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EFFECTS OF SEED TREATMENT AND ENVIRONMENTAL STRESS ON
GERMINATION AND

ESTABLISHMENT OF 'SABINE' ILLINOIS BUNDLEFLOWER

ABSTRACT

H.D.C. Msiska' and C.A. Call'

Germination responses of scarified (hot water soak at 1750 F
for 3 minutes) and unscarified seeds of 'Sabine' Illinois
bundleflower ffiesmantbus iIIinoensis) were investigated at sub-
strate water potentials of 0, -2.5, -5.0,·7.5, and -10.0 atmospheres
in 50/68, 60/78, and 68/86°F temperature regimes. Scarification
and warmer temperature regimes (60/78 and 68/86°F) increased
cumulative germination and decreased mean germination time,
whereas low water potentials decreased cumulative germination
and increased mean germination time. A degraded native pas-
ture in the Post Oak Savannah region was sod-seeded with
scarified, unscarifled, and a mixture of scarified and unscarified
seeds following suppression (herbicide, disking, or untreated) of
resident vegetation. Seedling densities were greatest forscarified
seeds during the first growing season because of the breaking of
seed coat dormancy. However, plant densities were greatest for
unscarified seeds by the third growing season because of contin-
ual establishment from a dormant seed bank. Seedling and plant
densities were greatest for the herbicide (glyphosate) suppres-
sion treatment that created vegetation gaps without disturbing
the mulch layer or the soil surface.

Key words: Desmanthus illinoensis ,seed dormancy, seed scarifica-
tion, sod-seeding, water stress, temperature stress

INTRODUCTION

Native legumes are either nonexistent or make minor contributions
to the forage base and nitrogen economy of millions of acres of
rangelands in the Southern Great Plains because of selective removal
by past livestock grazing (Sims et al., 1980). Several native legumes,
including Illinois bundleflower(Desmanrhus illinoensis ), have been
recently released or are currently being evaluated for range improve-
ment uses by the Soil Conservation Service (SCS) in cooperation
with the Texas Agricultural Experiment Station and the Texas Parks
and Wildlife Department. Illinois bundleflower, a deep-rooted,
warm-season, perennial legume, Occurs in nearly all of Texas except
the extreme east, west, and south (Rechenthin, 1972). This plant is
drought-resistant, winter-hardy, and adapted to a wide variety of soils
(Phillips Petroleum Co., 1963).
Recently, considerable effort has been directed toward establish-

ing legumes in grass stands by no-till (sod-seeding) methods (Bryan,
1985; Burton, 1976; Mueller and Chamblee, 1984; Olsen etal..1981;
Skousen and Call, 1987). Most sod-seeding research has emphasized
the establishment of introduced, cool- season, annual legumes in
cool- or warm-season, perennial grass stands. Consequently, little is
known about the establishment of warm-season, perennial legumes
in warm-season, perennial grass stands.
Warm-season legume establishment has been beset by seed dor-

mancy problems and fluctuating weather conditions at the time of
planting, so good stands are often difficult to achieve (Burton, 1976).
Seeds of Illinois bundleflower develop an impermeable seed coat
with age (Call, 1985; Laning, 1961). Germinability can be enhanced
under controlled enviroment conditions following chemical and
mechanical scarification treatments (Call, 1985). However, scarified

'Present affiliation; Ministry of Agriculture, Mzuzu, Malawi
"Present affiliation: Department of Range Science, Utah State University, Logan
Former affiliation; Departmentof Range Science, Texas A&M University, College
Station

Published with approval of the Director, Texas Agricultural Experiment Station as TA-
23937.

and unscarified seeds of Illinois bundleflower have not been germi-
nated under a gradient of temperature and substrate water potentials
representing the range of enviromental conditions that may be en.
countered at planting time.
Our objectives were to characterize the germination of scarified

and unscarified seed of'Sabine' Illinois bundleflower under different
temperature and substrate water potential regimes in a controlled en.
virement and evaluate the establishment of similarly treated seeds
when sod-seeded in a native pasture in the Post Oak Savannah region.

MATERIALS AND METHODS

Controlled Environment Study

Seeds of Sabine Illinois bundleflower were obtained from the SCS
Plant Materials Center, Knox City, Texas. Seeds were harvested in
1983 and stored at 600F and 40% relative humidity before germina-
lion trails in July through December 1984. Three replicates of 50
undamaged seeds, preconditioned by cutting the seed coat with a
razor blade at the end opposite the micropyle, were placed in a 1.0%
solution of triphenyl tetrazolium chloride for 24 hours at 78°F in
complete darkness to determine viability. Percent viability was de.
termined by evaluating intensity of staining and staining patterns
under a 10 x lens (Grabe, 1970).
Lots of 100 scarified (hot water soak at 175°F for 3 minutes) or un-

scarified seeds were placed on one piece of Wbatman No.1 chroma-
tography paper in 5 x 5.5 x 1.5-inch plastic trays. The chromatogra-
phy paper was supported by a 0.25-inch thick piece of polyurethane
foam with five cotton wicks which extended into a 7.15 ounce
reservior of solution. Solutions had water potentials 0[0, -2.5, -5.0,
-7.5, and -10.0 atmospheres, which were derived by mixing 20,000
MW polyethylene glycol (PEG) with distilled water. Solution water
potentials were measured by saturating chromatography paper discs
(0.12 inch diameter) and placing them into a Wescor Model C.52
psychrometer sample chamber. Readings were recorded with a
Wescor HR 33- T microvotlrneter following a 1 min equilibration
period and a 15 sec cooling period. Trays were wrapped with clear
polyethylene film to reduce evaporation and stabilize relative humid-
ity.
Trays were placed in controlled environment chambers with night!

day temperature regimes of 50/68,60/78, and 68/86°F and 12-hour
photoperiods. During the day period, a light intensity of 1,000 foot-
candles was maintained at tray level. Germination was evaluated
every other day over a 21-day period. Germination was considered
complete when radicle length was 0.25 inches or greater and at least
one of the cotyledons was exposed (Copeland, 1978). Germination
rates were estimated by calculating the mean time in days taken for
viable seeds to germinate (Ellis and Roberts, 1978).
The experiment was arranged in a completely randomized design

with three replicates per treatment. The entire experiment was
repeated, and data from both trials were combined before statistical
analysis. The effects of substrate water potentials and alternating
temperature regimes on cumulative germination percentages (ad.
justed by an arcsine transformation before analysis) and mean germi-
nation time values were analyzed by the use of a quadratic response
surface (P<.05) (Evans et al., 1982).

Sod-seeding StUdy
The study site was located on the Texas A&M Native Plant and

Animal Conservancy, 3 miles west of College Station in the Post Oak
Savannah region. The site was dominated by brownseed paspalum
(Paspalum plicatulum ) and little bluestem (Schizachyrium scopar-
ium). Texas wintergrass (Stipa leucotricha ), knot-root bristlegrass
(Setaria geniculata ), silver bluestem (Bothriochloa saccharoides ),
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and several annual grasses and forbs were minor components of the
plant community. Mean minimum temperature in January is 400F
while mean maxium temperature in July is 95°F. Mean annual
precipitation is 38.5 inches, with peak rainfall in May and September.
Soils are oftbe Tabor series (fine, montmorillonitic, thermic Udertic
Paleustalf), but have been so severely eroded that the fine sandy loam
surface horizon has been removed, leaving a heavy clay subsoil
exposed. Domesticgrazing animals have been excluded from the site
for at least 10 years.

Sod suppression treatments (10 x 50 foot plots) imposed on the site
1week prior to seeding were: 1) single pass with a tandem offset disk
to disrupt the sod; 2) 50% suppression (1O~inch wide sprayed bands
separated by lO-inch wide unsprayed bands) with glyphosate herbi-
cide (N-(phosphomethyl) glycine) applied at a rate of Sibs. a.i/acre;
and 3) untreated control. Sabine Illinois bundleflower was seeded
into the three sod suppression treatments on April 5, 1985 at a 0.5-
inch depth on 20-inch wide row spacings (rows located in middle of
.lGcinch wide herbicide bands) with a Tye Pasture Pleaser. The
following seed treatments were used for each sod suppression treat-
ment: 1) 100% of seed lot scarified (hot water at 175°F for 3 minutes),
planted at recommended seeding rate [Ldlbs. pure live seed/acre); 2)
50% of seed 101 hot water scarified/50% unscarified, planted at
recommended seeding rate; 3) 100% of seed lot scarified, planted at
recommended seeding rate; and 4) 100% of seed lot unscarified,
planted at twice the recommended seeding rate. All seed treatments
were inoculated with Desmanthus spec. 1 inoculum prior to seeding.
Phosphorus (as triple superphosphate, 46% P20S) and potassium (as
potassium sulfate, 53% ~O) were applied along the seeded row at
180 and 90 Ibs./acre, respectively.

The sod suppression and seed treatments were combined into a 3
x 4 factorial experiment arranged in a completely randomized block
design with four replications per treatment combination. Plant
density and standing crop were determined from five permanent
subplots (40 inches of row length) within each replication of each
treatment combination. Plant growth parameters were tested for
significance (P<.05) by using the SAS general linear model analysis
of variance procedure, and treatment means were separated by
Duncan's multiple range test at P<.05 (Ray, 1982).

RESULTS AND DISCUSSION

Controlled Enyironment Study

In general, hot water scarification and warmer temperature tc-
gimes increased cumulative germination (Table 1) and decreased
mean germination lime (Table 2) of Sabine IIlinios bundleflower
seed. Low substrate water potentials decreased cumulative germina-
tion (Table 1) and increased mean germination time (Table 2),
regardless of seed treatment and treatment regime. Highest cumula-
tive germination percentages and most rapid mean germination times
were observed at the 0 atmosphere water potential level in the 60/78
and 68/86°F temperature regimes. Under these moisture and tem-
perature conditions, cumu lative germination percentages of scarified
seeds approached the percent viability of the seedlot (95%), while
those of unscarified seeds were significantly (P<.05) lower. Lowest
cumulative germination percentages and slowest mean germination
times were observed at the -7.5 and -10.0 atmosphere water potential
levels in the 50/68°F temperature regime.

Table 1. Cumulative germination (%) of un scarified (UNSC) and
scarified eSC) Sabine Illinois bundleOower seeds after a 21~day
imbibition period in five osmotic potential solutions under three
alternating temperature regimes.

TelQperature regime

SO/6sor 60/7Bor 6B/S6orWater
potential

(atmospheres) UNSC SC UN50 50 UNSC SC

41(9)1 SO(10) 50(10) 85(9) 57(10) 91(9)

·2.5 44(8) 47(9) 39(8) 6B(7) 36(9) 79(7)

-5.0 13(10) 15(10) 22(l0} 50(8) 25(9) 52(B)

·7,5 I(L2) 3(12) 9(11) 14(11) 28(10) 23(9)

-10.0 0(13) 12(10) 2(13) 8(12) 10(12) 13(12)

'Germination estimates derived by quadratic response surface analy-
sis; values in parentheses following means are one-half the calculated
confidence intemvals (P<.05).

Table 2. Mean germination time (days) of unscarified (UNSC)
and scarified eSC) Sabine Illinois bundleflower seeds after a 21.
day imbibitation period in five osmotic potential solutions under
three alternating temperature regimes.

Temperature regime

50/68or 60/78or 68/86°r
Water

potential
(atmospheres) UNSC SC UNSC SC UNSC SC

4,2(1.1)1 3,5(0,9) 2.0(1.0) 1.4(0.8) 1.8(0.9) l.0(0,8)

.2.5 5.6(0,9) 7.3(0.8) 3.7(0.8) 3.9(0.7) 3.1(0.8) 2.6{O.8)

·5.0 10.00.1») 7.9(0.8) 7.5(0,8) U(0.6) 50(0.8) 4.0(0,6)

·7.5 14.4(1.3) IS .4(1.6) 7.2(0.9) 6,0(0.9) 4.9(1.0) 5.2(0.8)

·l.0.0 l.4.1(1.4) 5,5(1.0) 6.6(1.1) 7.4(1.2) 5,6(1.2) 5,7(1. 0)

'Mean germination time estimates derived by quadratic response
surface analysis; values in parentheses following means are one-half
the calculated confidence intervals (P<.05).

Similar germination responses have been reported in other con-
trolled enviroment studies with Illnois bundletlower and other warm-
season, perennial bundleflowers found on Texas rangelands. Call
(1985) observed 43 and 82% cumulative germination, respectively,
for unscarified and acid scarified (concentrated sulfuric acid for 15
minutes), one-year-old seed of Sabine Illinois bundleflower at a 0
atmoshpere substrate water potential in a 60/78°F temperature re-
gime. Flenniken and Fulbright (1985) reported greater than 90%
germination for acid scarified seed of prostrate bundleflower 01
virgatus var. depressus) at temperature regimes of 60178 and 68/
86°F. In the same study, germination was reduced by substrate water
potentials of -9.0 atmospheres or lower. Haferkamp et al. (1984)
improved the germination of velvet bundlefiower(D. velutinus) seed
at a atmosphere water potential in 50/68, 60/78, and 68/86°F tempera-
ture regimes with hot water (175° for 3 minutes) acid (concentrated
sulfuric acid for 17 minutes), and mechanical (seed coat cut with
razor blade) scarification treatments. Hot-water- scarified seeds

3



4 TEXAS JOURNAL OF AGRICULTURE AND NATURAL RESOURCES, VOL. 3, 1989

reached about 80% cumulative germination in 2 days in the 60/78 and
68/86°F regimes and in 10 days in the SO/68°F regime.

Sod-seeding Study

Because of the variability of the site and treatment responses, only
main effects (seed treatments and sod suppression treatments) were
statistically significant (P<.05) for plant density and standing crop
data. Increases in standing crop were associated with increases in
density. Thus, seed treatment and sod suppression treatment effects
on plant density will be used to describe the results of the field study.

Illinois bundleflower seedlings emerged for mid-April to mid-
May 1985 in response to four major precipitation events (1.0 inch or
greater on April 13 and 30 and May 8 and 13) at the study site.
Seedling emergence was most rapid for hot-water-scarified seeds,
and by the May 17 sampling date, the 100% scarified seed treatment
had a significantly (P<.05) greater seedling density than the 50%
scarified/50% unscarified seed treatment, which in turn, had a greater
density than the unscarified seed treatments (Table 3). Trends in
seedling emergence from scarified and unscarified seed in the field
followed those of germination of similarly treated seeds in 60n8 and
68/86°F temperature regimes in controlled environments (Table 1).
Below-normal precipitation from mid-May through mid-July in-
duced soil cracking (up to 2.5 inches wide), especially along drill
rows. Seedling root systems were exposed (0 the atmosphere, result-
ing in the dessication of many seedlings. Seedlings with adequate
root-soil contact endured the dry period, but seedling numbers were
further reduced by an outbreak of grasshoppers before the July 17
sampling date. Grasshoppers were controUed with diazinon [0,0-
dimethyl 0-(2- isopropy 1-4-methy 1-6-pyrimidinyl) phosphorothiote J.
Remaining plant did not flower or set seed before leaf senescence in
mid- July. •

Table 3. Density (plants/40 inches of row length) of Illinois
bundleOower over three growing seasons (1985-1987) in a native
pasture near College Station, Texas as influenced by seed treat-
ment"

Sampling date

1985 1986 1987

by the unscarified, recommended seeding rate treatment, the50% un-
scarified seed treatment, and the 100% scarified seed treatment
(Table 3). Above-normal precipitation in May and June maintained
fairly constant plant densities until the end of the second growing
season. By the July 22 sampling date, the majority of plants
established in the first growing season had flowered and set seed.

Plant densities increased for all seed treatments during the third
growing season (1987) due to seedling recruitment from seed pro-
duced by established plants and possibly from dormant seed remain-
ing in the drill rows in vegetation gaps in all sod suppression treat-
ments. The 100% scarified seed treatment, which had the highest
plant density at tbe beginningofthe study now had the lowest density,
due in part, to the lack of a dormant seed bank.
The effects of sod suppression treatments were evident during all

three growing seasons. Plant density was significantly (P<.05)
greater for herbicide and disking treatments than the untreated
control throughout the study period, and density on herbicide-treated
plots was greater than that fordisked plots during the second and third
growing season (Table 4). Herbicide and disking treatments created
larger vegetation gaps for plant establishment (Grime 1979) than
those occurring naturally in the untreated control. Plant densities
were greater in the herbicide treatment than in the disking treatment
because of: 1) less soil disturbance and subsequent competition from
invading species; and 2) conservation of moisture and moderation of
temperature near the soil surface by leaving a mu.lch in place. Similar,
gradual increases in plant density in vegetation gaps have been
reported for Sabine Illinois bundleflower sod-seeded in Coastal
bermudagrass (Cynondon dactylon) on reclaimed ligniteoverburden
in central Texas (Skousen and Call 1987).

Table 4. Density (plants/40 inches of row length) of Sabine
Illinois bundleflower ever three growing seasons (1985-87) in a
native pasture near College Station, Texas as influenced sod
suppression treatment.'

Sampling date

1985 1986 1987

Seed treatment2 May 17 July 17 l1ay 21 July 22 Kay 20

Uns car i f ied, recommended
rate 0.5 d3 0.3 c 1.6 d 1.8b 2.3 b

Unsear if ied, double
recommended rate 1.0 bc c.s be 2.1 a 2.2 a 3.0 a

100%scarified,
recommended rate 1.5 a 0.7 ab 1.0 c 1.0c 1.4 c

50' scarified/50' un-
scarified recommended
rate 1.2b 0.8 a 1.9 ab 1.8 b 2.7 ab

'Seed treatment x sad suppression treatment interaction was nonsig-
nificant (P<.05), seed treatment data have been pooled across sod
suppression treatments.
"Sacrifled = hot water a1175°F for 3 minutes; recommended seeding
rate = 1.5 lbs. PLS/acre.
"Means followed by same letter for each sampling data are not
significantly different (P<.05) using Duncan's multiple range test.

Established plants initiated new growth in mid-March 1986, and
new seedlings established from remaining dormant seed in drill rows
in response to favorable precipitation in May (2.0 inches on May 1,
0.6 inches on May 10, and 1.0 inch on May 15 and 17). The
unscarified, double seeding rate treatment had the greatest remaining
seed bank and thus the greatest increase in seedling density, followed

Sod treatment2 May 17 July 17 May 21 July 22 May20

Untreated 0.7 cJ 0.2 c 1.1c 1.0 c 1.2c

Disked 1.1 ab 0.6 ab l.6b l.7b 2.6 b

Herbicide 1.4 a O.9 a 2.2 a 2.4 a J.2 a

1 Sod suppression treatment x seed treatment interaction was nonsig-
nificant (P<.05), sod suppression data have been pooled across seed
treatments.
-Disked = one pass with tandem offset disk; Herbicide = 50%
suppression with glyphosate.
-Means followed by same letter for each sampling date are not
significantly different (P<.05) using Duncan's multiple range test.

Management Implications

Scarified and unscarified seeds of Sabine Illinois bundleflower
germinate over a wide range of temperature and substrate moisture
regimes. High cumulative germination and rapid germination rates
at 0 and -2.5 atmosphere water potential levels in 60/78 and 68/86°
temperature regimes indicate that optimum germination would occur
in April and May when adequate moisture was avaiJab1e (as in the
sod-seeding study). Scarification accelerates the rate of germination
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under transiently favorable water conditions that occur more often at
the high end of tbe favorable temperature range for germination.
When renovating pastures with perennial legumes such as Illinois

bundleflower, land managers should create vegetation gaps and
persistent seed banks. Vegetation gaps that leave a mulch in place
without disturbing the soil surface (e.g. banding of glyphosate
herbicide) are most desirable since they conserve moisture and
modify temperatures in the seeded and do not encourage colonization
by invading species that could compete for available resources. The
germinability of the seeded species should be high enough to allow
for adequate establishment during the growing season, but some
dormant seed should be included if the initial stand is diminished by
unfavorable environmental conditions. A mixture of scarified and
unscarified seed would meet these criteria.
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ECONOMIC IMPACTS OF HIGH OLEIC SUNFLOWER PRODUCTION
IN THE TEXAS HIGH PLAINSI

Foy D. Mills, Jr. and Kary Mathis'

ABSTRACT

The production of high oleic acid sunflowerseed (liDS) as an al-
ternative crop in the Texas High Plains and the subsequent impact
upon the area and state economy was assessed. Enterprise budg-
eting showed that dryland HOS production generated positive net
returns compared with negative returns for three dryland and six
irrigated crops produced in the Texas High Plains. HOS produc-
tion, when combined with area and state input-output multipliers,
resulted in a positive effect on total economic activity, income and
employment in the Texas High Plains and the state of Texas.

Key words: High Oleic Sunflowerseed, Alternative Crop, Input-
Output Effects, Economic Impact

INTRODUCTION

Unfavorable economic conditions in the Texas High Plains through
most of the 1980s have caused many agricultural producers to reassess
farming operations. To increase the probability of economic survival,
many producers have considered alternative crops in addition to
improving production, management and marketing techniques.
A possible alternative crop for area producers, a high oleic acid sun-

flowerseed (HaS), was planted commercially for the first time in 1985
in Minnesota and the Dakotas and in 1986 on the Texas High Plains.'
Extracted oil from HOS, considered superior in quality 10 other oilseed
oils in general because of its high oleic oil content, was expected 10

perform well in industrial applications (e.g., cosmetics, pharmaceuti-
cals, and textiles), lubricant derivatives and specialty food items.

OBJECTIVES

The purpose of this study was to assess the potential of HaS as an
alternative crop in the Texas High Plains and the subsequent impact
upon the area and state economy. Specifically, the analysis:

1. Adapted the 1986 Texas Agricultural Extension Service (TAEX)
enterprise budgets for dryland and irrigated sunflowers to develop costs
and returns for HaS.

2. Compared costs and returns for HOS with those for major crops
produced in the Texas High Plains.

3. Illustrated the potential sensitivity ofHOS production to changes in
the market price of the commodity.

4. Determined the impact of HOS production at various acreage levels
on the Texas High Plains economy and the Texas state economy with
respect to effects on total economic activity, income and employment.

'Appreciation is expressed to Drs. Terry Ervin, Bob Davis and Bill Freeman for helpful
comments and suggestions on the paper. Funding for the project was provided by
Agrigenetics Corporation and the Dean's Office of the College of Agricultural Sciences,
Texas Tech University. Texas Tech University College of Agricultural Sciences,
Publica lion No. T-1-279.

"The authors are an Assistant Professor, Department of Agriculture, Abilene Christian
University, and Professor and Chairman, Department of Agricultural Economics, Texas
Tech University, respectively.

"The sunflowerseed is a patented product of the Lubrizol Corporation. Mention of a
trademark or proprietary product does not constitute a guarantee or warranty of the
product by the authors and does not imply its approval to the exclusion of other prod-
ucts that may also be available.

METHODS AND PROCEDURES

Budgeting
Estimations of the dryland and irrigated HOS enterprise budgets

were facilitated by modifying the Texas South Plains District TAEX
sunflower enterprise budgets (TAEX, 1986). Modifications were made
in cultural practices, costs, yields and price. Specific changes included
a 20% reduction in diesel fuel cost from $1.00 to $0.80 per gaUon and
use of a 9.6% interest rate on operating capital (Condra et al., 1987).
Yield levels of 12 cwt./acre and 18 ewt./acre for dryland and irrigated
HOS were used, respectively. Custom harvesting and hauling charges
were adjusted to aceountforthe difference in yield levels. Seed cost was
increased from $3.00Ilb. for conventional sunflowers to $4.00llb. for
HOS. Seeding rates for dryland production were maintained at the same
level but were reduced by 0.5 Ibs. for irrigated production. A $10.00/
cwt. contract price was used for HOS in the analysis (GuUey et al.,
1986).
Additionally, bees were required to insure pollination of the hybrid

plant. Farmers have not been charged for the bees by the contracting
seed company, but will likely become responsible for this expense in the
future. Therefore, the HOS budget was calculated with and without a
cost for bees. A $6.25/acre charge was assessed for bee usage (Gulley
et ai., 1986).

Costs and Returns Comparison
The estimated HOS budgets were compared to the enterprise budgets

for the major crops produced in the Texas High Plains. Break-even
prices, the market price required for the commodity to cover all variable
and fixed production costs, and returns to land and management for the
major crops (Condra er al., 1987) were compared to the calculated
values for HOS.

Price Sensitivity
Contract prices for HOS have been calculated at a $2.50Icwt. to

$3.00lcwt. premium over conventional sunflowerseed market prices
(Gulley et al., 1986). To account for this premium range, a minimum
contract price of $1O.00/wt. was incorporated into the budgets. The
actual 1986 contract price for HOS was $11.50/cwt. Therefore, thecon-
tract price was varied in $.50/cwt. increments to illustrate the potential
sensitivity of HOS production to price changes.

Input-Output Analysis
The estimated HOS yields of12 cwt.zacre, dry land, and 18 cwt.zacre,

irrigated, were used to determine total production at various planted
acreage levels. Planted acreage was graduated in 10,000 acre incre-
ments from 10,000 acres to 100,000 acres (Terry and Hein, 1986; Oil
Crops, 1986). Appropriate production, income and employment multi-
pliers from input-output analysis (Stoecker et aI., 1981, Wright et al.,
1983; Jones and Kao, 1985) were multiplied by the 20 different (10
dryland, ] 0 irrigated) total output levels. A sector multiplier is defined
as, "a coefficient indicating the total effect of a change in the entire
economy that is associated with a unit change in the particular sector,
all other sectors remaining constant" (Wright et al., 1979). Impact upon
the Texas High Plains economy and the Texas state economy were
estimated with respect to total econom.ic activity, total income and the
employment level. Multipliers for the Texas High Plains were: (1)
output impact, 2.04, (2) income effect, 0.47 and (3) employment effect,
0.00003. Multipliers for the Slate of Texas were: (1) output impact,
3.12, (2) income effect, 0.70 and (3) employment effect, 0.000063.
The multiplier effects were considered to be net effects in this analy-

sis. The 50/92 provisions ofthe Food Security Act of 1985 and the Food
Security Improvements Act of 1986 allowed the planting of nonpro-
gram crops on underplanted acres given the approval of the U.S.
Secretary of Agriculture. The nonprogram crops were restricted 10

\
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Dollars Dollars! Acre 60,000 720,000
70,000 840,000

9.89 1.24 80,000 960,000
10.43 - 5.16 90,000 1,080,000
7.83 -12.47 100,000 J,200,000

1.08 1.35 -50.40 -152.31
6.08 7.01 -13.76 -44.26
1.85 3.27 32.68 - 3.34

conserving crops, one of which was sunflowers, under the 1986 Act
(Fulton, 1986).

FINDINGS

Table 1 compares HOS and the major Texas High Plains crops in
terms of break-even prices and returns to land and management. Only
dry land HOS, without the expense for bees, and dryland wheat under
program participation, generated positive returns of $1.24/acre and
$32.68/acre to land and management, respectively.

The HOS contract price was varied in the enterprise budgets to
determine the effects on returns to land and management. Table 2
iUustrates the returns to land and management on a per acre basis.
Dryland production provided postive returns for each price ranging
from $10.00 to $1 J .50/cwt. except in one case. The exception, the
SlO.OOlcwt. contract price combined with a budgeted bee pollination
charge, resulted in a $5.16/acre loss. Irrigated HOS production was nOI
shown in Table 2 because the break-even price was $12.60/cwt. without
bees and $12.96/cwt. with bees, both higher than any considered
contract price.

Table 1. Market Prices, Breakeven Prices, and Returns for High
Oleic Sunflowers (HOS) and Major Crops, Texas High Plains.

Crop
Markel Breakeven Price

Units Price Prog' No Prog''
Returns-Land & Mgt.
Prog No prog

I!a!llns! Dollars

HaS cwt 10.00
HOS w/bees cwt 10.00
Sunflower cwt 7.00
Cotton Ibs 0.48
Sorghum cwt 3.10
Wheat bu 2.15

In:illal!Y

HaS cwt 10.00
Has w/bees cwl 10.00
Sunflower cwt 7.00
Corn bu 1.90
Cotton Ibs 0.48
Sorghum ewt 3.10
Soybeans bu 4.10
Wheat bu 2.15

J2.60 -46.91
12.96 -53.29
9.06 - 51.62

2.21 3.24 -2.14 -]55.11
0.75 0.99 -29.89 -245.31
5.63 7.22 -61.22 -136.22
8.69 8.69 -124.48 -124.48
3.33 4.89 -25.01 -113.49

"Participation in government farm programs.
'Not participating in government farm programs.
Source: Adapted from Condra et al., February 1987.

Table 2. Returns to Land and Management for Dryland High Oleic
Sunflowers with Different Contract Prices, Texas High Plains, No-
vember 1986.

