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Abstract

In this report we examine the potential for incregavater yield within region Region L
though land management. Our assessment is bagbd awmailable literature and our
own experience. The major land management praetioeh has the potential for
affecting water yield would be that of reducing wigglant cover through brush control.
Region L encompasses a large region in south-dérgras and includes several distinct
vegetation and physiographic zones including thedtds Plateau, South Texas Plains,
Gulf Coast Prairies, Post Oak Savanna and BlackPaagle. The areas with the most
potential for increasing water yield through bresimtrol would be the Edwards Plateau
overlying the Edwards Aquifer and the South TexasB that overly the Carrizo-
Wilcox aquifer. The most current research indisdbat within the Edwards Plateau,
reducing ashe-juniper cover could result on avedy60 mm of additional water yield
per year. This translates into roughly an add#iacre-ft of water for every 5-8 acres
cleared. Within the South Texas plains, waterdy{groundwater recharge) could be
augmented up to10 - 20 mm/yr or about 1 acre-ftaier for every 15-30 acres cleared.
Depending on the method and expense of brush ictetirese estimates would translate
into a cost of between $40 and $180 per acresftatér for the Edwards Plateau and
$100 and $300 per acre-ft in regions of the Sowtka$ Plains that overlie the Carrizo-
Wilcox Aquifer



Executive Summary
Vegetation and Vegetation Management in the MLRA oRegion L

Edwards Plateau

The northern parts of Uvalde, Medina, Bexar, Coamal Hays Counties of Region L are
in the Edwards Plateau Major Land Resource Are€)&hmediately above the
Balcones Escarpment. For the purpose of this repoittseries typical of the area are
represented by a Low Stony Hill ecological siteugiand site with slope gradients
mainly 1 to 8 percent but that can range up toérzgnt. The plant communities of a
Low Stony Hill site are dynamic and vary in relatitm grazing, fire and drought.
Presettlement conditions were strikingly differérn those found today. Large areas
that were once open grasslands are now infestédhsavy woody cover consisting of
species such as Ashe juniper, liveoak, post oakeyhmaesquite, agarito, Texas
persimmon, elbowbush and lotebush.

Brush management treatment alternatives commomlg usthe Edwards Plateau MLRA
include mechanical and chemical practices, as agefirescribed fire and biological
control associated with the use of goats. Ashgpmis the primary target species for
brush management a very high percentage of the Maehanical brush management
treatments can be either broadcast when densft@ams are greater than 300 plants per
acre or large enough to respond to treatmentsasichaining or cabling, or individual
plant treatments (IPT) when densities are low ehaugl/or plants are small enough to
justify treating individual plants. Ashe junipermon-sprouting species; that is, it will
suffer mortality if all the above ground green matlels removed. This allows top
removal practices to be effective for brush manag@rand the most popular of these
methods currently is the use of a “skid-steer loadgquipped with a front-end
attachment of hydraulically operated shears. Tlearshare placed with the skid steer at
the base of a target plant species and the shesatisem closed hydraulically so that they
cut entirely through the trunk of the tree.

South Texas Plains

The South Texas Plains MLRA includes the largestiquo of Region L. All or part of

the following Region L Counties are in the MLRA; &lde, Zavala, Dimmitt, Medina,
Frio, La Salle, Bexar, Atascosa, Wilson, Karnesligslp DeWitt, and Gonzales. Upland
soils are of three groups: dark, clayey soils diver clayey subsoils; grayish to reddish
brown, loamy to sandy soils; and brown loamy sdigy, clayey, saline, and sodic soils
are extensive on the coastal fringe, along withv&stbn deep sands. Bottomlands are
typically brown to gray, calcareous silt loams kayey alluvial soils. The original
vegetation was an open grassland or savannah-typg e coastal areas and brushy
chaparral-grassland in the uplands. The plant comiies that can be found on this site
range from a mid-grass dominant to a brush covsitedvith bare ground. This diversity
in plant communities is in direct response to grgznanagement, fire, and drought. At
this point the area is represented as a Shrublahdaveanopy of brush greater than 20



percent and often reaching between 60 percentdbdiosure. In the heavy brush cover,
understory vegetation will range from a cover afrsland mid grasses to bare ground.
Woody species include guajillo, blackbrush, coralakiolfberry, pricklypear, Texas
persimmon, paloverde , ceniza and coma.

The South Texas Plains are the heart of the TeBash Country”, sharing that
designation with the western part of the Gulf Cdastirie MLRA. Brush stands in the
area are often aggregates of 15 or more speciest,aharacterized by thorns or spines
and existing in three strata — overstory of treasl-story of shrubs and an understory of
subshrubs and cacti. Chaining and rootplowing eliee most popular of the early
mechanical practices utilized in the area and theen applied on hundreds of thousand
of acres in the MLRA. The MLRA also has a longdig of the use of broadcast
chemical brush management treatments.

Other MLRASs in Region L

Other MLRAs in Region L include the Gulf Coast Pies and Marshes consisting of all
or part of Refugio, Calhoun, Victoria and Goliadubtes. The Post Oak Savannah and
Blackland Prairies are two additional MLRA thatlune portions of Counties within
Region L. Compared to the Edwards Plateau, GulsCBeairies and Marshes and South
Texas Plains, the land areas of the Post Oak Satiaamd Blackland Prairies within
Region L are small.

Potential to Augment Recharge and Streamflow WithinrRegion L Through Shrub
Control

In this section, we examine the scientific basrsuging shrub control as a means of
increasing groundwater recharge with an expligtton two of the landcover types
within the Region L Planning area: (1) juniper witzodls within the Edwards Plateau
Major Land Resource Area (MLAR) and (2) South Teghrublands within the South
Texas Plains MLRA—in particular those shrublanderiping the Carizzo-Wilcox
recharge zone within Zavala and Dimmitt counties.

Rangeland areas with the most potential for inéngacharge through shrub control are
those areas where deep drainage (water movemeond&ye herbaceous rooting zone)
can occur (Seyfried et al. 2005, Wilcox et al. 20atis characteristic is found, for
example, where soils are shallow and overlie natifipermeable bedrock (such as karst
limestones). An example in Texas is the EdwardgeRlrarea, which supports large
tracts of juniper woodlands and has considerablgerfftowing water” than would be
expected for a semiarid or subhumid climate (c&.mM@n/yr). The explanation lies in the
karst geology—a substrate of fractured limestoae @liows rapid flow of water to the
subsurface. Other soil types that may enable despatje are sandy soils. Shrublands in
region L that exhibit these characteristics arguheer shrublands within the Edwards
Plateau and the South Texas shrublands overlymgetharge zone of the Carrizo-
Wilcox Aquifer.



Edwards Plateau

On the basis of the literature available, our quirkeest estimate is that conversion of
Ashe Juniper woodlands into open savannas wouldtliesan average increase in water
yield (streamflow and recharge) of around 50 mnvy€he influence of Ashe juniper on
the water budget has been the subject of some sionfand disagreement, in part
because the implications of the scale at which oreasents were made have not been
fully considered. For example, at the tree scakemost common measurement is some
index of evapotranspiration by trees. After remadarees, these numbers have often
been extrapolated up without taking into accouatdbmpensatory effects of regrowth of
trees or replacement by other vegetation. Thessunements do not take into account
water use by replacement vegetation, as the lacge studies do. For example, at the
tree scale, for an area with an average annuaipmie®n of 750 mm/yr, an individual
tree will intercept and transpire virtually all thfe available water. At the stand scale,
however, as estimated by Dugssal. (1998), the difference in water consumption
between a woodland and a grassland is between 4@%9r. Newer work suggests
differences as high as 90 mm/year however. Watanba studies at the small-catchment
scale (where springs exist) indicate water savoiggound 50 mm/yr. (Huang et al.
2006).

South Texas Shrublands

Our estimate that for the South Texas shrublanasage recharge on sandy soils could
be increased by shrub control anywhere from 10mgdyear. All of the available data
strongly suggest that in the presence of densdsiaver, there will be little if any
recharge. However, both the modeling and fieldkguggest that in the absence of
shrubs, recharge will be appreciably higher—esgigdar sandy soils. For example,
Weltz et al (1995) found that when rainfall waglstly above average, recharge was
around 20 mm/year for grass covered areas. Thikcamipns of this then are that shrub
control over the recharge area would in the longntecrease distributed recharge.

Assessing the Cost Effectiveness of Brush Contra £Enhance Off-site Water Yield

Estimates of added groundwater recharge cost expbdrein are based only on the
highly variable costs of the brush control pradieed/or programs. Factors that
influence brush control cost and contribute tohlggh variability include the type, size
and density of the target brush species; the tymk, content and slope of soil in which
the target species is growing; whether the tangeties sprouts re-growth from root
buds; whether cost effective herbicides are avigldy controlling the target species;
etc.

In addition, there are many other factors which Mtampact the ultimate costs; ie.,
program implementation and management, percerdsi dorn by landowners, extent of
landowner participation, etc.



Edwards Plateau

In a previous section, it was reported that theeesaveral different mechanical practices
appropriate for use in the control of Ashe junip&he costs of these various mechanical
practices may vary from less than $100 to as ma@¥a0 per acre (Pestman, 2007).
Also in a previous section of this report the addexind water recharge estimated to
result from control of Ashe juniper was reported&50mm/year. The inch equivalent
of 50mml/yr. is 2 in. which is also equal to 0.167 Therefore, control of Ashe juniper on
an acre of land is estimated to result in 0.16&ddxt.ft. of groundwater recharge per
year.

The cost estimates are obtained by taking the grerast of the brush control practice,
or cost of a program consisting of an initial plakow-up practices, and dividing it by
0.167. This results in the estimated cost per fooeof added groundwater recharge
resulting from brush control if the practice, oogram, is effective for only one year. If
brush control programs were implemented and if isfous of the programs require
participating landowners to reduce brush canomidsgercent and maintain them at this
level or less for 10 years, then the costs perfaateof added ground water recharge
would be expected to range between $40 and $18acpeifoot in the Edwards Plateau.

South Texas Shrublands

In a previous section, it was stated that sevezdiibides and several different
mechanical practices were appropriate for usearctmtrol of mixed brush in South
Texas. The costs of these various chemical pesctice less variable and generally less
costly than the mechanical practices in the EdwRBtdteau as discussed above. In
addition, the mechanical practices applicable goabntrol of mixed brush in South
Texas would generally be less costly than when us#te Edwards plateau because the
soils tend to be less rocky and the terrain is g@lydflatter in South Texas. Therefore,
costs for mixed brush management in South Texasvaigyfrom less than $50 to more
than $100 per acre (Pestman, 2007). Also in aique\section of this report the added
groundwater recharge estimated to result from obofrmixed brush was reported to be
between 10 and 20mm/year. To be conservative, Wese 10mm/year in the following
analysis. The inch equivalent of 10mm/yr. is 0.4which is also equal to 0.033 ft.
Therefore, control of Ashe juniper on an acre ofllés estimated to result in 0.033 added
ac.ft. of groundwater recharge per year.

Using the same methods described for the Edwasatedrl, costs per acre foot of added
ground water recharge would be expected to rantyeclea@ $100 and $300 per acre foot
in The Carrizo — Wilcox Aquifer recharge area.

Vi



LAND-BASED WATER CONSERVATION & WATER YIELD PRACTIC ESIN
REGION L: INFLUENCE OF LAND BASED CONSERVATION PRAC TICES ON
WATER YIELD

Vegetation and Vegetation Management
in the MLRA of Region L

Edwards Plateau
General

General descriptions of soil, climate and vegetatesources for all Region L MLRA in
this paper are from Hatch et al. (1990), Checklighe vascular plants of Texas and
adapted from the Natural Resources ConservationcegiNRCS) Ecological Site
Descriptions (2007), web sitbttp://esis.sc.egov.usda.gams/ were furnished upon
request by NRCS as a proposed site descriptiory(&aady Loam for South Texas
Plains 83B).

The northern parts of Uvalde, Medina, Bexar, Coamal Hays Counties of Region L are
in the Edwards Plateau Major Land Resource Are&€)@&hmediately above the
Balcones Escarpment. The Balcones Escarpment fiberdistinct boundary of the
Edwards Plateau on its eastern and southern bofdegsarea is a deeply dissected,
rapidly drained stony plain having broad, flat twdulating divides.

Soil series typical of the area are included iroa [Stony Hill ecological site, an upland
site with slope gradients mainly 1 to 8 percentthat can range up to 12 percent. The
very shallow to shallow, well drained, moderatdbyspermeable soils of this site were
formed in residuum over interbedded limestone, spamd chalk. Soil thickness and
depth to limestone ranges from 4 to 20 inches. @uimnted to angular pebbles, cobbles,
and stones of limestone comprise 35 to 80 percexblume of the soil. The soil is a
clay soil and is alkaline to neutral. The deptlsaif is one of the main factors affecting
water holding capacity.

The climate is humid subtropical and is characegtizy hot summers and relatively mild
winters. The average first frost should occur atbhiovember 15 and the last freeze of
the season should occur around March 19. The ageedative humidity in mid-

afternoon is about 50 percent. Humidity is highemight, and the average at dawn is
about 80 percent. The sun shines 70 percent dintteepossible during the summer and
50 percent in winter. The prevailing wind directigrsoutheast. Approximately two-
thirds of annual rainfall occurs during the Apal$eptember period. Rainfall during this
period generally falls during thunderstorms, andyfdarge amount of rain may fall in a
short time. Mean annual precipitation ranges frarar @0 inches in the eastern portion of
the MLRA (Hays County) to about 24 inches in thestgen portion Uvalde County).



The plant communities of a Low Stony Hill site @ygamic and vary in relation to
grazing, fire and drought. Presettlement conditwese strikingly different than those
found today. One major vegetative difference waspitesence of open prairies of tall
grasses which were common throughout much of Téxses historic climax plant
community (HCPC) was greatly influenced by largebhare grazing and fires. It is
hypothesized that buffalo would come into an ageaze it down and then leave, not to
come back for many months or even years, usudligwng a fire. This long deferment
period allowed the better quality grasses and ftolyecover from heavy grazing. Fire
was probably a very important factor in maintainihg original prairie vegetation and
also had a major impact on the plant communitycstine. Species, such as Ashe juniper
(Juniperus ashgj would invade the site, but not at the level we sday. Periodic fires,
set either by Native Americans or by lightning, grgssed the range and density of Ashe
juniper and other woody species. Woody plant contauld vary in accordance to the
intensity and severity of the fire encountered,aliiesulted in a mosaic of vegetation
types within the same site.

While grazing was a natural component of this estesy, long-term overstocking and
thus overgrazing by domestic animals had a trem&nhaopact on the site (Taylor 2004).
Heavy grazing eliminates the possibility of firedgsromotes the rapid encroachment of
Ashe juniper. Continued overgrazing will lead te tlemise of the higher quality grasses
and forb species that are part of the HCPC. Wherdsigradation is extreme, range
planting may be the only means by which these sparan be re-established on the site.

