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COVER PHOTO: Biological control, the use of insects for the control of noxious 
plants, is an integral part of the brush and weed control research program at Texas 
Tech University. This photo shows a perennial broomweed plant killed by a round
headed borer, Crossi«Jius pulchellus. The borers, which hollow the roots and lower 
stems, have killed 52 % of the perennial broomweed plants in an area north of Cana
dian, Texas. Insects are also important in the ecology of pricklypear, creosotebush, 
mesquite, and shin oak in Texas. 
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of turkeys in north-central Texas. White-tailed deer relished mistletoe and prickly
pear, but ate many forbs and shrubs throughout the year. Additional deer studies 
are underway. Bob-white and blue quail will be studied in tobosa communities this 
coming year. 

Shrubs appear to compete with grass for water only during dry years. A study 
on herbage yield in relation to percent yucca removal during the past two years indi
cated that the removal of yucca increased yields during the dry year of 1973, but 
not during the wet year of 1972. In another study mesquite was a user of water when 
it was available, but got by with relatively little water when the soil was dry. In 
sand shinnery vegetation, oak used water for a much shorter period of time than 
the herbaceous vegetation. 

Brush control practices for small ranchers has been another one of our re
search efforts. Basal treatments, use of Tordon pellets, and modification of conven
tional equipment for shredding have been the major thrusts in this area. 

We will continue to serve your needs in brush control as we see them. Your 
suggestions on problem areas that are not currently being attended to are welcome 
any time. As new problems develop, we will attempt to gradually work them into 
our program as older projects are phased out. 

Since this is a progress report, results presented are not final. For this reason, 
the information should not be published or used for other purposes without permis
sion of Texas Tech University. For additional information on any study, contact the 
principal investigator directly or the Brush and Weed Control Research Director. 

Many ranchers and chemical companies contributed freely in personal help, 
monies, equipment or chemicals. We appreciate their help in the fight against brush. 
The use of their names and commercial chemical product names in this report is for 
accuracy and should not be construed as an endorsement of the specific product by 
Texas Tech University. 



Authors 

MR. NEAL ALEXANDER, Research Assistant, Department of Agricultural Economics 
DR. B. L. ALLEN, Professor of Soil Science, Department of Agronomy 
MR. DANNY L. BECK, R esearch Assistant, Department of Range and Wildlife 

Management 
DR. ERIC G. BOLEN, Professor of Wildlife Management, Department of Range and 

Wildlife Management 
MR. ROBERTO Boo, Research Assistant, Department of Range and Wildlife Manage

ment 
MR. CONRAD S. BRUMLEY, Research Assistant, Department of Range and Wildlife 

Management 
MR. STEPH EN C . BUNTING, Research Associate, Department of Range and Wildlife 

Management 
MR. RAY BURRUS, County Extension Agent, Texas Agricultural Extension Service, 

Texas A&M University 
MR. MARK E. BYARD, Research Assistant, Department of Range and Wildlife 

Management 
DR. THOMAS G. CARPENTER, Research Scientist, Department of Agricultural Engi-

neering 
DR. A. DEAN CHAMRAD, Soil Conservation Service, U.S.D.A., El Paso, Texas 
DR. F. M. CHURCHILL, Professor of Range Management, Abilene Christian College 
MR. JOHN A. CRAWFORD, Research Assistant, Department of Range and Wildlife 

Management 
DR. B. E . DAHL, Professor of Range Management, Department of Range and Wild

life Management 
MR. S. JOE EASTER, Research Assistant, Department of Range and Wildlife 

Management 
MR. DAVID M. ENGLE, Research Assistant, Abilene Christian College 
DR. BILLY G. FREEMAN, Assistant Professor of Agricultural Economics, Department 

of Agricultural Economics 
MR. JOHN P. GOEN, Research Associate, Department of Range and Wildlife 

Management 
DR. J . R . GOODIN, Associate Professor of Biology, Department of Biology 
MR. CHARLES T. HALLMARK, Research Assistant, Department of Agronomy 
MR. TREY HARBERT, Research Assistant, Department of Range and Wildlife 

Management 
MR . . E . B. HERNDON, Research Associate, Department of Range and Wildlife 

Management 
Miss ELAINE HOLMES, Lab Technician, Department of Range and Wildlife Manage

ment 
MR. RONALD G. HoREJSI, Research Assistant, Department of Range and Wildlife 

Management 
MR. BILLY JOBE, Research Assistant, Department of Agronomy 
MR. A. KENT MONTEI, Research Assistant, Department of Range and Wildlife 

Management 
DR. PHILIP R. MOREY, Associate Professor, Department of Biology 
MR. LEON F. N EUENSCHWANDER, Research Assistant, Department of Range and 

Wildlife Management 
DR. RUSSELL D. PETTIT, Assistant Professor of Range Management, Department of 

Range and Wildlife Management 
DR. DEE A. Qu1NTON, Assistant Professor of Wildlife Management, Department of 

Range and Wildlife Management 
MR. WILLIAM E. ROBNETT, Teaching Assistant, Department of Biology 
MR. KEN D. SANDERS, Research Assistant, Department of Range and Wildlife 

Management 



MRS. GRETCHEN SCOTT, Lab Technician, Department of Range and Wildlife 
Management 

MR. STEVEN H . SHARROW, Research Assistant, Department of Range and Wildlife 
Management 

MR. MICHAEL W. SMALL, Research Assistant, Department of Range and Wildlife 
Management 

DR. RONALD E. SOSEBEE, Assistant Professor of Range Management, Department of 
Range and Wildlife Management 

MR. BRIAN M. SPEARS, Research Assistant, Department of R ange and Wildlife 
Management 

DR. W. CLARK STEVENS, Professor of Biology, Abilene Christian College 
DR. DONALD W. THAYER, Associate Professor of Biology, Department of Biology 
DR. DARRELL N. UECKERT, Associate Professor of Range Management, Department 

of Range and Wildlife Management 
MR. DYER WINDHAM, Research Assistant, Abilene Christian College 
MR. TERRY WOLTMAN, Research Assistant, Abilene Christian College 
DR. HENRY A. WRIGHT, Professor of Range Management, Department of Range and 

Wildlife Management 
DR. S. P. YANG, Professor and Department Chairman of Food and.Nutrition, Home 

Economics 



Contents 
Page 

Steer gains on a continuous vs. high intensity grazing system . . . . . . . . . . . . . . . 8 
Cattle diets on brush infested rangelands in north-central Texas . . . . . . . . . . . . . 8 
Defoliation of creosotebush by walkingsticks increases forage production . . . . . . I 0 
Natural control of pricklypear . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 0 
White grubs denude rangeland . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
Perennial broomweed mortality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
Effect of desert termites on infiltration, sediment production, and selected soil 

properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 3 
Watershed research in dozed juniper .... .. .... . .. . . .. .. . .. . . .. .... .. .. 14 
Regrowth of lote bush (blue bush) after burning . . . . . . . . . . . . . . . . . . . . . . . . . 14 
Mortality of mesquite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
Regrowth of mesquite after burning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 5 
Soil nitrogen in a tobosa community . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 
Controlling bitterweed with fall and winter applications of 2, 4-D amine . . . . . . 16 
Ignition capabilities of non-flaming firebrands . ... .. ..... .. . .... ... .. . .. 18 
Influence of mesquite on grass yields . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 
2, 4, 5-T plus fire for management of tobosa grasslands .... . .. . .. ... . .. . ... 20 
Influence of herbicides on herbage yields ... .. . . .. . .. . .. . . . . ... . .. . . ... 21 
Long-term effect of fire on tobosa yields in relation to site on Stamford 

clay soils . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 
Effect of auxin transport inhibitors on mesquite morphology . .. .. . ... . . . . . . .. 22 
Use of Krenite in mesquite control . . . . .. . .. .. . . ... . . . . . . . ... . ....... . 22 
Effect of ethrel on mesquite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 
Herbicide effects on huisache morphology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 
Influence of soil temperature on niacin content of mesquite .... .. . . . . .. . . . . 24 
Use of niacin in mesquite control . ... .. ....... . ..... . ... . ...... . . . ... 24 
Enhanced mesquite control with NAA following shredding ..... . .......... 25 
Correlative inhibition of mesquite buds .. . ....... . ......... . .. . ..... . .. 26 
Combination DPX 1840-2, 4, 5-T treatment of mesquite . . ... .. . . .. . ... .. . 26 
Enhanced herbicide effectiveness with various additives . .. ................ 26 
Herbage yield and soil water content following yucca removal ... . ...... . ... 27 
Rio Grande turkey diets and dispersal on brush controlled areas . .. .... . .. . . 28 
White-tailed deer diets on brush controlled areas . . . . . . . . . . . . . . . . . . . . . . . . 28 
Effect of land-use on lesser prairie chicken populations . . . . . . . . . . . . . . . . . . . 30 
White-tailed deer, brush control, and grazing systems . . . . . . . . . . . . . . . . . . . . 30 
Protein from mesquite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . 30 
Water relationships of honey mesquite . . ................ . .. . ..... . .. . . 31 
Field technique for estimating total available carbohydrates .. . .. . .. . .. .. ... 31 
Mesquite shredding may improve grass yields ..... . .. . ..... . .. . ........ 32 
Shredding appears to be desirable . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 
Basal treatments kill mesquite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 
Mist-blower system for chemical application . . . . ... ... .... .... . . .. .. ... 33 
Granular picloram controls redberry juniper .... . ...... . ................ 33 
Farm equipment can be used in pastures with mesquite . . ................. 33 
Picloram gives cheaper pricklypear control . . . .. ........ . . .... .. . . . . . .. 33 
Brush control and the consumer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 
Soil effects on brush distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 
Picloram affects West Texas shin oak ... .. ... ... .. ..... .. . ............ 36 
Seasonal variation in oak leaf tannins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 
Shredding sand shin oak depletes root carbohydrates .................... 37 
Soil water use by sand shin oak and associated species .......... . .. . . . . ... 37 



Steer Gains on a Continuous vs. 
a High Intensity Grazing System 

by K. D. Sanders and B. E. Dahl 

The high intensity-low frequency (HILF) grazing 
system has recently become very popular in Texas. With 
little research on HILF in north-central Texas, we 
initiated a study in 1972 on the R. A. Brown Ranch, 
Throckmorton, Texas to compare it with continuous 
yearlong grazing. His HILF system consists of seven 
pastures, each approximately 1 section in size. Stocking 
rates were approximately 45 AU/section on HILF and 
40 AU/section on the continuous system. Because of 
above average forage production, utilization was light 
on both systems in 1972. 

Seasonal gains for yearling steers of mixed breeding 
were followed on both systems. The steers were weighed 
each time the HILF herd was rotated to a fresh pasture 
at approximately monthly intervals. Differences in steer 
gain due to grazing systems were not significant under 
this light grazing as illustrated in the following figure. 

Daily gains were essentially the same for both sys
tems, although considerable variation occurred be
tween weigh dates. Both groups of steers gained ap
proximately 1.5 lb/hd/day in the spring. However, the 
hot weather of summer and Jess digestible forage caused 
a gradual decrease in gain to a low of only .5 lb/hd/day 
in September. Steer gains increased with fall rains and 
cooler weather only to drop off again with the advent of 
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cold wet weather. Apparently the loss shown in Febru
ary was due to excessive shrinkage during an all day 
snow storm the day prior to weighing. Warm weather 
coupled with abundant green forage allowed the steers 
to make compensatory gains in March and April. 

We suspect the low gains in summer were partially 
due to lack of shade in the pastures used in the summer 
months. Should other research reveal this premise to be 
indeed a fact, summer shade could easily be provided on 
most Texas ranges by leaving occasional stands of native 
brush. 

Cattle Diets on Brush Infested 
Rangelands in North Central Texas 

by K. D. Sanders, B. E. Dahl, and Gretchen Scott 

Studies in other states have shown that many shrub 
species are important components of livestock diets 
particularly in the winter. It has been suggested that 
range researchers in Texas investigate the value of the 
various brush species to grazing animals before com
pletely clearing the land. This study evaluates the im
portance of a variety of brush species to cattle by de
termining the percent each species makes up of the 
total diet. 