Price Wlout Bees With Bees

Dollars Dollars/Acre

10.50 7.24 .84

11.00 13.24 6.84
11.50 ]9.24 12.84

Regional and State Economics Impacts
Tables 3 and 4 illustrates the impact of dry land and irrigated HOS

production on the Texas High Plains economy at various acreage levels.
Similarly, tables 5 and 6 represent the impacts on the Texas state econ-
amy. To avoid redundancy in tables 5 and 6, the total production and

gross output values were omitted. The tables show that at the maximum
estimated production level (i.e., lOO,OOOacres), fordryland and irrigated
acres respectively, the impact on total economic activity was $24.48
million and $36.72 million in the Texas High Plains region; $37.44 mil-
lion and $56.16 million on the Texas state economy. The total income
effect was $5.64 million and $8.46 million for the Texas High Plains;
$8.40 and $12.6 million for Texas as a whole. Employment levels at
J 00,000 acres of production were 360 and 540 additional persons em-
ployed on the Texas High Plains; 756 and 1,134 additional persons
employed in the state of Texas.

Table 3. Impacts on Total Economic Activity, Income, and Employ-
ment in the Texas High Plains, High Oleic Sunflowers, Dryland.

Acres
Gross
Output
$lO/cwt

Income Employment
Effect Effect

Mull~.47 Mull-.OOOO3

Output
Impact
Mult-2.04

Total
Prod.

10,000
20,000
30,000
40,000
50,000

cwl
120,000
240,000
360,000
480,000
600,000

Dollars
1,200,000
2,400,000
3,600,000
4,800,000
6,000,000

7,200,000
8,400,000
9,600,000
10,800,000
12,000,000

3,384,000 216
3,984,000 252
4,512,000 288
5,076,000 324
5,640,000 360

Dollars
2,448,000
4,896,000
7,344,000
9.792,000
12,240,000

Persons
564,000 36

1,128,000 72
1,692,000 108
2,256,000 144
2,820,000 180

14,688,000
17,136,000
19,584,000
22,032,000
24,480,000

Table 4. Impacts on Total Economic Activity, Income, and Employ-
ment in the Texas High Plains, High Oleic Sunflowers, Irrigated.

Gross Output Income Employment
Acres Total Output Impact Effect EtYect

Prod. $JOIcwt 1\1ull-2.04 Mult-.47 Mult-.OQOO3
cwt Dollars Dollars Persons

10,000 180,000 1,800,000 3,672,000 846,000 54
20,000 360,000 3,600,000 7,344,000 1,692,000 108
30,000 540,000 5,400,000 11,016,000 2,538,000 162
40,000 720,000 7,200,000 14,688,000 3,384,000 216
50,000 900,000 9,000,000 18,360,000 4,230,000 270

60,000 1,080,000 10,800,000 22,032,000 5,076,000 324
70,000 1,260,000 12,600,000 25,704,000 5,922,000 378
80,000 1,440,000 14,400,000 29,376,000 6,768,000 432
90,000 ],620,000 16,200,000 33,048,000 7,614,000 486
100,000 ],800,000 18,000,000 36,720,000 8,460,000 549

7
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Table 5. Impacts on Total Economic Activity, Income, and Em-
ployment in the State of Texas, High Oleic Sunflowers, Dryland.

Output Income Employmeut

Acres Impact Effect Effect

Mult-3.12 Mult-.70 Mult·.OOOO63

Dollars Persons

10,000 3,744,000 840,000 76

20,000 7,488,000 1,680,000 151

30,000 11,232,000 2,520,000 227

40,000 14,976,000 3,360,000 302

50,000 18,720,000 4,200,000 378

60,000 22,464,000 5,040,000 454

70,000 26,208,000 5,880,000 529

80,000 29,952,000 6,720,000 605

90,000 33,696,000 7,560,000 680

100,000 37,440,000 8,400,000 756

Table 6. Impacts on Total Economic Activity, Income, and Em-
ployment in the State of Texas, High Oleic Sunflowers, Irrigated.

Output Income Employment

Acres Impact Effect Effect
Mult-3.12 Mult-.70 Mult·.OOOO63

Dollars Persons

10,000 5,616,000 1,260,000 113

20,000 11,232,000 2,520,000 227

30,000 16,848,000 3,780,000 340

40,000 22,464,000 5,040,000 454

50,000 28,080,000 6,300,000 567

60,000 33,696,000 7,560,000 680

70,000 39,312,000 8,820,000 794

80,000 44,928,000 10,080,000 907

90,000 50,544,000 11,340,000 1,021

100,000 56,160,000 12,600,000 1,134

SUMMARY AND CONCLUSiONS

Appropriate cost and price data were gathered and modified and val-
ues generated to evaluate the economic performance of HOS produc-
tion as compared to the major crops produced in the Texas High Plains.
Subsequently, estimated production vaJuesfrom the budgets were used
to determine the potential total production at various acreage levels.
Appropriate production, income and employment multipliers were
applied to each output level to determine the impact upon the econom-

ics of the Texas High Plains and the state of Texas.

Results revealed dry land HOS production without the bee charge (at
assumed yield level and contract price) generated postive net returns
compared with negative returns for three dryland and six irrigated crops
produced in the Texas High Plains. Additionally, simulated HOS pro-
duction had a positive effect on total economic activity , income and em-
ployment in the Texas High Plains and the state of Texas.

Analysis results only considered average yields, estimated produc-
tion costs for a single growing season, one schedule of contract prices
and one series of total production levels. Changes in any of these
variables would affect the results obtained in this study.
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RESPONSE OF MORMON-TEA TO BURNING2
Sara H. Schweitzer, Loren M. Smith, and Henry A.Wrightl

ABSTRACT

Mormon-tea (Ephedra antisyphilitica C. A. Mey) is a benefi-
cial , evergreen browse plant for livestock and wildlife. On 25
February 1986, a 60-acre unit of the Texas Tech Experimental
Ranch, Garza County, Texas, was subjected to a prescribed burn
to determine survival and response of Mormon-tea. Ninety-six
percent of burned plants and 100% of control (unburned) plants
survived. Burned plants produced more (F. < 0.01) basal sprout
biomass than control plants.

Key words: Mormon-tea, Ephedra, prescribed fire, browse

INTRODUCTION

Forty species of Ephedra are distributed over the desert or semide-
sert regions of Asia, northern Africa, and North America. Mormon-
tea CE. antisyphilitica C. A. Mey) is found from extreme southwest-
ern Colorado, through Arizona, New Mexico, western Texas, and
northern Mexico (Correll and Johnston 1970). This species is a
drought-tolerant, densely branching shrub with jointed photosyn-
thetic stems and branches and persistent scale- Likeleaves. Mormon-
tea is often grazed heavily by livestock and is the primary source of
green browse for wildlife during winter months in certain areas
(USDA Forest Service 1937, Cumbie 1952, Correll and Johnston
1970).

Although fire kills longleaf Ephedra (I;, trifurca) (Thornber
1907), its effect on Mormon-tea is not documented. Our objectives
were to determine the survival of Mormon-tea following a winter
prescribed burn and to evaluate the subsequent response of surviving
plants.

STUDY SITE

This study was conducted on a 60-acre range site on the Texas Tech
Experimental Ranch, 6 miles southeast of Justiceburg, Garza County,
Texas. About 75% of the average annual precipitation (19 in) occurs
from May to October (Richardson et al. 1965).

MATERIALS AND METHODS

Preciptation was recorded throughout the study using a standard
rain gauge. Twenty-eight Mormon-tea plants were randomly se-
lected and marked with metal, fire-resistant stakes before burning the
study site. Twenty-nine control plants were marked in unburned
areas adjacent to the burned site. Sample size was restricted by
available time and plants.
A prescribed burn was conducted on 25 February 1986. Relative

humidity ranged from 20 to 40%, temperature rose from 63 to 84°F,
and wind speed averaged 5 mph during the burn. Fine fuel, composed
primarily oftobosagrass (Hilaria mutica [Buckl.] Benth.), averaged
1,500-2,500Ib/ac. Two months after the burn, surviving burned and
control plants were counted. Plants were evaluated weekly for
survival.
Weekly measurements of the number and length of basal sprouts

on burned and control plants were recorded from 6 April to 21 June

'Authors are enviromental scientist, U.S. Army Corps of Engineers, Norfolk
District, Fort Norfolk, 803 Front Street, Norfolk, Virginia 23510; professor
and Horn professor and Department Chairman, Department of Range and
Wildlife Management, Texas Tech University, Lubbock, Texas 79409.

'Financial support for this study was provided by the Graduate School and the
College of Agricultural Sciences (T-9-483), Texas Tech University. G. W.
Reeves, D. G. Sheeley, and A. P. Leif provided field assistance.

1986 to evaluate the response of the plants to burning. Control plants
exhibited basal sprouting, and secondary growth on aerial stems.
Only new growth as basal sprouts was directly comparable between
burned and control plants because burned plants were completely
top-killed.

In early July, basal sprouts from burned and control plants were
clipped to ground level and measured to the nearest 0.1 in. These
basal sprouts were taken to the laboratory, freeze-dried, and weighed
(dry-weight, oz).
Basal sprout dry-weight (dependent variable, Y) was regressed on

basal sprout length (independent variable, X) for burned and control
plants, and best-fit regression models were determined based on
maximum coefficient of determination (r') values (Fig. 1). Regres-
sion models predicted basal sprout dry-weight given basal sprout
length. Basal sprout dry-weight biomass of burned and control plants
was determined 4 months after the bum using the regression models.
Biomassofburned and control plants was compared using aWilcoxon
rank sum test (Hollander and Wolfe 1973).
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Figure 1. Basal sprout day-weight regressed on basal sprout length 10
determine best-fit regression equation 10 allow calculation of basal sprout
biomass of burned and control plants 4 months after burning.
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RESULTS AND DISCUSSION

The study site received 11.5 in of rainfall during the collection
period, 23% above the 52-year mean. Above normal moisture after
the burn and during the growing season may have positively influ-
enced plant survival. Although there was 100% top-kill of burned
plants, 96% (0=28) survived and initiated new basal sprout growth by
30 March 1986. All control plants (0=29) survived and produced
basal sprouts and secondary growth from aerial stems.

Based on maximum r2 values, the best-fit regression model for
burned plants was Y = O.0026xI.40 (r' = 0.98). and for control plants
was Y = 0.0086x -0.0298 (r' = 0.81), where Y = predicted dry-weight
(oz) of basal sprout at x = length (in).
Burned plants produced more CE. < 0.0l) new basal sprout growth

(mean ± SE = 0.24 ± 0.03 oz/plant) than control plants (0.001 ±
0.0004oz/plant). Basal sprouts on burned plants were more acces-
sible to browsers than those on control plant's because there was no
interference from crown stems.

Mormon-tea successfully survived burning and produced new
growth as basal sprouts under the conditions of this study. Although
control plants also produced basal sprouts, fewer resources were
allocated to such production, perhaps due to allocating resources to
new growth on aerial stems. Because this project was restricted toone
site and the enviromental parameters present during the year of study ,
the response of Mormon-tea to burning warrants further research.

'1 I'
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However, this study indicated that ranch managers may successfully
burn range sites in the winter to reduce Utter buildup and undesirable
brush species without killing a desirable, evergreen browse species
such as Mormon-tea.
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ECONOMIC FEASIBILITY OF CONVERSION TO A LOWER ENERGY
PRECISION APPLICATION IRRIGATION SYSTEM

IN THE TEXAS HIGH PLAINS
Jeffrey D. Hutton, Eduardo Segarra,
R. Terry Ervin and James W. Graves'

ABSTRACT

The objective of this study was to determine the farm level
economic feasibility of converting a standard 1/4 mile center
pivot low pressure sprinkler irrigation system to a low energy
precision application (LEPA) irrigation system for corn produc-
tion in the Texas High Plains. It was found that the irrgation
system results in increased water use efficiency, which further
results in increased corn yields. Thus, LEPA is a viable irriga-
tion option to producers in the Texas High plains because the
benefits from its use outweigh the costs.

Key Words: Economic Feasibility, Irrigation, LEPA

INTRODUCTION

The 31-county Texas High plains (THP) land resource area is
located in the southern portion of the Great Plains Region of the
United States. Due to average rainfall in the THP ranging from 10 to
20 inches per year, agricultural activities use supplementary irriga-
tion. Most of the water used for irrigation of agricultural crops in the
THP is drawn from the Ogallala Formation, a major underground
aquifer covering 220,000 square miles and extending over parts of the
states of Colarado,Kansas, Nebraska, New Mexico, Oklahoma, and
Texas (High Plains Associates 1982).

Agricultural production increased in the THP as a result of the
widespread use of irrigation practices in agriculture since the 1940's.
However, declines in water tables ranging from 50 to 200 feet have
occurred in the area because the Ogallala Formation is a closed basin
with little or no recharge (Lee 1987; Mapp 1988).
Deeper water tables have induced rising water extraction costs re-

sulting in significant changes in irrigated acres of the four major crops
(corn, cotton, sorghum,and wheat) grown in the THP area. For
example, combined irrigated acreage of those four crops declined
from a high of 4.8 million acres in 1976 to 3.2 million acres in 1985,
a reduction of over 33 percent. In particular, acres of corn and
sorghum (about 90 percent of which were irrigated declined by 40
percent from 1975 to 1985 (Lansford, Harman, and Musick 1987).
Those changes have occurred mostly from the lower profitability
levels per unit of production when compared to other production areas
in which irrigation is used extensively (Mapp 1988). Thus, because
of declining water tables and increased energy costs, efficient utiliza-
tion of irrigation inputs availble to producers in the THP area has
become a key component in the profitability of enterprises and firm
survival.

In this paper, the conversion of a center pivot low pressure
sprinkler irrigation system to a low energy precision application
(LEPA) irrigation system for corn production in the area is investi-
gated. The conversion of a center pivot low pressure sprinkler system
to a LEPA irrigation system is achieved by the attachment of flexible
tubing which extends downward having a nozzle on the end of the low
pressure system.

The primary objective of this study is to determine the farm level
economic feasibility of that conversion. AJthough the adoption of a
LEPA irrigation system could result in reduced consumption of water
to obtain crop yields similar to those resulting from other irrigation
systems, we assume that producers continue to use the same amount

'Jeffrey D. Hutton, at the time of the study was a senior in agricultural economics,
Eduardo Segarra and R. Terry Ervin are Assistant Professors and James W. Graves is a
professor in the Department of Agricultural Economics, Texas Tech University. Pub-
lication No. T-1-283 of Texas Tech University College of Agricultural Sciences.

of water and consider the benefits of increased yields due to the LEPA
system. Issues of contemporary social interest such as implications
of adopting LEPA to conserve underground water resources for use
by future generations are not addressed.

The I..owEnergy Precision Application a,EPA)
Irrigation System

Irrigation could be considered to be the least efficient operation in.
valved in the production process of irrigated agricultural crops (Lyle
and Bordovsky 1981). Also, because irrigation activities are high
consumers of energy, they are amoung the most expensive activities
in the production process. The amount of energy used in irrigation
depends on two factors: quantity of water pumped (gallons/minute)
and depth from which water is extracted. Nearly two thirds of the
irrigation systems in the THP are powered by the use of natural gas
while the remainder are powered by electricity. Low water applica-
tion efficiency and excess energy consumption impair profitability
and thus, regional competitiveness in agricultural production (e.g.,
comparative advantage). However, these conditions may be beyond
agricultural producers control, who rely on current irrigation system
technologies available.
Precise control of water applications to the root zone of plants with

surface irrigation methods are difficult due to variabiltiy in soil intake
rates, length of run, slope, and many other factors (Lyle and Bor-
dovsky 1981). Developments in irrigation system technologies after
World War II evolved rapidly with the introduction of light weight
steel and aluminum pipe. Center pivot, straight and solid set high
pressure irrigation systems enabled agricultural producers to possess
greater control over water application rates.
Gains in control of water applications were largely possible at the

expense of greater levels of energy used to distribute water on
croplands. Howevr, water application efficiency levels of sprinkler
irrigation systems, can be impaired by climatological conditions. For
example, Clark and Finley (1975)found that spray evaporation losses
from solid set high pressure sprinklers ranged form 17 percent at wind
speeds of 15 mph to 30 percent at wind speeds of 20 mph. The THP
experiences occasional wind velocities higher than those reported by
Clark and Finley (1975) during the growing season. Because center
pivot high pressure sprinkler irrigation has been the most popular
type of irrigation system used in the area, water application efficiency
is impaired in the THP.

Low pressure sprinkler irrigation systems were developed in an
attempt to alleviate some of the water application efficiency prob-
lems as well as the high levels of energy required to operate high
pressure sprinkler irrigation systems. These low pressure systems
were of the same basic design as the high pressure systems. Water
application efficiency levels of 80 to 85 percent can be attained with
low pressure sprinkler irrigation systems. Because water pressure is
decreased over 50 percent with these low pressure systems, energy
savings are attained when compared to the energy requirements of the
high pressure systems.

Recent technological advances in irrigation systems have pro-
vided agricultural producers with a new system referred to as Low
Energy Precision Application or LEPA. Although this irrigation
system is still in experimental stages, it has already proven to be
efficient when compared to other low pressure irrigation systems
(Lyle and Bordovsky 1982). This system can be added onto the
existing low pressure system by adding flexible tubing to the pipe
drops on the low pressure system. The tubing extends down to ap-
proximately twelve to sixteen inches above the ground. Although the
tubes have a nozzle on the end similar to the nozzles in other low
pressure systems, LEPA nozzles spray water in a more horizontal

11
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manner (for details on LEPA specifications see Lyle and Bordovsky
1981; Stoecker and Lloyd 1984).
One of the two major advantages ofLEPA over other low pressure

irrigation systems is that evaporation losses are cui resulting in water
application efficiency in excess of 98 percent. The other advantage
is that LEPA requires only five to ten pounds of end pressure, whereas
other low pressure irrigation systems require fifteen to twenty pounds.

Conversion of a Center Pivot Low Pressure Sprinkler System
to a Low Energy Precision Application Irrigation System

Two partial budgets were used along with a cost analysis to
evaluate the conversion of a standard 1/4 mile center pivot low
pressure sprinkler irrigation system to a LEPA irrigation system for
corn production. The study area was Dallam county bordering New
Mexico and Oklahoma in the north-west corner of the Texas pan-
handle. The budgets included fuel costs for both centerpivot (ow
pressure sprinkler and LEPA irrigation systems. The budget for
LEPA also included additional labor and maintenance costs associ-
ated with the operation of the 1/4 mile radius irrigation system.
Because levels of other variable inputs in corn production for both
irrigation systems were assumed to be the same, costs such as fertil-
izer, labor, insecticide, herbicide, and harvesting were not included
in those budgets. Also, LEPA evaporation loss reduction information
provided by the Texas Agricultural Experiment Station in Bushland,
Texas, was considered in the economic evaluation of the system con-
version (Devin 1977 and New 1987).
County wide per acre average fuel cost under both low pressure

and LEPA irrigation systems for corn was estimated through primary
data collected from personal records of several farmers in Dallam
county (Crossland 1988, Moore 1988, and Snead 1988). Other
variables such as per acre average amounts of water applied and corn
yields were collected from farmers'records and used in the budgets.
Conversion costs of LEPA were obtained from Peeples irrigation in
Dalhart, Texas. The total cost of that conversion for a standard 1/4
mile center pivot sprinkler system is $7,082.53 (Table 1).

Table 1. Itemized Conversion Costs ofa Standard 1/4 mile
Pivot Low Pressure Irrigation System to LEPA, Dallam
County, Texas, 1988.

Item Cost

The annual irrigation fuel cost for operating the 1/4 mile radius
(125.66 acres) low pressure sprinkler irrigation system for corn pro-
duction, assuming 26 inches of water application over the growing
season was $6,844.57. Coupling the annual irrigation fuel cost of
$6844.57 with the additional annual labor and maintenance costs of
$40.00 and $197.24, respectively, for the 1/4 mile radius LEPA
system, and assuming the application of 26 inches of water, the
resulting cost of operation for the LEP A irrigation system is $7,081.81.
This is equivalent to $54.46 per acre, or $2.09 per acre inch of water
applied. The associated per acre average yield of corn was 191
bushels.

The primary difference between the LEPA and other irrigation
systems is that the LEPA system prevents water evaporation which
further results in increased corn yields. Assuming an average wind
speed of13.65 mph and an average temperature of90degrees, it was
found that water application efficiency can be increased from an av-
erage of 74.02 percent under the low pressure sprinkler irrigation
system to 98 percent under the LEPA irrigation system. This results
in an increase in corn yields of20 bushels per acre (Devin 1977; New
1987).
Assuming the 1987-88 corn price for Dallam county, this increase

in corn yield provides an additonal $68.80 per acre for an increase in
annual total gross revenue to land, risk, overhead and management of
$8,645.41 over the low pressure sprinkler irrigation system. Adjust-
ing this for the additional LEPA labor and maintenance operation
costs of $237.24 results in a total gross return increase of $8,408.17
for LEPA when compared to the low pressure sprinkler irrigation
system. Table 2 is provided to assist in the understanding of the cost
comparision between systems. The cost of other variable inputs of
production must be subtracted from the gross revenue figures above
to estimate the "profit" above variable cost for corn production in the
1/4 mile radius area.

Corn prices will not always remain at the 1987-88 values and
output price variability must be considered by agricultural producers
in their decision to convert their low pressure sprinkler systems to
LEPA Alternative valuations oftbe additional annual gross revenue
generated by the adoption of the LEPA irrigation system under
alternative corn prices are illustrated in Figure 1. This figure
illustrates that as the corn price increases the additional annual gross
revenue generated by the adoption of LEPA also increases.

Given the associated conversion costs and the increase in corn
yields due to LEPA, it can be found that a minimum corn price of
$2.82 (cost ofLEPA, $7,082.53, divided by total area benefiting from
LEPA, 125.66 acres, then that ratio divided by additional corn yield,
20 bushels) will generate enough additional gross income in one year
to pay for the irrigation system conversion. However, agricultural
producers may not want to invest that much money in a single year.
For this reason it is useful to discuss financing alternatives available
to producers from which they could choose.

Source: D. Peeples, Peeples Irrigation, Dalhart, Texas. 1988.

System Yield

Table 2. Partial Budgets Comparing the Low Pressure to the LEPA System

Operating Total Gross TGR-OC Change in
Cost(OCj Revenue(TGR) Revenue

$6,844.57 $82,563.64* S75,719.07
$7,081.81 $91,209.05 $84,127.24 $8,408.17

Low Pressure
LEPA

191
211

*Assumes $3.44 as the 1987-88 average corn price. Therefore, TGR for the low pressure system is the product of number of acres (125,66),
yield (191), and crop price (3.44).

260 Gooseneck pipes
2603'drops
260 Steel Collars
260 PVC collars
2080 Feet LEPA hose
520 LEPA hose clamps
5203/4" H.B. x3/4" M.P.T.
130 Low flow regulators
130 Medium flow regulators
520 Stainless steel ties
260 Lepabird sprikler heads
Labor to install LEPA

$ 585.00
756.60
192.40
231.40

1,352.00
94.64
169.00
633.75
456.30
60.84

1,250.60
1,300.00

$ 7,082.53TOTAL CONVERSION COST
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Figure 1. Annual Total Gross Returns Increases Across Alternative Corn Prices Due to LEPA's Increased Water Efficiency in Corn
Production for a 1/4 mile Circle, Dallam County, Texas.

If an agricultural producer can only afford to invest ten percent of
the $7082.53 cost required for the conversion of the irrigation system,
be/she would need to borrow ninety percent of the cost, or $6374.28.
Figure 2 illustrates alternative scenarios for repayment of that loan
presenting annuity payments which depend on the length of the loan
(from one to eight years) and the interest rate being used (from six to
twenty percent). Thus, for a given interest rate on the loan, as the
length of time of the loan increases the level of the annuity payment
decreases. Conversely, for a given time period or length of the loan
as the interest on the loan increases the level of the annuity payment
increases. The loan repayment scenarios assume a ten percent down
payment. Therefore, in determiming the most appropriate purchase
plan, agricultural producers should consider: (1) how much he/she is
willing to pay as a down payment; (2) what levels of interest rate hel
she can obtain for the loan; and (3) what are his/her time preferences
with respect to the length of the loan.

l,

Figure 2. Annuity Payment Scenarios of the $6,374.28 Loan for
the Conversion of the Irrigation System According to Alternative
Lengths of the Loan and Interest Rates.

CONCLUDING REMARKS

The primary objective of this study was to determine the farm
level economic feasibility of converting a standard 1/4 mile center
pivot low pressure sprinkler irrigation system to a LEPA irrigation
system for corn production in the THP. Enterprise budgets were de-
veloped for both irrigation systems. Considering the costs involved
in the conversion, it was found that because of increased water
application efficiency obtained with the LEPA irrigation system
resulting in increased corn yields, the irrigation system conversion is
economically feasible because associated increases in annual gross
revenues would be more than sufficient to cover conversion costs.
Although some drawbacks are associated with the use of LEPA, such
as increased awareness of row spacing, increased maintenance costs,
and labor requirements when compared to other irrigation systems,
LEPA is a viable option to farmers in the THP because the benefits
from its use outweigh the costs.

There are few LEPA systems currently in use. Widespread
adoption of LEPA in the THP would add to agricultural water
efficiency, resulting in a more rational utilization of the underground
water resources available not only to agricultural producers, but to the
remainder of users in the area as well.
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FORAGE QUALITY OF COMMON BUFFELGRASS
AS INFUENCED BY PRESCRIBED FIRE

C. Wayne Hanselka!

ABSTRACT

Response of common buffelgrass (Cenchrus illi!u:W nutri-
tional components to prescribed fire was monitoried during two
consecutive years. Prescribed burning during late winter gener-
ally increased crude protein (CP), total digestible nutrients (TDN),
phosphorus (P), Calcium (Co), and potasium (K) levels for 3-4
months post-burn. CP and roN levels increased after burning
in excess of lactating cow requirements. Ca and K levels were
adequate at all times. Amounts of P increased slightly with
burning but generally were below minimum livestock needs.
These results indicate that winter-burned common buffelgrass
pastures can provide high quality forage to grazing animals
during spring months. Animals with high nutritional needs can
use burned buffelgrass regrowth to their advantage during this
critical period of the year.

Key Words: forage quality, common buffelgrass, prescribed fire,
crude protein, total digestible nutrients, phosphorus.

INTRODUCTION

There is a long history of man's use of fire on rangelands (Nelson
and England 1978; Hanselka 1980; Pyne 1982). Burning objectives
have varied from pasture renovation and brush and weed suppression
to parasite control (White and Hanselka, 1989). One of the earliest
objectives, and a major management goal today, is to enhance the
palatability and nutritional quality of range and pasture forage plants
by the application of prescribed fire (Chapin and Van Cleve 1978).

Burning removes mature, unpalatable herbaceous foliage and
litter and often increases herbage yields (Wright 1974, Mayeux and
Hamilton 1988). Many browse plants sprout profusely following
burning producing regrowth containing generally elevated, albeit,
short-lived nutritional levels (Dewitt and Derby 1955; Springer
1977; Rasmussen et al. 1983; Wood 1988). There is also a general
increase in livestock and wildlife utilization of regrowth forages fol-
lowing fire (Klett et aJ.1971; Oefinger and Scifres 1977; Drawe 1980;
Mutz et a1. 1985). Increased utilization and a higher quality diet
translates into increased productivity from range cattle (Anderson et
01. 1970; Kirk et 01. J974; McGinty et 31. 1983).

Erratic forage quantity and quality are major limiting factors that
affect beef production in South Texas. Low calf crops and weaning
weights, breeding failures, and late calves in the region are related to
low nutritional planes. Several "improved" grasses have been
planted in an effort to provide a more stable nutritional regime for
livestock. The most successful of these has been common buffelgrass
(Cenchrus ciliaris. Buffelgrass was introduced into South Texas in
the 1940's and presently occupies over 1,700,000 acres in the region

'Author is Range Specialist, Texas Agricultural Extension Service, Rt. 2, Box 589,
Corpus Christi, Tx. 78410. The cooperation of personnel of the Howell, Montemayor,
and the Cerrito Prieto Ranches is acknowledged. Gene Spaniel, Gilbert Gonzales, and
George Gonzales, County Extension Agents, provided technical assistance. Forage
samples were analyzed at the TAEX Forage Testing Laboratlory, College Station.
Fieldwork expenses were partially offset by support form a.E. Pogue Seed
Co.

(Hanselka, 1988). Over3 million acres have been seeded to buffelgrass
in Mexico (Ibarra] 988).

Buffelgrass nutritional values, such as dry matter digestibility,
crude protein, and phosphorus, are generally greater than in the major
native grass species (Holloway and Varner 1985; White and Wolfe
1985; Gonzalez and Everitt 1982). Quality is slightly better than or
similar to other introduced grass species such as Bell Rhodesgrass
(Chloris gayana) and KJeberg bluestem (Dicanthium annulatum
(Mutz and Drawe 1983).

Prescribed burning affects the nutritional characteristics of
buffelgrass much as it does other buncbgrasses. Elevations in con-
centrations of crude protein and phosphorus were reported by Everitt
and Mayeux (1983). Burned buffelgrass has been used by livestock
more than 2.5 times heavier than non-burned pastures due to im-
proved palatability and increased quality of regrowth following fire
(Hamilton and Scifres 1982; Hamilton 1985). White and Wolfe
(1985) quoting Chamred, ]984, reported greater average daily gains
on heifers that were grazed on burned buffelgrass pastured as com-
pared to those grazed on non-burned pastures.