The HCPC, which was an open grassland with scdttmak Quercusspp.) motts,
included little bluestem3chizachyrium scopariupbig bluestemAndropogon gerard)i
Indiangrass$orghastrum nutafsand Eastern gamagragsipsacum dactyloidgs
Continued overuse brought about the removal ofetla@sl many other species from a
large portion of the site. Low successional, unjadiie grasses, forbs and shrubs have
taken the place of the more desirable plant spetlesloss of topsoil and soil organic
matter makes it unlikely that these abused arethsatiirn to the HCPC in a reasonable
period of time. The diversity of native forbs andgses has been reduced, while the
presence of introduced and non-native species appeae increasing. However, little
bluestem and other native species will slowly metiarthe site with a sound range
management program mimicking the historic managémen

Ashe juniper, because of its dense low growingafydi, has the ability to retard grass and
forb growth. Grass and forb growth can become ailmosexistent under dense juniper
canopies. Many times there can be a resurgende dfdtter grasses, such as little
bluestem and Indiangrass, when Ashe juniper isrotdetl and followed by proper
grazing management.

The tallgrasses of the HCPC and similar commuroiyposition aided in increasing the
infiltration of rainfall into the slowly permeab#®il. The loss of soil organic matter due
to overgrazing has a negative effect on infiltnatidlore rainfall is directed to overland
flow, which causes increased soil erosion and flogdSoils are also more prone to
drought stress since organic matter acts like aggand aids in moisture retention for



plant growth. Mulch buildup under the Ashe junipanopy, following brush
management and incorporation into the soil, care lzapositive effect on increasing
infiltration.

The Edwards Plateau is 98 percent rangeland; alaids are found only along narrow
streams and some divides. The rangeland is usedply for mixed livestock
(combinations of cattle, sheep, and goats) andifldroduction. The area is known as
the major wool-and mohair-producing region in thateld States, however in recent
years there has been a move to greater meat gwhtghion and a reduction in angora
goats. The area also supports the largest deetgimpuin North America. Most ranches
in the area maintain livestock production, but Wiiddhas become increasingly important
and may equal or exceed livestock in managemenhasipand income on many ranch
operations. Exotic big-game ranching is also imgrttitand axis, sika, and fallow deer
and blackbuck antelope have increased in numbexsalyement for all resources,
livestock, wildlife, and recreation, provides thesbuse of the rangeland, although other
products such as cedar oil and wood products twoad importance. Forage, food, and
fiber crops such as sorghum, peanuts, plums, aamchps are well adapted to arable land.

The increasing concern for wildlife habitat, espéigiwhite-tailed deer, over the past
four decades has dictated a change in the apptoaahgeland vegetation manipulation
with brush control practices from wide-scale brasddreatments, such as chaining, to a
more limited “sculpted” approach. However, brusmagement for increased forage
production for domestic livestock is still an impaort practice in the area.

Specific Reference to a Dominant Ecological Site

Ecological Site Descriptions (ESD) developed byNatural Resources Conservation
Service provide a detailed means to view landscepié®e MLRA. For the purpose of
this paper, a dominant ecological site in the Edwd?lateau will be used to show the
vegetation steady states and transitions that domor the HCPC through the process of
retrogression to those communities more commoniktieg today. A Low Stony Hill
ecological site is one of the most commonly ocaogrsites in the MLRA.The ESD for a
Low Stony Hill site includes the state and traasitmodel shown in Figure 1.



Figure 1. State and Transition model for a Low $tHill Site, Edwards Plateau MLRA
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The HCPC for the site is shown as plant community its pristine (HCPC) condition,
this site is a fire-climax, open grassland withtsrad oak mottes with about 20 percent
tree canopy. The liveoak®(ercus virginiangare most abundant along water courses,
where elm JImusspp.) and hackberrggltis spp.) trees also grow. The herbaceous
plant community is dominated by little bluestendiémgrass and big bluestem are
subdominants, and may even dominate locally. Altova to the site, but occurring less
frequently or in lesser amounts are the wildryggrousspp.), sideoats gramBduteloua
curtipendulg, tall dropseedSporobolus compositydeathery bluestem®0thriochloa
spp.), green sprangletobgptochloa dubig vine mesquiteRanicum obtusuin Texas
wintergrassNassella leucotricheand Texas cupgrasg&riochloa sericea The site also
grows an abundance of climax forbs, shrubs and weots.

Retrogression from the HCPC to plant community iddscated by reduction in the
occurrence of fire on the site, no brush manageedthe invasion of woody plants,
primarily Ashe juniper. The model indicates thatneounities 1 and 2 are contained
within the same steady state (large box) and th@aneunity 1 can be restored from
community 2 by brush management, prescribed burmbprescribed grazing.
However, as retrogression continues to occur, asteady state, an oak/juniper state,
develops that includes plant communities 3 andlirAatively, steady state 5 can
establish as an oak motte/shrubland community fdher of the other steady states.
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Brush management, prescribed burning and prescgtaing can be used to restore the
site to more closely resemble the HCPC, but asitteeof juniper increases beyond that
effectively controlled with prescribed fire, so daée cost of brush management. For
example, in the oak/juniper steady state costlgtpras, such as mechanical removal of
juniper must be employed, as well as range plantirgeas where the native seed source
is judged to be depleted. Representative compadityadifferent plant types and total
annual production of the HCPC are provided in Tdble

Table 1. Annual Production by Plant Type (HCPC)

Annual Production (Ibs/AC)

Representative

Plant Type Low Value High
Forb 65 110 135
Grass/Grasslike 1950 3250 3900
Shrub/Vine 45 75 90
Tree 180 300 360
Total: 2240 3735 4485

As a contrast and to show the influence of heavgsion on the site from Ashe juniper
and other woody species, Table 2 provides plargsymd production from plant
community 4, the Oak/Juniper Woodland communitym@unity 4 has developed as a
result of a severe vegetation shift from an origpiant community which was a
grassland with scattered oak mottes to a plant aamitsnwhich is predominately tall
woody plants and limited tallgrass vegetation. Tdasxmunity will exhibit Ashe juniper
20 feet tall and taller, with canopies in exces8@¥o. Grass and grasslike vegetation is
significantly reduced due to the severe competiti@t Ashe juniper and other woody
species present regarding sunlight and moisture.

Large areas that were once open grasslands arenfested with heavy woody cover
consisting of species such as Ashe juniper, livepakt oak Quercus stellatp honey
mesquite Prosopis glandulosgagarito Mahonia trifoliata), Texas persimmon
(Diospryos texang elbowbushForestiera pubescehand lotebushZiziphus
obtusifolig



Table 2. Annual Production by Plant Type (Commudity

Annual Production (lbs/ac)
Representative

Plant Type Low Value High
Forb 30 50 70
Grass/Grasslike 400 650 800
Shrub/Vine 100 150 200
Tree 720 1200 1450
Total: 1250 2050 2520

Management alone will not allow this community hifsback towards the climax
community. Implementation of brush management @ogrinvolving heavy equipment
and very high treatment cost is the only optiotetision-makers desire to transition this
site back towards the historic plant community.iBplementing other conservation
measures, such as prescribed burning and presgrbenhg, land managers can maintain
the community as a grassland community followingahbrush management practices.

As the plant community degenerates to communibtyigiand little bluestem, Indiangrass
and the wildryes decrease and Sideoats gramalrtgiseed, silver bluestem, Texas
wintergrass and buffalograddduteloua dactyloidg@sare initial increasers on the site.
Prolonged overuse of these plants usually resuliscsommunity of Texas wintergrass,
curlymesquitgHilaria belangerj, buffalograss and woody species. The following
grasses and forbs are commonly found on thissitedeteriorated condition: western
ragweed Ambrosia psilostachyabroomweedAmphiachyrisspp.), prairie coneflower
(Ratibida columnifery snow-on-the-Mountain (Euphorbia marginata),esieaf
nightshade %olanum elaeagnifoliummilkweeds Asclepiasspp.), Leavenworth eryngo
(Eryngium leavenworthjj two-leaf sennaGassia roemariang gray goldaster
(Heterotheca canescenfiorehoundlarrabium vulgarg, evax Evaxspp.),
buffalograsscurlymesquite, Texas grama (Bouteloua rigidiseta)ry tridens
(Erioneuronpilosum), red gramaputeloua trifidg, tumblegrass§chedonnardus
panniculatu$, windmillgrasses@hloris spp.) and annual bromegras€somusspp.).

Woody species dominate the site in this communitit vishe juniper being the
dominant. Shade tolerant species such as cedag geaigex planostachysand uniola
speciesniola spp.) dominate the understory that is void ofighth The majority of the
soil surface on this densely canopied site willehavhick mat of cedar leaves and other
woody tree and shrub leaf material. The open aretgeen canopies will produce a
grass cover of primarily low successional spedieh @s gramafputelouaspp.), three-
awns Aristida spp.), tridensTridensspp.), and dropseedSgorobolusspp.). The total
grasslike production potential for this commungyseverely restricted.



A key difference between plant community 1 and Aarbaceous forage production.
Plant community 1 can produce up to 3900 Ibs./atgrass/grasslike plants in an above
average year versus only 800 Ibs./acre in planthconity 4. It is significant that these
same plants, the grass and grasslike speciedsartha fine fuel that can potentially
carry effective fires contributing to control of e juniper.

Brush Management Practices

Brush management treatment alternatives commolg usthe Edwards Plateau MLRA
include mechanical and chemical practices, as agelliological control associated with
the use of goats. Selection of these treatmentsniispon the size and density of the
woody plant species, primarily Ashe juniper. Somechers will remove oak species
with brush management practices, but these are likehg shinoak species or oaks that
are thinned within mottes, rather than mature obik® oaks, Spanish oaks, post oaks, or
other oak species are generally not consideredushbmanagement scenarios, meaning
that Ashe juniper is the target woody plant speaigsry high percentage of the time.
Mechanical brush management treatments can be bith@dcast when densities of
plants are greater than 300 plants per acre og kangugh to respond to treatments such
as chaining or cabling, or individual plant treatse(IPT) when densities are low
enough and/or plants are small enough to just#gting individual plants.

Chaining is usually accomplished by pulling a slapshor chain between two crawler
tractors, commonly D7 size or greater, dependinthersize and density of the target
species. The tractors are arranged in a “J” cordiigpn, with one tractor moving slightly
ahead of the other and the chain or cable beinggui-between the tractors to make a
swath width that is roughly equal to one-half thedth of the chain. Commonly used
chain lengths vary from 150-300 ft., giving a swaildth of about 75-150 ft. Again, the
length of chain and swath width would depend ondiresity and size of the juniper and
the power of the tractors (Scifres 1980). Keephmgdwath width at one-half the chain
length allows the chain to be pulled from diredihind the tractor and reduces pull
from the side that causes maintenance problemsni@gaor cabling work best when
trees are large enough to provide significant tasce to the pull of the chain so that they
can be uprooted rather than broken off or simpht loeer and allowed to remain
connected to the subterranean root structure. Mgrtd the target species associated
with chaining or cabling is usually in direct prapon to the stature of the trees and the
degree of uprooting that is accomplished. Two-wagirting, covering the area twice in
opposite directions, usually gives better contnaint one-way chaining (Welch 1985).
Raking and stacking may be necessary to remove ywbelkris after chaining of heavy
brush cover to allow maximum development and w@ilan of range forages and to
minimize livestock handling problems. The degreslope on the land must be
considered as a hazard to use of equipment inrtae with slopes of 15% or greater
limiting the application of these practices.

In areas of the MLRA where soils are deep, rootpigvis an option for removal of
woody vegetation. Rootplowing is a nonselectivatireent used to sever woody plants
below ground. This practice is very energy inteasind costly, but results in a high



degree of mortality of the target plant speciesodtplow is pulled behind a crawler
tractor, normally of D7 or D8 size. The rootplownaifieavy steel V-shaped blade that is
attached to shanks carried on a toolbar behintréicgor. The rootplow blade travels
under and parallel to the soil surface cutting digioall the subterranean root material of
plants. Depth of the blade beneath the soil surfaterary, but in deep soils it may be
12-16 inches, depending on the density and sitieedtrees, soil texture, soil moisture
and power of the tractor. Rootplowing causes a lagal of soil disturbance and can
destroy most perennial grasses. Thus, seedingeis nécessary as a follow-up treatment.
If rootplowed areas are not seeded, the majorifprage production for the first year or
two may be from annuals and other plants low orstleeessional scale. The flush of
forbs on rootplowed areas may dramatically impranidlife forage until perennial
grasses become dominant (Welch 1985).

Bulldozing has been used many years for clearingadls Plateau rangeland of
unwanted woody plant species. When Ashe juniptreagarget species, all plants
attacked by bulldozing will suffer mortality if theare either uprooted or sheared off
from their roots below the lowermost above grourekg growth. Conversely,
resprouting species, such as honey mesquite, ratlyce multiple new sprouts from
buds in the stem base and root crown area of @ plVelch 1991).The bulldozer can
place the cleared trees in piles or windrows.

Since Ashe juniper is a non-sprouting species,alisvs top removal practices to be
effective for brush management and the most pomidilirese methods currently is the
use of a “skid-steer loader” equipped with a frentd attachment of hydraulically
operated sheers. The sheers are placed with ttiestgdr at the base of a target plant
species and the shears are then closed hydraylsmathat they cut entirely through the
trunk of the tree. The hydraulic system on the sk@kr can be used to place cut trees in
piles or in windrows, or they can be left in plawethe soil surface. Both bulldozing and
sheering of Ashe juniper have been shown to proénoegh soil disturbance to provide
an adequate seedbed for seeding Mannel (2007.)

Another broadcast brush management practice th@fregjuently used in the MLRA is
roller chopping. Roller chopping is accomplishedva heavy drum-type roller with
blades mounted on the surface of the drum patalléie axis. The blades cut through
woody plants as the roller chopper is pulled oient by a crawler tractor, commonly
D6 to D8 size. The drums can be filled with watemicrease their overall weight and the
weight per unit of blade surface area contact witlody stems that results in greater
cutting performance. Roller chopping has limitegatality to cause mortality on woody
species, since it is a simple top removal pradhiet leaves a high percentage of plant
subterranean material in place and often doesemadve all of the above ground plant
material necessary to result in mortality of Astweiper. Roller chopper blades may
penetrate the soil several inches deep, dependisgibtexture and moisture and the size
and weight of the chopper. Thus, soil disturbaneg be significant, resulting in
improved water infiltration. Seeded grass stande lteeen established on seedbeds
prepared by offset, tandem roller choppers.



