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Abstract 

Effects of two mechanical brush manipulation treatments (root- 
plowing and front-end stacking) with and without grass seeding 
and with and without nitrogen fertilization on herbaceous forage 
production were investigated in the Rio Grande Plain of Texas. 
Total herbaceous production @-year average) was 5,981 for root- 
plowing and 4,789 kg/ha for front-end stacking as compared with 
1,178 kg/ha for the undisturbed control. The 4-year average yield 
of buffelgrass (Cenchrus ciliuris L. (L.) Link) seeded alone con- 
tributed 53% of total herbaceous production on plots with root- 
plowing, 73% on plots with front-end stacking, and 38% on control 
plots. The combined yield of three native species, pink pappus- 
grass (Puppophorum bicolor Fourn.), four-flower trichloris 
(Trichforis pluriflora Fourn. ), and Arizona cottontop (Digitaria 
culifornica (Benth) Henr.), seeded as a mixture contributed 41% 
of the total herbaceous production on plots with rootplowing, 28% 
on plots with front-end stacking, and 11% on control plots. The 
application of 45 kg/ha nitrogen significantly increased total 
herbaceous production the season after application. 

Population increases have caused concern about increasing 
needs for red meat as food source throughout the world. The key 
for increasing beef and wild game production is increasing 
native and introduced herbaceous plant production, thus making 
more food available to grazing animals and ultimately to man. 

On the Rio Grande Plain in Texas, the invasion of woody 
plants and cacti has reduced available grass forage. About 85% 
(5.5 million ha) of the Rio Grande Plain rangeland supports at 
least a 20% brush canopy cover (U.S. Dep. of Agr. 1964). 
Conceivably, many range sites of the Rio Grande Plain are 
producing at only 25% of their forage potential, and much of the 
native rangeland of Texas is producing far below potential 
(Texas Conservation Needs Committee 1970). 

Rootplowing, a mechanical manipulation practice that cuts 
off the brush below ground by means of a horizontal blade 
pulled behind a tractor, generally at a depth of 35 to 40 cm, has 
been highly effective in combatting dense stands of mixed 
brush. However, in low rainfall areas, the practice could destroy 
a large percentage of the desirable perennial grasses and cause 
the invasion of annual grasses and weeds (Fisher et al. 1959). 
Mathis et al. (1971) reported that in Throckmorton County, 
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Texas, rootplowing decreased grass production for the next six 
(Trowing seasons, In west Texas, Hughes (1966) reported more 2 
total production after rootplowing, but forbs and annual grasses 
constituted the major vegetation. In the coastal prairie of Texas, 
Powell and Box (1967) concluded that controlling brush with a 
minimum soil disturbance was the most reliable method for 
improving vegetative composition and increasing forage pro- 
duction. They also concluded that N fertilizer increased forage 
production, but also caused an increase in the amount of 
undesirable forage species. 

Dodd ( 1968) reported that in the Rio Grande Plain, dragging 
followed by rootplowing resulted in the establishment of a 
relatively brush-free grassland with an increase in forage 
production. 

Fisher et al. ( 195’3) reported that seeding of grasses produced 
(rood stands of native and introduced grass species after root- 
ilowing and diskin g in northwest Texas. However, on the 
Rolling and Southern High Plains, Jaynes et al. ( 1968) reported 
that seeding native grasses after rootplowing often resulted in 
unsatisfactory stands. 

Front-end stacking, a recently introduced mechanical prac- 
tice, has not been thoroughly evaluated. A front-end stacker is a 
modified dozer blade using a toothed, rake-like “stacker” with 
teeth 14 to 36 cm apart. The teeth pull up the plants by the roots. 
In the Coastal Prairie of Texas, Powell and Box ( 1967) found 
that scalping, a manipulation similar to front-end stacking, 
decreased herbage production. 

In view of these inconsistent results of brush manipulation on 
forage production, we conducted this study to further evaluate 
the effects of rootplowin, (7 and front-end stacking with and 
uithout grass seeding and with and without N fertilization on 
hcrbaceous forage production on the Rio Grande Plains of 
Texas. 