The objective of this study was to determine the influence of
prescibed fire on the level of certain nutritional levels in common
buffelgrass. The longevity of any changes was also monitored.

METHODS AND MATERIALS

Descriptions of Sites

This study was conducted at three locations within the Rio Grande
Plains of Texas. Pastures on the Cerrito Prieto and the HowelJ
Ranches were monitored in 1986. The Cerrito Prieto Ranch is located
10 mi south of Encinal in Webb county. Sampling was initiated on
a gray sandy loam range site composed of Copita series soils.
Topography is gently rolling with less than a 3% slope. The Howell
Ranch is located ca 7 miles west of Premont in Jim Wells County. The
study pasture was composed ofloamy sand and tight sandy loam sites
with soils in the Delfina series.

The Montemayor Ranch, 15 miles east of Benavides in Duval
county, was the study site in 1987. Samples were taken from a fine
sandy loam site. Soils on this site are in the Delmita series.

Each pasture originally supported dense communities of mes-
quite-dominated (Prosopis-Acacia) mixed brush. Each had been root
plowed and raked with the brush stacked and burned. Common
buffelgrass was then broadcast seeded in the pasture. The ages of the
buffelgrass stands ranged form 2 10 19 years.

Prescribed Burning and Sampling Procedures

Late winter burns were selected to increase forage quality during
the spring calving period when a higher nutritional plane was neces-
sary. This is also the season of the year when most range burning
occurs in South Texas for the purpose of brush suppression (Hamilton
and Scifres 1982). The Premont and Encinal sites were burned in
February, 1986 and the Benavides site was burned in Febuary, 1987.
Twelve foot wide fire lanes were disced compJetly around each
pasture. Burns were installed as headfires following backfiring on
the downwind side of the pastures Weather and fuel conditions for
each burn are shown in Table 1. Over 90% of the fine fuel (standing
crop and litter) on each pasture was removed by the fires. Precipita-
tion data was colJected at each site.

15
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Table 1. Weather and fuel conditions during prescribed burning
of common buffelgrass.

Air Relative Wind
Am Temp. flumidity Speed-Directi on Fuel load

location 00 Burn Date ill ill .l!!!.l 1illlli
Premont 75 feb, 1986 60 401 0-) [North) 4000

Encinal 15 Feb. 1986 58 411 8-10 [North) 15~

Bena~ides 80 feb, 198) 55 481 6-\0 [SEI JS4J

Five buffelgrass sub-samples of leaves and stems were hand-
plucked, at random, simulating grazing, from several plants in the
pasture immediately prior to burning. Similar samples were then
collected monthly thereafter from the burned pasture and from an
adjacent non-burned (control) area for the next 12 months. The
samples were oven-dried at 100" F for 48 hours and sent to the Forage
Testing Laboratory at Texas A&M University for analysis.

Each sample was analyzed for crude protein (CP), total digestible
nutrients (TDN), phosphorus (P), potassium (K), and calcium (Ca).
Crude protein was determined by the Kjeldahl method. TDN con-
tents were estimated from acid detergent fiber methods; P was
determined by digestion and analyzed with an lntercoupled Plazma
Unit (ICP); and K and Ca were determined through block digestion
methods and analyzed by atomic absorption spectrometry.
Subsample data were pooled from each location by month. Burned

and control values were compared by a Students' t-tesr and all
statistical comparisions were made at the .05 probability level.

RESULTS AND DISCUSSION

Chemical composition of plants is influenced by a variety of mor-
phological, physiological, environmental, and management factors.
These include parts of the plant (e.g. stem and leat); age of plant
material; amount and timing of precipitation; air and soil tempera-
tures. AnimaJ nutrition from ranges and pastures will thus fluctuate
with varying conditions, season of the year, and plant species com-
position.

The Texas Rio Grande Plain has a bimodal rainfall pattern with
peak monthly total in May and September. July-August and Decem-
ber-January are usually dry periods. Rainfall amounts and distribu-
tion in 1986 and 1987 generally followed these trends (Figure 1).
However, the summer and early fall of 1986 were relatively dry.
Likewise, the fall and winter of] 987 were extremely dry. These dry
periods were reflected by changes in crude protein, total digestible
nutrients. and mineral levels of common buffelgrass, whether burned
or not burned.

20 --ENCINAL

--- BENAVIDES

1986
DATE

Figure I. Bimonthly cumulative precipitation totals from Encinal and
Benavides, 1986 and 1987.

Crude Protein

Protein, interacting with forage digestibility, in the diet of range
cattle is important because it a.ffects forage intake. Cows without
adequate protein will have lowered rumen activity, which will reduce
forage consumption and, in turn, reduces the availability of. all
nutrients to the animal. Burning common buffelgrass resulted m a
short-term increase in CP content during both years of the study
(Figure 2),

20 -BURNED

- NOT BURNED

15

o1--H---ff---1iHH..---+VI--lACTA TlNGCOW
REQUIREMENT8

rt'rl~~---ifjr--~~-DRY COW
REQIMlEMENTS

tza:
:>

!a:
:>
ID

PREMONT
ENCINAL BENAVIDES

.f.'.IJ'I ••• I' •••••• I •••

19BB 1987

DATE

Figure 2. Crude Protein levels (%) in common bulTelgrass, 1986 and
1987. (*Significant difference from control at P < 0.05 levef)

Crude protein levels significantly increased during March, 1986.
to 12% in the burned pasture as compared to 7% in the control pasture.
CP levels from the burned pasture remained elevated over OOD-

burned forages through June when plant maturity and summer
drought resulted in similar CP levels in both pastures. Similar trends
occurred following burning in 1987. CP content of the burned pas-
ture was significantly higher in March compared to the nonburned
pasture. Pastures were again similar by May. Another peak in CP
content was recorded in the burned pasture following late summer
rains in 1987, but was not statistically significant.

CP values were generally sufficient to meet the requirements of a
dry cow. Noticeable exceptions occurred in burned and non- burned
pastures during the summer and winter stress periods. Levels
exceeded requirements for lactation cattle only following burrnng
and/or rainfall peaks. -

TOTAL DIGESTIBLE NUTRIENTS

Lack of total feed (mainly energy) is one of the most common de-
ficiencies of breeding cattle during the winter and during the frequent
droughts in South Texas. This can cause excessive loss of bodv
weight, delayed breeding, improper fetus development, lowered
tolerance to cold weather, and lowered parasite and disease resis-
tance. This may be the result of heavy stocking rates but, more often.
is the result of [ow energy levels in the forage. A high percentage of
TDN allows quick passage of forage through the rumen. Burning
apparently had little or no effect on TDN content of common
buffelgrass (Figure 3). A non-significant increase was recorded
following the burn in 1988 but this quickly leveled out in response to
rainfall by May. No differences were noted for the remainder of the
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study. TON levels from both burned and control pastures ranged
between 40% and 60%, except in February, 1987.
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Figure 3. Total digestible nutrient content (%) of common
buffelgrass from burned and non-burned pastures, 1986-1987.

Phosphorus

Lack of phosphorus is the major mineral deficiency in Texas.
Grass forage plants do not provide a stable supply to meet beef cattle
requirements (Everitt et al. 1980; Huston et al. 1981); however brush
intake may offset this deficiency. Phosphorus levels were enhanced
In the growing season following prescribed fire for 3-4 months with
significant increases immediately following the burn (FigureA).
During this same period, phosphorus in non-burned buffelgrass
remained below requirements for a dry cow. Phosphorus levels
responded to rainfall events whether the grass had been burned or not.
However. increases were not as great in non-burned pastures.
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Figure 4. Phosphorus content (%) in burned and non-burned
common buffelgrass. (*Significant difference from control at
P<O.05 level).

Other Minerals

Potassium is generally not lacking in South Texas forages.
However, during a wet winter in highly weathered forage, potassium

may be limiting (Hinnant and Kathman 1982) and livestock repro-
duction impaired. Potassium was present in adequate amounts in
both pastures at all times during the study. A low value of .63%
occurred in Jan, 1987, but increased to a high of3.58% in October of
1987 in the non-burned pastures. The burned pasture generally
contained slightly higher levels of potassium.

Calcium in buffelgrass forages likewise varied from month to
month in response to growth events. However, it is usually not a
problem since most of the area soils are calcareous. Burning did not
appear to affect calcium content of buffelgrass foliage. Levels, in
general, were adequate to meet animal needs on both pastures.

Conclusions and Management Implications

Prescribed burning of common buffelgrass did not result in any
long-term nutritional advantages. Short-term increases in crude
protein and phosphorus were noted but other minerals and total
digestible nutrients remained similar between burned and non-burned
pastures. These data follow trends from many areas and species in the
published literature. In most situations, any nutritional advantage
disappears within 3·4 months post-bum.

However, when higher forage quality is combined with greater
avaiJability of green forage on burned pastures, the influence is
magnified. For example, springstandingcrops ofbuffelgrass on non-
burned pastures consisted of 40761b/ac. Of this, 2500 Ib/ac (61%)
were dry, mature stems and leaves with only 15761b/ac (39% )of new
green foliage (Hanselka, unpubl. data). The burned pasture produced
29481b/ac of green foliage during this same time frame and 90% of
the old, dry foliage was removed by fire. The burned pastures
"greened up" approximately one month earlier than the non-burned
pasture. Ibarra (1988) reports similar responses in Sonora, Mexico.

This access by grazing animals 10 fresh, quality forage translates
into potentially improved animal performance. McGinty et al.
(1983) recorded a higher percentage of grass in steer diets on a burned
range than in diets on an non-burned range in Central Texas.
Livestock weight gains were significantly higher on the burned
pastures. White and Wolfe (1985) reported similar results from
South Texas and Kirk et al. (1974) drew similar conclusions from
long-term studies in Florida.

The burning of buffelgrass pastures can thus provide an increase
in the quantity of quality forage to animals with high nutritional re-
quirements during a critical period of theyear. First calf heifers or
cows needing a higher nutritional plane as a prerequisite to rebreed-
ing, can use regrowth on burned pastures to their advantage .

Although burning tended to increase phosphorus content of
common buffelgrass, levels were too erratic to provide a dependable
supply of phosphorus to meet minimum beef cattle requirements.
Stress periods and resulting non-growth of grasses caused P levels to
drop to very low levels. Since these periods are common in South
Texas, it is advisable to provide phosphorus supplement free choice,
yearlong to range cattle (Reynolds et ai. 1953).
Burning did have positive short-term effect on common buffelgrass

quality. Generally, dry weather and poor growing conditions negated
this advantage by the summer months. During winter, dry seasons,
and/or extended drought, beef cattle should be supplemented based
upon requirements, management needs, and forage quality.

In general, the result from this study follow the conclusions of a
review by Huston (1980). Regrowth of burned buffelgrass is usually
higher in some nutrients and the diets of animals grazing burned Pas-
ture should reflect an increased nutrient content. Also, the burning of
buffelgrass stands which have excessive amounts of old growth and
litter will give the greatest net benefit on diet quality. Benefits of
improved diet quality and increased animal productivity are rela-
tively short-lived so the greatest livestock response to burning will be
in animals in a high productive state (growing, lactating, rebreeding,
etc.)

If these constraints are considered in a buffelgrass forage manage-
ment program, then prescibed burning has the potential to improve
cattle production on South Texas ranches.
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EFFECTS OF SUPPLEMENTATION WITH LASALOCID AND
SYNCHRONIZATION WITH MELENGESTERAL ACETATE ON
HEIFERS TO IMPROVE REPRODUCTIVE EFFICIENCyt

Robert A. Lane, William L. Nobles, and F. Doug Blackard'

ABSTRACT

Forty crossbred heifers were utilized in an experiment at the
Sam Houston State University Country Campus Agricultural
Complex to determine the effects of an ionophore (Iasalocid) and
a synchronization feed additive (melengesteral acetate) on im-
proving weight gains and reproductive efficiency in first estrus
heifers. Ten heifers each were assigned to four equal size
paddocks in a randomized block design for 136 days with feeding
treatments consisting of; (1) oat/rye forage + 2lbs/head/day cot.
tonseed meal(csm) + lasalocld, (2) oat/rye forage + csrn, (3)
dormant pasture + bermudagrass hay + csm with lasalocid, and
(4) dormant pasture + bermudagrass hay + csm.

The last nine days of the trial, each treatment group was
randomly divided into two equal groups (20 animals each) with
all beifers fed .5 mg/bd/d of melengesteral acetate (MGA) in the
csm. One group was then injected with 25 mg each of prostaglandin
to encourage heat sychronization. All animals were inseminated
via artifical insemination techniques 80 hrs. later.
Analyses of variance indicate that the oat/rye forage was re-

sponsible for greater weight gains and larger frame sizes regard-
less of lasalocid supplementation. The synchronization treat-
ment did not result in improved conception rates among the
heifers via artifical insemination techniques, however 70% of the
heifers were bred within 60 days following the treatment period.

Key words: Melengesteral acetate.Iasalocid, forage, estrus synchrc-
nization

INTRODUCTION

Productivity of beef cattle depends on reproductive efficiency and
is often measured by the number of offspring per breeding animal per
unit of time. Reproductive management in turn, relies on using the
resources available to the best advantage. Heifers that conceive early
in their breeding season have a greater probability of weaning more
and heavier calves during their lifetime (Burris and Priede, 1958;
Lesmeister et aI., 1973). In most management systems, replacement
heifers are bred for production of the first calf at approximately 24
months of age, thus they must conceive at 14 to 16 months of age.
Management techniques affecting puberty and attainment of puberty
must be considered an important management goal.

Heifer Management

Rate of gain from weaning until puberty has a marked effect on age
at first estrus (Wiltbank et at. 1969; Lamond, 1970; Fleck et a!. 1980;
Lemenager et al. 1980). Short and Bellows (1971) determined the
effects of weight gains on puberty and subsequent reproduction in
heifers assigned to gain .23, .45, or .68 kg daily during the first 152
day wintering period following weaning. Twenty percent of the
heifers fed the low level supplement failed to show estrus during the
first 20 day period compared to 62% and 60% for heifers from the
moderate and high groups, respectively. These results do not mean
that excessive feeding is desirable. In addition to incurri~g unneces-

'Contribution from the Division of Agricultural Sciences and Vocational Education,
College of Education and Applied Sciences, Sam Houston State University, Huntsville,
Texas 77340.
'Associate Professor, former Lecturer currently Extension Agent with Colorado Agri-
cultural Extension Service and Farm Manager, respectively. in the Division of Agricul-
tural Sciences and Vocational Education.

sary cos~, Arnett. et al. (1971) summarized data indicating that
overfeeding of heifers had a detrimental effect on fertility and milk
production.
Because puberty is correlated with body weight, Lamond (1970)

sug~~sted the use of. a target weight concept to assure adequate
nutnnon to reach a given body weight in developing replacement
heifers.

Nutrition

Most cattle will spend their lives grazing medium to low quality
f?rages. La~ge numbers of cattle will also receive substantial proper-
nons of their feed requirement from crop aftermath, winter cover
crops, and by-products from grain and oilseed processing. An
understanding of the factors that affect the ability of a ruminant to
utilized such feed sources is essential. A wide variety of forage
species are utilized and great differences in quality can occur within
a single forage species due to management practices, climate, and
other factors. Each of these may affect the growth of a young animaJ.
As most forage plants mature, they increase in fiber content and

generally become lower in protein. Because the fibrous fractions of
a forage are less digestible and require more time for digestion than
the non- fibrous fractions, forage intake and total energy intake
generally decline as forage matures.
It takes less time for rumen bacteria to digest less fibrous material

or higher quality feeds. Because the rumen is filled to capacity with
most forage diets, any factor that speeds the passage of the diet
through the rumen will allow the animal to consume more feed. The
digestibility of less fibrous forage is also higher and the combination
of higher intake and higher digestibility greatly increases the total
energy intake of ruminants fed high quality forages. The intake of
digestible energy can be as much as 3 times higher for very high
quality hay than for poor quality forage (Neumann and Lusby, 1986).
Supplementation can improve the performance of cattle consum-

ing forages. The primary consideration in utilizing any supplement
is the performance and profitability which can be obtained from such.
Protein supplementation can increase total energy intake by increas-
ing the rate of digestion of the forage, allowing the forage to move
more quickly through the rumen. Since rumen fill is the major factor
limiting intake of most forages, a decreased retention time permits
more forage to be consumed allowing the animal to maintain or gain
more weight (Neumann and Lusby, 1986).

Feed Additives

Studies have shown that feeding ionophores will hasten puberty in
heifers (Moseley et a!. 1977). Moseley et a!. (1982) found that this
effect was not due to increased gain or body weight, which tends to
agree with the findings of Bushmich et al. (J 980) who reported
monensin, an ionophore, enhanced ovarian response to gonadotropic
stimulation. These findings are important since they indicate another
tool thai can be utilized in heifer management. The research also
suggests metabolic- endocrine relationships may be acting in the
bovine and that other ionophores, such as lasalocid (Bovatec'>') may
also have positive effects on puberty and/or reproduction. Monensin
and Iasalocid are antibiotic feed additives. The term ionophore refers
to the compound's capacity to aid the passage of cations across lipid
membranes of cells (Bergen &Bates, 1984). Monensin and lasalocid
have been approved for use in replacement heifers to improve feed
efficiency and rate of weight gain.

Considerable research has shown that ionophores will increase
rate of gain in cattle grazing forages of sufficient quality to permit
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gains. The result is that some types of microorganisms are selectively
eliminated in the rumen and other types are left to proliferate.
Ionophores alter rumen fermentation causing dose-related decreases
in acetate and increases in propionate in cattle fed either low or high
roughage diets. This shift in volatile fatty acids (VFA) is associated
with a decrease in methane production, and no accumulation ofgase-
ous hydrogen (Muir 1985), resulting in a selective effect of rumen
bacteria. This shift reduces energy losses during fermentation and
makes the digestion process more efficient. Ionophores also tend to
increase retention time of most feedstuffs in the rumen thus less feed
is required to obtain the same amount of gain as compared to an
animal not receiving the ionophore.

Hormonal Control

Induction of a fertile estrus in prepuberal heifers given various
hormonal treatments has been reported (Neville and Williams, 1973;
Short et al. 1976; Burfening, 1979). Success rates have been variable
and appears to be associated with age and weight of the heifer.
Melengesteral acetate (MGA), a synthetic progesterone, has been
found to induce early estrus in heifers. Melengesteral acetate is
utilized by the feedlot industry as a feed additive to suppress estrus in
feedlot heifers and as yet is not approved by FDA for breeding cattle.
Research indicates that before estrus can occur, the heifer's body
must be near puberty, fully sexually developed and ready to take over
the cycle by itself. Recent studies have indicated that MGA fed to
heifers for seven and nine days improved conception rate when
prostaglandin was administered on the last day MGA was fed (Boyd
& Corah, 1986; Patterson et a1. 1986).

OBJECTIVES OF STUDY

The objectives of this study were to determine (1) the effects of200
mg/hd/day oflasalocid, fed with a cottonseed meal carrier, on growth
and development of crossbred heifers grazing two different forage
based diets, (2) the effects of.5 mg/hd/day of MGA fed for nine days
followed by a prostaglandin injection on synchronization of heifers
to improve first service conception rate, (3) the effects of both
lasalocid and/or MGA on initiating puberty in heifers and (4) the
feasibility and practicality of utilizing an ionophore and synchroni-
zation feed additive in a commercial beef cattle operation breeding
first estrus heifers.

MATERIALS AND METHODS

Forty crossbred heifers (1/4 and 3/8 brahman) were utilized in this
study beginning in the fall of 1987. At weaning, all heifers were
weighed and vaccinated for seven strains of clostridia. The heifer
calves were orally wormed with Safeguard" (phenbendizole) and
treated for external parasites with Co-Ral'?", a liquid systemic. They
were then placed on a coastal bermudagrass (Cynodon dactylon)

pasture prior to treatment application. Heifers were divided into four
treatment groups based on 205 day weight, adjusted for sex of calf and
age of dam, and frame score as recorded on November 1,1987. The
four treatment groups consisted of; (1) oat/rye pasture + 2lbs/head/
day cottonseed meal (csm) + 200 mg/hd/day lasalncid, (2) oat/rye
pasture + csm, (3) dormant warm season pasture (bermudagrass) and
cottonseed meal (csm) with lasalocid and free choice bermudagrass
hay (9% crude protein), and (4) dormant pasture + bermudagrass hay
and csm. Heifers were group fed the concentrate in the morning and
allowed to graze and/or consume hay ad libitum.
Heifer weight and frame scores were determined for 6 different pe-

riods of a 136 day trial. The last nine days of the trial, each treatment
group of heifers was randomly divided into equal groups. All forty
crossbred heifers were fed .5 mg/head/day of MGA in the supple.
ment. On the ninth day the MGA was withdrawn from the supple.
ment and five heifers per treatment group were injected with 25 mg
of prostaglandin (lutylase). All heifers were artificially inseminated
80 hours following the prostaglandin injection with Brangus semen.
Each heifer was artificially inseminated again at 21 days after first
service. Brangus bulJs were used as clean-up bulls for the following
40 days after the last MGA feeding.
Results were determined by the use of randomized block design

with or without lasalocid 00 two forage types as blocks and MGA
with or without prostaglandin as treatment groups. Analyses of
variance were employed to determine statistical significance of
heifer weight across time, frame size across time, number of heifers
bred at first and second service and number of heifers bred at 60 days
post-MGA feeding. Duncan's multiple range test was used as a
means separation technique.

RESULTS AND DISCUSSION

An analysis of variance did not indicate any significant differences
between feeding treatment groups when comparing mean hip heights
at each date of measurement throughout the treatment period (Table
1). However, when the initial frame size (hip height) is subtracted
from the final sue, animals grazing the small grains pasture made
greater gains in height than those on dormant pasture and hay (Figure
1). Lasalocid supplementation did not affect this characteristic.
Animals allowed free choice small grains pasture grew an average of
4.3 inches over the treatment period compared to 3.0 inches for those
consuming dormant perennial grasses and free-choice bermudagrass
hay; a difference of 1.3 inches. This can only be attributable to
variations in protein content of available forage since all animals
were allowed as much forage as they could consume and allowed
free-choice minerals. The high protein content of small grain forage
(>]5% crude protein) allows for a greater rate of passage, thus greater
total feed consumption than the poorer quality bermudagrass hay
(approximately 9% crude protein). Digestible energy also varies
from one forage species to another, but not to the extent of protein
content.

Table 1. The effect of lasalocid supplementation on mean heifer frame sizes (hip height) when pastured on small grain forage or
dormant warm season grass plus free-choice bermudagrass hay, Huntsville, Texas, 1987-88.

Date
Feeding Treatment- 12120/87 t 12 1/88 2125/88 3/23/88 4/5/88 5/518S

inches to hip

SG..L 45.80 47.35 48.18 49.03 49.47 50.05
SG-L 45.65 47.48 48.20 49.15 49.71 50.05
H·L 46.20 47.33 47.90 48.23 49.10 49.40
H·L 46.40 47.10 47.70 48.10 48.80 49.13

·SG - Small grain pasture (oat-rye mixture)
H - Bermudagrass
L - Lasalocid supplementation in a cottonseed meal carrier



TEXAS JOURNAL OF AGRICULTURE AND NATURAL RESOURCES, VOL. 3, 1989

,------------,-5
.'1"lnl tcttovee loy the se,'1e letter ~r", ~ot
differenT et the ,Q' tevet.

SG - SMALL GRAINS PASTURE

H - SERMUDAGRASS HAY

L - LASALOCID,

2

SG"L SG~L H-l

FEEDING TREATMENT

H-L

Figure 1. Gains in hip height of heifers as affected by forage and
supplementation with lasalocid.

SimiJar results were seen with gains in weight. Though no differ-
ences were attributable to lasalocid in a cottonseed meal carrier,
heifers grazing the small grains pasture gained an average of 253.50
lbs over the treatment period compared to a 130.75 Ib gain for hay-
fed heifers (Figure 2). Differences in body weights between forage
treatment groups became detectable about 60 days into the trial
(Table 2). The same general response was seen throughout the study
period. Little information is available concerning lasalocid supple-
mentation with high forage diets; especially diets of grazing weanling
beef heifers. Improvements in performance of growi.ng animals fed
high forage diets (Guiterrez et al. 1982; Spears and Harvey, 1984)
suggest an application for beef cows, but reports have been inconsis-
tent (Berger et al., 1981). ln the case offeedlot rations of high energy,
lasalocid administered at 200mglhd/day, dramatically improved
average daily gain and feed efficiency of steers and heifers. But
heifers on different types of roughages have been inconsistent in
performance. Jacques et al. (1987) found that beef cows grazing poor
to low quality forage were not affected by the addition of lasalocid
and that weight gain and forage intake were not affected. In this

study, it was noted that neither medium nor high protein forage with
lasalocid had an affect on weight gain in beef heifers. Though not
quantitatively measured, it was observed that the smal1 grain pasture
with heifers receiving lasalocid was more completely denuded of
forage than that in which lasalocid was not fed. It was noticed that
animals fed lasalocid were willing to consume plant parts (stem and
inflourescence) that the other animals considered undesirable or
unpalatable. However, this did not result in improved gains, likely
due to the poor nutritive values of those plant parts. These results
show that the ionophore lasalocid did not improve weight gains or
body frame size when added to two very different forage- based diets.

,----------, 300
Means followed by the seme letter lll"e not
different lit the .05 level.

SG ~ SMAll GRAINS PASTURE

H" 5ERMUDAGRASS HAY

l .. lASAlOCID

200

100

SG·l SG-l H.l l-i-L

FEEDING TREATMENT

Figure 2. Weight gains in heifers as affected by forage and sup-
plementation with lasalocid.

Table 2. The effect oflasaIocid supplementation on mean heifer weights when pastured on small grain forage or dormant warm season
grass plus free-choice bermudagrass hay, Huntsville, Texas, 1987~88.

Feeding Treatment- Ili.!i
12/20/87 1/21/88 2125/88 3/23/88 4/5/88 5/5188

pounds

536.' 576 ..5 660.5a** 68<LSa 765.0a 781.Sa

540.0 586.5 671.5a 707.0a 788.0a 802.0a

546 ..5 .5.59..5 .594 ..5b 582 ..5b 668.0 b 675.5b

537.0 547.0 581.5b 574.Gb 670.5b 669.5b

SG-L

H-L

*SG - Small grain pasture (oat/rye mixture)
H - Bermudagrass
L - Lasalocid supplementation in a cottonseed meal carrier

* "Means followed by the same letter are not significantly different at the .051evel according to Duncan's multiple range test.
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Intake and digestibility of protein deficient forages is usuaJly
depressed resulting in energy deficiency as well as protein defi-
eieney. In this study cottonseed meal was fed to all treatment groups
to maintain the protein needs of the animal, but it was obvious (p <
.05) that additional protein and energy from the small grain pastures
improved rate of gain. For adequate fermentation by rumen micro-
organisms, 8% crude protein is required (Neuman and Lusby, 1986).
Adding high protein supplements to a forage diet that is deficient in
protein can greatly increase forage intake. Thus, the more feed the
animal consumes, the greater the weight gain achieved.
The initial condition score for the heifers was approximately 5.5

for all test groups. Upon completion of the feeding trial there was
considerable difference between the condition of heifers on small
grain pasture and those on dormant pasture with hay (Table 3).
Though heifers on small grain pasture were in considerabJy better
condition when observed at the end of the study, improvements in
fertility were not evident (Figure 3). As noted in Table 3, heifers on
small grain pasture gained at almost double the rate of those on
bermudagrass. Apparently however, all animals gained a sufficient
amount of weight over the trial period to bring them to a similar stage
of sexual maturity. It is suspected that greater differences in fertility
would have been observed if the heifers had been bred earlier in the
trial.
Results of the synchronization treatment (prostaglandin injection

following MGAfeeding) are inconclusive (Figure 3). Of the total 40
animals artificially inseminated following synchronization treat-
ment, only 3 heifers conceived at first service. Two received the
prostaglandin injection while one did not. One of these animals was
from a hay feeding treatment while the other two were from the small
grain pastures.

After the first and second services (artificial), all heifers were
exposed to clean-up bulls and palpated on 6 June and 7 July to
determine conception and age of fetus. Although means could not be
statistically separated at the 5% level of significance, important
trends were noted which warrant further research. Eighty percent of
the heifers from the small grain pastures conceived during their first
year of sexual activity. Seventy percent of the heifers receiving hay
and csm with no lasalocid added were diagnosed as pregnant while
only 50% of those on the same forage diet but receiving lasalocid
conceived within 60 days of the prostaglandin treatment. Eighty
percent of the animals from the two small grain treatments conceived
during this period, with no significant differences detected due to

100

• 1ST SERVICE
£I 2ND SERVICE
I JRD SERVICE

SO S6 • SMAll GRAIN PASTlJRE

H • 6fRMlJOAGRASS HAY

L -lASALOCIO

PG· PROSTAGLANDIN ItUeTiD~
60 ~~

•s..••u•<0 0c
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Figure 3. Conception rate as affected by forage, lasalocid, and
prostaglandin.

lasalocid. These rates of conception in a controlled breeding season
are considered desirable for] 4-16 month old heifers, especially
those with Brahman influence.
In this study, heifers that did not respond to melengesteral acetate

treatment were considered not to have reached puberty. Heifers syn-
chronized with MGA with or without prostaglandin were not differ-
ent in mean weight or hip height at the time of breeding. Heifers
responded to both treatments as indicated by cervical dilation and

Table 3. The effects of lassalocid supplementation on average daily gain and animal condition under two forage-based systems.

