J. Range Manage.
57: 49-57 January 2004

Long-term grass yields following chemical control of honey
mesquite

R.J. ANSLEY, W.E. PINCHAK, W.R. TEAGUE, B.A. KRAMP, D.L. JONES, AND P.W. JACOBY

Authors are Associate Professor (r-andey@tamu.edu), Associate Professor, Professor, Research Associate, and Research Technician, Texas Agricultural
Experiment Sation, Vernon, Tex., and Associate Dean, College of Agriculture and Home Economics, Washington Sate Univ., Pullman, Wash.

Abstract Resumen

Long-term herbaceous response data following herbicidal S necesitan datos a largo plazo de la respuesta de la ve
treatment of honey mesquite Prosopis glandulosa Torr.) are  €tacion rlerbaceq después del tratar con herbicida al “Honey
needed to develop more accurate projections regarding economic Mezquite” (Prosopis glandulosa Torr.) para desarrollar proyec-
feasibility of these treatments and to model ecological interac- CION€S mas certeras respecto a la factibilidad econémica de esto;
tions between woody and herbaceous plants in rangeland sys-tratamientos y modelar las interacciones ecol6gicas entre las
tems. Our objective was to measure herbaceous yield and plantas lefiosas y herbaceas de los sistemas de pastizal.. Nuest
mesquite regrowth 10 or 20 years after mesquite was aerially OPiétivo fue medir el rendimiento del estrato herbaceo y el
sprayed with either mesquite top-killing or root-killing herbi- ~ rebrote de “Mezquite” 10 o 20 afios después de que fue asperja:
cides. Treatments evaluated included mesquite top-killing herbi- d0 Via aérea con herbicidas para matar la parte aérea de la plan-
cides at 10-12 years (T10) and 19-21 years (T20) post-treatment!@ 0 €ON herbicidas para matarlos de raiz. Los tratamientos eval-
mesquite root-killing herbicides at 10-12 years (R10) and 19-21 uados, incluyeron herbicidas de muerte aérea del “Mezquite”10-
years (R20) post-treatment, and an untreated control where 12 afios (T10) y 19-21 afios (T20) después de aplicados, herbic
mesquite were >30 years old (C30). Treatments were applied in das de muerte de raiz del “Mezquite” 10-12 afios (R10) y de 19-
the late 1970's or late 1980's. Grass yields, measured annually21 afos (R20) después de aplicados y un tratamiento control sin
from 1998 through 2000, were quantified within patches of 3 aplicacion en el que los "Mezquites eran de mas de 30 afios d
perennial grass functional groups: cool-season mid-grasses,edad (C30). Los tratamientos fueron aplicados a fines de los afios

warm-season mid-grasses, or warm-season short-grasses. Coo/ /0'S 0 @ fines de los 80's. Los rendimientos de zacate, medido
season annual grass yields were also quantified within these@nualmente de 1988 al 2000, se cuantificaron dentro de parches
perennial grass patches. By 1998, mesquite canopy cover was 5cde 3 grupos funcionales de zacates perennes, zacates medianos

47, 36, 24. and 12% in C30, T20, T10, R20, and R10 treatments €stacion fria, zacates medianos de estacion caliente o zacates co
respectively. Warm-season mid-grass yields were most sensitive(0S de estacion caliente. Los rendimientos de zacates anuales d

to differences in mesquite cover in all 3 years and declined estacion fria también se cuantificaron dentro de estos parches de
sharply when mesquite cover exceeded 30%. Cool-season mid Vegetacion Para 1998, la cobertura de copa del “Mezquite” era
grass yields declined slightly with increasing mesquite cover. 99, 47, 36, 24, y 12% en los tratamientos C30, T20, T10, R20, \
Warm-season short-grass and cool-season annual grass yield:R10 respectivamente. Los rendimientos de los zacates mediano:
were not related to mesquite cover, except in 2000 when warm- de estacion caliente fueron los méas sensibles a la diferencia de
season short-grass yield beneath mesquite canopies increase coPertura de “Mezquite”, en los tres afios disminuyo abl;upta-

with increasing mesquite cover. Results suggest that herbicide MeNte cuando la cobertura de mezquite excedio el 30%. Los
treatment life (defined by increased perennial grass yield in rendimientos de zacates medianos de estacion fria disminuyeron
response to mesquite treatments) was at least 20 years for theligéramente al incrementar la cobertura de mezquite. Los

root-killing herbicide, but no longer than 10 years for the top- 'endimientos de los zacates cortos de estacion caliente y lo
killing herbicide. anuales de estacion fria no estuvieron correlacionados con la

