al., 1993; Marshall et al,, 1993) have verified that milk EPD indh Mwm
actual milk production. As a result, these chan ges in commercial cows have been achieved
through selection, as well as through heterosis in crossbresding systems. The effects of
selection for increased mature weight and milk vield on reproductive performance in beef
cows still is not completely understood (Fiss et al., 1988y
Omne important factor that can affect milk w:*id and compo sition as well 2
calf weight
to achieve

ow and
gain is nutritton, 1t s necessary that cattle receive proper nutrition in order
optimal performance. Nutritional values vary among different feedstuffs, ¢
among feeds subjected to various processing methods. Extrusion 1s a processing technique
that uses heat and pressure to modifv feeds. Extruded feed stuffs are believed to have
increased feeding values compared to non-extruded feeds due to the fact that they are
more highly dig Additionally, they are thought to have an increased feed-grade
fat source. Ao o Hancoek (1992), this process ivolving both heat and pressure
also wﬁmmmm many anti-putritional factors, antigenic components, and toxicants in a
variety of feedstuffs. Feeding of extruded cottonseed to lactating beef cows has not been
thoroughly investigated. Therefore, the main focus of this study was to <;WM iate cottonseed
meal and two extruded cottonseed mmmmw as protein supplements in a beef cow herd
during late lactation to determine their effects on milk production m}d weight change,

rdlin

EXPERIMENTAL PROCEDURES

Lactating Angus cows {n = 24) were vsed to study the effects of three cottonseed-
based protein supplements on cow and calf weight change, and milk vield and composition.
These females ranged from two to eight vears of age with milk EPDs ranging from — 3
to 15 {average of 7). This trial began on July 18, 1997 and concluded on August 27, 1997,
The means and variation In initial cow weight, initial calf weight, davs of lactation and
mitk EPD are shown in Table 1. These cows were milked four times at 12 to 14 day
intervals. The cows were randomly split into two separate groups (12 cows in each), which
allowed the feeding of two different protemn supplements at one time. Two protein sources
were evaluated Mt% un each of the three time periods. Each protein source was evaluated
in each group of cows, during two different time periods, Pen space limitations prevented
three groups of cows being used in a traditional Latin Square design,

When the trialinitiated, the cows were also involved in a USDA-CSREES cooperative
research project (8-277) dealing with milk vield, and thus had been milked twice earlier
in this lactation. The calves were separated from the cows approximately 16-20 hours
prior to milking mi weighed at approximately 8:00 AM on milk collection days. Fach
cow was mjected intramuscularly with 1 ml of ace promizine and 2 ml of oxyiocin
approximately 15 minutes before mitking to stmulate milk letdown. Bach cow was miltked

Texay Journal of Agriculture and Natwral Resources, Vol. 12, 1999



Table 2. Nutritional Aspects of Three

luated Protein Bupplements and Hay.

sdstnlt CP' (%) EE* (9%)
Cottonseed Meal 41.00° 241

Extruded Wi
Extruded Cull Cotto
Red hm Cane f%:»t b

Cottonseed 21.79 20.41
83 21.67

7 30 70

ému inteed at 419, but not independently verified

ricted. Cow number and weight were recorded
at time of milking. The udder of each cow was washed before being milked. Milk was
collected in a plastic bucket under vacuum with a portable milking machine and weighed.
Two, 30-ml samples were collected and put on ice to be later analyzed for protein and
mitk fat. The bucket was washed with water and reassembled between cows.

The milk samples collected were taken to the Food Technology Laboratory (Texas
Tech University) to be analyzed for protein and milk fat. All of the samples used to
determine protein percent were run in dupliwu using the Kjeldah! procedure. Milk fat
was measured using the Babeock mm est, BExtra mmpém were collected during the
final milking and sent 1o a commercial 4;1@21,@1“}” lab. They were analyzed for protein and
itk fat using infrared (MB50/F oss) zcmi;xamwgv, This external lab work was conducted
in order to venify the ace v of the previous lab work conducted ¢ urim the project.

The ";miv in this trial were housed in dirt-floor pens (130 ft » 190 ft) at the

as T sof Center, fed once a day and had free access to water, During the first
pmimi of the tta ind, July M 1997-August 1, 1997, group | received extruded whole cotton-
seed (EWC) while group 2 was fed cotionseed meal (CSM). In the wmmi period of the

trial, Ausw 2, 1997-August 13, 1997, group 1 was fed CSM and group 2 fed extruded
m;i% cottonseed (ECC). During the third pumd August M, 1997-August 27* 1997, group
| received ECC, and group 2 was fed EWC. Cows were in each period for 12-14 days.
Fach morning cattle were fed the designated protein supplement, which was either 3.0
Ib/hd/d of CSM., or 6.0 Ib/hd/d of either EWC or ECC. All cows were offered 35 Ib/hd/
d of red top cane stubble hay, which was chopped into approximately six-inch pieces
using a Hesston BP 25 portable grinder. The analysis for crude protein and ether extract
on the hav and all hm* supplements are listed in Table 2.

Yield, crude pmmn and fat content of milk, cow weight and weight change, and
calf weight and weight change were analyzed. All traits were mml\/lcd as repeated measure
traits of the cows. Due to unbalance of data comparing protein supplement and time
period, no formal statistical analyses are presented. Mean and standard errors are reported
for traits of interest. Linear correlations between milk vield and cow weight change and
calf weight change were caloulated using SAS (1989).

i a squeeze chute with only her Iy fs:;ae;% 68

RESULTS AND DISCUSSION

Preliminary analyses were conducted to determine whether time of milking (16 to
20 hour range) affected milk vield. Regressions of milk vield on time were not significant
for any milk collection, indicati ing that all cows had completely filled udders and that
order of milking was not important. Means for milk yield, crude protein, and butterfat

Texas Journal of Agriculture and Natural Resources, Vol. 12, 1999



Table 3. Means and standard errors for milk characteristics.

Treatment N Yield (I1b) CP' (%) BE? (%%)
CSM? 24 7.3+ 40 2.9 + 05 Zh + 15
ECCH 24 81 4 40 2.5 + 03 16
EwW(C 24 B2 4 38 30 + 04 14

‘Crude protein

‘Butter fat

‘Cottonseed menl

Exeruded cull cottonseed
Fxtruded whole cottonseed

Table 41 Means and standard errors for weight change in cows and calves per
protein supplement.

Treatment # Davs Fed Cows {Ib) Calves (Ib)
M‘ 26 227 + 1421 256 + 438

26 9.3 & 14.37 22 4.42
28 = 119 & 13.22 26,2 = 407

cottonseed meal
= extruded cull cottonseed
extruded whole cottonsead

meal (O8]
Cows Hmi were m mu mm \m}m}c aw,(mmm,mi (}.JWQ} and thx udu.f uuﬂ wtmmmd
(ECC) produced an average of 3.73 kg and 3.68 kg, respectively, while cows fed CSM
produced 3.32 kg of milk. There was no apparent difference between the two extruded
supplements for milk vield. There were also no apparent differences in crude protein or
fat content of milk among the three protein supplements. This is somewhat surprising
hecause the extruded cottonseed supplements had much higher levels of fat than the
- The cows fed the USM gained weight during the feeding trial (0.88 Ib/day), while
cows fed ECC and EWC lost 0.36 and 0.43 Ib/day, respectively. All of the hay offered
to the cows was consumed (35 Ib/day/cow), Sanders (1998) concluded that the effects of
extrusion had negative effects on ruminal digestion of dry matter and ruminal nitrogen
disappearance but positive effects were associated with total dry matter digestibility in
feedlot steers. This may explain cow weight loss in conjunction with increased nutritional
demand for higher milk production. Sanders (1998) also reported that extruded cottonseed
in the diet of growing beef steers did not alter volatile fatty acid profile in the rumen
compared to cottonseed meal. There were no apparent differences among calf weights
across the three protein supplements given to their dams. Calves in all three treatments
gained weight throughout the trial,
Calf weights are usually expected to increase as milk production increases. In this
case, the extruded products apparently increased milk production, but mrrﬁ'gmndmg
reases in calf weight gain were not seen. Moderate relationships were observed for
overall milk production and calf weight gain. Results on cow and call weight gains are
summarized in Table 4. Milk yield at day 156 of lactation and cow weight change from
days 142 to 156 of lactation had a correlation of —0.41 (P = 0.04). This was the only
period that milk yield and cow weight change were significantly related. Additionally,

Texas Journal of Agriculture and Natural Resources, Vol. 12, 1999
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Cost of Production Analysis for the Texas Cow-Calf
Industry

Lawrence L. Falconer
Texas Agricultural Extension Service, Ri. 2 Box 589, Corpus Christi,
TX 78406-9704
Jobn L. Parker
Texas Agricultural Extension Service, Re. 2 Box 589,
TX 784069704
James M. MoeGraon
Texas Agricultural Extension Service, Mail Stop 2124, College Starion,
Tx 77843-2124

Corpus Christi,

ABSTRACT

Sielected summary cost of production data gathered in Texas using the NUBA-IRM-
SPA guidelines were reported and utilized to estimate a cost function for the Texas cow-
calf industry. Results indicate that the economic cost of production for the cow-calf industry
averaged $102.59 per cwt. over the 1992-1998 time period. It was found that a 1% increase
in the per acre price of grazing results in a 0.141% increase in total cost for Texas cow-

calf producers. In addition, the analysis found that a 1% increase in the per pound price of
rajsed and purchased feed results in an expected 0.055% increase in total cost for Texas
cow-call producers.

KEYWORDS: cost of production, cow-call industry

The cattle industry in Texas currently faces financial difficulty that is of ¢
only to beef cattle producers in the state, but also 1o j‘?éﬂm}' ma
economic well being of Texas agriculture. The extremely dry conditions experienced in
Texas during 1998 forced producers to make difficult choices with respect to how they
should handle their current investments in breeding cattle. The drought of 1998 came
only two years after the extremely dry spring and summer of 1996. In 1996, the drought

: wpmmum with the lowest cattle prices since the mid-1970°s along with grain and
‘hmwm pmm that were historically very high. These {actors make estimation of the cost
strneture of the Texas cow-cali industry an important objective that will help producers
as they evaluate herd investment/disinvestment decisions. As well, this study will wmsmi
development of sound policy, particularly government responses to drought for the "
beel cattle industr

ﬁm addit

neern not
kers responsible for the

E

Y

1t problems in Texas, the U.S. beef industry has experienced
ine in annual per capita consumption of meat since the mid-1970's, falling
)4 4 pounds per capita in 1976 to 66.9 pounds per capita in 1997 (Economic
?mmma h ‘m rvice-USIYAY. As a result of the continued decline in per capita consumnption
of beef throughout the 1980°s, the National Cattlemen’s Beef Association Concentration/

on »‘;1@ %‘w e commissioned a study of the beel cattle industry. This study
; sernined that “The principal reason beef is losing ground to other
meats 13 %.,E'mz ity xwmi is rising relative to consumer costs for other meats. Only about

on to these ¢
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three percent of beel™s recent loss in market share can be attributed to a change in
consumer preference.” (Johnson, et al. p. ). The Johnson, et al. study challenged cattle
producers 1o lower their costs of production to regain both domestic and mmmﬁmm?
market share.

The need to determine current costs of production and to make comparisons of
alternative production systems in order to lower future production costs became
in the early 1990s. However, a standardized method of measuring production and ‘Mwmai
performance for beef cow-call producers did not exist at that time. As a first step in
meeting this challenge, the Mational Cattlemen’s Beel Association MNational Integrated
Resource Management Coordinating Committee developed a set of standardized guide-
lines for production and financial analysis for cow-calf producers known as the National
Cattlernen’s Beef Association Integrated Resource Management Standardized Perfor-
mance Analvsis (NCBA-TRM-SPA) guidehnes.

The objectives of this paper are too 1) report annual cost of production data from
the last six vears gathered using the NCBA-IRM-5PA guidelines (National Cattlemen’s
Reef Association); and 2) utilize these data to estimate a cost function for the Texas cow-
call industry. These summary data g"‘»rm%d@ baseline information that 18 of interest to
producers, researchers, and policy makers. The estimation of an aggregate cost function
for the Texas cow-call industry will be of interest to policy makers and researchers in
determining the wupact of input price changes on the cost structure of the Texas cow-
calf industry. This anatysis will foct us on the impact that changes in feed pric
costs have on the cost structure of the Texas cow-call industry, which is of primary
concern when government relief measures for drought are considered.

Review of Literature

There are several cost of production studies focusing on U.S. livestock agriculture
that have been conducted, mm%iy concentrating on the feedlot and meat packing
(Hallam), Weimar et al. applied economic engineering technigues and found subs
economies of size associat M with feed and waste handling equipment. Ball and C
estimated a cost function to measure returns to scale and technolo
beel processing industry, finding that the meat *gmk mng mmmm d
returns to scale as relatively high priced lab .

Cooke and Sundquist estimated differences in cost vsi(mexwy wnong various sized firms
engaged in corn ‘@mm‘imi‘ ion by Mm]«;mw urit costs into measures of technological change
over time, regional competitive advantage, economies of scale, and changing input prices.
However, the literature is sparse with regard to estimation of cost functions for cow-calf
;.wodiaumm in Texas. This study employs a cost function approach to examine the impact
of changes in feed prices and g » costs on the cost structure of the Texas cow-
calf industry,

1ge in the
 increasing

ey

flodel

Utili m}y the guidelines developed by the NCBA-IRM-8PA Subcommittes {National
Cattlemen’s Beef Association), cost of production data for Texas cooperators were col-
lected for the 1992 to 1998 time period. The 8PA guidelines divide these performance
data for the beef cow-calf enterprise into m ur gmmwﬂ areas that include: 1) T{%\‘i«wg‘m‘ammmm

Texas Journal of Agriculture and Naturol Resources, Vol 12, 1999



Performance, 2) Production Performance, 3) Grazing and Raised Feed Land Use and
Productivity, and 4 Finaneial and Economic Performance.

Primary and secondary measures of performance for each of the four areas of interest
listed above are established in the SPA guidelines. This paper will focus on a subset of
these measuares, presenting data on selected primary measures for each area of performance
listed above. For the area of Reproduction Performance, the primary measure used in
this study is calf crop percentage. This measure is calculated by dividing the number of
calves weaned in the particular production cycle by the number of cows that were exposed
to a bull (by either natural or artificial service) and intended to be bred to calve in that
particular production cycle. For the area of Production Performance, the primary mea-
sures used are actual weaning weights and pounds of calf weaned per exposed female.
For the area of Grazing and Raised Feed Land Use and Productivity, the number of
acres used for grazing, raising feed, and crop aftermath (crop residue) per exposed female
are presented along with the amount of raised or purchased feed fed per breeding cow.
For the area of Financial and Economic Performance, the total economic pre-tax cost
per cwt. of weaned calf adjusted for non-calf revenue and percent return on assets are
presented. Total economic pre-tax cost per hundredweight of production adjusted for
non-calf’ revenues is defined as total operating costs plus total financial returns and
economic opportunity costs less non-calf revenues (usually cull cow and bull sales) divided
by total hundredweight of weaned calves produced. For financial measurement develop-
ment, information is taken directly from the firm’s income statement. Economic measure-
ments inchude the firm’s financial costs, while also taking into account the opportunity
cost of resources used in the cow-calf enterprise. Opportunity costs are the value of the
foregone alternative products the resources that were emploved in weaned calf production
could have produced (Leftwich). This distinction allows the producer and researcher to
monitor progress of the individual firm using financial analysis, while economic measures
allow for comparisons between firms and industries.

The model for the cost function developed in this study assumes that Texas cow-
calf producers act as cost minimizers, behaving as shown in Fquation

L. " 'w‘)}w
(1) minimize C = 2 wx,
=

subject to f(x,....x,)

Ya

where C 15 total cost, w, is the price for factor x, and v, is output at a paramefrically
assigned level (Silberberg). Given these conditions, the cost function (C*) may be written
as a function of input prices and cutput, when the input quantities (x*) used are employed
at cost mininuzing levels, presented in equation (2) below.

[

waHOw o) = CFowy, . ow, )

Empirical Results and Discussion
The selected results for Texas producers who participated in the Standardized Perfor-
mance Analysis program between 1992 and 1998 are shown in Table 1. There are 187
observations included in the summary statistics shown in Table 1. Bach observation
represents the results from one herd for one production cycle.

Texas Journal of Agriculture and Natwal Resources, Vol. 12, 1999
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Table 1. Selected Summary Statistics Tor Production and Fconomic Measures
Based on Standardized Performance Analysis for Texas Herds, 1992-

1598,
Performance Measure Minimum  Average Maximuwm
Grazing, raised feed, and crop aftermath acres 1.7 19.3 108.7
per exposed female
Pounds of raised/purchased feed fed per breeding 55 1,483 6,722
Cow
Calf crop or weaning percentage 54.8 82.4 100.0
Average weaning weight 318.0 528 691.0
Pounds weaned per exposed female 195.0 4318 586.0
Economic Pretax Cost Non-calf Revenue 85142 $102.59
Adpusted per owt
Percent Return on Assets - market value (214 1.3 26.6

The results for grazing, raised feed, and crop aftermath (crop residue) acres per
exposed fernale range from a mintmum of 1.7 acres per exposed female to a maximum
of 108.7 acres per exposed female. These results are indicative of the wide variety of
climatic conditions in Texas, ranging from high rainfall areas in the Eastern part of the
state which support dense stocking rates to the arid regions in the Trans-Pecos region
that support extensive grazing operations. The average grazing, raised feed, and crop
aftermath (crop residue) acres per exposed female of 19.3 acres illustrates the high level
of capital needed to support the cow-call industry in Texas. The use of raised and
purchased feed ranged from 55 to 6,722 pounds per breeding cow, with an average of
1,483 pounds of raised and purchased feed fed per breeding cow. The wide range in the
use of raised and purchased feed is primarily linked to differences between intenstve and
extensive grazing systems, but was also impacted by drought conditions that occurred
within the observed period. Reproductive performance in the cooperating herds ranged
from a low of 54.8% calf crop, to a high of 100%, with an average of 82.4%. Many factors
impacted the reproductive efficiency of the observed herds, including age and genetic
composition of the cows within the herd, grazing systems and other management programs
such as herd health along with nutritional levels that were affected by drought conditions
that occurred within the observed period. Productive performance reflected by weaning
weights for the cooperating herds averaged 525 pounds per weaned calf, and ranged from
a low of 318 pounds to a high of 691 pounds. Productive performance reflected by pounds
weaned per exposed female ranged from a low of 195 pounds to a high of 586 pounds,
with an aver: 3§ 431.8 pounds.

Economic performance measured by economic cost of production per cwt. of weaned
calf averaged $102.59 per cwt., ranging from a low of $51.42 per cwt. to a high of $259 44
per cwt. The economic cost of production includes opportunity costs on owned capital,
which generally exceeds the financial cost of production. The economic cost of production
may be thought of as the level that the market price for calves must reach to hold capital
in the cow-calf industry over the long term, and the level that would need to be exceeded
for capital to be drawn into the cow-calf industry for expansion of the herd.

Financial performance measured by the percent return on the market value of assets
averaged 1.3% for the participating herds, ranging from a low of —21.4% to a high of
26.6%. These results are representative of the low rates of return generally seen in produc-
tion agriculture in the United States.

Texas Journal of Agriculture and Natural Resources, Vol. 12, 1999
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Summary Statistics for Data Utilized in the Cost Function Estimation.

Standard

Variable Mean Maximum Minimum  Deviation
Feed Price (%/1b) $0.11 $0.73 %0.01 50.10
Grazing Price ($/acre) $12.19 389.59 %0.79 513.61
Other ($/head) $202.00 8672.24 $7.79 $96.18
Total Pounds Weaned per herd 330,596 6,140,400 5,049 706,335

Total Economic Cost per herd  3270,014.46  $4,769,46540 $5,727.00 $573.475.17

Table 3. Regression Results (Ordinary Least Squares).

F-Value 127582
R 0.9656
Adjusted R° 0.9648

Beta Values Standard Errors P-values
Intercept -~ 1.136769 0.251119 0.0001
Grazing Price 0.141127 0.024629 0.0001
Feed Price 0.054687 0.023842 0.0229
Other 0.311393 0.034999 0.0001
Pounds Weaned 0.936724 0.015677 0.0001

To estimate the cost function developed in Equation 2 above, total production in
pounds weaned and total economic cost were taken from the Standardized Performance
Analysis results. Grazing prices for each observation were calculated by dividing the total
economic grazing cost for each observation by the total number of grazing acres within
cach observation. Feed prices were calculated by dividing the economic cost of raised
and purchased feed fed by the total pounds of raised and purchased feed fed for each
observation. Remaining costs were grouped into a general category entitled Other. One
hundred-eighty-seven observations were used for estimation purposes. Summary statistics
for all variables are shown below in Table 2.

The logarithmic transformation of equation 2 (shown below in equation 3) was
estimated using ordinary least squares regression with the proc reg procedure of PC-SAS
for Windows Version 6.12. (5A8). The model results for this regression are shown in
Table 3,

(3} In{TotalCost) = In{Grazing Price) + In(FeedPrice) + In(Other) + In(PoundsWeaned)

The overall fit of the model is acceptable, with an adjusted R? value of 0.9648 and
a highly significant F statistic. The parameter estimate (Beta Value) for price of grazing
{GRAZING PRICE) is statistically significant at the P>0.0001 level, The parameter
estimate of 0.141127 indicates that as the price of grazing increases by 1% on a per acre
basts, the total cost structure of Texas producers increases by approximately 0.14%. The
parameter estimate for price of feed (FEED PRICE) is statistically significant at the
P0.0229 level. The parameter estimate of 0.054687 indicates that as the price of raised
and purchased feed increases by 1% on a per pound basis, the total cost structure of
Texas producers increases by approximately 0.055%,

Using the parameter estimate for FEED PRICE as an illustration, the reported
increase in average hay prices from $56 per ton to $83 dollars per ton from September
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1997 to Beptember 1998 (Texas Agricultural Statistics Service) would result in a 2.6%
increase in total costs for Texas producers, Evaluated at the sample mean of the data
uttlized in this study, it would then be expected that the average firm’s total economic
cost of production per hundredweight. would increase by $8.89 as a result of this change
in the level of feed prices.

Conclusions and Need for Further Research

The objectives of this paper were to report selected summary cost of production data
gathered in Texas using the NCBA-IRM-SPA guidelines and to utilize these data to
estimate a cost function for the Texas cow-calf industry. Results indicate that the economic
cost of production for the cow-calf industry averaged $102.59 per cwt. over the 1992«
1998 time period. Given this cost level, it can be concluded that calf prices that are
available in the spring of 1999 are not yet at levels high enough to encourage herd
expansion. Average profitability as measured by return on assets at market value was
1.3%, reinforcing the hypothesis that cow-call’ producers in Texas are engaged in an
enterprise that underperforms relative to many alternative investments.

Estimation of a cost function for the Texas cow-calf industry provided reasonable
results, These results should aid policy makers in assessing the impact of changing grazing
and feed prices on the cost structure of Texas cow-calf producers. It was found that a
1% increase in the per acre price of grazing results in a 0.141% increase in total cost for
Texas cow-calf producers. In addition, the analysis found that a 1% increase in the per
pound price of raised and purchased feed results in an expected 0.055% increase in total
cost for Texas cow-calf producers,

Further research is warranted to examine regional differences in cost of cow-calf
production within Texas. Increased sample size should allow the data to be partitioned
by geographic regions that are more and less dependent on raised and purchased feed in
cow-calf production leading to regional parameter estimates that would be of use to both
policy makers and producers.
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ABSTRACT

Weeping lovegrass (Eragrostis curvula) has been established on over one million scres
of Conservation Reserve Program (CRP) lands in the Southern High Plains of Texas.
Weeping lovegrass has been sugpested to have minimal value as wildlife habitat, but Jittle
research is available to support this claim. We conducted nest searches during June and
July 1996 and June 1997 to determine nesting activity in burned and nop-burned weeping
lovegrass CRP. Ten nests of three different species were located, nine in non-burned areas
and one in burned areas. Although few nests were located, this study documents use of
weeping lovegrass as nesting habitat by Cassin’s sparrow, a species declining throughout its
range, during drought. Prescribed burning did not improve weeping lovegrass for nesting
habitat for at least one vear after burning due to reduced cover.

KEYWORDS: dimophila cassinii, Conservation Reserve Program, fire, prescribed
burning

Populations of many grassland nesting birds have recently declined and habitat loss
has been considered the major cause (Johnson and Schwartz, 1993; Peterjohn et al,, 1995),
The CRP was initiated in the 1985 Food Security Act to protect highly erodible lands,
reduce crop surpluses, improve water quality, and enhance wildlife habitat (Bartlett,
1988). Land seeded to nativ sin CRP benefitted grassland nesting birds by providing
suitable nesting and brood-rearing habitat (Berthelsen and Smith, 1995; Johnson and
Schwartz, 1993), In addition to native grasses and other exotics, more than one million
acres of weeping lovegrass were seeded during CRP on the Southern High Plains of
Texas. Although weeping lovegrass is considered poor wildlife habitat, little research has
been conducted to determine its value as wildlife habitat, Prescribed burning is commonly
applied to weeping lovegrass to improve hivestock production (Dahl and Cotter, 1984).
However, avian nesting activity in weeping lovegrass and the impacts of prescribed burning
on nesting activity 1s unclear. Our objective was to describe avian nesting activity
burned and non-burned weeping lovegrass CRP in the Southern High Plains of Texas.

Support provided by the Texas Rangeland Improverment Special Line Item and the Dr. Leon
Bromberg Charitable Trust Fund, Contribution T-9-789 of the College of Agricultural Sciences and
Natural Resources and Fire Ecology Center Technical Paper 4, Texas Tech University. *Correspond-
ing author.
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Table 1. Mumber of nests located in non-burned and burned weeping lovegrass

area is in parentheses.

Mests Located

Sampling Date  Cassin’s sparrow  Mourning dove Total
number
4 June 1996 3 1 0 4
25 June 1996 3 0 (hH 4
31 July 1996 o 0 0 0
26 June 1997 1 ] 0 2
METHODS
This study was conducted in 1996 and 1997 i central Lynn County, TX. Average

annual precipitation is 20 inches, with most precipitation occurring in April, May, Seplem-
ber, and October (NOAA, 1996). Annual precipitation in 1996 prior to burning was 577
below the long-term average. After burning, rainfall was 33% below the long-term average
for April, May, and June. Precipitation in 1997 was 94% above average from 1 January
to 1 June (NOAA, 1997).

The 360 acres of CRP were seeded to weeping lovegrass in 1989, and was divided
into 12, 21 acre plots. Six randomly selected plots were burned independently in April
1996 and six non-burned plots were evaluated as controls. During burning, maximum
air temperature was 73°F, minimum relative humidity was 26%, average wind speed was
10 mph, and average fine fuel load was 6050 Ib/acre. Nesting cover in each plot was
characterized by vertical structure, which was measured to the nearest 2-in segment at
25 points within each area using a Robel pole (Robel et al., 1970). Sighting distance to
the Robel pole was 13 ft and measurements were read from 3.3 ft above the soil surface.
Vertical structure was measured before burning in April 1996, immediately after burning,
3 months after burning (July 1996), and 15 months after burning (July 1997).

Mest searches were conducted on 4 June, 25 June, and 31 July 1996, and 26 June
1997 using a modified flushing rope (Labisky, 1957} and cable-chain device (Higgins et
al., 1969), Ralph et al. (1993) indicated this technique is an effective method for estimating
nest density in open grassland habitats. The 250 ft rope, with five 2.5 ft lengths of 3/8
in diameter chain attached, was stretched to an effective sampling length of 200 ft between
two vehicles. Three spotters walked behind the rope to determine flushing locations of
birds, and nests were found by systematically surveying {lushing locations. The rope was

-agged through the central 10 acres of the plot to avoid potential bias of edges. Nesting
species were identified by plumage, song, identification of eggs at the nest, and visual
observation of the nests during incubation. Sampling areas on 25 June 1996 and 26 June
1997 provided a comparison for nest densities in 1996 and 1997 In 1997, 5 acres were
sampled per plot.