Small grains
with lasalocid without lasalocid

Bermudagrass hay
with lasalocid without lasalocid

Number of animals 10 10 10 J 0
Average daily gain. Ibs 1.80at 1.93a .95b .97b
Initial condition score 5.4" 5.5 5.5 5.5
final condition score 6.50 6.25 5.75 5.50

'Means followed by the same letter are not significantly different at the 5% level.
··Scale of 1 to 9: 1 - very thin. 9 _ very fat.
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cervical mucosal discharge when heifers were artificially insemi-
Dated at 80 hours post injection. Table 4 shows response to first
estrus and conception rate at first breeding; not significantly differ-
ent (p < .05) with or without prostaglandin.
In this experiment, only 3 of the 40 heifers were bred at first heat.

lr is well documented that MGA, a synthetic progesterone brings on
early estrus in heifers, but heifers have a tendency not to conceive at
first heat. In this study, prostaglandin did not improve first service
conception rate in brahman crossbred heifers (Table 4). From a
production viewpoint, heifers that conceive early in their first breed-
iog season have a greater probability of weaning more and heavier
calves during their lifetime (Burris and Priode, 1958; Lesmeister et
al. 1973). The feasibility and practicality of utilizing MGA to
synchronize heifers to shorten the breeding season could be a useful
tool in beef cattle operations. An additional study is now being
designed in which a treatment group of heifers will not receive MGA
prior to breeding to determine if the MGA itself affects early
conception.

Table 4. Heifer response tomelengesterol acetate (MGA) with or
without a prostaglandin injection (pG).

Treatment
MGA + PG MGA.PG

Number of animals 20 20

Mean weight, lbs 725.25 720.50

Mean hip height, in 48.94 48.31

Sexual response 17 15

Sexual response, % 85 75

1st service conception I 2

2nd service conception 4 3

Natural service conception 7 II

Animals bred within 60 days
following treatment 12 16

Percent bred 60 80

Heifers with no cyclic activity 2

CONCLUSION

While it is evident from these data that the overall level of protein
nutrition was a more important determinant of gains in weight and
frame size in weanJing heifers, these results indicate that even those
heifers fed only bermudagrass hay with 2lbs. of cottonseed meal per
day made sufficient gains to reach puberty at 14-16 months of age.
Lasalocid did not improve the rate of gain of the heifers on either
high or medium quality forage-based diets. A seventy percent
conception rate inheifers of this age is considered to be an acceptable
level of fertility in beef heifers.
This study has been extended to determine possible differences in

birthing difficulties of these treatment groups and conception rates
during their second year of sexual activity. Additional study using
larger treatment groups must be conducted to determine the impact
of MGA on conception rates of first and second calf heifers.
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EVALUATION OF BIAS IN ANTLER MEASUREMENTS
OF HARVESTED WHITE-TAILED DEER ON A SOUTH TEXAS RANCH

Charles A. DeYoung'

ABSTRACT

I evaluated bias in antler measurements of harvested white-
tailed deer (Odocoileus virginianusl aged by the tooth replace-
ment and wear method. Antler measurements of harvested deer
were compared to measurements of randomly captured deer
aged by the cementum annuli technique on a south Texas ranch.
There was little difference in the antler measurements of har-
vested versus captured deer.

Key words: Antlers, deer harvest, Odocoileus virginianus, white-
tailed deer

INTRODUCTION

Age-class antler measurements from harvested bucks are impor-
tant in white-tailed deer management programs (Brothers and Ray,
1975:145). Such records allow the manager to assess trends in antler
quality through time. These trends may be correlated with the
population's relationship with carrying capacity. Antler measure-
ments also permit comparison of the performance of different popu-
lations.

When managers collect age-class antler measurements, they as-
sume deer are aged without bias and represent the age class structure
of the population. Recent research has cast doubt on the validity of
both assumptions (DeYoung, 1989; DeYoung, unpublished data).

Typically, harvested deer are aged by the tooth replacement and
wear technique (Severinghaus, 1949). DeYoung (1989) demon-
strated that this technique results in averaging of young deer and
underaging of older deer and suggested the cementum annuli tech-
nique had less bias. Additionally, bucks harvested in quality or
trophy management programs may not be representative of their age-
class. DeYoung (unpublished data) found antler measurements of
bucks over 2.5 years overlapped significantly. Thus, when managers
protect small-antlered bucks with the goal of letting them attain
mature age, mature bucks with small antlers are protected as well.
Antler measurements of harvested, mature bucks may be greater than
the same-aged bucks in the population because small-antlered, ma-
ture bucks are not in the harvested sample.
To determine if the antler size of deer in harvest records are repre-

sentative of the population, I evaluated antler measurements of
harvested bucks aged by tooth replacement and wear versus bucks
live-caught at random from the same population and aged by the
cementum annuli technique.

MA TERlALS AND METHODS

Deer sampled in the study came from the 7,500-acre Zachry
Randado Ranch 25 mile southwest of Hebbronville in Jim Hogg and
Zapata counties. The ranch supports a diversity of shrubs generally
less than 10 feet tall and with an average canopy coverage of 35%
(Draweand Higginbotham, 1980). Common shrubs were white brush
(Aloysia lycoiodes), honey mesquite (Prosopis glandulosa), guajillo
(Acacia beriandieri), and creosote bush (Larrea divaricata). Com-
mon herbaceous species included buffelgrass (Cenchrus ciliaris),

'Professor of Wildlife Management, Caesar Kleberg Wildlife Research Institute, Texas A&I
University, Kingsville, TX 78363. I thank J.P. Zachry, A. Brothers, and the many people who
participaled in deer captures. The H.B. Zachry Co. and the Caesar Kleberg Foundation for Wildlife
Conservation funded the study.

Riddel daisy (Aphanostephus riddelJii), lantana (Lanatana macro-
poda), and false ragweed (Parthenium confertum). The ranch is
enclosed by an 8-foot high fence that limits deer movement.

The deer herd is managed for trophy bucks using the guidelines
described in Brothers and Ray (1975). Harvested bucks (N = llB)
were killed by hunters from 1979-1986. Although the range of years
differed in the harvest versus live-caught samples (1985-1987), there
was no evidence that antler development differed due to varying
rainfall or other effects on nutrition. Additionally, mature bucks,
whose antler growth is less effected by enviroment, predominated in
the harvest samples. Harvested bucks were aged by experienced
persons using the tooth replacement and wear method (Severinghaus,
1949). Antler measurements were made with a flexible tape and
included number of points over 1 inch, inside spread, left main beam
length, and left basal circumference (Nesbitt and Wright, 1981:351).
The ranch does not keep records on yearling bucks because only those
with spike antlers were killed. Therefore, bucks considered in this
study were 2.3-years-old or older.

Bucks were also sampled by live-capture using a helicopter and
drive net (Beasom et al., 1980) or net gun (DeYoung, 198B). Before
each capture, the helicopter pilot was briefed on the purposes of the
study and carefully instructed to always capture the first buck
encountered, regardless of size. Leon et al. (1987) found no age bias
in deer encountered during low-level helicopter surveys in south
Texas. Because the search pattern and altitude employed in the
captures was similar to that used by Leon et al. (1987), the capture
samples should approach a random sample of the population.
An incisor tooth was extracted from each captured buck, and age

was determined by the number of cementum annuli by Matson's
Laboratory, Milltown, MT. Antler measurements were made as
described above and the bucks subsequently were released at the
capture site. Bucks were caught during October 1985, 1986, and
1987, and during January 1987. For comparison with the harvest
sample, only bucks 2.3 years and older (N = 87) were considered.

For each age class and antler measurement combination, means
from the harvest sample and the live-caught sampJe were compared
using [-tests. Additionally, for each antler measurement the harvest
sample and the live-caught sample were tested for differences among
age classes using one-way ANOVA. Tukey's test was used for post-
hoc comparsions.

RESULTS AND DISCUSSION

Points in ri-year-old and basal circumferences for 3- and 7- year-
old deer differed (E. < 0.05) for harvested versus live- caught bucks
(Table 1). All of the remaining comparisons for antler measurement-
age combinations were not significant (E. > 0.05). Five of eight 6-
year-old bucks in the live-captured (population) sample had 8 or
fewer points.

Overal1 there was little difference between antler measurements
for harvested and live-caught bucks. This seemed inconsistent with
the results of DeYoung (1989), where bias in wear aging was
demonstrated, and DeYoung (unpublished data), where an unrepre-
sentative harvest of mature deer was predicted. It appears that the
lack of much difference between the buck samples resuJted from the
fact that antler measurements differ little among many of the age
classes (Table I).

All of the ANOVAs sbowed a significant (£'50.001) effect of age-
class on antler measurements. However, in each analysis, many of
the means did not differ (Table 1). For example, for points of
harvested deer, there was no difference (f > 0.05) between 3-year-old
and older deer. Thus, I concluded that although there is bias in the
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Table 1. Antler measurement means by age class of male white-tailed deer harvested by hunters (1979-1986) and captured at random from the
population (1985-1987)on the Zachry Raandado Ranch, south Texas. Means within rows followed by the same letter are similar (P > 0.05).

Sample a 2 3 4 5 7 7+

Points (number)

Harvest 7.5A 9.0AB 9.78 10.88b II. 08 10.48 10.48
Population 7.9A 9.98C 9.3A8C 10.48 8.6AC 9.6A8C 9.0A8C

Spread ( inches)

Hal'"vest 12.9A IS.DAB 16.58C 17.6C 18.7C 17.6C 17.6C
Population 13.4A 16.68 16.48 17.58 18.38 18.78 18.98

Beam ( inches)

Her ve s t 15.7A 18.18 19.6BC 21.7CD 22.5D 21.80 21.8D
t-'opulatlon 1::J.4A 19.08 20.08C 21.58C 21 .u ac 21.6e 20.38C

Base (inches)

Harvest 3.3A 3.6A
b

'+.1 B 4.6C 4.7C 4.38Cb 4.58C
Pc:lpulation 3.5A 4.28 4.28 4.68C it.S8C 4.68C 4.8C

Sample size

Harvest 8 12 16 29 14 23 16
Population 28 7 18 11 8 II 4

'Age based on tooth replacement and wear for harveSled bucks and cementum annuli for population (live-captured) bucks.
"Antler measurement means differed (P < 0,05) between harvest and population samples within this age class.

frequency of deer among age-classes in the harvest, there is little
difference in the antler measurements versus live-caught deer be-
cause many of the age- classes do not differ from each other.
Antler measurements of harvested bucks need to be evaluated on

additional areas. However, on the Zachry Ranch, it appears that these
measurements differ little from the measurements of the population.

DeYoung, c.A. 1989. Aging live white-tailed deer on southern
ranges. Journal of Wildlife Management. In press.
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THE FINANCIAL SITUATION OF U. S. FARMS
BY CLASS AND TYPE
Emilio Barbieri, Donald M. Nixon

James D. Arnold and Joseph E. Rossman'

ABSTRACT

This is a study of the financial profile and situation of U.S.
farm operators in 1986. Difficult conditons in the farm sector
have placed a number of farmers under financial stress. While
some farms of all sizes have been experiencing financial stress,
these problems have been most pronounced for small family-
sized commercial farms. The degree of financial stress is based
on the farm's debt/asset ratio and its cash flow. Analysis of the
accounting statements of the farming sector for 1986 shows that
assets and debts were lower causing a reduction in owner equity.
This drop in equity indicates a decline in the wealth position of
farmers. For analytical purposes, family-size commercial farms
were those that sell between $40,000 and $500,000 of farm prod-
ucts per year. Such farms account for nearly a third of all farms
and halfofall sales of farms products.

INTRODUCTION AND REVIEW OF LITERATURE

Agriculture is not a homogeneous industry. It is composed of
small family farms,large corporate organizations, credit firms, credit
and processing firms, wholesalers, transportation networks and food
and fiber retailers (Lee et aI., 1980).

Farms can be classified according to economic classes (Edwards
er aI., 1985). Because of changes in these numbers through time, we
can refer to them as the expanding, declining, and noncommercial
sectors. The expanding sector included 350,000 farms in 1960,
increasing to 1,012,000 by 1986. These farms accounted for 43
percent of all farms, produced over 93 percent of the value of
agricultural output, and received 83 percent of the government
support payments. Off farm income was $10,078 per farm. Average
total income per farm, including off farm income and govemment
payments amounted to $33,000.

The declining sector of agriculture includes those farms with
annual product sales between and $2,500 and $20,000. Those farms
decreased in numbers from 1.8 million in 1960 to 766,000 in 1986
(USDA, Agricultural Statistics 1986). This group of farms produced
6 percent of the agricultural output, 10 percent of the net income in
agriculture, and received 15 percent of the government payments.
Total income for these farms was $20,151 per farm in 1986.

Another distribution can be made according to the SOurces of
income (Brooks, 1985). In 1984 of the 2.3 million farms, 1.6 million
were small with less than $40,000 in annual sales. Operators ofthese
farms are not often considered "farmers" because they rely on off-
farm income as a principal source of income. The commercial farm
sector is of extreme importance because it accounts for most of the
agricultural production and is composed of aJmost 700,000 farms
(Agrcultural Outlook, 1987).

StilJ another classification of farms can be made On the basis of
commodities produced and sold (Remund, 1985). For a farm to be
classified as a particular type, more than 50 percent of its gross sales
must come from one commodity.

Financial conditions can also be measured in terms of asset/debt
ratios (the amount of debt owed relative to the value of assets owed)
and net cash flow (the amountof net cash income from all sources that
can be used to meet family Jiving expenses and debt payment
needs),(Devino,1981).

'Graduara Student, Professor of Agricultural Economics, Professor of Plant Science,
Associate Professor of Economics and Finance, Texas A&I Universily, Kingsville, TX
78363.

Cash flow by farm sales class in 1985 shows that the percentage
offarms with negative cash flow values actually declined since 1981.
The same analysis by farm type shows that livestock farms had the
highest percentage of operators with negative cash flow because
these farms had the lowest average gross farm income of any farm
type. Greenhouse and dairy farms had the lowest percentage offarms
with negative cash flow (Johnson, 1986).

Most of the publications concerning the Agricultural sector, like
the Census of Agriculture, Agricultural Statistics, and periodic sur-
veys conducted by the U.S. Department of Agriculture (USDA),
provide only aggregate data. Items anaJyzed include the number of
farms, land in farms, valueofland and buildings, values of machinery
and equipment, characteristics of operators, inventories, prices paid
and received by farmers, etc. But, different farm types use different
production practices and make unique decisions on financing, mar-
keting, purchasing, and government program participation. Yet, the
economic data base for agriculture gives the false idea of a homoge-
neous farming sector. Therefore, information about the financial
situation and well being of different farm classes may not be reliable
when obtained from aggregate statistics.

The objectives of the study will be a) to analyze the financial
aspects of different farm classes, according 1Otheir annual product
enterprise sales, b) to examine the economic situation of the major
farm crop types in the U.S.

MATERIALS AND METHODS

Farm classes were classified in two categories, noncommercial
farms, those with annual sales below $40,000, and commercial farms,
with annual sales above $40,000. The latter were divided into a)
small farms, with $40,000 to $100,000 annual sales, b) midsize
farms, with $100,000 to $500,000 annual sales, and c)large farms,
with $500,000 and more in annual sales.

Each farm was also assigned into an enterprise category which
was determined to be the major Source of sales for that farm.
Enterprise categories utiJized for this study were as follows: cash
grain,tobaccolcotton, vegetable/fru its, nursery/greenhouse, beef/hog/
sheep, dairy, and poultry.

A balance sheet and an income statement were constructed for
each farm class and for the whole agricultural sector. The ratios
obtained from the financial statements were statistically compared to
determine which farm class was in a better economic and financial
situation. Financial statements, a balance sheer and income state-
ment, were constructed and ratios developed to establish and com-
pare financial positions for each of the major farm enterprise types in
the U.S. Data assembled came from various U.S. government pub-
lications (see literature cited).
Statistical and financial analysis were used to determine whether

economic differences existed between sales classes and farm crop
types. The statistical analysis used was the paired t-test. The
financial analysis included assets to debts and debt 10 equity ratios.
A farm has favorable income status when it has positive net cash

income; a favorable solvency status Occurs when its debt to asset ratio
is less than 0.40. A debt 10asset ratio of 0.40 indicates that debts
represent 40 percent of the assets. An equity to value ratio of less than
40-50% would be scruitinized with extreme care by lenders (Lee
eta I., 1988).
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RESULTS AND DISCUSSION

Non-commercial farms have been experiencing financial prob-
lems. According to this study they represent 70.7 percent of all farms,
share 10.0 percent of cash receipts and receive 11.3 percent of
government payments (Table 1). These farms usually have off-farm
income sources and are ordinarily part-time operations. Most of them
qualify for loans and can repay them on the basis of the off-farm
income. Thus, they don't depend on their agricultural production as
much as commercial farms do (Brooks, 1985).

Table 1. Distribution of farms by sales class.

Value of 1986
Sales Class

Number
(1,000)

less than 1,569
$40,000 (70.7 pct.)

$40,000 - 293
99,999 (13.1 pct.)

$100,000 338
499,999 (15.1 pct.)

$500,000 - 40
and over (1.8 pct.)

U.S. 2,241
(100 peL)

Share of
cash

receipts

Share of
government
payments

Percent

10.0 11.3

15.6 22.2

41.7 54.1

32.7 12.4

100.0 100.0

Source: USDA, Agricultural Chartbook, June 1987.

Commercial farms presented a varied financial picture. In] 986,
there were approximately 672,500 farms accounting for almost 30
percent of aU farms and 81 percent of all sales of agricultural
products. Table 2 shows that 41,697 farms were technically insol-
vent, meaning that they owed more than their assets were worth. An
additional 48,422 farms had debt/asset ratios between 70 and 100
percent; 137,870 farms had debt/asset ratios between 40 and 70
percent. Most of these farms had problems meeting principal
payments because the debt asset ratios are generally above 40 percent
which indicates a weak financial positon.

Table 2. Number of farms with financial problems and portion
of debt, January 1, 1987.

Debt/asset ratio Number of fcu:ms rorttcn of
all fann debt

OVer 100 pct , 41,697 9.3%
(technically Insclv.j (6.2 pet.)

70-100 pet (extrere 48,422 ILl%-
financial problems) (7.2 pet.)

40-70 pet. (serioos 137,870 25.9%
financial problems) (20.5 pet.)

Un::!er 40 pct . (no 443,875 17.9%
financial problems) (66.0 pct.)

All o::mnercial farms 672,538 64.2%
(100.0 p:;t)

Non--camlercial ranrs 1,569,000 35.8%

The net worth of farm operators average $640,375 on January 1,
1987, but ranged from a low of $]62,000 for farms with less than
$40,000 in annual sales to nearly $1.7 million for farms with sales in
excess of $500,000 (Table 3).

Table 3 also suggests that for all farms, land and buildings were
about 70 percent of total assets. Land and buildings decreased as a
portion of total assets as farm size increased. Also, for farms with
sales of less than $40,000, land, equipment, and livestock accounted
for 98 percent of total assets.

Table 3. Farm balance sheet by sales class. January 1, 1987

SALES CLASS

Item
$500,000
am
eNer

$40,000
or
less

$100,000
to

$499,000

$40,000
to

$99,000

ThousandsFarm assets G, .1.1'::> bOO j~O 182
I..an:i, wild. 1,526 427 217 146Farm equip. 296 119 56 22Livest. Inv. 281 63 27 11
Crop invent. 135 46 17 2.6
Purch. inplts 14 2 0.5 0.2other assets 80 9 2 0.7

Farm debt 650 204 67 20

"'" 62 15 4 1.3""" 67 27 13 4.3Banks 179 55 19 0.7Fill 153 51 13 4.6Mermants
& dealers 11 3 1 0.4other rerrers 10 2 0.5 0.2other .irdi.v. 58 23 7 3
COO 50 17 4 0.7
My other 56 11 3 1.2

Net worth 1,685 461 253 162

selected ratios
"""'!"'lUity 0.38 0.44 0.26 0.12
D:ilit/asset 0.27 0.30 0.20 0.10

Source: Agricultural Statistics

Sources of debt also varied by class of farm. Farms with sales of
$40,000 or less obtained a larger share of debt from FmHA, FLB and
individual lenders. More than half of debt on farms with sales over
$500,000 was owed to banks and FLB's (Table 3).
While the average debt/asset ratio for all farm operators was 0.22,

they ranged from 0.10 for the smallest farmers to 0.30 farms with
sales of $100,000 to $499,000, the highest ratio.
As Table 4 shows, the net cash margin after interest and principal

increased (item 9) with the size of farm. Average non-farm income
is relatively stable across farm size except for class $100,000-
499,999 which increased; cash balance, (item 12), decreased for the
most part in direct proportion to the size of farm.
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Table 4. Income statement by sales class, January 1, 1987

Sales Class

$500,000 $100, 000 $40,000 $40,000Item and to to orover $499,999 $99,999 less

Thousands

1.crop, livestock
sales 1,021 395 53 372 .other fann inc:. 166 70 12 7.53.Gross fam inc. 1,188 470 65 454.Operatin:J expo 872 318 46 455•Net cash before

interests 315 150 20 26. Total into expo 77 '7 7 77.Net cash after
interests 237 10 12 28. Principal payrrent 43 27 4 2.59.net cash marq in
after interests
am principal 194 72 7 -9IO.Nan-farm income 21 26 19 2011, Family livirq

Source: Agricultural Statistics

According to Table 5, vegetable/fruit, and dairy farms had the
largest levels of assets perfarm. Vegetable/fruit farms had the largest
net worth of any farm type. Cash grain producers, followed by dairy
producers, had the highest debt/asset and debt/equity ratios. Nursery!

Table 5. Balance Sheet by type of farm, January 1, 1987.

Beef
Cash 'rocecco Vegs. Nursery !leg Dairy '''''-It.Item Grain cotton Fruits Green he. Sheep

Thousands

Farmasst. 340 213 esi 29' 304 392 223
I.an:I, wild. 218 158 355 179 22S 227 175Equipnent. 75 39 60 33 30 67 25Livestock 10 7 2 1 34 72 16Crop invest. 33 6 13 36 7 17 2Inputs 1 0.' 0.6 1 0.6 1 0.7other asst. 3 2 18 43 19 59 34
Form Debt 106 52 92 48 49 107 54
PCA 7 4 7 8 4 12 6""" 15 10 9 3 7 19 10Banks 25 13 25 15 16 28 15FUl 24 10 22 7 10 14 13Merch. Deal. 2 1 0.7 1 7 2 1other farm. 2 0.4 2 2 0.5 1 1other in:l.. 10 2 13 7 6 14 5= 14 3 2 1 2 3 2Arry other 6 6 9 3 4 2 2
Net worth 234 161 359 246 255 285 169

Ratios
Debt/asset 0.31 0.24 0.20 0.16 0.16 0.27 0.24Debt/equity 0.45 0.32 0.25 0.19 0.19 0.37 0.31

Source: Agricultural Statistics

greenhouse and beef/hoglsheep farms had the lowest debt/asset and
debt/equity ratios.

Table 6. Cash income statement by type of farm, January 1, 1987
---------------------._------------ ...._ ...._------- ..----------._-. __ .----

Item

Beef
Cash Tobacco Vegs. Nursery Hogs [e,i.ty Poult
grain cotton fruits green he. sheep---------------------------------'Ihousands----_

1.crop, livest.
safes 66 50 124 194 46 116 208z.otoer farm
i=re 26 12 7 6 9

a.oroes farm
trccee 92 63 131 200 55 127 2114.~. expo

less into 47 45 100 116 47 87 1625.Net cash
before into 35 17 31 8J 8 34 50s.rcc. into 11 6 10 5 5 " 57.Net cash
after into 26 11 21 78 2 22 448. Prine. pay s 3 5 3 3 7 39.Net cash
after int.
end prin. 17 8 15 75 16 40IO.Non fann
i=re 18 16 29 36 27 9 1411.Family Li.v,
expense 15 15 15 15 15 15 15ia.cee
oaierce 20 9 28 97 11 40

Source: Agricultural Statistics

Beeflhog/sheep farms had the lowest net cash margin after interest
(Table 6, item 7),because these farms had the lowest gross farm
income ($55,000) (item 3) of any type. Nursery/greenhouse followed
by poultry farms had the highest net cash margin (item 7) and the
highest cash balance (item 12).
This study divided the agricultural sector by farm sales classes and

by crop types; a statistical analysis was run to examine which of the
changes between 1985 and 1986 could be statistically significant. A
paired t-test was conducted to establish where significant changes
occurred in the distribution offarms across sales classes (Table 7) and
crop types (Table 8). Using the two-tailed, I-pcrcenr alpha level,
significant changes were found for all sales classes and crop types
between those two years. This formal test of statistical significance
agrees with the more casual observation of absolute changes in farm
numbers. Overall, the test indicated that the change in total number
of farms was significant at the l-percent level.

Table 7. Distribution of number off arms by sales class, 1985 and
1986

Sales class Mean Std error '!'-statistic

$500,000 10083 2.89 3492.85 **and over

$100,000 -
499,999 33500 1. 67 20100.40 **
$40,000 -
99,999 57882 5.36 10789.96 **
less than
$40,000 67511 8.82 7655.07 **

** Represents significance at the 1 percent level, for two tailed
test.

Table8. Distribution of number offarms by type, 1985 and 1986

Farm type Mean Std Error T-statistic

Gash grain 80092 34.80 2301 **
Field crops 38006 16.51 2302 **
Vegs & fruits 11136 4.67 2386 **
Nursery 8538 5.36 1591 **
Beef, hog'- 181983 38.98 4668 **
Dairy 14692 22.19 662 ..
Poultry 11805 23.97 492 **

•• Represents significance at the 1 percent level, for two tailed test.
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The inventory turnover offarm products for 1985 and 1986 of3.99
and 3.29 (Table 9), fell below the industry norm of 6.4. The return on
equity in 1985 was 3 percent and 2 percent in 1986(Table 9). These
were below tbe industry standard of 5.0 for return on equity. Like-
wise, proprietors' equity declined in 1986 to 534 billion (Table 10).
a decrease of 8 percent with respect to 1985. However, net farm
income increased from 30.5 to 33 billion dollars or about a 10 percent
increase (Table 11). This incongruity occurred because from 1985-
86 although farm receipts declined by approximately 6.4 percent,
total farm expenses declined 8 percent and direct government pay-
ments went up by nearly 43 percent. This demonstrates the impar-
lance of government subsidies to enhance the farm net income for this
period in time. Also, because some non-real estate debt is held
against durable assets, which were stabilized in 1986, U.S. net farm
income is understated.

Table 9. Financial Ratios of the farming sector, 1985.1986.

Item 1985 1986 Wustry

------ Percenlage------

CUrrent ratio
Irwentory turnover
Return on sales
Return on assets
cebt to equity
Return on equity

.50
3.99
2.54
2.00

26.00
3.00

.50
3.29
2.43
2.00

23.00
2.00

2.0
6.4
4.4
4.7

30.90
5.00

Source of industry ratios: Dun & Bradstreet Inc., 1986

Table 10. Balance Sheet ofthe U.S. Farming Sector. Figures are
in billions.

calendar year

1983 1984 1985 1986

Assets
Rsal estate 736.1 639.6 559.6 515
Non-real estate 220.4 216.5 211. 9 196
Livestock & poultry 49.7 49.6 45.9 44
Machinery & rotor
vehicles 100.9 95.0 92.2 B8crcc stored 33.2 33.7 37.1 29

Financial assets 36.5 38.1 36.7 35
Total fam assets 956.5 856.1 771.4 711

Liabilities
Real estate 103.5 102.9 97.3 90
Non-real estate 98.7 95.8 94.8 87

ax; loans 10.8 8.6 16.9 19
other ron-real estate 87.9 87.1 77.9 68
Tot. fam liability 202.4 198.7 192.7 177

Total farm equi ty 754.0 657.3 579.3 534

Percent
------------------------

selected ratios
JRbt to assets 21.2 23.2 24.9 24.9
Debt to equity 26.8 30.2 33.2 33.1

Source: Agriculture Outlook, June 1987

Table 11. Farm Income Statistics. Figures are in billions.

calerrlar years------------------
Item

1983 1984 1985 1986

1. Farm receipts 140.9 146.4 148.5 139
crops 67.0 69.2 72.7 63
Livestock 69.5 72.9 69.4 71
Farm rateted ••• 4.3 6.' S

2. Direct Gov. Pa""",ts 9.3 8.' 7.7 12
cash pay><ents '.1 '.0 7.' 8
Value of PIK C'.amo:l.. 5.2 '.5 0.1 •3. Total gross fann .inc. 152.4 174.4 166.6 158

4. Gross cash incane 150.2 154.9 156.2 151
5. Nom::mey Irccre 13.2 13.3 11.5 10
6. Value of inv. charqe -10.9 '.3 -1.1 -37. cash expense 113.0 115.6 112.1 102
8. Total expenses 139.5 141.7 136.1 125
9. Net cash incane 37.1 30.3 44.0 .9
10. Net farm i.nccrne 13.0 32.7 30.5 33
11. Off-farm incaoe 37.0 37.9 40.8 4312. loan charqes

Real estate 2.5 -0.8 -5.6 -,
13. Nonreal estate 1.0 -0.8 -9.2 -10
H. Rental i..rx:aue 5.7 7.8 8.0 715. capital expen:jitures 13.0 12.5 10.1 e
16. Net cash flo.; 33.3 33.0 27.1 30

Source: Agricultural Outlook. June 1987

A comparison of the financial ratios of the farm sector with those
of the industry (Table 12) indicates that there was a significant
difference, at the I-percent level, in the current and inventory
turnover ratios. Also, there was a significant difference on return on
equity ratio at the 5 percent level.