Microscopic analysis of cattle feces collected at ap
proximately monthly intervals in 1972-1973 were used 
to determine species composition of cattle diets. The 
study area is on the Clear Fork of the Brazos River near 
Stamford, Texas. Major brush species are mesquite 
( Prosopis glandulosa), ironwood ( Bumelia lanuginosa), 
polecat bush ( Rhus aromatic), little leaf sumac ( Rhus 
microphylla), catclaw (Acacia sp.} elbowbush (Fores
teria pubescens), tasajillo ( Optunia leptocaulis), lote
bush (Ziziphus obtusifoila), pricklypear (Opuntia sp.) 
Mexican buckeye (Ungnadia speciosa), and mistletoe 
( Poradendron vil/osum). Grasses are predominantly 
Texas winter-grass (Stipa Leucotricha), side-oats grama 
( Bouteloua curtipendula), and buffalo grass ( Buchloe 
dactyloides). 

Cattle diets followed definite seasonal trends. Grasses 
made up the bulk of the diet in all seasons. In the spring, 
diets consisted primarily of Texas winter-grass and 
other grasses that had early spring growth. As the Texas 
winter-grass dried out cattle shifted to side-oats grama, 
buffalo grass, slim tridens ( Tridens muticus}, lovegrass
es ( Eragrostis sp.), and 3-awns ( Aristida sp.) during 
early summer. In late summer and fall the diets were 
mostly of side-oats grama. Forbs were most important 
in the spring when young and abundant. 

Mesquite was the only significant brush species in 
the diet. In the spring and summer mesquite leaves were 
infrequently eaten. Mature mesquite beans were taken 
with relish in the fall and early winter, even after they 
had fallen from the trees. However, the presence of 
mesquite in the feces in January and February may have 
been residual material in the digestive tract from ear-
1 ier consumption. Ironwood berries, pricklypear, mistle
toe, and Mexican buckeye berries also appeared in the 
diets but in insignificant amounts. 
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Defoliation of Creosotebush 
by Walkingsticks Increases 
Forage Production 

by Darrell N. Ueckert, and A. Dean Chamrad 

During the summer and fall of 1972, the walking
stick insect Diapheromera covilleae R. & H. (Orthop
tera: Phasmidae) defoliated thousands of acres of creo
sotebush (Larrea tridentata) in the Trans-Pecos region 
of Texas. Infestations of these insects were widespread 
and their feeding resulted in essentially complete de
foliation of creosotebush in localized areas. Defolia
tion did not kill creosotebush plants; however, it was 
felt that defoliation might reduce competition with na
tive forage plants. In April, 1973 a clipping study was 
conducted to compare herbage production beneath de
foliated and undefoliated creosotebush plants on a lime
stone hill range site northwest ofCornudas, Texas. Thir
ty-five 1-m:! quadrats, each with a creosotebush plant 
at its center, were clipped in a stand of creosotebush 
heavily defoliated by walkingsticks, and 35 similar 
quadrats were clipped in an adjacent stand of creosote
bush which had not been defoliated. 

Defoliation of creosotebush increased production of 
primary grasses (black grama and blue grama) by 203 
lb/acre (I 03 % ) and production of annual forbs (an
nual bladderpod and other annuals) by 31 lb/acre 
( 122 % ). Defoliation did not significantly influence pro
duction of secondary grasses (spike dropseed, mesa 
dropseed, threeawn, and sand muhly) or perennial forbs 
(dogweed and perennial broomweed). 

Walkingsticks continued to defoliate creosotebush 
in the Trans-Pecos region during the summer and fall of 
1973. In the areas observed near Cornudas, Texas 
the walkingsticks appeared to be moving toward the 
west, and large areas of creosotebush which were not 
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defoliated in 1972 had been defoliated by early fall of 
1973. Creosotebush that had been heavily defoliated 
during I 972 was maintained in a leafless condition by 
low population densities of walkingsticks in 1973. 

Lotto Turner, a rancher near Cornudas, moved thou
sands of walkingsticks from heavily infested areas 
into walkingstick-free areas during 1972. Observations 
in late August, 1973 revealed that he had succeeded 
in establishing populations of walkingsticks in several 
new areas. 

Natural Control of Pricklypear 
by Darrell N. Ueckert and E. B. Herndon 

Various species of cactus (pricklypear, tasajillo, chol
la etc.) infest about 75 million acres of Texas range
la~d. Pricklypear is well adapted to desert-like condi
tions and usually spreads during drought years or on 
rangeland that has been severely overgrazed. Over 90 
species of insects injurious to pricklypear have been re
ported. A study was begun in 1972 to determine the im
pact of a blue cactus borer, Olycella junctolineela 
(Hulst) (Lepidoptera: Pyralidae), on an infestation of 
pricklypear southeast of Quanah, Texas in Hardeman 
County. The larvae of this insect bore into the pads of 
pricklypear and consume the fleshy contents. By late 
August, 1972 the borers had killed 29% of the prickly
pear plants and 46% of the live plants were infested with 
borers. In late August, 1973 another survey of the prick
lypear plants on the study area was taken. This survey 
revealed that the mortality of pricklypear due to the 
borers had increased by 30% , i.e. 59% of all the prickly
pear plants had been killed by the blue borers. An ad
ditional 30% of the plants were apparently infested by 
blue borers and 11 % showed no signs of borer activity. 
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Defoliation of creosotebush by Walkingsticks may result in increased production of forage. 
Creosotebush near Cornudas, Texas defoliated by Walkingsticks (left) and an area nearby that 
was uninfested <right). 

General view of white grub-infested rangeland near Snyder, 
Texas during early May, 1973 (foreground) with grub-free vege
tation in background. Insert shows close-up of white grub 
Phyllophaga crinata. 

A modified Purdue sprinkling infiltrometer is being used to 
apply simulated rainfall to experimental plots to 'Study the in
fluence of the desert termite G1111thamitennes lubifonru1os on 
infiltration and sediment production on buffalograss-blue 
grama threeawn rangeland near Post, Texas. 
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White Grubs Denude Rangeland 
by Darrell N. Ueckert 

In addition to brush and other management problems, 
ranchers are continually confronted with insects which 
consume forage, reduce the vigor of forage plants, and 
directly or indirectly compete with livestock for food. 
White grubs, the larvae of the familiar June beetle, are 
among the most destructive of soil insects. Ranchers 
near Snyder, Texas reported that their grass was dying 
during the early spring of 1973. The white grub Phyl
/ophaga crinita (Coleoptera: Scarabaeidae) was found to 
be responsible, and had killed out almost all vegetation 
in localized areas on several ranches by feeding upon 
the roots below the soil surface. Sampling in May re
vealed that there were 39 grubs/yd:! and that the grubs 
had consumed 42. 5 % of the root material in the upper I 
ft of soil. The grub infestation had reduced the live 
plant cover by 82.9%. Grub infested soil contained 4.6% 
more moisture than adjacent grub free soil, because 
plants simply were not present to utilize the soil 
moisture. 

Experimental plots were established to study the in
fluence of insecticide (chlordane at 3 lb/acre), fertilizer 
{ 100 lb nitrogen/acre), and insecticide + fertilizer (3 lb 
chlordane + I 00 lb nitrogen/acre) upon the natural 
recovery of the native vegetation. Kleingrass was seeded 
on one experimental plot at the rate of 3 lb seed/acre 
(P.L.S.) to determine the feasibility of reseeding grub
infested rangeland. Chlordane applied to the soil sur
face was not effective in controlling subterranean grubs. 
In early June, there were still over 30 grubs/yd:! on 
sprayed and unsprayed plots, however the native grass
es appeared to be capable of fairly rapid recovery from 
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the effects of white grubs. By mid-October, 1973 there 
was a difference of only 35.9% in live plant cover be
tween grub-infested and grub-free plots. Perennial grass 
cover had increased from 3% in May to 14.3 % in mid
October. In October, forb cover was 2 % on grub-free 
rangeland and 8.2% on grub-infested rangeland. 
An excellent stand of K!eingrass was established on the 
experimental plot and the seedlings did not appear to 
be adversely affected by the grubs. 

Perennial Broomweed Mortality 
by Darrell N. Ueckert and Ray Burrus 

During the summer of 1972 perennial broomweed 
(Xanthocephalum sarothrae) was reported to be dying 
north of Canadian, Texas in Lipscomb County. We 
found that a round-headed borer, the larvae of the long
horned beetle Crossidius pulche/lus Leconte (Coleop
tera: Cerambycidae) was the primary cause of the 
mortality, although the roots of the broomweed plants 
were also heavily infested with the mealybug Chorizo
coccus sp. (Homoptera: Pseudococcidae). The borers 
hollow the roots and lower stems of broomweed plants, 
while the mealybugs suck juices from the roots. In mid
August, 1972, 9 % of the broom weed plants had been 
killed by the borer, while another 52 % had one or 
more stems killed, but remained alive. 

A subsequent survey in late August, 1973 revealed 
that the borers and mealybugs had successfully con
tinued their beneficial activity through another year. An 
additional 43 % of the broomweed plants had died, and 
resulted in 52 % mortality of the broomweed population. 
Even greater mortality of broomweed is expected to 
occur in the near future, since 32 % of the plants re
maining alive showed symptoms of damage by the 
borers. 
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Rocky Mounta in infiltrometer plots that are being use~ with the ~o~ified Purdue spr~nkling 
infiltrometer to study infiltration and sediment production on term1te-mfested and termite-free 
rangeland. 

Effect of Desert Termites 
on Infiltration, Sediment Production, 
and Selected Soil Properties 

by Brian M. Spears and Darrell N. Ueckert 

Our previous research has shown that the population 
density ( 414 7 /m:!) of the desert termite ( Gnathami
termes tubiformans) in a buffalograss-blue grama
threeawn community (Olton clay loam soil) in the 
southern mixed prairie near Post, Texas approaches the 
highest recorded population density of termites in the 
world (5473/m:! in Trinidad rain forests). We have also 
shown that they reduce the amount of forage available 
for livestock by 13% and the accumulation o! plant litter 
by 3 8 % . Th us it appears that control of term 1tes on some 
types of Texas rangeland might be desirable. However, 
many termite researchers have s~eculated t~at 
subterranean termites may improve soil structure, ·~
crease the incorporation of organic matter into the soil, 
and increase infiltration of rainfall. Therefore we 

initiated a study to determine the influence of desert 
termites on rainfall infiltration, sediment production, 
evaporation of soil water, and selected soil physical 
and chemical properties. The study is being conducted 
on experimental plots on which termites have been 
controlled since 1971 by periodic spraying with the 
insecticide chlordane, and on adjacent untreated plots. 
A modified Purdue sprinkling infiltrometer is being 
used to apply simulated rainfall to quadrats at the rate 
of 4.5 in./hr over a 40 min period. 

Preliminary results indicate that termite-free soil has 
significantly higher antecedent percent soil moisture 
biomass of plant litter, capillary pore space, and per
cent organic carbon, while termite-infested soil has 
significantly higher non-capillary pore space, hydraulic 
conductivity, and percent of water stable aggregates in 
the range < .5 mm to > .25 mm. Preliminary results 
have not shown significant differences in infiltration 
rates, sediment production, or evaporation of soil water 
between termite-free and termite-infested soils. 
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Watershed Research in 
Dozed Juniper 

by Henry A. Wright, Francis M. Churchill, W. Clark 
Stevens, David M. Engle, Dyer Windham, Stephen 

C. Bunting, and Terry Woltman . 

Through the Office of Water Resources Research, 
U.S. Department of Interior, our water~hed research 
project in dozed ashe juniper was continued for the 
second year. After one full year following burning treat
ments, we show no differences in runoff between the 
control and burned watersheds on level and moderate 
slopes. On steep slopes, however, we have a. sig~ificant 
difference, although it is not of much practical impor
tance. 

Water yields in acre-inches one year after . b~rn~ng 
treatments following 26. 9 inches of prec1p1tat1on 
near Baird, Texas. 

Treatment Slope 

Control 
Burned 

Level(3 % ) Moderate119% ) Steep1570 ) 

0.07 
0.08 

1.73 
1.31 

0.02 
1.19 

Sediment yields are almost non-existent on level 
areas regardless of storm intensity, but significant on 
the ~oderate and steep slopes. The erosion on moderate 
slopes can probably be tolerated for a short period of 
time, but erosion on the steep slopes should not be tole
rated. 

Sediment yields in tons/acre for one year following 
burning treatments near Baird, Texas. 