Hydraulic shredders, such as the “Hydro Axe” as®alsed for woody plant control and
are effective on Ashe juniper if the cut by theesitter is below the lowermost green
plant material. A Hydro-Axe shredder is mountedlonfront of a large rubber-tired
tractor and is powered by a hydraulic motor. Thireshredding unit can be raised and
lowered to shred down large trees. While the sheexddan take down larger trees, they
are probably most economically efficient in brusithv8-6 inch stem diameters. With the
exception of Ashe juniper as stated above, mostsirable plants will resprout
vigorously following shredding. Like roller chopginshredding may increase browse
availability and quality by increasing the numbégyoung, succulent sprouts. Prescribed
fire can be used as a follow-up to roller choppinghredding to suppress woody
regrowth.

Individual plant treatment (IPT) mechanical praesignclude “lopping” with manual
sheers that cut Ashe juniper plants near groungl Eevd result in a high level of control.
In recent years the use of “track hoes” or “excarsit large self-propelled backhoes on
tracks that have a reach of about 25 feet in 180eds, has become popular, especially
in the western Edwards Plateau where redberry gungsprouting species, requires
extirpation below the bud zone (Wiedemann 2004&sEHarge grubbers cover a 50 ft.
Swath when moving in a straight line and can bel digeother resprouting species, as
well as for Ashe juniper if desired, particulartyareas where the size of trees or soils
(primarily rockiness) may limit the use of smaligubbing equipment. The bucket,
equipped with rock-digging teeth, is very effectfee removing junipers from rocky soil
and stacking them. A U-shaped grubbing blade caisbkd in place of the bucket
(Wiedemann 2004). Low-energy grubbing can alsodss un some soils for juniper
control. “Low—energy” grubbers are those that ugdréwulic power in the grubbing unit
to offset the need for tractor horsepower (Wiedem2004). Rotating cutter blades
mounted on heavy duty “Weed Eaters” are also effe¢or quick removal of Ashe
juniper up to 2 inches in stem diameter at gro@vell

There are no currently recommended broadcast claémeatments for Ashe juniper
control. However, there are IPT practices tharacemmended for use, including
picloram (Tordon 22k), Hexazinone liquid (Velpardrd Hexazinone pellets (Pronone
Power Pellets). All of these treatments will giveeay high level of Ashe juniper
mortality if properly applied. Texas Cooperativeténsion Bulletin 1466 (2007)
provides explicit instructions for selection, migiand application of herbicides.

Perhaps the most economically effective treatmietreative for Ashe juniper control is
prescribed burning. Fire can be very effectivedausing mortality of small Ashe juniper
plants that are up to about 3 feet tall and evier t@the fine fuel load is adequate in
amount and continuity to carry an effective fireh&# small, Ashe juniper can be
effectively controlled with cool season prescrilisenins that limit risk compared to hot
summer burns. Combination of prescribed burningp wther practices, such as
mechanical or chemical control is highly recommehtiepreserve the benefits of high
cost initial practices by low-cost maintenance pcas. An excellent discussion on the
use of fire in juniper ecosystems can be foundlairt al. (2004).



Biological control is accomplished in the MLRA wi#e use of goats. Angora goats are
still significant in the area, but have declinechirmbers over the past decade. Meat
goats, including Spanish and Boer goats and craksesof, as well as other meat breeds,
have increased in the area during this same timedeverall, goats are still very much
present and have an impact on woody plant competitith herbaceous species. For
example, goats will utilize seedling cedar plantgaung regrowth until the plants have
reached a threshold when leaf material age dimasisise with the increased content of
terpenoids (Taylor 2000). Goats also utilize oatosts and harvest buds, leaves and
small twigs of trees up to a browse line of abotad. Goats can be concentrated in high
densities and rotated through pastures to helpreappvoody plants. They can also be
used following mechanical brush management practwaitilize woody plant regrowth
when it is succulent and within reach. The Texadddifural Experiment Station at
Sonora is experimenting with goats that will consuarhigher percent of juniper in their
diets in order to maximize biological control (TayR004).

Gulf Coast Prairies and Marshes
General

All of Refugio and Calhoun Counties, most of Viggo€ounty and a small portion of
Goliad County that are contained within Region & #cluded within the Gulf Coast
Prairies and Marshes MLRA. The USDA NRCS dividesMi_RA into two

components, the Gulf Coast Marshes (150B), covapproximately 500,000 acres, that
are on a narrow strip of lowlands adjacent to thest and the barrier islands (e.g., Padre
Island) and which extend from Mexico to Louisiaaawell as the Gulf Coast Prairies
(150A), about 9 million acres, that include thenhe#iat plain extending 30 to 80 miles
inland from the Gulf Marshes.

The Gulf Coast Marshes are a low, wet, marshy abasta, commonly covered with
saline water, and range from sea level to a fewifeelevation. The Gulf Coast Prairies
are nearly level and virtually undissected plaiagihg slow surface drainage and
elevations from sea level to 250 feet.

Soils of the Gulf Coast Marshes are dark, poorairdrd sandy loams and clays, and light
neutral sands, typically showing little texturabclge with depth. The loamy and clayey
soils are commonly saline and sodic. Prairie sodsdark, neutral to slightly acid clay
loams and clays in the northeastern parts. Fustbwth in the subhumid Coastal Bend,
the soils are less acidic. A narrow band of ligtidaands and darker loamy to clayey
soils stretches along the coast. Inland from thik diayey soils is a narrow belt of lighter
acid fine sandy loam soils with gray to brown, aed mottled subsoils. Soils of the river
bottomlands and broad deltaic plains are reddistvbrto dark gray, slightly acid to
calcareous, loamy to clayey alluvial.

The climate of MLRA is humid subtropical with midnters. Canadian air masses that

move southward across Texas and out over the Guliriter produce cool, cloudy, rainy
weather. Precipitation is most often in the fornsloiv and gentle rains. Spring weather
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is variable though moderate overall. March is reédy dry while thunderstorm activities
increase in April and May. Summer weather varitke Iby having abundant sunshine
and drier than in the spring. Occasional slow-mgvhunderstorms or other weather
disturbances may dump excessive amounts of pratgiton the area. Fall has moderate
temperatures. Fall experiences an increase offptaiion and frequently has periods of
mild, dry, sunny weather. Heavy rain may occuryegrlfall in association with tropical
disturbances, which moves westward from the gulhpical storms are a threat to the
area in the summer and fall but severe stormsaaee r

The total annual precipitation ranges from 28 irscinethe southwest part of the region to
44 inches in the eastern part of the region. Onames approximately 38 inches occur
around Victoria. Approximately 65 percent of thanfall falls between April and
September which includes the growing season fott grops. In two years out of ten, the
rainfall for April through September is less tharenty inches. Thunderstorms occur on
about fifty days each year and most occur duriegstimmer.

The Gulf Coast Marsh areas, being variously salipport species of sedgé€3afexand
Cyperu$, rushesJuncu$, bulrushes$cirpug, several cordgrasseSgarting, seashore
saltgrassDistichlis spicatavar. spicatg, common reedRhragmites australis
marshmillet Zizaniopsis miliacen longtom Paspalum lividury) seashore dropseed
(Sporobolus virginicus and knotroot bristlegrasSé€taria geniculata Marshmillet and
maidencaneRanicum hemitomqgrare two of the most important grasses of thehfres
water marshes of the upper coast. Common aquabs e pepperweedsgpidium,
smartweedsHolygonun), docks Rumey, bushy seedbox (idwigia alternifolig, green
parrotfeatherNlyriophyllum pinnatury) pennyworts lydrocotylg, water lilies
(Nymphaeg narrowleaf cattail{ypha domingensjsspiderworts Tradescantiy and
duckweedsl{emng. Common halophytic herbs and shrubs on saltysanel
spikesedgesHleocharig, fimbries Eimbristylis), glasswortsQalicornig), sea-rockets
(Cakile), maritime saltwortBatis maritimg, morningglorieslpomoeg, and bushy sea-
ox-eye (Jones 1982).

The low marshy areas provide excellent naturallfgldhabitat for upland game and
waterfowl. The higher elevations of the Gulf Coslstrshes are used for livestock and
wildlife production. Ranch units are mostly in larigandholdings. These marshes and
barrier islands contain most of our National Seasiparks. Urban, industrial, and
recreational developments have increased in rg@ams. Most land is not well suited for
cultivation because of periodic flooding and sakods. The Gulf Coast Prairies are used
for crops, livestock grazing, wildlife producticand increasingly for urban and industrial
centers. About one-third of the area is cultivatesktly for rice, sorghum, corn, and tame
pastures. Bermudagrass and several introducedtdmgPichanthiumand

Bothriochlog are common tame pasture grasses.

Ranches in both components of the MLRA are primaxdw-calf operations that use
forage produced from rangeland and tame pastulbmi decrossbreeds having Zebu
blood are the most widely adapted and used c&#ereation, hunting, and fishing
provide excellent multiple-use opportunities in telf Prairies and Marshes.
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The original vegetation types of the Gulf Coastifirs were tallgrass prairie and post
oak savannah. However, trees and shrubs such ay hwsquiteRrosopis glandulosa
oaks Quercu$, and acaciaXcacig have increased and thicketized in many places.
Characteristic oak species are live o@ki€rcus virginianaand post oakQ. stellatg.
Typical acacias are huisach&c@cia smalli) and blackbrushA. rigidula). Bushy sea-ox-
eye Borrichia frutesceng a dwarf shrub, is also typical.

Principal climax grasses of the Gulf Coast PraiaiesGulf cordgrassSpartina
spartinag, big bluestemAndropogon gerardivar. gerardii), little bluestem
(Schizachyrium scoparidmindiangrassgorghastrum nutanseastern gamagrass
(Tripsacum dactyloidgsgulf muhly Muhlenbergia capillari¥, tanglehead
(Heteropogon contortysand many species of Panicum and Paspalum. Common
increasers and invaders are yankeewgegdtorium compositifoliujn broomsedge
bluestem Andropogon virginicus smutgrass§porobolus indicys western ragweed
(Ambrosia psilostachyatumblegrassSchedonnardus paniculafushreeawns
(Aristida), and many annual forbs and grasses. Pricklyf2aurftid are common
throughout the area. Characteristic forbs inclustera Asten, Indian paintbrush
(Castilleja indivisg, poppy mallowsCallirhoe), phloxs PhloX), bluebonnetslLupinug,
and evening primrose©génothera (Jones 1982).

Specific Reference to a Dominant Ecological Site

Ecological Site Descriptions (ESD) developed byNagural Resources Conservation
Service provide a detailed means to view landscepiée MLRA. For the purpose of
this paper, a dominant ecological site in the @dast Prairies (150A) will be used to
show the vegetation steady states and transitit@tcur from the HCPC through the
process of retrogression to those communities rmamemonly existing today. A
Blackland ecological site is one of the most comiyoecurring sites in the Gulf Coast
Prairie component of the MLRA.The ESD for a Blacklasite includes the state and
transition model shown in Figure 2.

The Blackland site in MRLA 150A was formed by clgykiviodeltaic sediments in the
Beaumont Formation of Late Pleistocene age. Theadynlevel to very gently sloping
soils are on the South Texas coastal plain. Slapesainly less than 1 percent but can
range as high as 8 percent. Runoff is medium @anlOgercent, high on 1 to 3 percent,
and very high on slopes greater than 3 percentistinded areas exhibit gilgai
microrelief. Elevation ranges from 15 to 200 feet.

The average relative humidity in mid afternoonbsat 60 percent. Humidity is higher at
night and the average at dawn is about 90 pertémetsun shines 70 percent of the time
possible in summer and 50 percent in winter. Tlewgiting wind is from the south-

southeast. Average windspeed is highest, aboutile® per hour, in spring
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Figure 2. State and Transition Model for a Blackl&@ite, Gulf Coast Prairies and
Marshes MLRA
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The HCPC for the site is shown as plant communii@rassland state). It was composed
of tall and midgrasses and is the reference plamineunity for the site. Tallgrasses make
up over 60% of annual production percent, midgmspproximately 30 percent, and
associated grasses, forbs, shrubs and woody viaks ap the remainder. Bison grazing
was intermittent and fires were both frequent (8 teears) and intense. Annual forbs
occur in greater or lesser amounts in responseatorg intensity, fire, drought, or
excessive precipitation. This prairie site was esieely heavily grazed by large numbers
of domestic livestock by the late 1800’s. Overgngawith no rest was exacerbated by the
introduction of barbed wire fencing and water depehent. Overgrazing resulted in
reduced production of biomass, reduced litter acdation, loss of tallgrass and some
midgrass species and reduction of fire frequendyiatensity. Some mid and
shortgrasses increased as a result of this ovengrand eventually annual forbs and
grasses replaced some perennials. Representathfgsdion by different plant types
and total annual production of the HCPC are pravideTable 3.
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Table 3. Annual Production (Ibs/ac) by Plant TyHEPC)

Annual Production (Ibs/ac)

Plant Type Low Representative Value High
Forb 325 400 475
Grass/Grasslike 5850 7200 8550
Shrub/Vine 325 400 475
Tree 0 0 0
Total: 6500 8000 9500

As a contrast and to show the influence of heavgsion on the site from woody
species, Table 4 provides plant types and produdtam plant community 2.2,
Mesquite/Huisache Complex Community of the S/T nhode

Over time, with continued heavy grazing, no finregdao brush management, the
Blackland Site may be transformed into a Mesquiteskiche and Macartney rose
Woodland community with canopies of 90 percent. iedbaceous community is greatly
reduced and is dominated by low panicums and pasalTexas wintergrass, gaping
panicum, bentgrass, sedges, and annual forbs asdey.

Major cultural inputs, both chemical and mechaniag often required and applied to
restore this community to grassland or a savanta@. A common practice is the use of
aerial applied herbicides to reduce the canopgyadiunlight to penetrate to the soil
surface, and grow enough herbaceous fuel loadsuitable burning. Aerial spraying is
followed by the use of prescribed fire to removeemf the woody vegetation and
maintain semi-open wooded grassland for severakyedowing treatment. Although
these practices kill some of the woody vegetatiach of it remains and re-sprouts from
the crown and in a relatively short period of tim# again attain a dominating woody
plant canopy. Often with this community, mechanioaians such as rootplowing and
raking are utilized and the land is converted tptand or tame pasture (see seeded state
in S/T model Figure 2). A key difference betweeanplcommunity 1 and 2.2 is
herbaceous forage production. Plant community 1pcaduce up to 8,500 Ibs./acre of
grass/grasslike plants in an above average yeausvenly 750 Ibs./acre in plant
community 2.2. This difference in production on saene site is the result of
retrogression from the tall and midgrass commutaitthe brush dominated state that is
prevalent over much of the rangeland in the MLRdaty
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Table 4. Annual Production (Ibs/ac) by Plant Tygerimunity 2.2)

Annual Production (Ibs/AC)
Representative

Plant Type Low Value High
Forb 200 250 300
Grass/Grasslike 300 500 750
Shrub/Vine 400 450 550
Tree 500 650 975
Total: 1400 1850 2575

Distribution of woody vegetation follows the magwil types on the Coastal Prairie. Live
oak savannahs are common in the southern and wegxidions. Live oak forms dense,
almost pure stands on deep sands or is associatie dieavier soils with various
acacias such as huisache and with species such as spakpérry and lotebush. Post
Oak and blackjack oak occur with live oak or inlased communities in the northwest
part of the Coastal Prairie. The post oak-blackaak vegetation type is characterized by
moderate to dense stands of underbrush includinty secies characteristic of the Post
Oak Savannah.