The degree of operating leverage is the increase or decrease in
earnings from the use of borrowed funds. It exists as long as it is
greater than 1. Even though the farming sector in 1985-1986 had
operating leverage of 1.42 (Table 13), the effect of changes in sales
on earnings was nearly balanced. The t-test analysis of the leverage
ratios (Table 14), indicates that there was no significant difference
between those leverage ratios.

Table 12. Financial ratios of the farming sector, 1985-1986,
attest.

Item Mean Std error T-statistic

cur-rent; ratio 1.8 2.75 2345 --

Invent. turrover 2.2 1.56 1345 ••

Return on sales 1.2 2.56 2356

Return on asset 2.0 1. 34 1467

Debt to equity 24.0 3.67 2345

Return on equity 2.5 2.45 1987 •

** Represents Significance at the 1 percent level, for two tailed
test.
* Represents significance at the 3 percent level, for two tailed test.

Table 13. Leverage ratios of the farming sector, 1985·1986

Item 1985 1986

Degree of operating leverage 1.42 1.42

Degree of financial leverage 1.48 1.50

Degree of total leverage 2.10 2.13

29
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Table 14. Leverage ratios of the farming sector, at-test.
Item Mean std Error T-statistic

Degree of
operator
leverage 30054 1.78 3592

Degree of
financial
leverage 76893 3.25 5784

Degree of
total
leverage 13478 1.47 4873

SUMMARY

During 1986 U.S. farmers were affected by several adverse
factors: lower product prices, farm exports and land values, among
others. Despite those negative conditions most of the farms were
financially sound. However, approximately 228,000 farmers, or If
percent ofthe total, experienced financial stress. This financial stress
is caused by a high debt load (a debt/asset ratio of40 percent or more)
and insufficient cash to pay their bills.
The degree of financial stress, which is based on two measures (the

farm 'sdebt/asset ratio and its cash flow), varied with size and the type
of the farm. The debt/asset ratio was 0.10 for the smallest farmers to
.30 for farms with annual sales of$IOO,OOOto $499,000. Itwent from
0.16 for nursery/greenhouse, and beef/hog/sheep farms to 0.31 for
cash grain farms.

Farmers' cash flow improved in 1986 by 10 percent with respect
to 1985, due to an increase in direct government payments and in
Commodity Credit Corporation loans. Net farm income also in-
creased in 1986, by 10 percent over the 1985 value, while net cash
income rose from 44 to 49 billion during the same period.

Analysis of the farm balance sheet of 1986 shows that assets and
debts were lower causing a reduction in owner equity. The drop in
equity by 8 percent indicates a decline in the wealth position of
farmers.
Also, the return on investment of the farming sector in 1985-1986

was below the industry standard and most of the financial ratios
calculated for that period were short of the industry norm.

Although there was an increase in the amount of sales, crop
inventories also increased. This was the result of a greater production
in 1986, compared to 1985. As a consequence, the operating leverage
did not contribute to net farm income.
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SIZE, DISTRIBUTION AND ORIENTATION PATTERN
OF PLAYALAKES IN NORTHWESTERN

CASTRO COUNTY, TEXAS
Richard E Zartman and Ernest B. Fish 1

ABSTRACT

Playa basins and their associated ephemeral lakes are the most
significant expression of surface hydrology on the Southern High
Plains of Texas. A better understanding of the spatial character-
istics of these lakes is critical for land use management planning.
InNorthwest Castro County, Texas playa lakes display a bidirec-
tional linear orientation. Playa lake size was not a function ofthe
east-west and north-south orientation. The bidirectional orien-
tation pattern indicates a potential hazard for large area COD-

tamination from waste storage or disposal activities in the playa
lake complex.

Key Words: Playa lakes, spatial characteristics

INTRODUCTION

Playa basins of the Southern High Plains are the most significant
topographic expression on this otherwise featureless eolian plateau
of Texas. These "pancake" shaped basins are typically 125 to 2000
acres in size and exhibit a maximum relief of 20 to 30 ft. Each
drainage basin supports an ephemeral lake (playa lake) which is
typically shallow and may vary in surface area from a fraction of an
acre to more than 200 acres. The playa lakes are underlain by heavy
textured soils. Within the Southern High Plains, the frequency of
large playa lakes increases from south to north (Grubb and Parks,
1968) and the average size of the playa lakes increases from south-
west to northeast (Allen, et al., 1972). This combination accounts for
a larger per unit surface area in the northeast portion of the Southern
High Plains. Estimates of the number of playa lakes on the Texas
High Plains vary from 17,000 (Lehman, 1972) to 19,000 (Schwi-
esow, 1965) with totals ranging from 30,000 (Wood and Osterkamp,
1984) to 37,000 (Reddell, 1965) on the entire Southern High Plains
region.

The origin of playa lakes has not been adequately explained.
Reeves (1966) reviewed five theories on the origin of these lake
basins and concluded that most were probably eolian in origin.
Supporting this theory is the work of Price (1972), who characterized
the playa lakes of the Llano Estacada in eolian developmental terms
as mature, oval, and oriented. The term "mature" refers to playa lakes
that are neither expanding nor being filled by sedimentation. "Oval"
refers to the shape of playa lakes and their average axis ratio of1.0: 1.3
(Price, 1972). The longer axis is normally oriented from NW to SE.
Recently, Osterkamp and Wood (1987) proposed that playa lakes in
the Southern High plains originate wherever water coUects in a
"surficial depression." They present evidence for this mode of
occurrence from hydrologic, geomorphic, and geological perspec-
tives. In a subsequent publication, Wood and Osterkamp (1987) used
mass balance arguments to document their theory of playa lake
origin. FinJey and Gustavson (1981) described lineament orientation
of playa lakes and report a preferred orientation of300 to 320 degrees
(360 degrees = N). They attribute this geomorphic orientation to
control exerted by geologic structure. The geologic joints provide

'Associate Professor, Department of Agronomy, Horticulture and Entomology; and
Professor, Department of Park Administration and Landscape Architecture, College of
Agricultural Sciences, Texas Tech University. Lubbock, TX 79409. College of Agricul-
tural Sciences Publication T-4-268

paths of weakness which may encourage increased surface drainage.
This increased surface drainage model agrees with the theory and
models of Osterkamp and Wood (1987) and Wood and Osterkamp
(1987). Osterkamp and Wood (1987) present diagrams with playa
Jake orientations of 75 degrees west [comparable to 285 degrees of
Finley and Gustavson], 45 degrees, and 40 degrees west [comparable
to 315 and 320 degrees of Finley and Gustavson).

RATIONALE

Playa lakes represent the hydrologic storage basin for most
surface runoff in the region. Aronovici, et al., (1971) report that playa
lakes impound 2 to 3 million acre-feet of water annually. Until
recently, it was believed that playa lakes held surface water until it
evaporated. Reddell (1965) reported that 90% of the accumulated
water was lost to evaporation. Based on this assumption, playa lakes
have been used as impoundment reservoirs for feedlot runoff(Lehman,
1972). However, the current thinking is that playa lakes and the area
immediately surrounding them are major recharge zones for the
Ogallala aquifer (Zartman, 1987; Wood and Osterkamp, 1984). This
interpretation of the fate of playa lake water is significant because it
not only may provide a way to add to the life of the Ogallala aquifer;
but, may also contribute to its contamination. Estimates of the
volumeofwater accumulated annualy in playa lakes in the Texas and
New Mexico portion of Southern High Plains range from 1.8 to 5.7
million-acre feet (Clyma and Lotspeich,1966). This is equivalent to
4 to 11.5 inches of recharge over the irrigated portion of the Texas
High Plains. Recharge of the Ogallala through the playa lake model
may necessitate alteration of some current utilization methods (feed-
lot waste impoundment) and influence other development decisions
(DOE, 1986). Since playas contribute to the recharge of the aquifer,
what enters the playa influences the groundwater.

This project was initiated to evaluate the spatial relationships of
playa lakes in northwestern Castro County, Texas. The specific
interest in this study was generated by the possible development of a
high-level nuclear waste repository site. Potential concerns were for
the quantity, quality and direction of excavated salt movement during
site development and radioactive nuclide movement following site
activation. Average size of playa lake, distribution, and orientation
of closest playa were evaluated. In order to obtain a better under-
standing of the spatial relationships and the potential utilization of
playa lakes, this study proposes to determine the possibility for con-
tamination of the aquifer from feedlot wastes or pesticides. A single
axis, linear orientation would indicate the predominate surface drain-
age direction. Secondary orientations may reflect the impacts of sub-
surface geological connections.

MATERIALS AND METHODS

The study area encompasses 279 square miles primarily covering
northwestern Castro County, Texas. For purposes of this study, playa
lakes were defined in terms of the fine textured soils (Randall clay)
which typically occupy the lowest elevational positon in a playa basin
and upon which these ephemeral water bodies develop following a
precipitation event. The criteria for designation was the location and
area of soil mapped as a Randall clay (fine, montmorillonitic, thermic
Udic Pellustert) in the Soil Conservation Service county Soil Survey
Reports for Castro, Deaf Smith and Parmer counties (Burns, 1974;
Geiger, et ai., 1968; Burns, 1978).

Playa lake location was expressed in Universal Transverse Mer-
cator (UTM) grid coordinates to the nearest 164 feet for the "center
of mass" of each Randall clay mapping unit shown on 1:20,000 scale
photomaps. Designated playa lakes were classified into one of five
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size classes based on the area of the Randall clay mapping unit. The Table 2. Playa lake angle of orientation, linear model for orlen-
classes were: #1 = less than 8 acres; #2 = 8 to 31 acres; #3 = 31 to 70 tation with r', maximum number of pairs, and lag distance for
acres; #4 = 70 to 124 acres; #5 = greater than 124 acres. Location maximum number of playa pairs.
distribution by size class was examined through analysis of average

~ Linear EQuatjon r3 Maxim"m # Qf pairs lag Dj5!ancesize class within subsections of the study area. The area was divided
.I: 103 ydinto three north-south zones and three east-west zones. Each subsec- 270 o .339+0.940Xl O'Sh 0.89 59 15tion encompassed approximately 31 square miles. 275 O.196+0.222Xl0·4h 0.91 69 20The distribution and orientation relationships of the designated 280 0,450·0.600X1 O·7h 0.14 60 20

playa lakes were evaluated using Fisher and geostatisticaI models. 285 0.556+0. 4S7Xl O'Sh 0.16 65 20
GeostatisticaJ models used were similar to those presented by Vieira, 290 o. 945+0.4S5Xl 0·4h 0.66 60 20
et al. (1983:51-54). Spatial orientations of the playa lakes were 295 0.251 +0.175Xl0·4h 0.65 57 22.5 -
modeled using linear, power, logarithmic and exponential equations. 300 0.352+0.164Xl0·4h' 0.61 55 20
The spatial orientations were analyzed in five degree increments with 305 0.365+o'120X10·4h 0.60 47 20

310 0.850-0. 158X 10-4h 0.16 53 20tolerances of one degree from 270 degrees (west) through zero- 315 0.378+0.133X10·4h 0.49 69 15degrees (north) to 90 degrees (east). 320 0.285+0.171 Xl0·4h 0.67 41 20
325 O.752-0.846Xl 0·6h 0.10 54 15

RESULTS AND DISCUSSIONS 330 0.333+0.359X 10·4h 0.57 45 20
335 -0.900+0.681 X1O·4h 0.65 46 15

Table 1 indicates the overall size class frequency distribution of 340 0.203+0.374Xl0·4h 0,45 43 15
the 188 playa Jakes encountered on the study area. The spatial orien- 345 0,468+0.165X I 0·4h 0.19 45 15
tations of the playa lakes were best fit by non-linear models rather 350 0.287 +0.264Xl 0·4h 0.97 51 15
than linear ones, r = 0.9 vs 0.8. However, most previous research has 355 0.449+0.134Xl0·4h 0.13 41 20

360/0 O.145+0.332X 10·4h 0.81 51 20considered determination of the lineament (topographic features) 5 0.822-0.151 Xl0-4h 0.37 43 15rather than "best fit" of the data. The angle of orientation and linear 10 0.195+0 .269Xl 0·4h 0.66 53 15
equations modeling the playa lakes spatial orientation are presented 15 0.S18+0.20SX 1O-sh 0.04 56 15
in Table 2. Those angles with high r2 values (r2>0.8) are 270, 275, 20 0.596-0.84 7Xl O'Sh 0.15 51 15
350,0, and 25. These indicate that the playa lakes are oriented; pre- 25 0.308+0 .276X 10·4h 0.81 41 12
dominatly on an east-west (270, 275) and/or north-south direction 30 0.263+0.158Xl0·4h 0.47 45 15
(350,0). The other direction having a high r2 was 25 degrees, which 35 0.940·0. 299X I O·4h 0.78 47 1 5

40 0.442+0.172Xl0·Sh 0.01 59 20would be a north-northeast to south-southwest orientation. These 45 0.519-0.113X 1O'Sh 0.00 51 20data are in apparent disagreement with the published information of 50 0.467 ·0. Sl9Xl O'Sh 0.13 45 20Finley and Gustavson (1981). However, a closer examination of 55 0.602·0.651 Xl O-Sh 0.20 69 20
Plate 1 of their article, indicated that within the particular area of our 60 0,411 +0.4 79X 1O'Sh 0.53 58 20
study there are lineament orientations similar to those found using our 65 0.4 20+0.301 Xl O'Sh 0.06 43 15
geostatistical techniques and the area differs from the remainder of 70 O.462+0.119X 10·4h 0.19 61 20
the Texas Panhandle as a whole. 75 0.627 -0.237X 1O·Sh 0.03 67 15

80 0.267 +0.118Xl O·4h 0.29 54 25
85 0.462+0.214X 1O,sh 0.02 67 25Table 1. Playa lake size class distribution 90 0.339+0.940X 1O·sh 0.89 59 15

Size Class Number of Percent
Lakes

#1 = less than 8 acres 26 13.8

#2= 8to31 acres 95 50.5

#3 = 31 to 70 acres 61 32.5

#4 = 70 to 124 acres 5 2.7

#5 = greater than 124 acres 1 0.5

Total 188 100.0
--

Playa lake size as a function of the east-west and north- south ori-
entation is presented in Table 3. The playa lake sizes were not
consistently significantly different with respect to direction. How-
ever, the only class 5 playa lake (>124A) occurred in the most
northeastern section of the area. This would be as expected from the
data of Grubb and Parks (1968) and Allen, et a!. (1972).

Table 3. Playa lake size class distribution as a function oflocation.

Mean size class with standard error

West Central East

North 2.00+/-0.11 2.04+/-0.12 2.20+/-0.19
(n'19) Ba' (n==25) Ba (n'20) ,.

Central 2.21+/-0.14 2.27+/-0.16 2.25+/-0.19
(n'29) Ba (n''') ABa (n'20) ,.

South 2.71+/-0.19 2.50+/-0.17 2.29+/-0.17
(n'14) ,. (n::22) ,. (n'17) ,.

Linear equations such as those presented in Table 2 do not lend
themselves to determination of lineament length. However, the
length to the maximum number of pairs for each equation would be
a realistic indication of the maximum length to which the equation
could be extrapolated. For all of the preferred angles of orientation
listed above, the lineament length was 15,000 to 20,000 yards. This
indicates that the equation would be useful for predicting frequency
of playa lakes for approximately an 8 to 11 mile distance in that
direction. The values are similar to those presented by Finely and
Gustavson (1981).

"Means with the same capital letter within a column are not signifi-
cantly different at the 5% level using Duncan's Multiple Range Test.
Means with the same lower case letter within a row are not signifi-
cantly different at the 5% level using Duncan's Multiple Range Test.
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CONCLUSION

The playa lakes of northwest Castro County, Texas are generally
atypically oriented compared to other areas of the Southern High
Plains. They have an average size of approximately 27 acres. The
primary orientations ofthese playa lakes are east-west (275 degrees)
and north-south (350 degrees). This criss-crossing orientation (275
and350 degrees) pattern signifies a potential for contamination of the
whole area if surface contaminants were to enter the playa lake
complex. Land use planners and managers should be encouraged to
exercise extreme caution concerning future decisions involving
waste storage or disposal activities in this part of the Southern High
Plains.
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AN INVESTIGATION OF VITIS ARIZONICA (THE CANYON GRAPE)
AS A POTENTIAL ROOTSTOCK IN WEST TEXAS2

Patrick J. Jobnson and Ricbard A. Hilsenbeck'

ABSTRACT

The Canyon Grape, Vilis arjzonjca, a species native to far west
Texas, is evaluated for its use as a rootstock using six recently
developed criteria. The study seeks to determine the suitability
Dry. arjzonica as a rootstock for the purpose of grafting scions of
Vilis vjnjfera (various varieties), the European wine grape, in an
effort to enhance wine grape production in Texas. Propagation
methods of V.arizonica from dormant, woody cuttings are as-
sessed, as is the efficacy of grafting trials using both rooted and
unrooted stock material. Field observations concerning the
ecological requirements of y. arizonjca are presented including
the first report of a leaf-galling form of the grape phylloxera
parasiting this species in its native habitat. The necessity of
evaluating the performance of V. arizonica as a suitable stock
under actual vineyard conditions is discussed, including trails
being conducted at the Sui Ross State University experimental
vineyard.

Key words: Vitis arizonica, V. vinifera. rootstock, scion, propaga-
tion, disease-resistance.

INTRODUCTION

Vitis arizonica Engelm. (the Canyon Grape), oneofthe 14 species
of grapes native to Texas, occurs in the montane regions of far west
Texas. It is the only species of grape documented as occurring in this
area of Texas known as the Trans-Pecos (powell, 1988). The species
has been little studied with virtually no research concerning its use as
a rootstock nor is it currently employed as a rootstock in viticulture.
Possibly, its remote range in the southwestern United States and
adjacent Mexico made it difficult to collect in the early years of
rootstock research. Its western distribution may have seemed beyond
the range of the pathogenic phylloxera and hence not worthy of
consideration as a rootstock.

The purpose of this study is to investigate V. arizonica as a
potential rootstock (stock), particularly for use in the Trans- Pecos
Region of Texas in an effort to enhance production of V. vinifera
wine grapes. The Trans-Pecos Region, which encompasses the high
altitude Davis Mountain area, is new to viticulture. The Davis
Mountains area has been cited as the most outstanding region of
Texas to grow the high acid cultivars of V. vinifera (Perry & Bowen,
1974; McEachern, 1986). No stocks are employed in this region now.
Should the need for a suitable rootstock arise, V. arizonica should be
well adapted to serve as a stock in the Trans-Pecos.
Soil conditions vary greatly in the range ofV. arizonica. Popula-

tions found in the Davis Mountains are rooted in non- calcareous
acidic podzols (USDA, 1977). Some populations such as those in
Black Gap Wildlife Management Area (BGWMA) are found in
alkaline soils along the Rio Grande River. Although not collected for
this study, populations are known from the highly alkaline soils of the
Glass and Guadalupe Mountains. The range of the canyon grape is
so great that itcan probably be found in most soil types, with perhaps,
the exception of saline soils.
Climatic conditions in the range ofV. arizonica also vary consid-

erably. Along the Rio Grande, the climate is very hot with mild
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winters and little freezing weather. In the upper reaches of the Davis
Mountains, summers are mild but winters have prolonged periods of
subfreezing temperatures (Perry and Bowen, 1974). Oneofthe most
adverse factors to viticulture in Texas, and in the Trans-Pecos
particularly, is freezing weather in late spring that damages fruit set.
A stock that would inhibit bud break by even a few days would be of
great economic value. Bud break ofV. arizonica is relatively late and
so might serve well in this respect. The populations of V. arizonica
occurring in the Trans-Pecos Region are genetically adapted to
survive in the environment inwhich they naturally occur. It is this fact
that makes this species worthy of consideration for use as stock in this
region. Morton and Jackson (1988) have stressed tbe importance of
considering the ecological conditions of rootstocks or stock progeni-
tors when considering their potential as stocks.

Husmann (1930) stated that a good rootstock is resistant to soil
borne diseases and injury, adapted to the soil type, and is compatible
with the scion resulting in abundant fruit yields. Nesbitt (1974)
amplified Husmann's criteria listing six general characteristics that
make an ideal rootstock: (1) adapted to soil and climatic conditions
of the geographic area of intended use, (2) easily propagated and
grafted to the scion, (3) compatible with the scion cultivar forming a
strong graft union, (4) has the correct vigor that induces good fruit set
and maturation, (5) has practical immunity or resistance to pathclogi-
calor entomological organisms found in the area of intended use, and
(6) virus free. Because V. arizonica naturally occurs in the Davis
Mountains Region, it obviously meets criterion one above. This
study seeks to provide data concerning Nesbitt's criteria two and
three, with additional observations and comments on the remaining
criteria.

MATERIALS AND METHODS

Specimens of V. arizonica were collected in the Davis Mountains
of Jeff Davis County, in the Del Norte Mountains in Brewster County,
and along the Rio Grande River in the BGWMA also in Brewster
County. Cuttings of dormant woody stems were taken in February of
1987 and 1988 and propagated in the greenhouse at SuI Ross State
University. The basal ends of all cuttings were dipped in Hcrmodin
3 (0.8% indole-butyric acid [lEA] equivalent to 8000 ppm) to stimu-
late root initiation. Cuttings were placed vertically in containers of
perlite/vermiculite to root. A misting chamber was employed for
some cuttings. Afterca. 90days, rootings were transplanted into ster-
ile potting media. Eight months after the initial collection, dead
rootings were removed. Numbers of cuttings, rootings, and survivors
were recorded for each population.
Three grafting trials were conducted using V. arizonica as the stock

and various cultivars of V. vinifera as the scion .. Twenty grafts of
V. vinifera cv. Cabemel Sauvignon were made to unrooted cuttings
of V. arizonica. Grafted cuttings were placed in a misting chamber
in order to promote both rooting and graft union formation simulta-
neously. In a second trial, 20 grafts of several V. vinifera cuJtivars
were made to specimens of V. arizonica rooted in POts. In a third
grafting trial If graftsofV. vinifera (various cultivars) were made on
V. arizonica stocks also rooted in pots. In all three trials, grafts were
kept in temperature controlled greenhouses. After ca. two months
grafts were analysed for successful graft unions. Numbers of at-
tempted and successful grafts were noted and recorded. In addition
to the experimental trials described above, a descriptive analysis of
V. arizonica was performed based on the literature and extensive field
observations of this grape in its natural habitat.

RESULTS

As revealed in Table 1, V. arizonica propagates well from dormant,
woody cuttings. When treated with lEA in the form of Hormodin 3,
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76% of all cuttings produced roots. Survival was also high. Cuttings
collected from SOWMA rooted at an 80% success rate with all
footings surviving. The results of the grafting trials are presented in
Table 2. In the first trial, conducted in March, only three out of 15
successfully rooted and formed graft unions. In the second trial, con-
ducted in August, no successful unions formed. In the last trial, three
out of 15 formed graft unions.

Table 1. Propagation of V! arizonica

Population No. No. % No. %
& Treatment cuttings rootings rooted survivors survivors

Davis H3" 57 39 68 38 66

Del Norte H3' 38 32 84 28 73

Black Gap H3M" 20 16 80 16 80

All 115 87 76 82 71

'H3 Application of Hormodin 3
"H3M Application of Hormodin 3 with misting

Table 2. Grafting trials or v, arizQojca (stock) and V. yinifera
(scion).

Date 2 Scion No. Attempted No. Successful
Cultivar(s)

March 1988 All Cabernet 20 03

August 1988 Various 20 00
Cultivars

October 1988 Various 15 03
Cultivars

"The March 1988 trial was made on unrooted stocks. The August
1988 and October 1988 trials were made on rooted potted stocks.

The first report of Daktulosphaira vitifoliae (the grape phyllox-
era) parasitizing Y. arizonica was also documented. A leaf-galling
form of the insect was found on some individuals in the Limpia
Canyon area of the high Davis Mountains. No root infesting forms
of the aphid were found.

DISCUSSION

Ease of propagation is an economically important trait for grape
rootstocks. Because grapes are traditionally propagated vegeta-
tively, an important consideration of rootstock selection is the capac-
ity of a stock to be grown from cuttings or canes. Vi tis arizonica can
be propagated with good success. Thus, the ability of this species to
root from cuttings enhances its attractiveness for use as a stock.

The ability of V. arizonica to form successful graft unions with
scions of V. vinifera was not adequately documented by the study.
Only six successful grafts were formed in 55 attempts. It may be
noteworthy that five of the six successful unions were made to
specimens of the BGWMA population of V. arizonica, indicating
that this population may possess genetically controlled characteris-
tics making it more compatible with V. vinifera scions.
Although the grafting trials produced a low rate of success, the re-

suits must be viewed with caution. The grafting was performed by a
person without a great deal of experience in performing grafts.
Furthermore, in the first trial some graft unions seemed to be forming
well, but without simultaneous root formation by the stock. It has also
been noted that the presence of viruses or mycoplasmas in the stock
or scion can inhibit or even prevent callus formation and thus stock-
scion union (Hartman and Kester, 1983). Stocks collected from the
field were not treated to cleanse them of microbes and probably did
contain viruses. At this time, it can only be stated that scions of V.
vinifera cultivars can successfully be grafted to specimens of V.
arizonica. Further trials should be conducted. The propagation and
grafting trials only address Nesbitt's second and third criteria listed
above. The remainder of this article will address the remaining
criteria.

Even though most specimens of this grape are not large and
vigorous, they attain considerable size in areas particularly well
watered. Individuals with trunk diameters of ca. 4 inches, and greater,
exist in the Davis Mountains (unpub!. data). The extent of the root
systems of such large plants, although not recorded, must be exten-
sive. The large size of some specimens indicate that, within a well
watered vineyard, the Canyon Grape should support ample scion
growth and fruit production, thus meeting Nesbitt's fourth criterion.
Only field trials can indicate whether or not stock support might be
overly ample.

Regarding Nesbitt's fifth criterion, that the stock should have
practical immunity or resistance to pathogenic organisms found in
the area of intended use, we note that although the resistance of V.
arizonica to various soil pathogens is not well documented, the
tolerance of this species to the grape phylloxera, Daktulosphaira
vitifoliae, has been reported several times. Munson (1909) found
that the species was moderately resistant 10 the grape phylloxera
while testing specimens from Arizona. Hussman (1910), in his
seminal rootstock research in California, stated that the species was
not resistant to the grape phylloxera and 50 did not conduct field tests
with it. Of the specimens treated by Boubals (1966), all were
susceptible to the phylloxera biotype found in Europe. More recent
work (Granett et al., 1985; Williams and Shambaugh, 1988) indicates
that the insect is of several biotypes and forms varying symbioses
with different species of grape. Additional field and greenhouse
testing is needed to answer questions of tolerance of Y. arizonica to
the grape phylloxera. Nevertheless, our report of a leaf-galling form
of this aphid on V. arizonica in the Davis Mountains calls for
reanalysis of the published data. Renewed testing should consider
populational differences of both the phylloxera and its host.

Mortensen (1938) found that cotton root rot, Phymatotrichum
omnivorum, was one of the most significant limiting factors in
growing Vitis species in Texas. Taubenhaus and Ezekiel (1936)
reported that V. arizonica was moderately susceptible to the fungus.
Significantly, however, Mortensen (1952) noted that one of three V.
arizonica plants remained alive after 15 years in soil bearing cotton
root rot. Therefore, the full relationship ofY. arizonica to this fungus
has not been well documented.
Nesbitt's final criterion holds that a good stock is free of viruses.