Treatment Slope 

Control 
Burned 

Level t 3% ) Moderate l 19% ) Steep (57 c>fr ) 

0.01 
0.01 

0. 1,2 
0.84 

0.01 
5.78 

In ashe juniper com muniti es of Texas, dozing piles 
up a lot of so il near the base of the tree. When several 
trees are dozed and pushed together, as most of 
them are, a very large pile of soil remains. Following 
dozing, erosion takes place, and after a treatment, such 
as burning, these piles continue to erode to local 
areas o r downslope until there is almost no sign of a 
pre-existing pile of soil. How to stabi lize such areas i.s a 
serious question because they are not natural. Seeding 
might help, but we suspect that the seed would also 
quickly erode with the first major storm. It is probably 
best not to tree doze any area that has a slope greater 
than 20%. These areas could be used as cover by wildlife. 

Based on percent bareground, most watersheds are 
approaching full vegetative recovery 16 months ( 2 
growing seasons) after burning. However, our sediment 
yield and water quality data does not indicate that the 
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moderate and steep slopes are near full recovery. Next 
year's data should be more conclusive. . 

Nutritive losses, the first year after burning, were 
non-existent on level areas, slight on moderate slopes, 
and relatively high on steep slopes. Annual nitrogen 
losses varied from 22 lbs/acre to more than 57 lbs/ 
acre on steep slopes after burning, whereas moderate 
slopes lost no more than 51/ 2 lbs/acre. Phosphorous 
losses were no greater than 4 lbs/acre on the steepest 
slopes, and potassium losses were no greater than 51/2 
lbs/acre, annually. Nutrient losses from the control 
watersheds was no greater than 0.34 lb/acre/year for 
any element on any slope. 

Water hardness (Ca + Mg) is not affected by burn
ing on level areas. On moderate slopes, however, burn
ing may double the water hardness, and on steep slopes 
it may increase it from 1 to 8 times. In no case, how
ever did water hardness on any of the treated areas 
reach 200 ppm, which is permitted by the city of Abi
lene for drinking water. 

Sodium and pH are not a problem in water from the 
burned watersheds. Sodium is almost non-existent ( < 
2.9 ppm) in runoff water on all watersheds. pH may 
increase slightly after burning, but it has never increased 
more than 0.5. A pH of 8.1 is the highest quarterly 
average on our watersheds. This appea~s to be desir~bl.e 
since the city of Abilene treats their water until 1t 
reaches a pH of 9 .8. . 

Turbidity of runoff water is one of our most serious 
water quality problems from burned range lands. Burn
ing on all watersheds increases turbidity of runoff water 
to some extent, but it is most noticeable on steep water
sheds. On these watersheds turbidity may increase over 
50-fold. On the level areas and moderate slopes, tur
bidity of runoff water rarely doubles that of the control. 

To date our results tell us that we can burn on slopes 
up to 20% in ashe juniper without any major sacrifices 
in soil erosion or water· quality. Above this percent 
slope, it appears that burning or any mechanical tr~at
ment will cause at least short-term soil losses, nutrient 
losses and loss in water quality. If possible, it would be 
best t~ leave sloping areas above 20% as cover for wild
life when trying to reclaim an area. Another alternative 
may be to reseed the burned pile areas on steep slopes. 

Regrowth of Lote Bush (Blue Bush) 
After Burning 

by Leon F. Neuenschwander and Henry A. Wright 

Lote bush (blue bush) regrows very slowly for the 
first 3 years after burning. In fact, it seems to put up an 
initial spurt of growth the first year and none for the 
next 2 years. Then it begins to grow very rapidly. Pro
jections indicate that it will recover fully 6 years after 
the original burn. 

Since lote bush appears to be prime cover for quail , 
we suspect that burning may reduce quail populations in 
the interior of a burn for about 4 years. A current study 
is underway to check this out. For now, ranchers should 
consider the potential disadvantages of burning lote 
bush if quail hunting provides a source of income. 
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2 3 4 s 
Age of burn (Years) 

Accumulative regrowth of lote bush (blue bush) in relation to 
age of burn. 

Mortality of Mesquite 
by Henry A. Wright and Stephen C. Bunting 

During the past four years we have burned five age 
classes of living mesquite trees as shown in the table 
below. Mesquite trees that were burned at temperatures 
above 200 F were easily killed by fire up to 1.5 years 

Percent mortality of young mesquite trees after burning 
in relation to age and maximum soil surface tem
perature. 

Age Temperature (F) 
(Years) 200 500 800 1100 Control 

0.5 43 91 100 100 14 
1.5 60 100 100 100 0 
2.5 20 40 64 72 0 
3.5 8 8 8 8 4 
10 !Approx.) 0 0 4 8 0 

of age, severely harmed at 2.5 years of age, and very 
tolerant of fire after 3.5 years of age. Thus, mes
quite trees older than 3 years of age are very difficult to 
kill by fire unless they have been top-killed by a pre
vious treatment. 

Trees that have been top-killed by a previous treat
ment are moderately harmed by burning, at least on 
the Rolling Plains. Percent mortality of 1200 trees that 
had resprouted after spraying in I 965 and were burned 
in 1969 was as follows: 

1969 1970 

Mortality ( % ) I 0.8 17. 7 

Year 
1971 

22 .6 

1972 

25 .7 

1973 

26.4 

The initial mortality was caused by the ignition of dead 
mesquite stems which served as a fuel source to burn 
into living crowns. For this kind of burning to take 
place, winds must be in excess of 8 mph at the time of 
burning. Subsequent mortalities were caused by an 
i?teraction between . ~ weakened condition caused by 
fire, drouth, compet1t1on from grasses, insect damage, 
and damage by rabbits and rats. 

On the High Plains it is much more difficult to kill 
mesquite trees, which had been previously top-killed 
with 2, 4, 5-T. We have not observed any trees that were 
killed by fire. Possibly this is due to a genetic difference 
between mesquite on the High vs. Rolling Plains. His
torically, we suspect that mesquite on the High Plains 
evolved with fires that were more frequent than those 
on the Rolling Plains. Thus, mesquite on the High 
Plains should be better adapted to fire. 

Regrowth of Mesquite After Burning 
by Leon F. Neuenschwander and Henry A . Wright 

The total amount of living material (current growth 
as well as woody material) was measured on mesquite 
trees that survived on burns from I to 5 years old, a 9 
year-old sprayed and unburned area, and an unsprayed 
and unburned area. Growth is moderately rapid for 
the first two years, slows down during the third year, 
and then begins to accelerate during the fourth year. 
It appears that burned mesquite trees on the Rolling 
Plains will require about 40 years to attain the same 
volume of living material as the unsprayed control. This 
data was taken on Stamford clay soils with a slope of I 
to 3% . 

Reburns (in this case 3 years apart) appear to slow 
the growth rate of mesquite about 35 % compared to 
original burns, at least for the first 2 years. Growth 
rate was 55 gms/tree for the first 2 years on a reburn 
compared to 87 gms/tree for the first 2 years on an 
original burn. This implies that reburn treatments in 
tobosa communities may gradually lessen the vigor of 
mesquite trees that are not killed by fire. 

5 

Year of bum 
Accumulative regrowth of mesquite in relation to age of hurn 
( 1969-1973) or spray ( 1965). 
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Soil Nitrogen in a 
Tobosa Grass Community 

by Steven H. Sharrow and Henry A. Wright 

Total soil nitrogen was measured on five treatment 
areas at three soil depths. The soil depths were 0 to 
2.5, 2.5 to 5.0, and 5.0 to 12.5 cm. Treatments were 
(I) burned, (2) burned and grazed, (3) clipped, (4) un
burned and grazed, and (5) unburned and ungrazed. 
Burning and clipping treatments were applied in March, 
I 972, and sampling followed at monthly intervals for 
one year. The purpose of th is study was to try to gain 
some insight as to why tobosa yields increase after burn
ing. 

Burning lowered soil nitrogen levels at the 2.5 to 
5.0 and 5.0 to 12.5 cm soil depths. However, clipping 
reduced nitrogen markedly at the 0 to 2.5 cm depth and 
then the effect decreased with depth until no effect was 
discernable at the 5.0 to 12.5 cm depth. 

Average percent soil nitrogen in relation to treatments 
of tobosa and soil depth. 

Treatment Soil depth' 
0-2.5 2.5-5.0 5.0-12.5 

Burned 0.212ab 0.095d 0.081d 
Burned, grazed 0.20lbc 0.1 l lb 0.088bcd 
Clipped 0.186cd 0.108bc 0.092abc 
Unburned, grazed 0.175d O.IO!cd 0.096ab 
Unburned, ungrazed 0.236a 0. 138a 0.097a 

'Numbers in columns followed by the same teller are not 
significantly d ifferent at the .05 level of probability. 

This differential response between b.urning and clip
ping demonstrates that the effects of fire on soil nitrogen 
content are not due entirely to litter removal. Fire adds 
nitrogen to the upper soil layer, and nutrients from the 
ash stimulate nitrification from lower layers by active 
organic decay. Five years of grazing (Unburned, grazed) 
reduced nitrogen levels near the soil surface to the same 
level as that of clipping, but no effects of grazing on 
nitrogen levels were ev ident below 5 cm. 

The lower amounts of nitrogen in the top soil depth of 
the grazed and clipped plots compared with the burned 
and control plots have not been fully resolved. Incor-

Current year's tobosa production and soil nitrate (0-
2.5 cm depth) in relation to treatment. 

Treatment Yield 
(lb/acre) 

Soil nitrate 
(ppm) 

- - ·-·--- ----- --- - ------
Burned 
Burned, grazed 
Clipped 
Unburned, grazed 
Unburned, ungrazed 

2360 
1917 
1398 
907 
746 

--· .. - ----·- - --
16 

29.8 
26.4 
33.6 
47. 1 
49.7 

poration of charcoal into the burned soil, high soil mois
ture in the control, and warmer soil temperatures on the 
clipped, grazed, and burned plots all interact and prob
ably play a significant role. 

Yield of tobosa was three times higher on the burned 
plot than on the control, and one and one-half times 
higher than on the clipped plot. As one can readily see, 
these yields are not related to total soil nitrogen. More
over, they are inversely related to soil nitrate concen
trations. Thus, the lack of growth on control plots can
not be ascribed to a nitrate deficiency. Higher soil temp
eratures on the burns (31.6 °C vs. 24.9°C for control) 
will favor tobosa production, but it is unlikely that this 
factor alone caused the large response observed. Soil 
temperatures were relatively high on the control plots 
and should not have been a limiting factor. Further in
vestigations will be carried out during the next two years 
to resolve why burning stimulates grass yields. 

Controlling Bitterweed with Fall and 
Winter Applications of 2, 4-D Amine 

by Stephen C. Bunting and Henry A . Wright 

As a followup to previous years research on bitter
weed, we tested four dates and five rates of application 
of 2, 4-D amine. The dates of application were Septem
ber I, 1972, October 15, 1972, December I , 1972, and 
January 15, 1973. The treatments included four rates of 
2, 4-D am,ne-Yi, I, 11/2, and 2 lb/acre-and a con
trol. In addition, the I, I Y2, and 2 lb/acre rates were 
flown on I 00 acres each on October 24, 1972 to further 
test rates on a large scale. 

Based on all treatments, November I to January 15 
is the best time to spray bitterweed with 2, 4-D amine. 
No rate of 2, 4-D killed bitterweed in September and 
only the 2 lb/acre rate was effective on October 15. 
From November I to January 15, Y2 lb/acre of 2, 4-D 
amine seems adequate to kill bitterweed and I lb/acre 
is more than adequate. These low rates of 2, 4-D amine 
were only moderately harmful to desirable forbs the 
first year after treatment. 

We recommend spraying bitterweed only during wet 
winters when it is likely to be a poisonous problem. Our 
studies did not indicate any long-term range improve
ment benefits (more than 2 years) by spraying bitter
weed. Thus, the primary benefits from fall and winter 
applications of 2, 4-D amine are short-term. 

Yield of bitterweed (lb/acre) on May 23, 1973, one 
growing season after treatment, in relat ion to season 
and treatment. 

Dates of Treatments (lb/acre of 2, 4-D) 
application 0 Y2 I I Yi 2 

Sept. I 149 100 357 126 251 
Oct. 15 149 267 79 59 I 
Dec. I 149 2 42 2 0 
Jan. 15 149 6 34 15 I 



Yield of tobosa on the burned plot (left) was 2360 lb/acre co mpared with 1398 lb/acre on the 
clipped plot (right). These yield differences were not related to total soil nitrogen and were 
inversely related to soil nitrate. Higher soil temperatures partially explained the increased yields 
on burns, but other factors seem to be involved. 