Materials and Methods 

Study Area 
The study area is on the southern edge of the Rio Grande Plain, 

about 38 km north of Rio Grande City, Starr County, Texas. 
Long-term average annual precipitation is 13 cm and is exceeded by 
potential evaporation four times (U.S. Dep. Commerce 1970). Most 
precipitation occurs as thunderstorms that are unevenly distributed 
both geographically and seasonally. Occasionally, tropical distur- 
bances produce heavy fall rains; thus, September has the highest long 
term monthly rainfall average, with another rainfall peak in late May 
or early June from squall-line thunderstorms. 

Summer temperatures are high, and daily maximum temperatures in 
July and August are usually 38°C or higher (U.S. Dep. Commerce 
1970). Fall freezes occur 7 out of IO years, and spring freezes occur 9 
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out of IO years. The average length of the growing season is 305 days 
(U.S. Dep. Commerce 1970). 

tions of two harvests per year (June and November). 
Soil infiltration measurements were determined in 

The study area is a sandy loam range site with level to gently sloping 
all subplots of 

one main plot replication with the technique described by Wiegand et 
topography (0 to 5%). The associated soil types are McAllen and al. ( 1966) using water from a nearby well containing 2,220 ppm total 
Brennan sandy loams, which are soils with noncalcareous fine sandy salts. Soil moisture before infiltration was determined gravimetri- 
loam surfaces and sandy clay loam subsoils. The Brennan series is a 
member of the fine-loamy, mixed, hyperthermic family of Aridic 
Haplustalfs; the McAllen series belong to the hyperthermic family of 
Ardic Ustochrepts. The fine sandy loam surface ranges from about 25 
to 50 cm deep. Permeability of the subsoil is moderate. The water 
holding capacity and fertility of these soils are high; thus, this site has a 
high production potential. 

The dominant woody plant species include cenizo (Leucophyllum 
jrutescens (Berl.) I.M. Johnston), blackbrush acacia (Acacia rigid& 
Benth.), coyotillo (Kurwinskia humbofdtiunu (R&S) Zucc.), coma 
(Bumeliu celustrinu H.B.K.), mesquite (Prosopis glundulosu Torr.), 
and capul (Schuefleriu cuneifoliu Gray). Brush density consists of 
about 4,900 plants/ha with 35% canopy cover. 

Dominant grass species include Wright’s threeawn (Aristidu 
wgrightii Nash.), Texas bristlegrass (Seturia texuna Emery.), hooded 
windmill grass (Chloris cucullutu Bisch.), and red grama (Boutelouu 
trijida Thrub.). Forb cover was sparse, with west& ragweed (Am- 
brosia psilostuchya D.C.), ragweed parthenium (Parthenium 
hysterophorus L.), rose palafoxia (Pulafoxiu roseu (Bush) Cory), and 
lazydaisy (Aphunostephus skirrhobasis (D.D.) Trel.) recurring as 
dominants. 

Treatments 
Mechanical treatments were established during June 1972 on native 

undisturbed brushland in poor condition due to overgrazing. A split- 
block design had main plots of two mechanical brush-manipulation 
treatments (rootplowing and front-end stacking) and an undisturbed 
control. Each replication or block consisted of three 2.4-ha strips, one 
strip each for rootplowing, front-end stacking, and the control. Each 
strip was divided equally into three 0.8-ha subplots, which were 
seeding treatments of (1) a single species, buffelgrass (Cenchrus 
ciliaris (L.) Link, at 2.2 kg/ha, (2) a mixture of five native grass 
species (Table I), and (3) unseeded. Subplots were hand seeded 
between August 31 and September 6, 1972. Each subplot was split 
into two subrsubplots (0.4 ha each) with one receiving 45 kg/ha N and 
the other receiving no fertilizer. All treatments were replicated three 
times. Nitrogen (as ammonium nitrate) was applied about 1 year after 
seeding (August 1973). Thus, the experimental plot layout consisted 
of fifty-four 0.4-ha plots. 