Honey mesquite occurs throughout the Coast Piairienore sparsely than in other parts
of the state except for the Pineywoods. Honey mesqhabits deep loams and clays in
the eastern portion of the area (Refugio, Bee antbka Counties). It intermingles with
post oak, blackjack oak, and live oak on lightalssand with low-growing, xerophytic
mixed brush characterized hgaciason the uplands.

In addition to honey mesquite, the most characteioublesome species of the Coastal
Prairie are huisache and Macartney rose. Thes@éespsambine to form unique
communities in some areas, especially on the heshoyly permeable soils. Such
communities are typical in Victoria County on Vidgtband Lake Charles clays where
brush control is practiced regularly. Huisacheisgributed throughout the Coast Prairie.
It may form dense, almost pure stands on lowlaedsarand it thrives on the more mesic
upland in association with species typical of mbkegdsh communities. Macartney rose
may occur with an overstory of honey mesquite amnddche but may dominate the
vegetation on heavier soils.

Brush Management Practices

The western portion, or the more inland side ofGéf Coast Prairies and Marshes
MLRA, is joined by the South Texas Plains MLRA asidhres the same reputation as
being part of the “South Texas brush Country”. Raagd areas of both MLRA are often
heavily invaded by a wide array of woody plant spethat suppress herbaceous forage
production, while at the same time providing a gigant component of high quality
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habitat for income producing wildlife, primarily wb-tailed deer and quail. Therefore,
land managers commonly seek ways to modify bruestdstto optimize a dual vegetation
composition between herbaceous and woody plantespec

The Brush management treatment alternatives conymnsed in the Gulf Coast Prairies
and Marshes MLRA include mechanical and chemicatipres and prescribed fire.
When considered in combination with the South TéXass, no other MLRA in Texas
have had greater implementation of brush managepnaatices. The two most prevalent
broadcast mechanical practices, chaining and rowtpt, were used early and
frequently over vast acreages in the area begirasrearly as the 1930’s (Hamilton and
Hanselka 2004). The mechanics of these practieesxlained in the section of this
paper for the Edwards Plateau MLRA. However, untite shallow, rocky soils that
dominate the Edwards Plateau, the soils of the Goést Prairies are mostly deep and
well suited to use of rootplowing. The practiceised for brush management; that is, to
remove the resident woody plant composition analafiative herbaceous plant species
to be restored, or, in other cases, rootplowedsaaee seeded to promote more rapid
response of grasses, commonly introduced species,as buffelgrasCenchrus

ciliaris). There is a variety of degrees of treatment in@dlwith rootplowing for brush
management. Since the practice leaves the landreagh and with large amounts of
debris from downed woody plants, it is often follahvby raking to gather the debris,
both from the surface and below ground in the ptbwertion of the soil profile. The
raking, usually followed by stacking and burningoofish piles, breaks up the massive
clods left by the rootplow and smoothes the sailage, greatly enhancing seedbed
preparation and subsequent stands of seeded spkati greater degree of land
clearing that follows rootplowing involves raking two directions, stacking and burning
piles, additional cleanup, such as hand pickintheruse of farm-type tractors to finally
prepare the land for planting. At this point, taad can be changed from rangeland to
pastureland use, denoting a perennial forage sp#dwae will receive some cultural inputs
for maintenance, or even to cropland (annual crbpsgd on the management objective
for land use.

Chaining was accomplished in the MLRA on many tlaoais of acres beginning in the
1930’s and 40’s, but like rootplowing, primarilytwigreatest emphasis in the post-World
War Il era when powerful crawler tractors becameenweadily available. The greatest
value of chaining is the low initial cost of quigktnocking down, uprooting and thinning
out moderate to dense stands of medium to largs.t@haining alone generally offers
only temporary benefits, particularly if the treeghe treated area are not large enough to
allow uprooting. If a high percentage of the woqignts are not uprooted by the chain,
regrowth from the species composing the brush cexnipl the region is extremely fast,
quickly reducing the initial benefits of greaterdge plant production. However, when
used in combination with other methods, such asqpiteed fire and/or chemical
treatments, it may contribute to significant brgsintrol for extended time periods.
Chaining is also used in the region as the initedtment in dense stands of very large
plants to take down trees prior to rootplowingboush control or land use conversion to
pastureland or cropland. It should be noted thatiplowing and chaining, as well as
other mechanical practices applied in the MLRA, lkarewn to spread pricklypear
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(Opuntiaspp.). Any method that breaks the pricklypear filsto individual cladophylls
(pads) and scatters the pads simply serves tgolearighe species. Therefore, where
pricklypear exists in the stand of brush to bet&@anechanically, an additional
treatment, such as a modified front-end stackerdiua remove a high percentage of the
pricklypear plants (Hamilton and Hanselka 2004 )ameffective chemical treatment,
such as the broadcast use of picloram (Tordon 22K&); be necessary to prevent an
increased density of the pricklypear.

Broadcast simple top removal practices, such dsrrchopping or shredding, are also
used in the MLRA, but the resprouting ability oétplants in the brush complex greatly
limits the time that relief from woody plant comipein can be expected. Studies have
shown that several of the woody species in the ameaapable of replacing 50% of more
of their pretreatment height within the same gragaseason following spring top removal
(Hamilton et al. 1981, Rasmussen et al. 1983).d8aihg that cuts off woody plants and
leaves the root system in place below ground isikgineffective at causing plant
mortality compared to roller chopping and shreddigl, roller chopping and shredding
are used to reduce the stature of brush, incraasity, improve cattle working and
increase forage production. Much the same as withdzast herbicides, roller chopping
and shredding can be done in patterns that optithe&enefits of the treatment for both
increased forage production and wildlife habitat.

In addition to the standard or traditional-typdeokthopper described in the section of
this report for the Edwards Plateau, a unit knowam “aerator/renovator”, but that
functions in brush as a roller chopper, is beingdusffectively in the Coastal Prairie and
South Texas Plains. This recent advancement iarrofloppers is the use of small blades
welded to the heavy drums in a staggered, cyliatipattern. The advantage of the
aerators is that the small blades chop debris @md basins in the soil to capture and
hold rainfall. In addition, the staggered, cylirwddi blade pattern prevents the vibration
caused by the longitudinal blade placement onradsia roller chopper. The blade
design and positioning on the drums direct morieftotal weight of the unit to the area
of contact with woody plant material, thus imprayitme cutting effect. The aerators are
usually two drums mounted on a frame similar tatiset disk, and are pulled by a
crawler tractor or a specially-equipped rubberetinactor. The drum diameters measure
from 18 to 42 inches and can be filled with watarihcreased weight. Aerators are used
in moderate to dense shrub-infested rangelandstuges to remove top growth of shrubs
and to improve rainfall retention. Removal of tapwth produces a flush of regrowth.
This is desirable for browsing animals when usegalatable brush species in the
region. When seeding is used in combination withpging, the basins enhance seedbed
preparation and seedling establishment (Weidem0a)2

Heavy disks suitable for use on rangeland are anaiption for broadcast brush
management given an appropriate soil and brushespfr the equipment to work.

Blade diameters for rangeland disks usually rang@ 24 to 36 inches and many are
scalloped. Thirty-six inch disks are used for brasdmagement, while the smaller disks
are normally used for seedbed preparation. Distsuwan range in width from 8 to 12
feet. Whitebrush and blackbrush acacia are spdw¢fave been successfully controlled
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with disking in the South Texas Plains and Gulf §drairie. Several other species,
including, Texas colubrinaCplubrina texensis desert yauporSchaefferia cunnefolja
shrubby blue sagé&aélvia ballotiflorg and small blackbrusigacia rigidulg, are also
susceptible to disking. Disking is especially stiite species that have relatively shallow
and lateral roots, rather than tap-rooted planish s huisache and mesquite.

The high density of woody species that generallgteon rangeland in the MLRA makes
broadcast treatments more economically efficientrfibial treatments, rather than
individual plant treatments (IPT). However, oncadbr densities have been reduced by
broadcast treatments, IPT may be effective asleadalip or maintenance practices.
There are a variety of chemical IPT that can beluag well as the practice of
mechanically grubbing individual plants. Among tR& mechanical practices, the low-
energy grubbers are effective and economical depgrh plant density of up to about
300 plants per acre. These grubbers have the tapathe deep soils to remove all the
below ground plant tissue that can potentially picinew sprouts.

The MLRA has a long history of the use of broadcasimical brush management
treatments. Prior to the late 1960’s when picloveas labeled for use in Texas, 2,4-D
and 2,4,5-T were the “standby” chemicals for br@astieveed and brush control in Texas.
Of the two compounds, 2,4,5-T was superior for woplnt control. Dow Chemical Co.
marketed a product, Tordon 225E®, a mixture of32Awith picloram (Tordon 22k®)

in a 1:1 ratio applied at 1.0 Ib. per acre for brasntrol. This product was more effective
for mesquite control and improved the spectrum abey species that could be
controlled in the south Texas mixed brush compmrce this time there have been
several new products introduced that are effedtvéndividual species and mixed
species composition. For example, Bulletin 1466 pnavides guidance to herbicides for
rangeland brush and weed control suggests thenolgpapplication for south Texas
mixed brush that includes blackbrush, catclaw ac@wacia greggi), guajillo (Acacia
berlandier), spiny hackberryGeltis pallidg, mesquite, pricklypear, retamRarkinsonia
aculeatg, tasajillo (Opuntia leptocaulis) and twisted aagécacia Schaffne)i a
broadcast application of a mixture of 2 pints p&ttive ingredient (a.i.)] picloram
(Tordon 22k) + 1 pint (.5 Ib.a.i.) triclopyr (Remg®l) applied aerially as a 4 gallon per
acre oil-in-water emulsion (1 quart to 1 gallons#iefuel oil and water to make 4 gallon
per acre (1:5 oil to water ratio is optimum.). Thpplication is expected to give an
overall moderate level of mortality (36-55%) of tiaeget species when applied under
optimum conditions.

Certain herbicide compounds provide more optimusalte for individual target plant
species. For example, clopyralid (Reclaim®) appbesadcast alone or in combination
with picloram or triclopyr will give a moderate kagh (36-75%) mortality of honey
mesquite. The soil applied herbicide tebuthiuropiK& 20P®) provides a very high level
(76-100%) of mortality on oak species. Severahefapproved herbicides for broadleaf
weed control will give very high levels of mortalit

Individual plant treatments with herbicides, eitharar applied or stem basal spray,
offer moderate to very high levels of control ofeel problem species in the Gulf Coast
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Prairie, including huisache, mesquite and prickiypEhese woody species are included
in the “Brush Busters” IPT method for brush contiat is highly effective. Other
species common to the area can be successfullyotiedtwith herbicides shown in
Bulletin 1466 with rates of applications, mixingstructions, timing of application and
other information.

South Texas Plains
General

The South Texas Plains MLRA includes the largestiquo of Region L. All or part of

the following Region L Counties are in the MLRA,; &lde, Zavala, Dimmitt, Medina,
Frio, La Salle, Bexar, Atascosa, Wilson, Karnesli&glp DeWitt, and Gonzales. The area
is the western extension of the Gulf Coast Plaiesging with the Mexico Plains on the
west. The area is a nearly level to rolling, slighd moderately dissected plain. Scifres
and Hamilton (1993) adapted Welch and HaferkamB7{Lf delineate four components
within the area considered the South Texas PlthedNorthern Rio Grande Plains,
Western Rio Grande Plains, Central Rio Grande Plaml Lower Rio Grande Valley.
Other authors have divided the area into many mbysiognomic regions and
vegetation types (McMahan et al. 1984). Therefivig,noted that much more detailed
information related to soils and vegetation is kde. For the purposes of this paper, the
South Texas Plains MLRA will follow Hatch et al.990) which encompasses the area
that lies roughly south of a line from San AntotodDel Rio, Texas and continues until it
joins the Gulf Coast Prairies and Marshes on tisé @&ad the Rio Grande River on the
south and west.

Upland soils are of three groups: dark, clayeysso¥er firm clayey subsoils; grayish to
reddish brown, loamy to sandy soils; and brown Ipauwils. Gray, clayey, saline, and
sodic soils are extensive on the coastal fringemalvith Galveston deep sands.
Bottomlands are typically brown to gray, calcaresiltdoams to clayey alluvial soils.

South Texas climate is recognized as unique, bag@nly east-coast subtropical steppe
anywhere on earth, and a question exists amongnodtgists as to why a semiarid
climate lies where it should not, immediately dovimivof the great moisture reservoir of
the Gulf of Mexico (Trewartha 1968, Norwine and @iam 1985).Mean annual
precipitation ranges from near 36 inches in théeeagart of the area (DeWitt and
Gonzales Counties) to 20 inches in the extremeasegiortion (Dimmitt County). The
area is notoriously prone to great fluctuationpriecipitation, ranging from extreme
droughts to floods, primarily from Gulf disturbaisae the late summer and fall. In a
study by Norwine and Bingham (1985), “normal yeatBbse with precipitation between
90 and 110 percent of the long-term median rainfetke observed only 30 percent of
total years, while 36 percent of the years hadadlitess than normal and 34 percent had
rainfall of more than 110 percent of the median.