2, 4-D amine flown at \Ii to I lb a.e./acre on October 24, 1972 <left) was effective in controlling 
bitterweed. Unsprayed bottomlands <right) were a poisonous problem for sheep. 
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Ignition Capabilities of 
Non-flaming Firebrands 

by Stephen C. Bunting and Henry A. Wright 

The ignition potential of firebrands from volatile 
fuels were tested on cow chips and punky wood, two 
fuels that ignite easily by firebrands. In addition, the 
ignition potential of firebrands were field-tested on 32 
prescribed burns (4,600 acres) over a period of 4 years 
under a wide variety of weather conditions. 

Maximum wind velocity and I 0-hour timelag fuel 
moisture were the two most important variables for pre
dicting ignition of cow chips by large firebrands (0.80 
X 0.20 inches). If the 10-hour timelag fuel moisture 
was above 13%, no firebrands ignited cow chips. A sim
ilar trend also held for fine fuel moisture. Precipitation 
stopped firebrands from igniting for one day following 
rain. Thereafter, however, cow chips ignited easily if 
wind velocities were over 6 mph. 

Above 6 mph the ignition potential of firebrands on 
cow chips can be over 60% if the air temperature is 
above 60°F. Below 60°F, firebrands are not much of a 
problem unless winds are in excess of I 0 mph. Such 
winds will aid the ignition potential of firebrands down 
to 50° F. 

Relative humidity also affects the ignition of cow 
chips. Up to 50% relative humidity, all large firebrands 
are capable of igniting cow chips. Thereafter, there 
is a gradual decline until the relative humidity reaches 
80% . No firebrands ignited cow chips when the relative 
humidity was above 80% . 

"' "'O 
c 8 e 
..0 
Q) 

.!::: ->- 6 
..0 
c 
0 
·.; 
·2 4 
.21 -0 
Q) 

~ 2 
0 
ti 
Q 

Punky wood ignited more easily than cow chips. It 
could be ignited by small firebrands (0.40 X 0.08 in
ches) under almost any weather and fuel conditions. 
Ten-hour timelag fuel moisture and days since precipi
tation were the best predictors for firebrands to ignite 
punky wood. 

It is almost certain that you will get I 00% ignition by 
large firebrands in punky wood 1.4 days after precipi
tation if the I 0-hour timelag fuel moisture is below 11 % 
and maximum wind velocities are over 7 mph. Even 
within 5 hours after a rain, it is possible for 50% of the 
brands to ignite punky wood. However, if the 10-hour 
timelag fuel moisture is over 15 % , firebrands will not be 
a problem regardless of wind velocity. 

Maximum wind velocity and relative humidity have 
no value in predicting the behavior of firebrands in 
punky wood. Temperature, however, appears to lower 
their ignition potential drastically below 40 F. Below 
32 ° F, no firebrands will ignite punky wood. 

Based on field data from 32 prescribed fires, air 
temperature is the best predictor for the maximum dis
tance of spot fires. Under a wide variety of wind veloci
ties and relative humidities, no firebrands ignited ma
terials beyond 100 ft when the air temperature was 
below 60° F; the distance of spot fires from the leading 
edge of the fire is an exponential function of tem
perature (r~ = 0.92). 

If the max~mum air temperature is limited to 75 ° F, 
minimum relative humidity is no lower than 25 % , and 
the maximum wind velocity is limited to 15 mph, we 
feel that dozed juniper can be headfired with a reason
able degree of safeness into a 400 ft fire line. 

• 

90 

Air temperature (F) 

The maximum distance of spot fires from prescribed burns in relat ion to ai r temperatures. 

18 



Influence of Mesquite 
on Grass Yields 

by B. E. Dahl, R. E. Sosebee and John P. Goen 

A variety of studies designed to evaluate the in
fluence of mesquite on forage yields have been under
way from two to four years in the high and rolling plains 
and the northern Edwards Plateau land resource areas. 
We assume that differences in site, yearly and seasonal 
climate, density of mesquite, and method of control all 
influence forage yields from year to year. The studies 
reported here were designed to validate these assump
tions. 

Most obvious reductions •n grass yields due to mes
quite tree competition occurred during 1971, the driest 
year of the stuc_v. The grasses on the Charles Cave 
Ranch in Kent Cc.. .mty yielded 1190 lbs/acre on sites 
where mesquite was controlled aerially with 2, 4, 5-T. 
This compared to only 370 lb/acre on similar sites 
without mesquite control. Similarly, in 1971, grasses 
yielded 1090 lbs/acre on the Post-Montgomery Estate 
ranch in Lynn County with mesquite control vs 640 lbs/ 
acre without mesquite control. However, in 1972 with 
above average moisture in both counties, grass yields 
were 1460 vs 14 70 lbs/acre with and without brush 
control in Kent County and in Lynn County they were 
2130 vs 2040 lbs/acre, respectively. In fact, yield data 
from all four studies here reported indicated that if 
optimum moisture conditions prevailed, mesquite com
petition did not retard grass yields. Growing conditions 
in 1973 were intermediate and mesquite competition 
did reduce grass yields on all study sites. However, 
yields were significantly reduced only in the Tom Green 
County study. Average grass yields in 1973 for brush 
controlled areas vs no treatment areas were respectively 
1700 vs 1470, 1675 vs 1325, and 1610 vs 1075 for 
studies in Lynn, Kent, and Tom Green Counties. 

An attempt to show differences in grass yield re
sponses to different densities of mesquite in Lynn 
County resulted in no difference in grass yields regard
less of mesquite density the year the treatments were 
initiated. Mesquite tr.ees were removed so that the 
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Influence of percent canopy cover on grass yields in Lynn 
County, Texas. 

canopy cover values were 0, 7.5, 15, 22.5, and 30% . 
These roughly corresponded to 0, 300, 600, 900, and 
1200 trees/acre for this location. In 1973, the treatment 
with all trees removed provided 430 lbs/acre more 
grass than the other treatments and this was a significant 
difference. However, a 30% canopy of mesquite reduce9 
grass yields little more than a 7.5 % canopy. 

Perennial grass yields for three studies in west Texas as af
fected by mesquite tree competition. <Top) influence of site 
and mesquite cont rol with 2, 4, 5-T on grass yields; (middle) 
comparison of control methods; t bottom) mesquite controlled 
with 2, 4, 5-T on a clay loam soil. 
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1971 

Lynn County 

123456 

19 71 

1 upland - open 
2 upland - t obosa 
3 int ermediate 
4 dense shad• 
S bottom I ancf 

l,:g unsprayed • sprayed 

1972 

1 2 3 4 5 6 

19 7 2 

1 2 3 4 5 

1973 

1 no treatment ( 21 ) • 
2burn (14) 
3 shred (23) 
4 cha I n (14) 
saerlal spray ( 9 ) 
6basal spray ( 4) 

1 2 3 4 5 6 

1 9 7 3 

Tom Gree n County 

1970 19 71 1972 

~ 

• 
UNSPRAYED 

19 73 
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V 2, 4, 5-T Plus Fire for Management 
/\ of Tobosa Grassland 

by B. E. Dahl and J. P. Goen 

In June 1969, 2, 4, 5-T applied aerially to mesquite 
growing in a clay loam soil on the John Cargile Ranch 
near San Angelo resulted in 37% mesquite root kill, an 
unusually good kill for trees growing on this site. One 
year after treatment grass yields were 400 lbs/acre 
~reater on the non-treated plots. Grass yields differed 
I 1ttle between treatments in either I 971 or 1972. Be
cause high litter buildup from tobosa grass is known 
to retard forage yields, we decided to try to get a dif
ferential response between sprayed and nonsprayed 
areas by removing the litter. Accordingly, we burned 
one-half of each study plot March 26, 1973. Litter on 
unburned plots averaged 2, 750 lbs/acre in July at the 
time of sampling. Fire effectively removed the litter on 
burned plots. The following figure shows yield re
sponses for the major grass species. Burning did not 
provide a significant increase in grass yields on sprayed 
areas compared to unsprayed areas. Primarily, the burn 
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altered the species composition without changing ov1 
all yields more than I 0%. Burning increased tobosa gri 
65% over unburned treatments. However, Texas wint1 
grass and buffalograss yields were reduced 76% a 
52 % , respectively, which offset the tobosa grass yit 
increases. Therefore, one should be careful if attempti 
to enhance tobosa grass yields with fire, to limit t 
burn to those areas where the species composition 
primarily tobosa grass. 

Cattle and sheep grazed the study area along w 
other forms of rangeland from the date of the burn u11 
June 22, 1973. Utilization of tobosa grass went frc 
0 to 36%, respectively, on unburned vs burned plo 
Use of Texas wintergrass increased from less than 20 
to 52 % and buffalograss had little use in the unburn 
areas but 49% use in burned plots. Obviously, fire 
an excellent management tool for primarily tobosa gn 
ranges for both forage yield increases as well as for i 
creased livestock use. The major caution is how imp< 
tant other forage producing species are to the area t~ 
may be less favorably affected by fire. 

r2 unburned 

I burned 

winter grasses winter grasse 
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UNSPRAYED AIR SPRAYED (2,4,5-T) 

Yields of selected grasses following burning on clay loam soils with and without mesquite 
control. 



Influence of Herbicides 
on Herbage Yields 

by Conrad S. Brumley and Ronald E. Sosebee 

A pilot study of the herbicide effects on herbage 
yields was initiated this spring in a tobosa-mesquite 
community on the Post-Montgomery Ranch. The vege
tation in 78 caged plots was sprayed in July after the 
soil temperature had reached 74 ° F. Herbage response 
to the herbicide application was estimated at weekly or 
bi-weekly intervals throughout the remainder of the 
growing season. In the fall, the vegetation in haJf of the 
caged plots was clipped to measure herbage yield as it 
was influenced by different herbicide treatments. The 
vegetation in the plots was sprayed with commercial 
rates of 2, 4, 5-T amine, 2, 4, 5-T ester, Tordon 225, 
dicamba and Banvel 2 + 2. A non-treated control was 
maintained for reference. 

The yield of tobosa (current growth) sprayed with 
2, 4, 5-T amine was substantially higher than the yields 
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Camn. 2.4,5-T TORIXJI 2,Q,5-T D1CN11A D1CN1BA 
iflHE 225 Esru 2 + 2 

Camn. 2,Q,5-T TORIXJ1 2,Q,5-r D1CN11A D1CNtJA 
AM111: 225 Esru 2 + 2 

Effect of various herbicides on herbage yields in 1973. 

produced by other treatments, including the control. 
The current growth of tobosa was substantially reduced 
by 2, 4, 5-T ester. The production of standing litter was 
increased by Tordon 225, 2, 4, 5-T ester, and dicamba 
which represented an initial detrimental effect to the 
grass. 

The vegetation in the remaining caged plots (in
cluding those treated and the control) will be observed 
through the next growing season. Herbage production 
following the second growing season after spraying will 
be measured in the Fall, 1974. 

Long-term Effect of Fire on 
Tobosa Yields in Relation to 
Site on Stamford Clay Soils 

by Leon F. Neuenschwander and Henry A. Wright 

As shown in the table below, tobosa at Colorado City, 
Texas is generally more productive than the unburned 
controls for at least 3 years after burning. During the 
fourth year after burning, yields become similar to the 
control, except on upland sites. During the fifth year 
after burning tobosa seems to become somewhat deca
dent. 

Yields (lb/acre) of tobosa in relation to year of burn 
and site . 

Treatment Site 
Year of burn Bottomland Midslope Upland 

1973 2927 2627 1399 
1972 2042 1471 1485 
1971 1814 1842 757 
1970 942 942 914 
1969 657 842 357 
Unburned & 

Sprayed 1965 
(Control for 
burns) 957 971 414 

Unburned & 
Unsprayed 1642 1671 914 

We have noticed decadent cycles in tobosa produc
tion for several years. Through another year of sampling 
and concurrent soil nitrogen data that is being taken, 
we hope to have an explanation for these cycles. Also, 
from reburns that will be conducted on all of our exist
ing burns next spring, we should know whether deca
dency in tobosa can be avoided. 

Another point of interest is that the bottomland and 
mid-slope sites are always more productive than the 
upland sites. In the past we have taken our data from 
a mixture of sites. 