RESULTS AND DISCUSSION
Ten nests of three species, Cassin's sparrow (Aimophila cassinii), mourning dove
{ Zenaida macrowray, and common nighthawk (Chordeiles minor), were located in the study
area on four sampling dates (Table 1), All nests were located in non-burned areas, except
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Table 2. Vertical structure (in) of non-burned and burned weeping lovegrass
CRP prior to burning (April 1996 Pre fire), immediately after burning
(April 1996 Post fire), 3 months after burning (July 1996), and 15
months after burning (July 1997),

Sampling Periods

April 1996 April 1996 July 1996 July 1997
Sampling Area (Pre fire) (Post fire)
inches
Non-burned 8.3 & 08 83 + 0.8 83+ 08 126 = 0.4
HBurned 8.3 + 0.8 04 + 0.1 24 = 04 9.1 + 04

for the common nighthawk on 25 June 1996. Nesting cover, as estimated by vertical
structure, was lower on burned areas than on non-burned areas for all post-burn sample
periods (Table 2}. In 1996, non-burned areas averaged 2.5 times more vertical structure
than burned areas, which likely explains the preference for nesting in non-burned rather
than burned areas. However, vertical structure on burned areas 15 months after burning
was similar to non-burned areas at the initiation of the study.

Conservation Reserve Program grasslands seeded to native grasses have benefitted
many grassland nesting bird species (Berthelsen and Smith, 1995; Johnson and Schwartz,
1993). In the Southern High Plains, CRP seeded to native grasses had Cassin’s sparrow
nest densities of at least 3 nests/acre {Berthelsen and Smith, 1995). In contrast, weeping
lovegrass CRP in our study had one Cassin's sparrow nest to every 60 acres, which was
consistent during a drought year as well as a wet vear. Several species such as the
grasshopper sparrow {(Ammodramus savannarum) and western meadowlark (Sturnella
neglectay that commonly nest sympatrically with Cassin’s sparrow in native grass stands,
in roadside ditches (Bock and Scharf, 1994), and in CRP seeded to native grasses (Ber-
thelsen and Smith, 1995}, were absent in CRP seeded to weeping lovegrass. However,
this CRP grassland was bordered by cotton {Gossypium hirsutum) on three sides, which

o

provided minimal nesting habitat for grassland birds. Aside from about 700 acres of

adjacent CRP, the nearest perennial grassland was more than 3 miles away, which may
help explain the low nest density. Although few nests were found, this study documents
use of weeping lovegrass as avian nesting habitat during a drought, and Cassin’s sparrow
nesting in late June, later than is reported for this species in the Southern High Plains.
Additionally, Cassin’s sparrow males used marestail (Conyza canadensis) and sunflowers
{(Helianthus spp.) for perching following breeding display flights in the open grassland
habitat since no woody plants were avai

Management practices such as prescribed burning do not apparently improve weeping
lovegrass for avian nesting habitat in the short term, either because insufficient thermal
cover remains or inadequate vertical structure is present after a fire. The lack of adequate
vertical structure on burned areas, or the close proximity of non-burned areas with greater
vertical structure apparently deterred nesting for at least two nesting seasons after burning,
Managers considering seeding perennial grasses in this area should evaluate species other
than weeping lovegrass if providing habitat for grassland nesting birds is a management
goal. However, in many situations, weeping lovegrass is the best multiple-use choice for
soil conservation, forage production, and livestock production on sandy soils in the
Southern High Plains. Additionally, fire in semi-arid enviromments should be applied in
a mosaic array to provide nesting habitat in nearby non-burned areas. Land managers
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should recognize the potential impacts of burning to grassland bird nesting habitat in
non-native semi-arid grasstands for at least two nesting seasons following burning.
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W. James Grichar,

David €, Sestak
Research Scientist and Technician, Texas Agricultural Experiment Station, Box 7535,
Yoakum, TX 77995

Paul R. MNester
Researcher, American Cyanamid Co., The Woodlands, TX 77381

ABSTRACT

The effect of imazapic and imazethapyr on crops that may be rotated with peanut were
studied in the field at three south Texas locations, Corn, cotton, grain sorghum, watermelon,
potato, and sesame were planted the vear following imazapic and imazethapyr POST applica-
tion to peanut. Plant dry matter weights indicated cotton was most sensitive to a rotational
program with imazapic e peanut. Dry matter weights with other crops were variable.

KEYWORDS: groundnut, Cadre, Pursuit

ethyl-3-pyridinecarboxylic acid) and tmazapic (2-[4, 5-dihydro-4-methyl-4-(1-methylethyl)-
S-oxo-1 H-tmidazol-2-y1}-5-methyl-3-pyrindinecarboxylic acid] are two imidazelinone her-
bicides cleared for use in peanut (Arachis hyvpogaea 1.). Imazethapyr may be applied
preplant incorporated (PPI), preemergence (PRE), ground cracking (GC), or postemer-
gence (POSTY for effective weed control (Wilcut et al., 1995). Imazethapyr applied PPI
or PRE controls many troublesome weeds such as coffee senna {Cassia occidentalis 1.},
common lambsquarters (Chenopodium album 1..), morningglory species (Ipomoea spp.),
pigweed species {(Amaranthus spp.) including Palmer amaranth (Amaranthus palmeri 5.
Wats.), prickly sida (Sida spinosa L.), purple and yellow nutsedge Cyperus rotundus 1.
and C. esculenus L., respectively), spurred anoda (Anoda cristata (L) Schlecht.), and
wild poinsettia (Euphorbia heterophylio 1) (Cole et al., 1989; Wilcut et al., 1991 ab;
Civichar et al., 1992; York et al, 1995).

Imazethapyr applied POST provides the broadest spectrum and most consistent
control when applied within 10 days of weed emergence (Wilout et al,, 1991a, 1994a,b).
Imazethapyr and imazapic are the only POST herbicides to control both vellow and
purple nutsedge (Grichar et al, 1992; Richburg et al., 1993), Control is most effective
when imarzethapyr 1s applied to the soil or yellow nutsedge that is no more than 2 10 4
in tall (Richburg et al., 1993; Wilcut et al., 1994c; Wilcut et al., 1995}

Imazapic was cleared for use in peanut in the spring of 1996, It has shown owtstanding
activity on a number of weed species (Nester and Grichar, 1993; Grichar et al,, 1994;
Wilgut et al., 1993b, 1994b, 1995), Imazapic is similar to imazethapyr and controls all
the weeds controlled by imazethapyr. In addition, imazapic controls two extremely con-
mon and troublesome weeds, Florida beggarweed (Desmodium tortuosum (8W ) D.C ) and
sicklepod (Senna obrusifolia (L) Irwin & Barneby), which are not adequately controlled by
imazethapyr. Whereas imazethapyr provides consistent control of many broadleaf and
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sedge species if applied within 10 days after emergence, imazapic has a longer time period
for effectiveness of POST applications (Wileut et al., 1993, 1995; Richburg et al., 1994,
1996). Imazapic also is effective for control of rhizome and wmdhngmhnmngm&s{‘wr whiomn
halepense (1.} Pers.y, Texas panicum { Panicum texanwm Buckl), large uabg&mss (Digitaria
sanguinalis (L) Scop. mmmm:& H’dbﬂhm% {(Digitaria ciliaris (RLU WK oel), and broadleaf
signalgrass ( Brachiaria p!ump;’nﬁa (Griseb Y Mash) (Wilcut et al., 1993).

Both fmazethapyr and imazapic persist in soil and can damaw rotational crops.
Monks and Banks (1991) observed slight corn (Zea mays L.) injury and severe cotton
sypivn hirsutwm 1) ingury from imazaquin {another imidazolinone herbicide) applied
w omax (L.} Mert.) the previous vear. Renner et al. (1988) observed
significant corn injury from imazaquin apphied the previous vear in one of two years. WNo
imazaquin injury to rice was observed in sovbean-rice rotational studies by Helms et al.
{1989). Imazethapyr has been observed to injury corn slightly (Mills and Witt, 1989).
Johnson et al. (1992) reported slight but significant injury to rice (Oryza sativa L.) from
imazethapyr applied the previous vear to sovbean. Rotational crops such as sugarbeet
(Bera vulgoris L.}, canola { Brassica napus L.}, cauliflower (Brassica oleracea L), broceoli
{(Brassica oleracea 1.3, and lettuce {Lactuca sativa L) can also be damaged when planted
following imazﬂham’r application (Fellows et al., 1990; Miller and Alley, 1987; Tickes
and Umeda, 1991).

The persistence of imidazolinones in soil is influenced by degree of adsorption fo
soil, soil moisture content, temperature, and amount of exposure to sunlight (Allen and
Casely, 1987, Malik et al., 1988; Manges, 1991). The degree of absorption to soil increases
as organic matter content increases and pH decreases (Che et al,, 1992; Loux et al,, 1989).
As the primary mode of decomposition is by microbial degradation, dmxpamm is most
rapid in soils with temperatures and moisture contents that favor microbial activity (Goetz
et al., 1990; Loux and Reese, 1992). I’hmcxd@wmpossiti(m accounts for a small amount
of mmidazolinone degradation when the herbicide is on the soil surface but rainfall or
incorporation remove the herbicide from exposure to light (Curran et al, 1992; Goetz et
al., 1990,

Above pH 4.0 the carboxyl groups on imazethapyr dissociate, and adsorption of the

resulting herbicide apion is maghgsh e {(Mangels, 1991). However, in the presence of clay
at pH 5.0, fluorescence emission spectra indicate imazethapyr is adsorbed in the neutral
form {Che et al., 1992). At pH 8.0, only the ionized form was observed even in the
presence of clay. Increased adsorption and persistence were observed as soil pH dropped
from 6.5 to 4.5 (Loux and Reese, 1992). Injury to crops seeded following imidazolinone
herbicide use also increased as soil pH decreased from 7.7 to 6.0 (Fellows et al., 1990},
indicating that increased adsorption, at pH 6.0, did not protect crops from zzrzmcxmhrxmw
herbicide residues.

Most of peanut soils of south Texas have a pH of 6.5 to 7.5 and organic matter
contents of = 1,5%. Therefore, in south Texas soils, imidazolinone herbicides are readily
available for microbial degradation. Since these soils are low in organic matter and pH
is near neutral, little of the midazolinone herbicide should be absorbed on soil particles.
Crops with low tolerance to the imidazelinone herbicides such as potatoes (Solanum
fubersim L.y and cotton are grown in rotation with peanut in many areas where imazetha-
pyr or imazapic are used.

Few studies could be found describing the effects of imazapic soil residues to rotational
crops. Wixson and Shaw (1992) planted corn, grain sorghum [Sorghum bicolor (L.}
Moench], cotion, rice, wheat (Triticum aestivum 1., and Htalian ryegrass (Lolium multi-
forum Lam.) directly into treated soil in the field after imazapic was incorporated.
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Table 1. Schedule of events for rotational studies at each location.

Event

Location

Pearsall

Youkum

Waller

Pendimethalin applied
Peanut planted
Variety
Imazethapyr/imazapic
applied

Peanut dug

Corn planted

Melons planted
Cotton planted

Milo planted

Sesamne planted
Potatoes planted
Corn harvested
Cotton harvested
Melons harvested
Milo harvested
Sesame harvested
Potatoes harvested
Soil type

%% Organic matter
pH

April 19, 1995
April 19, 1995
GK-7

May 9, 1995

Sept 17, 1995
Feb 19, 1996
April 18, 1996
April 18, 1996
March 26,
1996

April 18, 1996
Feb 19, 1996
April 18, 1996

May 23, 1996

May 18, 1996
Duval loamy
fine sand

< 1%

7.1

June 20, 1995
June 20, 1995
GER-T

July 10, 1995

Oct 11, 1995
April 2, 1996
April 22, 1996
April 22, 1996
April 2, 1996

April 22, 1996
April 2, 1996
May 21, 1996
June 14, 1996
June 14, 1996
May 21, 1996
June 14, 1996
Tremona
loamy

fine sand

< 1%

6.4

June 15, 1995
June 16, 1995
Tamspan 90

July 20, 1995

Oct 18, 1995
April 2, 1996
April 22, 1996
April 22, 1996
April 2, 1996

April 22, 1996
April 2, 1996
May 24, 1996

May 24, 1996
May 24, 1996
Katy fine

sandy loam

< 1%

7.8

Imazapic rates of 0.055 /A did not reduce shoot weight or emergence of any of the
species, but 20% or less visual injury was observed for all crops 28 d after planting.
Grimes et al. (1995) felt that imazapic injury to rice grown in rotation with soybean may
be reduced by implementing a later rice planting date. They felt the later date allowed
time for more herbicide degradation in the soil. Herbicide metabolism by the rice plant
may also be greater at the later planting date due to warmer temperatures (Grimes et
al, 19953,

MATERIALS AND METHODS

In 1995 and 1996, studies were conducted at three locations in South Texas to
determine the effect of imazethapyr or imazapic applied POST on peanut (Arachis hypo-
gaea 1..) to crops planted the following year. These studies were conducted near Pearsall
in Frio County, near Yoakum in Lavaca County, and near Waller in Waller County.
These locations represent three different average rainfall amounts. The average annual
rainfall for Waller County is approximately 45 in while the Frio County average is
approximately 28 in. The average for Lavaca County is intermediate at 38 in.

A schedule of operations and specifics about the test area are included in Table 1.
Land preparation procedures followed those commonly practiced by so uth Texas peanut
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producers. This includes discing the area, flatbreaking, and then bedding the soil, prior
to application of a herbicide. Prior to planting of peanuts, pendimethalin [N-(1-ethylpro-
pyl}-3.4-dimethyl-2,6-dinitrobenzenamine] at 1.0 Ib/A was applied and incorporated 2 in
deep with tractor-driven power tiller to control Texas panicum (Panicum texanum 1.),
Palmer amaranth (dmaranthus pabmari 8. Wats.), and southern crabgrass [ Digitaria ciliaris
(Retz.) Koel].

The soil type at Pearsall was a Duval loamy fine sand (fine-loamy, mixed, hyperther-
mic Aridic Haplustalfs), at Yoakum the soil was a Tremona loamy fine sand (thermic Aquic
Arenic Palenstalfs), and at Waller the soil was a Katy fine sandy loam (Udalf Paleudalf).

Peanuts were planted immediately after the incorporation of pendimethalin. ‘GK-7
variety was planted at Pearsall and Yoakum while “Tamspan 90° was planted at Waller.
Seeding rate for “GK-7" was 90 Ib/A while for ‘Tamspan 90’ the seeding rates was 70 Ib/A.

Plot size at each location was 8 rows spaced 36 in apart and 100 ft long. The larger
plot size was to prevent herbicide contamination in adjacent plots by any soil movement
with various farm implements. The follow crops were planted parallel in these plots in
the middle 4 rows in a 33 {t length. All harvest data were taken from these 4 rows. The
experimental design for all studies was a randomized complete block with four replications.
Supplemental trrigation was applied as needed to peanut and any follow crop.

POST treatments were applied 20 days after planting (DAP) at Pearsall and Yoakum
and 35 DAP at Waller. Treatments included an untreated check, imazethapyr applied at
0.063 IW/A, and imazapic applied at 0.035, 0.063, and 0.13 Ib/A. A nonionic surfactant’,
at a rate of 0.25% vfv, was added to each treatment. Treatments were applied in water
at 20 gal/A at 26 pst with a compressed-air bicycle sprayer.

Peanuts were harvested in the fall and the test area was allowed to lay fallow until
the following spring when follow crops were planted. However, at the Pearsall location,
the producer disked the test arca twice in December prior to leaving fallow until the
spring. Prior to planting of follow crops the land was prepared with a disk and field
cultivator operated at a 2.5 in depth,

Corn “Yellow Dent’, cotton ‘DP-50°, melons ‘Black Diamond’, milo ‘DE-54, sesame
*5-17", and potatoes ‘Red La Soya” were planted parallel to the previous vear’s treatment.
Corn, cotton, milo, and sesame were planted with the appropriate seed drill while melons
and potatoes were seeded by hand. Melons were planted 36 in apart while potatoes were
planted 12 in apart.

Each crop was harvested by cutting the stem at the ground line and green matter
was forced air dried at 160°F for 96 h. The follow crops were not carried to yield because
of problems with water management on a small scale throughout the growing season and
also the authors felt that the initial growth would show any carryover effects with the
imidazolinone herbicides. Also only limited space was available at each location to observe
the numerous follow crops effects and weeds would become a problem in follow crops
if the different crops were allowed to grow to maturity.

Corn was harvested 58 DAP at Pearsall, 49 DAP at Yoakum, and 52 DAP at Waller.
Cotton was harvested 53 DAP at Yoakum, but was not harvested at Pearsall because of
high number of Palmer amaranth which emerged about the same time as cotton and
prevented any cotton growth or at Waller because of poor soil moisture after planting

'Abbreviations: DAP, days after planting.

K-TT Valent USA Corp., 1333 N. California Blvd., Walnut Creek, CA 94596-8025. Nonionic
surfactant with 80% principal functioning agents as: alklarylpolyoxy ethylene glyeols, free fatty
acids, and isopropanol.
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Table 2. Biomass yields of crops seeded one year after imazapic and imazethapyr
at Pearsall,

Follow crop

Herbicide Rate Corn Potatoes Grain sorghum
th at/A g/t
Check - 63 76 242
Imazapic 0.063 65 64 227
Imiazapic 0.032 55 68 255
Imazapic 0.063 64 86 206
Imazapic 0.124 55 60 248
LSD (0.05) ™E NB NS
which resulted in sporadic plant stands. Melons were harvested 53 DAP at Yoakum and

33 DAP at Waller. Melons were not harvested at Pearsall because of difficulty in obtaining
plant stands due to Palmer amaranth (dmaranthus palmeri) competition. Grain sorghum
was harvested 58 DAP at Pearsall, 49 DAP at Yoakum, and 52 DAP at Waller. Sesame
was not harvested at Pearsall or Waller because of difficulty in obtaining plant stands,
Potatoes were harvested 88 DAP at Pearsall and 52 DAP at Waller. Potatoes were not
harvested at Yoakum because of blowing sands which resulted in poor potato growth,
The spring of 1996 was not only dry but will be remembered as having above normal
winds which moved soil in some argas.

Dy weight vield data from each crop were analyzed separately for each site. Variation

due to differences of environmental conditions at each site prevented the combining of

data. Differences between herbicide treatments and the untreated check were separated
using Fisher’s Protected LD Test at the 0.05 level of significance.

RESULTS AND DISCUSSION

Pearsall Location

Corn, potatoes, and grain sorghum vegetative growth yields were not reduced with
either imazapic or imazethapyr, although there were trends toward reduced potato growth
with the 0.13 Ib/A (2X) rate of imazapic (Table 2). Mayer and Esau (1996) reported, in
southern Alberta, potato vields from imazethapyr treated plots were significantly reduced
by imazethapyr. They also noted that potato tubers in imazethapyr treated plots had
many growth cracks that reduced marketable vields. Two vears after application, imazeth-
apyr did not reduce potato yields (Mayer and Esau, 1996). Southern Alberta, in contrast
to south Texas, have short summers, mean temperatures above 50°F for only May to
September and a mean annual rainfall of 10.7 in (Grace and Hobbs 1986) which limit
microbial decomposition.

Imazapic also did not affect dry weight of corn or grain sorghum. In contrast other
research bas found imazaquin {2-[4,5-dihydro-4-methyl-4-(1-methylethyD-5-0x0-1 H-imi-
dazol-2-71}-3-guinolinecarboxylic acid} and imazethapyr residues injured corn (Renner
et al 1988a, 1988b). However, Wixson and Shaw (1992) reported in studies in Mississippi
that visual injury (striped leaves, shortening of internodia, and reduction in plant height)
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Table 3. Biomass yields of crops seeded one year after imazapic and imazethapyr
at Waller,

Follow crop

Herbicide Rate Corn Grain sorghum Potato Melons
th a’A g/t
Cheek 405 332 104 46
Imazethapyr 0.063 486 432 157 67
Imazapic 0.032 352 462 141 34
Imazapic 0.063 415 408 172 24
Imazapic 0.124 328 328 108 28
LED (0.0%) MNE NS NS NS

symptoms were observed on corn and grain sorghum with imazapic but was not reflected
i a reduction of biomass.

Waller Location

Although not significant, corn and melons exhibited trends toward reduced growth
following imazapic (Table 3). Imazapic at 0.063 Ib/A treated plots produced corn dry
weight yields comparable with the untreated check while increasing the rate of imazapic
reduced melon growth. Renner et al. (1988a, 1988b) found that corn was injured by both
imazaquin and imazethapyr at 10.5g ai/A. Imazapic controls burgherkin (Cucumis anguria
L.) and citronmellon [Citrullus lanatus var. citroides (Bailey) Mansf.] (authors personal
observation). Since melon is a close relative of these two weed species it is not surprising
that some reduced growth was noted following imazapic application.

Grain sorghum and potato dry weights were not affected by imazapic (Table 3).
This grain sc a agrees with results from Mississippi (Wixson and Shaw 1992).
Similarly, imazaquin at rates of up to 227g/A did not reduce emergence of grain sorghum
(Basham et al. 1987). However, as the rate of imazapic increased grain sorghum njury
increased (Wixson and Shaw 1992).

Yoakwm Location

Corn, grain sorghum, melon, and sesame plant dry weights were not affected by
imazapic. However, there were trends to reduced plant growth when corn or grain sorghum
following imazapic applications to peanut (Table 4.) Sesame emergence and growth have
been affected by imazapic and imazethapyr application on a heavier soil type with higher
organic matter (authors personal observation). Loux et al (1989) observed low herbicide
dissipation rates of imazaquin, imazethapyr, and clomazone {2-{(2-chlorophenl)-methyl]-
4, 4-dirnethyl-3-isoxazolidinone} in a soil with high organic matter. Miller and Allen (1987
noted that alfalfa (Medicago sariva 1), pinto bean (Phaseolus vulgaris L.), corn, and
sunflower (Helianthus annus 1.y were not injured and stands were not reduced when these
crops were planted into areas which had been treated the previous fall with imazapic.

Cotton dry matter yields were significantly reduced with imazethapyr and imazapic.
York and Wilcut (1995) expressed a concern about imazethapyr and imazapic carryover
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Table 4. Biomass yields of crops seeded one year after imazameth and
imazethapyr at Yoakum,

Follow crop

Herbicide Rate Cotton Sesame Cormn Melons Gran sorghum
Ib ai/A g/ft?
Check 61 22 330 60 197
Imazethapvr  0.063 29 32 229 56 147
Imazapic 0.032 42 19 36 118 156
Imazapic 0.063 22 23 186 80 118
Imazapic 0.124 - 25 200 105 164
LD (0.05) 29 NS NS 37 NS

Table 5. Rainfall received from POST imidazolinone application until follow
crop harvest.

Location

Time? Pearsall Yoakum Waller

0D 3.0 3.4 3.5

60 D 2.2 5.1 5.4

90 D 1.1 4.3 4.2
120D 1.5 0.3 1.2
150 D 3.1 1.1 3.6
180 D 1.8 2.1 3.6
210D 2.8 0.2 0.2
240 D 0.8 2.1 1.8
270 D 0 0.7 0.4
300 D 0 2.7 2.2
330D 0.6 4.0 3.9
TOTAL 16.9 26.0 30.0

“Days after POST application of imazethapyr or imazapic.

to cotton following a peanut rotation. Wixson and Shaw (1992) noted that imazapic did
not reduce the emergence of cotton but did cause visual injury symptoms. They concluded
that cotton tolerated imazapic at up to 0.055 Ib/A in the field.

Since imazapic is used only as a POST herbicide it may be less phvtotoxic to rotational
crops. Imazaquin applied POST is much less phytotoxic to rotational crops than when
incorporated into the soil due to increased dissipation (Renner et al, 1988a).

The amount of rainfall and/or irrigation may have influenced persistence of imazapic
in the soil. Microbial degradation of these herbicides tends to increase as soil moisture
mereases (Goetz et al. 1990). However, at each of the three locations, rainfall following
imidazolinone application was approximately 40% below the vearly average (Table 5).

Warm temperatures {Table 6) in the south Texas arca may have plaved a role in
lack of rotational crop injury. Cooler temperatures have been shown to decrease the
metabolism rate (two-fold decrease per 41°F temperature decrease) of imazethapyr applied
POST to soybean (Malefyte and Quakenbush 1991). Grimes et al (1995) noted in a study
with rice (Oryza sativa L.) following imazapic in soybeans that earlier planted rice showed
more injury from imazapic than the later planting. They concluded that rice emergence
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Table 6. Average monthly air temperatures at Waller, Yoakum, Pearsall
following imidazolinone POST applications.

Location

Time Yoakum Waller Pearsall °F

0D 79 81 82

60 D 84 85 86
90 83 85 86
120 T 80 82 21
150 D 71 70 73
18O D 62 61 61
210D 56 57 54
240 D 52 52 53
270D 57 59 58
300 D 56 58 58
330D 69 69 70

was slower under cooler temperatures which resulted in more emerging plant exXposure
to the herhbicide in the soil.

These studies indicate that cotton was the most sensitive crop to the use of i anazapic
in a peanut rotation program. This agrees with work in Virginia-Carolina are (York and
Wileut, 1995). However, Wixson and Shaw (1992) in Mississippi reported cotton tolerated
imazapic up to 0.055 Ib/A. Corn, melon, and potato sensitivity to imazapic varied from
location to location. In central and west Texas when temperatures are cooler, the use of
imazapic in peanuts may create more of a problem with rotation due to reduced microbial
breakdown of the herbicide.
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Using Cattle to Disperse Seeds for Winter Forage Plants

F, Wade Armke
Cody B. Scott
Department of Agriculture, Angelo State University, San Angelo, Texas

ABSTRACT

The effectiveness of using cattle (o disperse cool-season plant seeds was assessed in 4
trials. fn Trial 1, 4 steers were fitted with fotal fecal collection bags and fed seeds from 6
different cool season forage species to determine seed recovery rate. The 6 species used were
Winois bundleflower (Desmamtbus illinoensis (Michx.) MacM.), hairy veteh (Vica villosa
Roth.), perenndal vyegrass (Lolium perenne 1..), western wheatgrass (Elytrigia smithii (Rydb.)
Wevski), Maximilian suoflower (Helianthus maximiliani Shrade.), and Engelmann daisy

of Minois bundleflower seeds recovered to po seeds of western wheatgrass recovered. In
Trial 2, in situ and in vitro digestion techuiques were used fo assess seed weight loss to
digestion. Hairy vetch and Engelmann daisy both lost more than 16% of their weight while
all other seeds lost &% or less of their weight during rumen incubation. During in vitro
digestion, hairy vetch and Engelmann daisy lost 29% and 15% of their weight, respectively.
Trial 3 assessed the affect of digestion on germination of surviving seeds, Seeds were collected
from feces and placed in petri dishes along with nonfed seeds to compare germination before
and after ingestion. Passing through the digestive tract of cattle reduced germination of all
species except Winois bundleflower. In Trial 4, seedling emergence and establishment were
compared among seeds deposited in dung pats and seeds planted using traditional agronoemic
techniques. Perennial ryegrass established in dung pats, while others did not. Collectively,
these results indicate that perennial ryegrass and IMinois bundleflower may be suitable
candidates for fecal seeding while others are not because they are unable to pass through
the ruminant digestive system and germinate.

KEY WORDS: fecal, cool-season, improvements, seeding, digestion, germination

INTRODUCTION

Seeding of rangelands has become widely used for improvement of range sites since
its emergence as a technology about 100 years ago (Call and Roundy, 1991). In the semiarid
southwest, these efforts often are aimed at increasing warm-season grass production,
but cool-season forages are also an important component of productive rangelands in
the southwest.