cobertura de mezquite, excepto en el afio 2000, cuando e
rendimiento de los zacates cortos de estacién caliente bajo las
copas de “Mezquites” se incrementod con el aumento de la cober-
tura de mezquite. Los resultados sugieren que la vida del
tratamiento del herbicida (definido por el incremento del
rendimiento de zacates perennes en respuesta a los tratamiento:
del “Mezquite”) fue al menos 20 afos para los herbicidas de
muerte radical, pero no mas de 10 afios para los herbicidas que
producen muerte aérea.
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2001). Moreover, few herbage response dill” effect (i.e., high canopy reduction, dropseed $porobolus compositus [Poir.]
economic studies have been performed anoderate-to-high top-kill and low root- Merr.), sideoats gramaBouteloua cur-
mesquite treated with clopyralid (3,6-kill), and others that yielded high root-kill tipendula [Michx.] Torr.), and
dichloro-2-pyridinecarboxylic acid, (high canopy reduction and whole planwvinemesquite Panicum obtusum HBK). A
monoethanolamine salt), even though thimortality but not necessarily high top-killcontinuous livestock (cattle) grazing
chemical, made commercially availablebecause of the high root-kill rate). Thusregime has been in place for at least 5
for mesquite control in 1987, produceshere existed an opportunity to empiricallyyears at a moderate stocking rate of 10-1
consistently greater mesquite mortalityevaluate the longevity of 2 chemical manha AUY™.
(root-kill) than any chemical that precedecagement options for mesquite, which to
it (Jacoby et al. 1981, Ansley et al. 2003).date has only been assessed through mc§fudy Site Treatment History

A currently-used treatment to reduceeling (Teague et al. 2001). The study site was originally establishec
extensive infestations of mature honey Our objectives were to (1) measure thg, 1977 to evaluate mesquite responses
mesquite is aerial application of a 1:1 mixiong-term effects of “top-killing” or “root- aerially-applied herbicides (Jacoby anc
ture of clopyralid and triclopyr (3,5,6- killing” herbicides for mesquite control by p1eadors 1981). Herbicide treatments wer
trichloro-2-pyridinyloxyacetic acid, buty- quantifying mesquite regrowth and 9raSSranged in 26 plots in each of 3 rows (7¢
oxyethyl ester), usually at 0.28 kg ha yield in areas treated 10 or 20 years ear'b‘lots total), with each plot 3.4 ha (84 m x
active ingredient each (McGinty et al.er, and (2) identify grass species functionzgg m). Tbtal area of the site is 262 h:
2000). This treatment achieves at leastl groups and associated micro-site areg$o00 x 2184 m). In 1965, the entire are:
50% root-kill and > 90% canopy reduction(interstitial spaces vs. mesquite subg, ;¢ commercially treatea for mesquite
(Bovey and Whisenant 1991). A lesscanopy) that are most sensitive to 10NGzqntrol with 2.4.5-T that reduced canopie:
expensive treatment of triclopyr at 0.56 kgerm changes in mesquite cover resultings ost of thé ’trees and stimulated bas:
ha' suppresses mesquite by killing abovérom prior treatment. We hypothesizeqegrowth_ By 1977, most mesquite consist
ground portions of the plant (top-kill), butthat warm-season grasses would be mogy’ ¢ 12-year-6|d regrowth plants.
most treated plants resprout from subteisensitive than cool-season grasses perimental herbicide treatments wers
ranean meristem near the root crown anchanges in mesquite cover because peg| plied in a randomized pattern on 3¢
grow into multi-stemmed plants (Jacobygrowth of warm-season grasses OCCUISiots (12 per row) in 1977 and 30 addi
and Meadors 1983). Effects of triclopyrwhen mesquite is in full foliage (Ansley ety plots in 1979. Of these 66 plots, 3
are similar to those of 2,4,5-T [(2,4,5-al. 1992) while peak growth of cool-seay,egre treated again with aerially-appiied
trichlorophenoxy) acetic acid], used forson grasses usually occurs before mesquit@ picides in 1987 or 1988 following 8 to
mesquite suppression from the 1950's tleaf expansion is complete. 11 years of regrowth. The’ other 34 plots

1980's (Fisher et al. 1959, Jacoby and remained untreated after 1977 or 1978

Meadors 1983). _ . Thus, both the 1970s and 1980s treatmen
Numerous studies have estimated Methods and Materials were applied to regrowth mesquite of

herbage production following chemical about the same age. Of the 12 plots th:

treatment of mesquite, but few have monigy,qy Sjte Description remained untreated following the commer
tored production more than 2 or 3 years g gy,dy site is located on a privateial 2,4,5-T spray in 1965, 10 were
foIIowmg treatment (Scifres and Polk anop 54 km southwest of Vernon, Texasprayed in 1981 (and not considered fo
1974, Scifres et al. 1977, Dahl et al. 197%’.‘33%3‘ N., 99°21' W.; elevation 380 m),this study) and 2 remained untreated afte
Bedunah and Sosebee 1984, Heitschmidf the northern Rolling Plains ecologicall965. Thus, all plots used for the curren
and Dowhower 1991, Warren et al. 1996, 05 of Texas. Mean annual precipitatiostudy had been randomly located within :
Laxson et al. 1997). In addition, an underg geg mm, with peak rainfall bi-modally common experimental grid.
standing of individual species or speciegstrihyted in May and October. Mean Herbicide treatments were applied usin
functional group responses to treatmentg, o ajr temperature is 17° C (NOAAfixed-wing aircraft in late June or early
both beneath mesquite canopies and figqq) soils are fine, mixed, thermicduly. Total spray volume was 18.7 liters
interstitial spaces between mesquite is key, " pajeustolls of the Tillman series hal for the 1977 and 1979 treatments an
to developing ecological and economiGy_ e, gjope, which are alluvial clay loams37.4 liters hd for the 1987 and 1988 treat-
models that accurately predict landscapg 4 m gepth, underlain by Permian sandments. Air temperatures, soil tempera
responses to mesquite treatments (Brock glyne/shale parent material (Koos et atures, and wind speeds were betwee
al. 1978, McDaniel et al. 1982). 1962). Vegetation is dominated by @3-32° C, 23-29° C, and 3-16 kmph.
Upon visiting a research site in north, o4y oyerstory of honey mesquite respectively, at the time of application
Texas in 1997 that had been used to evalgs, ingid species include a mixture ofJacoby et al. 1981, Jacoby and Meadol
ate efficacy of mesquite herbicides in the.,,|_season (g and warm-season (¢ 1983, and Jacoby et al. 1990). Mesquit
1970s .and 1980s (Jacoby et al. 1981, ;g0 Primary cool-season grass specteses were 2—-3 m tall and canopy cove
1990), it was discovered that most of the ;e the annual grass, Japanese bromas between 20 and 50% in all plots.
plots were still intact and well-marked. g, o5 japonicus Thunb ex. Murray), ~ The initial evaluation of herbicide
We concluded there existed a rare OIOIOO%’nd the perennial mid-grasses Texas wireffects on mesquite was conducted 2 yea
tunity to measure long-term effects Ot qya55 Kasella leucotricha [Trin. and  following each treatment by randomly
some of these herbicide treatments OB, 1 Barkworth). Primary warm-seasonselecting 80-120 trees along each of
grass yield responses under a similar SOl 55565 are perennial short-grass buffaltransect lines in each plot and recordin
climate and livestock management regimey 5 <5 guchloe dactyloides [Nutt.] percent canopy reduction, top-kill and
Moreover, in both .the.19705 and 1980 ngelm.), and mid-grasses silver bluestemoot-kill (data from Jacoby et al. 1981,
experimental applications, there existedgoinriochioa laguroides [DC.] Herter. 1990, Jacoby and Meadors 1983, an
treatments that typically yielded a "top-g,hspp torreyana [Steud.]), meadow unpublished data on file in Vernorijop-
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kill is defined in this paper as mesquiteTable 1. Original canopy reduction, top-kill and root-kill of each treatment when evaluated 2 years
after herbicide application. Means are followed by + standard error.

with complete mortality of original stems
but having basal regrowtRoot-kill refers
to trees that are completely dead. Canog

Trt 1D

; ; ; in Year Canopy
reductlon |§ .the percent reduction 011998 Chemical Treatment Sprayed Reduction Top-kill Root-kill
foliage on original stems averaged over al @)
. o > %
plants (partially top-killed, top-killed and -, 55 io00r o 0,56 2,4,5.T 1977 or 90+2 33+1 51
root-killed). Thus, if a tree had one branct 1979
with foliage on it and the rest of the stem:_., , 0.56 triclopyr or 0.56 2,4,5-T 1987 or 88+3 49+14 2+1
dead, it would not be counted as top 1088
killed. R20  0.56 clopyralid or 1977 or 89+3 16+5 69+3
0.28 clopyralid + 0.28 triclopyr 1979
Treatments for Current Study R10  0.56 clopyralid or 1987 or 87+5 31+6 37+2
In 1998, we identified 5 treatments to be 0.28 clopyralid + 0.28 triclopyr 1988
used for the grass response study. The:czg None 0 0 0

were: (1) top-killing herbicide applied 10
or 11 years earlier (T10), (2) top-killing

herbicide applied 19 or 21 years earlier . . .
(T20), (3) root.kiling herbicide applied 10 Mesquite and Grass Responses,  mesquite canopies (WSS-C), and (5