A standard recording rain gauge was used to measure rainfall. 
Rainfall amounts recorded were 86,60,55, and 73 cm for 1973, 1974, 
1975. and 1976, respectively. 

All plots were defe! :d from domestic livestock grazing until 
January 1974. Then they were grazed from late spring to early summer 
and again in late fall each year. The number of animal units varied each 
year, but plots were grazed for 90, 140, and 135 days for 1974, 1975, 
and 1976, respectively, which was about 60% utilization each year. 

Herbaceous forage production was determined by clipping all 
vegetation at ground level in twenty 0.5-m’ quadrats on each subplot 
All grasses and forbs in each quadrat were identified, counted, and 
recorded. Each species was clipped separately and yields were 
determined by species. Vegetation samples were oven dried at 68”C, 
and yields were reported as oven-dried weight. Yields are accumula- 

tally. 
During the study, soil moisture was determined by neutron scatter- 

ing techniques (Stone et al. 1955). Access tubes were installed in all 
plots of one replication. Two tubes were located in each plot to a 
90-cm depth. Soil moisture was measured weekly at 30-cm depth 
increments, and these data were converted to centimeters of water/30 
cm of soil. 

Plant nomenclature follows Gould (1969) and Con-e11 and Johnston 
( 1970). Data were analyzed statistically by the analysis of variance 
method (Cochran and Cox 1956). 

Results 

Before treatment, the study area supported a dense stand of 

Fig. I. Vegetation condition in I972 prior to mechanical brush manipulation 
(lrpper), 3 years ajter rootplowing and seeding to buffelgrass (center), and 3 
?rcrr.r ajter front-end stucking und seeding to buffelgrass (lower). 
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Table 2. Effects of mechanical brush manipulation and seeding on total herbaceous yield (kg/ha) for 4 years after treatment. 

__ 
Mechanical treatments 

Seeding treatment R.P.’ F.E. C Mean R.P. 

1973’ 

3518 5053 ‘165 3579a:’ 6839 Bu ffelgrass 
Native mixture 1235 I!446 1181 27’lb 5390 
Nonseeded 3106 3337 175-l 236lb 1988 ____ 

Mean 3670a 3240a 1800b 5739, 

1975 

Buffelgass 8480 5532 1308 Sl07a 936 I 
Native mixture 5199 4172 1652 3731b 8595 
Nonseeded 1503 356.1 1578 32lSc 712.1 

Mean 6137a 1406b lSl3c 8126a 
_ 

’ \l~zhan~c,~l treAmc‘nts &ire rootplou~n, (7 (K P ). tron-end st,lcl\lng (F E.). and undl\turhed control (C ) 

~____ 
F.E. C Mean 

_____ 
1971 

7364 1518 5250Ll 

1178 1710 3869b 
3963 2185 37l’b 
5268a I821b 

1976 

7-w 3381 h7O’a 
5984 3397 5992a 
5177 39-H 5518~1 
611lb 357sc 

woody species (Fig. I ); but 3 years later, after rootplowing and 
front-end stacking, woody plant density had decreased. Brush 
species were controlled more effectively with rootplowing than 
with front-end stackin g, but forage production was increased by 
both mechanical treatments. 

rootplowing seeded to buffelgrass than for any of the other 
treatments. 

80 ROOTPLOWED 

1 1 
STACKED CONTROL 

1 
Total Herbaceous Production 

Mechanical treatments, with and without grass seeding, 
significantly increased total forage yields (Table 2). Forage 
production from the root-plowing treatment was two, three, and 
fourfold greater than that of the control in 1973, 1974, and 
1975, respectively. In 1976, production was higher for all three 
main treatments, which was attributed to the high rainfall 
received during the growing season. Rainfall greater than 2.5 
cm was received every month from March to December. 
Buffelgrass was the main contributor to the high forage pro- 
duction for the control treatment in 1976. By 1976, buffelgrass 
had invaded all unseeded plots of the control treatment as well as 
those of the rootplowed and front-end stacked treatments. Mean 
yields for rootplowing and front-end stacking treatments did not 
differ significantly (P~0.05) from each other in 1973 or 1974, 
but both treatments had significantly higher forage production 
than did the control. In 1975 and 1976, forage yields from the 
rootplowed treatment were significantly higher than that from 
either the front-end stacking treatment or the control. However, 
yields from front-end stacking treatment were significantly 
higher than that for the control. Mechanical treatments inter- 
acted significantly (P~0.05) with grass seeding treatments in 
1975. 