Successful reseeding efforts are difficult because revegetation processes in the semiarnid
southwest are regulated by episodic environmental conditions rather than average condi-
tions (Call and Roundy, 1991). Seedling germination, establishment, and persistence occur
during infrequent vears of well above-average precipitation (Westoby, 1980). Traditional
seeding methods often fail to overcome environmental and climatic factors that limit

Research reported herein was funded by the Management, Instruction and Research Center, Angelo
State University, San Angelo, Texas,
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o and can be very expensive (Valentine, 1989). Seedling recruitment will
its for seed germination and seedling establishment are not met by the
1977, Harper, 1977, Winkel et al,, 1991). Thus, seedling establishment
is often %&m mw?& m the mam%mr of seeds that are d@fwz@md in favorable microsites rather
than the total number of seeds dispersed (Harper et al., 1965; Young, 1988).

The rumber of favorable microsites may be increased by using livestock to disserinate
in feces (Akbar et al, 1995), Seeds delivered in dungpats should benefit from the
ézigb organic matter, high moisture content, short-term avoidance of grazing,
erm reduction of competition with pre-existing vegetation. For instance al

w%mhgr ss (Panicum virgatwm 1) was advantageous over the traditional
k:an‘*{www%”z et ;‘z% Eiﬁ”ﬁ' ﬁ;‘}n ’i;:r“, wwda: d plots, SWEK}W;& 86 recruitment
‘ si-seeded plots,
; ; 2 plants. Several other species
eds survive m: s;.?*&gw%;iw system wé' im:mm {H‘Mmmﬂ and Keim, 1934; Dore and
Raymond, 194 urton and Andrews sJdanzen, 1981), and a large portion of seeds
may remain viable (Heady, 1954; Lebrer and Tisdale, 1956; Peinetti et al., 1993; Wallander
et al., 1995),
Using cattle to disseminat o7 ‘smmm hm‘ ﬂw a;
vely to establish cool-
es of trials to as

MATERIAL AND METHODS

Animals and Feeding

In Trials 1, 3, and 4, we used 4 crossbred steers weighing approximately 200 kg
Steers were kept at the Angelo Btate University (ASU) Management, hmwm&mu and
Fesearch (MIR) ,mm rand housed m 3 m x 6 m pens. Steers were iui a basal ration
(1.5% BW) (Table 1) and Sudan hay to meet maintenance requirements (MRC 1984).
Water was ];w"z:wiciit;‘.d ex,d Hbitum. i’ﬁ Trial 2, we relied on a ruminally cannulated steer for
an f;w mw digestion trial and for rumen fluid collection for a two-stage in vitro digestion
v owas fed the same ‘é) sal ration (1.5% BW) &nd Sudan bay for 21 days

?;’BH{W‘ m Trial 2

Trial 1: Seed Recovery

To assess seed recovery rates from different cool season forage species, 4 steers were
fitted with fecal collection bags. Seeds were intermixed with the basal ration and fed to
the steers, & from 6 different plant species were fed on separate occasions to individual
steers (n=4), with each seed fed to all steers once and feces collected unti! no seeds were
found in samples. Two grasses were used along with 2 legumes and 2 composites, All
selected plant species were cool-season plants, palatable forages, and adapted for survival
in the semi-and southwestern 118, These included western wheatgrass (Elvirigia smithii
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Table 1. Ingredients and nutrient content of ration fed to steers to meet
maintenance requirements.

Ingredient Percent (%) in Diet
Alfalfa, 17% dehy 25.0
Corn 48.8
Cottonseed meal 8.8
Gin Trash 15.0
Beef Premix’ 2.5

Nutrient
Crude Protein 14.5
Digestible Energy 2.8
Crude Fiber 13.2
Total Digestible Nutrients (TIYN) 62.5

! Beef premix included Lasalocid (1158 g/907kg), 22.8% Ca, 22.8% Salt, 1.4% Mg, .21% Zn, 1%
Mn, 3.9 ppm Be, and 18,182 TU/Kg Vitamin A.

{Rydb.yNevski), and perenmial ryegrass (Lolium perenne L.), lllinois bundleflower {Des-
manthus illinoensts (Michx.) Mach.), hairy vetch (Vicia villosa Roth.), Engelmanndaisy
{Engelmannia pinnatifide Nutt.), and Maximillian sunflower (Helianthus Maximiliani
Shrade.). We fed 113 g of each seed to each steer because individual seed size and weight
varied among species. Beeds were fed at a given weight rather than a set number to
minimize the effect of feed-to-seed ratio on loss of seeds to mastication.

Each morning of the trial, each steer’s feces was collected, weighed, thoroughly mixed,
and a 200 g sample was collected. Feces were washed through a series of screens to
recover seeds. The number of seeds recovered and the weight of the fecal sample was
used to estimate the total number of seeds in the fecal collection for that day. After a
minimum collection period of 4 d, seed recovery was terminated when no seeds were
found in fecal samples. Each steer was monitored separately and the average percentage
seed recovery was estimated for each day and across all days.

Trial 2: Seed Digestion

In Situ Digestion

A ruminally cannulated steer was used to estimate seed weight loss from rumen
digestion. We assumed that seed weight loss would result from seed digestion or seed
damage from digestion which would reduce seed viability. Seeds were sealed in porous
nylon bags, weighed, and incubated in duplicate along with blanks in the rumen for 12
and 24 hours. Bags were extracted, thoroughly washed, dried at 105° C for 12 hrs, and
re-weighed to determine percent seed weight loss to rumen fermentation. Weight gained
by blanks was used as a correction factor when determining weight lost by seeds.

In Vitro Digestion
Fach species seed was exposed to a two-stage in vitro digestion technigue (Tilley and
Terry, 1963) to quantify seed weight loss to rumen and abomasal digestion. Rumen fluid
Texas Jownal of Agriculture and Natural Resources, Vol. 12, 1999
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was collected from a ruminally cannulated steer fed the same basal ration and Sudan
hay diet as in Trial 1. Samples in triplicate and blanks were incubated in rumen fluid for
48 hrs and a HCL-pepsin solution for 24 hrs. After incubation, residual material was
dried at 105° C for 12 hrs and re-weighed to determine the average weight loss of seeds.
Weight gained by blanks was used as a correction factor.

Trial 3;: Seed Germination

An estimate of the difference in germination of fed and nonfed seeds was made for
each species. Seeds from the fed treatment were obtained by washing dung through a
series of screens. Fed and nonfed seeds were placed on moist filter paper in petri dishes.
Eight replicate treatments were assigned to petri dishes completely at random. Treatments
were a factorial combination of species and fed or nonfed. Fach petri dish received 4
seeds. The dishes were placed under a bank of fluorescent and incandescent lights and
maintained at a temperature of 25° C. Lights were on for 12 hours (day), and off for 12
hours (night) each day. Moisture was added as needed. Seeds were monitored and seedlings
removed every 7 days for 21 days. On day 21, all remaining ungerminated seeds were
collected and percentage germination calculated. Engelmann daisy and western wheat grass
were excluded from this experiment because low recovery rates made collection of adequate
seed numbers impractical.

Trial 4: Seeding

A single site was selected for the seeding trial on a plowed field adjacent to the MIR
Center. Each seed was hand-seeded on 4 randomly assigned 0.5 m X 8§ m replicates with
100 seeds per replicate. Dung pats for cach species were randomly assigned to 3- 0.5 m
X 8 m replicates with 8 dung pats per replicate. Feces was collected 2 days after feeding
seeds to steers. All fecal material was combined and throughly mixed. Fecal material was
shaped by hand 30 cm-diameter dung pats. The number of seeds per dung pat was
estimated based on seedd recovery rate from Trial 1. Half of the hand-seeded and fecal-
seeded plots were watered weekly to promote establishment. A sprinkler was used to
simulate rainfall at the rate of approximately 3 cm per hour. When watering, the sprinkler
was moved periodically to adjust for wind and droplet patterns. The number of emerging
seedlings were marked and recorded every 7 days for 42 days.

Statistical Analysis

Differences in survival of seeds fed to steers was determined by analyzing data using
repeated measures analysis of variance because data was collected over several davs
(Hicks, 1993). Species of seed served as the main effect and steers served as replications.
In Trial 2, differences among species of seeds was compared using analysis of variance
for the in sine and in vitro digestion trials. Differences in germination among fed and
nonfed seeds and differences among species was assessed using repeated measures of
analysis of variance in Trial 3. The least significant difference (LSD) test was used to
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Table 2. Percentage (%) seed survival of 6 cool season forages fed to steers in a
mixed ration, Total fecal collections were used to recover seeds in dung.

Species Percent Seed Recovery
Engelmanndaisy 1.5
Maximilhian sunflower 29,1
hairy vetch 40.6°
Hhineis bundleflower R

nial ryegrass 3730
n wheatgrass (.00

“ihieans with different superseripts differ (P<0.05)

determine differences among means when P = 0.05 {Gomez and Gomez ,1984). Data

from Trial 4 was not analyzed because of limited emergence and establishment.

RESULTS

Trial 1: Seed Recovery

setive of this study was to determine the percents

The first obje re of seeds remaining
intact after passage through the digestive system of cattle. More (P<<0.05) IHinois bundle-
dned intact than the other species; 759

[

flower seeds re 75% of inois bundleflower seeds
were found whole in the feces (Table 2). Fewer hairy vetch, perennial ¢ s, and
Maximillian sunflower seeds were recovered than Hlinois bundleflower, while few seeds of
Engelmanndaisy were recovered, Mo western wheatgrass seeds were found in fecal samples.

Daily recovery rate of seeds differed (P<20.05) across the 4 days of fecal collection
{(Figure 1). More seeds were deposited o dung on day 2 than on days 1, 3, and 4. No
seeds were recovered after day 4.

Trial 2: Digestion of Seeds

Hairy vetch and Engelmanndaisy seeds showed significant (P<0.05) weight loss

during in sifu incubation (Table 3), Hlinois bundleflower, Maximillian sunflower, perennial

ryegrass, and western wheatgrass showed little weight loss to rumen digestion,
An in virro digestion trial was used to quantify the combined effect of rumen and
abomasal digestion. Hairy vetch lost more (P=00.05) weight during digestion than the

remaining species {(Table 4).

"

Trial 3: Beed Germination

success of fecal seeding depends on the germinability of seeds after
Imanndaisy and western wheatgrass were excluded from the germi-
nation test because of their low recovery after digestion. Germination was reduced
{(P=20.08) for all spe except Hinois bundleflower (Table §). Hairy vetch seeds did not
germinate after passage through the digestive tract of steers. Perennial ryegrass and

The potentia
fecal deposition. En
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Figure 1.
4 days a

The pe
ingest

reentage of seeds fed that was found whole in the feces each day for
on. Means were averaged across all steers. Western wheatgrass seeds

were not found in feces. Mo seeds were found after the fourth day after ingestion.

Table 3. Percentage (%) weight loss of seeds after 12 and 24 hours of i situ

digestion

Percent Weight Loss

Species 12-hour 24-hour
Engelmanndaisy 4.0 143
Maximilian sunflower 394 3.7
hairy vetch 13.30 9.
Hinois bundleffower 4,0 5.1
perennial ryeg 2.8
western whe 4,5
“* Means within columns with different superscripts differ (P=0.05)

Table 4. Percentage (%) weight loss of seeds during in vitro digestion.

165 Percent Weight Loss
selmanndaisy 15,30
mmilian sunflower 292
hairy vetch 18.0°
Hinots bundleflower 18.0
perennial ryegrass 14.0°
western wheatgrass 14.7%

“* Means within columns with different superscripts differ (P<(.05)
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Table 5. Percentage (%) germination for both fed and nonfed seeds.

Percent Germination

Species Fed Monfed Difference,
hairy veich 0.0 ‘ 720 S
Hinois bundleflower 27.8° 27,5 NS
Maximillian sunflower 15.0¢ 22.5° S
perennial ryegrass 75.00 97.5% S

" Means within columns with different superscripts differ (P<<0.05).
Differences (P<0.05) for before and after feeding seeds,

Table 6. Percentage (%) germination of seedlings emerging in Trial 4 from
dungpats and the broadcast treatment.

Species Percent Germination
Broadcast-seeded Fecal-seeded

perenmial ryegrass 30 3.7

hairy veteh 2.2 0.2

Maximillian sunflower showed some reduction in germination. More perennial ryegrass
seeds germinated than any other species used (Table 5},

Trial 4: Seeding

Perennial rvegrass was the first species to emerge in dungpats and in broadcast-
seeded plots. Weekly watering improved germination as 20 of the 22 perennial ryegrass
seedlings that emerged were from watered dungpats (Table 6). Maximillian sunflower
also emerged from dung pats. Hairy vetch and perennial ryegrass seedlings emerged in
both the watered and unwatered broadcast treatments, but only 1 hairy vetch seed emerged
from a dungpat.

DISCUSSION

Of the 6 cool season forage plants used w this study, Hinois bundleflower, perennial
ryegrass, and Maximillian sunflower mayv be successfully established by fecal seeding.
More seeds of perennial ryegrass germinated and established in dungpats, and it had the

highest germination both before and after passage through the digestive tract of cattle.
Only 1 seedling of Maximillian sunflower emerged from dungpats, but some seeds germi-

nated in the laboratory.

No Hlineis bundleflower emerged from dung pats. WNevertheless, more Hlinois bundle-
flower seeds remained intact after ingestion and defecation by cattle, and it had a high
germination rate in the laboratory after passage through cattle. Thus, data from Trials
I and 3 suggest that Hinois bundleflower may be another potential candidate for fecal
seeding,

Engelmann daisy, western wheatgrass, and hairy vetch are not viable choices for
fecal seeding. Engelmann daisy and western wheatgrass did not survive the digestive
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system of cattle; both had significant weight losses during in situ digestion, and hairy
vetch had significant weight losses during i vitro digestion.

The lack of germination of hairy vetch seeds recovered from feces in the laboratory
may have resulted from damage during the collection and washing of seeds, When placed
in petri dishes, hairy vetch seeds recovered from feces swelled and ruptured. By the end
of the 21 days of the experiment, all fecal-collected hairy vetch seeds had molded and
decayed. This supports the observation by Simao, Neto, and Jones (1987) that legume
seeds disintegrate more readily than grass seeds when damaged. In addition, only 1 hairy
vetch seedling emerged from dung while 9 seedlings emerged from the broadcast seedings.

During the planning of this study, 6 species were selected: 2 from the Fabaceae
family, 2 from the Asteraceae family, and 2 from the Poaeceae family. Theoretically,
species from the same family should be more likely to respond in a similar manner; species
in the same family typically have similar types of seeds. For instance, both IHlinois
bundleflower and hairy vetch have hard seed coats that are typical of seeds produced in
pods. However, 1 species will germinate after passage through the digestive tract, and
the other did not. Similarly, Engelmann daisy and Maximilian sunflower are from the
same family (Asteraceae), but responded differently to rumen digestion.

Perennial ryegrass and western wheatgrass also differed (P<<0.05) in recovery from
digestion. Survival of digestion and emergence of perennial ryegrass in dung pats could
be due to evolutionary adaptations to grazing animals. The “foliage is the fruit” hypothesis
suggests that some plants evolved with herbivores and are selected for traits that attract
herbivores and lead to ingestion and passing of seeds (Janzen, 1984). Under this hypothesis,
a plant would have increased reproductive success if its seeds were ingested and dispersed
by herbivores. Studies with buffalograss (Buchloe dactyloides) and blue grama (Bouteloua
gracilis), 2 species that evolved with bison herbivory, support this hypothesis (Quinn et
al., 1994; Wicklow et al., 1984; Ortmann et al., 1999). Furthermore, perennial ryegrass
is a short-lived perennial and should rely more on seed production and dispersal than
longer-lived perennial grasses like western wheatgrass which rely heavily on vegetative
reproduction (Booth and Haferkamp, 1995).

Passage through the digestive tract reduced germinability for all species of seeds
tested except Illinois bundleflower. Reduction of germinability was also observed by
Ocumpaugh et al. (1996) with switchgrass, and by Willms et al.(1995) with cicer milkvetch
(Astragalus cicer L.}, Germination may have been reduced further by the characteristics
of the dungpat, especially when germination did not occur quickly after deposition. Akbar
et al. (1995) reported that crust formation, and decreasing moisture content caused a
lack of favorable conditions for gemination in dungpats 4 weeks after placement. However,
in the watered treatment in this study, seedlings emerged up to 19 weeks post-dung pat
placement. The moisture added to the dungpats from the simulated rainfall probably
softened the crust enough for those seedlings to emerge. In addition, weathering of
dungpats may create favorable conditions for establishment (Akbar et al., 1995y,

Some seed damage and reduced germination in dung pats was probably due to the
combined effect of digestion and seed decomposition in the dung pat {(Atkeson et al,
1934). Passage through the digestive tract of cattle has been shown to remove all or part
of a thin layer of seed coat which should increase decomposition of seeds in dung and
explain why some species like Illinois bundleflower germinate in the laboratory but not
in dung pats { Simao Neto et al,, 1987).

Despite conflicting evidence, some argue that dung pats may provide an appropriate
microsite for seedhing survival (Ocampaugh et al, 1996; Archer and Pyke, 1991). The
potential benefits of the dung pat microsite include high fertility, high moisture retention
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capacity, short-term reduction of competition with pre-existing vegetation, and short-
term grazing avoidance. The results of this study indicate that dung deposition may
tnprove see Emy establishment for some species. For instance, perennial rvegrass seedlings
thate mer %a} in dung pats appeared morve robust with more tillers and greater biomass than
of the broadeast seeded treatment as observed with switchgrass (Ocumpaugh et
al., 1 %‘9%). ms;,wnhc ess, the lack of germination of Ulinois bundieflower which survived
digestion and readily germinated in the laboratory but failed to emerge in dung suggest that
the dung pat microenvironment may reduce the likelihood of emergence of some species.

IMPLICATIONS

From the observations of this study, fecal seeding perennial rvegrass in late fall or
early winter in the semi-arid southwest should produce better vesults than any other
species or time. Producers could feed seeds to cattle the morning of the day that they
were to be moved into a pasture and have seeds being deposited in substantial amounts
for 3 days given that sceds typically pass for 4 davs after ingestion { Burton and Andrews,
1948; Yamada and Kawaguchi, 1972; Ozer, 1979; Willms et al., 1995),

Even though perennial r s was the most likely candidate from this study for
fecal-seeding, traditional broade : : be more economically feasible, Thirty
seven ;“mm nt w‘i g)m erial ryegrass wmdb survived digestion with 75% of those ;m"}”mmmmw

; /o of the puwmmé zwgmw seeds fed could be expected to survive
s ., 98% of nonfed seeds germinated in the laboratory, When
%;rza‘dﬁm}mﬁ mmmmm }“Ti}‘“{;‘pdhm{?m is applicable, broadcast-seeding may result in hgher
recruitment of cool-season forages in the semi-arid southwest.
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Electric Power Deregulation: Potential Impacts on Irrigated
Crop Production in the Texas High Plains

Phillip Johnson
Department of Agricultwral and Applied Economics, Texas Tech University,
Lubbock, TX. 79409-2132

ABSTRACT

Deregulation of the electric power industry has the potential to broaden the electric
power markets in Texas by providing consumers with the ability to purchase their electric
power needs from more than one supplier. Yet, not all segments of the consuming public
may benefit from deregulation, in particalar the agricultural industry in the Texas High
Plains (THP), which is a major consumer of electricity for irrigation during the peak summer
consumption period. The objectives of this study were to estimate the impacts on irrigated
crop production in the THP from increasing electric power rates, and determine the associated
impacts on the THP regional economy from changes in agricultural production. Nineteen
county-level linear programming models (LP) were used to estimate the effects of increased
electric rates on crop production. Key findings indicated that regional economic impacts
from increasing electricity rates appear to be minor, vet farm level impacts could have a
greater relative effect.

KEY WORDS electricity, deregulation, economic evaluation

Deregulation of the electric power industry in Texas has potential benefits for electric-
ity consumers. The deregulation and restructuring of the electric utility industry is viewed
as a positive progression that will broaden the electric power market for consumers
and allow for comparative shopping. Consumers in the aggregate may benefit from
deregulation,” however the distribution of benefits may be quite diverse across the various
consuming segments of the market, such as residential, commercial, industrial and agricul-
tural,

Who will be the winners and losers under deregulation? Several studies have indicated
that industrial and commercial customers stand to be the big winners under retail deregula-
tion {Chernoff and Sanchez, 1998; Chilton et al., 1997). Large industrial and commercial

"The author wishes to thank Drs. Don Ethridge and Eduardo Segarra of the Agricultural and
Apphied Economics Department at Texas Tech University, Drs. Jordan Berg and Thomas Burton
of the Mechanical Engineering Department at Texas Tech University, Mr. Monte Wolgamott of
South Plains Electric Cooperative, Mr. Ritchie Priddy of KN Energy, Mr. Ken Carver of The High
Plains Underground Water Conservation District No. 1, Mr. Leon New of the Texas Agricultural
Extension S s ce Company, and Mr, Jeff
Brown of Central and South West Services for their assistance. The High Plains Underground
Water Conservation District No. 1 provided much appreciated information and assistance. Paper
No. T-1-486 College of Agricultural Sciences and Natural Resources, Texas Tech University.

*As will be discussed, “re-regulation” may be the more appropriate term. States that have “deregu-
lated™ thus far, have placed mits/conditions on what utility companies can do with some electric
rates.

Texas Journal of Agriculture and Natural Resowrces, Vol 12, 1999

39



consistent load factors and the ability to shift loads will be
| and small commercial customers may
culation if rate reductions are mandated. Rural customers in
rate increases (Chernoff and Sanchez, 1998}

uﬁ ‘Lagzzmwai}?uxt* is an important consumer of ¢lectric power in the Texas High
Plains (THP). Electricity for irrigation represented approximately 38% of the total annual
electricity w-;aw over the period 1993-1998 for eleven rural electric cooperatives which
serve much of the THP region Hmh,’&m Spread Electric Cooperative, 1999). However, this
irigation demand for electricity ent gnificant seasonal variations because irrigation
customers consume the majority of their power over the crop growing season, the peak
summer consumption period.

The use of electricity as an irrigation fuel has been increasing across the THP in
recent years. This shift to electricity as a power source has resulted from reduced irrigation
well vields which have encouraged the instillation of submersible pumps and the increased
use of center pivot sprinkler irrigation systems. It is estimated that 55% of the irrigated
acres in the THP use electrictty as the source of power. The use of ele ity for irrigation
varies across the ;"::giam with electricity use estimated at 619 of irrigated acres in the
southern sub-region and 53% of irrigated acres in the northern sub-region (Wolga-
mott, 19698},

A eudtural production, principally nmgamd production, is an important component
of the THP regional economy. The potential impact of electric power deregulation on

agricultural m@dummm in the region and the resulting effects on the regional economy
are important 1ssues. Therefore, the objective of this study was to estimate the potential
fmpacts of increasing electric rates on the THP regional economy. %pﬁﬁ,mmﬂy the ob
Mww were to (1) estimate the impacts on irrigated crop production in the THP from
y electric power rates, and @ determine the associated impacts on the THP

e z*mm? economy from changes in agricultural pmduﬂmm value,

This study was conducted for a defined region of 19 counties in the THP (Figure
1y, The region was divided into northern and southern sub-regions in order to account
for differences in cropping patterns across the region. The z‘uwthtrm sub-region consisted
of Armstrong, Bailey, Briscoe, Castro, Cochran, Deaf Smith, Flovd, Hale, Lamb, Parmer,
Randall and Swisher Counties. The southern sub-region consisted of Crosby, Garza,
Hmww L ubhcmk Lynn, Terry and Yoakum Counties. The selection of the study region
‘ ol M the number of pmgated acres within these counties as well as the
diversity in crop pmcﬁ uction. Wheat, corn, grain sorghum and cotton are the major crops
produced within the study region.

CUstomers w m MW mgz
aE it‘ m mu & 2

e

Regional Agricultural Economy

Terigated agncultural production s an integral component of the economy of the
THP. Trrigated production of the four major field crops (corn, grain sorghum, wheat and
cotion) w ,hm i'&“m study region contributed $1.06 billion di rectly to the regional economy
in 1996 (Te ultural Statistics Service). Crop pmdm tion in the study region
mgﬁ%mwﬂmi ﬁi Yo m the state’s cotton production, 37% of the stafe’s corn proda uction,
Zh o of s grain sorghum production, and 19% of the state’s wheat production
; iTMHMM Statistics Service). The three-year average phwmd acreages of the
ajor ficld crops in the study region are shown in Table 1. Of the 4,857 million
acres, 53% were rrigated while 47% were dryvland. As depicted in Mbiﬁ* 2, 59% of the
2,910 res composing the northern sub- -region were irrigated. Table 3 shows the

acres within the southern sub-region, with 43% of the planted crop acreage

b mithion
allocation of

7=
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Figure 1. The Study Region,

Table 1. Regional Crop Acres (3-Year Average 1994-1996).

Crop Irrigated Previand Total
{1,000 Acres)
Cotton 1,537 980.8 2,518.5
Corn (- 467.5
Grain Sorghum 475.4 7101
Wheat 8339 1,160.9
Total 2,566.9 2.290.1 4.857.0
Table 2. Northern Sub-Region Crop Acres (3-Year Average 1994-1996).
Crop Irrigated Drryland Total
(1,000 Acres)
Cotton 7518 198.5 950.0
Corn 464.0 (- 464.0
Crrain Sorghum 1978 264.9 462.7
Wheat ERRRY 7227 1,033.7
Total 1,724.3 1,186.1 29104
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Table 3. Southern Sub-Region Crop Acres (3-Year Average 1994-1996),

Crop Trrigated Dryland Total
{1,000 Acres)

Cotton 786.2 782.3 1,568.5

Corn 35 (- 3.5

Cirain Sorghum 36.9 210.6 247.5

Wheat 15.5 1112 126.7

Total 842.1 1,104.1 1,946.2

indrrigated production. Cotton dominates regional production with 52% of the total crop
acres planted to cotton. In 1996, the region coniributed 60% and of the state’s total
upland cotton production and 14% of total U.S. upland cotton production. In the study
region, 62% of the cotton acreage 18 found in the southern sub-region, equally dispersed
between both irrigated and dryland production practices.

While cotton is the primary crop planted in the southern sub-region, feed grain
production (corn and grain sorghum) is located principally in the northern sub-region.
In this region, 71% of the 926,700 acres of feed grains are irrigated. Feed grain production
from the irrigated corn and grain sorghum produced in the region has contributed to the
establishment of the region as the leading cattle feeding arca in the nation. In 1996, fed
cattle marketings in the study region totaled 3.108 million head, representing 57% of the
state’s total fed cattle marketings with a total value of $2.0 billion (Texas Agricultural
Statistics Service). Several major packing plants are located in the study region with annual
slaughter capacity in excess of 2.33 million head (Southwestern Public Service, 1998).

Agribusiness in the THP is composed of many interdependent components that
sustain and enhance economic growth for the region. In addition to the commodity
production sectors within the economy, a major element of this system is the agribusiness
infrastructure. This infrastructure includes grain elevators, cotton gins, cattle feedlots,
farm machinery and equipment dealers, trucking firms, production input suppliers (seed,
fertilizer, chemicals), meat packing plants, cotton oilseed processing plants and textile
mills. The agribusiness sector contributes to the production, marketing, processing and
transporting of the agricultural products produced in the region and plays a primary role
in the contribution of economic value to the regional economy.

Several other industries in the U.S. have been “deregulated” in recent years, such as
natural gas, telecommunications, banking and airlines. Industries that have been deregu-
lated in the past bring many issues of this policy change to the surface. For instance,
rather than pure deregulation, changes within the regulation system occur. Most often,
the impacts of the changes are not distributed uniformly across the nation. In particular,
rural areas experience different impacts as compared to urban arcas where the volume
of transactions s large enough to enhance a workable competitive market. Finally, results
from an ideal competitive situation often do not occur across a single national market
as firms find ways to exploit market power and establish barriers to entry (Freshwater
et al, 1997). Freshwater et al. notes that, by and large, deregulation of these industries
has netted positive results, although the distribution of benefits has not been uniform.

iy

MATERIALS AND METHODS

The estimation of the impacts of possible increases in electric rates for irrigation
customers on agricultural production and the regional economy nvolved two types of
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analytical tools, Linear programming (LP) models were used to estimate acreage changes
and levels of production of the four major crops at various electric rates. IMPLAN (an
input-output model) was used to estimate the regional economic impacts given the esti-
mated shifts in production patterns (MIG, Inc., 1995).