or 11 years earlier (R10), (4) root-killing1998—2000 _ warm-season mid-grasses (WSM) in inter
herbicide applied 19 or 21 years earlier 10 measure long-term mesquite andtitial spaces (WSM-I). We were unable tc
(R20), and (5) untreated control with >3rass responses in 1998-2000, 25 samdled a sufficient number of WSM patches
30-year-old regrowth (C30). Top-killing areas (each 0.4 ha or 50 x 80 m) were ratp sample beneath mesquite canopies. TI
treatments included plots treated witiflomly located in the 18 large plots with 5CSM functional group included only
either triclopyr at 0.56 kg Heor 2,4,5-T at sample areas allocated to each of the Bexas wintergrass and WSS mclgded onl
0.56 kg h&. Both treatments yield func- treatments (720, T10, R20, R10, C30). Imuffalograss. The WSM group included
tionally similar mesquite responses iimost cases, a single 0.4-ha sample arsdver bluestem, vinemesquite, sideoat
terms of percent top-kill and root-kill was located within a larger plot. Howevergrama or mea.ld.ow dropseed because the
(Jacoby and Meadors 1983). Root-killingn 2 plots in the T10 treatment and 1 plowas an insufficient number Qf patches o
treatments included plots treated eithelp €ach of the T20, R10, and C30 treatany one of these_ species in all sampl
with a 1:1 mixture of clopyralid + tri- ments, 2 sample areas were randomigreas. However, silver blue_stem was Uuse
clopyr at 0.28 kg Haeach, or a 1:1 mix- located at opposite ends of the 84 x 400 im at least 3 of the 5 replicates in eacl
ture of clopyralid + 2,4,5-T at 0.28 kg ha rectangle. Three sample areas were ratreatment. We defined a “patch” as an are
each, or clopyralid alone at 0.56 kg'ha domly located in the second C30 plotwhere foliage cover of the target function-
Mesquite responses to these 3 root-killinghese areas were identified as treatmeal group was at least 80% of the tota
treatments were also functionally similarreplicates after homogeneity of variancdéierbaceous cover and at least 30% of a .
(unpublished observation). The “untreattests showed no clustering grass responstes3-nt area. Within each grass functiona
ed” control included regrowth mesquitewithin a plot. group and micro-site location (FGL),
that had been treated commercially in Mesquite population characteristicsnumerous patches that met these cond
1965. Over the entire treatment grid of 78vere measured in 1998. Two, 60-m lindions were first located and, from amonc
plots, 18 met the conditions of the 5 treattransects were established in each 0.4 lais population, patches used for samplini
ments described above, although numbsample area to determine mesquite coverere randomly selected.
of plots treatment was unequal (3 for using line intercept (Canfield 1941), and Sampled FGL patches were first mowec
T10, 4 for T20, 4 for R10, 5 for R20 and 2mesquite density using point-centeredio 2-cm (stubble) height in February eacl
for C30). guarter (PCQ) method at 10 m intervalyear (1998, 1999, 2000) to remove previ
The 2-year evaluation of the plots usedCook and Stubbendieck 1986). Tre®us year's growth, then caged to exclud
for the current study indicated that canopyeight was measured on each of the 4 indigrazing. Within each cage, 2 separate 0.2
reduction was > 86% in all treatmentsyiduals at each PCQ point. m? quadrats were harvested for curren
percent top-kill was greater in the top-kill Grass yields were measured in 1998/ear’s above-ground biomass, one at a
(33-49%) than the root-kill (16—31%)1999 and 2000. Five micro-site patchesarlier period and the other at a later per
treatments, and percent root-kill wasvere located in each 0.4-ha replicate andd during the time of the growing seasor
greater in the root-kill than the top-kill were protected from livestock grazingwhen peak yield might typically occur for
treatments (Table 1). Canopy reductionith a 1- x 2-m cage made of welded wireeach functional group. The CSM patche
was higher than top-kill in all treatmentspanel. Cages were necessary because grasre harvested in late-May and mid-July
because many plants had small portions @fig pressure from cattle was unusuallyand WSM and WSS patches were harves
foliage remaining on original stems anchigh due to drought conditions. The %ed in mid-July and early October
were not counted as top-killed, evemmicro-site patches represented a combing-eitschmidt and Dowhower 1991). Yield
though most of the original stems hadion of grass functional group and microvalues from the 2 sample dates were ave
been killed. For reasons unknown, rootsite location relative to mesquite: (1) coolaged to estimate peak yield in each yee
kill was greater in the R20 than the R1Geason mid-grasses (CSM) in interstitialor each functional group. A total of 250
treatment. Herbaceous responses were rggaces between mesquite (CSM-I), and (erennial grass quadrats were sample
measured during this evaluation. beneath mesquite canopies (CSM-C), (3ach year (5 herbicide treatments x 5 repl
warm-season short-grasses (WSS) in inte¢ations treatmenitx 5 FGLs replication x
stitial spaces (WSS-I), and (4) beneatR® quadrats FGE). Yield of a fourth func-

Replications were 4, 3, 5, 4 and 2 for T20, T10, R20, R10 and C30, respectively.
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tional group, cool-season annual grasse