The risk of transmitting viral infection from the stock to scion is an
important consideration. There are, however, established procedures
for "cleaning" plant material of viruses. They involve sterile micro-
propagation and/or thermal therapy (Hartmann and Kester, 1983;
Barlass, J 987; Monette, 1986). Virus indexing is not within the scope
of this study. Vitis arizonica, however, can undoubtedly be purged
of viruses as has been demonstrated with other plant material.
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CONCLUSIONS

Preliminary analysis of V. arizonica indicates that it may be
suitable for use as a stock in the Davis and Del Norte Mountain region
of Trans-Pecos Texas. Following Nesbitt's criteria V. arizonica
merits further consideration and research. Experimental field trails
under actual vineyard conditions should be conducted as soon as is
practicable using this species of native grape. SuI Ross State Univer-
sity is currently completing the construction and planting of a 3.2 acre
experimental vineyard on campus in which these tests will be carried
out in West Texas under a working vineyard setting.

Being a native species, V. arizonica is adapted to the area of
proposed use. It might serve well as a stock in alleviating the most
critical problem of grape growing in the Trans-Pecos: late freeze
damage to buds and inflorescences. Field trials can reveal, within a
relatively short period of time, if V. arizonica stocks will delay bud
break. It is suggested that this factor may be the most important in
proposing this species for additional study.
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RESOURCE UTILIZATION AND NESTING ECOLOGY OF
THE WHITE-WINGED DOVE

(ZENAIDA ASIATICA) IN CENTRAL TRANS-PECOS, TEXAS2
Michael F. Small, Richard A. Hilsenbeck, and James F. Scudday'

ABSTRACT

The White-winged Dove (Zenaida asiatica), a native of the Chi-
huahuan Desert Region, is a recent immigrant to the central
Trans-Pecos of Texas. Because its range is documented as
recently expanding northward into and beyond this area, data
pertaining to its nesting ecology and habitat preferences are of
considerable importance in assessing its reproductive biology
and management. Fifty active or recent nests of White-winged
Doves in and around Alpine, Texas, were located and studied.
Tree species in which the nests were constructed were identified,
as were tree height, and mean nest height; nest contents were also
documented. Eighty percent ofthe nests were located in ~
sus arizonica Greene (Arizona Cypress) which appears to pro-
vide the most suitable nesting requirements for these economi-
cally important game birds.

Key words: White-winged Dove, nesting ecology, resource manage-
ment, Arizona Cypress, habitat utilization

INTRODUCTION

The White-winged Dove, Zenaida asiatica L., is the only North
American dove that is extensively marked with white on the upper
wing surface (Johnsgard, 1975). It occurs throughout the southwest-
ern United States into southern Texas, southward through Mexico
and Central America. to Costa Rica and western Panama (Johnsgard,
1975). Populations of White-winged Doves of Trans- Pecos Texas,
until recently, were confined to a narrow corrider paralleling the
course of the Rio Grande River (Scudday et al., 1980). The presence
of whitewings in this region in increasing numbers and population
densities is believed, partially, to be the result of recent, massive
influxes of several species of Salt Cedar (Iamarix) along the Rio
Grande and its drainages (Powell, 1988; Scudday et aI., 1980). At
least six species ofTamarix, an old world genus, were introduced into
Texas by early Anglo settlers (Cottam and Trefethen, 1968). Engel-
Wilson and Ohmart (1978) and Gallucci (1978) observed a near
exclusive nesting preference by these doves for species ofTamarix.
The nesting requirements of White-winged Doves have been of

interest to wildlife and natural resource biologists for some 50 years.
The first record of White-winged Doves within the city of Alpine was
in 1966, with initial nesting confirmed in 1975 (Scudday et aI., 1980).
Since that time, the dove population in the Alpine area has grown sig-
nificantly, due in part to the presence of suitable nesting sites,
adequate water, and the availability of food. The primary nesting
season of the White-winged Dove in the Alpine area begins in the late
winter and continues into the summer. Two to several clutches are not
unusual, and a successful brood has been recorded as late as Septem-
ber (Scudday, unpubl. data). Nests are usually located in large shrubs
or trees and constructed almost entirely of twigs with no apparent
design (Goodwin, 1983). The characteristic "bowl" shape associated
with most bird nests is scarcely apparent, and eggs are sometime
visible from below. While-winged Dove nests are distinguished from
Mourning Dove (Zenaida macroura L.) nests in that the latter have a
more circuJar appearance, a shallow "bowl", and a greater variety of
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construction materials. Clutches generally consist of two buff,
cream, or white eggs with incubation lasting approximately two
weeks (Goodwin, 1983). After hatching, it takes approximately two
additional weeks before the young are capable of flight.

The White-winged Dove is an economically valuable natural
resource in that it generates revenue through the purchase of hunting
licenses and stamps, and land leases for hunting rights. Throughout
the United States, the highest population densities of the bird occur
in association with towns and riparian or lake habitats (Brown, 1977).
In addition to their native food sources, White-winged Doves con-
sume agricultural grains in riparian areas, while desert-nesting birds
primarily feed on fruits and seeds of native perennial plants (Haughey.
1986). Habitat destruction and hunting pressures in Arizona and the
Lower Rio Grande Valley of Texas have caused significant declines
in White-winged Dove population numbers (Galluci, 1978). Suitable
habitat for reproduction is now considered the major factor limiting
the species distribution in the U.S. and resource management must
include the acquisition of suitable habitat as well as resource inven-
tory (Brown, 1977). The objectives of this study were to determine
some of the habitat components affecting nesting and reproductive
success of these birds in an effort to establish stable nesting popula-
tions of White-winged Doves in the central Trans-Pecos region.

METHODS

The study was conducted during the summer of 1987. Emphasis
was placed on locating and identifying species of trees in which the
doves nested. Hundreds of trees in and around Alpine were visually
scanned from beneath. Trees with a potential nest were viewed with
8x40 binoculars to determine the presence or absence of a nest. Once
a nest was located, the tree was climbed to ensure positive identifica-
tion of the species of bird which constructed the nest. The nest was
then assigned a number. The date the nest was sighted, the species of
tree in which it was located, and the location of the tree were recorded.
The exact height of the nest was determined using a 100 ft. tape
measure. The location of the nest in the tree, its proximity to the trunk
and distal branches, as well as the total height of the nesting- site tree
(determined with a clinometer) were likewise recorded.

Nest contents were then examined. On four occasions, pairs of
young birds approximately two-weeks-old or less were found occu-
pying a nest. As part of a separate study, these young birds were
carefully removed from the nest, banded with USFWS aluminum
bands, and returned to the nest. After the nest contents were
determined, a piece of orange flagging tape with the assigned nest
number was tied to the branch as close as possible to the nest. Other
miscellaneous information, such as nest condition and the presence
of fledglings nearby, was also recorded.

RESULTS

Fifty White-winged Dove nests were located in 45 trees during the
study. The nests examined were located in nine different species of
trees (Table 1). Cupressus arizonica, an evergreen gymnosperm, was
the tree choice for nesting whitewings. This species held 80% of the
nests (40 total nests) in the Alpine area. One Cupressus contained
three nests, while three others contained two nests each. Only one
other species, Cedrus deodora, (also an evergreen gymnosperm)
contained more than one nest, with two trees containing a single nest
each. All other tree species contained just one nest each. Of the trees
in which nests were located, 67% were gymnosperms while 33%
were angiosperms. All of the gynmosperms are evergreen, while two
of the three angiosperms species are deciduous with sympodial,
widely spreading branching habits. These deciduous species are still
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nearly devoid of leaves when nest building by the birds begins in late
winter.

Table 1. Tree species (0=45) with number and percentage of nests
located in each.

Species Number of Nests Percentage of Total

Cuoressus arizonica 40 80
Cedrus deodara 3 6
Juniperus erythrocarpa 1 2
Juniperus flaccida 1 2
Pinus cembroides 1 2
Ligustrurn japonicum 1 2
Moms rubra 1 2
Thuja orientalis 1 2
Ulmus chinensis 1 2

Mean tree height of the trees containing nests was 45.9 feet. The
mean nest height was 21. 7 feet. The mean nest height for all nests in
this study, expressed as a percent of tree height, was 47.2%, indicat-
ing that the nests were predominantly located at or near the mid-point
of the tree. Examination of the nests showed 40% (20) to be empty.
Of the remaining 60% (30), either close examination was not possible
or one or more of the following were found: feces, down feathers,
adult White-winged Doves, fledglings, hatchlings, dead hatchlings,
an egg, or egg fragments.

DISCUSSION

Eighty percent (80%) of the White-winged Dove nests located in the
immediate vicinity of Alpine were found in Cupressus arizonica.
This figure indicates that of the available nesting habitats (i.e., tree
resources) in this area, that Cupressus appears to best provide the
requisite nesting requirements of this bird species. These trees are
relatively abundant in the area and have a monopodial growth habit
containing horizontal, forking branches. This species is evergreen,
provides year-round cover, and possesses protective, water-shedding
properties. In light of Haughey's (1986) findings concerning the diet
of desert White-winged Dove populations, it appears that these doves
could also derive a portion of their diet from eating the abundant seeds
produced by this species. The occurrence of nests approximately
50% of the way up the trees, on average, may be due to the relative
stability ofthese mid-point areas during times of high wind in the late
spring when eggs or young are most often found in the nests. These
areas also contain the greatest cover to conceal the nests from
predators and provide shade for the fledglings during the hottest times
of the year. These areas of the trees may also contain branches that
are most desirable in size for nest building and perching, while still
being high enough to afford protection from climbing predators (i.e.,
domestic cats).

The results of this study differ from earlier studies along the Rio
Grande by Engel-Wilsnn and Ohrnart (1978) and Scudday et al.
(1980), where nests occurred almost exclusively in Tamarix sp.
There is a virtual absence ofTamarix sp. in the immediate vicinity of
Alpine. Tamarix, a weedy, exotic species in the region, grows

primarily along the water courses of the Rio Grande and Pecos River
drainage systems, and near surface tanks. Cupressus arizonica, a
native species, occurs as isolated stands in the Chisos Mountains of
Big Bend National Park disjunct from the main distribution center in
Arizona and northwestern Mexico (powell, 1988). Because Cupres-
sus is easily propagated from seed and widely cultivated in the region,
we suggest its use as an important tool for recruiting, establishing, and
managing stable nesting populations in the central Trans-Pecos area.
The widespread planting of this species in suitable habitats in the
region should provide away of increasing this valuable game bird and
economic resource throughout West Texas. The use of Cup res sus in
this way is paramount to using one kind of renewable natural resource
to increase the population base of another renewable resource.

CONCLUSION

As demonstrated, Cuoressus arizonica can provide important
cover, nesting habitat, and possibly forage for White-winged Doves,
and the presence of these trees should increase the successful repro-
duction of the birds, resulting in greater population densities of this
game species in the Trans-Pecos region.
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SUPPLEMENTAL FEEDING OF
FREE-RANGING DEER IN SOUTH TEXAS

Robert E. Zaiglin and Charles A. DeYoung'

ABSTRACT

Free-ranging white-tailed deer (Odocoileus virginianus) near
Laredo, Texas were fed a pelleted supplement from February
1976 to August 1977. Adult deer consumed the supplement
readily but did not appear to travel far to obtain it. Fawns were
never observed utilizing the supplement. Deer use of some feeder
sites was curtailed because collared peccary (Taynss" taiacu)
chased deer away. Consumption of supplement was inversely
related to average crude protein content of selected forage plants
except during winter. Helicopter counts in October showed sig-
nificantly higher fawn/doe ratios in the supplemented pastures.

Key words: Deer, Odocoileus virginianus, supplemental feed, Texas,
white-tailed deer

INTRODUCTION

Supplemental feed is widely used in Texas, where white-tailed
deer are important economically (Ramsey, ]965; Teer and Forest,
1968). Feed is distributed legally during the hunting season as bait
to attract deer. Some landowners supplementally feed deer year-
round in anticipation of increased income or recreation from more
quality animals. There is additional interest in using supplemental
feed to deliver medication, such as anthrax vaccine, to free-ranging
population (Davis, 1981). The present study was conducted with
objectives of documenting the behavior of free-ranging deer in re-
sponse to supplemental feed and determining the effects of supple-
mental feed on fawn/doe ratios.

MATERIALS AND METHODS

The study was conducted on 2,740 acres of the Zachry Blanco
Ranch 12 miles southwest of Laredo, Texas. The study area was
surrounded by 8 foot high fencing that limited deer movement. This
area is within the South Texas Plains ecological region (Gould, 1975)
and receives an average of 17.7 inches of precipitation annually.
Vegetation of the study area is dominated by coldenia (Coldenia
canescens), blackbrush (Acacia rigidula), tasajillo (Opuntia lep-
tocaulis), shrubby sage (Salvia ballotaeflora), brasil (Condalia
hookeri), and honey mesquite (Prosoois grandulosa) (Sanders, 1963):
About 800 acres within the study area had been rootplowed in strips
and seeded to buffelgrass (Cenchrus cilaris).

A barbed wire crossfence that divided the study area approxi-
mately in half was used as the boundary between a supplemented and
a control pasture. The crossfence was not a significant barrier to deer.
Trough-type feeders were located at four sites in the eastern pasture
from February 1976 to January 1977 while thewestern pasture served
as a control. The treatment in each pasture was then switched. Three
feeding sites were established in the western pasture from February
through August, 1977, while eastern pasture served as a control.
Three or four feeders were spaced about three yards apart at each site
to help curb aggression that can occur when only one feeder is present
(Espmark, 197"1). Feeding sites were fenced to exclude cattle by an
8 by 12 yard rectangular enclosure of four strands of barbed wire.
The supplement was a commmercially produced, pelleted mixture

of 12.8% digestible protein. A complete analysis of the feed was

'Authors are Wildlife Manager, Harrison Interests, LId., Catarina, TX 78836 and
Professor, Caesar Kleberg Wildlife Research Institute, Texas A&I University, Kingsville,
TX 78363. We thank AI Brothers and H. B. Zachry Ranches for valuable support during
this study. The Caesar Kleberg Foundation for Wildlife Conservation provided finanlcal
support. .

given by Zaiglin (1977). The amount of supplement distributed was
dependent upon the weather and deer consumption. Normally, about
100 pounds was placed at each site every 5-6 days. When rain
occurred, no feed was distributed until the weather cleared. Wet feed
was removed from feeders and discarded off of the study area.
Observations of deer behavior at feeder sites were made with bin-

oculars from elevated blinds. Nocturnal observations were made
when moonlight was sufficient. Most observations were made during
the first two hours after daylight and the last two hours before dark.
Consumption per unit time was estimated by timing individual deer
feeding on a pre-weighed amount of supplement and reweighing the
supplement after deer departed. Feeding deer were timed with a
stopwatch while they had their heads in a trough. Timingwas discon-
tinued each time the deer raised its head. Total time individual deer
remained at feeding sites was recorded by noting when they entered
and departed through the fence surrounding feeder sites. Differences
in consumption rate and length of visit were tested between sexes
using [-tests.
To estimate the distance deer would travel to obtain the supple-

ment, 12 deer were trapped under baited dropnets (Ramsey, 1968)
and individually marked with color-coded collars. Nine deer were
marked in the east pasture and three in the west. Marked deer also
served to determine if there was an exchange of deer between
supplemented and control pastures. Only female deer were marked,
at the request of the ranch manager. Sightings of marked deer were
recorded on maps of the study area.
In order to compare supplement consumption against status of the

natural forage, a crude protein index was determined using four to
eight deer forage species biweekly throughout the study. Forage
species selected for each sampling were high in occurrence in deer
rumens during corresponding months on the Zachry Randado Ranch
approximately 33 mile southwest of the study area (Arnold, 1976).
What seemed to be the most edible portions of several widely
scattered plants of each species were plucked at each collection.
Standard micro-Kjeldahl nitrogen analysis was used to estimate
crude protein.
The fawn/doe ratio was determined within each pasture by count-

ing and classifying deer from a Bell Model 47 helicopter flown at 35
miles per hour and at about 75 feet elevation during October 1976 and
1977. Each pasture was flown separately using the crossfence as a
starting point. The two observers, one counting on each side of the
flight line, had previous experience conducting aerial counts, which
was important in obtianing reliable results (Le Resche and Rausch,
1974). The pilot had several hundred hours of experience in flying
deer counts and was able to fly uniform transects while the observers
counted astrip about 200 yards wide. Complete coverage of the study
area was attempted by flying adjacent strips.

The fawn/doe ratio was caJculated by dividing total number of
fawns by total number of does observed in each pasture. Data for the
two years were pooled and tested for differences between fed and
unfed pastures using a 2 x 2 contingency table.

RESULTS AND DISCUSSION

A total of 257 hours was spent observing feeder sites, primarily
during February to August 1976 and June to August 1977. A total of
379 deer visits were recorded, many of which were obviously repeat
visits by the same individuals. Length of visits ranged from a few
seconds to 37 minutes. Bucks remained at feeder sites for an average
of 13.4 minutes, as compared to 11.4 minutes for does. The differ-
ence was not significant 0: > 0.05).
Only four fawns were observed near feeder sites through the study.

Fawns were always accompanied by a doe. The does would enter a
site and feed, but fawns remained outside of the surrounding fence.

Deer typically were cautious around feeders and seldom ap-
I',\
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proached without hesitation. Deer would typically approach within
a few yards of the fence surrounding the site, and remain stationary
for several minutes before entering. Feeding was generally crepus-
cular and nocturnal, but by checking for tracks at the sites, some feed-
ing was found to occur at all times. Large bucks commonly entered
feeder sites after sundown and remained after dark, often making
several visits of short duration. Ozoga (1973) reported that in
Michigan nocturnal use offeeders by deer accounted for 75% of the
total feeding time in spring. Nocturnal observations in the present
study also indicated frequent visits by deer.
There were 48 sightings of marked deer, but only one marked deer

was observed outside of the pasture in which it was trapped. This
individual was observed once watering at a pond in the west pasture,
approximately one mile from its trap site in the east pasture. Seven
of the marked deer were observed at feeder sites, but never more than
one-fourth mile from their capture site.
Comparison of the two helicopter counts indicated some redistri-

bution of deer from the east pasture into the west pasture in 1977
(Table 1), possibly because of counting variation or different cattle
grazing patterns between pastures. Cattle were present in the east
pasture for several weeks prior to the 1977 count, while the west
pasture was deferred. Adams (1978) reported that in some circum-
stances, deer will vacate pastures grazed by cattle and move to
adjacent areas without cattle.
Aggressive behavior of collared peccary curtailed deer use at some

feeder sites. In 12 encounters with peccary inside the fenced
rectangle, deer were displaced 11 times. Peccary remained at feeder
sites for long periods to feed on spilled supplement and often bedded
at the site. Six visits by peccary that were timed averaged 30.1
minutes. Deer approaching within approximately five yards were
repelled, usually by a single peccary. The peccary would either walk
or run toward the approaching deer. Deerwould retreat often to return
after departure of the peccary, but they would sometimes leave the
vicinity altogether.
Deer were observed utilizing the supplement within two days of its

distribution in the eastern pasture versus 7 days in the western
pasture. This rapid acceptance may have been attributable to the fact

Table 1. Results of October deer counts conducted from a
helicopter in a pasture with supplemental feed available versus a
control pasture lacking feed on the Zachry Blanco Ranch near
Laredo, Texas.

1976 1977

Consumption of supplement was generally inversly related to the
average crude protein content of the selected forage plants, except
during winter (Figure 1). Previous research has shown that reduced
intake by deer during the winter is common, even when high quality
food is available (Short et ai., 1969; Silver et al., 1969; Ozoga and
Verme, 1970; Short, 1975; Holter et a!., 1977). Consumption of
supplement was particularily high during the late summer both years
when crude protein values in the native forage were relatively low.
Varner et a1. (1977) also found that summer was a critical time in the
nutrition of deer in south Texas.
October 1976 and 1977 helicopter counts showed a higher fawn/

doe ratio (£ < 0.04) in the supplemented pastures (Table 1). The
overall fawn/doe ratio across treatments was low in 1977 due to
drought. Based on annual helicopter counts conducted on the ranch
since 1969,large fluctions in fawn survival are common. The peak
of fawning in this area of Texas usually occurs in July (Leal, 1973).
The high nutritional demands on lactating does in late summer, the
relatively low nutritional value of forage during this period (Figure
1), and the high late summer consumption of supplement all suggest
that the supplement contributed to increased fawn survival through
improving the diet of the dam. Coyote predation has been thought to
be a major factor depressing fawn survival in south Texas (Cook et
a1.,1971; Beasom, 1974). However, it appears that summer nutrition
also may be critical.
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Figure 1. Deer consumption of supplemental feed versus an
index of crude protein in the natural forage on the Zachry Blanco
Ranch near Laredo, Texas.

Precise estimates of cost were not possible from the data. How-
ever, considering the supplement, feeders, fencing, labor, and ve-
hicles, the cost per additional fawn produced was likely several
hundred dollars. Thus, year-around feeding for fawn survival alone
was probably uneconomical. However, the data indicated consump-
tion was high for a 2- to 3-month period during summer (Fig. 1),
which may have influenced fawn survival. Future research should
determine if it is feasible to supplement for a short time during the
critical summer period and produce the same results as the year-
around supplemention practiced in this study.

Landowners that supplement heavily frequently do so with the
goal of increasing antler and body weights of males. We were unable
to measure antlers and weights in sufficient numbers to determine if
there were differences between supplemented and unsupplemented
deer. However, we were unable to detect differences from subjective
observations.

0.20 Fed

that deer on the study area were used to feed distributed as bait during
the hunting season. Results of 16 timed bouts of deer feeding (head
within trough) on pre- weighed amounts of supplement indicated that
an average of 0.55 pounds were consumed/minute of feeding. Con-
sumption rate was estimated for an additional 21 buck visits and 20
doe visits by multiplying minutes of feeding time (head within
trough) by 0.55 pounds. Bucks fed for an average of2.4 minutes and
consumed 1.3 pounds per visit. Does fed for an average of 2.9
minutes and consumed 1.6 pounds per visit. The difference was not
significant (£ > 0.05).
A total of 44,000 pounds of supplement was distributed during the

study. The amount that disappeared from feeders was used to ap-
proximate the amount consumed by deer. However, supplement was
also consumed by 20 exotic large mammals present on the area from
February to July 1976, and by racoons (Procvon lotor), rodents, and
small birds throughout the study. Liscinsky (1975) estimated that
10% ofthe supplement fed in his study was consumed by rodents and
small birds.
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In conclusion, deer in South Texas will readily accept a pelleted
supplement when crude protein values of the natural forage are
relatively low. The exception is during winter months when deer
curtail intake of all food. ColJared peccaries repell deer at feeding
sites and this interference should be considered when planning
feeding programs. Year-around supplemental feeding will appar-
ently increase fawn survival in south Texas. However, the cost of the
practice is bigh.
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RESPONSE OF HERBACEOUS VEGETATION TO PRESCRIBED
BURNING IN THE IDLL COUNTRY OF TEXAS

Ann-Marie Hutcheson, John T. Baccus, Terry M. McClean and
Paul J. Fonteyn'

ABSTRACT

The use of prescribed burning to control shrub growth in
range and grassland areas has increased in recent years. A study
was conducted in an oak savanna to determine maximum tem-
peratures reached during burning, the effect offuel moisture and
fuel on these temperatures, and the response offorbs and grasses.
Maximum temperatures varied from 104°F and 388°F at the base
of live and post oaks, respectively, to 412°F in the grasslands sur-
rounding the trees. Forb biomass increased dramatically in
burn areas, whereas grass biomass decreased slightly in live oak
areas and hscreased slightly in post oak areas. Standing dead
biomass was 3-4 times greater in control plots than in burn plots.

Keywords: Prescribed burning, hill country, temperature, live oak
(Quercus fusiformis), post oak (Quercus stellata), forbs, and grass.

INTRODUCITON

The use of prescribed burning to control shrub growth on range-
land has increased in recent years because of the acceptance of fire as
a low cost management tool to control shrubs (Wink and Wright
1973, Hamilton and Scifres 1980, Ueckert 1980). Many investigati-
ors have studied the effects of prescribed burning on grass production
because it directly affects cattle production. An important income
supplement to cattle production in the Hill Country of Texas is deer
production. Because deer prefer both forbs and succulent new grass
growth (Cross 1984), forb production should also be considered
when the effects offire are assessed; very few studies, however, have
considered this effect.

This study was conducted in an oak savanna. The specific
objectives of the study were to determine: 1) maximum temperatures
achieved during a burn, 2) the effect of fuel moisture and fuel load on
fire temperature, and 3)the response of forbs and grasses to pre-
scribed burning.

MATERIALS AND METHODS

Study Site and Sampling Positions
The study was conducted in Love Pasture at the Kerr Wildlife

Management Area in Kerr County,Texas. The pasture is an oak
savanna dominated by two oak species-live oak(Quercus fu-
sifonnis) and post oak (Q. stellata). (Nomenclature follows Correll
and Johnston, 1970). Four pairs of trees of each species and the
grassland surrounding them were selected. One vegetational unit of
each pair was designated a control unit, the other a burn unit. Both
vegetational units of every pair had similar micro- habitats. Five
sampling positons were chosen along four transects that began at the
base of each tree and radiated along each of the cardinal compass di-

'Former graduate student, Biology Department, Southwest Texas State University;
Professor, Biology Departmera, Southwest Texas State University; graduate student,
Botany Department, University of Wyoming; Professor, Biology Department, South-
west Texas State University. The authors wish to thank Donnie Harmel and Bill
Annstrong of the Texas Department of Parks and Wildlife for their assistance in this
project. This investigation was carried out under Pittman-Robertson Projects (Fedral
Aid) W.56-D, Kerr Wildlife Management Area (KWMA) Development; W·62-R, Ed-
wards Plateau Game Management Survey; W·76-R KWMA Research and W-I09-R,
Big Game Investigations.

rections. Specifically, these were located at the base of the tree, and
at 0.5 canopy radius, 1 canopy radius, 1.5 radii.fhalf-grassland), and
2 radii (grassland) from the base (Figure 1).

Base Mid-Canopy Canopy Edge HaiI·GrassIand Grassland

Figure 1. Vertically-stratified levels. Positions beneath tree cano-
pies are at soil surface, litter surface, and 0.10, 0.25, 0.50 and 1.0
yds. above litter surface. Grassland positions are at soil surface,
litter surface, 0.25 and 0.50 yds. above litter surface.

Temperature Measurement
Maximum temperatures reacbed during the bum were measured

with the use of temperature recording slides. Frosted glass slides (1
in.x 3in.) were marked with 28 heat-sensitive crayons with melting
points ranging from 100 to 550"F (Figure 2). These slides were then
wrapped in aluminum foil to protect the marks from becoming
obscured by ash; yet permitted rapid transfer of heat. At the base,
mid-canopy and canopy positions, a set of three slides were placed at
six vertically stratified levels. These levels were: soil surface, litter
surface, and 0.1,0.25,0.5, and 1.0 yds. above the litter surface (Figure
1). Slides above the litter surface were hung on 0.2-in. diameter wire
suspended from the tree canopy. Temperature slides were insulated
from possible heat conduction through suspension wires by O.Ol-in.
thick glass slides and were oriented with marked surfaces directed
toward the litter surface. In the two grassland sampling positions,
temperatures at only four vertically stratified levels (soil surface,
litter surface, and 0.25 and 0.50-yd. above the litter surface) were
measured (Figure 1). These slides were connected to u.z-ln. diame-
ter wire wickets.

Temperature Measurement Slide

Figure 2. Temperature measurement slide. Slide dimensions are 1 x 3 in.
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The pasture was burned in a striphead fire pattern between 12:30
and 1:15 p.m. on 1 February 1982 (Wright 1974). Controls were pro-
tectedby a bulldozed 15 yd. fire lane. At the time of ignition, air tern-
perature was 55°P, relative humidity was 42-48%, and wind speed
was 10-32 mi./hr. from the SSW(Baccus, 1982).

Fuel Moisture and Fuel Load

On the day of the burn, fuel moisture samples were collected
between 9:00 and 10:00 a.m. from each of five positions located
diagonally between two vegetational transects from both burn and
control units. Immediately prior to the fire, fuel moisture samples
wereagain collected from controls. Samples consisted of a represen-
tativesampling of fuels present at each position collected in moisture-
proof, heat-tolerent bags. To determine percent dry weight, samples
were weighed, dried at 212°P for 24 bours and reweighed.
Pre- and postburn samples of fuel load were collected from burn

units within five 0.3 yd.! frames located diagonally between two
vegetational transects. These samples were sorted into four fine-fuel
classes (grass, forbs, twigs, and leaves), and dried at 212°P to
constant weight to determine fuel present at ignition and percent fuel
oxidized by the fire (Table 1).

Vegetation

At mid-growing season following the burn (Jul. and early Aug.
1982), all standing biomass was collected from within a 0.3- yd.2
frame at each sampling position in both control and burn units. The
material was sorted initially into live (green) and standing dead
biomass. The live biomass was then hand-sorted into individual spe-
cies by gross morphology and surface characteristics. Some speci-
mens could only be classified to genus(e.g.Aristida spp). All
specimens were oven-dried to constant weight at 176°F. Data
collected were divided into two classes: forbs and grasses. An
importance value (IV) for each species was determined from relative
dominance and relative frequency within classes (Tables 2-5). Any
forb of grass species with an IY ~ 2% was reported individually;
others were combined into the categories 'other forbs' and 'other
grasses' .