m 80 

d 
F 60 

40 

When we compared seeding treatments, buffelgrass seeded 
plots produced significantly more forage than did the native 
mixture treatment and the nonseeded treatments for the first 3 
years. In 1973, 1971, and 1976, herbage yields from the native 
mixture seedings and nonseeded treatments were not signifi- 
cantly different. In 1975, all three seeding treatments different 
significantly from each other with buffelgrass the highest 
yielder, followed by the native mixture, and then the nonseeded 
treatment. 

80 
- BUFFEL GRASS 

- NON-SEEDED 
60 

The application of N significantly (P~0.05) increased total 
forage production only during the season after application 
( 197-C). Forage production was increased 20 and 12% over that 
of the control, respectively, for rootplowed and front-end 
btacked treatments (data not shown). There were significant 
interactions (P<O.OS) between fertilizer and mechanical treat- 
ments. The interaction indicated better fertilizer response to 

0 
A 0 C D’E F ABCDEF ABCDEF 

Fig. 1. Herbtrc~eorrs jorcrge yields by species from 197-g to 1976 ttjter root- 

plo\c~irrg, jrottt-etrcl .stackittg. trttti 110 tretrtwtettt uttd seeded to hujfe1~~rtr.s.s. (1 

tttixttrre oj jitle tuttive c~rtr.s.se.s. cd twtt.seedetl. Species \c*ere hlr~e1grct.s.s (A). 

pltritr.\ hri.~tlegrtr.s.s (B). jmrr-jlmver trich1ori.s (C). Arixttttr cottotttop (D). 

Ijitrh ptrl,ltlr.sgrtrs.s (E). trrtd totd jorbs (F). Etrclt but- represtwts percetrt oj tile 

j ot (I It’ 11oc itc t’c ‘,< I- 1 II ?y etii4 .specicJ.s oti ctrclt oj tlie direr seeclitrg trecitttletrts. 
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Forage Production by Species 
The contributions of selected species to total herbaceous 

production under the mechanical treatments and the undisturbed 
control are shown in Figure 2. Buffelgrass was the most 
important single species contributing to forage yields regardless 
of treatment. Buffelgrass spread outside the seeded areas; 
moreover, the percent of buffelgrass production progressively 
increased from 1973 to 1976 on all treatments. The remaining 
herbage on the buffelgrass plots was primarily from nonseeded 
grasses and forb species. 

In the mixture treatment, three seeded native species (pink 
pappus, four-flower trichloris, and Arizona cottontop) com- 
bined accounted for better than 20% of total yield all 4 years. 
The rest of the forage in this seeding treatment was produced by 
buffelgrass. voluntary nonseeded grasses, and forbs. 

Major grass species on the nonseeded plots contributing to 
total herbage production included hooded windmill, Wright’s 
threeaw n, red grama, sand dropseed (Sporobolus cryptandrus 
(Torr.) Gray), Texas bristlegrass, and false witchgrass (Lepto- 
lomr c~ognatum (Schult.) Chase). However, these species 
accounted for less than 40% of the total forage each year. The 
remaining herbage on this treatment was produced mostly by 
but’felgrass, four-flower trichloris, and forbs. 

Forb contribution to total production was high the first year 
for both mechanical treatments, but decreased with time the last 
3 years. Major forb species contributing to herbaceous yield 
included rose palafoxia, western ragweed, ragweed parthe- 
nium. bristleleaf dogweed (Dypsodia tenuiloba (D.C.) Robin- 
son). and espanta vaqueros (Tidestromia lanuginosa (Nutt .) 
Standl.). 