(CSA), comprised mainly of Japanese 1200
brome, was estimated by clipping specie — 30 Year Mean =
in this group within the CSM patches dur- 1000 | [ AnnualTotal ~ -
ing the May sample period. Because g 3
growth of CSA grasses ceased in Ma € 800} n _ i
each year, this functional group was no ‘E B I Ifs M
sampled in July. All yield data were multi- o = il AAAE
plied by 4 prior to analysis and are © 600 [ I M
expressed as g’ 3
'8 400 g

Statistical Analyses a

Because all herbicide plots were initially 200 F -
established at random in the same expel
mental area and because grass micro-sit 0 : : : : :

within each herbicide plot were selected &
random, mesquite and grass responses we 1975 1980 1985 1990 1995 2000

viewed as falling within a randomized sta- Year

tistical design. The authors recognize that i

any long-term study there may exist inCOMeijg 1. Annual precipitation at the research site from 19772000 (bars). Line represents 30-
patibilities between the original and the cur  year annual mean.

rent experimental design but every effor.

was made to CO.”?Ct (_jata '2 as objec_t|ve 77-1981. During 1998-2000, the mos€30, T20 and T10 treatments in each yes
T]a””ef as plozsmg glv?:n the t():pnstralnti @tended and extreme periods of droughl{Fig. 4). Greater variation in 1999 data
the original design. For objective 1,500, eq during the growing seasons dimited statistical significance but clear
mesquite responses in 1998 were analyzed ) vear ‘thus exacerbating drought effectends remained.
using a 1-way analysis of variance (AOV), Fig. 2). For example, during the 1998 Cool-season mid-grasses in interstitia
with herb@dg treatment as the main eﬁecérowing season (April-October), everyspaces (CSM-I) exhibited trends similar tc
and 5 rephca_tlons per treafment. month experienced below normal precipitaWWSM-I grasses in that the root-kill treat-
For analysis of grass yields, annual pea,, ", 1999, rainfall was near normal inments tended to have the greatest yielc
yields of 7 FGLs (WSM-l, CSM-I, CSM- spring, but well below normal from July toand treatments with greatest mesquit
C, WSS-I, WSS-C, CSA-l and CSA-C)qoper |n 2000, rainfall was below avercover (C30, T20, and T10) had the lowes
were analyzed separately using a repeat %ﬁe from April to September after a precipyields (Fig. 5). Yield of CSM-I was signif-
measures AOV with herbicide treatmenjaion"nyise in March. Growing seasoricantly greater in the R20 than the C3(
a{]ggrSepyggtéonzgsoomaln plott)s Iartld giaéApril—October) precipitation was 102, 336 treatment in each year. In general, th
(1988 'Th ' I t) as.tﬁ.u {30 t( nd 171 mm in 1998, 1999 and 2000magnitude of differences between the
). The replicate within trea mentnespectively. These amounts were 24, 78pot-kill and the other treatments was no
mean square was used as the error term fd 40, respectively, of the normal (30as great as with WSM-I grasses. The var
testing effects of treatment, and the poole

error tested effects of vear and treatment ear mean) growing season amount of 43@tion among replicates was lower anc
. - y . therefore numerous significant difference:
year interaction. Further analysis was con-

ducted within each year if a significant . 3\/2(,2/'”gnt(;eggluenrfssecscfhréfedwgsogtt)%:
interaction occurred (Freund and LittelM€squite Responses, 1998 9

1981). Mean separations were conductedBY 1998, mesquite canopy cover was Sigt{]'at ylcalds were gre?]t'er in the Ezgl thﬁ'
using a protected LSD at P @05, nNificantly greater in the C30 and T20 treattn® 'Fl ftreatment. T kISII washpro a %t !
Percentage data were subjected to arcsients than the R20 and R10 treatmenfﬁSUt of greater root- II n the R20 than
transformation prior to analysis.(Fg- 3). Similar to canopy cover, mesquité szlO treatmentrgTabe n. buffal

Polynomial and logistic regression analyl€ight and canopy diameter were greatest in armjs%ason .sdort-grasst ("et" ut alo
ses were performed between mesquite pgfie C30 and T20 treatments and lowest irass) gl_e g V?nfgg%m\(/)vnsgs rlea rg"\elc Sssag
cent cover and yields of each FGL. the root-kill treatments. There was no sig¥®a's (Fig. 6). In 3, Woo-l an -

nificant difference in mesquite plant densityf©!lowed a pattern similar to WSM and
among treatments, although the root-kilCSM responses with greatest yields in th