The original vegetation was an open grasslandvarsah-type along the coastal areas
and brushy chaparral-grassland in the uplands §lohri963). Originally, oaks and
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mesquite and other brushy species formed dendeethionly on the ridges, and oak,
pecan, and ash were common along streams (Inghé)1€ontinued grazing and
cessation of fires altered the vegetation to sudbgree that the region is now commonly
called the Texas Brush Country. Many woody spelté increased, including
mesquite, live oak, acacias, brazildyphus obovadaspiny hackberryGeltis Pallidg),
whitebrush Aloysia gratissimg lime pricklyash Zanthoxylum fagara Texas

persimmon Diospyros texang shrubby blue sag&élvia ballotiflorg, and lotebush
(Zizyphus obtusifolia

Characteristic grasses of the sandy loam soilseaeoast bluesterS¢hizachyrium
scopariumvar. littorale), bristlegrassesSetarig, paspalums, windmillgrasseSt{loris),
silver bluestem, big sandbuC€nchrus myosuroidgsand tanglehead. The dominants on
the clay and clay loams are silver bluestem, Arizoottontop Digitaria californica),
buffalograss, common curlymesquitdilaria belanger), and species @etaria,
Pappophorum, and Bouteloubow saline areas are characterized by gulf caskyr
seashore saltgrass, alkali sacat®pafobolus airoides and switchgrass. Forbs include
orange zexmani&géxmania hispida bush sunflowersSimsig, velvet bundleflower
(Desmanthus velutinystallowweedsRlantagq, lazy daisiesAphanostephy)sTexas
croton Croton texensis and western ragweed. Grasses of the oak savaanaimainly
little bluestem, Indiangrass, switchgrass, crinklegTrachypogon secundysand
species of Paspalum. Pricklypear is charactetistmughout most of the area. Forbs
generally associated with all but the most salwiks ire bush sunflower, orange
zexmania, shrubby oxali®©kalis berlandierj, white milkwort Polygala alb3,
American snoutbearRhynchosia americapaand greenthread ielesperma nuecernse

Because the South Texas Plains lie almost entrelyw the hyperthermic line,
introduced tropical species do well. The introduspdcies buffelgras€énchrus

ciliaris) has proliferated and is common on loamy to saudlyg in the western half of the
area. Coastal bermudagrass, kleingrBssiicum coloratury) and rhodesgras€hloris
gayang are also common introduced species in tame psstur

Range is the major land use, but irrigated andaghigyicropping of cotton, sorghum, flax,
small grains, and forages are also important. €itvegetables, and sugarcane do well in
the Lower Rio Grande Valley. Many acres are ingédemdholdings, such as the King
Ranch (825,000 acres). Livestock production is prilm cow-calf range operations, and
wildlife production for hunting and recreationakusre becoming increasingly important.
The South Texas Plains vegetational area is knatiomwide for its large white-tailed
deer Odocolieus virginianus Quail Colinus virginiang, mourning dove4enaida
macrourg, turkey Meleagris gallopavy feral pigs Sus scrofg and javelinaDicotyles
tajacu) are other major game species. Stocker operatiotigeedlot operations are
intermixed with cow-calf operations. Sheep and guaérprises, once common
throughout the area, are now confined mostly tantbrthernmost part because of coyote
predation. Integrated use of range, crops, andjésrés increasing as is vegetable and
peanut production where irrigation is possible.
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Specific Reference to a Dominant Ecological Site

For the purpose of this paper, a proposed ecolbgitea(submitted but not yet available
in approved ESD on NRCS web site) in the South $é&Xains (83B) will be used to
illustrate the vegetation steady states and tiansithat occur from the HCPC through
the process of retrogression to those communit@® rmommonly existing today. A
Gray Sandy Loam ecological site is a commonly aoegrsites in the MLRA.The
proposed ESD for a Gray Sandy Loam site includesthate and transition model shown
in Figure 3.

Figure 3. State and Transition model (proposeddy@andy Loam site, South Texas
Plains PE 19-31.
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The plant communities that can be found on thesrsihge from a mid-grass dominant to
a brush covered site with bare ground. This ditgisiplant communities is in direct
response to grazing management, fire, and drought.

The historic climax plant community (1) was compbsé predominantly mid-grasses
such as, trichlorisGhloris spp), Plains bristlegras$Sétaria macrostachyapink
pappusgras@ppophorum bicolgr Arizona cottontopigitaria californica), silver
bluestem Bothriochloa laguroides green sprangleto.éptochloa dubip sideoats

grama and lovegrass tridengiflens eragrostoidgsA small percentage of woodies such
as guajillo, blackbrush, spiny hackberry, vine efsheEphedra antisyphilitich

condalias Condaliaspp.) and many others were scattered acrossriiedape.

Numerous perennial forbs occurred on the site diolyisnoutbean, velvet bundleflower,
sensitivebrier, bush sunflower, orange zexmeniarayakeletonleaf goldeneye and
numerous annual forbs. It was maintained by petigdazing by roaming herds of
wildlife, and numerous fires that were set by lilghg and the native Americans. The site
was productive, and maintained a high percentageonfnd cover with forage

production ranging from 1000 (low year) to 340Qythyear) pounds per acre (Table 5).
Runoff of rainfall was medium, being in the hydmilogroup B, with a hydrologic curve
number of about 60. Soil fertility and availableteraholding capacity are low to
medium.

After settlement by European man, the area wastkeand in many instances stocked
beyond its natural capacity with livestock. Firesrevstopped by the reduction of fine
fuel due to over grazing and the efforts of ransherextinguish wildfires to protect their
investments in forage, livestock, facilities, arid.IThe combination of these activities
coupled with periodic drought natural to the aczaised the plant community to change.

In the historic climax plant community, the mid-ggas dominated the short grasses due
to their ability to capture sunlight and shadegherter grasses. The mid-grasses also had
deeper root systems that allowed them to capteredlep moisture while the short
grasses had shorter root systems and could camtiy¢he shallow moisture. Due to
these differences, the mid-grasses maintained doro@over the short grasses as they
could produce more food and maintain a higher sthkealth and vigor in times of
drought. Fire occurred on a regular basis as thasenormally good fine fuel. When

fires started They could often burned for dayshage was nothing but rivers or denuded
low producing ecological sites to stop them. THess maintained the woody
component to a small percentage of the total prioalucas well as canopy cover. Fires
assisted in maintaining a good component of pee¢mmibs on the site by opening the
ground cover to allow their establishment and regation and breaking the dormancy of
the seeds.

As the stocking rates exceeded the carrying capathie land and the natural graze-rest
cycles were broken by continuous grazing, the nmasses were grazed to the point that
they could no longer produce the food in their E=ato maintain there health and vigor.
When they were consistently grazed to the pointrevhittle leaf area was left, they
stopped supplying the root system with food, aswadiilable food produced was being
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used to grow more leaf area to enhance the foodifaeturing process. If overgrazing
persisted, root systems of the overgrazed plamtreeed to recede. In time, with
continued close grazing, the mid-grasses wouldieamore shallow rooted, weaker
plants with small leaf area less able to surviveftequent droughts in the area. Long-
term over utilization of the mid-grasses causeddlspecies to decline and fostered
spread of the short grasses on the site. Theseglagses were fall witchgraganicum
dichotomiflorun), sand dropsee@&porobolus cryptandrishooded windmillgrass
(Chloris cucullatg, curlymesquiteHlilaria belanger), buffalograssBuchloe
dactyloide$, perennial threeawrA(istida spp.), and slim trideng (idens muticups If
heavy continuous grazing continued, common invaderg croton, ragweedmbrosia
spp.), tumblegrassS¢hedonnardus paniculafuperennial broomweedsytierrezia
sarothrag, grassbur@enchrus incertys Texas bristlegras$étaria texanp and halls
panicum Panicum halli).

As this reduction of mid-grasses and expansiomoftgyrasses was occurring, fires were
reduced as explained above. This allowed guajilddminate the site to form a dense
canopy together with blackbrush, condalia, wolfp€brycium berlandieri), pricklypear,
Texas persimmorDjospyros texang paloverde RParkinsonia texang ceniza
(Leucophyllum frutescepand comaBumeliaspp). With their domination, these plants
now captured the sunlight first and occupied theofile with root systems, therefore
placing the short grasses and the remnants of naiskgs in a sub-dominant position. At
this point the area is represented by the Shruldéad3) with a canopy of brush greater
than 20 percent and often reaching between 60 pet@¢otal closure. In the heavy brush
cover, understory vegetation will range from a eafeshort and mid grasses to bare
ground. The Shrubland state is a new steady $tatenill exist until energy is applied to
reduce the brush competition, increase the midtaligtass species through proper
grazing and a brush management maintenance progfararea may need to be seeded
with a seed source of native seeds and a goodhgrazainagement program established
to maintain the health and vigor of the forage congmt.

Plant community 1 in the S/T model (Table 5) reprgés the HCPC. It is a fire climax,
midgrass plant community that has less than 5 peaamopy of woody plants. The
grasses are trichloris, Arizona cottontop, Plainstlegrass, pink pappusgrass, silver
bluestem, green sprangletop, sideoats grama, lasegridens, fall witchgrass, sand
dropseed, hooded windmillgrass, curlymessquitdabagrass, perennial threeawn, and
slim tridens. The woody plants are blackbrush, spickberry, vine ephedra, condalias,
wolfberry, guajillo, guayacan, Texas persimmonppaftde, cactus, desert yaupon, Texas
kidneywood, allthorn, ceniza coma and mesquiterd aee numerous forbs including
snoutbean, velvet bundleflower, sensitivebriereddushsunflower, orange zexmenia
gaura, skeletonleaf goldeneye and numerous anor. fRecurrent fire and grazing by
bison and other wildlife were natural componentthefecosystem.

With settlement by European man came long-termstoeking the range with

domestic animals. Naturally occuring fires no longevided control of the woody

plants as the fine fuel (primarily grasses) wasiced so that it would not carry a fire, or
the fire was stopped by ranchers to protect tineestment. The change of these two very
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important components of the ecosystem caused aatiaomange in the plant
communities. The midgrasses gave way to the shastsgs and the brush started to
increase causing a shift to the Mid-grass/ Shoas&Dominant, 5-20 % canopy phase,
plant community (2). This phase can be managed tmaitle Mid-grass Dominant, 5%
woody phase through the use of prescribed grazidgreescribed fire. Once the woody
canopy exceeds approximately 20 %, a thresholdhaile been passed to the Shrubland
steady state. In this case, energy in the formeai/fi equipment and/or herbicides will be
required along with prescribed grazing to shift ptent community back to the Grassland
Savannah steady state.

The Grassland Savannah steady state can be caht@ttee Seeded steady state by
controlling the brush and seeding to native omiditiced grasses. It may also be plowed
and converted to cropland.

Table 5. Annual Production (Ibs/ac) by Plant TyHEPC)

Representative
Plant Type Low Value High
Grass/Grasslike- 750 2295 3060
Forb 100 128 170
Shrub/Vine 150 127 170
Total 1000 2550 3400

This phase of the Grassland Savannah steady statenunity 2) still exhibits a
savannah plant structure with the woody speciesmaheing as much as 20%. Guaijillo
is the major increaser brush species with blackrosndalia, wolfberry, pricklypear,
Texas persimmon, paloverde, ceniza and coma. $lksesult of fire being removed as a
component of the site. Heavy continuous grazingsakany of the mid-grasses out of
the site and they are replaced by short grassésasusooded windmillgrass, sand
dropseed, perennial threeawn, slim tridens, buffales, and curly mesquite. If heavy
grazing continues, tumblegrass, grassbur, Texadgrass, halls panicum, croton, and
ragweed invade the site. This phase can still beageed back to the Midgrass Dominant,
5% woody phase if desired. It will take the introtion of fire to the ecosystem or some
method of brush management that allows selectiveval of the plants. A Prescribed
Grazing plan will be essential to reverse the treneard the short grass dominant
community and increasing the midgrasses in thet glammunity.
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Table 6. Annual Production (Ibs/ac) by Plant Tyj@@mmunity 2)

Representative
Plant Type Low Value High
Grass/Grasslike 360 1560 1850
Forb 100 200 300
Shrub/Vine 440 440 600
Total 900 2200 2750

If prolonged heavy grazing continues, and witheékelusion of fire, community 2 will
transition to the Shortgrass Shrubland, >20% Wddadyer steady state. This plant
community is a result of an irreversible transitfoom the Grassland Savannah to the
Shrubland steady state. This threshold is passed e woody canopy becomes such
that insufficient fuel is produced to carry a fibat will control the woody canopy. The
under story is very limited in production due te tompetition for sunlight, water and
nutrients. Guajillo dominates the site and forntease canopy together with blackbrush,
condalia, wolfberry, pricklypear, Texas persimmpaloverde, ceniza and coma.
Invading forbs are croton, ragweed and perenn@iibiveed. Tumblegrass, grassbur,
Texas bristlegrass and halls panicum invade tlee Attthis point there is very little

under story production. There is much bare groWater infiltration is reduced on the
site. Water infiltration does occur directly undgeme of the woody species such as
mesquite as it moves down the trunk of the tredeédase. During the growing season,
light showers are captured in the canopy of thalshand evaporate. Energy flow is
predominantly through the shrubs and most nutriarésused by the shrubs. Winter rains
can produce under story forage by the cool seasonah forbs and grasses. Notice the
decline in the high level of production of grasakglike from 3060 Ibs/ac in community
1 to 1850 Ibs/ac in community 2 and 300 lbs/acommunity 3. This represents a
dramatic decrease in both forage resources andtpatkiel load for prescribed fires.

Table 7. Annual Production (Ibs/ac) by Plant Tyj@@mmunity 3)

Representative
Plant Type Low Value High
Grass/Grasslike 50 200 300
Forb 50 200 300
Shrub/Vine 1200 1300 1400
Total 1300 1500 2000

Brush Management Practices

The South Texas Plains are the heart of the TeBash Country”, sharing that
designation with the Gulf Coast Prairie, as presipuoted. Brush stands in the area are
often aggregates of 15 or more species, most deaized by thorns or spines and
existing in three strata — overstory of trees, sty of shrubs and an understory of
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subshrubs and cacti. Frequently the cover is seyhdbat only shade-tolerant herbaceous
plants exist and the access to grazing animaledyded.

The brush management practices described for tifeG&ast Prairies earlier in this
paper are similar for the South Texas Plains. Ghgiand rootplowing where the most
popular of the early mechanical practices utilizethe area and have been applied on
hundreds of thousand of acres in the MLRA. Whiletptowing may obtain near 100
percent mortality of the existing woody plant sgsoon the treated area, the soil seed
bank ensures that most species will eventuallyvecon the treated sites. However,
there is a differential recovery rate by specia#) ®ome of the least desirable browse
species, such as mesquite and twisted acacia m@@gwveuch more quickly than the
better browse plants, such as spiny hackberry (Hamet al.1981). With proper grazing
management, rootplowing is expected to providenarease in forage production for as
long as 15-20 years when used on heavily brusistiedesites in the area. If follow-up
maintenance practices, such as IPT chemical or amécdl are used, the increase in
productivity of the site can be extend for manyitddal years.