Statistical Methods

Analysis of variance (ANOYA) was performed on standing-dead
biomass data collected from control and burn units for both species.
Two-way ANOYA (Sakal and Rohlf, 1981) was performed on fuel
moisture, total live biomass, and forb and grass biomass (see
Tables,Hutcheson,1986). Rows for two-way ANOVA were the
control and burn; columns were the four pairs of vegetation units. All
sample positions were pooled for analysis.

RESULTS

Temperature

Mean temperatures at each vertical stratified level were plotted for
each position for both species (Figure 3). Temperatures were highest
at the litter surface varied from a low of 138°F at the base sampling
postion to 30QoP at the balf- grassland pcstion. For post oak burn
units, temperatures at the litter surface varied from a low of 388° at
the base sampling postion to 412°F at the half-grassland position.
Mean temperature at the soil surface was considerably lower than that
at the litter surface. For live oak burn units, temperatures at the soil

surface varied from a low of 104°P at the base sampling position to
194°P at the grassland position, For post oak burn units, temperatures
at the litter surface varied from a low of 266°P at the canopy edge to
316°P at the base sampling position. Mean temperatures above the
litter surface dropped off dramatically.
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Figure 3. Temperature profiles. Average temperatures represent the
mean of 48 readings (three slides in each of four directions from four
different Irees) at each vertically stratified level above litter surface
(LS) for each position.

Fuel Moisture

A two-way ANOYA (Sokal and Roblf, 1981) on initial fuel
moisture readings indicated that there was no significant difference
in fuel moisture between tree pairs or between treatments. Aseparate
two-way ANOYA without Replication on each treatment also indi-
cated no difference in fuel moisture readings between unit pairs or
between positions. Fuel moisture samples obtained from control
units immediately prior to the fire were therefore assumed to be
indicative of fuel moisture conditions in vegetational burn units at
time of ignition. Resampling was conducted only in controls just
prior to ignition to minimize disturbance. Average fuel moisture was
20.4 and 19.4% in live oak and post oak vegetational units, respec-
tively (Table 1).
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Table 1. Fuel variables for live oak and post oak vegetational
units. Fuel moisture reported as percent dry weight; fuel load
and fuel oxidized reported in Ibs./acre. SD stands for 1 standard
deviation. '"

POSITION 'RFUELMOIS mEl IDADISDI AIEL Oxm (SOl %FllELOXJD

LIVE OAK
BASE 18.81 1,936.64 (1,255.97) 7'fI.W 1987.96) 41.20
MIDCANOPY 18.09 1,242.57 lSOO.4Q) 626.701610.36) 50.43
CANOPY EDGE 19.66 723.62 (178.97) 330.42 (253.87) 45.66
HALF GRASS 19.05 571.44 (185.77) 306.741285.811 53.68
GRASS 21.25 434.68 (131.801 211.83 (79.111 8.73

MEAN 19.37 981.72 \187.871 454.69 (536.931 46.32

POST OAK
BASE 19.75 200511 1437.44) 492.691282871 24.57
MlDCANOPY 20.25 1,236.88 1238.271 801.271345.65) 64.87
CANOPYEDG 17.22 897.10 (312.80) 783.29 1317.39) 87.31
HALF GRASS 22.06 471.40 (142.08) 355.57 (165.941 75.43
GRASS 22.58 543.72 (310.04) 502.241322.52) 92.37

MEAN 20.37 994.20 1565.021 587.051317.201 5905

Fuel Load

Fuel load present before ignition was 981.721bs./acre for live oak
units and 994.201bs./acre for post oak units (Table 1). Even though
the highest fuel load present before the burn was at the base sampling
position, less fuel was oxidized at this position (41.2% for live oaks,

24.6% for post oaks) than any other position. This was caused by the
splitting of the fire front at the base of tbese trees resulting in small
unburned areas on tbe opposite sides of their trunks (Fonteyn et al.
1984). Only half of the fuel was oxidized (46.3%for live oaks, 59.1%
for post oaks). Actual weights of fuel oxidized were greater under
tree canopies than in grassland positions (Table 1).

Forbs and Grasses

There was a larger increase (63.7%) in mean forb biomass col-
lected from burn units than from control units. A two-way ANOV A
on forb biomass collected from live oak units indicated that burning
caused a notable (p=O.07) change in forb biomass, whereas pair
number and interaction were both insignificant (p >0.10). A two-way
ANaVA on forb biomass from post oak units indicated that burning
caused a significant (p=O.01) change in forb biomass; pair number
was also significant (p=O.02),wbereas interaction was insignificant
(p > 0.10).
The increase in forb biomass (48.1) in live oak burn units was due

primarily to Desmanthus velutinus and Smila bonanox. Although
two other major species, Tragia neptaefolia and Carex spp., showed
a change in relative dominance, there was little change in biomass
(Table 2). The increase in forb biomass in post oak burn units (78.4%)
was also primarily due to D. velutinus and S. bonanox. The
biomass of 1. neptaefolia increased slightly rather than decreased;
Carex spp. decreased (Table 3).

Burn units showed a decrease in species richness of torbs. In live
oak units, 22 forb species occurred in the control units and 17 in burn
units. Three important species, Rhynchosia texana, AbutiJon
icanum and Lespedeza procumbeos, did not occur in bum units
(Table 2). There was also a decrease in species richness in forbs in
post oak burn units: 25 species occurred in control units and 21 bum
units (Table 3).

Mean grass biomass from live oak burn units decreased 28%.
Even though a two-way ANOV A showed treatment effects to be sig-
nificant, so also were pair number and interaction. Any clear
difference due to treatment alone was obscured because of the large

Table 2. Forb biomass for live oak vegetational units. Dominance in lbs./acre. Frequency represents the number of quadrats in which
a species was found (0=65 quadrats for control units; 75 quadrats for burn units). Importance is the mean of relative dominance and
relative frequency.

SPECIES DOM RFl noM RlEO RELFRE{) IMPORT

CONTROL
Desmanthus velutinus 4.12 31.81 14 10.22 21.01
Tragia neptaefoiia 2.19 16.91 55 40.15 28.53
Carex sp. 3.32 25.63 25 18.25 21.94
Smilax Bonanox 0.71 5.48 5 3.65 4.56
Rhynchosia texana 0.20 1.54 2 1.46 1.50
Torilis arvensis 0.01 0.07 2 1.46 0.76
Abutilon icanurn 0.06 0.46 1 0.73 0.59
Phyllanthus polygonoides 0.69 5.32 7 5.11 5.21
Oxalis dillenii 0.08 0.61 5 3.65 2.13
Lespedeza procumbens 0.54 4.16 6 4.38 4.27
OtherForbs (12 spp) 0.97 7.49 15 10.95 9.22

12.95 100.00 137 100.00 100.00

BURN
Desmanthus oetut in ue 9.50 49.63 29 16.02 32.82
Tragia neptaefolia 1.80 9.40 67 37.02 23.21
Carex sp. 3.01 15.73 41 22.65 19.19
Smilax Bonanox 2.85 14.89 7 3.87 9.37
Rhynchosia texana 0.00 0.00 0 0.00 0.00
Tori/is ar-oensis 0.05 0.26 1 0.55 0.40
Abutilon icanurn 0.00 0.00 0 0.00 0.00
PhyLJanthus polygonoides 0.22 1.15 10 5.52 3.33
Oxalis dillenii 0.03 0.16 5 2.76 1.45
Lespedeza procumbens 0.00 0.00 0 0.00 0.00
Other Forbs (n = lOspp) 1.68 8.78 21 11.60 10.19

19.14 100.00 181 100.00 100.00
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Table 3. Forb biomass for post oak vegetational units. Domi- Table 4. Grass biomass for live oak vegetational units. Domi-
nance in Ibs./acre. Frequency represents the number of quadrats Dance in lbssacre. Frequency represents the number of quadrats
inwhich a species was found (0=76 quadrats for control units; 79 in which a species was found (0=65 quadrats for control units; 75
quadrats for burn units). Importance is the mean of relative quadrats for burn units). Importance is the mean of relative
dominance and relative frequency. dominance and relative frequency.

SPECIES !Th1 RIWJM !RID RELIRED IMPORT

CONTROL SPECIES !Th1 R1BX)\! moo Rn FBfQ IMPORT
Desmanthus velutinus 5.45 39.66 27 17.20 2843 CONTROLTragia neplaefolia 1.16 844 47 29.94 1919 Scizachyrium scoparium 55.54 33.76 39 14.34 24.05[,rex sp. 4.33 3151 34 21.66 2658 Stipa /eucolricha 40.21 24.44 65 390 14.17Smilar Bonanor 0.07 0.50 5 318 184 SpoTObo/us asper 6.86 4.17 16 588 5.02Rhynchosia tema 068 4.94 4 2.55 374 Aristida spp 8.80 5.35 37 13.60 9.47Tarilis arvellsis 0.00 0.00 0 0.00 0.00 Boule/oua spp 1198 7.28 21 7.72 7.50Abuti/on icanum 0.57 4.14 2 1.27 2.70 Bothriochloa edwardsiana 14.72 894 16 5.88 7.41
Phyllanthus polygonoides 0.15 1.119 4 2.55 182 Eragrostis intermedia 10.08 6.12 2 8119 7.10
Ora/is dillenii 007 0.50 4 2.55 1.52 Erjoch/oa sericea 0.81 0.49 2 0.74 0.61
lisped", procumbens 0.50 3.63 3 191 277 Panicum obtusum 2.95 1.79 2 0.74 1.26
Otber Forbs (n ~ 16 spp) 0.72 524 27 17.20 11.22 Hilaria her/anger! 4.73 287 11 4.04 3.45

Bothrtoch/oa barbinodis 1.25 076 5 1.84 1.30
1374 100.00 157 100.00 100.00

Leplolama cagnalum 1.34 0.81 15 551 3.16
8URN Panicum hallii 3.56 2.16 11 4.04 3.10

Elymus virginicus 0.00 0.00 0 0.110 0.00Desmanthus velulinus 905 36.92 37 16.67 2679 Other Grasses (n ~ 7 sppJ 1.57 095 10 3.68 2.31Tragia neplaefolia 1.21 493 53 23.87 1440
[,rer sp. 3.68 1501 6 16.22 1561 164.47 1110110 272 111000 100.00
Smilar Bonanor 3.19 1301 11 4.95 898
Rhynchosia lerana 3.54 14.44 18 811 11.27 BURNTorilis aroensis 1.35 5.50 15 676 613
Abuti/on icanum 1.18 481 10 4.50 4.65

Schizachyrium scaparium 41.53 3526 43 13.23 24.24
Slipa leucotricha 22.87 19.42 74 22.77 21.119Phyllanthus polygon aides 0.00 0.00 0 0.00 000 5parobo/us asper 860 7.30 36 11.08 9.18Oxalis dillenii 004 0.16 5 2.25 120 Arrstida spp 1134 963 44 13.54 11.59lespedela procumbens 0.00 0.00 1 0.45 0.22 Boute/oua spp 7.49 6.36 21 6.46 6.40

Olher Forbs (n : 12 spp) 1.22 4.97 36 16.22 10.59 Bothriochloa edwardsiana 2.55 2.16 5 1.54 1.84
Eragroslis intermedia 3.97 337 25 7.69 5.53

24.51 10000 222 100.00 10000 Erloch/oa sericeo 0.63 0.53 2 0.62 0.57
Panicum obtu5um 685 5.81 4 1.23 351
Hilaria ber/anger 1.69 1.43 18 5.54 3.48
Bothriochloa harbinodis 7.60 645 30 9.23 7.83

interaction term. This apparent decrease was due primarily to the two Leptaloma cognatum 0.58 049 11 338 1.93
major species Schizachorium scoparium and Stipa leucotricha. Panicum hallii 046 0.39 4 1.23 082
Four other important species, Sporobolus asper, Aristida spp., Elymus virginicus 000 000 0 0.00 0.00
Panicum obtusum and Bothriochloa barbinodis, increased; the Other Grasses (n ~ 4 sppl LSI 1.28 8 2.46 1.87
latter two more than doubling their dominance in control units (Table
4). There was no significant difference in grass biomass between post 117.75 jllO.OO 325 100.00 10000oak control and burn units.
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Table 5. Grass biomass for post oak vegetational units. Domi-
nance in Ibs./acre. Frequency represents the Dumber of quadrats
in a which species was found (0=76 quadrats for-control units; 79
quadrats for burn units). Importance is the mean of relative
dominance and relative frequency.

SPECIES !XlII Rfl IXlM fEID REI FRoo IMPORT

CONTROL
Schizachyrium sccperium 62.90 35.22 43 11.68 23.45
Stipa leucotricha 25.80 14.44 73 19.84 17.13
Sporobolus Ilsper 28.54 15.98 32 8.70 12.33
Aristida spp 7.86 4.40 33 8.97 6.68
Boule/oua spp 7.86 4.40 26 7.07 5.73
Bothriochloa edumrdsiune 9.36 5.24 39 10.60 7.92
Erllgrostis intermedia 5.95 3.33 32 8.70 6.01
Eriochloll saicea 16.48 9.22 24 6.52 7.87
Panicum cbtusum 6.76 3.78 53 166 3.72
Hilaria ber/angeri 0.60 0.33 14 3.80 2.06

, Bothriochloa barbinodis 1.51 0.84 3 0.82 0.82
I Lepl%ma wgnalum 0.31 0.17 8 2.17 1.18

I
Panicum hallii 1.20 0.67 6 1.63 1.14
E/ymus virginicus 2.14 t.19 3 0.82 1.00
Other Grasses (n = 7 spp) 1.19 0.66 19 5.16 2.91,

II I
178.57 100.00 368 100.00 100.00

II
II , BURN
:11 Schiztlchyrium sceperium 46.71 25.56 35 8.93 17.25
, I Stipa leucotricha 31.18 17.06 79 20.15 18.60

" II
Sporobolus asper 29.34 16.05 37 9.44 12.74I! I Mistida spp 4.57 2.50 36 9.18 5.84
Boule/oua 'pp 16.74 9.16 37 9.44 9.29

11 BoJhrioch/oa edwardsjan~ 9.49 5.19 37 9.44 7.32

'~ Eragroslis intermedia 5.43 2.''' 27 6.89 4.92

II
Eriochloa sencea 19.89 10.88 22 5.61 8.24
Panicum obtusum 7.31 400 12 3.06 3.53
Hilaria berlangeri 0.42 0.22 5 128 0.74
Bothriochloa barbincdis 1.26 0.68 4 102 0.85

"
Leptoloma cognatum 0.15 0.08 8 2.04 1.05, ( Penicum hal/ii 0.43 023 7 1.79 \.00

I' Elymus virginicus 4.77 2.61 20 5.10 3.86

I!
Other Grasses (n = 6 spp) 4% 2.71 26 6.63 4.66

182.74 100.00 392 100.00 100.00

!l

Even though bum vegetational units showed a decrease in species
richness of grasses, the change occurred in the relatively unimportant
group 'other grasses'. Twenty grass species occurred in live oak
control units, 17 in burn units. Twenty-two grass species occurred in
post oak control units, 20 in bum units.

Standing Dead Biomass
Standing dead biomass for both groups was 3A times greater in

control units than burn units. In live oak units, standing dead biomass
was 61.12lbs/acre for burn units (31% of total standing crop) and
225.60 Ibs/acre for control units (56% oftotal standing crop). Inpost
oak units, standing dead biomass was 43.68lbs/acre for burn units
(17% of total standing crop) and 145.38lbs/acre for control units
(43% of total standing crop).

DISCUSSION

Temperature
Daubenmire (1968) noted considerable time has been spent devel-

oping techniques and instrumentation to record fire temperatures.

Many of the recorded temperatures are not comparable, however, and
are at best, relative temperatures that usually have not been positively
related to the organisms in question (VogI1974). Vogl (1979) stated
that highest temperatures are usually well above the ground at the
apex of flames and are rapidly dissipated by winds. Davis and Martin
(1960) found higher temperatures are usually produced at ground
level by slower moving fires. This study indicated that the highest
temperatures at all posuons (under the canopy of trees and in the
grassland) occurred at the litter surface where fuel was oxidized.
Temperatures above and below this level showed a substantial
decrease.

Fuel
Response of minor vegetation following fire is influenced by

added nutrients. Van Wagner and Mcthven in 1978 found nutrient
effects are probably best gaged by the quantity of organic matter
ashed. Quanitity of fuel oxidized is a clearer indicator of added
nutrients than fuel load or percent fuel oxidized because the quantity
of fuel oxidized is directly related to the amount of nutrients added to
the soil, whereas the percent of fuel load that is oxidized varies with
the fuel load present. In the present study, for example, even though
percent fuel oxidized varied from mid-canopy to canopy edge under
post oaks, the amount of fuel oxidized was approximately the same.

Vegetation

Vegetative growth of perennial species on most postburn sites
occurs more rapidly and vigorously than growth on unburned sites
(Duval 1962). In the present study, all important species except
Torilis arvenis were perennials, and prescribed burning enhanced
some species and decreased others.
Forbs: Late-spring burning significantly reduces the biomass of per-
ennial forbs, whereas burning in winter and early spring favored them
(Towne and Owensby 1984). Garza and Blackburn (1985) found that
forb basal cover was low and similar for burned and unburned plots.
They also reported early winter burning favored the growth of Iorbs,
whereas spring burning favored the production of grasses. The
present study indicated winter burning increased forb biomass and
did not adversely affect grass production.
Grasses: Whisenant, et al. (1984) determined Texas wintergrass
(Stipa leucotricha) increased more after fall burning than after
spring burning and speculated that the increase was due to a reduction
in competition from annual forbs and grasses. They found that spring
burning, however,generally favored perennial grasses. Significantly
higher production of sideoats grama (Bouteloua curtipendula)was
found on burned than unburned plots (Schacht and Stubbendieck
1985). The present study determined that Stipa leucotricha and
Bouteloua spp. biomass decreased in live oak vegetational units and
increased in post oak units after winter burning. However, winter
burning seemed to decrease total grass biomass in live oak vegeta-
tional units, but not in post oak vegetational units.
Standing dead biomass: Trilica and Schuster (1969) noted burning
reduced forage yields for two years. Other determined that any
differences in total foliar cover were due to standing dead materials
(Garza and Blackburn 1985). Differences in total biomass in the
present study may also be attributable to standing dead materials,
because total standing crop decreased 65%, whereas total live vege-
tation decreased only 7% in control and burn units. Cox (1985) de-
termined that even though standing dead biomass was the predomi-
nant vegetational component for most of the year in a Sporobolus
wrightii grassland in Arizona, it desappeared following precipata-
tion. In the present study, the decrease in standing dead biomass by
burning may have contributed to the increase in forb biomass by
reducing cover, and thus increasing insolation, and by the addition of
available nutrients to the soil.
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DAIRY HERD SIZE AND INCOME OVER FEED COST

M.J. Ellerbrock, J.S. Norwood and J. D. Roach!

ABSTRACT

Dairy herd size was examined for possible direct or indirect
influence on Income Over Feed Cost per cow. Monthly Dairy
Herd Improvement Association records were used to predict
daily Income Over Feed Cost by herd size categories. The
monetary impact of 146 factors recorded monthly per herd are
examined by multiple regression and the findings are presented
for the 19 most significant factors. The most important positive
contributors to Income Over Feed Cost are the percent of cows
in milk, energy value of concentrates fed, mean cow weight, days
in milk, and Persistency Index. The most significant negative
factors are the days open, percent of herd milking over 305 days,
somatic cell count, and mixed herds. Herd size, age, first breed-
ing conception rate, and the percent of possible breedings actu-
ally serviced were not significant predictors.

Keywords: Income over feed cost, profitability, herd size, determi-
nants, regression, management, dairy herd, improvements associa-
tion records.

INTRODUCTION

Does dairy herd size influence income over feed cost (IOFC) per
cow? If so, is the relationship direct or indirect? Classical micro-
economic theory suggests an indirect relationship. Any economies of
scale to be received from increasing herd size will not be directly
reflected in IOFC per cow because feed requirements I!N cow are
insensitive to herd size. Economies of scale occur when some or all
of the "fixed" costs of farming can be spread over an increasing
quantity of ouput (hundredweights of milk), thereby lowering the
average cost of producing a unit of output. Typical fixed costs include
depreciation, interest, taxes and insurance. Total feed costs for the
herd are considered" variable" costs because they are correlated with
total herd milk production, whereas total fixed costs do not change
with an increase or decrease in total milk yield. Thus, since each new
cow must eat like the remainder of the herd, increasing the herd size
will increase the farmer's profits only by enlarging the differences
between income and fixed costs. However, herd size may indirectly
influence IOFC by dictating which management factors are most
important for dairy farmers with differing herd sizes.

This study examines the key determinants of IOFC by herd size
category for dairy farms in Northeast Texas enrolled in the Dairy
Herd Improvement Association (DHIA) record keeping system. It
offers theoretically consistent answers to the questions of whether
herd size has direct and/or indirect effects on IOFC per dairy cow.

Though the DHlA was established to develop a data base on
individual farms to promote productivity (Voelker 1981), little work
has enhanced the usefulness of the information for the farmer. The
member-farmer receives a great deal of data, but must conduct further
analysis if he/she wants to know the precise relationships between
many of the variables. This analysis is an attempt to ascertain the
quantitative relationships between many of the variables, with em-
phasis on their impact on IOFC The purposes of this study are to: 1)

I Associate Professor of Agricultural Economics and Professor of Dairy Science, East
Texas State University, Commerce, TX 75428; and Franklin County Extension Agent,
Texas Agricultural Extension Service, respectively. Funded in part by the Office of
Graduate Studies and Research, East Texas State University and the Houston Livestock
Show and Rodeo.

enable the dairy farmer to predict changes in IOFC resulting from
change in some of the routine management variables, solely using in-
formation in the DHIA report, and 2) determine the in.fluenceofherd
size on IOFC. The goals are to enhance short term decision making
and examine the viability of small dairy farms.

In addition to monitoring and considering the latest technological
developments and capital investments available to dairies, farmers
need to manage their current assets as efficiently as possible, Though
much recent concern in agriculture has focussed on optimal farm size
and making a transition to permanent sustainability (Richardson
1984, Schwart 1985), a need remains to help managers make better
short term decisions; otherwise, adoption of expensive technologies
and sophisticated management practices may not be possible

LITERATURE

Several linear programming models have been developed to
maximize IOFC via nutrient and price data for various feed ration
formulations, but with only a few cow and herd specifications (Bath
and Bennett 1980, Bath et a1.1972, Dean et al. 1969,Jones et a1.1980,
Reyes et al. 1980). Dairy profit functions have been developed, but
their meaning and purpose, i.e. to include fixed costs and enhance ge-
netic evaluation, are different from predicting IOFC (Andrus and
McGilliard 1975, Balaine et al. 1981, p. 96, Norman et al. 1981,
Pearson and Miller 1981, Tigges et a1. 1984). Two studies reported
simple correlation, but not multiple regression, analysis of IOFC
(Grisley 1985, Williams 1985).
Several studies have estimated the impact on IOFC of a few of the

factors examined in this analysis. Increasing herd life from 2.8 to 3.3
lactations was found 10 increase annual income by $30/cow (Congle-
ton and King 1984). Each addi tional day open from 40 to 140 reduced
daily IOFC by $0.71 and $1.18 for Ist and later lactation cows,
respectively (Oldset a1.1979). Three studies indicated that extending
the calving interval for high-producing cows from 13-15 montbs did
not hurt IOFC (Reyes et al. 1981, Reyes et al. 1980, Shumway et al.
] 982), but two other studies found a negative impact of approxi-
mately $7/cow/year for every three days beyond 13 months (Gibson
1984, Holmann et al. 1984). Bakker et al. (1980) argued that assess-
ment of sire profitability requires information beyond the impact on
first lactation.

METHODOLOGY

From the approximately 250 variables on the monthly DHl·202
Herd Summary Form, the authors selected the 146 variables related
most theoretically to IOFC. Stepwise regression at the 0.05 level was
conducted to search for the best set of independent variables in
predicting IOFC The procedure used was the SPSS-X forward
stepwise regression with entry based on strength of correlation for the
first entry and partial correlation for subsequent entries. Multiple
linear regression equations were then estimated on IOFC, with and
without use of milk and fat production per cow and feed costs per45.4
kgs. (CWT) of milk produced, i.e., the "Big Three" predictors of
IOFC, as one would expect. The Big Three were dropped in order to
search for less obvious determinants of IOFC.
The actual size of the herd (l.#COWSMTLHDTD) was examined

as one of the 146 independent variables. Additionally, the effect of
herd size was investigated from another perspective: to see if it
dictated the determinants of IOFC This was done by rerunning the
model without the Big Three (milk, fat, feed costs) on various size
farms after partitioning the data into three herd size groups and then
into five herd size groups.
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Data were collected through the DHIA on 126 farms in a 19-
county area (including Hopkins County, one of the major dairy
counties in the nation) of Northeast Texas for the two most recent
years available, 1982-83. For some of the farms, less than 24 months
of data were available. A total of 749 monthly observations were
obtained. In essence, the data provide a static picture of the farm by

Table 1. Variables Selected in Economic Models of Income Over Feed
Cost (IOrC)

Dependent:

n, SIOFCHll Mean daily lOre per cow, all cows
(~jJking and dry)

lndeptn~fnl :

l. ICO~5W JD
19. KGSC~HrTD

1 of COliS In milk
Kss, of concentrates consumec per cow
per day
NH energy value of the concentrates
Cost of concentrates per COli per day
Mean' of days to first brw11ns,
breeding herd
Mean' of days opec per cO'J since Ja s t
calving date
, of CO\lS in total hHd \lin. cceplet e
dry periods
Mean' of days dry per co", in 55.
1 of milking herd cur r ent Iy C1llkint)
305 days
Mean body lIeight of COliS, total herd, Xgs.

, of hours be tveen ei l king s , a.e. to p.n,

2V, CNHNC\~llD
21. CN1CSnCTO
n. OISFSH!li,BRHD

53, OY~OPI.:'11 LI'Ol

S5. HOI:~f[lll LHO

56. 1t1~1'~I'lr
55. IKKG) W MKHD

67. AVGloIliH\,~·1LHO
ss. HP.SH\I~~KGSAi'\-PK

Rolling Annual Averafe Dala

i( S. $POSV(~fSTlHD

lW. HC'~~U :IIDLSTWIOS
1I~. fDYSN'i1.l Q\21STSMC

120. PP.STC H I\LST 12TSTS

12e. AVG5((1 ~ 1121515

Mean $ PD of current and former SHes,
all lactations
I of COliS that left herd in l ast year
Mean' days in ail k , last 12 test da ys ,
milking COliS
Mean test period Persistency lndel, last
12 test days
xean lieighted average SCC, nearest 1,000,
entire herd, last 12 test days

DUIllIll¥Varlables(! : true, c. : ralH)

1j~, KXHD
13e, APr
\~2. kU~

~.bed breeds herd
Apr, test month
Aug. test month

month. Table 1 presents the 19 independent variables found to be
most significantly correlated with IOFC when the dairies are parti-
tioned into herd size categories.
Though Texas dairies produce only about 2.8 percent of total U.S.

milk (ERS, 1985), Texas ranks ninth among the slates in quantity
produced (Knutson et al. 1981). Whereas approximately 30 percent
of the total U.S. dairy herd is enrolled in the DHIA, 23 percent of
Texasdairiesare enrolled. The study area has approximately 114,000
head of dairy cows wich produce around 590 million kilograms of
milk annually, both of which represent approximately 34 percent of
their respective state total (Texas Crop & Livestock Reporting
Service,1982).
Sample farms ranged in size from 18 to 384 head, with a mean of

127. The highest daily average milk production per milking cow was
29.9 kgs. Daily IOFC per cow (milking and dry) ranged from $0.08
to $6.21, with a mean of $2.70. The minimum projected calving
interval was 11.8 months, with a mean of13.7 months. Average days
open ranged from 80 to 275, with a mean of 137 days. Average days

Table2. Multiple Linear Regression Models ofY I.$IOFCACTD
by Three Farm Sizes*

Independent
Variable

Beta
C~fficient

Standard
Error

(Mod~l A: fam ...ith<85 COl4's)

Intercept -3.470 0.530 -6.57 b
3. %CC~'5";1~KTD 0.040 e a,005 9.55 [,
)0. CNTENGVALTD 0.020 <0.005 7.86 b
66. %MKG>305MKHO -0.020 <0.005 ' ,_ b

- •• 0)

109. $PD5'ICSF?STrRD ~0.B50 0.230 -3.74 b
llB. "DY5I1MI\LST 12TsTSMC 0.010 ~0.005 3.69 ~
128. AVGSCCLS!'12TSTS ) -0.005 <0.005 -3.3£ D

R2: 0,52 si«, F~O.00005 No. of Obs. =-24)

------------------------ --
(Hode1 B: Farms ~'ith 85-132 co~'s)

Intercept
3. \COW5!1MKTD

20. CWrENGVALTO
21. C.~'TCSTPC'TD
66. %."J.\GJi>J05.l1KHD
67. Al'G~'GTKGSnHD

118. F[lYSII.'~KI.ST12TS'I'SMC
120. PRSTCYNDXIST12TSTS
138. APR

2.460
'II; 0,005

0.010
0.120
0.010

'" 0.005
C:0.005

0,020
0,140

-s .45 b
8.66 b
3.50 t
-3,47 l;.
_ 4.56 b

2.17 a
4.66 b
3.7g b
2.9i b

-11.380
0.040
0,030

-0.430
-0.£030
e 0.005

0.010
0.0%
0,430

5ig. F<O.00005 No. of Obs. = 2.'2

------------------- ---------------------
(Model C: Farms ~'i<:h)o132 co~'s)

Intercept -8.560 2.450 -3.50 :
3. 'iCOWSN.l1XTD 0.050 0.010 8.68 --'

19. KGSCNTACTO -0.040 0.010 _i.BSb
53. ~DYSOPLSTCLI'[lT > -0.005 'C 0.005 -2.12 a
68, # ilRSB1WNMKGSAM-P.l1 0.060 0,030 1.88

110. #C(J,ISLfiIiDLST 12MOS > -0,005 c: 0,005 -2.39 a
120, PRSTCYIiDXLST 12TSTS 0.080 0.030 3.17 b
128. AVGSCCLST12rSTS > -0.005 < 0.005 -2.49 ~
134. MXHD -1.660 0.430 _3,82D
142. AUG -0.320 0.160 -2,04 a

R2" 0.38 Sig. F<O.OOO05 No. of Obs. = 247

Without the "Big 3" Predictors: milk and fat production, feed cost.
"Denotes significance at 0.05 level.
"Denotges significance at 0.01 level.

dry ranged from 45 to 124, with a mean of 74 days. The average first
breeding conception rate was 59.8 percent. Eighty-nine percent of
the herds were Holstein, 5 percent were Jersey, 5 percent were mixed
herds, and one percent were Guernsey or Brown Swiss. The mean
number of hours between milkingswas 11.4 from am topm. Average
somatic cell count (SeC) ranged from 7,000 to 984,000, with a mean
of 334,335. Two weaknesses in the data were not addressed: the
questionable accuracy of DHIA- calculated feed costs and the pos-
sible effect of time in the two- year data; both aspects were beyond
the scope of the study.