Results treatments showed a trend of having highdPOUkill treatments. However, an opposite
density than the other treatments. trend was found for WSS-C in 2000 (anc

to a lesser degree in 1999) in that lowes
. yields were in the treatments with the low-
During the 24-year period from the firstGr"’_ISS_ Y'eld Responses, 1998_200_0 est mesquite cover (T10, R20, R10).
herbicide spray treatments in 1977 through Significant treatment x year interactions” 5| season annual grass (CSA) yield
2000, precipitation was above normal 1£Xisted for all functional group-locatlonséyere highly variable among years with
i

Precipitation

years and below normal 13 years (Fig. 1{FCLS)- Therefore, means are displayegq|qs in 1999 near 200 g frin most

During the period of herbaceous productO €ach FGL in each year (Figs. 4-7)yeatments (levels similar to WSM-I in the
tion measurement (1998-2000), the sitB€ak yield of warm-season mid-grasses ig1g and R20 treatments), while yields
experienced 3 consecutive below normd[lterstitial spaces (WSM-I) was greater iyere < 65 g 1 in all treatments in 1998
years that had not occurred sinc&h® R20 and/or R10 treatments than thg,y 5000 (Fig. 7). There was no consister
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Discussion 80

160 Mesquite Responses _60p 2 .
140 1998 . By 1998, mesquite cover was 36 an & be
120 F Total-482mm { 47% in the T10 and T20 treatments 5 40l J
100 b 1 respectively (Fig. 3). If we assume the 3 cd
o | | cover was initially reduced by these tof © 20l d
50 b 1 Killing treatments to <10%, this suggest ﬁ
wl | that cover mcrgased at a rate of 26 to 0 . : . i .
2ol H | percentage units per year in the TlO_, al 1000
o N |_| N — 1.9 to 2.1 percentage units per year in tl = NS
oo —_ T20 treatments. In the root-kill treat- < 800 .
— ol 1099 | ments, cover increased from near zero £
£ r 12 and 24% in the R10 and R20 trea & 600} 4
g 120 Toral=589mm 1 ments, respectively, or about 1.2 percer =
g 1or 1 age units per year. The rate of cove & 400 | .
& %7 N\ 1 increase following the root-kill treatments 3
a 60r 1 is comparable to that found by Ansley € 200 . . . , .
g 4of 1 al. (2001). The data indicate clearly the 5
0 20p |_||—||_| 1 rate of increase in mesquite cover i .
o Lo LTI greater following top-killing treatments. _ “[ 2 a )
160 Post-treatment increases in cover follov £ 31| _
140 |- 2099 M 1 ing root-killing treatments are likely to be E b e
otal - 523 mm . =ral c
120 b {1 slower because most of the increase g 2 ]
100 F 4 cover must occur through recruitment ar T 1l |
80 | 41 growth of new seedlings (Ansley et al
60 - A J 2001). 0 ' ' _ . .
sk _ While not significant at P < 0.05, __ %
20k H i mesquitg plant densi'gy was slighth & al a s |
ob— LTIt 11 greater in the root-kill treatments &
JFMAMJJ ASOND although we expected density to be lowr g 31 b -
Months in these treatments because of the higl g be c
initial mortality. There is no internal 5. ?[ T
fencing in the pasture, so cattle an g 1L ﬂ ’_T_‘ )l
Fig. 2. Monthly precipitation at the research wildlife were free to move across herbi 8
site from 1998-2000 (bars). Line represents cide treatments. The increased herb 0 y _ ' Y '
30-yr monthly means. ceous yields following mesquite root: C30 T20 TI0 R20 R10
killing treatments likely attracted cattle Treatment

pattern of CSA yields with respect to and increased their residence time al.u
response to mesquite treatments and, inrate of fecal deposition. Cattle may havFrig. 3. Mesquite population characteristics in

of the 6 panels in Fig. 7, there was no si ncreased mesquite recruitment in thes 1998 in response to mesquite treatments.
nificant difference am.on’ treatments lots by depositing mesquite seed C30 = control, mesquite > 30 years old,
; 9 ] hrough their feces (Brown and Arche T20 = top-kill herbicide applied 20 years
Regression of mesquite cover and pea 9 ( _ = fop , Pp Y
yield of WSM-I from all 3 years indicated +28/, Kramp et al. 1998). Lower mesquit earlier, T10 = topkill herbicide applied 10
that there was an inverse sigmoidal rel reight and canopy diameter in the root-ki yea|r'S c?ar“er' o e :l'mm-kIII rlemlelﬁ"?l
tionship in which WSM-I yields main- reatments in 1998 suggests that mo o8 2 s o s carter Ment

. . .~ herbicide applied 10 years earlier. Means
tained high levels at mesquite cover fro esquite were recruited as new seedlin with similar letters are not significantly

0 to 25% but between cover of 25-40% OHOYV'ng herb'|C|de treatments in the gitrerent at P < 0.05 (NS = no differences).
WSM-I yields dropped drastically (Fig. 8). 1970'S or 1980's. Competition from exist vertical bars are 1 s.e.