Infiltration Relationships 
During infiltration tests, the soil was uniformly dry. At the 

initial test (August 1972), the 0- to 90-cm soil depth moisture 
content averaged 6.3%. At the second test (January 197.5), the 
O- to 90-cm soil depth moisture content averaged 7.6%. 

Initial infiltration rates for soil subjected to rootplowing and 
front-end stacking were significantly higher than that for the 
control (Fig. 3). However, 30 months later, there were no 
significant (PcO.05) differences between treatments. During 
the first 5 minutes of the initial test, the infiltration was 55.5, 
3 I .O, and 17.0 cm/hr for rootplowing, front-end stacking, and 

m ROOTPLOWED Y=.86+(288.2/X),r=.91 

- FRONT- END STACKED Y=.22+(148,5/X),r=.93 

I CONTROL Y=.l6+(7ZO/X),r=.91 

0’ 
;rlO IO 
a 
E 
-I 

It 

-I 

5 

TIME, MINUTES 

oj rcvrter irljiltrtrtiorr rates for two mechanicul mani- 

culd (I corltrol (August 1972). Data points are plotted ut 

iuter\wl oj measurement. 

(r) [ire stated ujter e&i 

Curve equation jufuwction 

treatment. 

control treatments. This accounted for about 35% of the tota] 
water infiltrated during the first I-hr test for all treatments. 
Rootplowed plots had the fastest infiltration rate during the first 
100 minutes, but after that, front-end stacking plots had the 
fastest rate. For all time intervals up to 120 minutes, root- 
plowing and front-end stacking treatment values were 2.5 and 
1 .i’ times greater than those for the control, respectively. 

Thirty months after the mechanical treatments were applied, 
the infiltration rate for the first 5-minute interval was 18.8 cm/hr 
for both mechanical treatments and 17.0 cm/hr for the control, 
which accounted for 5 1% of the total water infiltrated the first 
hour. 

Water Relationships 
Water use efficiency in grassland ecosystems is difficult to 

measure and interpret due to evaporation and transpiration 
losses, rainfall distribution patterns, varying amounts of ground 
cover, runoff, and soil disturbances. 

Soil moisture data from March to December 1973 showed 
that initial soil moisture measurements were similar for all three 
treatments (Fig. 4). However, after June, soil moisture after 
rootplowing and front-end stacking was consistently higher than 
that for the control. Following high intensity rainfall (for 
example 16.5 cm in June and 22.2 cm in September), root- 
plowing and front-end stacking accumulated more soil moisture 
than did the control. Only in August, after only 0.50 cm of 
rainfall in July, was soil moisture depleted to about the same 
level on all treatments. 

We compared soil moisture depletion for a 2 1 -day period of 
no rainfall (July 5 to 26). On July 5, soil moisture at the 0- to 
:-&m depth was 8.8,9.0, and 7.5 cm of water for rootplowing, 
front-end stacking, and the control treatments, respectively. 
On July 2~3, soil moisture was 4.1,4.4, and 3.5 cm for the three 
treatments, respectively. 

When we measured soil moisture at the 0- to 90-cm depth, 
soil moisture after rootplowing and front-end stacking treat- 
ments was depleted by 0.33 cm/day as compared with 0.23 
cm/day tor the control. However, after 21 days, these two 
treatments still had more soil moisture for forage production 
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than did the control, which reflected their higher infiltration 
capacity. 

Discussion 

Moisture data from this study helped to determine whether 
production increases are caused by more moisture in soil profile 
after brush removal and plowing (rootplowing) or more avail- 
able moisture due to no plowing but less plant competition after 
woody plant removal (front-end stacking). It was apparent from 
the water infiltration and moisture use relationships that both 
mechanical treatments increased total forage production as 
compared with the control treatment. The large increase in 
production reflected the higher water infiltration rates and 
reduction in competition from woody plants after mechanical 
treatments. As a result, more soil moisture was available for 
plant growth of desired species. The increased grass herbage 
production during the 4-year study (seeded vs unseeded) was 
associated with the response of buffelgrass to above-average 
rainfall. 