Chaining was used primarily in the 1940’ and 5(istlee original stands of large
mesquite infesting the area. Where the practiceappied on sandy or sandy loam soils
(rather than heavy clay soils) and/or if soil maistwas optimum, large areas were
essentially cleared of mesquite or other largestne¢he same treatment area. However,
as has been well documented, the shrubby speatw/éne present at the time of
chaining and that were not uprooted grew vigorouskhe post-treatment are a

following their release form the over story mesguompetition. Chaining and
rootplowing are credited also with the spreadingridklypear on many sites (Dodd
1968). Other mechanical practices, including ratleopping, shredding, disking,
bulldozing and grubbing are all used in the reglmsth as broadcast treatments or as IPT
when feasible based on brush size and densitiesrelprouting nature of woody species
in the area limits the effectiveness of the skekstoaders and shears, however, some
operators are using a “cut stump” herbicide appbcaon the plants immediately
following shearing. The herbicide application eaqnént is built into the machine so that
the shearing and herbicide applications are doesingle operation.

Chemical brush management practices also havegahistory of use in the MLRA and
are similar to the Gulf Coast Praires previouslyadided herein. Mesquite and
pricklypear tend to be greater problems in the di@xas Plains, while huisache is
reduced in significance compared to the Gulf C@aatries, especially in the more
western counties, such as Zavala and Dimmitt.

POST OAK SAVANNAH and BLACKLAND PRAIRIES
General
There are two additional MLRA that include portiafsCounties within Region L. The

Post Oak Savannah includes portions of DeWitt, Glugee and Caldwell Counties, as
well as very minor portions of Victoria, Goliad, @xales and Wilson Counties. The
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Blackland Prairies includes portions of Hayes, CloiBaxar, Guadalupe, Caldwell,
Gonzales and DeWitt Counties. Compared to the Edsvatateau, Gulf Coast Prairies
and Marshes and South Texas Plains, the land af¢las Post Oak Savannah and
Blackland Prairies within Region L are very smaltlawill be included together for this
paper.

The Post Oak Savannah lies just to the west odPtheywoods and mixes considerably
with the Blackland Prairies area in the south. Pbset Oak Savannah is a gently rolling,
moderately dissected wooded plain.

Upland soils are gray, slightly acid sandy loanmnmonly shallow over gray, mottled or
red, firm clayey subsoils. They are generally dtaygnd have claypans at varying
depths, restricting moisture percolation. The bratemd soils are reddish brown to dark
gray, slightly acid to calcareous, loamy to clagdyvial. Short oak trees occur in
association with tallgrasses. Thicketization oc¢arhe absence of recurring fires or
other methods of woody plant suppression. Thigraigve pattern of predominantly post
oak and blackjack oalQuercus marilandicpin association with tallgrasses also
characterizes the vegetation of the Cross TimhaidPaiairies vegetational area.
Associated trees are elms, junipelgniperu3, hackberriesGeltis), and hickories
(Caryaspp.). Characteristic understory vegetation incduglgubs and vines such as
yaupon [lex vomitorig, American beautyberry, coralber§ymphoricarpos

orbiculatug, greenbriar, and grapes.

Climax grasses are little bluestem, indiangrasgchgrass Panicum virgatury silver
bluestem Bothriochloa saccharoidg¢sTexas wintergrassSipa leucotrich@ brownseed
paspalum, purpletop, narrow leaf woodo&bgsmanthium sessiliflorgmand beaked
panicum Panicum ancepsLower successional species include brownseephas,
threeawn, broomsedge bluestem, splitbeard blue@eanropogon ternarius rosette
grasses, and lovegrassEsagrostig.

Forbs similar to the true prairie species are wittigo, indigobushAmorpha fruticosa
var. augustifolig, senna, tickclover, lespedezasgpedespp), prairie clovers
(Petalostemospp), western ragweed, crotorSrptonspp), and sneezeweeds
(Heleniun).

The area is well suited to grain crops, cottongtables, and fruit trees. It was
extensively cropped through the 1940's, but mangsdeave since been returned to
native vegetation or tame pastures. Pasturelandsfrequently been seeded with
introduced species such as bermudagrass, bahiageessing lovegras&(agrostis
curvuld), and clover.

Deer, quail, and squirrel are perhaps the mostauarally important wildlife species for
hunting enterprises although many other small masarad birds exist in the region.
The major livestock enterprise is mixed cow-calésfmg operations with many small
herds on small landholdings. Livestock use eithard pastures, native pastures, or the
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woodland areas for forage throughout the year. Wloeds, and rye are often planted for
winter pasture.

The Blackland Prairies area intermingles with tstfDak Savannah in the southeast
and has divisions known as the San Antonio andtkafzairies. This rolling and well-
dissected prairie represents the southern exteo$ithe true prairie that occurs from
Texas to Canada.

The upland blacklands are dark, calcareous shwdttslayey soils, changing gradually
with depth to light marls or chalks. Bottomlandlsaire generally reddish brown to dark
gray, slightly acid to calcareous, loamy to clagey alluvial. The soils are inherently
productive and fertile, but many have lost produgtithrough erosion and continuous

cropping.

This once-luxuriant tallgrass prairie was domindigdittle bluestem, big bluestem,
indiangrass, tall dropsee8gorobolus asperar. aspej, and Silveus dropsee8.(
silveanu3$. Minor species such as sideoats graBaufeloua curtipendula hairy grama

(B. hirsutg, Mead's sedgeCarex mead), Texas wintergrass, and buffalograBsc¢hloe
dactyloide$ have increased with grazing pressure. Commorsfarb asterAsterspp),
prairie bluet Hedyotis nigricanyar. nigricang, prairie-clover, and late coneflower
(Rudbeckia serotinaCommon legumes include snoutbedRby(nchosiaspp.) and vetch.
Mesquite, huisache, oak, and elm are common ingamlepoor-condition rangelands and
on abandoned cropland. Oak, elm, cottonwood, atidenpecan Carya) are common
along drainages.

About 98 percent of the Blackland Prairie was galid to produce cotton, sorghum,
corn, wheat, and forages during the latter pathefl9th century and the first part of the
20th century. Since the 1950's, pasture and faceqes for the production of livestock
have increased, and now only about 50 percenteoétba is used as cropland. Tame
pastures occupy more than 25 percent of the lagl and the rest is used as rangeland.
Small remnants of native vegetation exist for grgar for native hay production.
Livestock production with both cow-calf and steperations are the major livestock use.
Winter cereals are used extensively for livestagkzmg in conjunction with tame
pasture forages. Potential is good for increasedymtion of food and fiber crops as well
as forages. Mourning dove and bobwhite quail oruiilands and squirrel along streams
are the most important game species.

Specific Reference to an Ecological Site

A Claypan Prairie site is typical of the BlacklaRdhairie MLRA and will also be used to
illustrate the Post Oak Savannah MLRA as well. Tailgrass prairie site evolved and
was maintained by the grazing and herding effectative large ungulates, by rodents
and rabbits, and by insects as well as the occcerefiperiodic fire. Extreme climatic
fluctuations over time may also have been impoiitattte maintenance of the historic
plant community.
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The soils of this site are deep, noncalcareousysiaths and clay loams. The topsoll is
underlain at rather shallow depths by dense, fdagley material which restricts air,
water movement, and root growth. The soils takeater slowly, but can hold large
amounts of water and plant nutrients. The soilthisfsite give up water grudgingly to
growing plants. Plants may wilt even though thé Isas comparatively high moisture
content. Heavy surface crusts develop in the alesehgood vegetative cover.

The first killing frost occurs about November 1%iid the last killing frost about March
15th. The growing season is about 300 days. Séeifspweather data should be used for
land management decision making. For site spewiiather conditions, obtain data from
a weather station close to the site. Site spesdiather data may be obtained at NRCS
county offices or from the Internet faittp://www.wcc.nrcs.usda.gov/water/wetlands.html

Table 8. Climatic data for a Claypan Prairie dikackland MLRA

Minimum Maximum
Frost-free period (days): 266 274
Freeze-free period (days): 298 302
Mean annual precipitation (inches): 34.0 42.0

Continuous overgrazing by confined livestock ordhié and the suppression of fire
degrades the historic climax plant community. Qmndus grazing will remove big
bluestem Andropogon gerard)i Indiangrass§orghastrum nutanslittle bluestem
(Schizachyrium scopariumswitchgrassHanicum virgaturjy and preferred forbs such as
EngelmanndaisyEngelmannia peristenjalllinois bundleflower Desmanthus
illinoensig, gayfeatherl(iatris spp.), and compass plailphiumspp.). These plants
will be replaced by less productive perennial amdual grasses and forbs including
silver bluestemBothriochloa laguroides windmillgrass Chloris spp.), threeawns
(Aristida spp.), crotonCrotonspp.), annual broomweeAraphiachyris dracunculoidgs
and snow on the prairi&@phorbia bicoloj. With continued overgrazing, no brush
management, and the absence of fire, a communityrdded by woody species
including mesquiteRrosopis glandulosg post oak Quercus stellatp hackberry Celtis
spp.), winged elmyImus alatd, and Eastern red ceddugiperus virginianawill
replace the grassland.

The historic climax plant community (HCPC) of tkie is a prairie or very open
savannah. Live oak (Quercus virginiana), winged, @nhackberry may occur along
water courses or in scattered motts and providel®tpercent canopy cover. Large old
post oak trees may be widely scattered over thes She herbaceous plant community is
dominated by little bluestem and Indiangrass whishally constitutes 50 to 65 percent
of the total annual yield. Switchgrass, big bluest€lorida paspalumP@spalum
floridanum), sideoats gramadputeloua curtipenduba silver bluestem, and tall dropseed
(Sporobolus compositpare important components of the warm season g@aslation.
Virginia (Elymus virginicusand Canadag|lymus canadensisvildrye and Texas
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wintergrassNassella leucotricheare components of the cool season grass populatio
Important forbs include Engelmanndaisy, gayfeathitris spp.), bundleflower, prairie
petunia Ruellia humilig, and yellow neptunia\eptunia lutea Grazing prescriptions
that permit acceptable grazing periods and allogagaéte rest periods along with
prescribed fire every three to five years are irtgoadrin the maintenance of the historic
climax plant community and the prairie landscapecstire. Continuous overgrazing or
over-rest and the absence of fire tend to favagetative shift towards woody species
such as mesquite, elm, hackberry, post oak, persm@iospyros virginiang, and
honey locustGleditsia triacanthos Without corrective measures, this shift will tone
to a mesquite-oak shrub dominated community.

Figure 4. State and Transition Model, Claypan Rr&ite, Blackland Prairie MLRA
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As with other sites discussed previously, the SAd#l for the Claypan Prairie site
indicates the dramatic decline in production obafpg species as retrogression away from
the HCPC occurs. To illustrate this for a site esntative of the MLRA, the following
annual production tables are provided. The firsledTable 9) shows at the high level of
production 6050 Ibs/ac, of which 4850 Ibs/ac isrfrgrass and grasslike plants. Most of
this production is from tall and midgrasses..

Table 9. Annual Production (Ibs/ac) by Plant TyHEPC)

Annual Production (Ibs/AC)
Representative

Plant Type Low Value High
Forb 300 450 600
Grass/Grasslike 2425 3600 4850
Shrub/Vine 150 225 300
Tree 150 225 300
Total: 3025 4500 6050

Table 10 provides the annual production (lbs/ac}tie Oak-Mesquite-Midgrass
transition state in the S/T model. This plant comityis a transitional community
between the prairie, pastureland, or cropland hadak-mesquite woodland state. It
develops in the absence of fire or mechanical entbal brush management treatments.
It is usually the result of abandonment followirrgmping or yearly continuous grazing.
In addition to the naturally occurring winged elmackberry, bumeliaSideroxylon
lanuginosuny, live oak, and post oak - mesquite and Eastafrceear increase in density
and canopy coverage (20 to 40 percent). In sonmescaspecially in abandoned cropland
situations, mesquite may dominate the woody compiomiethe community. Species
whose seed is windblown (elm) or animal disperseelsquite, Eastern red cedar,
bumelia) are the first to invade and dominate ttee Remnants of little bluestem and
Indiangrass may still occur, but the herbaceouspmorant of the community becomes
dominated by lesser producing grasses and forberRiluestemBothriochloa
saccharoidel windmill grass Chloris spp.), white tridensIfidens albescensfall
witchgrass Digitaria cognatg, threeawn Aristida spp.), Texas wintergrasidssella
leucotrichg, Halls panicumPanicum halli), western ragweed\(mbrosia psilostacfa),
croton Crotonspp.), annual broomweeArqiphiachyris dracunculoidgsand snow on

the prairie Euphorbia bicoloy commonly occur.

If the woody shrub canopy has not exceeded 40 peprescribed burningona 3to 5
year interval in conjunction with prescribed gragis a viable option for returning this
community to a tallgrass prairie that may resentisdehistoric clima x plant community.
If the woody canopy has exceeded 40 percent (Oadgie-Midgrass transition state,
community 4), chemical or mechanical brush contrakt be applied to move this
transitional community back towards the historiarplcommunity. Total production on
the site has dropped from 6050 Ibs/ac in the HC&Gnaunity to 4200 Ibs/ac in the Oak-
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Mesquite-Midgrass transitional community (4). Grasd grasslike species provide
approximately 2400 Ibs/ac, most of which is complasiemid and short grasses that are
less desirable as forage plants than plant commanit

Table 10. Annual Production (Ibs/ac) by Plant T{ant Community 4)

Annual Production (Ibs/AC)
Representative

Plant Type Low Value High
Forb 300 450 600
Grass/Grasslike 1200 1800 2400
Shrub/Vine 450 675 900
Tree 150 225 300
Total: 2100 3150 4200

The final Community (5) used to contrast site piaun based on deviation from the
HCPC steady state is the Oak-Mesquite-Woodlane §tatble 11). This plant
community is dominated by woody species includingtpak, mesquite, hackberry,
Eastern red cedar, honey locust, prickly ash, amddbia. Canopy cover exceeds 40
percent. Understory shrubs and vines include dweal, greenbriar (Smilax sp.), grape
(Vitis sp.), prickly pear (Opuntia sp.), and baathé&Baccharis halimifolia). Herbaceous
composition and production is directly related amapy cover. Texas wintergrass,
purpletop tridens (Tridens flavus), silver bluestéineeawn, sedges (Carex sp.), croton,
and annual broomweed commonly occur. If the siteotsabandoned cropland, chemical
brush control along with prescribed grazing anggribed burning is a viable treatment
option for moving this community back towards thstdric plant community.