The presence of large mesquite trees in a tobosa 
community seems to aid the production of tobosa grass. 
Unburned and unsprayed communities produced 1650 
lb/acre on bottomland and mid-slope sites, whereas 
unburned and sprayed communities produced 960 
lb/acre. 
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Effect of Auxin Transport Inhibitors 
on Mesquite Morphology 

by Philip R . Morey 

Five-week-old mesquite seedlings were treated for 
eight weeks with auxin transport inhibitors (I 0 ,000 
ppm) applied separately in lanolin as a narrow ring 
around the stem at a point approximately 2 inches 
above the soil. The auxin transport inhibitors tested 
were DPX 1840 [3, 3a-dihydro-2-(p-methoxyphenyl)-
8H-pyrazolo-(5, 1-a) isoindol-8-one], TIBA (dimethy
l amine salt of 2, 3, 5-triiodobenzoic acid), and sodium 
N-1 ,naphthyl phthalamate. Other seedlings were hand 
defoliated at the beginning of the eight week treatment 
period. 

All treatments reduced height growth with DPX 
1840 and hand defoliation being the most effective. 
DPX 1840 and TIBA also caused a reduction in the 
number of internodes formed on seedlings during the 
eight week period. All auxin transport inhibitors pro
moted the formation of extra leaves (derived from axil
lary buds) at nodes along the seedling stem. An average 
of seven axillary buds per seedling gave rise to fully 
expanded leaves as a result of DPX 1840 application. 
Other auxin transport inhibitors were less effective than 
DPX 1840, and hand defoliation was completely with
out effect in promoting extra leaf formation . An average 
of two additional axillary buds on DPX 1840 treated 
seedlings underwent internode extension and grew out 
as large branches. These results show that DPX 1840 
among the auxin transport inhibitors examined was the 
most effective in promoting the growth of otherwise 
inactive axillary buds. 

Effect of Ethrel on Mesquite 
by Philip R . Morey and William E. Robnett 

Application of Ethrel <33,000 ppm) in lanolin as a 
narrow ring around the stem of mesquite seedlings 
caused aberrant histological development in the bark 
and xylem in a localized area I cm above and below the 
treatment site. All seedlings responded morphologically 
to Ethrel treatment by undergoing partial or complete 
defoliation. The shoot apex yellowed, and in some 
sccdl ings, this was followed by apical abortion. Apical 
dominance was broken in most plants, and many basal 
axillary shoots grew considerably in length. Bud release 
was likely an indirect effect of apical senescence rather 
than a direct effect of Eth rel treatment. 

Detailed anatomical observation showed that both 
Ethrel and 2, 4, 5-T appl ied separately to mesquite had 
similar effects on parenchyma cell differentiation in the 
xylem, namely that cell wall thickening was inhibited. 
However Ethrel and 2, 4, 5-T had very dissimilar effects 
on vessel clement differentiation. Thus, wide vessels 
were found in the xylem of plants treated with Ethrel, 
whereas abnormal narrow vessels were observed in 
sccdl ings treated with 2, 4, 5-T. These histological re
sults suggest that Ethrel may substitute for 2, 4, 5-T by 
inducing some of the aberrant structural effects normal-
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ly associated with phytotoxic levels of 2, 4, 5-T. Present 
efforts are being directed toward herbicidal tests where 
the 2, 4, 5-T application rate may be lowered by simul
taneous treatment with Ethrel. 

Use of Krenite in Mesquite Control 
by B. E. Dahl and Philip R. Morey 

Krenite brush control agent (Du Pont DPX 1108, 
ammonium ethyl carbamylphosphonate) applied to 
woody plants such as oaks and maples in the autumn 
alters shoot growth the following spring by preventing 
bud break and by causing abnormal leaf development. 
Krenite was applied to mesquite during September, 
1973 to determine if fall application could effectively 
suppress growth the following spring. Plants are being 
checked for evidence of abnormal bud and leaf growth. 
In addition, leaf and stem materials will be examined 
for aberrant histology indicative of physiological 
changes induced by Krenite. 

Chemical agents effective in mesquite control such as 
2, 4, 5-T are only effective during the spring and early 
summer growing season. But such chemicals cannot be 
used if susceptible crops are adjacent to the infested 
area. However, it should be feasible to chemically treat 
target species growing adjacent to susceptible crops if 
they can be fall applied. Better year round utilization of 
personnel and equipment would be possible if autumn 
application of Krenite is effective in mesquite control. 

Herbicide Effects on 
Huisache Morphology 

by Philip R. Morey 
Heavy infestations of huisache are common on the 

rangelands of South Texas. The effect of herbicides and 
auxin transport inhibitors on the morphology and 
anatomy of huisache seedlings was studied in order 
to reveal some of the anatomical changes coincident 
with phytotoxicity and also to determine which chemi
cal agents are best suited for control. The chemical 
agents tested were Ethrel, 2, 4, 5-T, TIBA, DPX 1840, 
and sodium N-1-naphthyl phthalamate. All were ap
plied at 10,000 to 33,000 ppm in lanolin as a narrow 
ring around the stem at a point 4 inches above soil 
level. 

Ethrel and 2, 4, 5-T separately altered xylem forma
tion in huisache by inhibiting cell wall thickening of 
parenchyma cells. 2, 4, 5-T also caused the formation 
of many, abnormally narrow vessel elements. In con
trast Ethrel was without effect on vessel element de
velopment. Similar changes occur in mesquite treated 
with 2, 4, 5-T or Ethrel. These results indicate that 
cambial tissues of mesquite and huisache respond in a 
similar manner to phytotoxic levels of 2, 4, 5-T or 
Eth rel. 

Among the auxin transport inhibitors studied TIBA 
and DPX 1840 separately suppressed height growth 
and internode formation in huisache. DPX 1840 also 
broke apical dominance and promoted the outgrowth 
of numerous axillary shoots. DPX 1840 may be useful 
in huisache control as an agent which promotes the pre
cocious sprouting of otherwise inactive basal stem buds. 



Normal wood of mesquite contains wide vessels (V), paren
chyma cells <P), a nd fibers ff) . 

Ethrel selectively blocks cell wall thickening in parenchyma 
cells (Pl but has no effect on vessel (V) differentiation. Vessels 
are wide and thick walled. 

Wood formed during 2, 4, 5-T treatment contains parenchyma 
cells !P) with abnormally thin walls. Vessels lV) are thick 
walled but extremely narrow. 

Wood formed in mesquite treated with DPX 1840 consists 
largely of parenchyma cells. These cells are thick walled and 
physiologically acti ve as indicated by numerous starch grains 
(arrows). 
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Influence of Soil Temperature 
on Niacin Content of Mesquite 

by Conrad S. Brumley and Ronald £. Sosebee 

Niacin is a plant metabolite of the 8-vitamin complex 
that is essential for root growth in many plants. It is 
synthesized in the leaves and translocated to the roots 
where it is utilized. The synthesis or translocation of 
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niacin is apparently reduced by high and low soil tem
peratures. Therefore, this study was designed to test 
the effect of d.ifferent soil temperatures on the niacin 
content of roots and shoots of mesquite seedlings. 

Seedlings were grown in a controlled environment 
growth room under a constant air temperature of 80° F. 
The soil temperature was also kept constant at 70 °, 
80° and 90° F. After the seedlings had been grown for 
at least 2 months in the prescribed environment they 
were harvested and analyzed for niacin content. 

Many of the seedlings growing in each soil temper
ature regime naturally became innoculated, conse
quently many nodules/plant were produced. Nodulation 
had a confounding effect on the niacin content of the 
roots, especially in the seedlings grown in the 70° F soil 
temperature regime. Therefore, the nodulated samples 
were analyzed separately from those that were not nod
ulated. Where nodulation occurred, niacin content was 
significantly higher in the 70° F soil temperature regime 
than in either the 80° or 90° F regime, but there was 
no difference in the niacin content of the seedlings 
grown at soil temperatures of 80° and 90° F. Where 
nodulation did not occur the difference in the niacin 
content of all three treatments was highly significant. 
The niacin content of the roots of seedlings grown at 
70° F was lower than the niacin content of seedlings 
grown in either the 80° or 90° F soil temperature re
gimes. The niacin content of the roots of seedlings 
grown at 80° F was the highest. 

Use of Niacin in Mesquite Control 
by Ronald£. Sosebee, B. £ . Dahl, and John P. Goen 

A study of field application of herbicides plus niacin 
to mesquite was initiated in the Spring, 1972. Com
mercial applications of 2, 4, 5-T and Tordon 225 
applied with and without niacin (approximately 2 ppm) 
were followed on 98 sites (2 1 ranches) in West Texas. 
During 1973, an intensive effort was made to compare 
herbicide commercially applied with and without niacin 
to mesquite on seventy sites ( 8 ranches). 

Twenty-five trees were permanently marked on each 
site (comparable sites were selected for comparison of 
the herbicides applied with and without niacin). At the 
time of herbicide application, the phenological develop
ment and abundance of flowers were evaluated for each 
tree. In 1973, the total available carbohydrates for 5 
marked trees/site was estimated by a field technique. 
Soil temperature, soil water content, air temperature, 
relative humidity, and time of day were also recorded 
at the time of herbicide application. 

Evaluations of root mortalities of the trees sprayed in 
1972 have not been completed and evaluations of trees 
sprayed in 1973 will not be made unti l the Fall, 1974. 
However, preliminary observations of studies involving 
8-vitamins in conjunction with herbicides indicate that 
the greatest influence from the 8-vitamins occurs in the 
early portion of the spraying season. The later in the 
season the trees were sprayed the less the influence of 
the 8 -vitamin. 



Enhanced Mesquite Control with 
NAA Following Shredding 

by Danny L. Beck, Ronald E. Sosebee, 
and E. B. Herndon 

In the spring of 1972 a study was initiated in the 
Rolling Plains to test the effect of naphthalene acetic 
acid (NAA) on regrowth of mesquite applied in an her
bicide solution (2, 4, 5-T amine, 2, 4, 5-T ester, or 
Tordon 225) with shredding. NAA was applied at rates 
of 0, 1, 5, I 0, 50, and I 0,000 ppm in the herbicide 
solutions. All herbicides were applied at a rate of 3 lbs. 
a.e./100 gal. Multiple stemmed trees (about 8 ft tall) 
were shredded and sprayed in May, June, July, August, 
and October, 1972. Root mortalities were determined in 
early fall 1 973 following the second growing season 
after the trees had been shredded and sprayed. 

A high percentage root mortality was obtained with 
almost every herbicide solution applied in May. How
ever, the addition of NAA to 2, 4, 5-T ester significantly 
increased root kill over 2, 4, 5-T ester applied with no 
additive. During June and October, the ester formula
tion of 2, 4, 5-T was not as effective in controlling mes
quite as either 2, 4, 5-T amine or Tordon 225 (with the 
addition of NAA). Although no significant differences 
could be detected between the results obtained from 
either 2, 4, 5-T amine or Tordon 225 applied alone or 
with NAA, I to 5 ppm NAA tended to be more effective 
in increasing root mortalities over the herbicide applied 
alone than addition of greater concentrations of NAA to 
the herbicide solution. The results obtained in this study 
indicated it would be least advisable to shred and spray 
honey mesquite in the Rolling Plains during July and 
August. 

It can be concluded that shredding accompanied with 
a simultaneous application of an herbicide plus NAA 
can be an integral part in a brush control program. 

Root mortalities of mesquite resul ting from the influence of 
napthalene acetic acid (NAA) <ppm) applied simultaneously 
with 2, 4, 5-T amine ff-A), 2, 4, 5-T ester ff-E), or Tordon 
225 (225) to the stumps of mesquite shredded in May, June, 
July, August , and October, 1972. 
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Correlative Inhibition 
of Mesquite Buds 

by J. R. Goodin 

Attempts to eradicate mesquite from Texas range
lands are complicated by the persistence of dormant 
embryonic buds at the base of the woody stem. Removal 
of all or portions of the above-ground parts stimulate 
dormant buds and bring about a multi-stemmed regen
eration of the plant. Current concepts of correlative in
hibition suggest that changes in hormonal concentra
tions and/or ratios at bud loci bring about inhibition or 
activation. 

Prosopis seedlings have been used to study the theory 
of apical dominance and correlative inhibition. Last 
year's studies confirmed rapid bud activation at the 
second node following decapitation, and we have con
tinued to investigate the substitution of indoleacetic 
acid ( IAA) for the shoot apex. The substitution is es
sentially complete, confirming the apex as a primary 
site of auxin production. 