There was a quadratic relationshig"d mature mesquite in the C30 treatmeiu.

between CSM-I and mesquite cover ifprobably limited recruitment of new (4 the time of peak productivity that coin-
which yields were stable at low mesquiti{eed“ngs' The top-kill treatments wergjges with the time mesquite canopy
cover but declined at an increasing ratd€€ from mesquite competition for a feWg|jage is usually at maximum cover
with increasing mesquite cover. The relaY&2rs but as regrowth of top-killed anqgitschmidt and Dowhower 1991, Ansley
tionship between CSM-C and cover wa@artially top-killed mesquite grew larger, et o), 1992),

similar (data not shown). There was n&ompetition against new seedling recruit- ~qgl-season mid-grasses (CSM) wer

relation between mesquite cover and wS&€nt probably increased. sensitive to increases in mesquite cove
or CSA yields. ) but not to the degree that WSM grasse
Grass Yield Responses were. The data support our hypothesis th:

Warm-season perennial mid-grassesool-season grasses are less affected |
(WSM) appeared to be most sensitive ttmesquite cover than are warm-seaso
changes in mesquite cover. Sensitivity offrasses. In our region, peak growth o
this functional group was probably relatedl'exas wintergrass usually occurs in April
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negative exponential relationship betweenver-grazing and mesquite encroachmer
woody cover (or density) and herbaceou@Heitschmidt et al. 1986). Thus, it is not
production in which greatest gains in prosurprising that WSS grasses woulc
duction occur between 0 and 10% woodyespond to treatments differently thar
cover (Walker et al. 1972, 1986). DatalNSM grasses. Trends in the data are to
from Fig. 8 indicates there were 2mixed from year to year to draw clear con
“plateaus” of yield for warm-season mid-clusions but it is apparent that buffalogras
grasses: a highdevel at mesquite cover can withstand shading from mesquite eve
< 25%, and a much lower level at cover *n treatments with the highest mesquite
40%. These plateaus were connected bycaver. As drought progressed from 199¢
precipitous decline within a narrow rangdo 2000, buffalograss yields appeared t
(i.e., between 25 and 40%) of mesquiténcrease in all treatments and micro-site
cover. While the slope of this decline idocations except those beneath mesqui
probably not as steep as our data indicatesanopies in treatments (T10, R20, R10
it does suggest a critical range of mesquitiat had smaller-sized mesquite and lowe
cover that when attained, can shift herbagmesquite cover. These WSS-C plots ma
yield rapidly to a much lower potential. have been invaded by mid-grasses (CSI
This supports the “state-and-transition'and WSM) and this may explain their
theory of community thresholds and sugreduced yield.

gests herbage responses to increasing

mesquite cover may not be a graduatgpl-Season Annual Grass Responses
process. __The growth and ecological impacts of

The other warm-season grass functionglyg|-season annual grasses were found
group, WSS, was much less affected bje an important part of the overall herba
changes in mesquite cover than was WSMaoys understory dynamic. These grass
or CSM. Buffalograss is a drought'-toleran{ pically germinate from November to
species and typically increases in mixe ebruary, depending on the year, an
grass stands that become degraded thrOUSBmpIete most vegetative growth in

Fig. 4. Peak yield of warm-season mid-grass-
es in interstitial spaces between mesquite in
response to mesquite treatments.
Treatment code same as Figure 3. Means
with similar letters within each year are
not significantly different at P < 0.05.
Vertical bars are 1 S.E.

and early May just prior to mesquite buc
burst and foliage expansion. This woulc
explain why CSM was not as sensitive tc
changes in mesquite cover as was WSN
In 1999, high rainfall in June (Fig. 2) and
a relatively cool summer allowed Texas
wintergrass to attain peak yields by the
July rather than the late-May sample date
However, this did not appear to changt
the pattern of CSM response to treatmeni
found in the 2 other years (Fig. 5).

The logistic relationship between
mesquite cover and WSM-I yield and the
quadratic relationship between cover an
CSM-I or CSM-C yield suggests that
growth of these functional groups is not
restricted by the presence of mesquite ¢
low cover. Several studies support ou
findings and suggest that light densities o
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mesquite or related woody plants either du
not decrease or, in some cases, enhanFig. 5. Peak yield of cool-season mid-grasses in interstitial spaces (CSM-I) and beneatl
herbaceous production (Scifres et al. 198: mesquite canopies (CSM-C) in response to mesquite treatments. Treatment code same ¢

Weltzin and Coughenour 1990, East ani
Felker 1993). Other studies have found

54

Figure 3. Means with similar letters within each year are not significantly different at P <
0.05. Vertical bars are 1 S.E.
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Fig. 6. Peak yield of warm-season short-grasses in interstitial spacesFig. 7. Peak yield of cool-season annual grasses in interstitial spaces
(WSS-I) and beneath mesquite canopies (WSS-C) in response ta (CSA-I) and beneath mesquite canopies (CSA-C) in response to
mesquite treatments. Treatment code same as Figure 3. Means mesquite treatments. Treatment code same as Figure 3. Means
with similar letters within each year are not significantly different with similar letters within each year are not significantly different
at P < 0.05. Vertical bars are 1 S.E. at P < 0.05 (NS = no differences). Vertical bars are 1 S.E.