Estimating crop acreage changes was accomplished by using county level LP models
that were constructed to take into account the variation in the hydrological characteristics
of the aquifer and crop production patterns across the region. The LP models used
county-specific information on pumping depth, saturated thickness of the aquifer, acres
of each crop (corn, grain sorghum, wheat and cotton), crop yields, acres for each condition
of irrigation (furrow, sprinkler, dryland), acres for each type of irrigation fuel and other
quantitative variables, including electric rates. The estimated proportion of irrigated acres
where electricity was the irrigation fuel used was held constant in the models, as it was
beyond the scope of this study to predict how fuel source choices would change in the
future in response to electric rate increases. Consequently, electric rate increases did not
impact all irrigated acres within a county; only the proportion that used electricity as a
source of power was impacted.

The estimated farm level production value for each crop was obtained by multiplying
the estimated acres of each crop within a county by the average county yield and projected
crop prices. Estimates of the production value were found for six levels of electric rates.
The county estimates of farm level production value for each crop were aggregated for
the study region and compared to a baseline scenario that represented the current electric
rate structure. Changes in the total farm level production value for each crop were entered
into IMPLAN to obtain the estimated regional economic mmpacts.

Model and Assumptions

Models were run for various electricity rates which represent the current rate as well
as six scenarios at increased rates. The electric rates used in the LP models were 7.3¢,
B.0¢, 8.75¢, 9.5¢, 11.0¢, 12.8¢ and 14.6¢/ kWh which represent the current electric rate
and increases of 10%, 20%, 30%, 50%, 75% and 100%, respectively. The current rate was
calculated to be 7.3¢/kWh, which represented an average of wrrigation service rates across
the region and included an allowance for demand charges in the rate structure (Wol gamolt,
1998}, The model solutions were estimated using increased electric rates because rates in
the THP are low relative to the rest of the state and may not be expected to decrease
significantly under deregulation.

The initial crop acreages used in the models were an average of the 1994-1996 crop
years (Texas Agricultural Statistics Service). Yield estimates for each crop were the nine-
vear average (1988-1996) county yield (Texas Agricultural Statistics Service). Crop prices
were the average of projected crop prices for 1998-2007 from the Food and Agricultural
Policy Research Institute with the cotton price adjusted to the THP (FAPRI, 1998). The
irrigation acreages under both furrow and sprinkler technologies were calculated using a
survey of center pivots and acres under sprinkler irrigation conducted in 1996 (New, 1996).

Several assumptions were made that affect the model formulation. Acres of each
crop were maintained across all electric rates with the exception of corn, which was
allowed to shift to grain sorghum because dryland corn is not produced in the region,
This constraint was included in the models because production relationships relating crop
production to applied irrigation water were not readily available for the region given the
time frame for the project. The inclusion of these relationships possibly would have
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allowed the transition of crop acres to lower mwmm application rates within a specific
crop activity. Model solutions estimated without this constraint went to almost total
cotton production, even under the current electric rate structure, due to the relative
profitability of cotton to the other crops and the lower water requirement of cotton.
Thereft %i’w res striction on shifts between crops was included in KM: nm»d s, Irrigation

\ st of natural

ge mcreases aih:wmil for natural

ant at $2.99/mel with no acres
iping fuel.

gas rates ¢
gas as the rrigation pun

Estimation of Production

The LP medels used to derive cre
maximized returns to manage
included the variable cost of production inputs (Texas
1998, estimated irvigation cost under each lrrigation syste
machinery and eguipment {(ncluding the irrigation syster ‘ )
costs for irrigation as ot of total production costs ranged from 8% to 36% depending
on the igation technology and county, An initial mode!l was estimated using

ges for each crop and irrigation condition at the current electric rate. T

esented the current state of crop production for each county and was used as
: i ML PUTPOSES.
Aset of o amated allowing for the optimization of iy
at the varmous rate scenar ach model could shift crop acres between ir
technologies or dryland production in order to maximize the return 1o mmmgmwmi and
risk. By comparing the results at the imcreased electric rate scenarios to the baseline
maodel, the impacts on crop acres <due to changes in electricity rales were estimated,

z“,@m« I 6 ﬂmmwm

IMPLAN Application

The changes in the value of production for each electric rate scenario were evaluated
using IMPLAN (MIG Inc., 1995 A regional mput-outpit model was constructed for
the study region using the 1995 database (MIG Inc., 1995), Input-output analysis makes
stion that ir 1ons phus final demand equals the total economic
activity 1n an economy. IMPLAN gives estimates of econonuc impacts given changes in
final demand. These final demand ch swere derived from the changes in the production
value of respective economic sectors, It should be noted that total ¢

»

§ seonomic activity in
an economy, as estimated by IMPLAN, is based on the gross sales or production values
of the sectors within the economy.

The changes in wmhmt:&on v alm: Y >h crop derived from the various electric rate
scenarios represent chang for the relevant economic sector. The eco-
nomic sectors within the rmsaﬁ 4 Mmm hjv the changes in crop production value were
the cotton sector, mm i sector (corn and grain sorghum) and food grain sector
The IMPLANM database does not break each crop production sector into wrigated
or drviand, 1%&& refore, uw irrigated a dryland production values were aggregated. The
estimated changes in each crop’s pr mdm tion value under each electric rate scenario were
gvaluated to give estimated total 1 nal economic impacts. The impacts are specified
as direct, indirect and induced. The direct effect represents the change in production value

o5
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Table 7. Regional Production Value of Crops Under Alternative Electric Rate
Increase Scenarios.

Baseline 10% 20% 30% 50% 5% 100%
{million $)

Cotton 814 814 802 801 793 793 787
Corn 184 184 184 184 182 182 166
Sorghum 77 77 77 77 78 78 81
Wheat 103 103 103 103 103 103 103
Total 1,178 LIT8 Lle6 1165 1,156 11s6 1,137
Change from Baseline —  — 0 - 12 - 13 - 22 - 22 4]

Table 8. Northern Sub-Regional Production Value of Crops Under Alternative
Electric Rate Increase Scenarios.

Baseline 10% 20% 30% 50% T5%  100%

{million §)

Cotton 362 362 387 356 348 348 348
Corn 183 183 183 183 181 181 165
Sorghum 59 54 59 59 60 60 63
Wheat 94 94 94 94 04 94 94
Total 698 698 693 692 683 683 670
Change from Baseline 0 -5 -6 -15 - 15 - 28

100% resulted in a decrease in irrigated acres and an increase in dryland acres at the
regional and sub-regional levels. A 30% electric rate increase resulted in a 5% (131,910
acre) decrease in irrigated acres regionally, 67% of which occurred in the southern sub-
region. At the 50% electric rate increase, irrigated acres decreased by 8% regionally
(202,940 acres) with no additional decrease in the southern sub-region and a 115,040 acre
decrease in the northern sub-region. In the southern sub-region, the impacts were constant
from the 20% through the 75% electric rate increase levels. In the northern sub-region,
additional adjustments in irrigated acres occurred at the 50% and 75% electric rate increase
scenarios. Irrigated acres declined further in the northern and southern sub-regions under
the 100% electric rate increase scenario.

As electric rates increased, the irrigation technologies used in the production process
changed. Regionally, the level of Turrow irrigated acres decreased by 7% and 14% at the
30% and 50% electric rate increases, respectively, Of the 72,180 acre regional decrease in
furrow irrigated acres at the 30% electric rate increase, 61% (43,940 acres) were in the
northern sub-region. Acres under sprinkler technologies declined marginally across the
electric rate scenarios. At the 30% and 50% electric rate increases, sprinkler acres declined
by 4% across the region.

The production value of crops for the region and sub-regions are shown in Tables
7 through 9. Under the baseline scenario, the total value of crop production in the region
was estimated at $1.178 billion. Cotton production contributed 69% of the region's total
crop production value with feed grains (corn and grain sorghum) and wheat contributing
22%% and 9% of the crop production value. respectively.

As electric rates increased, it was estimated that at the 30% electric rate increase
scenario the regional production value of crops would be expected to decline by $13
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Table 9. Southern Sub-Regional Production Value of Crops Under Alternative
Electric Rate Increase Scenarios.

Baseline 10% 20% 30% 50% 75%  100%

(million $)

Cotton 452 452 445 445 445 445 439
Corn 1 1 1 1 1 1 1
Sorghum 18 18 18 18 18 18 18
Wheat 9 9 9 g G 9 9
Total 480 480 473 473 473 473 467
Change from Baseline 0 —7 -7 -7 - 7T - 13

Table 10.  Regional Economic Impacts Under Various Electric Rate Scenarios.

0% 20% 30% 50% 75% 100%
(million $)
Direct 0 ~12.000 - 13.000 - 22.000 22000 -~ 41,000
Indirect 0 — 6,144 ~6.657 -11.199 - 11,199 - - 20.066
Induced 0 -2.318 - 2.512 —4.219 —4.219 —7.448
Total O —20.463 ~22.169 -~ 37418 —~37.418 —68.544

million, all coming from cotton production. The northern and southern sub-regions
showed a $6 million and 87 million decrease in cotton value, respectively. At the 50%
electric rate increase scenario, the total regional decrease in crop production value was
estimated at $22 million. Cotton production represented 321 million of this decrease while
feed grain production represented $1 million. Corn production decreased by $2 million
while grain sorghum production increased by $1 million. The impact on crop production
value did not change through the 75% electric rate increase scenario. At a 100% electric
rate increase, crop production value decreased by 841 million regionally. Cotton repre-
sented 66% of the decrease ($27 million) while corn production value declined by $18
million, and grain sorghum value increased by $4 million,

In the southern sub-region, the impact of increased electric rates was felt at the 20%
clectric rate increase scenario and was constant up to the 75% electric rate increase. The
mmpacts were reflected only in cotton production. In the northern sub-region, the impact
of increased electric rates was reflected across a greater range of rate changes. Cotion
was the major crop affected as electric rates increased up to the 50% electric rate increase
scenario. As rates increased bevond the 30% electric rate increase, corn production was
affected. There was an increase in grain sorghum production at the higher electric rate
levels as grain sorghum was substituted for irrigated cormn production. Under all electric
rate scenarios analyzed wheat production was not affected given that it was primarily a
dryland crop.

Aggregate Economic Impacts
Direct regional impacts on the economy from increased electric rates are the changes
in production value shown in Table 7. The total annual regional economic impacts of
increased electric rates are shown in Table 10. Estimates are shown for the direct, indirect,
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se production value of the crops. At the
| ; nal economic nmww was estimated o
lecreas ; 22, xmﬂmw Of this, $13.0 million came from a
0T 1 p ;Wwdum 1on mh £, «md Jzﬁ&M? milhion came from the impacts on other
$¢ 'imm of the wmam al cconomy. At the ‘W" % electric rate increase scenario, the negative
 economic impacts n creased to 837.4 million with economic impacts beyond the
1N «mp values 5.4 miflion. The regional economic impacts of the 100%
wario was estimated to be a decrease in economic activity of

Farm Level Impacts of Increased Electric Rates

The farm level impacts of increased electric rates differ from the aggregate npacts
as measured by the reglonal crop mmim‘ému wi&w and economic impacts using the
IMPLAN model. The farm level impact electricity rates varied across
counties and crops due to differing crop vield levels, pumping hfts and saturated thickness
of the aquifer. Hale County was selected to Ulustrate farm level impacts on cotton
profitability as electric rates in akm‘f sed. Hale County is located in the northern sub-region
of the study area and has 408, acres in production of the four crops considered in
this study. The m);&p;m mm Yo cotton, 18% corn, 10% grain sor %nm and 17%

i tota 5, u‘é W%mis ‘W} bare furrow irrigated and re under
o of total

-

esults from the initial average
return 1o i'mmu@gmmmi a:‘ﬁ&%’j wk &%m Mm‘:uwd «uw‘imm Was e“’iuﬁwi MWW red
A ar furrow and sprinkler frrigation methods using electricity and amwmﬁ 208).
At the baseline electric rate scenario, the weighted avers re mowas 32801 per
The weighted average net return dm? ined to $21.95 per acren the W"’”. eetric
i ase scenario. This represents a 22% decrease in net re - ated
cotton. If only the mww using electricity as the power source : % sturn
ver acre was found to be 40% lower under the 30% electric rate increase scenario as
compared to the bas cenario. Results using the 50% electric rate increase scenario
indicated that per acre net return decreased 369 7%, respectively, for total irrigated
cotton acres and acres irrigated using electricity as the power source

SUMMARY AND CONCLUSIONS

The primary objectives of this study inchuded the estimation of ;mi‘mi%ni impacts of

“’Mim rates on irrigated agricultural production in the THP and the resulting

won's economy. The u:::»»u?ix uf §m study showed the expected

The range of electric rate

: 3¢k Wh ug& to 14.6 ¢lkWh

Mw?"ﬁ represents a 10006 increase. Due to current electric rates in the THT being low

relative to rates throughout Texas, changes in the THP rates may be anticipated. W hile

the changes in rates cannot be accurately estimated because of many umﬁ@immizwé

conditions, some groups in the industry believe that a 30% increase (from an average of
T3EEWh to 9.5¢/kWh) is realistic (Wolgamott, 199%).

9% m% M &iw mm}%w% was from the baseline
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The results indicated 1 %mlf an m rease of 10% o electric rates would have no impact
on the leve § \ on. As electric rates increased by
20% and 30%, cotton mmﬂimm«m levels were impacted primarily in the southern sub-
region. The reduction in the value of cotton production under the 20% and 30% electric

rate increases ranged from $12 to $13 million. This reduction in cotton production value
repre

.

ved only a 1.5% decline in fotal cotton value for the region.

e results regarding crop production value can be segmented as follows: the 10%
electric rate ncrease had no mgm‘i on crop production value; the 20% and 30% elec tm
rate increase reduced crop production value by $12 to $13 million, respectively; the $0°
and 75% electric rate increases reduced the crop production value by $22 million; and
the 100% electric rate increase had a 341 million negative mpact on crop production
value. The impact of electric rate increases was found to primarily affect cotton production.
Wheat production was not affected under any of the electric rate scenarios, while grain
sorghum production would be expected to increase under the higher rate scenarios as
corn production acreage shifts to grain sorghum.

The regional economic impacts estimated with IMPLAN followed the trends in crop
production value. The loss in regional econoric activity at the 20% and 30% electric rate
inerease scenarios was $20 million, respectively, while at the 50% and 75% electric
rate inc > S &;“&rnx*a“mra mé’mmﬂ gconomic activity would be mmm«:ai to be reduced |
$37 wmithon. The :
H me The magnih Mg“ of H‘m loss in economic ac im%y HCTOBS Mm {*thm rale scenarios
ts minor when compared to a total regional economy of 321 billion (MIG, Inc., 1995).
The regional economic impacts may be further separated into the impacts on individual
sectors of the economy. Using the results {rom the 30% increase in electric rates, the total
negative economic impact was estimated at 322.2 million of which $13 million was directly
from reduced crop production value, $36.7 million was from indirect impacts on other
sectors of the ilion was from induced impacts on households within
the economy. Of the $6.7 million in indirect negative impacts, the ecopomic sectors
most affected include memﬂ forestry and i‘“‘x«;‘l"ww services——81.5 million; wholesale

B 11 il =-51.7 million. Induced impacts totaled $2.5 million,
with eco e ', ected being: owner occupied dwellin $0.25 million;
hospitals—$0.15 rmﬂmm doctors and dentist—3$0.15 million; eating and drinking—$0.15
matlion; and banking - $0.11 million. Given that the southern sub-region had the greatest
proportion of the reduced crop production value, the sector affects may be weighted
more toward the southern subere

St

e economy. Therefore, estimates
to regional changes in the gross
‘\u‘zs‘?mm ué op production. While the negative regional ecopomic impacts are relatively
small compared 1o the regional economy, the imp:&wis& on individual farms are more
significant. For example, in Hale ﬁ'kmmw hw Z’;i% u
trrigated cotton could significantly aff

those farms using electricity the wm}/ mxgmmﬁ hmi ‘wmfid ha:: expec
3 40% reduction in net returns for i
electricity for in imm J;mﬁum? che
option of ; ‘
due to avadability and ﬂ‘w COs
negative impact of increased electric v 12 5 on iim regIOn g% economy is nc v‘i mgﬁmmﬁ to m

of

¢ ted to experience
cated cotton. For farmers who are dependent on
s in their operations would be necessary, The
energy source may be limited for many i%zr“rm 8

5
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severe, the impact on current farm families” incomes is likely to be greater, especially if
electricity is the primary energy source for the farm.

The results of this study show that electric rate increases associated with deregulation
could have a negative impact on the economy of the THP and individual farms where
electricity is the primary source of irrigation fuel. The regional economic impacts appear
to be minor, while the farm level impacts could have a greater relative effect. However,
a broad spectrum of possible responses exists. There are economic, technological, and
managerial approaches to dealing with possible electric rate increases that could ease the
transition to a fully deregulated electric power market.
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ABSTRACT

Successful production of buffalograss [Buchloe dactyloides (Nutt.) Engelm.] burrs is
one of the greatest limitations fo increased use of this native species as either a turfgrass
or forage crop. The objective of this research was to defermine the impact of soil fertility,
planting rate, planting date, and harvest date on burr yields of buffalograss. Trials were
conducted near Bronco, TX on a Portales fine sandy loam soil (fine-loamy, mixed superactive
thermic Aridic Calciustolls) and at Lubbock, TX on an Amarillo fine sandy soil (fine-loamy,
mixed thermic Aridic Paleustalfs), Under conditions where buffalograss had less than 47 in
of available soil moisture, the application of 60 to 80 Ibs N acre™', 20 to 40 Ibs P,O; acre™,
and micronutrients did not enhance burr production. At lower levels of available moisture,
soil nutrients did not appear to be a limiting factor. Cultivar, planting date, planting rate,
and fype of seed used for establishment had minimal impact on bury yield. Buffalograss
appeared to be well adapted to a dual burr harvest regime in which the initial harvest was
made in July, and the final harvest was made after the first frost.

KEYVWORDS: Buchole dactyloides (Nutt.) Engelm., cultivar evaluation, planting rates,
planting date, harvest date

Buffalograss [Buchole daciyloides (Nutt.) Engelm.] is 8 warm-season, long-lived,
drought tolerant grass that forms a dense sod (Wenger, 1941). Because 1t is native to the
Great Plains of North America, it is very tolerant to heat, drought, and pests that limit
many turfgrass species introduced into this region (Hitchcock, 1936; Savage, 1934). These
traits, combined with its slow growth rate, need for minimal levels of fertilization, and
ability to withstand moderate traffic, have increased the use of buffalograss as a turfgrass
{Leuthold, 1982; Riordan, 1991). Successful establishment of buffalograss by planting
burrs has historically been difficult and expensive (Launchbaugh and Owensby, 1970;
Hauser, 1986; Savage, 1934; Wu et al., 1989). Since buffalograss is dioecious, only female
plants bear the seed-containing burrs which further imits vields, However, direct planting
remains the most practical and cost effective means to establish large areas of buffalograss
{Wu et al., 1989).

This is contribution T-4-444 of the College of Agricultural Sciences and Matural Resources, Texas
Tech University, *Corresponding author (zasto@ttacs.ttu.edu).
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Ahring and Todd (1977) extracted a water soluble compound from buffalograss burrs
that reduced gunmmtium (Hauser, 1986). Removing the seeds from the bury eliminates
this type of inhibition. Svoboda (1991) studied different tvpes of burr decortication and
npared the germination and establishment of seed with treated and untreated burrs,

s soaked in potassium nitrate had higher germination and establishment rates than
nontreated burrs but were equivalent 1o seeds which had been removed from the burrs.

Hue u! stand blishiment can also limit burr vields in this species. Since buffalo-
grass seeds will not germinate at temperatures below 60°F, planting is often delayed until
Sring (E_mmﬁmidw 1982). Wenger (1941) reported that planting from 10 to 20 April
provided the highest plant establishment in undisturbed soils in Kansas. Planting prior
to 15 May gave adequate establishment on fallow and cultivated soils, but successful
§ xind establishment was achieved with all planting dates prior to 15 June. In addition,
Craitan~Gaitan et al. (1998) reported t 'fmw planting seeds before mid-Tuly gave optimurn
stand establishment at Lubbock, TK. The impact of initial stand establishment on burr
yield in subsequent years bas not been determined. The objectives of these studies were
to determine impact of mii fertilization, planting rate, planting dates, and harvest dates
on burr production in buffalograss in the lower Great Plains. This information could
help growers produce economic vield of buffalograss burrs and seed.

=

MATERIALS AND METHODS

Soil Fertility

Three soul fertility trials were conducted in 1993 and 1994 on established stands of
buffalograss near Bronco, TX (approximately 3 miles west of Plains, TX) on a Portales
fine sandy loam soil (Fine-l ¢, mixed superactive thermic Aridic caloiustolls), The test
site was at an altitude of 3788 {1t and was located at 32° 15 N latitude and 103° 03° W
itnde. The 1993 trials were conducted on established stands of the cultivar “Texoka’
o1 al, E*W‘» , Mnd iw W“M :zmh on the cultivar ‘Comanche’” (Davis et al., 1978).
s of Aadammumu Six stratified soil mammm from
. 2‘% 4 %t’a m of the soil profile were taken agross the plot
prior to applying fertilizer treatments (Table 1). The samples
composited prior 1o laboratory mmlwm Soil samples were
eb. 1994, The 1993 samples were analy "d by the Texas
] m@mmwy and the 1994 npm hv ﬁm Hwh M $ Agricu Eim al

5

m w;% %h in { -6, {} K”‘
area in both 1993 and 199
from each wni depth were
taken 2 3
A& U
La%mh 0TIes,
(&), calcium (Cay, wmimm (ﬂ) sulfur (“»} a.umw { ‘‘‘‘‘‘ u) iron {? e}, ﬂmmg‘mw {Mm ZING
{Zt;w md boron (B).

Nitrogen < Phosphorus Trial,  Five rates of N and P.0. (0, 20, 40, 60, and 80
bsfacre) in all possible combi nations were applied to plots 6 ft wide and 24 ft | ong.
Mitrogen wa s urea | s triple superphosphate (0-46-0). Fertility
treatments were preweighed for each plot and scattered by hand to ensure uniform
distribution on 12 Mar. 1993 and 11 Mar. 1994. Fertilizer treatments were wzzmvd
tmmediately after planting to minimize potential volatilization of the urea. lrrigation
was provided by overhead sprinkler with a total of 41 and 20 in of water applied in
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Table 1. Inital soil pH and nutrient status of buffalograss fields at Broneo, TX,
where soil fertility trials on buffalograss burr yields were conducted.

19975 1994
Sotl depth, Soil depth, in

Index -6 0-12 12-24 2436 06 0-12 12224 24-3
ph 87 8.7 8.6 8.9 5.5 8.2 8.0 8.2
Mitrogen (ppm) ] 1 1 1 14 7 7 12
Phosphorous (ppm) 169 118 21 5 12 13 12 12
Potassium (ppm) 571 508 539 256 203 166 105 o0
Calem (ppm) 8571 BE7L BATL  BETL 2410 2500 2400 2200
Magnesinm {ppm) 827 827 827 827 220 228 244 500
Zn (ppm) 0.2 .3 0.1 0.1 0.3 0.2 0.2 0.2
Fe (ppm) 35 5.0 3.8 8.5 3.0 3.0 30 2.0
Mn (ppm) 3.0 3.0 0.9 0.3 3.0 2.0 2.0 .01
Cu (ppm} 0.4 0.4 0.3 01 0.4 0.4 0.4 0.4
Na (ppm) 113 158 498 139 70 152 171 143
Boron (ppm} e 0.7 0.3 0.6 0.4

the 1993 and 1994 growing seasons, respectively. Total precipitation was 10 in and
11 in for 1993 and 1994,

Plots were harvested 9 Mov, to 4 Dec. of 1993 and 11 Nov. to 15 Dec. of 1994
uging & rotary lawn mower with a rear bagging system. A swath 20 in wide and 23
ft Ef{f}}ﬁg was cut (1.4 in above the soil surface from each plot and placed in mdévidua

: ¢ sacks. The harvested area was then vacuumed and the recovered residue
y the clippings. Harvested clippings were dried for 5 d at 86°F in a forced
air oven. Burrs were separated with a small plot thresher and a clipper seed cleaner
to provide estimates of total seed vield.

This trisl was arranged i a split plot, randomized complete block design with
four blocks., The five N rates were Mmgmm to main plots: (30 i % 24 {t) and the
five P rates to subplots (6 % 24 1) to minimize the mzpm,t of N fertilizer movement
between plots. Data from each vear of the study were analyzed separately using
analysis of variance. Fisher’s Protected Least Significance Test was used to separate
means (SAS, 1989),

Mitrogen Rate % Sohit Apphcations Trial.  Five total rates of N (0, 20, 40, 60,
and 80 Ibsfacre) were applied in one, two, or three applications to buffalograss using
the procedures described for the previous trial. The single application was appled
on a single date (12 Mar, 1993 and 11 Mar. 1994), Fertilizer treatments for the double
{split) application was placed on the plots on 12 Mar. and 20 Apr. 1993, and 11
Mar, and 20 Apr. 1994, Fertilizer treatments for the triple {split) applications were
placed on the Mum on 12 Mar., 20 Apr., and 13 May of 1993; and 11 Mar., 20 Apr.,
and 12 May of 1994, Fertiliver treatments were preweighed for each plot aﬂd scattered
by hand to ensure uniform distribution. Fertilizer treatments were watered immedi-
ately after planting to minimize potential volatilization of the urea.

A randomized complete block design with four blocks was used. Data from
mndividual years were subject to separate analysis of variance, Means for all analysis
were separated with Fisher’s Protected Least Sigmificant Difference test (SAS, 1989},
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Micronutrient Trial.  Four micronutrients (Mn, Fe, Zn, and B) were applied as
foliar sprays on 10 May 1993 and 12 May 1994 to buffalograss using the procedure
described for the N X P trial, Chelated Mn Sulfonate was applied at two rates (0.21
Ibs Mn/acre + 0.16 Ibs S/acre and 0.41 Tbs Muv/acre + .32 Ibs S/acre). Chelated Zn
Chloride was applied at two rates (0.13 Ibs Zn acre™ and 0.24 lbs Zn acre™”). Chelated
Fe Sulfonate was applied at two rates (0.19 Ibs Felacre + 0.10 Ibs S/acre and 0.38
Ibs Felacre + 0.19 Ibs S/acre). Boron was applied as mixed borate at the rate of 8.3
> 107 Tos Bfacre. All micronutrients were applied by a hand sprayer after dissolved
in solution equivalent to 40 gal H,O/acre to ensure uniform coverage. The entire plot
area in which the micronutrients were applied was uniformly treated with 36 lbs N/
acre as urea on 12 Mar. 1993 and 11 Mar. 1994, This trial was conducted as a
randomized complete block design with four blocks. Data from each vear of the

Protected Least Significant Difference test (SAS, 1989).

Cultural Practices

Additional trials were conducted in 1993 and 1994 at Lubbock, TX on an Amarillo
fine sandy soil (line-loamy, mixed thermic Aridic Paleustalfs). The test site was at an
altitude of 3290 ft and was located at 33° 35" W latitude and 101° 58’ W longitude.
Buffalograss was fertilized with 20 Ibs W acre” as ammonia sulfate (21:0:0:24) on 11 May
of 1993 and 10 May of 1994. Additional nutrients were not added. During the establish-
ment year, these plots were evaluated for seedling establishment and turf quality (Gaitan-
Gaitan et al., 1998; 1999). Treatments were evaluated for their impact on burr production
during the second year of establishment,

Planting Rate Study.  Burrs from a 1991 lot of “Comanche” (Davis et al., 1978)
were dehulled by Frontier Hybrids (Abernathy, TX) in early 1992 to provide the
seed used in both vears of this study. Burrs of the same seed lot were commercially
treated with a 0.5% potassium nitrate solution for 24 h prior to the initiation of the
study in 1992 (Wenger, 1941). Both treated burrs and seed were stored at room
temperature {72 to 51°F),

Planting rates of 626, 939, 1253, and 1566 burrs or seeds/yd® were used 1o establish
the plots used n this study. This seed lot required 0.26, 0,39, 0.52, and 0.67 ozfyd®
of burrs and 0.04, 0.06, 0.08, and 0.10 oz. per yd* of seeds to provide rates equivalent
to 626, 939, 1253, and 1566/yd?, These planting rates assumed only one seed per burr
would establish.