\,tCombination DPX 1840-2, 4, 5-T 
}, Treatment of Mesquite 

by Philip R. Morey and B. E. Dahl 

DPX 1840 strongly affects seedling mesquite by 
promoting the growth of basal stem buds and altering 
the pattern of wood formation. In order to determine if 
similar effects could be elicited under rangeland con
ditions, field mesquite were treated beginning on June 
l, 1973 with DPX 1840 applied at. rates of lh, I, 2, 4, 
and 8 lbs/acre. Two weeks later one half of the plants of 
each group were post-treated with 2, 4, 5-T (rate of 1/2 
lb/acre triethylamine formulation). Since auxin herbi
cides are known to be transported to sites of active 

DPX I 1140 promotes the outgrowth of numerous axillary 
shoots on huisachc <right). T he control plant llefl) had strong 
apical dominance. 
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growth, it was anticipated that if DPX 1840 promoted 
the outgrowth of otherwise inactive basal stem buds, 
2, 4, 5-T would be more effective in preventing re
sprouting after topkill. 

Basal sprouting of mesquite treated with DPX 1840 
both with and without 2, 4, 5-T will be followed through 
the 1974 growing season. 

Enhanced Herbicide Effectiveness 
with Various Additives 

by Ronald E. Sosebee 

Shredding honey mesquite is· an important mechani
cal method of control, especially in parts of the Rolling 
Plains of Texas. However, it can become quite expen
sive if it has to be repeated every 1 to 2 years for main
tenance control. One group of three hundred honey mes
quite trees that had been shredded in the summer of 
1969 were sprayed in June, 1 970 and another group of 
300 were sprayed in June, 1971 with 2, 4, 5-T amine 
and 2, 4, 5-T ester plus an additive [adenine, 0.1 ppm; 
ascorbic acid, 176.0 ppm; biotin, 2.4 ppm; kinetin, 
2.1 ppm; mono ("coco" dimethylamine) succinate, 
37.4 ppm; niacin, 1.6 ppm; pyridoxin, 2.1 ppm; and 
thiamine, 2.4 ppm]. Root mortalities were determined 
during the fall following the second growing season 
after the regrowth was sprayed. 

Niacin applied in solution with 2, 4, 5-T am ine in 
1970 resulted in a high percentage root mortality (40%) 
on 1 year old regrowth whereas biotin, pyridoxin, or 
thiamine applied in solution with 2, 4, 5-T amine 
yielded a high percentage root mortality ( 40%, 50% , and 
60% , respectively) on 2 year old regrowth. The use of 
these 8-vitamins plus 2, 4, 5-T amine appears to be an 
effective and inexpensive method of followup control 
for regrowth of shredded honey mesquite. 

The cost of the B-vitamins (except for biotin) was 
less than 5 cents/acre. 
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Herbage Yield and Soil Water 
Content Following Yucca Removal 

by F. M. Churchill and Ronald £. Sosebee 

In 1971, a study was initiated in the Edwards Plateau 
outcropping near Sweetwater, Texas to test the effect of 
yucca removal on soil water content and herbage pro
duction. A randomized complete block design with 
three blocks was set up to test the effect of removal of 
0%. 50%. and 100% of the yucca plants in an area char
acterized by approximately 2,000 plants per acre. 

Since initiation of this study in April, 1971, the study 
site has received above average amounts of rainfall , 
much of which has occurred in late summer and early 
fall. The water content of the soil from the surface to a 
depth of 24 inches has been significantly increased by 
removal of I 00 % of the yucca. 
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Rio Grande Turkey Diets and 
Dispersal on Brush Controlled Areas 

by A . Kent Montei and Dee A. Quinton 

Turkey dietary and movement habits were studied on 
the Crooked River and Headquarter Ranches in Haskell 
and Throckmorton counties of Texas. These areas had 
experienced a number of brush treatments ranging from 
total eradication of brush to total protection of the 
environment. 

Turkey were observed to habitually frequent areas 
where roost trees and food production had been main
tained along water ways. The plants of major impor
tance in this area were as shown in the table below. 

Important species (percent relative frequency) in 
turkey diets of north-central Texas during different 
times of the year. 

Species1 Spring Summer Fall 
Grass 

Bristle grass seeds 13.9 4.8 3.2 
Texas Cupgrass seeds 10.7 I. I .9 
Sorghum (grain) 6.6 
Tridens seeds 2.1 7.9 19.I 
Grama grasses 1.6 .9 
Squirrel-tail barley 1.2 
Sand dropseed seeds .7 
Texas Wintergrass leaves .5 

Forb 
Pricklypear tunas 2.5 23.2 15.4 
Silverleaf night-

shade leaves 1.6 2.9 
Wild mercury seeds .6 
Pelotazo leaves .7 
Pigeon-berry berries .6 
Giant ragweed seeds .6 
Wild onion leaves 11.9 

Brush 
Ironwood berries 5.7 6.6 1.2 
Polecat bush berries 5.7 3.2 
Mesquite leaves and seeds .8 1.9 .6 
Tasajillo tunas 9.1 
Pecan (Mast) .6 31.7 
Walnut (Mast) .6 
Little leaf sumac 1.8 
Mexican buckeye seeds .8 

Insect 46.7 30.8 11.8 

'Those species which had a relative frequency greater than 
o.srA. 

Turkey were most often observed on areas which had 
experienced some brush control but not on areas where 
brush had been eradicated. Brush control practices that 
do not disturb roost trees, mast producing trees, or berry 
forming shrubs can increase the variety of food items 
utilized by turkeys. Brush control areas, where the 
majority of the brush is to be removed should be small 
enough to allow wildlife utilization of the resources 
available. 
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White-tailed Deer Diets on 
Brush Controlled Areas 

by Ronald G. Horejsi and Dee A. Quinton 

A study relating deer diets to various brush control 
treatments was conducted on the Crooked River and 
Headquarters Ranches in Haskell and Throckmorton 
counties in north-central Texas. 

Results suggest that the diets of white-tailed deer on 
the study area are transitional between the predomi
nately forb diet of southern deer and the predominately 
browse diet of northern deer. On untreated and brush 
control study areas where browse was retained, browse 
accounted for slightly more than 50% of the yearly 
volume of white-tailed deer diets. Herbs ( 1 % ) and forbs 
45 + % ) made up the balance of the diet. 

Analyses of the data from study areas of moderate 
to complete brush eradication indicate that white
tailed deer are able to cope with limited habitat ma
nipulation. If suitable habitat is available they alter ~heir 
food habits sufficiently to maintain themselves m a 
normal manner. In areas where little browse was avail
able, prickly pear constituted 64% of the yearly diet. 

This study also suggests that extensive brush re
moval will eliminate deer from an area while selective 
control can maintain or enhance wildlife populations. 
Deer utilized only the perimeters of extensive areas 
where brush had been eradicated and were never ob
served on these areas during daylight hours. 

Relative frequencies of major food items in the yearly 
diets of white-tailed deer in various brush control
led areas in north-central Texas. 

Treatments 

U ntreatedU ntreated Dozed S-C-S1 

Species River Upland River Upland 

Mistletoe 48.1 26.6 24.7 8.1 
Pelatzo 8.4 3,7 0.3 
Prickly Pear 7.2 2.5 14.8 64.2 
Ironwood 7.0 7.3 21.7 4.4 
Polecat bush 4.7 5.8 8.0 0.9 
Mesquite 3.2 9.8 2.3 1.7 
Spreading sida 2.8 16.4 2.2 
Camphor weed 6.2 0.8 0.1 
Silverleaf 

nightshade 1.4 2.1 1.6 14.4 
Western 

ragweed 1.4 0.3 3.2 0.4 
Trees-Shrubs 66.5 52.0 59.3 16.7 
Forbs2 32.4 44.7 37.4 81.6 
Grasses 1.2 1.3 3.3 1.9 

1 Sprayed-Chained-Sprayed 
2 fncludes prickly pear 



Prickly pear tunas are one of the three most important foods 
of turkeys during summer and fall months. On sprayed-chained
sprayed uplands, prickly pear accounted for 64.2% of white
tailed deer diets. 

Mistletoe is the most preferred food of whitetailed deer, if it 
is available. 

Pecan mast accounted for 31. 7% of turkey diets during fall 
months in north-central Texas. 

Shinnery oak and sand sagebrush provide ideal habitat for the 
lesser prairie chicken. 
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Effects of Land-use on 
Lesser Prairie Chicken Populations 

by John A. Crawford and Eric G. Bolen 

Lesser prairie chicken leks (gobbling grounds) were 
censused in the fall of 1972 and the spring of 1973. 
Spring, 1972 counts averaged 16.5 cocks per lek on 
seven study areas. Fall counts were approximately 
double those of the spring. Spring, 1973 census data 
indicated a 15 % population increase over the previous 
spring. Populations increased on all study areas except 
one on which over 50% of the shinnery oak was root 
plowed in 1971 and planted to grain sorghum in 19.72. 
The 1973 census indicated that the lesser prairie 
chicken population dropped by 50% from 1972 on 
that area. . 

During the 1972 hunting season, 30 crops were ran
domly selected from lesser prairie chickens checked at 
the Lehman Check Station; these represented 15% of 
the legal kill in the West Texas hunting area. The diet 
corresponded closely to that reported last year. Grass
hoppers and beetles were important animal foods. Grain 
sorghum was the most common plant food. Lesser 
prairie chickens were observed field feeding in the fall 
and winter. Furthermore, on minimum tillage areas, use 
continued until as late as May. Minimum tillage should 
be considered a beneficial management practice for 
lesser prairie chickens since it provides an important 
source of food during the critical winter and early 
spring period. 

Recently completed research indicates that lesser 
prairie chickens will make regular use of earthen stock 
tanks for drinking water during the spring. The use of 
stock tanks coincides with periods of spring drought. In 
managing for lesser prairie chickens, permanent water 
sources should be established. 

Continuing research will determine further effects of 
land use and proper management procedures to help 
insure the survival of lesser prairie chickens in West 
Texas. 

White-tailed Deer, Brush Control 
and Grazing Systems 

by Mark £. Byard and Dee A. Quinton 

Research is currently under way to evaluate the 
effects of brush control coupled with high intensity
low frequency (HILF) grazing practices on white-tailed 
deer movements, diets, and nutrition. 

Two, two mile Hahn census lines through each of 
four pastures in the grazing system of the Crooked 
River Ranch adjacent to the Clear Fork of the Brazos 
River have been established. These lines will provide 
census data throughout the year. This data will give 
some indication of deer usage relative to cattle pressure 
and brush control measures. 

Fecal collection plots have been established to com
pare deer diets among habitat types as well as in relation 
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to cattle usage of particular habitat types. Seasonal 
forage utilized by deer will be gathered and chemically 
analyzed for its nutritive contents. 

Protein from Mesquite 
by D. W. Thayer and S. P. Yang 

Conversion of mesquite and other cellulose materi
als into a high-protein cattle feed has been the subject 
of a study in the Department of Biological Sciences and 
Food and Nutrition. The ability of microorganisms to 
use mesquite, cotton-gin-trash and feedlot waste as their 
food allows them to convert these materials into 
products which can be used as cattle feed. 

During the past three years of work supported by the 
Dodge-Jones Foundation, Brush Control Association 
and the State of Texas we have isolated many new 
species of bacteria which are capable of digesting mes
quite and converting it into a very high quality protein. 
Several of these bacteria have been studied extensively. 
Such factors as the rate of protein production, the rate 
of mesquite degradation, protein quality, protein digest
ibility and economics of processing have been considered. 

Ten organisms have been tested in mice feeding ex
periments for several weeks with no evidence of either 
toxicity or disease resulting from the ingestion of the 
bacteria. Mice would be expected to be much more 
likely to develop adverse effects from the bacteria than 
cattle. Two bacteria have been produced in very large 
quantities for both rat feeding experiments and rumi
nant digestion studies. The results indicate that a high
protein cattle feed can be produced from mesquite. The 
products were superior to the Food and Agriculture 
Organization reference protein in seven of the essential 
amino acids. 

We have recently successfully converted from a batch 
process requiring three days to a continuous process 
requiring only 16 hours. Further, we expect to 
reduce this to 6 hours to less. This advancement in 
technology will obviously greatly increase the already 
promising price advantage for the feed. 

Healthy mice which have received a diet contammg freeze 
dried bacteria for 3 weeks. Weight gains of animals on the 
bacterial diet exceeded those of the controls. 