February and March (personal observa®Whisenant 1989). In addition, shadeyield values by the percent land area the
tion). The plants set seed in April and areaused by standing dead annual grass \vas either sub-canopy or interstitial space
dormant by mid-May. As was shown inJune and July may inhibit light penetratiorScaling was done at the replicate level.
this study, production is highly variableto leaves of warm-season perennial grassedn the 3 drought years, peak yield of
from year to year. High CSA yield in 1999growing beneath the annual grass canopigserennial grasses was < 800 kg ta all
was the result of several factors. Lowhus limiting photosynthesis. The hightreatments (Fig. 9). Normal yields for this
perennial grass production in 1998 due tetanding mass of annual grasses in thregion are 1800-2500 kg héMcDaniel et
drought coupled with livestock grazingspring of 1999 likely physically inhibited al. 1982, Teague et al. 2001). Yields in the
created an abundance of open ground, thusarm-season perennial grass growth dureot-kill treatments (500-800 kg Ha
facilitating annual grass seed germinatioing the summer of 1999, even though prewere about twice those in the top-kill anc
and establishment. Above normal moistureipitation was above normal in June 199@ontrol treatments (230-400 kg ha
in November 1998 and January 1999 stiméand CSA grasses were dormant (Fig. 2)eflecting the dominant influence of the
ulated germination, and above normaHeight of annual grasses (most of whiclhwvarm-season mid-grasses in the scalin
moisture in March and April 1999 sus-were Japanese brome) was 0.5 to 0.7 m process. Addition of cool-season annua
tained growth (Fig. 2). The CSA yields in1999, which is taller than all WSS andgrasses did not affect total herbage yield
this study appeared to be unaffected bsost WSM grasses in the region. much in 1998 and 2000 but greatly
differences in mesquite cover. increased yields in all treatments in 1999
The impact of CSA growth can be seelRe|ating to Landscape-Level Responses Moreover, increases in treatments witt
in warm-season perennial grass yields. 14 pring the micro-site values into ahigh mesquite cover (C30, T20) were
Even though growing season (April tOmanagement context and to illustrate thereater relative to the 2 other years tha
October) precipitation was much greater iR o mpined effects of mesquite encroach€re increases in the treatments witl
1999 than 2000 (336 vs. 171 mm), yieldgnent and drought on overall grass yielddOWer mesquite cover (R20, R10). Actua
of WSM-I, WSS-I and WSS-C grassesie|d values of each functional group wer€omposition of each functional group
were slightly greater in most treatments idcajed to the landscape level. For thi¥ould affect these scaled projections an
2000 than in 1999 (Figs. 4 and G)exercise, we assumed equal distributioWi!l be addressed in another paper.
Abundant CSA growth in 1999 may have;mong functional groups within each
limited growth of WSM and WSS grassesmjcro-site location (25% each for WSM,
During spring, annual grasses utilize SO'ESM, WSS, and CSA in interstitial and
moisture that may limit warm-seasomgso, each for CSM, WSS and CSA in sub-
perennial grass growth in April or May cangpies), then multiplied these weighted
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Fig. 8. Regressions between mesquite percent cover measurec Fig. 9. Yield of perennial (top) and annual + perennial (bottom)
1998 and peak yields of warm-season mid-grasses in interstit grasses, 1998-2000, when scaled to the landscape level i
spaces between mesquite (WSM-I) (top) and cool-season m response to historical mesquite treatments. Vertical bars are 1
grasses in interstitial spaces (CSM-I) (bottom) in 1998-2000. Yie SE.
data from all 3 years were used to derive regression equations.
Management Implications at $30—40 hamust exceed 10 years to béhat response to mesquite treatments me

economically viable. Grass yield data i€ delayed on degraded areas that a

: i -killi i-lacking warm-season mid-grasses for
Rangelands that contain large, densdliS study suggest the root-killing herbi : 1d-g| _
J g ide option was economically viable buffew growing seasons until this functional

multi-stemmed mesquite may require o - . . )
d y red the top-killing herbicide was not. group can re-establish while mesquite

“reclamation” type treatment to restore . . ;
grassland productivity (Jacoby et al. 1981, Because warm-season mid-grass yiel@anopies are suppressed.

Ansley et al. 2003). Under these circum?as very sensitive to changes in mesquite

; icati ioi icover, we conclude that if this functional . .

e e e sroup is degraded at the time of mesauie Literature Cited
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