Buffelgrass herbage production in I97h constituted about -I-C 

and 5 I c/c of the total grass production on both mechanical and 
control treatments, respectively. Even though buffelgrass con- 
tributed a higher percent of forage on the control plots, total 
production was less due to lower plant density. However, 
invasions of buffelgrass plants on all treatments indicated this 
species’ fast response to rainfall and its competitive ability with 
other perennial grass plants. The contribution to total yield by 
three native seeded species (pink pappus, plains bristlegrass, 
and Arizona cottontop) was generally highest the first 2 years 
following treatment and declined as time passed. Plains bristle- 
~YXSS completely disappeared in 4 years, probably from selec- 2 
tive heavy grazing. Four-flower trichloris, a seeded native 
species, increased with time for both manipulation treatments, 
but grazing animals did not utilize this species as much as they 
did other species. It was observed that the order of utilization by 
cattle was buffelgrass > plains bristlegrass > cottontop and 
pink pappus > four-flower trichloris. 

The percent herbage contributed by voluntary native non- 
seeded grass species was consistent for mechanical manipula- 
tion treatments over time. Seeding and mechanical brush 
manipulation did not result in a significant change in herbage 
contributed by the volunteer nonseeded native species; how- 
ever, a shift in some species did occur. 

Percent herbage contributed by volunteer nonseeded grass 
species in the undisturbed control decreased from 1973 to 1976. 
The decrease in these species was attributed to the ability of 
buffelgrass to successfully compete with native grasses. 

Herbage constituted by forbs was high the first year for both 
mechanical manipulation treatments, but by the fourth year it 
was down to 3%. The control treatment averaged about 10% 
for-b herbage production and was generally consistent over time. 
The invasion of forbs as occurs in secondary succession 
t’ollowing mechanical treatment poses a problem the first year; 
however, with time, forb densities decrease. 

The change in grass composition from native species to 
buffelgrass will occur when buffelgrass is seeded. Observations 
from this study indicated that buffelgrass is more preferred by 
cattle than native grasses and is grazed more readily. Moreover, 
its fast growth characteristics and rapid recovery following 
lainfall promotes its ability to predominate or invade. Buffel- 
grass should not be seeded where a diversity that includes native 
perennial grasses is desired. 

Herbage production on the rangelands of the Rio Grande 

Plain can be increased by fertilizer application. In this study, 45 
kg/ha N, applied in the fall significantly (P~0.05) increased 
herbage production following both mechanical manipulations 
as compared with the control. However, the increase was only 
for the season following application, and no effect was evident 
during the second season. Perhaps at higher rates of application, 
residual responses could be obtained, but this would depend on 
seasonal rainfall after application. Another alternative would be 
to reapply a smaller amount each year rather than to try to carry 
over residual effects. 

Summary and Conclusions 

Vegetation of much of south Texas rangelands has changed 
since domestic livestock were introduced some 100 or more 
years ago. Generally, the change has been characterized by a 
reduction in perennial grasses and an increase in woody plants 
and cacti. 

Mechanical manipulation of brush followed by grass seeding 
decreased or retarded brush growth and increased forage pro- 
duction threefold to fourfold. However, the major portion of 
forage increase was attributed to an introduced perennial grass, 
buffelgrass. The success of buffelgrass seeding can be enhanced 
(Treat14 by 2 rootplowin g to increase water infiltration. New 
heedings must be protected from domestic livestock grazing for 
at least one growing season, and longer periods are desirable. 

Application of -CS kg/ha N increased both annual and peren- 
nial grass herbage production in the mechanical treatments, but 
showed no effect in production in the undisturbed control. 
However, the increase lasted only one season. The cost/benefit 
analysis for using small amounts of fertilizer annually to 
increase the rate of range improvement and to improve distribu- 
tion of use needs to be evaluated. 
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