Water Relationships 
of Honey Mesquite 

by S. Joe Easter and Ronald E. Sosebee 

Thermocouple psychrometry was used to measure 
soil and plant water potentials in a study of the water re
lationships of honey mesquite growing under irrigated 
and non-irrigated field conditions during the growing 
season {May through August) of 1972. Irrigation was 
used to simulate the soil water supply of bottomland 
and stream bank sites. Transpiration rates of trees grow
ing under both site conditions were also measured. 

The average soil water potentials on the irrigated site 
were maintain at -1.0 or higher {less negative), whereas 
the average soil water potentials on the non-irrigated 
site ranged from -6 to -15 bars. The trees growing on 
the irrigated site experienced more internal water stress 
(average minimum water potential in twigs approxi
mately I cm in diameter, -30.9 bars) than trees growing 
under non-irrigated conditions (average minimum water 
potential in twigs approximately 1 cm in diameter, 
-19.4). The water potential and transpiration rates of 
the trees on both sites adhered to a very distinct daily 
pattern. Minimum water potential in the trees growing 
without irrigation occurred about noon, but in the trees 
growing under irrigation, the minimum water potential 
did not occur until I :00 to 2:00 pm (CDT) . The average 
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Average daily (June through August , 1972) leaf temperatures 
(C) and transpiration rates (g cm- t min- 1) of honey mesquite 
trees grown with and without irrigation. 

transpiration rate of the trees growing on the irrigated 
site was 9.59 x 10-;;gcm-2 min- 1, while the transpira
tion rate of the trees growing on the non-irrigated site 
was 7.15 X JO-;;gcm-:!min- 1• The amount of water 
lost via transpiration was further magnified by the 
greater number {2 to 3 fold) of leaves present on the 
trees growing on the irrigated site. 

This study indicated that when the soil becomes dry, 
mesquite uses less water than when the soil water supply 
is plentiful. Therefore, mesquite may only be using 
soil water under certain conditions that would be avail
able to other plants. 

Field Technique for Estimating 
Total Available Carbohydrates 

by Ronald E. Sosebee and Elaine Holmes 

Many studies in the plant sciences require an analysis 
of the total available carbohydrates (TAC). Presently, 
the techniques for determining TAC are very involved, 
time consuming, and can· only be carried out within a 
laboratory. It would be to the advantage of a researcher 
or technician if he could estimate the TAC while in the 
field rather than delay his decision concerning some 
management procedure until a later date after TAC 
could be analyzed in the laboratory. Hence, a study was 
initiated to develop a relatively easy technique whereby 
TAC could be estimated in the field. 

A color test (which is a modification of the standard 
starch-iodine test) was developed whereby the TAC 
can be estimated within I to 2 % of the values obtained 
when analyzed using the anthrone method. Mesquite 
tissue samples of known TAC values {determined by 
the anthrone method) were used to develop a standard 
color chart for estimating TAC under field conditions. 
The procedures for estimating TAC in mesquite ac
cording to the field technique are as follows: 

1. Line petri plates with Whatman 2V filter papers. 
2. Weigh out a 0.25 g sample of mesquite tissue 

(ground to pass through a 40 mesh screen) and 
place the sample directly on top of the filter paper 
in the petri dish. 

3. Pour 15 ml of 6 N HCJ over the sample in the 
petri dish and continuously shake the petri dish 
for 3 minutes, allowing the sample and filter paper 
to become thoroughly saturated with the acid. 

4. Lift the edge of the filter paper and with a drop
per, extract a few drops of the filtrate. 

5. Place 2 drops of the filtrate onto a porcelain plate 
and place 2 drops of iodine solution onto the same 
spot. 

6. Rotate the plate or stir the drops with a stirring 
rod. 

7. Compare the color of the drops to the color chart 
and record the percentage of total available car
bohydrates. (Most accurate results are obtained 
when the color chart is used for comparison at 
about 5-10 minutes after the addition of the iodine 
solution). 
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Mesquite Shredding May 
Improve Grass Yields 

by E. B. Herndon 

A maintenance shredding study on mesquite is being 
continued to evaluate mesquite suppression and forage 
production. The study was initiated in 1971 on a Cottle 
County deep hardland site on which brush had been 
shredded in 1965. This trial will test the effects of I , 2, 
3, 4 and 5 year cutting intervals. All plots but controls 
(cut in 1965) were shredded in May 1971. Annual treat
ment plots were cut again in 1972 and 1973. Two year 
plots were cut again in 1973. Three year plots have not 
been cut again. Mesquite suppression and forage pro
duction were evaluated by harvesting the current grow
ing season production of each and converting to oven
dry pounds per acre. Those values for each year of the 
study to date are shown below: 

Pounds per acre of current mesquite and forage produc
tion following various intervals of shredding. 

New Mesquite Growth Forage Production 
0 I 2 3 yr 0 I 2 3 yr 

1971 538 188 195 181 
1972 689 261 610 589 1024 1148 1135 1116 
1973 635 131 144 432 1305 2310 2404 1841 

Tot al 1862 580 942 1202 

It is evident that annual cutting greatly suppresses 
mesquite and that after three seasons, it increases for~ge 
production (assuming that climate is not a confounding 
factor). However, most encouraging is the similar im
provement in the 2 and 3 year interval plots. l_'his indi
cates that longer cutting intervals may be satisfactory, 
which will reduce the per acre year cost of treatment. 

The benefits of brush cutting are several. Most obvi
ous is the clearance of brush as a physical obstacle. Too, 
the shredded residues deteriorate more rapidly on the 
ground than if killed chemically in place. A certain 
amount of weed control is realized following cutting. 
Also, increased livestock utilization of forages such as 
tobosa grass has been noted, due to removal of coarse 
litter and increased access to new growth. 

Shredding Appears to be Desirable 
by Thomas G. Carpenter 

Brush shredding studies which were initiated in 197 1 
on the Post-Montgomery Estate have been continued 
during the past year. Fifty one-acre plots involving vari
ous yearly intervals and seasonal times of shredding 
have been strictly maintained. Brush regrowth and grass 
production data will be collected from these plots during 
the 1974 growing season. Visual observations indicate 
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definite improvements in grass production and reduced 
brush growth particularly on those plots which are being 
shredded on a yearly basis. 

As a direct result of the shredding research which has 
been conducted here at Texas Tech, the Post-Montgom
ery Estate has initiated a major-shredding program. 
An estimated 5,000 to 6,000 acres of rangeland has 
been initially shredded during the past 18 months. The 
owners and management personnel report that they are 
extremely well pleased with the results obtained and 
plan to continue this program as their major approach 
to economical brush and weed control. 

Details pertaining to equipment requirements and 
machinery being utilized by the Post-Montgomery per
sonnel are available upon request from the above author. 

Basal Treatments Kill Mesquite 
by E. B. Herndon 

An evaluation of materials for basal treatment of 
mesquite is being continued. Several formulations have 
proven effective, but under varying conditions. Diesel, 
kerosene and crude oil are similarly effective on single 
to few stemmed plants. A 197 1-72 study on two Harde
man County deep hardland sites indicates that where 
basal diameters average less than 4 in., about I pt/plant 
may be sufficient ; greater basal diameters require up to 
I qt/plant. Treatments and percent root-kill after two 
growing seasons are shown below: 

Material Quantity Basal diameter 
<4 in. >4 in. 

Diesel l qt ( 1 pt) 100 ( 97) 94 (52) 
Kerosene I qt ( I pt) 100(100) 97 (58) 
Crude Oil I qt (I pt) 100 ( 96) 95 (58) 

Crude oil, if available, is most economical. Excluding 
labor, it will now cost about 2.5c/treated plant. Die
sel will cost 6c or about the same as the standard 2, 4, 
5-T formulation. Note, however, that straight oils may 
increase labor and logist ical requirements in that, for 
consistent kills, heavier application rates are recom
mended. 

While results are yet inconclusive, Tordon 155, a 
I :4 formulation of picloram and 2, 4, 5-T, looks prom
ising. A I 97 I -72 study was conducted on a deep hard
land site with mesquite averaging 3 stems and basal 
diameters of 6 in. The chemical was applied to lower 
stems as a wetting spray, averaging 1.3 pt/plant, at 
rates of I, 2 and 4 lb. a.e./I 00 gal diesel. Apparent 
root-kills averaged 83, 95 and 94% respectively after 
four growing season applications over two years. The 
2 lb rate would currently cost about Sc/treated plant 
and the standard 8 lb of2, 4 , 5-T in diesel about 6.5c. 



Mist-blower System for 
Chemical Application 

by Thomas G. Carpenter 

The real need for more economical maintenance con
trol of brush and weeds on Texas rangelands has 
prompted an investigation into the development and de
sign of a low-volume, low-cost, ground-rig mist-blower 
system. Prior research by Mcilvain and others at the 
Southern Great Plains Experiment Station at Wood
ward, Oklahoma has indicated that mist-blower appli
cations of herbicides can be an economically feasible 
and effective method of brush and weed control. The 
concept involves a pick-up truck mounted blower and 
spray unit which delivers a mist of water and herbicide 
into an air stream which blankets a swath of I 00 to 
150 ft. while traveling forward at approximately I 0 
mph. After treating 8,000 acres of rangelands near 
Woodward, Oklahoma, Mcilvain reports that the total 
cost of the treatment can be as low as ten cents per acre. 

A mist-blower system is being designed and con
structed to determine the effects of various design vari
ables upon distribution, cost and effectiveness of various 
chemical application rates for brush control. 

Granular Picloram Controls 
Redberry Juniper 

by E. B. Herndon 

Spring application of I 0 % picloram granules (Tordon 
10-K Pellets) has proven effective for redberry juniper 
(Juniperus pinchoti) control in the Rolling Plains. Costs 
compare favorably with mechanical control where there 
are less than 300 plants per acre. The technique pre
serves existing forages and eliminates mechanical soil 
disturbance and associated conservation problems. 
Chemical suppression of forage immediately under 
treated juniper is only temporary. 

Beginning in 1 970, picloram rates equivalent to Vi, 
1, 2 and 4 lb. a.e./acre were applied to individual juni
per plants. All rates were more effective on deep hard
land and less sloping shallowland sites than on steeper 
sites. This could be related to chemical movement with
in soil moisture or to plant root distribution. 

In evaluating chemical effectiveness for this study, 
a rating based on canopy reduction rather than root
kill is used. Redberry juniper is slow growing and a 
notorious basal sprouter. To date no sprouting has been 
observed in plants defoliated to any degree by a piclo
ram treatment. New foliar growth is minimal and ab
berrant following incomplete kills in 2 and 4 lb. treat
ments. While an occasional plant is not totally killed, 
it is essentially rendered non-competitive. 

The 2 lb/acre rate of picloram is recommended as the 
most economical treatment from this study. This rate in 
three years of tests on deep hardland soils has averaged 
89% canopy reduction at a chemical cost of about 4c per 
treated plant. The 4 lb/acre rate averaged 96% but at 
twice the cost. A pilot test using Tandex at 10 lb/acre 
was ineffective. 

Farm Equipment Can Be Used 
in Pastures with Mesquite 

by E. B. Herndon 

Ordinary farm equipment can be used to shred mes
quite. Several trials in Hardeman County have been 
conducted successfully with typical farming tools that 
were modified slightly. 

The power unit tested was a Ford 5000 All Purpose 
Diesel tractor with a rated horsepower of 55.9 at the 
PTO. Modifications include the mounting of I 0-ply 
steel belted rear tires (Goodyear Logger Specials), solid 
rubber front tires and a protective shield behind the 
operator seat. This tractor can go from pasture to field 
as is or by quickly changing to standard front tires. The 
shredder is a PTO-driven 84 inch (four row) model 
built by Service Equipment Co. This unit can ef
ficiently handle mesquite stems measuring up to 3 inch 
diameters. In smaller brush, such as regrowth from pre
vious cutting, it can cover about 3 acres per hour at an 
average operating cost (labor, fuel, oil, lubrication, 
repair) of about $ I .00 pe~ acre. 

Picloram Gives Cheaper 
Pricklypear Control 

by E. B. Herndon 

Shortages and increased costs of fuel oil, particularly 
diesel, have made water-carried herbicides look more 
attractive, if effective. Applied with ground equipment 
as wetting sprays, several picloram formulations in 
water solutions have given excellent control of plains 
pricklypear in the Rolling Plains. 

Treatments begun in 1970 were applied in June and 
August, then expanded in 1972 to February through 
September. Chemicals and carriers used were 2, 4, 5-T 
ester with diesel, Tordon 225 with water and diesel
water emulsion, Tordon 155 with diesel, Tordon 22-K 
with water, nopalmate with water and Pennamine 
D with diesel and water. 