Mechanical brush control and seeding is usuallyntiest viable treatment option when
the objective is to return this state to a comnyuthiat resembles the historic climax plant
community. Production of forage species is dramadlliceduced, with the shrubs, vines
and trees making up over 55 percent of total sieyrction at the high level. Grass and
grasslike plants account for only 1200 Ibs/ac atttigh level of production. It is also
significant that at the low level of productiondioative of frequent drought conditions,
community 5 produces only about 600 Ibs/ac of gemskgrasslike plants.
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Table 11. Annual Production (Ibs/ac) by Plant T{ant Community 5)

Annual Production (Ibs/AC)
Representative

Plant Type Low Value High
Forb 150 225 300
Grass/Grasslike 600 900 1200
Shrub/Vine 500 750 1000
Tree 850 1275 1700
Total: 2100 3150 4200

Brush Management Practices

When a Claypan Prairie site has retrogressed td ptanmunities 4 and 5, there is a
thicketizing of woody vegetation that may includeets, such as post oak, elms, mesquite
and hackberry, large enough to be effectively adled with chaining. Soils on the site
are deep and favorable in many areas for use ¢fflawaing. Bulldozing to push and
uproot large trees is also a common practice. Feardy species that are smaller than
mature trees and where tree density is low (100t28#¥/ac), power grubbing is another
mechanical treatment alternative. In low tree dessand where size is not limiting

(stem diameters of <4 inches), low-energy grublsrgjso a mechanical alternative.
Understory vegetation including yaupon, coralbegrgenbrier and others will quickly
expand in density following overstory removal. Slenfpp removal practices, such as
shredding and roller chopping will give temporaelief from these shrub species, but
should be followed with prescribed fire or IPT macttal or chemical treatments to
maintain brush control. For individual plants tbatur in the woody plant composite and
that are not resprouting species, sheering witticasteer loader would be an option.
Eastern red cedar that occurs on the site is am@eaof a non-sprouting species that can
be effectively controlled by sheering. The mechainétjuipment discussed here has been
described in detail in other sections of the paper.

Innovative IPT equipment, such as “El Tiburon”, 8t@rk, has been developed to uproot
woody plants with stem diameters up to 5 inchess €quipment operates on a 3-point
hitch behind a rubber-tired tractor and “grabs” titee trunk with two claw-type arms by
closing hydraulic cylinders and then pulls the pfaom the soil profile.

Chemical control on the site can be very effectoreoak species. Broadcast chemical
treatment with tebuthiuron (Spike 20P) at a raté®fbs. of pellets (2 Ibs. a.i.) will give
a very high level of mortality of blackjack oak,gt@ak and winged elm. For other
woody species, including hackberry, baccharis, gienbrier, yaupon, Chinese tallow
and pricklyash, chemical IPT provides a very higvel of control (76-100% mortality).
Eastern red cedar is effectively contolled chenyoalth IPT using picloram (Tordon
22K) or hexazinone (Velpar L® or Pronone Powerds®). Chemical control methods
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for huisache and mesquite will be the same as itbeskcearlier in this paper for these
species. For example, clopyralid (Reclaim®) appbesadcast alone or in combination
with picloram (Tordon 22Kk) or triclopyr (Remedy)lirgive a modenate to high (36-75%)
mortality of honey mesquite. Huisache and retamaataespond as well to broadcast
chemicals as mesquite, but can be controlled todenate level (36-55%) of mortality
with several herbicide compounds, including comtiames of picloram (Tordon 22k) and
triclopyr (Remedy) or picloram and clopyralid (Reoh). Huisache can also be
controlled at the same level with boardcast appboa of fluroxypyr and picloram (1:1)
(Surmount) and picloram (Tordon 22k) alone. Botlsquaete and huisache can be
effectcively controlled (very high mortality 76-1%2) with IPT chemical treatments
applied as either stem basal, cut stump or folsgyays.

Potential to Augment Recharge and Streamflow WithinrRegion L Through Shrub
Control

In this section, we examine the scientific basrsuging shrub control as a means of
increasing groundwater recharge with an expligugon two of the landcover types
within the Region L Planning area: (1) juniper wtzodls within the Edwards Plateau
Major Land Resource Area (MLAR) and (2) South Testagublands within the South
Texas Plains MLRA—in particular those shrublanderiping the Carizzo-Wilcox
recharge zone within Zavala and Dimmitt countiége are focusing on these two areas
because they offer the greatest opportunitiesribaeced recharge through land
management.

General Overview-Shrub Control and Water

Despite the uncertainties that remain, we are dentiof a number of things regarding
the connection between woody plants and streamifderknow, for example, that this
connection becomes stronger as annual rainfalbadiilable water increases. There is
extensive literature showing that in forests, striéaw increases following a reduction in
the number of trees (Bosch and Hewlett 1982, Stédl®96, Zhang et al. 2001). For
rangelands, however, relatively fewer studies tsla@vn that streamflow and or
recharge can be increased by reducing the cowgoodly plants. In most but not all
semiarid regions, the energy available for evajpamaif water is sufficiently high that
most of the comparatively low amount of precipaatis “lost” to evapotranspiration,
regardless of the type of vegetation present.

Rangeland areas with the most potential for inéngagcharge through shrub control are
those areas where deep drainage (water movemeond&ye herbaceous rooting zone)
can occur (Seyfried et al. 2005, Wilcox et al. 200®is characteristic is found, for
example, where soils are shallow and overlie nethtipermeable bedrock (such as karst
limestones). An example in Texas is the EdwardteRinarea, which supports large
tracts of juniper woodlands and has considerablgerfftowing water” than would be
expected for a semiarid or subhumid climate (cQ.mM@n/yr). The explanation lies in the
karst geology—a substrate of fractured limestoa¢ alows rapid flow of water to the
subsurface. Other soil types that may enable desmpatje are sandy soils. Shrublands in
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region L that exhibit these characteristics argunéer shrublands within the Edwards
Plateau and the South Texas shrublands overlymgeitharge zone of the Carrizo-
Wilcox Aquifer. In this report, we summarize theadable literature for both of these
two areas.

Part I: Ashe Juniper Woodlands of the Edwards Platau

The presence of springs is an excellent indicatian subsurface flow exists in a region.
On Texas rangelands, springs are most commonlgiassd with limestone or karst
geology. Two important features of such sites—ngnsallow soils (which cannot
store much water) and fractured parent materiaigfwallows rapid, deep drainage of
rainfall)—facilitate the presence of springs. Rdagds of this type, which in Texas
mainly occupy the central part of the state, apiclly dominated by Ashe juniper and
live oak. There is a significant body of work exaimg how Ashe juniper affects the
water cycle. We summarize these findingsthar following spatial scales: (1) individual
tree or small plot (the space occupied by a sitrgk); (2) hillslope or stand (large
enough to encompass many trees, and thereby tdesaimportant hillslope processes
such as overland flow, depression storage, andnsedideposition); (3) small catchment
(large enough to incorporate channel and groundvilate processes); and (4) landscape
(encompasses watersheds of 2¢ kmlarger).

Tree Scale

Evergreen shrubs such as juniper have a large itgp@ccapturing precipitation, not
only because they retain their leaves year rountdbécause they have a high leaf area
per tree (Hicks and Dugas 1998). Owenhal. (2006) estimated that the canopy and litter
layer of an Ashe juniper tree together intercepidld0% of the precipitation that falls

on the tree annually. At the same time, the peaggntvaried dramatically depending on
the size of the storm: close to 100% of the ralrifam small storms (<12 mm) was
captured by interception, whereas a much smalleepéage (around 10%) was
intercepted and evaporated during large stormsispieation from an Ashe juniper
community should be greater than that from an retyas community because Ashe
juniper transpires throughout the year, typicabg la much greater community leaf area,
and can access water at greater depths. OwensrestelyX1997), on the basis of direct
measurement of Ashe juniper transpiration ratesclooled that a mature Ashe juniper
tree transpired as much as 150 |I/d, which theyned&d would be equivalent to 400
mm/yr.

In summary, dense stands of juniper intercept eartspire large quantities of water. In
regions where juniper cover is extensive and dethsegfore, this species can have a
major impact on the water cycle at the tree s¢ddsvever, because removal of juniper
may result in increased growth and density of ottegyetation, which would also
transpire and intercept water, it is uncertain mowch water would be “saved” by juniper
removal. As discussed below, largmale studies are required to make such an
assessment.
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Stand Scale

At this scale, the primary measurements of evapsfriaation have been direct estimates
made by means of micrometeorological technology K\@v of only one such study for
Ashejuniper communities: Dugast al.(1998) measured evapotranspiration from an
Ashe juniper community using the Bowen ratio/endsghance method. Two paired
areas, each 200 x 600 m in size, were selectaddasurement over a 5-year period.
After the first 2 years, all Ashe juniper trees ezegmoved from one of the areas by
hand-cutting and burning. For the 2-year periotbfeing this treatment, the difference in
evapotranspiration between the two areas was afootm/yr; but this treatment effect
disappeared in the third year of the study, afteictvevapotranspiration was similar in
the treated and untreated areas. Some very r@oekt also using micrometeorological
technology, however estimates that evapotranspiratites may be as much as 90 mm
higher for woodlands than grasslands (James He#napansonal communication)

Small Catchment Scale

Small catchments with spring®ver the past 150 years, many springs in Texas hav
dried up, perhaps owing to increased groundwaterping (Brune 2002) and/or the
spread of woody plant cover. There are many anatdotounts of springs drying
following the encroachment of woody plants, andming flow returning after woody
plant cover was removed or reduced. Increasessohdrge from springs or spring-fed
catchments following the removal of Ashe junipevdndeen documented in two studies.
Wright (1996), working on a 3-ha catchment in tee&Creek Watershed of central
Texas, reported an increase in spring flow fron¥ 1min during the 2-year pre-
treatment period to 14.4 I/miollowing partial removal of Ashe juniper—this dégpthe
fact that precipitation was lower in the post-tneant period. This increase in flow
translates to about 40 mm/yr of additional watemilarly, Huang et al. (2006) estimate
that runoff from a small spring-fed catchment irased by about 45 mm/yr following
removal of Ashe juniper from around 60% of the batent.

Small catchments without springé few studies have examined the effect of juniper
removal on small catchments where no springs wesept. Richardson et al. (1979)
compared runoff from two 3.7-ha catchments for afydar period. Juniper was removed
from one of the catchments the fifth year, by nolotving. Surface runoff (presumably
generated as Horton overland flow) was about 208m{fn/yr) lower following this
treatment, but this was attributed to increasethsarroughness that enhanced shallow
surface storage. In another paired-catchment gindize Seco Creek watershed), Dugas
et al (1998) found that when juniper cover was remadwetiand-cutting, the treatment
had little influence on surface runoff from thegeadl (6- and 4-ha) catchments. Runoff
accounted for about 5% of total precipitation andusred only when precipitation
intensity was high. Similarly, Wilcogt al. (2005) concluded that changes in density of
Ashe juniper had little influence on streamflowrfremall catchments in the western
portion of the Edwards Plateau.
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Landscape Scale

For Ashguniper rangelands, no large-scale experiments haea conducted. However,
we may be able to infer information from analydisigtorical streamflow.

Streamflow data going back to the early 1900s aadable for many of the major rivers
in Texas. These long-term data can provide insigbtthe nature and variability of
streamflow and the relationship of streamflow tnelte. In addition, such records may
shed light on the sensitivity of streamflow to landpe-scale changesviagetation

cover. For example, we have good evidence that wptaht cover on the Edwards
Plateau increased dramatically during the lasturgr{Smeins et al. 1997). Therefore, if
there is indeed a strong connection between stteanaind woody plant cover, we
should be able to detect a decrease in streamflaing independent of precipitation
differences.

To date, only a few attempts at such analysis baea made for the Edwards Plateau.
One of these studies, by the Lower Colorado RivathArity, examined flow from 1939
to 2000 on one of the major rivers in the regitwe, Pedernales, which drains an area of
over 2300 krh (LCRA 2000). The results showed no evidence ofgka in streamflow
that were independent of changes in climate duhiggperiod. If woody plant cover has
increased in this basin, as it has throughout nofithe Edwards Plateau (Smeins et al.
1997), then these results would indicate that at sge scales, rivers are relatively
insensitive to changes in woody plant cover. Unfioately, since there has been no
detailed assessment of vegetation change in therRads basin, we cannot definitively
say to what extent woody plant cover has changedglthe last 60 years—if it has
changed at all.

Part II: South Texas Shrublands

Within the South Texas Shrublands MLRA, the aretis the most potential for
enhanced groundwater recharge through vegetatioageanent, would be those
overlying sandy soils. Of particular importanceulebbe those areas overlying the
recharge zone of the Carrizo-Wilcox aquifer.

Field Studies

There have been relatively few investigations & South Texas Plains that examine the
influence of woody plants on recharge. We willieswwhat literature is available and
then relate it to work in other landscapes.

The only published study completed in South Tegdhat by Weltz et al. (1995). This
work was conducted at the La Copita Research Ardam Wells County. Dominant
woody plants at this location are mesquite, brapilny hackberry, and lime prickly ash.
Soils on the site were within the Delfina fine sdoam-Miguel fine sandy loam soll
complex. This study compared recharge rates @e thegetation type: bare, herbaceous
cover, and woody plants. Recharge was estimatedeobasis of soil water monitoring
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to a depth of 2 meters. Monitoring occurred foo tyears, but rainfall during one of
those years was well below normal and no rechacgerced on any of the sites. During
the other year, when rainfall was 887 mm recharge 8, 22, and 0 on the bare, grass,
and shrub plots respectively. On the basis ofghidy, we would conclude (1) that little
to no recharge occurs if woody plants dominatef(@pody plants are removed there
will be some recharge that is equivalent to ardsftdof rainfall and finally (3) recharge
may be around 10% of rainfall in the complete absesf vegetation cover. This would
perhaps be comparable to fallow dryland agriculture

There have been no other studies conducted in Jaxths but the results of this study
are generally consistent with work conducted elsa@ln Texas (Wilcox 2002, Wilcox
et al. 2006). Work on mesquite rangelands in tbiirg) Plains of Texas suggests that
annual recharge rates are 3 mm or less for mescpnered areas and 5-10 mm if the
mesquite are removed. In the absence of vegetational recharge was around 15 mm
(Carlson et al. 1990). Mesquite removal had a mMaider effect on deep recharge in the
Blackland Prairie region of Texas and rechargeeimegal was much higher(Richardson
et al. 1979). This is because the soils in thelBtnd Prairie will form deep cracks
during dry periods which periodically provide oppunities for significant and deep
recharge. In all of the studies mentioned aba&harge rates were determined by
monitoring soil moisture. An alternative approagihat of using flux towers for
determining evapotranspiration rates. A studyhef type on mesquite rangelands of
North Texas (Dugas and Mayeux 1991) concludedrdditarge rates were little affected
by mesquite removal.

The studies that have been completed in Texasesrerglly consistent with work in
other semiarid locations which highlights the straontrol that vegetation cover has on
recharge (Sandvig and Phillips 2006, Scanlon €Qfl6). Almost without exception,
recharge rates are low to zero under shrub can{@@gdried et al. 2005). Also, the
complete removal of vegetation generally resultsigmificant increases in recharge
(Scanlon et al. 2005).