The studies were planted 17 Jane 1992 and 17 May 1993, Burrs and seed were
scattered by hand to ensure even distribution and immediately covered with approxi-
mately 0.24 in of sand to reduce desiceation. A micro set sprinkler system applied
approximately 2.0 in of water immediately after planting and an additional 0.5 in of
water every 3 d during the first 14 d of the study. During weeks 3 and 4 of the study,
the irrigation rate was decreased to 0.5 in every 4 d. This irrigation schedule provided
adequate moisture to ensure optimum germination and establishment for the initial
4 wks after planting. Subsequent irrigations during the remainder of the establishment
vear were scheduled on the basis of estimated evaporation as determined by published
estimates provided by the Texas A&M Center at Lubbock, TX.
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1993, Total precipitation = 12 78"
3.0 . [ 1994, Total precipitation = 13.12¢

o b e

10 15 20

Figure 1. Rainfall distribution at Lubbock, TX during 1993 and 1994.

During the winter following establishment, the plots were mowed to a height of
2 in above the soil surface to remove accumulated thatch to stimulate burr production.
During the seed production year, plots were irrigated twice each week to replace soil
moisture lost through estimated evapotranspiration. An additional 20 in of irrigation
water were applied in 1993 and 27 in 1994, Rainfall at this site was 127 in in 1993
and 13 1n in 1994 (Fig. 1).

Treatments were planted in a randomized complete block design with a split-
plot treatment arrangement and five blocks. The main plots were seed types (burrs
or seed), and the four planting rates were subplots. Main plots were 43.2 ft? in 1992
and 96.8 {t* in 1993 and 1994. Subplots were 10.8 t* in 1992 and 24.2 ft* in 1993 and
1994. Data were analyzed using analyses of variance and means separated by Fisher’s
Protected Least Significant Difference Test at the 0.05 level of probability (SAS, 1989).

Planting Date Study, This study was conducted using procedures described for
the planting rate study with the following exceptions: Seven planting dates evaluated
in this study ranged from mid-June (Day of Year 165) to mid-September (Day of
Year 250) in 1992 and 1993. The experiment was conducted as a randomized complete
block design with a split-split plot arrangement of treatments and five blocks. The
seven planting dates were assigned to main plots, the two seed types (burrs and seed)
were assigned to subplots, and cultivars (Comanche and Texoka) to sub-subplots.
Data were analyzed using analyses of variance and mean separations were performed
using Fisher’s Protected Least Significant Differences Test at the 0.05 level of proba-
bility.

Date of Harvest Study. This study was conducted using procedures described
for the planting rate study except all plots were seeded in early spring of 1993, The
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experiment was conducted as a randomized complete block design with four blocks
and a split plot mm;w ment of treatments. Cultivars (Cornm m*ha: au‘ad Twwk;}} were
as ‘ggﬂm m mam ;ﬁ m (96.8 m ) ami Mr est dmm were

mim ]
bility.

RESULTS AND DISCUSSION

Soil Fertility

Initial soil analyses conducted at both Bronco, T¥ test sites showed the soil had &
high pH of 8.6 to 8.9 in 1993 and 8.0 to 8.5 in 1994 (Table 1). Both sites had low levels
of residual N and most micronutrients based on soil tests, Eh<: 1994 site had very low
levels of available P. These amE analvses suggest that the application of nutrients should
have tmproved the yvields of most cereal and forage crops. The low burr vields observed
in 1994 trials were probably the result of an extreme drought and limited irrigation at
the site which provided only 31.0in of total molsture compared to 60.6 in of total moisture
i 1993 {(Fig, 1.

Mitrogen X Phosphorus Trial.  In 1993 and 1994, there was no M % P interac-
tion in burr vield fTH%ﬁ £ ”)} The main effect of P did not influence burr vield in either
year of these trials, but the addition of N increased burr yield in 1993. Under dry
conditions such as in 1994, soil nutrients did not appear to limit burr production.
Under conditions where moisture is not limiting, growers would probably obtain
increases in burr vield with applications of 20 to 40 ths of Nacre.

Nitrogen Rate X Split Applications Trial. In 1993, average burr yield of buffa-
fograss increased from 198 Ibe/acre with no N application to 356 lbs/acre with 80 lbs
of W acre” (Table 3). The i > in burr yield with increasing N rates was less
dramaticin 1994 when moisture stress limited burr production, bpiii g N application
in one, two, or three applications had no measurable impact on burr yield. This
could be expected under the dry conditions under which these trials were conducted,
when growth was limited by moisture availability. Once again, applications of 60 to
80 Ibs of N/acre would probably increase burr vield in environments where moisture
didd not imit burr production.

Micronutrient Trial.  In 1993, there was no significant response i burr vield to
the foliar application of micronutrients even with the high soil pH’s (8.0 to 8.9)
measured at this site (Table 4). Under the dry conditions of 1994, a slight but
statistically significant response in burr vields to application of micronutrients was
observed. Because this response was highly variable, no consistent recommendation
on micronutrient fertility could be made based on these limited data.
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Table 2. Effect of nitrogen (N) and phosphorous (P) fertilization on buffalograss
burr yield at Bronco, TX in 1993 and 1994,

Ibs M/acre

s P.O0acre 0 20 40 60 80 Avg
1963 ths/acre
238 236 368 353 394 318
0 a'
20 249 347 380 347 380 341 a
40 295 312 322 416 380 345 a
60 300 336 322 347 286 318 a
&0 348 314 409 317 436 368 g
286 309 be 360 ab 356 ab 375 g
Avy ¢
CV w272
1994 — ths/acre
96 96 71 130 100 G
f) a'
20 87 88 ] 94 119 D& g
40 "7 a1 100 G0 122 98 n
60 73 86 136 121 105 105 a
80 108 127 11 123 104 113 a
Avg 9 g’ 98 a 101 & 112 a 110 a
CVome 3479

Cultural Practices

Planting Rate Study. During the initial year of establishment, buffalograss
usually does not produce significant burr yields. Consequently, burr vields were not
determined until the second year of establishment. No differences in burr vields were
measured among seeding rates or between plots established with either burrs or seed.
No interaction was present among these factors during either 1993 or 1994 (Table
5). These data indicate that establishment of buffalograss for burr production can
be achieved across a wide range of seeding rates using both burrs and seed removed
from the burrs. The stolons of this warm-season grass, with appropriate irrigation
and weed control, quickly produce uniform stands, Higher burr yields were observed
in 1994 than in 1993 probably reflect the additional irrigation water applied in 1994.

Planting Date Study.  No differences in burr yield were detected between plant-
ing dates (1993); cultivars (1993 and 1994); planting burrs vs. seed (1993 and 1994);
and the interactions of these factors (Table 6). The mid-September planting date in
the 1994 harvested trial had lower burr yields than all earlier planting dates. All other
actc - burr yield. These results indicate that buffalograss fields grown
for burr production co lished as late as midsummer using either burrs or
seed. This would facilitate rapid seed increase of improved varieties of buffalograss.

fid not impa
3
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Table 3. Effect of split applications of nitrogen (N) on burr vield of buffalograss
at Bronco, TX in 1993 and 1994,

Total Number of Burr weight
N applied applictions ; 1993 1994
S }b@f‘acre ................... NO,WV . _Ibgfacye .....
o 0 198 de’ 74 b’
26 1 264 cde 113 ab
2 237 ¢de 126 a
3 176 ¢ 94 ab
Avg 226 111
40 1 244 cde 117 ab
2 224 cde 105 ab
3 265 cde 111 ab
Avg 244 111
60 i 294 bed 106 ab
2 265 ode 102 ab
3 405 a 115 ab
Avg 322 108
80 1 369 ab 116 ab
pi 316 abe 100 ab
3 384 ab 113 ab
Avg 356 110
cv 25.5% 33.7%

" Means not followed by the same letter differ at 0.05 level of probability by Fisher's Protected
Least Significant Difference Test,

Table 4. Effect of foliar-applied micronutrients and sulfur on burr yield of

buffalograss at Bronco, TX in 1993 and 1994.
Application Burr weight
MNutrients rate 1993 1994
~lbsfacre - e LTI 10 I —
Manganese/Sulfur 0.41/0.32 121 a 56 cd
fron/Sulfur 0.19/0.10 1258 113 a
123 a 64
Iron/Sulfur 0.38/0.19 bed
112 a 63
Manganese/Sulfur 0.21/0.16 bed
Zinc 0.13 109 a 95 ab
109 a 92
Boron 0.83 abe
Control 0.00 91 a 43 d
Zn 0.24 84 a 117 a
vV 29.5% 43.0%

" Means not followed by the same letter differ at 0.05 level of probability by Fisher's Protected
Least Significant Difference Test.
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Table 5. Burr yield of Comanche buffalograss established the previous year at
four seeding rates of burrs or seed at Lubbock, TX in 1993 and 1994,

Burr vield
Treatment 1993 1994

Seeding Rate:
Burrs or Seed

yd*
626 257 a 481 a'
539 249 a 473 a
1253 245 a 454 a
1566 194 a 592 a
Seed Treatment:
Burrs 283 a 465 a'
Seed 187 a 485 a
Interactions:
Rate x ns ns
Treatment

" Means within a treatment column not followed by the same letter differ at the 0.05 level of
probability by Fisher’s Protected Least Significant Difference Test.

Table 6. Burr vield of buffalograss established the previous year at seven
planting dates, two cultivars, and two seed treatments at Lubbock, TX
mn 1993 and 1994,