Treatments most effective were those containing at 
least 1 lb. picloram a.e./l 00 gal solution and the stand
ard 8 lb. of 2, 4, 5-T in diesel. In fact, a I lb. rate of 
picloram alone in water proved to be the most economi
cal and one of the most effective. This treatment, at a 
cost of about $24.00/I 00 gal solution, averaged 97<'/r 
padkill. By comparison, this matched the standard 
2, 4, 5-T formulation costing about $49.00/100 gal. 
Where plains pricklypear density justifies specific con
trol, this study points strongly to the economical ad
vantage of a picloram-water formulation. 

It should be noted that while extremely effective, pic
loram in water requires about 18 months to maximize 
plant kills. This is because little, if any, of the chemical 
penetrates the pad surface on application. Rather, it is 
subsequently root absorbed after leaching into the soil 
beneath the plant. Picloram-2, 4, 5-T formulations in 
diesel-water emulsions and 2, 4, 5-T in diesel kill faster 
due to rapid pad penetration afforded by the diesel, but 
otherwise offer no advantage. 
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Brush Control and the Consumer 
by Billy G. Freeman and Neal Alexander 

Research is currently in progress at Texas Tech Uni
versity to determine the potential economic impact of 
chemical brush control in a 117 county study area of 
central and west Texas. Acreages of mesquite infested 
rangeland adapted to chemical control. were. estimated. 
These estimates were based on cons1derat1on of the 
terrain climate and physical characteristics of the soil 
and vegetative cover as specified by range scientists at 
Texas Tech University and the Soil Conservation 
Service. The data contained in the following table were 
derived considering the nutritional requirements of 
mature cows ·and average potential productivity of 
rangeland sites which require chemical control mea
sures. 

The potential production at the 50% and 25% con
trol levels assumes these respective levels of brush killed 
and maintenance of this degree of control. The esti
mated acreage is 18,797,393. At the 50% control level 
the estimated potential number of cow units is 467,362. 
The consumable beef production is based on the 
national average of 424 lb/cow unit and totals 
198, 161,488 for the 50% control level. The production 
potential at the 25 % control level is estimated to be 
99,080,744 lb of consumable beef. 

These two control levels were considered to be a 
range of control which could reasonably be expected, 
given current technology and economic conditions. In 
order to illustrate the potential impact of these control 
levels on the U.S. beef consumer the production esti-

mates may be presented in terms of the I 972 per capita 
beef consumption of 116 lb. Thus the I I 7 county study 
area would furnish the average per capita consumption 
of beef to I, 708,288 persons and 854, 144 persons at 
the 50% and 25% control levels respectively. 

Soil Effects on Brush Distribution 
by B. L. Allen, Charles T. Hallmark, and Billy Jobe 

Work completed on 32 sites at eight locations in 
Trans-Pecos Texas and southeastern New Mexico to 
determine the effects of soil physical, chemical, min
eralogical, and morphological properties on the distri
bution and growth of creosotebush (Larrea divaricata 
Cav.) suggests that, in general, the shurb is favored on 
soils that have low available water capacities. Results 
indicated that creosotebush within the area studied is 
significantly affected by gravel and calcium carbonate 
(CaCOa) percentages of the soil profile. 

Although soil salinity as determined in the laboratory 
was not definitive at the sites sampled, results suggested 
that salts have a limiting effect on creosotebush dis
tribution. To further test the effects of soil salinity a 
follow-up study is now being conducted. Thirteen soils 
at four localities where creosotebush, which ranged from 
zero to 97 % total canopy cover, seemed to be affected by 
salinity were studied and sampled. Preliminary labora
tory results indicate a marked relationship between per
centage cover and salinity. As salts increase, creosote
bush density apparently decreases. Additional soil pa
rameters to determine possible interrelationsh ips with 
salinity are now being measured. 

Estimated acreage, potential number of cow units and consumable beef production on brushland adapted to chemical 
control. · 

50% Control 25 % Control 

Acres 
Region adapted to Number Consumable Number Consumable 

chemical of cow beef (I b) ' of cow beef ( I b)' 
control units units 

Trans Pecos 1,335,585 10,362 4,393,488 5, 181 2,196,744 

High Plains 1,419,045 19,782 8,387,568 9,891 4,193,784 

Rolling Plains 3,540,772 97,418 41,305,232 48,709 20,652,616 

North Central Prairies 
and Cross Timbers 967,679 52,263 22,583,5 12 26,632 11,291,756 

Edwards Plateau 8,967,992 167,391 70,973,784 83,695 35,486,892 

Rio Grande Plains 2,566,320 11 9,146 50,517,904 59,573 25,258,952 

Totals 18,797,393 467,362 198, 161,488 233,681 99,080,744 

'Consumable beef is based on the 1972 national average beef production of 424 1 b from cows and heifers 2 years old and over. 
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Vegetation composed mostly of four-wing salt-bush on highly 
saline soil near Pecos. Note absence of creosotebush. 

Soil profile at Dell City in low density stand of creosotebush. 
The light colored layer at one foot has large amounts of salts. 

Low density stand of creosotebush growing on slightly saline 
soil near Dell City. 

Thick creosotebush on non saline soil near Dell City. 
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Picloram Affects 
West Texas Shin Oak 

by Russ Pettit 

In early summer 1971, Tordon I OK pellets at a rate 
of 7 .5 kg/ha were broadcast onto a '4 hectare plot of 
shin oak. Oak mortality, yield data, and a floristic 
analysis of this plot was compared with an adjacent un
treated plot in August, 1973. This herbicide was again 
applied in 1973 at .5 kg/ha increments from .5 to 5.0 
kg/ha. Stem kill data were recorded in September. 

The 1971 treated and control plots yielded 1218 and 
I 199 kg/ha of herbage in 1973, respectively. Of this 
total less than 5 kg/ha of woody plants were harvested 
from the picloram plots while over 820 kg/ha of woody 

Sand shin oak community showing abundance of oak and 
perennial broomweed. 

Picloram applied in July, 197 1 killed all oak, sandsage, peren
nial forbs. and most of the broomweed on this site. Compare 
grass cover with photo ahovc. 
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material was present on the control. All oak was killed 
at this application rate while perennial broomweed 
occasionally survived. Annual forbs were more abun
dant on the treated plot while numerous perennials as 
ragweed, four o'clock, nailwort, and greenthread per
sisted on the control. Tordon I OK, at the rate applied, 
was detrimental to purple threeawn but did not kill 
other grasses. 

Evaluation of the 1973 treatments showed the .5 and 
1.0 kg/ha of Tordon I OK to be unsatisfactory for oak 
control. All other treatments "stem killed" over 60% 
of the plants while 89% or more of the oak was killed at 
the 4.0 lb and above rates. 

Seasonal Variation in 
Oak Leaf Tannins 

by Russ Pettit and Trey Harbert 

The Falin-Denis Method was used to colorimetri
cally determine the extractable leaf tannin content of 
sand shin oak. Grass germination tests to determine 
possible allelopathic effects of the tannin were initiated. · 

Significantly more extractable leaf tannins were 
found until early June than in the remainder of the 
growing season. As the leaves matured a gradual de
cline in tannins occurred until the mid-September 
sampling date. This late season increase was attributed 
to new leaf growth resulting from recent precipitation. 
It is hypothesized that the gradual decline in tannin 
concentration throughout the season was primarily the 
result of leaching and not to translocation to other plant 
parts. 

The germination study revealed that both a 1 % and 
5 % solution of tannic acid inhibited germination of 
weeping lovegrass and sand dropseed. In the control 93 
and 52 % of the lovegrass and dropseed germinated while 
in the 5 % acid solution only 8 and 6% of the seeds ger
minated, respectively. 

Antagonistic effects of these phenolic acids toward 
germination, growth, and other life processes are as
sumed to be important in the sand shin oak community. 
The chemistry and intensity of these effects, however, 
are still speculative. An examination of protein and 
carbohydrate decomposition as related to these acids is 
planned. 
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Seasonal extractable ta nnin concent ration in sand shin oak 
leaves. Sampling dates with the same letter are not different at 
the .05 level of significance. 



Shredding Sand Shin Oak 
Depletes Root Carbohydrates 

by Roberto Boo and Russ Pettit 

An earlier study revealed that over 90% of this oak's 
biomass is belowground. t;lecause of this large root
shoot ratio, past research with aerially applied systemic 
herbicides to kill this undesirable woody plant has 
usually been futile. This research, then was designed to 
determine when and how rapidly photosynthetic prod
ucts are translocated from leaves into the massive root 
system. When this is established, guidelines for timing 
of herbicide applications can be made. In addition the 
effects of mechanically removing the shoot system by 
shredding and its effect upon root carbohydrates are 
being explored. 

This report presents data from our shin oak root 
reserve study since September, 1972. All laboratory 
analyses have not been completed, thus July and August, 
1973 results are based upon incomplete data. Total 
available reserve carbohydrates (TAC) fluctuated great
ly this year in small oak roots-less than 5 mm in di
ameter. After leaf expansion ceased these roots steadily 
accumulated carbohydrates. TAC declined dramatically 
in these roots going from 15 % TAC in September to 
less than 9 % in late November. Gradually TAC ac
cumulated in the small roots until buds began swelling 
in mid-March. After this date TAC were depleted 
rapidly until the May 4 sampling date when a rapid 
accumulation was noted. Immediately, TAC dropped 
from 15 % to a yearly low of 6% in I week. Leaf area was 
sufficient after this date to translocate TAC into the 
roots quite rapidly. 

The May 4 data appeared anomolous until the re
serve status of larger roots were examined. The large 
roots or carbohydrate " sinks" had translocated consid
erable quantities of TAC into the smaller roots from 
where new shoots were forming. In agreement with last 
years data, the most appropriate time for aerially ap
plying systemic herbicides to maximize translocation 
into the roots would have been after May 18 and not 
later than May 25 in this area. Results with granular 
herbicides which would be absorbed through the root 

SEPT OCT fJN !IC .Wl ffil t\\R AP!l l'AY JI[ Jl.Y NL 

1972 1973 

5 § 
c 
~ 

2.5 ~ 
~ 

Total available carbohydrates in sand shin oak roots of less 
than 5 mm diameter. Leaf expansion of this oak is shown at 
top of this figure. . 

system indicate that July applications are effective in 
killing this oak species. 

Shredding the oak has effectively reduced the TAC 
concentration within the roots. On June 15 and July 13, 
small roots from the shredded treatment contained 8.5 ~ 
and 9.5 % TAC, respectively. On the same date the 
non-shredded plots small oak roots contained 12.5 and 
14.5 % TAC. respectively. It is believed, however, that 
the concentration of TAC in the shredded oaks roots 
will recover to near the non-treatment level by the end 
of the first growing season. Further testing of these 
data are being conducted. 

Soil Water Use by Sand Shin Oak 
and Associated Species 

by Russ Pettit and Michael Small 

The neutron probe has been used since 1971 to moni
tor soil water storage and depletion rates of a Brown
field fine sand supporting four vegetation manipulation 
treatments. Treatments used include: (a) remove all 
oa~-leave herbaceous vegetation, (b) remove all vege
tation, (c) leave all oak-remove herbaceous vegetation, 
and (d) a control. On each sampling date soil water 
content was determined to a 150 cm depth. 

Results from September, 1972 through August, 1973 
show the control treatment to contain significantly less 
soil water than all other treatments. The leave all oak, 
remove all oak, and remove all vegetation treatments 
had increasing quantities of soil water and all were 
significantly different. Throughout this year 50. 9 cm 
of precipitation were received with 47% of it obtained 
in September 1972. With this 24 cm of water received, 
the vegetated treatment subsoils never reached field 
capacity-39% by volume. However, subsoil of the 
denuded plots remained saturated throughout the year. 

Consumptive use of water by the leave all oak, con
trol, and remove all oak treatments for the 27 day 
period from May 19 to June 15 was .27, .21, and . 15 
cm of water/day, respectively. During the next 28 day 
period water use on the vegetated treatments were simi
lar and the rate of depletion was much less than for the 
earlier period. Precipitation events of less than 3 cm 
have little if any effect on recharging the subsoil water 
content when any kind of vegetation is present. 

l 
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Yearlong soil water content at the 120 cm depth in a Brown
field fine sand soil. The denuded plot subsoil has remained at 
field capacity while other treatments have depleted subsoil 
water on two occasions. 
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