FINDINGS

The influence of herd size on the determinants of IOFC is reflected
in Tables 2 and 3. Partitioning the farms into three group sizes
(models A-C) yielded less accurate results than by dividing the data
into five group sizes (Models 1-5). With one exception (Model 4:
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Farms with 122-171 cows), the ability to predict IOFC rose consid-
erably with the additional delineation of herd size. The latter models
are discussed next in further detail.

Table 3. Multiple Linear Regression Models aCYl. $IOFCACTD by Five
Farm Sizes·

Independent
Variable "'"Coefficient

Standard
Error 1 Value

(Model L Farms vi th e 71 cows)

Intercept -8.880 2.600 .3.41 b
3. \CQWSNMKTD O.O~O 0.010 7.89 b

19. KGSCNTACTD -0. 110 0.020 -4.79 b
20. CNTENGVALTD 0,030 0{ 0.005 7.69 b
Ii 7. AVG!«;TKGSTLHD 0.010 cO.OD5 6.18 b
68. ~HRSB'NNMKGS~-PM -0.320 0.070 -4,47 b

110. ,CCMSU"THDLST12MOS 0.020 'II; 0.005 6.64 b
12\1. PRSiCYNDXLST12TSTS 0,060 0.020 2.53 a
128. AVGSCCLST!2TSTS )0 -0,005 .0.005 -3.44 b

;\2 '" 0.60 Sig. pca.oooos No. of Ob~. '" 136
-----------._-----.- .._-_._---------- .._._---------.-----------_._-----_._-----

I~odel 2: Farms With 71-93 cows)

Intercept
3. %COW5~D

2~. OITENG\'ALTD
27. DYSFSTBDGBRHD
&&. %!",KG-305MKHD
118. 'DYSN~.KLSTl2TSTSMC
128. AVGSCCLSTl2TSTS
134. MXHD

0.730
0.010

c 0.005
... 0.005
0.0]0

<0.005
<0.005
0.290

-4.9Sb
8.28 b
5.52 b
2.18 a
-4.2& b

2.&2 b
-4.&4 b
-2.27 a

-3.&40
0.050
0.020

c 0.005
-0.030
0.010

, -0.005
-0.660

R2 " 0.57 Sig. reo. 00005 No. ofObs." 154
---------------------------------------------------.-------.------------------

(Model 3: Farms wit."rJ 94-121 cows)

Intercept
3. ,COWSN!'!KTD

20. CNTENGVALTD

21. CIITCSTPOD
&6. %MKG-305MKHD

67. AVGWGTKGSTLHD
118. ~DYSNMWTl2TSTSMC
120. PRSTCYNDXLST12TSTS

138. APR

3.160
0.010
0.010
0.160
0.010

.. 0.005
cO.005
0.030
0.160

-4.27 b
7.11 b
3.78 b
-3.41 b

-3.47 b
2.66 b
2.84 b
2.81 b
2.34 a

-13.490
0.040
0.030
-0.530
-0.030

• 0.005
0.010
0.080
0.380

Sig. pea.00005 No. of Cbs. " 157

The percent of herd in milk is a good predictor across all herd sizes,
increasing lope $0.04-0.06 per cow per day for each percentage
increase; as is the mean test period persistency index over the last 12
tests, whose influence becomes more pronounced as herd size in-
creases. For smaller herds (Models 1 and 2), the number of hours
from am to pm between milkings tended to hurt IOFC, as did the
amount of concentrates used. The energy value of concentrates was
correlated significantly with an increase in daily IOFC of $0.02-0.03
per cow on small to moderate size dairies. For farms with 94-121
cows (Model 3), the percent of milking herd currently milking over
305 days and the cost of concentrates had negative effects, whereas
the month of April was associated with a marked increase of $0.37-
0.53. Larger herds (Models 4 and 5) were more sensitive to the mean
number of days open since the last calving date, the mean number of
days dry for cows with at least one complete dry period, and mixed
herds, each of which had a negative impact on IOFC, as did the cost
of concentrates. For the largest dairy operations, having a mixed herd
was associated with a drop in IOFC of $1.97 per cow per day.

[~oael 4: fanns vith 122-171 co,sl

Intercept
3. \COWSh~TD

21. CNIl:S;PCTD
53. iOYSOPLSll:lVOI
no, iCOWSIfTHOLSI12MOS

O.llO
0.040
-0.l10

>-0.001
0.010

0.640
0.010
0.140

'0.005
<O.OOS

0.83
1.15 b
-2.12 b
-2.51 a
2,24 a

,2, 0.2G Siq, FcG.GGOGS No. of Obs, ' 148

-..-.---_ .._-_.-._ .._.- ..-._._._ ..-_ ..-- ..--------.-.--_ ...-.-.------_ .._._--

(Model I: Farms ,ith. 171 co's)

Intercept -11,190 1.010 -\.04 b
3, \C(l;S!~K!D G.GliO O.OlD 10,18 b
5). ~OYSO?LSICLVOI -0.010 c 0,001 -).Sl b
56. iOYSORYCOP -0.010 c 0,00\ -1,H a
120. PRSICYKOXLSI121SIS 0.150 0, 001 U8 b
128. ;VGSCCI.SI12TSIS > -0.005 .0.005 -1.B2 b
lJ4, MXHO -1.910 0,4\0 -4.41 b

R2 , 0.51 Sig. FcO.00005 No. of Obs, ' 1\1

It may be of interest to note that the age of the herd, first breeding
conception rate and percent of possible breedings that were actually
serviced are generally considered key dairy management variables,
yet did not enter any of the models. Also, actual size of the herd was
not found to be a statistically significant predictor of IOFC.

CONCLUSION

Assuming that dairy farmers and DHIA field inspectors record
accurate information, it is possible to accurately anticipate the direc-
tion and magnitude of change in IOFC from change in many of the
feeding, breeding, genetic, health and management factors reported
on the monthly DHl-202 Herd Summary Form. The size of herd
appears to have more of an impact on which factors determine IOFC
than it does on the actual level ofIOFC, implying that a positive flow
of IOFC can be achieved at any herd size, though not neccessarily
portending positive profits, which depend furtber on fixed costs and
debt load. The finding retlects the fact tbat operators of different size
farms have different manageriaJ concerns. The beta coefficients
presented in this report (most of which are statistically significant at
the one percent level and almost all of which are significant at the five
percent level) are offered in the hope of helping producers improve
short run financial decisions during periods of uncertainty and
transition.
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ANDROSTENONE AEROSOL AND AZAPERONE INJECTION INFLUENCE
ON PIG AGGRESSIVE AND SUBMISSIVE BEHAVIORS

Robert J. Hurst and John J. McGlonel

ABSTRACT

I

A total or80 nursery-age pigs were used to compare the effec-
tiveness of azaperone and androstenone on reducing the aggres-
sive and submissive behavior in freshly mixed pigs. Forty pairs
of unfamiliar barrows and gilts were placed in pens for 24 hr.
Duration of aggressive and submissive behavior by each pig were
recorded and analyzed. Results showed that androstenone re-
duced the total duration of aggressive and submissive behavior to
levels below that of the control pigs (p ;;:.069). This effect was
eliminated for aggressive behavior when both azaperone and
androstenone were applied (p > .4). Both azaperone and andres-
tenone reduced submissive behavior below control levels (p c
.05). In conclusion, androstenone ismore effective than azaper-
one an reducing pig agonistic behaviors, and androstenone's
anti-aggressive property was reduced when given in combination
with azaperone.

Key Words: Pigs, behavior, aggression.

INTRODUCTION

Often during normal hog farm operations, unfamiliar pigs are
?rought together and fight to establish a dominance order. This fight-
~g causes d~creased productivity and possible injury to the pigs
mvolv~d (reviewed in McGlone, 1986). Androstenone, a naturally
occurnng pheromone in pigs, has previously been shown to reduce
aggressive behavi~r in nursery-age pigs (McGlone and Morrow,
1988). Recently, intramuscular injections of azaperone, also was
~h.own to reduce aggressive behavior in pigs and cause mild traquil-
rzmg effects (Gonyou et al., 1988). This study was designed to
determine the effectiveness of androstenone, azaperone or both drugs
in combination in reducing agonistic behavior (aggressive and sub-
missive) in nursery-age pigs.

METHODS

A total of 80 five- to eight-week old pigs were used to determine
the effect of azaperone on their agonistic behaviors. Unfamiliar pigs
were matched by weight, placed into barrow-gilt pairs and randomly
assigned to one of four treatments. Treatments were 1) androstenone
only (5 ug/pig, dissolved in isopropyl alcohol, aerosolized and
applied to each pigs' snout), 2) ezaperone" (2.2 mg/kg, im injection),
3) androstenone and azaperone and, 4) no treatment (control).

Two blocks were used with 24 pairs in the first block conducted
over six days and 16 pairs in the second block over four days. Each
day, four pairs (one pair/treatment) were placed in separate 2 x 2 m
pens and administered treatments. Each pen was equipped with a 5-

'Reserch Technician and Associate Professor, respectively, Department of Animal
Science, T~xa~ Tech Univ~r~ity, LUbboc~, Tx 79409-2141. Research supported by state
of Texas lme Item for efficient production of pork. College of Agricultural Sciences
publication number T-5-274.

-Stresnil, donated by Pitman-Moore, Washington Crossing, N.J. 08560 .

hole feeder along one side from which feed was available ad libitum.
A nipple waterer was on the opposite side of the pen.
Pigs were video taped via time-lapse video recorders for 22 h after

placement in pens. After testing, pigs were removed to pens away
from pigs yet to be tested. Videotapes were later summarized to
determine duration of agonistic behavior (aggressive and submissive
behavior). Aggressive behavior was defined as alternating pushes
and bites. Submissive behavior was registered when one pig turned
its body away from the attacking pig. These agonistic behaviors were
derived from the ethogram collected by McGlone (1985).
Video records were viewed at three times real-time speed. Filming

was at a speed of one frame per 1.2 seconds. Data were registered in
an electronic event recorder using validated data collection tech-
niques (Arnold-Meeks and McGlone, 1986).
There were 10 complete blocks in this study. Data were analyzed

using analysis of variance as a randomized complete block with a 2
x 2 factorial arrangement of treatments (SAS, 1985). Behavior data
were normalized by performing a log transformation. However, for
simplicity, data are presented as raw means (p-values represent
transformed data). Means were separated by the least-significant
difference test.

RESULTS AND DISCUSSION

Results for agonistic behaviors are shown in Table 1. Submissive
behavior was reduced in pigs treated with androstenone (p < .05),
regar~le~s of azap~rone treatment. Azaperone had no effect on pig
submissive behavior. Aggressive behavior was not significantly
affected by treatments. This finding is in contrast to previous studies
that showed androstenone and azaperone each reduced pig aggres-
sion (Gonyou et a1., 1988; McGlone and Morrow, 1988).

An examination of the means in the present study does, however,
support the previous work. McGlone and Morrow found andros-
tenone (i~ the sam~ dose and application scheme as used here)
reduced pig aggression by 90% ; in the present work androstenone-
treated pigs had a 72% lower mean compared with the control.
Gony~u et al., (1988) found azaperone reduced pig aggression by
39%; ID the present study azaperone-treated pigs had 36% lower
duration of aggression. Thus, experiment-wise replication of each
drugs' anti-aggressive property was documented without in-study
statistical significance.

The combination of azaperone and androstenone was less effec-
tive than androstenone alone in reducing total agonistic behavior
(Table 1). This may be due to a sedative effect which appeared to
occur in the pigs treated with azaperone - delaying fighting beyond
when the androstenone may have worn off. The manufacturer
suggests azaperone effects last six to eight hours.

.Data in this study showed considerably more variation than
previous work. Reasons for this increased variation are unclear.
Normally five replicates per treatment are sufficient to detect treat-
men.t e~ects on agonistic behavior (McGlone, 1986). With 10
r~pl~cat1ons per treatment this study failed to replicate previous
findings. Clearly a very poor understanding of mechanisms control-
ling pig agonistic behavior still exists, and this makes it difficult to
consistently reduce this harmful behavior.

..._----------------_ ..........
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Table 1. Effect of androstenone and azaperone on the agonistic behavior of nursey pigs.

Duration of behavior, min.

Treatment N Aggressive Submissive Total
Agonistic

Androstenone 10 2.43 .83b 3.26'

Azaperone 10 5.52 1.21 b,c 6.73

Androstenone-
azaperone 10 6.42 .89b 7.31

Control 10 8.58 1.74c 10.32'

Standard Error 2.14 .34 2.35

P-values

Androstenone" .280 .048 .219

Azaperone" .591 .423 .168

Interaction .192 .234 .168

"Pvvalues associated with main effects.

b,CMeans with common superscripts do not differ, P>.05.

"These means differ P= .069, by unprotected least
significant difference test.

LITERATURE CITED

Arnold-Meeks, C. and McGlone, J.J. 1986. Validating techniqurs
to sample behavior of confined, young pigs.
Appl. Anim. Behav. Sci. 16:149-155.

McGlone, J.1. 1986. Agonistic behavior in food animals review of
research and techniques. J. Anim. Sci. 62:1130-1139.

McGlone, J.J. and J.L. Morrow. 1988. Reduction of pig agonistic
behavior by androstenone. J. Anim. Sci. 66:880-884.Gonyou, RW., K.A. Rohde Parfet, D.E. Anderson and R.D. Olson.

1988. Effects of amperozide and azaperone on aggression
and productivity of growing-finishing pigs.
J. Anim. Sci. 66:2856-2854

SAS, 1985. SAS User's Guide. SAS Institute, Cary NC.

McGlone, J.1. 1985. A quantitative ethogram of aggressive and
submissive behaviors in recently regrouped pigs. J. Anim.
Sci. 61:559-565.



54 TEXAS JOURNAL OF AGRICULTURE AND NATURAL RESOURCES, VOL. 3, 1989

GENETIC VARIABILITY IN MEASURES OF BEEF CATTLE
IMMUNE RESPONSE

Janeen L. Salak, John J. McGlone, Julie L.Morrow,
Robert J. Hurst aud Ronuie D. Green'

ABSTRACT

The objective of this study was to determine if a relationship
could be found between dam and offspring immune measures. A
secondary objective was to determine the relationship between
dam's performance (expected progeny difference, EPD) and her
immune measures. The regression between dam and offspring
was significant for number of white blood cells, indicating selec-
tion for this trait would be productive. White blood cell numbers
were positively correlated with maternal EPD for birth weight
(1"=.34), weaning weight (1"=.36) and yearling weight (1"=.38).
Number of peripheral lymphocytes was also correlated with
maternal EPD fOI" birth weight (1"=.40),weaning weight (1"=.37)
and yearling weight (r=.38). These data indicate that selection for
leukocyte numbers would be successful and that these traits are
favorably correlated with measures of growth.

Keywords: Beef cattle, Immune response, Genetics.

INTRODUCTION

While much is known about genetic sources of variation in live
animal performance, body composition and reproduction, relatively
little is known about underlying genetic mechanisms of immune
function. If immune function of domestic animals could be improved
through selection, there could be substantial economic gains.
Previous studies have concentrated primarly on genetics of immu-

noglobulin and antibody response (Muggli et al., 1984; Gilbert et aI.,
1988). These studies have found, generally, that the heritability of
immunoglobulin level is low and that progress from selection for this
trait might be slow, yet possible. We know of no reports of
heritability estimates of numbers of metabolic activity of beef cattle
leukocytes. Therefore, the objective of this work was to obtain first
approximations of the level of heritability of leukocyte numbers and
function and to determine if variation in these traits was correlated
with measures of performance. Later studies involving greater
munbers would benefit from the hypotheses generated in this study.

METHODS

General: Twenty-eight purebred Angus cows and their calves (20
females, 8 males) were used in this study. Cows were 2 to 10 years
old and calves were three to four months old and nursing their dams.
Cows were fed during the preceding year to meet or exceed NRC rec-
ommended nutrient requirements of beef cattle (NRC, 1984). Cows
were grazing wheat pasture of a sudan-sorghum hybrid during most
~fthe year and were fed crop residues and protein supplement during
tunes of the year when no pasture forage was available.

'Graduate student, Associate Professor, former Post-Doctoral Research Associate
Research Technician and Assistant Professor, Department of Animal Science, Texas
Tech University, Lubbock, Tx. 79409·2141. This work was funded by a grant from the
Houston Livestock Show and Rodeo and by the State of Texas Line Item for Efficient
Production of Beef Callie. Texas Tech College of Agricultural Sciences paper no. T·
5-275.

Bleeding and sample preparation: Each cow and her calf were
bled on day 0 and day 7 (day 0 blood samples were used only for back-
ground antibody titer determinations). Blood samples were obtained
via jugular vein using 20 ml syringes containing heparin. On day O.
cow and calf were injected subcutaneously with 1 ml of 40% sheep
red blood cells (SRBC).

The blood samples were centrifuged for 20 minutes to separate
plasma. Plasma samples were stored frozen in glass vials until
assayed.

Immune measures: Blood samples obtained on day 7 were as-
sayed for various immune measures. Blood smears were made using
whole blood. The smears were fixed in methanol and stained with
LeukoStat Solution I and II for differential counts. Total white blood
cells (WBC) were counted using a hemocytometer.

The lymphocyte transformation assay (LTA) was used to deter-
mine metabolic activity of the T and B cells. Fifteen ml of blood were
centrifuged for 20 minutes at 2000 RPM. Plasma was aspirated and
placed in glass vials for later use. The buffy coat (which contains the
white blood cells was removed and placed in a 15 ml conical
cenlrifuge tube and mixed with Roswell Park Memorial Institute
(RPM I) 1640 medium (with sodium bicarbonate and gentamicin
sulfate). Ten ml of the buffy coat-RPM] mixture were layered onto
4 ml of histopaque and centrifuged at 1350 RPM for 40 minutes at
25°C. The opaque interface containing the mononuclear cells was
aspirated and transferred to a clean conical centrifuge tube. The
opaque interface was washed in RPMI and centrifuged at 2000 RPM
for 10 minutes. The supernatant was removed and the cells were
resuspended in 1 ml of RPMI. The cells were counted using a
hemocytometer. The samples were diluted in RPM] supplemented
with 10% fetal bovine serum (FBS) and a cell concentration of 5x1Q6
cells/mt was obtained.

Each sample (5x106 cells/nil) was added in triplicate to the wells
of microtiter plates containing 1001ll of the mitogens. Conconavilin
A (Con A, 20~ml), Phytohemagglutinin (PHA 10~ml)), and
Pokeweed (PWM 101Jg/ml)were used as mitogens to stimulate Band
T cell activity. The plates were incubated at 37(lC in 5% CO2 for 66
hours. After 48 hours, 100 1'1of RPMI supplemented with 10% FBS.
At 66 hours MTT (5 mg MMT/mJ PBS) was added to each well and
mixed thoroughly by repeated pipetting with the octapipette. Within
an hour the plates were read using plate reader with a 600 nm filter.

An enzyme-linked immunosorbent assay was used to determine
antibody levels of bovine IgG. The frozen plasma was thawed and
used to measure IgG. The plasma samples were diluted (1:3000) in
10% TweenlPBS. The diluted test samples and standards were added
in duplicate to the wells of bovine IgG coated microtiter plates.
Rabbit anti-bovine IgG was added to each well. The plates were
incubated for two hours at room temperature. The wells were
emptied and washed three times. The enzyme linked goat anti- rabbit
IgG linked to alkaline phosphatase was added to each well and incu-
bated at room temperature for 1 hour. The wells were emptied and
washed three times. The substrate solution was added to each well
and incubated at room temperature for 30 minutes. The reaction was
stopped by adding 2M NaO H to each well. The optical density of the
wells was read at 405 nm and the amount of IgG present was
determined.

Hemagglutination assay was used to determine dam and calf
antibody response to SRBC. The plasma samples were thawed and
heat inactivated in a 57°C water bath for 30 minutes. The heat
inactivated samples were placed in the first wells of round -bottom
plates in duplicate. PBS was added to all wells. The plates were

b
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diluted by removing lOO~ of each sample with an octapipette and
serially diluting each well from left to right, discarding the final
IOO).lJ.To each weJll % solution of SRBC was added and the plates
wereagitated for 1.5 minutes. The plates were covered and incubated
at room temperture for 24 hours.

The titers were determined by the sedimented cells forming a
distinctpartem on the bottom of the wells. The highest dilution giving
a positive reaction determined the titer.
Statistical analyses and genetic parameter estimation:

Data were analyzed by analysis of variance and covariance tech-
niquesemployed on the general linear models procedures of SAS
(1985)with effects of sire and sex of calf investigated as potential
sources of variation. In order to estimate heritability of various
immunemeaures, the regression of offspring performance on darn
performancewas estimated and doubled (Falconer, 1981). In cases
involvingnegative regression coefficient, heritability levels were as-
sumedto be zero. Residual correlations between measures of growth
andmaternal performance (in the form of expected progeny differ-
ences, i.e. breeding values from the American Angus Associations
national cattle evaluation program) and those of immune fuction
werealso estimated using covariance analyses. While the number of
observations in this study was certainly limited, the objective was to
identifypossible trends for future study.

RESULTS

The relationships between cow and calf immune measures are
presented in Table 1. A correlation (p<.05) was found between cow
andcalf total white blood cells and lymphocyte numbers resulting in
a high estimate of heritability for these traits. Offspring-darn regres-
sion coefficients were low for LTA data, with LTA for pokeweed
mitogen exhibiting a trend (p=.069). Thus, resulting heritability
estimates for LTA data were all low or zero.

Table 1. Relationship between cow and calf immune measures.

Immune Measures ..
r p

IgGI cg/ml plasma -.13 .15 0 -.17 .403

SR8C titer -.04 .21 0 -.04 .849

Totai WBC, no/~l .60 .2B i. 20 .39 .040

lymphocytes, no/~l .53 .3B l.06 .27 .171

Neutrophils, no/~l -.35 .04 0 -.16 .431

Monocytes, no/~l -.05 .62 0 -.02 .932

Eosinophils, no/ul -.03 .22 0 -.27 .173

Lymphocyte transformation

Background .00 .00 0 .11 .5B3

FHAtlitogen -.01 .02 0 .13 .530

Pokeweed mitogen .03 .02 .06 .36 .069

ConA mitogen .OB .06 .16 .2' .227

"Regression coefficient of offspring on dam.
"Correlation between offspring and dam measures.
P refers to Psvalue associated with b- and r-values.
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Table 2. Correlations between EPD's and cow immune measures.

J:;PU EPO EPD EPDImmune Birth Weaning Weaning YearlingMeasures Weight Weight Maternal Weight

IgG, mg/ml plasma -.09 .03 -.05 -.02

SRBC titer .11 .01 -.17 .20

Total WBC,noM .34+ .36+ -.17 .3S+

Lymphocytes, noM .40* .37+ -.19 .38+

Neutrophils, no/~l .10 .15 -.02 .IS

Monocytes, no/~l -.01 .04 -.22 .09

Eosinophils, nO/ill -.17 -.02 -.07 -.03

Lymphocyte transformation

Background -.25 -.20 .20 -.26

PHAmitogen -.15 -.06 .27 -.17

Pokeweed mitogen -.IS -.07 .23 -.17

ConA mitogen -.12 -.09 -.01 -,06

+ P < .10

P < .05

EPD = Expected progency difference estimated by National Cattle Evaluation
program of American Angus Association, S1. Joseph, MO (1988).

Correlations between EPD and cow immune measures are pre-
sented in Table 2. Cow's total WBe and number of lymphocytes
were favorably correlated with EPD for birth, weaning and yearling
weights (p<.10 or p<.05).

Sire effects on calf immune measures are presented in Table 3.
Sire had an effect on calves' response to PHAmitogen (P:5.05) in the
lymphocyte transformation assay. Sires A, B, and D showed greater
LTA under PHA mitogen than sire C.

Table 3. Sire effects on immune measures.

sire
Immune
measures A B C D

IgG, mg/ml plasma 1. 20 1. 83 1.07 1. 21

SRBC titer 3.18 2.71 3.33 3.50

Total WBC, nO//.ll 12255 14407 11200 12343

Lymphocytes, nO//.ll 8888 9650 8696 9472

Neutrophils, nO//.ll 2885 4282 2426 2851

Monocytes, nO//.ll 166 151 12 '"
Eosinophils, nO/l>l Jl5 325 46 8J

Lymphocyte transformation

Background .19 .18 .n .17
PHA mitogen .3Sa .38a .23b .32a

Pokeweed mitogen .J) .32 .22 .27

ConA mitogen .29 .28 ." ."
a,b Means with same superscript are not significantly different, (P < .OS).

---"
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Table 4. Sex effects on immune measures.

Immune
measures Male Female p*

IqG, mq/rnl plasma .99 1.49 .12

SRBC titer 4.29 2.75 .03

Total WBC, nO/J.Ll 11656 13120 .28

Lymphocytes, no/,ul 8763 9375 .66

Neutrophils, nol1"1 2361 3536 .12

Monocytes, nO/J..I.l 368 138 .11

Eosinophils, nol1"1 153 271 .55

Lymphocyte transformation
Background .18 .17 .69

PHA mitogen .27 .36 .002

Pokeweed mitogen .28 .31 .34

ConA mitogen .21 .29 .02

"Significance level of effect of sex of calf.

Sex effect on immune measures are presented in Table 4. SRBC
titers were effected by sex of the calf. Male calves had higher titers
(p<.OS) than the heifer calves. Heifercalves had a higher lymphocyte
response to PHA (p<.Ol) and ConA (p<.05) than bull calves.

DISCUSSION

These data represent a first attempt at understanding genetic vari-
ability in leukocyte numbers and function in beef cattle. The primary
objective was to generate hypotheses to be tested in later studies with
larger numbers. Immune measures which appear to offer the greatest
genetic variability are numbers of WBC and lymphocytes. On the
other hand, lymphoyte metabolic function (LTA in particular) seems
to have a lower degree of heritability in these cattle.

1t is not possible to say, at this point, which direction would be de-
sirable (selecting for a greater or lower number of cells). Given a
positive correlation between leukocytes numbers and EPD values,
the authors predict that more leukocyte are preferred. However, a
large-scale selection study should be addressed to this question.
A negative, but non-significant, correlation existed for WBC and

lymphocyte numbers with EPD weaning weight maternal. This
potential negative relationship between general maternal ability
(primarily milk production) and leukocyte numbers should be viewed
with caution at this stage, due to marginal significance and low
numbers .

General1ack of significant differences among sires may simply be
a reflection of this particular sample of sires. A larger sample of sires
would be desirable before firm conclusions should be drawn.
Sex effects in immune measures were not consistent. In absence

of other evidence, differences due to sex were probably random and
not biologically meaningful.
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