Hydrological Modeling

Hydrological models can provide insight concerniagharge dynamics. A
comprehensive modeling exercise of recharge dyreafardhe state of Texas has just
been completed (Keese et al. 2005). This worklighgts the strong influence of climate,
soils and vegetation on recharge (Figure 5). T$ieulations would suggest that for the
Region L area, recharge would be less than 5-10ysan/
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Figure 5. Simulated recharge rates for the stateras (Keese et al. 2005).

The influence of soil texture and vegetation onuated recharge is summarized in
Figure 6 below. Keese et al. (2005) found thatrdobarge rate declined by a factor of 2-
30 times when vegetation was added to the mode¢sd results would suggest that
vegetation management on sandy soils can haveregsaiffect on recharge.

Figure 6. Results from the Keese et al. (2005)eting study showing the relationship
between simulated recharge, vegetation cover ahtesture.
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Summary and Implications

Ashe Juniper Rangelands on the Edwards Plateau

The influence of Ashe juniper on the water budgetains the subject of some confusion
and disagreement, in part because the implicatbtise scale at which measurements
were made have not been fully considered. For el@rapthe tree scale, the most
common measurement is some index of evapotranigpiray trees. After removal of
trees, these numbers have often been extrapolptedthout taking into account the
compensatory effects of regrowth of trees or regtaent by other vegetation. These
measurements do not take into account water usegdbigcement vegetation, as the
larger-scale studies do. For example, at the take sfor an area with an average annual
precipitation of 750 mm/yr, an individual tree wilitercept and transpire virtually all of
the available water. At the stand scale, howeveestimated by Dugaet al.(1998), the
difference in water consumption between a woodkmdia grassland is between 40-50
mm/yr. Newer work suggests differences as higgGasim/year however. Water balance
studies at the small-catchment scale (where sparigs) indicate water savings of
around 50 mm/yr. (Huang et al. 2006).

From these results, we are increasingly confidesit ¢conversion of Ashe juniper
woodlands to grasslands or more open savannatavilate to increases in spring flow
and/or groundwater recharge at the small catchswie. But it remains uncertain
whether similar results will be seen at larger egaht the landscape scale we have not
found evidence of water savings due to changesgetation cover. The reason for this
lack of evidence is not yet clear—whether (1) tHeas been no net change in woody
plant cover; (2) there has been a change in wotaht pover but this has no influence on
streamflow; or (3) there has been a change in wotaiyt cover and it has affected
streamflow, but the signal cannot be detected tscatitoo much “noise” in the data.

On the basis of the literature available, our quirkeest estimate is that conversion of
Ashe Juniper woodlands into open savannas wouldtiesan average increase in water
yield (streamflow and recharge) of around 50 mnrlyea

South Texas Shrublands

On the basis of this review, we believe that regban the South Texas shrublands is
very limited if shrub cover is dense. All of theadlable data strongly suggest that in the
presence of dense shrub cover, there will be litty recharge. However, both the
modeling and field work suggest that in the absearicrubs, recharge will be
appreciably higher—especially for sandy soils. &mmmple, Weltz et al (1995) found
that when rainfall was slightly above average, aegh was around 20 mm/year for grass
covered areas. The implications of this then laa¢ $hrub control over the recharge area
would in the long term increase distributed reckarg

Our estimate that for the South Texas shrublanasage recharge on sandy soils could
be increased by shrub control anywhere from 10m&dyear. In the figure below, we
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make a rough calculation of the potential incraagecharge that may occur if shrubs
were removed within the Carrizo Wilcox rechargeeofror example, distributed
recharge would be around 5000 ac-ft / year if skmubre cleared on 200,000 acres of
rangeland if recharge rates were about 10 mm/ year.
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Figure 7. The potential increase in recharge fstimub control over the recharge zone in
the Wintergarden Groundwater Area.

Assessing the Cost Effectiveness of Brush Control
to Enhance Off-site Water Yield

Introduction

This section reports the assumptions and methodsstonating the cost effectiveness of
a program to encourage rangeland owners to engdgesh control for purposes of
enhancing groundwater recharge. Vegetative caygljcable methods of brush control
and the estimation of increased water yield fromtic® of the dominate brush species
are described in earlier sections of this report.

This section provides details on how the costsapes foot (ac.ft.) of added water
resulting from brush control were calculated far thfferent brush types-regions. The
estimates of additional groundwater recharge neguftom the control of Ashe juniper
in the areas of the Edwards Plateau which congibmtecharge of the Edwards Aquifer
and estimates of additional groundwater rechargeltrag from the control of mixed
brush on sandy soils in the areas of Dimmit andaagounties which contribute to
recharge of the Carrizo-Wilcox Aquifer are usedhglavith brush control cost estimates
from other studies to obtain estimates of per &moé-costs of added water.
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Cost of Brush Control Methods

Data on costs of various brush control practiced &xas have recently been obtained
from an array of contractors, technical experts agricultural technical service agency
personnel in conjunction with another study beiagducted by two of the authors of this
report (Pestman, 2007). The data indicate thattbcontrol costs are highly variable.
Factors that influence cost and contribute to igh kariability include the type, size and
density of the target brush species; the type, oockent and slope of soil in which the
target species is growing; whether the target gigespprouts re-growth from root buds;
whether cost effective herbicides are availablectotrolling the target species; etc.

Edwards Plateau

In a previous section, it was reported that angesferal different mechanical practices
were appropriate for use in the control of Ashagan The costs of these various
mechanical practices may vary from less than $@a@&tmuch as $400 per acre
(Pestman, 2007). Also in a previous section &f taport the added ground water
recharge estimated to result from control of Asheger was reported to be 50mm/year.
The inch equivalent of 50mml/yr. is 2 in. which Iscaequal to 0.167 ft. Therefore,
control of Ashe juniper on an acre of land is eatied to result in 0.167 added ac.ft. of
groundwater recharge per year.

Another consideration in estimating the cost ofddded groundwater recharge is the
duration of the impact of the brush control prazin the increase in the annual rate of
groundwater recharge. For example, if the brusttirobprogram is limited to only the
initial practice, then re-growth of the brusHlwtccur, such that 5 to 10 years after the
initial treatment, the brush canopy will approatshpre-treatment level and there will no
longer be any increase in groundwater rechargéermdtively, by using follow-up brush
control practices after the initial treatment totrol the brush re-growth, the increased
groundwater recharge gained from the initial broshtrol practice can be maintained for
many more years into the future.

Fortunately, the follow-up brush control practicidee prescribed fire or chemical or
mechanical individual plant treatments, are reyivnexpensive compared to the cost of
the initial treatments. Therefore, brush conpralgrams consisting of an initial practice
plus appropriate follow-up practices at 3-6 yeaeivals after the initial practice can
result in maintaining brush canopy at low leveld atso maintaining the resulting
increases in ground water recharge for many yedoshe future.

The results of extending the years of reduced becasbpy, and the resulting increased
groundwater recharge, on the cost per acre foatldéd groundwater recharge are
illustrated in Table 12. below. The cost estimatesbtained by taking the per acre cost
of the brush control practice, or cost of a programsisting of an initial plus follow-up
practices, and dividing it by 0.167. This resirtshe estimated cost per acre foot of
added groundwater recharge resulting from bruskralbihthe practice, or program, is
effective for only one year. Results of this cédtion for several alternative levels of
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brush control costs are shown in the second coloiffable 12. Alternatively, the third
and fourth columns illustrate the per acre footo$ added groundwater recharge
resulting from brush control if the brush controhgtice, or program, is effective for a
period of five and ten years respectively.

Table 12. Cost/ac.ft. of added water for selectadrol costs and years of life of brush
control practice — Edwards Plateau

Brush

control Years brush control effective

cost/ac lyr 5yr 10yr
$ 70.00 $ 419.16 $ 83.83 $ 41.92
$ 150.00 $ 898.20 $179.64 $ 89.82
$ 200.00 $1,197.60 $ 239.52 $119.76
$ 300.00 $1,796.41 $ 359.78 $179.64

South Texas Shrublands

In a previous section, it was stated that sevezdiibides and several different
mechanical practices were appropriate for usedrctmtrol of mixed brush in South
Texas. The costs of these various chemical pexctice less variable and generally less
costly than the mechanical practices in the EdwRIdteau as discussed above. In
addition, the mechanical practices applicable éodbntrol of mixed brush in South
Texas would generally be less costly than when us#te Edwards plateau because the
soils tend to be less rocky and the terrain is galydflatter in South Texas. Therefore,
costs for mixed brush management in South Texasvaigyfrom less than $50 to more
than $100 per acre (Pestman, 2007). Also in aiguesection of this report the added
groundwater recharge estimated to result from obofrmixed brush was reported to be
between 10 and 20mm/year. To be conservative, Wese 10mm/year in the following
analysis. The inch equivalent of 210mm/yr. is 0.4which is also equal to 0.033 ft.
Therefore, control of Ashe juniper on an acre ofllas estimated to result in 0.033 added
ac.ft. of groundwater recharge per year.

The need for follow-up practices to extend thecatie life of initial control practices for
mixed brush is as critical as it is for Ashe jumipentrol in the Edwards Plateau. The
results of extending the years of reduced brusbmgrand the resulting increased
groundwater recharge, on the cost per acre foatldéd groundwater recharge is
illustrated in Table 13. below. The cost estimatesbtained by taking the per acre cost
of the brush control practice, or cost of a programsisting of an initial plus follow-up
practices, and dividing it by 0.033. This resirtshe estimated cost per acre foot of
added groundwater recharge resulting from bruskralbihthe practice, or program, is
effective for only one year. Results of this cédtion for several alternative levels of
brush control costs are shown in the second colanfiable 13. Alternatively, the third
and fourth columns illustrate the per acre footo$ added groundwater recharge
resulting from brush control if the brush controhgtice, or program, is effective for a
period of five and ten years respectively.
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Table 13. Cost/ac.ft. of added water for selectadrol costs and years of life of brush
control practice — Carrizo - Wilcox

Brush

control Years brush control effective
cost/ac lyr 5yr 10 yr

$ 35.00 $1,060.61 $212.12 $ 106.06

$ 50.00 $1,515.15 $ 303.03 $151.52

$ 75.00 $2,272.73 $ 454.55 $ 227.27

$ 100.00 $3,030.30 $ 606.06 $ 303.03

Cost Effectiveness Summary

If brush control programs were implemented fortthe regions described above, and if
provisions of the programs require participatingd@wners to reduce brush canopies to 5
percent and maintain them at this level or lesd.fyears, then the costs per acre foot of
added ground water recharge would be expectedgeraetween $40 and $180 per acre
foot in the Edwards Plateau and between $100 a@d f&r acre foot in The Carrizo —
Wilcox Aquifer recharge area. It should be nateat these estimates of added
groundwater recharge cost are based only on thdyhigriable costs of the brush control
practices and/or programs. There are many otlesr&awhich would impact the

ultimate costs, several of which are discussetlemext section.

Additional Considerations

It should be noted that public benefit in the favfradditional water depend on
landowner participation and proper implementatiod maintenance of the appropriate
brush control practices. It is also important talerstand that landowner participation in
a brush control program primarily dependstlom landowner's expected economic
consequences resulting from participation (Bach@odner , 1998). With this in mind,
the analyses described in this report are prediaatethe objective of limiting rancher
costs associated with participation in the progtamo more than the benefits that would
be expected to accrue to the landowner as a maSpéirticipation. Landowner benefits
are usually based on expected increases in nehseom the typical livestock (cattle,
sheep, or goats) and wildlife enterprises that ddel reasonably expected to result from
implementation of the brush control program (Corared Bach, 2000). Previous studies
based on these limits to landowner costs have sliosinandowner’s share of brush
control costs would vary from 37 to 8 percent détdalirect costs of brush control
programs (Olenick, et al., 2004a) .

It is explicitly assumed that the difference betw#ge total cost of the brush control
practices and the value of the practice to thagypating landowner would have to be
contributed by the state in order to encouragedeum@r participation. Thus, the state
(public) must determine whether the benefits, efhrm of additional water for public
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use, are equal to or greater than the state’s siane costs of the brush control
program.

Success of each brush management scenario in imgrgrsoundwater recharge depends
on the willingness of landowners to participatee@@ason why landowners may be
reluctant to participate is the perceived impagtsunting enterprises, especially deer
hunting. These impacts could include loss of wikdhabitat due to fragmentation, loss of
thermal and/or escape cover, loss of wildlife dsitgr and a potential loss of food
sources (Rollins, 2000). Another reason thattless 100% of the brush will be enrolled
is that many of the tracts containing brush willdeesmall that it will be infeasible to
enroll them in the control program. Similarly, auof the brush infested land,
particularly in the Edwards Plateau, will have mtiven 15% slope, and thus not
practical for mechanical brush control practices ttusafety consideratio®lenick, et

al., 2004a)

Another reason why brush management programs mesgdandowners to be reluctant
to participate is the importance of brush to propealues. The top motives for the
purchase of the majority of landholdings throughtbit state are recreation followed by
the desire for rural homesites (Wilkins et al., @0@\griculture production, which
generally benefits from decreased levels of brisshot the driving force behind property
purchases that it once was.

One cost not incorporated into the cost effectigsralculations is the transaction costs
associated with implementing any cost-share progfidrase include costs associated
with contract development, monitoring, and any pubéarings.

In order for brush control programs to work, théljpumust be willing to enroll their

land in such a program. Landowner surveys conduxydte TAES (Narayanan, et al.,
2002; Olenick , et al., 2005) indicate that landevenin the Edwards Plateau would
include only 49.15 percent of their moderate caret 52.73 percent of their heavy cover
in a brush management program. An additional clamation is found in research work
by Thurow, et. al. that indicated that only abo®¥®%of ranchers surveyed were willing to
enroll their land in a similarly characterized praq.

Finally, some aspects of the expected changesosystem health and services, including
groundwater recharge, provided by brush contradtpres can be extremely difficult or
impossible to economically quantify (Olenick, et 2004b). Improvements in ecosystem
stability and resilience, changes in non-game ahom@position and abundance, and
alterations of carbon sequestration capacityngbiartant concepts from an ecological
viewpoint, are not addressed in this analysis.

Future Reports

Two additional reports on Land-based Water Consienv& Water Yield Practices in
Region L will be produced if the Sponsor desiresdntinue this contract. Report Il will
contain a prioritized set of spatially explicit cdomendations based on the information
obtained and described in this report. Report ll wclude recommendations for the
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most cost effective land-based water conservatiantiges that could be implemented to
enhance ground and/ or surface water availability.

Report Il will include recommended monitoring proobls that, if used with the
implemented conservation practices to be delineat&eport 11, would provide effective
measures of the effectiveness of each practicecingahted. The recommendations would
be consistent with Texas Water Development Boaotbpols.
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