Burr yield

Treatment 1993 1994

~~~~~~~~~~~~~~~~~~~~~ TH8/A0TE ~eemmmmm s
Planting Date:
Mid-June 214 a 472 a°
Late June 288 a 540 a
Mid-July 228 a 552 a
Late July 245 a 489 a
Mid-August 203 a 472 a
Late August 172 a 445 a
Mid-September 185 a 256 b
Cultivar:
Comanche 230 a' 477 a'
Texoka 209 a 447 a
Seed Treatment:
Burr 207 a' 443 g°
Deburred 231 a 480 a
Coefficient of Variation 32.4% 33.4%,

" Means within a treatment column not followed by the same letter differ at the 0.05 level of
probability by Fisher’s Protected Least Significant Difference Test.
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Table 7. Total and p
and Texoka |

Id of post frost (PF) harvest of Comanche
t four dates with dual and single harvest

MW f burr

regimes at Lubbock, TX m 1994,
Treatment Total burr vield Final harvest
F T YY) ¢ p— vy
Cultivar:
Comanche 581 al 48 a’
Texoka 443 b 47 o

H www& §th

33 a
ila
100 b
< Harvest Date s 1%
29.5% 60.4%

" Means within a trea
probability by Fishe

trnent column not followed by the same letter differ at the 0.05 level of
s Protected Least Significant Difference Test,

Date of Harvest Study,  In the 1994 growing season, Texoka produced
iwww total burr yields than Comanche (Table 7). The four harvest dates and the
cultivar X harvest date were not significantly different. The percentage of seed
recove mﬁ in the final harvest of the three dual harvest dmm regimes ranged from 28
o indicating that a large proportion of the burrs of buff: Ewm‘a% was produced
e garly summer. The burrs harvested at the three midsummer dates a sppeared to
be physiologically mature, but no attempt was made to determine seed quality of
the dmk harvest regime. Based on this stuely, it would appear that bulfalograss burrs
can be grown under a wide range of harvest regimes.

slightly

CONCLUSION

These studies attempted to optimize production of buffalograss burrs on the Texas
High Plains. They m\'gii‘ ed that soil fertifity requirements of buffalograss are highly

depe mm upon ava moisture, Under dry conditions, the addition of soil nutri-
ents did not signif se burr vield, In conditions where total available moisture

was less than 47 in, burr mmﬁwﬁi{m h sitive response from applications of 60 to
B tbs of Macre and 20 to 40 Jbs of T . These studies did not provide adeguate
ﬂ“sf‘wmminﬁm to ﬁL“BWWM’»? recommendations in wﬁim or micronutrients. The factors of
. seed, pl 2 m ;}Lmtn% rate, and cultivar had a minimal impact
ar following establishment. Based on these studies,
0 to a dual harvest regime. Under this of harvest
mw&gwmmk almost 70% of Hm mm& burr vield was obtained in the initial mid-July
harvest. In some sttuations, it might be more profitable to use the fall growth of buffalo-
on burr production fields for forage instead of as a second burr crop.
Future i reh should concentrate on better defining the interaction of soil moisture

and soil nuirition on burr yield of buffalograss. It would alse be important to better
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define the impact of different harvest regimes on germination and emergence of the
harvested burrs and the seed they contain.
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Economic Impacts of Plant Biotechnology in the Northern
Plains Region of Texas
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ABSTRACT

The impacts of expected advances in crop biotechnology in the Northern Plains Region
of Texas are estimated by optimizing the risk/return trade-off for representative farms.
Historical yield distributions are used to derive baseline optimal solutions for the representa-
tive farms. Expected advances in crop biotechnology are incorporated into the representative
farm models using yield distributions from a panel of biological experts. The results indicate
that such advances could significantly increase producers’ revenues and generally decrease
the associated risks.

KEYWORDS: biotechnology, risk premium

Biotechnology, in its most general form, encompasses a wide range of techniques that
use biological knowledge to modify living organisms. These techniques range from simple
and well documented to complex and state-of-the-art. The more sophisticated techniques
identified with genetic engineering have become a novelty of interest to the American
public. Media reports routinely use the word biotechnology in reference to genetic engineer-
ing, 5o modern use of the term n the United States is generally associated with the newer
technologies closely related to genetic engineering and recombinant DNA. As a result,
the current interest in the possible impacts of biotechnology on production agriculture
results from the discovery of new ways to manipulate and transfer genes from one organism
to another. Modification of the genetic scheme of plants has been the focus of a long
and growing list of crop production research strategies. Biotechnological approaches can
lead to transgenic plants that can optimize the exploitation of specific environments.

As world economies and international trade become increasingly market-driven, the
question of "Which biotechnologies should be developed with limited resources?’ becomes
increasingly determined by market forces. Based upon market needs, genetically modified
products are developed and used by producers. Because of development costs, new prod-
ucts are not likely to be brought to the market before the status of consumer and producer
acceptance bas been, at least, partially established. Consumer acceptance hinges on per-
ceived social and economic costs and benefits to society. Producer support of new techno-
logies generally depends on consumer acceptance and the economie feasibility of produc-
tion {Caswell, Fughe, and Klotz, 1994),

The flexibility of genetic approaches permits researchers to address many problems
in agricultural crop production. Biotechnology can directly affect producers by influencing
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yields, quality characteristics, or production costs. Each of these effects can be influenced
by either changing their expected levels or by reducing the uncertainty associated with
realizing the expected level. A firm engaged in agricultural production is governed by
general economic principles common to all types of firms and industries. Because the
definition of profit is the difference between revenue and costs, maximization of profit
entails the joint optimization of revenue and costs. Producers must simultaneously decide
the optimal level of revenue to maximize profit while minimizing the associated costs
required to generate that level of revenue. Given that uncertainty cannot be eliminated
from the producer’s decisions, the objective of the producer becomes maximization of
the expected level of profit, Such an objective is achieved through optimization of the
expected level of vields that optimizes the expected level of revenue. Because of the
simultaneous decisions on revenue and costs required to attain maximum profit, uncer-
tainty about the revenue received for the crop affects the expected level of profit through
uncertainty of revenues and costs. Thus, the producer’s objective becomes the maximiza-
tion of expected utility of profit through optimization of expected yields and revenue,
given the uncertainly associated with production of the crop.

Costs of crop production are joiutly determined with expected revenue. As a result,
the producer wishing to achieve the maximum profit minimizes costs of production with
respect to the expected level of revenue. Therefore, a producer has control of three factors
to bring profit closer to its maximuni: increase the expected level of vields, reduce the
risk invelved, or lower production costs. Because the objective is obtaining maximum
utility of profit, a producer is faced with the problem of always striving to improve at
least one of these three factors.

The Northern Plains Region of Texas (NPRT) is an important area for crop produc-
tion in the United States. Much of the NPRT, the segment in which most regional crop
production takes place, lies in a zone classified as semiarid. To assess the feasibility of
continued research on plant stress reduction through genetic engineering in the NPRT,
a need exists to evaluate the economic impacts of genetically engineered crop varieties
on the profitability of agricultural operations in the region. The objective of this study
is to estimate and analyze the impacts on farm profitability and enterprise selection of
expected biotechnological advances in crops grown in the NPRT.

LITERATURE REVIEW

Limited research exists on the potential physical impacts of genetically engineered
plants. However, literature addressing such ideas is becoming increasingly available. The
lack of research into the physical impacts of biotechnology probably results from the
modest number of innovations sufficiently developed to support quantitative impact
studies. Genetically engineered variations, such as Bt cotton and greenbug tolerant wheat
could increase agricultural productivity. Some biotechnologies have been developed and
are in current use, ¢ither commercially or in wide scale testing. Rummel et al. (1994}
evaluated genetically engineered cotton plants coded with the Bt gene for resistance to
bollworms in the Texas Southern High Plains, an area included in the NPRT. Plants
with the Bt gene sustained less bollworm injury to squares and green bolls than two
highly adapted commercial cultivars. The economic feasibility of such Bt technology in
cotion grown on the Texas Southern High Plains will determine the degree of adoption
by producers. Some knowledge of the economic impacts to the area is necessary to
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help to determine whether to alloc
the technology.

ble investment to further development of

Love (1989) measured the potential economic impact of using herbicide-
weties in the United States. The study examined the impacts on produc-
iwes, and producer and consumer surplus. Overall, they found
would be «m‘zzxié wd dikely to lead to small ¢ 5
e The results of this uimm suggest that the from
orn will probably result from te s that are cost reducing
‘his conclusion emphasizes the distinction between the two
. Because the immediate impacts expected in corn from herbicide
ant, the short to medium term aggr emm: a;m;mws of biotechnology
pected to be mostly cost rex cinstead of vield enl Therefore,
an m;ti?“m‘f«iié"ﬂ of the impacts of short to medium term vield xzﬂﬁ,, ancing hnologies
i corn, such as those in this study, could be considered as a minor part of the total impact.
brendt and Blase (1989) used a multi-cquation model to estimate the impact of
ren fixation technology on ULS, nitrogen fertiizer demand m;c% ;me
rcomsidered three levels of reduced fertilizer application due ‘
ton t “‘mxiwmimgw They concluded that a decrease in nitrogen fa‘i“‘m;'*‘@“:‘ vriw"m nd
and a reduction | w COTR ACTe slanted would be the result of lower production costs
i - and EMWW}W) this study suggests that gains from biotechnology
wrrn of cost-reduciy f%m}muh;;‘
en fixation in corn is concluded m ‘imw‘? i .
b g production costs. Combining ma: near- ﬂmm”a mmﬁm ,;mwm
iugw al nitrogen fixation in corn with herbicide tolerance, short-term exp
im Mmﬁm% xm in corn could lean even further toward cost reducing tec
Tauer { }xz:aiémm | iiw =‘mmcmm im mm m mmm m»?(w cal nit
technologies using ‘MQQMMW‘ §
He modeled five sc i

s

b

1

en fixation
iculture,

s"m‘}n‘u mmﬁ five msw&‘mﬁ :*simccsa after biotec
chuded that biological nitroge 1S
auer estimated the ‘w*mfﬁfm LM% 3l ﬂht be Lm bu M

ST ¢ m biological

nitrogen fixa Umz technology if nitrogen fi :r application were eliminated on the major
crops in the United to be almost § billion. Tauner indicated that crop whm

biotechnology s likely to have substantial ec
larger society,
Chiou

nomic impacts (o producers and to the

4 Jus (1993 developed a structural qualitative choice mode! to
stic improvements in cotton {iber guality resulting from inserting
Bt-towin genes into cotton plants. They developed two simulation scenarios USIing pro
tions of staple mwlh and strength improvements to estimate potential economic gAINS.
They found that enhancements in fiber characteristics could change cotton prices. Thus,
these mpro tect the profitability of cotton production. Price changes
resulting from quality ioprovements would have an effect on the revenue received by
cotton producers.
Significant influences in agricultural productior
mnberent in the enterprise, and (2) the attitude of | il the inherent
risks. The risk attitudes, or risk preference, of a decision maker are difficult to quantify.
Prot d debate continues about the d‘gﬁ_m ypriate U;“ie;li‘i‘mmmt for t;;uumif’yém mdividual
risk preferences. Smith and Mandax f in rice produc-
tion to find whether empirical ob ;wmv afiMu%mtmm can hf.: MM,M a8 mmmmmh; Approxi-
mations of farmers’ risk perceptions. They concluded that properly estimated objective

he level of risk

e
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distributions could be use § to approximaate upper Hmits of the effects of producer risk

The i
technolk 2 >
a new technology such as the v ‘wiui ness mm‘k w'«t M ﬂw innovation and the risk associa
with the impovation. Szmedra, Wetzstein, and McClendon (1990} developed a dynaraic
theoretical framework {0 estimate the degree of technology adeption, full or ;mﬂm They
%‘"‘mx nd that varying adoption rates among producers may be explained by differing levels
of existi hno ‘ ‘s level of risk preference,
Anderson and A (1994) conlirm that the empirical evidence on the importance
f a?» aradoption decistons is not conclusive. They point to studies by Roumasset {1976)
1 Walker (1981) to refute risk’s mk in technology adoption decisions. Likewise, they
e iu tes Mmmuis and de Janvry (1977), O'Mara (1983), Gerhart (1975, Anderson and
Hamal (1¢ . Binswanger et al. '?*32@%”’\ and Krause et al, (1990) to support the role of
risk in adoption. They conclude that the contrasting results mav be due to
the sophistication of the relationship between crop yield risks and the variability of
farm income.

Mk ES, AND MODEL FORMULATION
1 in wm}max’a wmim w%zm“ Md mm are the primary field crops
produg . Most of the production

of these four crops in Texas m@m $ ;@ ane int '&m NPFA i : {_,mm“ pmdimmm or W&’fﬁ in the
MPRT was 3. wzzzlh(m? i 5, mm W‘ up 18% of total national cotton production. Regional
production of rhi million bushels, representing 11% of grain sorghum
production in the im;? States. f] the 1.5 billion bushels of all wheat produced in the
nation, the NPRT produced 41 million bushels. NPRT production of corn in 1996 was
156 mé‘ﬁwu bushels, representing approximately of corn production in the United
Sates (USDA various),

R@ nresentative farms were used to evaluate the ef!
on ;“m“miﬁz‘zi‘"ﬁiﬁiy and enterprise selection of farm ent
mine optimal levels of wmi action and net returns for whole farms composed of risky
crop enterprises ¢ and (ui ter exy d biotechnological shifts in the crop pr oduction
Emm 15, The N PR”{“ wa ed into four subregions. The sub s are the
Morthern High Plains, the Transi .i(,‘ai‘é“ the Southern High Plains, and the Northern Low
ains subregions. Four representative farms, one for each subregion, were developed
{(Figure 1),

Two sets of quadratic programraing models w
farm. The two sets of models differ in two ways. Pirs
constraints on the number of acres planted to each crop enterprise. These acreage con-
straints were designed 1o emulate the effe federal agricuitural programs that govern
S mmmzw Mo such constraints were inchuded m he models of the alternate set. This

ects of yield-altering biotechnologi
es. These farms were used to deter-

e developed for each representative
the models in one set contained

dissimilarity allowed analysis of the impacts of historical commodity price supports versus
the current trend toward elimination of agricultural subsidies. Second, the models in one

sef us »é m&awm;;‘s% crop vields for analysis of ps”(‘smzﬂwéﬂym“xd enterprise selection. Expected
crop vields. due to biotechnological advances, were used in the alternate set of mod
A detarled discussion of the two sets of models follows.
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Northern High Plains

v
. Transition
X
W

Southern High Plains

Northern Low Plains

Figure 1. Subregions of the MNorthern Plains Region of Texas,

One set of models, called the baseline set (BASELINE), was developed to simulate
current typical crop production decisions of producers in the representative subregion.
Crop enterprise acreages were held constant and historical crop yields were used in the
BASELINE set. A second set of models, the biotechnology set (BIOTECH), was developed
to account for the expected changes in crop vields brought about by biotechnology.
Assumed in the BIOTECH set is that crop enterprise acreages are not fixed, but producers
are allowed to select enterprise acreages, and the expected crop vields and the varation
from expected crop vields are altered because of biotechnological advances.

Asymmetric quadratic programming was used to allow for stochasticity of net reve-
nues, resulting from crop vield and output price variability, to be maximized subject to

production constraints. Parameters, applicable to the representative farms before the
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introduction of biotechnology-enhanced crops, were used in the BASELINE set. The
BASELINE set was designed to model the current regulatory and production conditions
facing producers. Parameters applicable to the representative farms after the mtroduction
of biotechnology-enhanced crops were used in the BIOTECH set. New expected crop
yield distributions resulting from biotechnological advances were used in the BIOTECH
set. Clearly, the selection of the crop yield distributions for each set is important. The
crop vield distributions used in the BASELINE set represent actual crop vield series,
while the expected crop yield distributions used in the BIOTECH set were elicited from
an expert panel. Because of the stochasticity of the crop yields and therefore crop net
returns, in both representative farm model sets, a measure estimating the level of producer
risk aversion was necessary.

The mformation required to develop the representative farm models consisted of
farm size, available crop enterprises, federal farm program details, crop vield statistics,
cattle grazing fees, costs of production, and producer risk preferences. Sizes in acres and
available crop enterprises of representative farms were determined using data from the
1992 Census of Agriculture

Federal farm program provisions were integrated into the representative farm models
to capture the effects of farm subsidies. The models included federal price supports as
they existed up through the 1995 crop season. Federal program payments are incorporated
into the representative models by increasing or having no effect on total revenue, depending
upon whether the target price is above the national market price. The models allow for
program payments to accrue to representative producers when the market price of a
commodity falls below the mandated target price. The target prices used for cotton,
sorghum, wheat, and corn were $0.73/1b., $2.61/bu., $4.00/bu., and $2.75/bu., respectively.
The national market price for each commodity used in the representative models was the
five-year arithmetic mean of the actual national market price for the 1989-1993 period.
The program yields maintained on each representative farm were determined by soliciting
a subjective judgement of the county average from Farm Service Administration employees
in a sampling of the counties in each subregion.

As born out in the Federal Agricultural Improvement and Reform Act (FAIR) of
1996, however, the contemporary political climate is amenable to reducing agricultural
subsidies. Because of the structure of declining program payments called for in the FAIR
Act, the uncertainty regarding the federal agricultural program after the cessation of the
FAIR Actin 2002, and the effect of the FAIR Act on commodity prices, the 1990 program
provisions were judged sufficiently appropriate for the representative models. Therefore,
a simplified rendering of the structure of farm price supports from the Food, Agriculture,
Conservation, and Trade Act of 1990 was used in the representative farm models.

Wheat production in each of the representative subregions is generally a mult-
product enterprise generating grain and cattle grazing. Therefore, revenue from cattle
grazing is included in the representative farm models. Wheat was assumed to be grazed
for 4.5 months by cattle initially weighing 450 pounds at a fee of $3.50/cwt/month.
Stocking rates were assumed to be one acre of wheat pasture per calf for irrigated wheat
and 3.5 acres of wheat pasture per calf for dryland wheat. Gross revenue from grazing
totaled $60.75acre for irrigated wheat and 317.36/acre for dryland wheat. The calculation
for wheat grazing revenue is typical of such contractual arrangements in the region.

Production costs were subtracted from gross revenues to derive crop net returns per
acre for the representative farms. Production costs, variable and fixed costs, were taken
from Texas Crop Enterprise Budgets (Texas Agnicultural Extension Service, 1995). Budget
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entries from the Panhandle, the South Plains, and the I Rolling Plains districts were com-
bined to match as closely as possible the production costs of the representative subregions.

Because of the focus of this study being the application of biotechnology as output
enhancing, the crop yield distributions exemplified in the models are the fundamental
clements that drive the analysis. Because the study emphasizes the analysis of j‘}e‘nm'
mp from crop plant biotechnology, the crop vield distributions used in the BIOTECH
set take the designation of expected crop vield distributions.

The modeling of the repr ative farms was designed to analyze enterprise selection
on the representative farms given the two combinations of regulatory and production
conditions described in the two model sets. That is, part of the mmMm solution should
provide optimal crop enterprise acreages for each crop enterprise availab Lff to a representa-
tive farm. Therefore, solution of the models requires information on expected crop yields,
expected variation from expected levels of crop vields, and ex pected relationships between
vieids of gach crop.

Dietermination of the crop vield distributions of the Baseline set for each representative
subregion was made by considering the historical crop vield series of each county in a
ntative subregion. A geographically weighted average in which the AVETAZE ACTOss
gave equal weight to each county in the representative subregion, was selected.
se of this method is that the average crop yields for all the crops in the
v to each county in the representa ive «uimgzon
I’%uwpx eld distributions used in the BASELINE set are founded upon an historical
period of twenty-two growing seasons from 1972 thre ugh 1993, The historical crop vield

: aken from USDA Crop County Statistics. The crop yield levels used in the
NE set were the continuations of the crop yield trends present in the historical

BAS

data. The trends in the historical crop vield data were found using ordinary least squares
T on. Two regression functional forms were investigated for each crop in each
representative subregion, The crop yield series were examined for confirmation of a linear

trend and a quadratic trend. The regression equation providing the best fitting trend for
each crop yield series was selected and used to form an expected crop vield level.

The variations from expected levels of crop vields and relat tionships between vields
of each crop were needed for the BASELINE set. Calculation of such variations and
relationships within and among crop yield series required that t technological trends be
mﬁww 1 from the crop yield series, A method for deu’mmﬂ,mg each crop vield series was
Fand is later discussed in detail. For each crop vield series, the variation from the
a:f\*,gm,‘gmi level was caleulated as the expected variance of the detrended crop vield series.
Lik . for each crop yield series, the relationship between the yields of each Crop were
calculated as the expectad rance of the detrended crop vield series with each of the
other detrended crop yield series present on the representative farm. The variance and
covariance of the p yield series were descriptive of the detrended crop vield series
because the accuracy of such descriptive statistics taken on the actual crop vield series
would suffer from the ma:hmzhwﬁml trends i the series.

The detrended crop vield series were calculated in a two- -step approach. First, the
regression deviations were calculated for each crop vield series as the difference between
the actual crop yield observation and the regression or predicted crop vield observation.
Second, the deviations were added to the expected crop vield levels to generate detrended
crop vield se ith an expected value equal to the expected crop yield level. The variance
and covariances were then taken from the detrended crop vield series.

The BIOTEC

=

output enhancing biotechnology. Solution of the models of the BIOTECH set required
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information on expected crop vields, expected vi riation {rom expected levels of or
yields, and expected relationships between yields of each crop, similar to the BASEL
set. However, the expected crop vields and expected variation were elicited from an expe 1£
panel. Once obtained, the expected crop vi wM levels and the variance of crop vield levels
were incorporated into the models of the BIOTECH set. The covariances between crop
vields of crops in the representative subregion are assumed to remain unchanged from
the BASELINE set.

As mentioned above, the expected crop yields and expected variation were elicited
from an expert panel. The expert panel was made up of 13 scientists from bi ological and
agricultural fields who are directly involved in some aspect of crop plant biotechn wlogy
research. The purpose of the panel within the context of the broader research project
was discussed with each panel member. Through these di ons, a time horizon of 20
years was established for the BIOTECH modeling sets. That is, the expects ations obtained
from the panel members are for a twenty-year horizon, The panel interview was conducted
in 1996, therefore, based upon the twenty-year time horizon, expectations produced from
the pane!l are for the year 2016,

Overall, panel members were not comfortable separating the crop vield unpacts
directly resulting from biotechnology from the total crop yield impacts expected to take
place within the twenty vear horizon. Therefore, panel members were asked to return
their expectations about total crop vields. Most of the difference between current Crop
yields and future crop vields was agreed by panel members to result from biotechnolo

The Triangular Distribution Procedure (Young, 1983) was used 1o subjectively elicit

expectations of crop yield distributions. Each panel member was asked to specify the most
fikely, maximum, and minimum expected crop yields for each crop in each representative
subregion, Once the three estimates were obtained, mean crop vields and the variance of
crop yields for each panel member were caleulated. Onee elicited and transformed into
expecied crop vields and variances, the individual expectations of the panel members
were aggregated to provide a single expectation of crop yields and variance of crop vields
ot each crop in cach representative subregion (Middleton, 1996). The mean and standard
deviation of current and future expected crop vields are found in Table 1.

Because of the stochasticity of the crop vields in the representative farm models, a
measure estimating the level of producer risk aversion was necessary in the modeling.
The modeling technigue used a standardized risk measurement to introduce ;ﬁmém cer
risk preferences into the models. The risk aversion coefficient, denoted by A or RAC,
equal to the Arrow-Pratt absolute risk aversion coefficient divided by two. The %‘K!M.
used 1 the modeling to ¢ v.;m: s producer risk preferences. A wide array of 1 !
s was tested for each ,
subregional crop producers wuﬂd be expected to lie. The bounds of the range of coe
cients were determined by an ferative process of refining the bounds and running the
BASELINE model set until the appropriate bounds identified,

The set of production constraints and opportunities faced by producers in each
subregion can be broadly defined and, hence, differ among subregions. Therefore, i“m,«:;s use
producers’ attitudes have adapted to the local conditions that help dmmmam the profit
ity of available enterprises, the bounds on the range of producer risk aversion are dif
for mmh representative subregion. The range of producer risk aversion was equally divic
to produce nine risk aversion coefficients (RAC), the set of which remains w
for eac h mraimmmnm whw on. %W each subregional model set, nine models were

: risk aversion. Therefore, for the representative farm

s

d

{

VYOI
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in each subregion, two sets of models (BASELINE and BIOTECH). both consisting of
nine models with differing RACs, were solved
The asymmetric quadratic programming models were of the general form:

{h Max 2 = C' X — AX'2X
(&) subject to: AX = b,
{3 X =0

Where £ represents expected net returns discounted for the producer’s risk premium, C
i5 the vector of net return coefficients, h is the risk aversion coefficient, ¥ is the variance-
covariance matrix of net returns associated with the various enterprises, X is the vector
of enterprises, A s the matrix of technical coefficients of the constraints, and b is the
vector of constraint values. The first term on the right-hand side of the objective function,
C'X, represents the product of the vector of net return coefficients and the vector of
decision variables (1.e., levels of enterprise acreages). This product is the expected net
return for the representative farm. The second term on the right-hand side of the objective
function, AX'2X, is equal to the risk premivm. The risk premium can be separated into
the risk aversion coefficient, h, and the variance of net returns, X'5X. To simplify the
discussion of the model solutions, Z is defined as the expected net returns discounted for
the producer’s risk preference (ENRD), C'X is referred to as the expected net return
(ENR), X'2X is defined as the variance of net returns (VINR), A is referred to as the risk
aversion coefficient (RAC), and AX'2X s the risk premivm (RP).

RESULTS

The representative farm models were formulated to maximize total ENRD from crop
production given production constraints on available irrigation water, labor, land and
capital investment, financial parameters, economic relationships, and institutional regula-
tions, The decision variables were the acreages of cropland allocated to production of
each crop enterprise. For cach of the four representative subregions (Northern High
Transition. Southern High Plains, and Northern Low Plains), two set of models
LINE and BIOTECH) were estimated. The results are presented in Tables 2 to 5.
As expected in all of the BASELINE sets, because the crop enterprise acreages are
fixed on the representative farm, the producer’s level of risk aversion makes no difference
in the enterprise selection. Therefore, within a model set for each of the nine models
having different RACs, the ENR is identical. However, the ENRIs and the risk premiums
vary according to the level of risk aversion
For each subregion, the BASELINE set is designed to mimic current producer
decisions and is based on current crop vield distributions, federal price subsidies, and

on the expected crop vield distributions and the expected regulatory atmosphere
of no agricultural producer subsidies or acreage regulations, Therefore, a comparison of
the results from the two sets of models provides insight into the impacts of biotechnolo
on producer decisions and net returns (Tables 2 to 5). A detailed discussion of the results
for each subregion is available from the authors, therefore in the interest of brevity only
a discussion of the overall results is presented here

Changes 1n enterprise selection on the representative farms from the BASELIME set
to the BIOTECH set provide an idea of possible acreage shifts into and out of each
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gion because of biotechnology developments. Acres of irrigated cotton continue
around 250 acres 1o the Transition farm, decrease from 22

) acres to zero acres in the
Northern Low Plains farm, hm increase about 25% in the Southern High Plamns farm
from around 320 acres to 400 acres, Irrigated cotton acreage would continue higher on
the Southern High Plans farm if it were not constrained by irrigation water availability.
Acres of drvland cotton fall from 60 acres to zero acres in the Transition farm, however,
acreage increases about 100 acres and 300 acres in the Southern High Plains and Northern
sw Plains farms, respectively.

Irrigated sorghum mwd%mmu goes to zero on all farms, removing irrigated sorghum
from production in the entire NPRT. However, dryland wrghm'n 4 ge increases about
350 acres in the Northern High Plains farm and 135 acres in the Transition farm. Decreases
of about 110 acres in the Southern High Plains farm and about 20 acres in the Northern

Low Plains farm result in an aggregate increase of about 120 percent or 355 acres of

dryland sorghum in the WPRT. Irrigated wheat production in the Northern High Plains
and Transition farms goes from 171 acres and 77 acres, respectively, to zero. Likewise,
dryland wheat production declines to zero on all four farms in the NPRT. On the Northern
High Plains, the Transition, the Southern High Plains, and the Worthern Low Plains
farms, 244 acres, 91 acres, 22 acres, and 266 acres, respectively, are lost in dryland wheat
production. Corn acreage Increases on the Northern High Plains farm from 120 acres to
300 acres and on the Transition farm from 210 acres to 400 acres. In both cases, the less
risk averse producer increases corn acreage up to the point of constraining rrigation water.

This study attempts to bring together both theoretical and empirical methods of

econoruc analysis to address the crop productivity impacts of plant stress and biotechnol-
, as they affect the de m:m«m«zkmg behavior of economic agents. The empirical models
developed here are for |
the NE”M I Changes in the specification of the characteristics of the representative farms
would be expected to cause changes with respect to the optimal solutions. However, the
models developed here are flexible enough to accommodate additional characteristics
and/or constraints that mayv be found n other regions where biotechnology would be
expected to have significant impacts on agricultural production. Also, the models con-
structed here represent a general depiction of the farming conditions in each subregi
of the WPRT, and thus, the results should remain robust across different farms in a:,z«wh
particular subregi

The results show that marked increases in producers’ m;mui:‘i net returns and in
the expected levels of payoll that account for producers’ risk preferences are anticipated
to nocompany advances in crop biotechnology. Likewse, for the higher levels of risk
aversion, developments in crop biotechnology are expected to reduce producers’ risk
premivims for each subregion except the MNorthern Low Plains subregion, where risk
preminms increase slightly. At lower levels of risk aversion, risk premiums are expected
to. at worst, also increase slightly. Therefore, biotechnological advances can be expected
to reduce the proportion of expected net returns represented by the risk premivms for
cach subregion. These results have consequential and timely implications.

Producers, historically relving on federal farm programs for some protection against
uncertainty, may face the reduction or elimination of farm program payments. The current
potitical climate surrounding the federal farm support program calls for decreased program

g
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payments to producers. Total withdrawal of agricultural subsidization by the federal
government may become a reality early in the twenty-first century. Under such conditions,
many farmers will be forced to seek alternative risk management strategies. Expected
biotechnological progress such as was examined in this study could allow farmers to
realize added benefits from risk management. Depending upon the time frame of actual
elimination of farm subsidies and the urgency to find 4 risk management tool to replace the
subsidies, realization of such benefits could speed the rate of adoption of biotechnologically
enhanced crops.

It is likely that expected net returns will increase because of biotechnology. The
increases estimated in this study provide some idea of the expected benefits that can be
anticipated. Such an estimate allows the calculation of the maximum rent that farmers
would be willing to pay for such technology. An estimation of the renr could aid companies
and institutions in developing investment analyses and so, budgeting of research funding
for biotech products.

Based on the results of the representative farm models, expected biotechnology
developments will entice producers in the region to change their enterprise selections.
Such changes in enterprise selection will precipitate shifts in the typical quantities of crops
grown between subregions and even into and out of the region. Keep in mind that these
shifts are expected to take place gradually over an extended period of time and therefore,
might not be impeded by the rigidities of a shorter time period.

Overall, biotechnology will encourage increased production of dryland sorghum and
cotton at the expense of wheat and irrigated sorghum acreages. The representative models
typically indicate that acres of irrigated crops will tend to decrease as advances in crop
biotechnology are adopted, especially for producers at higher levels of risk aversion. Such
a decrease in irrigated acreage may coincide with increased demand for water for uses
other than agriculture. As a result of the increased non-agricultural demand, the cost of
irrigation water could increase and further decrease its use in the crop production systems.
The difference in the relative changes in irrigated versus dryland crop acreages expresses
an awareness that dryland crop yields stand to benefit most from biotechnology.

The flexibility of the representative models developed here could be altered to discern
the mmpacts of biotech innovations that differ from those expected by the expert panel
members, The impacts of specific shorter-term biotech products could be incorporated into
the models to determine the effect oncrop production in the region. Or, the consequences of
shifting funding priority from research in one crop to another could also be analyzed.
Likewise, the flexibility of the models allows not only for analysis of yield changing
technologies, but also, for relatively simple introduction of cost changing biotechnologies.
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ABSTRACT
Arid and semiarid regions of Texas and the United States are becoming locations of
choice for year-round application of municipal biosolids (sewage sludge) to minimize applica-
ton-time lost to cold or wet conditions, We determined carbon Josses from MWMW applied
municipal biosolids (1.8 Ths wet bioselids 1) to a clay loam sofl in sealed, forced-air chambers
for 29 days after application. Experimental conditions, three temperatures (41, 73 or 100°F)
and two initial soll-water contents (5 or 18 % water), were similar to those w;ywimm&d at
a commercial application site vear Sierra Blanca, Texas, Al freatments had an initial,
wnmicrebial degassing peak. From 4 ﬁwwm through dav 2, carbon loss as measured i%w O,
evolution increased significantly (P < 0.05) with temperature. By day 29, 0.41, 0.5% and
0.73 % of carbon was lost for the 41, 73 or 100°F treatments, respectively. Carbon loss
from the 41°F temperature treatments and temperature differences in carbon loss were
significant only through day 2. We conclude, therefore, that biosolids may be applied through-
out the year without restricting temperature or water parameters beyond the current USEPA
or Texas Natural Resource Conservation Commission regulations,

[
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airoidesy respond more to dormant-season application of biosolids than growing

mshmuwm at Sierra Blanca, 5 in the frst growing season. Loftin (1995) wgmri § 'é?m&
grassiand w,mmmw to biosolids application is dependent upon water availability. Staley
and Fonopka (1985) report the rate of microbial decomposition dmea’u 5 4:m the gﬂ‘w&;émﬁ
chemical and '@:m:»%wg:mzl haracteristics of the habitat. Sommers et al. (1981) list these
factors to be temperature, O supply, water potential, pH, inorganic 1 mmm;m and N
ratio of the material along with management factors.

of decom mmr 1 may not be directly related to increasing microbial populations. Maca-
lady et al. (1998) st “Oh evolution rate is not ne rily influenced by microbial
growth. Microbial mwmm are unlikely to be in a steady state (Staley and Konopka
1985}, Instead, habitats occur as a series of transient states due to the fuctuations in the
chemical and g:mwm% environment.

s biotic and abiotic decomposition of organic matter
x‘f‘i’ (Moorhead and Reynolds, 1991). Moorhead and Revnolds
H%‘»ﬁ y maamd }‘im ;fahiaﬁstm factors account for 30-753% of the total annual degradation of
creosotebush (Larreq trideniaiay surface Hiter in the northern Chihuahuan Desert. Miller
and Pepper (1988) suggested that high pH levels, high temperature and low moisture
would be advantage to soil microbes under desert conditions, In addition, a fast
ywih rate 1o 1 dvantage of ephemeral conditions would favor microbial growth in
wse environments, Other microbial advantages to cope with limited nutrient supplies
would be the ability to wiilize a wide range of nutrients for carbon, energy, and nitro-
gen sour

An

3

L

son and Domsch (1975) reported that litter a:ﬁ%;:«s:nn‘mmﬁmm for mixed microbial
populati with complex subs =5 can be determined quantitatively by measurement
of zm:z% re tion. Huffman et al. (1996) w;vmwd Cy evolnti aks at day 5 with
wheat {(Tr iticum aestivum) resicdue 1 mi was high in cellulose. ‘ k mé%mw 1
by Hmimmm et al. (1996 would be expected to «;aa;m:wr' More uic kiy with biosolids,
cellulose 1 ssistant to decomposition than many of the components u% fmu
’%it‘mﬁf ir W ion peaks have b shown in other studies for v 50
lm«mzs and Beese, 19923 over a shorter thne scale. Therefore, the

al COn evolution peak was likely to depend on soil type and
s:@f‘wimmm prevalent at the time of the study.

Current interests in beneficial applications in the Texas and southwestern U5, d

sest a need for specific inform: arili
water content on the fate of surface.
im evaluate the influences of temperaty
surface applied biosohds to a des
the O, evolution {r
water, and (23 determine the influence of i,ﬁlifﬁ“i?{M‘&E‘;%%u%“m and @amﬂ water on *w}‘m:mm:s
tton nuimnbers in biosohds and soil,

eserts

applied biosolids. The objective of this project was

e and imm% %mi ‘WMM on ‘iiw iﬂw m‘ a‘z‘z‘"é"mm from

i ﬁ&)}f’m im

MATERIALS AND METHODS

Soil used in this study was from @ commercial application site in a Chibuahuan
rassland near Sierra Blanca, Texas that received New York, New York domestic
E“}wwim Temperature chambers contained two soil and one control chamber, which
were 10 inch long X 6 inch wide % 7 inch high. A 6.0-1b soil sample from the top 2
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inches of a calcareous clay loam (fine, mixed, thermic superactive Vertic Paleargids) was
placed into each soil chamber. On the “inlet” side of each temperature chamber, ambient
air was pumped by diaphragm pumps set to deliver a flow rate of 0.0175 £ hr'. Bacterial
air vents (Mo, 4210, Gelman Sciences, Ann Arbor, MI) were installed in-line between the
pumps and the sample chambers. Individual CO, samples could be obtained on the
“outlet” side without opening the temperature chamber.

Temperature chambers were operated at 41, 73 and 100°F to simulate winter, spring/
fall or summer application temperatures. Copper/constantan thermocouples connected
to a data logger (Campbell Scientific CR-5A Digital Recorder, Logan, UT)} monitored
soil-air interface temperatures. Water content was monitored four times per day using
Time Domain Reflectometry (TDR-Trase system, Soil moisture Equipment Co., Santa
Barbara, CA). Carbon dioxide samples were evaluated in an infrared CO; analyzer (Beck-
man Model 865, equipped with a Hewlett-Packard 3390A Integrator, Avondale, PA).
The analyzer was calibrated with a 515 ppm CO, gas standard. Integrated sample values
were compared to a calibration curve peak height to obtain CO, concentrations from
each sample. Chambers were allowed to equilibrate within the temperature chambers {or
a period of 5 to 7 days. Sufficient water was added to bring gravimetric soil water levels
to 5% (~permanent wilting point) and 15% (~field capacity).

After stabilization, nylon mesh fabric (390 X 390 mesh per inch®) was placed over
the entire soil surface. Approximately 0.77lbs of the biosolids (~1.8 lbs per {1°) were
applied evenly across the soil surface/mesh fabric of each soil chamber. Biosolids averaged
T2% water on a wet basis with 2.08% carbon on a dry basis. CO, samples were taken
immediately after biosolids application and daily thereafter for a total of 28 days.

Soil and biosolids subsamples were taken for microbial population size determination
initially and at day 29. All samples were stored at -4°F until replicate plating could begin.
The microbial population enumeration procedure for soils (Wollum, 1982} was extended
to biosolids. Wollum (1982) reported shaking times of 10 min. for soils. Post-experimental
biosolids subsamples, however, were often dried into hydrophobic “clumps.” Pretrial
studies indicated a 20-min. shaking time improved the disaggregation of these clumps.

Soil and biosolids were plated using dilutions ranging from 107 to 10%. Dilutions
were made as needed with no more than five dilutions being necessary for any subsample.
Aliquots of 0.06 in’ were drawn from each dilution and spread onto Triptic Soy Agar
plates using a bent glass spreader. Subsample plates were incubated at the temperature
at which the sample was treated during the experiment. The temperature chambers used
in the experiment were subsequently used as incubators for plating. All plates were
incubated for 48 hours and microbial colonies counted using a Quebec counter. The C

evolution and plating experiments were replicated three times. Data were analyzed using
Analysis of Variance procedures and significances evaluated at the 5% level usin g Duncan’s
new multiple range test,

DISCUSSION OF RESULTS

Soils and biosolids used in this study were collected from a commercial application
site. Experimental temperatures and initial soil-water contents were similar to those
encountered at that location. The actual temperature chamber design precluded maintain-
ing soil water at a constant level. For both the 73°F-wet and 100°F-wet treatments. soil
water decreased throughout the experiment, presumably as a result of evaporation (Fig.
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Figure 1. Volumetric soil-water content for each temperature-water content treatment
as a function of time.
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Figure 2. Daily CO; evolution for each temperature-water content treatment as a func-
tion of time,

1}, Soil water increased in both the 41°F-wet soil treatment and the 41°F-dry soil treatment
presumably due to condensation within the chambers. The 100°F-dry and 73°F-dry
treatment water contents were relatively constant (£ 2% water) throughout the experi-
ment. Thus, in the context of the entire 29 day study, initial water contents were not
independent variables, but were dependent upon temperature. Cumulative CO, evolution
from this experiment as a function of initial water content could not be statistically
compared across treatments due to changes in soil water.

Daily CO, evolution values, however, were compared since soil water was assumed
not to change during the daily sampling period of approximately 30 min. Immediately
after biosolids application, all treatments showed an increase of CO,above preapplication
levels (Fig. 2). There were no temperature or water treatment effects at this sampling
tirne. While these first experimental CO, samples were taken immediately after application,
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I biosolids
1. Theoreti-

it was unlikely that biosolids had reached either 41°F or the 100°F. Thus, initia
COyevolution ocourred with the biosolids at or near ambient tem iperature (73°F
wm mitial CO, evolution should increase with increasing temperature,

Four hours after app hw‘g:ma biosolids temperatures were assumed to be the same
as the soil. At mm i'zmtf (Fig. 23, the 100°F treatment had significantly greater CO,
evolution (BE%%( ypm CO, a%mw backgroundy than either the 73°F or 41°F treatments

(1270 and 150¢ ;?gmm CO, above background, respectively). On day 1, CO, evolution
vam es for thz‘: "73”&” treatient were not significantly different from either the 4 H°F or
100°F treatments. By day 2, COs evolution values for the 41°F treatment were significantly
less %mz ui%wa" the 73°F or 100°F treatments. Through day 2, CO, evolution differences
were si antly (P << 0.05) related to temperature alone. From day 2 through the
remaining 29 ddy.‘» of the study, there were no significant daily temperature effects on
carbon logs. 'f”?'w €O peaks for all temperatures decreased quickly to levels near back-
grovnd (<1 gmm CO, above background) by day 5 (Fig. 2). CO, evolution data ma 1y
Ew ine umélmvc since only one series of CO, samples was taken per dn\ Increased sampling
as impractical due to time and budgetary constraints.

Cumulative O, evolution could not be mn«»mzﬂh compared across different water
treatments due to changes in soil-water contents. Actual CO. evolution amounts. however,
indicate a greater loss of CO, as the temperature increased. The wet initial soil freatments
evolved more CO, than the dry initial soil treatments. Quantities of COyevolved for the
4L 73 and 100°F temperatures of the wet treatments were 30.9, 43.4 and 61 4 mg CO,
lost during the 29 d experiment, respectively. Quantities of CO, evolved for the 41. 73
and 100°F temperatures of the dry treatments were 30,2, 38.0 and 48.1 mg CO; lost
during the 29-day experiment, respectively. The ave age carbon lost across both initial
water treatments were 8.34, 11.1 and 14.9 mg carbon lost during the 29 day experiment
at th«:‘ 41, 73 and 100°F m‘ﬁp@mm;w respectively, These values are 0.41, 0.55 and 0.73
% of carbon applied for the 41, 73 and 100°F temperature treatments, respectively, Agal
with the confounding of the \mm treatments, these results cannot be statistically com-
pared.

All temperature and water treatments lost carbon as indicated by CO. evolution.
Biosolids CO- evolution likely ocourred as a result of two distinet phenomena: (1) the
physical degassing of the biosolids and (2) microbial dmwmpmﬂmzz of the biosolids. We
believe that physical degassing of the biosolids is responsible for the initial CC s evolution
peak in the cold temperature treatments. Although we were unable to separate physical
and microbial phenomena, Jenkinson (1966) demonstrated that, in fumigated soils, this
initial peak was primarily due to the decomposition of lysed microbial cells. The materials
used in this experiment were not fumigated (autoclaving the biosolids resulted in vist ually
altered material), but biosolids may be assumed to consist largely of components similar
to those of lysed cells (U.S. Environmental Protection Agency, 1983). Huffman et al,
(1996) reported a similar initial peak in a study investigating wheat residue application,
Macalady et al. (1998} stated that COsevolution is based on microbial populations and
not necessarily influenced by microbial growth.

Soil and biosolids microbial po; Nﬂiﬁz”iﬁﬁ“@ differed in wm application and post-applica-
tion numbers. Replicated plating results indicated no soil or biosolids microbial I colony
forming units for either the pre-application or post- application cold treatments (Table
1). Initial soil microbial numbers were significantly less at 41°F than for the warmer
temperatures while initial biosolids microbial population numbers were not significant
with respect to temperature. Final soil microbial numbers were significantly different with
respect to temperature with microbial population numbers increasing with temperature.
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Table 1. Initial and final (29d) microbial population numbers for the soil and
biosolids as a function of temperature (Initial only) and temperature
and initial soilwater content,

Temperature AMNOVA results
Parameter 41°F  73°F 100°F

CFU > 108 g
Initial soil 0.0a* 145 1.10b 0.0017
Initial biosohds 0.0a 1o6a  1.20a 0.5148
Final soil 0.01 3.308b  7.578¢ 0.0001
Final biosolids 0.0a 142.3a  591.9b 0.0057

“Stmilar letters within rows are not significantly different using Duncan’s new range test,

The 41°F microbial population numbers were not significantly different from the 73°F
population, but both differed significantly from the 100°F population numbers. Although
the 73°F microbial population numbers were less than the 100°F numbers (142.3 » 108
colony forming units per gram (CFU gy ve. 5919 % 10°CFU g'Y), replication to rephication
variability in both the 73°F and [1D0°F treatment numbers precluded significant differences.

Replicated plating data support the concept that CO, evolution, after the initial phase
of degassing, was due to microbial metabolic activity. As experimental temperatures

increased, microbial population numbers for both biosolids and soil increased. Increased
microbial populations in biosolids may be just that-—aerobic microbes indigenous to the
biosolids that are increasing in population mumber as a result of the application process
{i.e., removed from anaerobic shipping containers used to transport the biosolids and
apphied to an oxygen-rich environment). Soil microbial numbers may increase not as a
direct result of biosolids addition, but result indirectly from an influx of nutrients in the
solution leached from the biosolids to the soil.

CONCLUSIONS

Temperature at which biosolids are surface applied to the soil influences total carbon
loss. The €O, peak obtained immediately after biosolids application was not influenced
by temperature or water. This peak was consistent with peaks reported by Jenkinson
(1966) and Huffman et al. (1996). Carbon loss increased significantly as temperature

increased from 4 h after application through day 2. Beyond day 2, carbon loss was not
significantly related to temperature levels. Average carbon lost across both initial water

treatments were 0,41, 0.55, and 0.73% of the carbon applied during the 29-day experiment
atthe 41, 73 and 100°F temperatures, respectively, Since temperature differences in carbon
loss were significant only for 2 days, and there was carbon loss even for the 41°F
temperature treatment, we concluded that biosolids may be applied throughout the vear
without restricting temperature or water parameters beyond the current USEPA or Texas
Matural Resources Conservation Commission regulations.
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ABSTRACT

The spatial economic impacts of the red imported fire ant (RIFA) on the Texas cattle
industry were estimated using regression analysis. Data from a survey of Texas cattle
producers were used in conjunction with Agricaltural Census data o estimate economic
impacts statewide, and on a per county and per acre basis, The statewide economic impacts
on the cattle industry were estimated to be approximately $25% million annually, A 95%
confidence interval was also calealated, having a lower bound of 528 million and an upper
bound of $573 million. Estimates were also calculated for each county to evaluate the spatial
properties of RIFA impacts, Per county estimates highlight these counties with relatively
large damages associated with RIFA. Per acre damages highlight “hot spots” of RIFA
infestation within the state,

KEYWORDS: RIFA, Economic Impacts, Texas Cattle Industry.

The red imported fire ant (RIFA), Solenopsis invicta Buren, was introduced into the

- WWE é“’**i es ap imm 1 Ea“iw 70 years It is believed that RIFA entered the United
bam m 1930 rom %w iz X‘mmzm E TO Mui‘wm

1, M L F Mé

‘ M@M M”M it continues m infest
vmﬁv rate. RIFA was first observed in Texas in 1953 (Culpepper,

“mm;“ )

1953, & RIFA has wm;ﬂm d to spread south and west in the state, Figure
{ d«:m 1 it .xi spread of RIFA in the state over time. In 1989, RIFA’s
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Drees, 1996). An overall estimate of the current annual economic loss due to RIFA on
all economic sectors in Texas is $300 million dollars (Frisbie, 1997).

Livestock production in the state of Texas is a significant industry in the state’s
economy. It accounts for over $7 billion annually and contributes more than 50 percent
of the total estimated value of agricultural production in the state (USDA, 1996).

Given that RIFA continues to spread and that its spreading is a function of climatic
and geographical factors, it is desirable to develop methods and procedures to estimate
possible ex-ante impacts of its infestation. In particular, the objective of this study is to
revisit Barr and Drees’ estimated impacts of RIFA on the Texas cattle industry based
on climatic and geographical factors, and focus on the spatial impacts of RIFA on the
cattle industry in Texas,

METHODS AND PROCEDURES

Data from the cattle producers’ survey conducted by Barr and Direes (1996) were
used to re-analyze the economic impact of RIFA on the Texas cattle industry on a spatial
basis. Barr and Drees’ information was used to estimate RIFA damages as a function
of the number of cattle per operation, size of operation, location, and spatial weather
characteristics.

Total loss with respect to cattle injuries as well as damages to hay production for
those who produce their own feed was used as the dependent variable in the regression
model estimated. Several independent variables were considered. Some of the independent
variables that were suspected of affecting total loss were: climatic related factors, geograph-
ical location, number of cattle, number of acres, and length of time a particular region
had been infested with RIFA. The survey provided data for the county in which the
respondent lived, and the number of acres and cattle on their ranches. The other indepen-
dent variables were introduced by using dummy variables.

Several qualitative variables were examined using dummy variables as both intercept
and slope shifting variables. These included variables for the amount of annual rainfall,
the annual number of frost-free days, and the amount of time RIFA has been in the
area. The rainfall variable was chosen because RIFA population tends to thrive in areas
with greater amounts of rainfall. This variable was determined by the amount of rainfall
that each respondent’s county received during an average vear. The variables included
less than 20 inches, 20-34 inches, 35-48 inches and 49 inches or more of rainfall per year.

Another variable considered was related to the number of frost-free days per year
for particular counties. This variable was included because the greater the number of
frost-free days usually result in higher RIFA populations. This variable was used as a
dummy variable to separate counties into two categories: those with less than 290 frost-
free days and those with more than 290 frost-free days.

The last dummy variable dealt with the rate at which RIFA has spread over the
state of Texas. RIFA was first observed in Texas in 1953, but it is believed to have been
established in 1957, RIFA has continued to spread south and west through the state as
shown in Figure 1. Each respondent was assigned to a group based on their geographical
location in that map. Because of the small number of respondents in the first two groups
(1957 and 1967), these two areas were combined into Group 1. Group 2 corresponded
to the areas infested between 1967 and 1977. Group 3 corresponded to the areas infested
between 1977 and 1985, Group 4 corresponded to the areas infested between 1985 and
1993, And Group 5 corresponded to the areas located west of the areas infested by 1995,
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After establishing these dummy variables, a considerable number of alternative regres-
sions using several combinations of the independent variables were ran. Several functional
forms such as linear, quadratic, and semi-log were considered. These regressions were
ran to determine which functional form provided the best fit of the data. Using the best
mode! would allow the prediction of RIFA damages on a per county basis. That is, given
a county in a certain geographical location in the state, a total cost or damage estimate
can be determined for that county depending on the average number of cattle operations,
and the number of cattle and acres per cattle operation in that county.

The model that best {it the data took the following functional form:

TC = HG1, G2, (3, Cat, Cat’, GlAcre, G2Acre, FYD1),

where: TC represents the total damage to cattle and hay production caused by RIFA;
Gl to G3 are dummy variables based on the length of RIFA establishment; Cat represents
the number of cattle per operation; Cat® represents the number of cattle per operation
squared; GlAcre is a slope shifting dummy variable relating Group 1 of infestation and
the number of acres per operation; (G2Acre is another slope shifting dummy variable for
Group 2; and FFDI is the first category of frost-free days. There were a total of 1,415
observations in the data set used.

Once a regression equation depicting the total cost of RIFA to cattle and hay
production was determined, this equation was used to extrapolate the RIFA impact on
a per county basis. The procedures used to accomplish this included the use of 1992
census data to derive the average number of acres per cattle operation on a per county
basis {Agriculture Census, 1992). This information along with the geographical and
climatic characteristics of a particular county, were substituted in the regression equation
to derive a per cattle operation RIFA damage estimate. After this was done, these levels
of damages were multiplied by the number of cattle operations in a particular county to
determine the total damage on a per county basis.

RESULTS

As mentioned previously, several functional forms and combinations of the variables
relating to RIFA damages and number of acres per operation, number of cattle per
operation, dummy variables for the spread of RIFA, dummy variables for annual rainfall,
and dummy variables for the number of annual frost-free days were examined. The
estimated model was:

TC = 933800 + 1023300 * R1 + 1092.700 * R2 + 1639.200 * R3 + 23068 * CAT ~

{2.1818) + (2.6047) (3.9088) {6.2515) (5.9400)
0.000299 *CAT® +0.8998 * RIACRE + 0.50803 * RZACRE -~ 778.640*FFD1
(~6.2228) {3.1944) (4.9591) (-~ 1.9064),

where the variables are defined as before, and the numbers in parenthesis below the
coefficients depict their associated t-values. All estimated coefficients had the expected
signs and were significant at the 95 percent confidence level, except for the dummy variable
for the number of frost-free days, which was significant at the 90 percent confidence
level. The coefficient for the dummy variable of region one has a positive sign, indicating
a direct relationship with RIFA damage. The same is true about the coefficients for the
dummy variables for regions two and three. In short, the regional location was a significant
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determinant of total RIFA damage. The coefficient for the number of cattle variable was
found to have a direct relationship with RIFA damage. The number of cattle 54 amwl
coefficient is negative, indicating an indirect relationship with RIFA damage. Thus, it i
expected that after a certain number of cattle RIFA damage begins to decline. Speci {;mih
it was found that the number of cattle before the damage begins to decline is approximate ely
3,950 cattle.

Region one multiplied by the number of acres was found to have a déwm relationship
with the dependent variable. This is a slope shifter dummy variable. As the number of

acres change within this region, RIFA damages increase. Region t\m muhtiphed by the
number of acres was found to also have a similar effect on expected RIFA damages, but
at a shightly lower level.

The last independent variable included in the model was the dummy variable associ-

ated with the annual number of frost-free days. This variable was found to have a direct
relationship with the dependent variable. That is, the fewer frost-free days at a given
location, the lower the RIFA damages.

The coefficient of determination, or R, of the estimated equation was 0.0923. Due
to the fact that the reg ion model uses cross-sectional data and that the mmdium in
the dependent variable is large, this causes the model to have a low R% However, because

the R7is lower than what would be desired, a confidence interval of the estimated darmages
on a per county basis was calculated at the 95% confidence level. This provides upper
and lower bounds of damages

i

Per County Damages

Using the estimated equation, census information, e:§i;mi‘ic and geographic informa-
tion, a point estimate of the aggregate annual damage of RIFA to the state’s cattle
industry was found to be $254.847 million. In Figure 2, the point estimate of damages
is shown on a per county basis. As shown in that figure, the highest annual levels of
RIFA damages on the cattle industry are expected to take place in 16 counties in which
the levels of annual damages are estimated to be between $3 and $5.56 million, The
county with the highest level of estimated damage was Lavaca, Jocated in south central
Texas. Generally speaking, the counties expected to experience the greatest losses are
surrounded by counties that are expected to experience the second highest levels of
damages, between $2 and $3 million per vear, due to RIFA.

Given that the overall fit of the estimated equation, on which the above estimates
of damages are based, is not as good as desired, the reliability of the estimate of dama ges
; ste. For this reason, in Figures 3 and 4 the lower bound and
upper bound estimates of damages at the 95% confidence level are depicted, 1”‘e:wpe,:‘c:‘:,évcwﬁyu
At the 95% confidence level, the lower bound of the annual ¢ gate estimate of RIFA

es on the Texas cattle industry is $27.870 million and the upper bound of the
d;m agww is $572.904 million. The spread of these bounds reflects the less than desirable
fit of the overall equation. However, given the statistical significance of the
v mil les included in the regression model, it is §<::i{ that, while the estimated levels of
damages on a per county basis and for the state as a whole might not be as accurate as
desired, the relative magnitude of the damages from county to county provide valuable
insight in identifying counties in which RIFA damages are expected to be highest.
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Per Acre Damages

County-wide estimates are useful in determining which regions of the state are
expected to be experience the highest levels of damages due to RIFA infestation. However,
counties which include large nrban areas generally do not have large damage estimates
because of the small numbers of cattle within these counties. For this reason, RIFA
damages were also estimated on a per acre basis.

Per acre damages were calculated in a similar fashion as the estimates on a per county
basis. The estimated equation was used along with census data to determine the damage
to the cattle industry on a per operation basis. This damage estimate was then divided
by the operations’ average size per county. Figure 5 presents the annual damages per
acre, per county.

As can be seen in Figure 5, most of the counties that were considered “hot spots”
for RIFA infestation on a per county basis, only have moderate damages on a per acre
basis. Because these counties have more acres devoted to cattle production, the overall
damage estimates are higher than other counties with higher per acre estimates. The
highest per acre damage estimate was for Hunt County at $28.06 per year. The per acre
damage estimates show those regions of the state which are being affected most by the
presence of RIFA.

Again, because of the low R? of the estimated equation, 95% confidence intervals
were caleulated on a per acre basis. Figures 6 and 7 show toe upper and lower bounds
of the annual per acre damage estimates, respectively.

SUMMARY AND CONCLUSIONS

Given an interest in identifying the spatial impacts of RIFA on the Texas cattle
industry, hypothesized relationships between RIFA damages, and characteristics and
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cross-sectional sample and that the varability of the RIFA damages reported from
respondent to respondent was large. Overall, the statistical power of the estimated equation
was not as good as would be desired, however some of the independent variables that
have an impact on Ji‘{‘i‘ A populations were found to be significant in a‘%;"ﬁmm:m the
economic damages of RIFA on the Texas cattle industry. 1t is felt that, 1 the way
in which RIFA mfestations and associated damages on the cattle industry take place, it
would be difficult to improve on the estimation of the economic impacts of RIFA on
the cattle industry derived in this study,
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ABSTRACT

As early as 1887, Agriculture was recognized as a science. Hammonds (1950), author
of Teaching Agriculture, wrote, “The ‘organized body of knowledge’ we call the science of
agriculture is deeply rooted in the sciences that contribute to agriculture. If we strip away
from agriculture the portions of other sciences that bear upon it, we perhaps do not have
left a seience of agriculture, To teach agriculture is to recognize that it is a science,”

Data published in a national study in 1993 indicates that 34% of agricultural science
teachers are teaching courses that are receiving science credit (Dormody, 1993). In a later
study, Dormody found that, during the 1989-90 school year, 67% of the nation’s agricultural
science teachers and 73% of the nation’s science departments had shared resources.

Agricultural science teachers are separated from other teachers by the fact that they
are respounsible for much more than just classroom and laboratory instruction. They are
called wpon to serve the community as an educator and an agriculturalist. There are over
1,500 agricultural science teachers in Texas. These teachers often work year-around with
students, assisting them with their Supervised Agriculture Experience Program (SAEP)
projects, Furthermore, they advise the school’'s FFA chapter and are involved in leadership
and career development events (Newcomb, et al.-—1993), Due to the vast curricula offered
in agricultural science at the secondary level, agricultural science teachers often are asked
to teach subjects that may range from biological sciences to hunter safety (Texas Education
Agency-—1994).

If agricultural science teachers could open their programs by offering science credit,
there is a tremendous potential for increased enroliment in the agricultural science programs.
Moreover, offering additional options for students to complete science credits would be
beneficial to students and administrators alike.

Schools could conceivably benefit economically as well. School districts with increased
enroflment in their agricultural sciences program would stand to gain additional vocational
funding from the state of Texas.

PURPOSE AND OBJECTIVES

The purpose of this study is to determine the perceptions and attitudes of Texas
agricultural science teachers toward granting science credit for agriculture courses,
Specific objectives are as follows:

1. Determine Texas agriculture teachers’ level of support for granting science credit
for agricultural science courses.
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Determine Texas agriculture teachers’ perceptions of administrator and commu-

nity support levels for granting science credit for agricultural science courses.

3. Determine possible effects of granting science credit for agricultural science
courses, as perceived by Texas agriculture teachers.

4. Determine Texas agriculture teachers’ level of support for various methods of

granting science credit for agricultural science courses.

Determine Texas agriculture teachers’ level of support for various methods of

certifying teachers to offer science credit for agricultural science courses.

6. Determine Texas agricultural science teachers’ post-secondary credit hours, grade
point averages and required hours in biology, chemistry, earth sciences and physics.

7. Determine the extent to which Texas teachers currently teach agricultural science

courses which are granted science credit, as well as to determine the teachers’

perceptions as to which classes have the proper content and potential to be used

for science credit.

=

METHODS AND PROCEDURES

Instrumentation

Instrumentation consisted of a modified questionnaire developed from a study in
Arkansas (Johnson 1993%) accompanied by a disclaimer. Questions on the instrument
corresponded to the objectives of the study. The instrument also contained space for
written comments concerning science credit for agricultural science courses.

Population

The population for this study included a sample of the 1,504 Texas agricultural
science teachers. For budgeting purposes, stratified random sampling was used. Three
hundred teachers were surveyed. Using the random numbers method, a sample of 30
teachers was selected randomly from ten strata within the state of Texas. The ten areas,
used by the Texas FFA Association to divide the state, were used as the strata for
the sample.

Data Collection
The 300 surveys were mailed to the randomly selected individuals. Due to budget
restraints, self-addressed, stamped envelope was not provided. The individuals were given
a deadline of one month after mailing to complete the survey. This length of time was
allowed because the spring semester is the busiest time of the year for agricultural science
teachers in Texas.
Analysis of Data
Data were analyzed using Corel Quattro Pro. Some statistical testing was done by
hand, using formulas from Elementary Survey Sampling (Scheaffer, et al., 1996). All data
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RESPONSE BY AREA

ri= 140

Figure 1. Response By Area

was entered into a Corel Quattro Pro spreadsheet. Various “@ Functions” were used to
determine the nuwmber of different responses to each question, mean, standard deviation,
mode, and median. Statistical differences were determined using a proportion estimate
comparison formula from Elementary Survey Sompling, Chapter 4, section 4.60. All
comparisons were done with 95% confidence. The results were reported as descriptive
statistics and inferential statistics.

RESULTS

Demographics

The subjects were asked to provide their area, age, sex, school size, number of students
in their agrncultural science program, number of agricultural science teachers in the school,
and number of science teachers in their school.

Response by area ranged from 23.3% to 93.3% {n =130 for each area). As seen in
Figure 1, Area V1I had 7 responses, while Area X had 28 responses. Twenty percent of
the total responses (n=140) came from Area X, which includes most of South Texas.

The numbers of male and female respondents were highly disproportional. Three
ects did not respond to this question (n=137). Out of the remaining 137 surveys,
were 116 (84.7%) males and 21 (15.3%) females.
5 389, with a standard deviation of
9.216. The median and mode age was 38 and 31 respectively. The maximum age was 56,
and the minimum age was 25
The high schools in Texas are divided according to size, with 1A being the smallest
and 3A being the largest. The majority of the responses (58.6%) came from teachers in
2A and 3A schools.
Most of the respondents had either 100125 or 125150 students in their agricultural
sciences program. Mo respondents had less than 20 students in their program.

subyj
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Table 1. Demographic Information About Survey Respondents (Including sex,
size of school, and # of students in agricultural science program).

n Percent (Vo)
Sex (m=137)
Males 116 84.7
Females 21 15.3
Kize of School (n= 140}
1A 18 12.9
2A 43 30.7
A 39 279
4A 21 15.0
A 14 13.5
# of students in agvicultuval
science programs {(n=40)
0-20 U 0
20-30 6 4.3
30-40 0 ]
i 2 1.4
12 8.6
-7 15 10.7
70-80 12 8.6
BO-90 9 6.4
S90-100 6 4.3
1H00-125 23 16.4
125-150 31 221
150-200 13 9.3
Ower 200 i1 7.9

The mean number of agricultural science teachers in cach agricultural science program
was 1,73, with a standard deviation of 62, The most frequently occurring number of
teachers in a program was (wo.

The number of science teachers in each school varied greatly among the respondents.
The mean number of science teachers was 6.7, with a standard deviation of 4.8, (See
Tables 1 and 2)

Table 2. Demographic Information About Respondents (Including age, # of
agricultural science teachers in the program, and # of science teachers
in the school)

n X 5 Med. Mode
Age 139 38.98 9.22 A8 51
# of ag. sclence
teachers in program 140 1.73 0.62 2 2
# of science teachers
in school 39 6.68 4.81 5 3

Levels of Support

Minety two percent of the respondents supported granting science credit for agricul-
tural science classes, with 55% answering “strongly agree,” and 37% answering “agree.”
Seven percent were neutral and only two teachers (19%4) were opposed.
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Table 3. Perceived Support for Granting Science Credit for Agricultural Science

Classes

Strongly Strongly

Support From: Agree Agree Meutral Disagree Disagree
(== 140) Yo Yo %o Y Yo
Building Admin. 38.0 336 15.7 11.3 14
Students 76.4 21.5 2.1 0 0
Guidance Counselors 337 357 16.4 10.8 1.4
Science Teachers 12.9 35.0 278 20.0 4.3
Parents 32.9 53.6 10.7 2.8 0

Perceived Support From Others
n=140

Bty Admin

Figure 2. Bar Graph Comparing Perceived Support of Building Administrators, Stu-
dents, Guidance Counselors, Science Teachers, and Parents. (SA = Strongly Agree, A

gram,

The majority of the respondents also felt that their building administrators (vocational
director, principal, etc.), students, counselors, parents, and science teachers would support
granting science credit for agricultural science classes. Perceived support was highest for
students and lowest for science teachers. (See Table 3 and Figure 2)

Effects of Granting Science Credit

As a group, the agricultural science teachers felt that granting science c¢redit for
agricultural science classes would have positive effects on their programs. Over ninety
one percent (91.6%) of the teachers felt it would increase enrollment in their.

As shown in Table 4, most of the teachers felt that granting science credit would:
(1) increase enrollment at all learning levels, (2) benefit students, (3) benefit the program,
(4} increase student interest in agriculture, and (5) cause agricultural science teachers to
work more closely with the science teachers.

While concerns about granting science credit do exist, Table 4 shows that a minority
of agricultural science teachers disagree or strongly disagree with the concept. For example,
52.2% either disagreed or strongly disagreed when asked if granting science credit would
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Table 4. Effects of Granting Science Credit for Agricultural Science Classes

Strongly Strongly
Effect: Agree Agree Neutral Disagree Disagree
{n=140} % % % %o Y%

Granting science crediy will:
Increase enroliment
in my program 356 56.0 5.6 2.8 0
Benefit students. 371 52.1 7.9 2.9 0
Enhance program’s
image. 44.3 38.6 114 57 0

Cause me to work

more closely with

science teachers. 314 56.0 7.1 5.7 0
Increase importance

of ag. science program

within school. 27.9 52.9 15.0 4.3 0
Increase student
interest in ag. science. 293 51.4 12.1 7.1 0

Cause more high-

ability students to

enroll in ag. science. 22.9 35.7 25.0 16.4 0
Caure more low-ability

students to enroll in

ag. science 19.3 443 27.1 9.3 0
Require me to increase

science content in ag.

SCIENCe Courses. 17.2 56.4 12.1 14.3 0
Result in higher

student achievement

in science, 15.7 43.6 4.3 15.0 1.4
Cause ag. science courses

to be thought of as

“watered down” science

COUTses 10.7 22.1 15.0 493 2.9
Prevent me from

teaching important

vocational skills. 14.3 114 3.6 67.9 2.9
Make me feel like a

“second rate”

scignce teacher. 8.6 10.7 12.9 57.1 10.7
Weaken my
FFA chapter, 3.6 20.0 9.3 60.0 7.1

result in agricuftural science classes being thought of as “watered down™ science courses.
Additionally, 67.9% of the respondents did not think it would make them feel like a “second
rate” science teacher. Furthermore, only two respondents (1.4%) strongly disagreed with
any of the positive effects.
Methods of Granting Science Credit
For this category, teachers were asked to rate their level of support for five different
methods of granting science credit for agricultural science courses. Two of the methods
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Table 5.

As of Support for Methods of Granting Science Credit for
LU nce Classes (o= 140),

Method Support % Neutral % Oppose %

)

dit for any one of
agricultural science

Grant seience o
specified group of
courses, with cha

enhance science content of courses. 654.3 16.4 193

Award science credit for any one of
eral new agricultural science
cifically designed to teach
seience applications in agriculture.

i
A
-

26.4 18.6
Grant science credit for an
ied group of agricultural science
courses, with no changes m course
content.

v one of a

d
T
.
b
o

228

~all

orant science credit o
apricultural science courses, with

changes made to enhance the science

content of the courses, 0.7 307 58.6
Cirant science credit for alf

agricultural seience courses, with no

16.4 16.4 67.2

were supported by 55 S, granting science
credit to s

o of the respondents indicated that they were neutral concerning granting
it ot any one of o spe :

urse content {Table ! ‘
ignificantly diffe from the proportion supporting this method. However,
rop of those supporting this method was significantly different from the
proportion of those opposed (o this particular method (23).

Methods of Certifyving Teachers

The teachers were given four different methods of certifying agricultural science

sement in scienve to only teachers holding valid agriculiural
tion, and completing 2 ‘
ethod #3-—Grant an endorsement in sclence to only teachers holding valid agricultural
ification, and scoring above a designated level on a science achievement test.
Method #4-—Grant an endorsement in science to only teachers currently holding valid
certificates in both agricultural science and science.
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Methods of Certifying
n=140

WCIENCE %’ sm ﬁw "wa %mimw ‘mwww @’ ‘ourses.
: iw;"}pm“‘a E‘w = M:umm (} = {}m:w;ww} **Method numbers correspond with those
in above.

Approx. GPA's Earned

ERIERIFERE-LEY

M

ure 4. Approximate Grade Point Avera
ural Science Teachers (based on a 4.0 grading scale)

Fic
f

They were asked to rate their level of support for each method. The b g
(63,69} of the teachers supported Method #1. %‘“M‘“‘ij@' five percent supy Method #2.

Statistically these proportions are not signif ent when compared using a
95% confidence interval. There 1s, however, a significant difference, with 95% con! ;d@ e,
between the proportion {28) of those supporting Method #3, and the proportion {11}
of those supporting Method #4. (See Figure 3)

\

College-Level Science Course Work

pnate

The teachers were asked to provide the number of hours earned, appre
ree plan for the following

point average, and nuwmber of hours required on their deg
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Table 6. Post-Secondary Science Credit Hours Earned and Credit Hours
Required on Degree Plan, As Reported by Texas Agricultural Science

Teachers,
Credit Hours Earned : Credit Hours Required
Subject Area 1 X SD Mode n X sD Mode
Biclogy 135 11.7 7.36 8 110 9.58 5.30 6
Chenustry 135 8.78 3.93 8 116 7.80 3.50 8
Earth Sciences 130 3.30 4.60 0 126 2.60 3.89 0
Physics 140 1.09 2.61 0 137 0.27 1.15 0

subjects at the post-secondary level: Biology, Chemistry, Earth Sciences, and Physics.
The number of responses varied greatly in this category.

As shown in Table 6, the mean number of hours completed in biology from 135
respondents was 11,70, while the mean number of hours required on the degree plan
(n=110) was 9.58. In the chemistry category, the mean number of hours completed
{rn=135) was B.78,

The teachers were given four ranges for approximate grade point average (0-1.0, 1.1-
2.0.2.1-3.0, and 3.1-4.0). The ranges are based on a 4.0 scale, with 0-1.0 in the F/D grade
range, 1.1-2.0 in the D/C grade range, 2.1-3.0 in the (/B grade range, and 3.1-4.0 in the
B/A grade range. Of the total responses for all four subjects (n=329), 61.4% were in the
2.1-3.0 range. None of the respondents reported having a grade point average below the
1.1-2.0 range.

Course With Proper Content to be Granted Science Credit
The teachers were asked to circle classes, from a list provided, which they felt had

the proper content to be granted as science credit, They were asked to circle as many as
they felt had the proper content, The list was as follows:

I AgSc 101-—Introduction to World Agricultural Science and Technology
2. AgSc 102——Applied Agricultural Science and Technology

3. AgBhe 231—Animal and Plant Production

4. Aghc 261-—Introduction to Horticultural Sciences

5. AgRc 281-Energy & Environmental Technology

6. AgSc 335—Applied Entomology

7. AgSc 332--Anmmal Science

8. AgSc 333--Plant & Soil Science

9. Aghc 334-—FEquine Science

100 AgSe 362 Horticultural Plant Production
11 AgSc 323 Agriculture Power Technology
12, Other

There were 131 responses to this item. The respondents circled a total of 614 courses.
As shown in Table 7, 79.4% of the respondents felt that AgSc 332 (Animal Science) had
the proper content to be counted as science credit, while only 16% of the respondents
felt that AgSc 101 (Introduction to World Agricultural Science and Technology) had the
proper content.
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Table 7. Classes With Proper Content to be Counted Toward Science Credit, as
Perceived by Texas Agricultural Science Teachers. **Corresponding
names for the course numbers in this table can be found above.

% of Total Responses % of Respondents
Course n (n=2614) (n=131)
AgSc 101 21 34 16.0
AgSc 102 35 5.7 26.7
Aghc 231 86 14.0 65.6
AgSe 261 56 9.1 42.7
AgSc 281 41 6.7 313
AgSc 335 45 7.3 344
AgSc 332 104 16.9 79.4
AgSe 333 75 12.2 573
Aglc 334 54 8.8 41.2
Aghc 362 56 2.1 42.7
AgSc 323 28 4.6 214
Other 13 2.1 9.9

Courses provided in the “other” category included: Forestry, Introduction to Agricul-
tural Mechanics, Agricultural Structures Technology, Agricultural Metal Fabrication
Technology, Advanced Animal Science, Biotechnology, Fruit, Nut & Vegetable Produc-
tion, Wildlife & Recreation Management, and Aquaculture.

Courses Currently Being Granted Science Credit

The teachers were asked to circle any classes, from the same list as in the last section,
which they are teaching that are currently being granted science credit. There were 135
responses to this item. Animal Science is being granted science credit in two of the teachers’
schools, Equine Science in one school, and Horticultural Plant Production in one school.
Others provided in the responses were Wildlife (n = 2) and Recreation Management (n =2},
and Aquaculture (n=1).

Comments

The respondents were also given an opportunity to write any comments concerning
granting science credit for agricultural science courses. Some of the comments were
as follows:

“I would like to give science credit for some of these courses because I believe it would
enhance my program.”’

“I support this fully, and we are going to implement this in my school.”

“I feel we need to leave agriculture where it is. 1 don't want to lose the identity of agriculture.”

“This would increase the number of students enrolled in class, but could reduce the number
of FFA members.”

C My Fst thought is 10 let all ag. science teachers do this, 2* thought is there are some that
couldn’t handle it, and we could get some bad feedback.”
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CONCLUSIONS AND LIMITATIONS

A more accurate study wuH be done with a higher response rate. The assumed
reasons for the low response rate are lack of a self~addressed, stamped envelope in the
survey, and the fact that the surveys were sent out during the 965454mpe odlkglfkghfdkgl-
diegdbkdg:ldbbusiest time of the year for Texas agricultural science teachers.

The response from those agricultural science teachers surveved in Area X was
extremely high in comparison to the other nine areas. This could be due to the teachers’
close proximity to the university from which the survey came. This created an abnormal
distribution among t the ten areas, therefore possibly creating some bias.

With perceived support from guidance counselors, parents, administrators and stu-
dents as well, these individuals, along with agricultural science teachers and science
teachers should be involved in the process. Each group should be made aware of the
advantages and disadvantages of granting science credit that would affect both students
and teachers,

Although 63.6% of the teacher support ted granting a science endorsement to all
teachers holding a valid agricultural science certification, the best route would probably
be to hold in-service workshops to enhance the science strength of the agricultural science
teachers. Although teachers support granting science credit for agricultural science courses,
there seems to be a lack of support for any extra education or effort on the part of the
agricultural science teachers.

ft would be in each teacher’s best interest to take the Examination for the Certification
of Educators in Texas (ExCet) in sclence and become certified, although there was little
support for this method of certification.

With several agricultural science teachers already offering courses that are counted
as science credit, a precedent could be created. If there are few negative effects on teachers
and students, perhaps other school districts will follow the lead, and we will see more
science credit being granted for agricultural science courses in the near future.

O

-
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ABSTRACT

Leopold’s law of dispersion, commenly referred to as the principle of edge, is a long-
held tenet of wildlife management. The law suggests that a direct linear relationship exists
hetween the densities of edge-benefitted species and the quantity of edge. We tested three
hypotheses derived from edge theory and used cottontail rabbits (Sylvilagus floridanus) as
our animal medel. Our hypotheses were: {1} an edge-benefitted species will exist in the
absence of edge, (2) each species has an edge saturation value (maximum length of edge/
area) where additional edge will not increase species density, and (3) there exists a distance
from edge, defined as the radius of full use, beyond which a species’ use of an area declines.
Cottontail rabbits were found in the absence of edge only with shrubland habitat. Cottontails
did not exhibit an edge saturation value. The radius of full use for cottontail rabbits was
undefined and 3.1 yds in shrubland and grassland, respectively. Data collected in this study
did not support current theories concerning the relationship between length of edge and
species density.

KEY WORDS: Cottontail rabbit, ecotone edge, Law of Dispersion, Syfvilagus flovidanus

Leopold’s (1933:132) law of dispersion, sometimes referred to as the principle of
edge, is often cited in wildlife management texts (Giles, 1978; Robinson and Bolen,
1984; Hunter, 1990), and is used extensively by wildlife managers (Laudenslayer, 1984).
However, before a principle is accepted as a law, it must (1) originate as an hypothesis,
{2) be upgraded to a theory after considerable evidence is collected in support of the
general principle, and finally, (3) be accepted as law after withstanding rigorous testing
in which the principle occurs with unvarying uniformity under the same conditions (Bro-
nowski, (1973:240). This has not been the case with the law of dispersion. Although the
concept of edge effect has recetved much attention in the scientific literature (see Reese and
Ratti, 1988; Yahner, 1988 for reviews), no researcher, to our knowledge, has specifically
collected data in an attempt to refute the law of dispersion. Edge theory has been accepted
as fact based upon casual observation (Giles, 1978; Robinson and Bolen, 1984) and upon
studies incorporating the edge effect into their design (Hanson and Miller, 1961; Patton,
1975, Galli et ol 1976; Gates and Mosher, 1981; Eberhardt, 1990). Edge effect has been
defined as the changes in a community due to the creation of abrupt edges in areas of
previously undisturbed habitats (Soulé, 1986). Although certain “edge effects” have been
documented to increase with increases in the amount of edge such as rates of predation
(Wilcove, 1985; Yahner and Scott, 1988), rates of parasitism (Gates and Gysel, 1978,
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Brittingham and Temple, 1983), and species diversity (Rosenzweig, 1995), such edge
effects were not the original intent of Leopold (1933).

The law of dispersion, as originally proposed by Leopold (1933: 132), states that
“the potential density of game of low radius requiring two or more types is, within
ordinary limits, proportional to the sum of the type of peripheries.” Unfortunately,
wildlife professionals have derived various interpretations of this statement, Some have
stated that as habitat interspersion increases, the density of wildlife species as a unit will
increase proportionately (Robinson and Bolen, 1984), while others erroneously expressed
that species diversity and abundance will increase proportionately (Yahner, 1988; Barnes
et al., 1991). Robbins (1979) stated that the theory only applies to certain edge-obligate
species. Guthery and Bingham (1992) argued that the constraints placed on the law by
Leopold {1933:132) have been ignored: therefore, past interpretations are erroneous. They
offered a revision of the edge principle, but like the original principal, empirical data has
been lacking to support their conclusions.

Our objective was to determine if Leopold’s law of dispersion is a viable interpretation
of a possible relationship between the density of edge-obligate species and edge in a
sputhern Texas shrubland-grassland habitat. Three hypotheses were derived from equa-
tions and text in Guthery and Bingham (1992) and were tested separately. Hypothesis
one involved the concept that edge-benefitted species will exist in the absence of edge.
In other words, density of edge species will be greater than zero in shrubland or grasslands
areas that do not contain edge (see Guthery and Bingham, 1992 for the equation and
graphical depiction). Hypothesis two stated that each species has an edge saturation value
where additional amounts of edge will no longer yield an increase in density (for graphical
representation, see Guthery and Bingham, 1992:341). Hypothesis three suggested that the
probability of use will remain constant out to a perpendicular distance of r from the
edge, to be called the radius of full use, where the probability of use then will decrease
monotonically to 0 for distances greater than r from the edge (Fig. 1). Cottontail rabbits
were chosen as animal models because they (1) inhabit diverse habitats including open
prairies, shrublands, and woodlands (Chapman e al, 1980), (2) are a species of low
radius requiring two or more habitat types (Janes, 1959; Robinson and Bolen 1984), (3)
have an affinity for high contrast grassland-shrubland edge (Smith 1950), (4) increase in
abundance by the creation of edge (Chapman er al, 1980), and (5) have a high relative
abundance in southern Texas.

MATERIALS AND METHODS

Definitions

Recause of the numerous interpretations of Leopold’s (1933:132) concept, it is prudent
to define each component to avoid ambiguity. The passage begins “. . . the potential
density of .. .”", which we interpret to mean the maximum sustained mean density of a
species that can indefinitely inhabit an area. Based on Leopold’s original description in
Game Management (1933:132), we interpret . . . game of low radius requiring two or

more types ... as any species that can not travel great distances in a short period of

time and needs two or more habitat types in close proximity to provide its basic require-
ments (i.e.. food, cover, space, water) for survival. In other words, an edge species spends
all or most of its time at or near edges (Johnston, 1947, Forman and Godron, 1986;
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Figure 1. Graphic portrayal of the radius of full use ().

Yahner, 1988), This includes cottontail rabbits, northern bobwhites (Colinus virginianus),
and white-tailed deer ( Odocoileus virginianus). In contrast, game of high radivs would
include migratory species such as bison ( Bison bison ). While pecies of high radius may
require more than one habitat type, the types need not be adjacent. Guthery and Bingham
(1992:340) suggested that Leopold (1933:132) added the phrase ... within ordinary
limits . . " as an apparent qualifier to explain circumstances where the theory did not
apply. Finally, we interpret the phrase . . . the sum of the type peripheries” to mean the
total perimeter of the interspersed habitat types (sensu Patton, 1975; Thomas er al, 1979).
However, edge created by adjoining habitat types should be included only once.
Because many different types of edge exist (Giles, 1978; Thomas ef al.. 1979, it s
prudent to explicitly define it. Edge is a transition zone between two habitat types, which
in this study, was between shrubland and grassland habitat types. Only high-contrast

Texas Jowrnal of Agriculture and Naswral Resources, Vol. 12, 1999

11z



edge (Le., ecotones =10 w% wide) was used. An area was considered shrubland if it
d 405 woody ste cr ¢ woody stem circumference > 1.0 inch, average
it of woody specie 3 d canopy cover >»50%. An area was considered
land if it was composed predominantly of grasses (>75%), contained <10 wuudw
sfacye that were > 1.0 mm in circumference, and had brush canopy cover <10%.

Study Area

The three hypotheses were tested on the 2,100 acre DuPont Chemical, Inc. property
{(Victoria Co.), the 2,000 acre La Copita Research Area (Jim Wells Co.), the 125 acre
Marvin and Marie Bomer Wildiife Management Area (WMA) (Duval Co.), the 210,540
acre Santa Gertrudis Division of the King Ranch (Kleberg Co.), and the 200 acre Trant
Ranch (Kleberg Co.)y 1 southern Texas. Southern Texas is characterized as mixed grass-
land-shrubland habitat, where the chief industries include cattle and oil production, and
wildlife enterprises. Predominant grasses on the study sites included King Ranch bloestem
{ Bothriochioa ischaemum ), Bleberg bluestem ( Diconthlum anmulatum ), jobsongrass [ Sor-
ghum halepense ), leingrass ( Panicum colovadum ), and windmillgrasses ( Chloris sp.),
while predominant woody species included honey mesquite ( Prosopis glandulosa), Tive
oak (Quercus virginiana), and huisache (Acacia farnesiana). The mpwgympiw is nearly
flat to gently sloping and the soils range from clay to sandy loam (Miller, 1982). Mean
annual ramfall r d from 26 to *3 %:ﬁ izzaxwzwézw é”mm west to east {’\/hﬂm %”’}
Mean temperature is 72 7 with av
Fin July (National Oceanic and Am’mmhwm f»’&dtmnmimmﬁm 1994,

}"M‘i y acre sites within each study area were selected based on criteria previously
i and and shrubland habitat, Density of woody stems was determined
wodology (Burnham e of, 1980), We walked three 325-vd transects

§m per rassland and shrubland habitat types and measured the height and

uammuww of each woody stern within 10 yds of the transect line. By doing so,
apgmmmmw 10% of each perspective study site was assessed to verify that specified
site parameters were mﬂ*i Line intercept method was used to estimate percent canopy
cover on each transect line (Canfield, 1941). Transect lines within each arga were pooled
to estimate density of woody stems, average woody stem height and circumnference, and
DErCent Canopy cover.

7

Hypothesis 1: Edge-benefitted Species Will Exist
in the Absence of Edge

The densities of cottontail rabbits were determined using line transect methodology
with a finite boundary (Burnham et of, 1980:17) from June through October 1995, A
finite boundary of 16 yvds from the transect ling was used because that was the maximum
distance that a cottontall rabbit could be detected due to vegetation cover. Eight transects
were walked within the grassland and shrubland habitat types >220 yds from any edge
to determine rabbits use of non-edge habitat. Cottontall movements were verified using
radio telemetry (for details see Hypothesis 3: A radius of full use exists). The largest home
range of a cottontail rabbit during this study was estimated to be 8.6 acres (averaging
size of home range of cottontails during our study was 5.0 + 0.4 ac; % = 5E). This 15

Te:
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Treatment Treatment Treatment Treatment
A B C D

]

grass brush transect

Figure 2. Schematic of 4 different edge lengths in grassland-shrubland ecotones of
southern Texas during winter 1995. Each dashed-line square represents a 25-acre area
and there were 3 25-acre areas for each edge length class, for a total of 12 25-acre areas,
Treatments A, B, C, and D consisted of an average of 345, 688, 1,379, and 2.066 vds of
edge length, respectively.

an area equivalent (o a square with 204-vd sides, However, cottontail rabbit home ranges
typically are elliptical with the long axis of the home range parallel to edge (Althoff,
1983). Therefore it was assumed that cottontails encountered during transects did not
have home ranges encompassing edge. Grassland transects were 396, 403, 450, and 533
yds in length and shrubland transects were 261, 321, 495, and 620 vds in length. Hach
transect was walked 235 times during both day and night. Daytime transects were walked
during the first and last hour of daylight. Nighttime transects were walked =1 hour after
sunset and a hand-held 500,000 candle-power spotlight was used to aid detection of
animals (Fafarman and Whyte, 1979). The order of the transects was chosen randomly
to reduce the bias of reaching the same portion of the transect during the same time
interval. Perpendicular distances at which cottontail rabbits were observed from the
transect line were determined with a tape measure. Cottontail densities were estimated
using the Fourier estimator from program TRANSECT (Burnham e7 al., 1980). Although
=40 objects should be seen on a transect for a precise estimate of density (Burnham et
al., 1980:37). our goal was not to provide an estimate but rather to document the presence
or absence of animals. The presence or absence of animals was used to determine if
animal density was greater than zero in areas with no edge.

Hypothesis 2: Each Species Has an Edge Saturation Value

Twelve 25-acre study areas comprising four edge treatments were chosen ( Fig. 2).
Treatment A areas had 342, 345, and 347 yds of edge length, treatment B areas had 684,
688, and 692 vds of edge length, treatment C arcas had 1,369, 1,377 and 1,390 yds of
edge length, and treatment D areas had 2,039, 2,068, and 2,092 yds of edge length. The
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mean length of edge for each treatment was 345, 688, 1,379, and 2,066 vds, respectively
(Fig. 2). Edge length was defined as the cumulative length of edge between shrubland
and grassland habitat types contained within a 25-acre area. Edge length m each area
was measured using a distance measuring wheel (Rolatape Distance Measuring Wheel,
Forestry Supphers, Inc., Jackson, Miss.).

An index of relative abundance for cottontail rabbits was estimated by scent station
methodology from 4 February to 4 March 1996 (Drew er al., 1988). Scent station methodol-
ogy was selected because it yvielded more precise estimates of cottontail relative abundance
than nighttime headlight counts (Drew e ¢l, 1988). Hach 25-acre area contained two
transect lines 110 yds apart, which were approximately perpendicular to the shrubland-
grassland edge. The 25-acre areas were >»220 yds from each other. Transect lines were
used as scent station lines. Each line consisted of 11 scent stations located at 32-yd
intervals, which vielded 66 scent stations per treatment. Scent stations were located in
grassland and shrubland habitats within each treatment in equal proportion. Each scent
station consisted of a l-vd circular plot of sifted soil that was cleared of debris and
vegetation. Scent capsules consisted of perforated, plastic discs (HistoPrep tissue capsules,
Fisher Scientific, Pittsburgh, Penn.) that contained cotton saturated with a synthetic lure
{(W-U lure, Fagre ez al., 1983). Scent capsules were placed in the center of each circular
plot and were elevated about 2 inches above ground with a 3-inch nail. Scent capsules
were placed on the stations in the afternoon and stations were checked the following day.
Each station was recorded as either “visited” or “not visited”; species visitation was
determined by track identification. An index of relative abundance was calculated for
cottontail rabbits by dividing the number of visited stations by the number of operable
scent stations per area each night (Linhart and Knowlton, 1975). Scent capsules were
removed from the plots after cach use to avoid habituation to the lure by cottontail
rabbits. Scent station lines were repeated three times; =7 days expired between scent
station hine repetitions.

The index of abundance for cottontail rabbits was determined for each 25-acre area
using pooled (2) transect lines. A completely randomized treatment structure with repeated
measures was used to test the effect of edge length and time on the ranks of the indices
of abundance for cottontail rabbits {(Conover and Iman, 1981). Mean separations for the
means of the ranks were made using Tukey's HSD procedure when a significant (P <
0.05) F-test was noted. Indices of abundance for cottontails, which were pooled across
areas and time, were regressed against the 12 (ie., three areas within four treatments)
edge lengths to develop predictive equations using linear {(Cody and Smith, 1991:104)
and guadratic equations.

Hypothesis 3: A Radius of Full Use Exists

The radius of full use by cottontails was determined using radio telemetry. A total
of 15 cottontails from DuPont Chemical, Inc. property, LaCopita Research Area, and
Bomer WMA was captured with 6.6 X 8.5 X 28.3 in. wooden box traps. Each rabbit was
fitted with a 150,000 Mh, 2 to 4-in. variable-circumference radio collar (L. L. Electronics,
Mahomet, 111.). Hourly locations of each cottontail rabbit was determined to simulate a
72-hour period. Radio-tracking of cottontails was conducted on La Copita, Dupont
Chemicals, Inc. property, and Bomer WMA from 20 June-9 July 1995, 29 July-23 August
1995, and 8 September-2 October 1995, respectively. Each cottontail was tracked for
nine 8-hour periods, from 0001 h to 0800 h, 0801 h to 1600 h, and 1601 to 2400 h, which
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consisted of three repetitions for each 8-hour period. Cottontails were tracked for one
8-hour period each day. Depending on capture success and animal location, multiple
cottontails often were tracked concurrently. Radio locations were visually verified and
marked with a numbered stake. Perpendicular distance from edge to each radio location
was measured using a measuring wheel (Rolatape Distance Measuring Wheel, Forestry
Suppliers, Inc., Jackson, Miss)). Distance {vds) and compass direction from a known
point to each stake was recorded and plotted on an aerial map. Home range was determined
by the 95% minimum convex polygon method (Dixon and Chapman, 1980) using program
TELEMESR {(Coleman and Jones, 1988).

Frequency distributions of cottontail rabbit hourly locations were plotted against the
distance from edge (vds) for grassland and shrubland habitats. A spline model consisting of
a horizontal line segment joined to an exponential curve with unknown knot was used
to determine the estimated radius of full use (r; horizontal coordinate of knot). Because
the partial derivative of the model with respect to the parameter used to specify the radius
of full use is not continuous, the corresponding asymptotic standard error and confidence
interval limits may not be correct. In general, this discontinuity can disturb convergence
of the iterative process employved by SAS PROC NLIN (SAS Inst., Tnc., 1991), which uses
maximum likelihood estimation for nonlinear models, giving different results depending on
different speecified starting values for the parameters of the model, The model
emploved was:

Yo bl(h, — 1) for 05 X <Cror by/(hy, — EXP(b, X (X — v))) for X = ¢

with parameters b, b, b, and r. where 7 is the radius of full use. For a wide range of
reasonable starting values, convergence was obtained to essentially identical parameter
estimates, with identical asymptotic standard errors, correlations, and 95% confidence
interval limits for the radius of full use.

RESULTS

Hypothesis 1: Edge-benefitted Species
Will Exist in the Absence of Edge

Stx cottontails were observed on 11.6 miles of transects in shrubland habitat >220
vds from edge. This resulted in a density estimate of 0.13 cottontails/ac in shrubland.
However, cottontails were not observed on any grasstand transects (44.7 miles) >220 vds
from edge. Overall cottontail density in the absence of edge (shrubland and grassland
transects pocled) was estimated to be 0.027 cottontails/ac.

Hypothesis 2: Each Species Has an Edge Saturation Value
Ranks of relative abundance indices for cottontail rabbits differed (F = 11.94: 3.8

df; P o= 0.0025) between edge lengths (Fig. 3). Mean index of abundance for cottontails
was greatest for 345 vds of edge length (¥=20.20), followed by 2,066 {¥=0.17), 1,379

(r="0.10), and 688 m of edge length (¥ = 0.03). No time effect (F=1.59; 2, 16 df, P =0.2350)
or freatment by time interaction (F=1.69; 6,16 df: P=0188) were observed.
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Figure 3. Cottontail rabbit mean index of abundance {(proportion of scent stations
visited by rabbits, # = 68) in relation to edge lengths in southern Texas grassland-
shrubland ecotones during winter 1995-1996, Bar heights are actual mean index values and
the terminal horizontal bars represent standard errors for cottontail index of abundance.
Statistical anag was conducted on ranked means of abundance. Rank means with the
same letter did not differ (P=>0.05) by Tukey's HSD test.

Linear models, as suggested by Leopold (1933), using the indices of abundance and

arcsine transformation of indices of abundance for cottontails for each of the 12 different

edpe lengths, were not significant [(F=3.28; 1,34 df; P=0.08; R*=0.09) and (F=1.55,
1,34 df; P=0.22; R=0.04)], respectively. A predictive equation using untransformed

indices of abundance for cottontails vielded the Hinear model cottontail index of abundance
= (.00004{edge length/area) + 0.06.

A posteriori quadratic mode! using the indices of abundance for cottontall rabbits
was significant (F=9.79; 2,33 df; P=0.0005; R*=0.37). A predictive quadratic equation
for cottontail index of abundance is 0.00000018 (edge length/area) — 0.00037 (edge
lengthfarea) + 0.22.

is

Hypothesis 3: A Radius of Full Use Exists
Cottontail rabbits averaged over all 3 areas were found to travel a mean distance of
7.5 4 300 vds (X £ 8E; n = 15) into shrubland and 368 & 27.5 yds into grassland
from edge. The greatest distances traveled into shrubland and grassland by cottontails
were 155 vds and 143 yds, respectively, The estimated radius of full use for grasslands
was 3.1 yds with asymptotic 95% confidence interval limits of 2.8 yds and 3.5 yds
).956). Radius of full use by cottontails in shrubland was undefined by the sphine
made! and therefore was graphically estimated as 0 yds. However, 60%, 77%, and 85%
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Figure 4. Frequencies of cottontail rabbit locations m (A) grassland and (B) shrubland
habitat of southern Texas during summer 1995, with respect to distance (yds) from edge.

of cottontail activity was concenirated within 16, 32, and 49 vds of edge, respectively
(Fig. 4). The greatest home range of a cottontail rabbit was 8.6 ac.

DISCUSSION

Empirical data were collected to examine the law of dispersion as originally outlined
by Leopold (1933:132) and modified by Guthery and Bingham (1992). Our data did not
fully support either theoretical model. Leopold (1933:132) suggested that edge-related
species would not exist in the absence of edge, whereas Guthery and Bingham (1992)
argued that edge-related species could exist in areas without edge. However, our data
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were ambivalent concerning this point. Cottontail rabbits were not observed in grasslands
away from edge, which supports Leopold’s (1933:132) theory; however, they were observed
in shrublands, albeit few individuals, which favors the idea of a positive intercept as
proposed by Guthery and Bingham (1992). Although our definition of shrubland included
a canopy cover >50%, which constituted extremely dense brush, patches of open areas
within the shrubland did exist. Such open areas intermized within dense vegetation effec-
tively could have been perceived by cottontails as edge. Fagan er al (1999) realized that
other species may visually perceive edges differently than humans. Morrison er al (1992:32)
recognized that humans only can hypothesize how animals perceive their environment
and deemed this concept niche gestalt. Therefore, it only may be possible to determine
if cottontail rabbits exist in the absence of edge within a shrubland if the shrubland has
100% canopy cover. Unfortunately, large tracts of land with 100% canopy cover are
extremely rare because of current land-use practices, so such an hypothesis may not be
testable using this habitat type.

Neither Leopold’s (1933:132) nor Guthery and Bingham’s (1992) model provided an
adequate interpretation of cottontail rabbit data concerning hypothesis two. Leopold
{1933:132) suggested a direct relationship between the densities of edge-related species
and quantity of edge, whereas Guthery and Bingham (1992) argued that the Leopold
model would hold true up to an edge saturation value where the potential density of a
species would not be greater for additional edge, but beyond which, an inverse relationship
would exist between densities of edge and edge-related species. However, abundance of
cottontail rabbits exhibited a positive quadratic function with regards to increasing lengths
of edge, which may have resulted from predator avoidance. Chapman and Tretheway
(1972} noted that cottontail predation risk was directly related to distance traveled away
from edge.

Redundant edge, as defined by Guthery and Bingham (1992), did not occur for
cottontail rabbits on our study areas. Optimum edge density for cottontail rabbits was
1,462 yds/acre, according to the equation outlined by Guthery and Bingham (1992:343).
Therefore, habitat that contains optimum edge density for cottontails would be quite
patchy, such as a shrubland intermixed with open areas that do not exceed 6.2 yds from
refuge cover (i.e., 2r, where r = radius of full use). Cottontail rabbits may prefer patchy
habitat as a means to avoid predators and temperature extremes. Cottontails are known
to use brushpiles, hedgerows, and dense brush for escape (Chapman er al, In Pennsylvania,
cottontail rabbits select resting and bedding sites to avoid cold temperatures (<32 I
Althoff et al, 1997); however, cottontails in southern Texas used resting sites <C0.5 yd
from shrub stems probably to escape hot (>>95 F) rather than cold temperatures. Similar
behavior of heat avoidance has been noted in other species in southern Texas (Kopp ¢1
al., 1998,

We recognize that our interpretations of our results are dependent on our definitions
of habitat parameters. For example, different results might have been obtained in our
study had shrubland, grassland, and ecotone been defined differently. Yahner (1988) also
recognized this problem and suggested that a standardized protocol for measuring and
comparing edge effects in different landscapes be developed. Definitions of edge species,
edge dimensions, edge age and structure, plant community types, and methods of quantify-
ing edge effects need to be considered a priori (Yahner, 1988). Yahner (1988) also believed
that additional studies of edge effect are needed because greater guantities of edge will
be created in future landscapes due to current land-use practices.

Creation of edge was emphasized to past wildlife professionals as being beneficial
to wildlife because it was widely believed that wildlife was a product of habitat interspersion
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{(Yoakum and Dasmann, 1971 Harris, 1988). However, recent research suggests that
creation of additional edge does not always positively affect wildlife (Harris, 1988). Edges
can modify distribution and dispersal of wildlife species and attract nest parasites and
predators (Harris, 1988; Temple and Cary, 1988), reduce the size of large tracts of habitat
necessary to interior species and cause isolation of patches and corridors (Yahner, 1988},
and cause deleterious effects of herbivores on sensitive plant ﬁ%;ﬁhﬁﬁ;ﬁiéﬁiﬂ (Alverson er al, 1988).
Although the original premise by Leopold (1933:132) does not appear to hold true
for all edg related species and not all species are benefitted by the creation of edge, the
relationship between ecotones and wildlife is intriguing and worthy of investigation.
f\cmxa’imw to the definition of a scientific law (Bronowski, 1973:240), Leopold’s (1933:132)
law of dispersion should not be considered ‘a law’ because the principle does not occur
with unvarying uniformity. However, it does provide a framework of ecological theory
from which the more complex interactions of community ecology can be addressed.
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