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REMOTE SENSING ON RANGELANDS 
Dr. R. H. Haas 

Assistant Professor, Range Science Department 
College of Agriculture, Texas A&M University 

College Station, Texas 77843 

There is currently much interest in remote sensing, a tool which may prove to be 
most helpful to range resource personnel and ranchers. What is remote sensing? Where, 
when and how can this tool be used? Can remote sensing applications be of practical 
value to the range industry? These are questions that researchers and technicians must 
consider if range resource managers are to take advantage of a vast amount of information 
that will become available in the next few years. 

Remote sensing can be defined simply as the process of gathering information about 
objects without contacting them directly. In modern day context, "remote sensing" 
refers to the recording of energy responses from objects by means of a sensing device 
situated at some distance from the object. The energy responses are recorded in a form 
which can be stored and analyzed for specific purposes. Remote sensing informa.tion is 
obtained by measuring: 1) electromagnetic radiation, 2) acoustical energy, 3) nuclear 
radiation , and 4) force field. 

Our interests are primarily in remote sensing cit the electromagnetic radiation 
properties of objects in the rangeland environment. Everything in nature has its own 
unique distribution of absorbed, reflected and emitted radiation. These spectral 
characteristics can conceptually be employed to identify one thing from another. This is 
the basic strategy of electromagnetic remote sensing. 

Functionally, remote sensing must utilize a sensing device (i.e. cameras, optical 
mechanical scanners or microwaves detectors)". a carrier vehicle (i.e. aircraft or space 
vehicles) and an energy source (i.e. the sun) . Objects (e.g. range vegetation, animals or 
soils) interact with energy to give unique responses which are recorded as data or images. 
The ability to use remote sensing data is dependent upon developing techiniques (i.e. data 
analysis; imagry interpretation) which will provide specific information about ttie objects 
being sensed . · 

Thus, range technicians and researchers engage in remote sensing wheri they employ 
aerial photographs to make vegetation-soi l maps. Until recently these · rem.ote sensing 
activities Were covered under the term ""photo-reconnaissance." Now other sensing 
devices are available tor detecting and recording reflect~ and emitted energy 
characteristics in parts of the electromagnetic spectrum other than the visible range. Thus, 
the term "remote sensing" is employed for all of these activities. . 

Although there are a number of reasons why aerial photography has not been used 
more extensively for range resource analysis, spaceage technology has developed a new 
potential for rangeland inventory. Remote imagery from·· space platforms may be 
especially valuable for national and regional planning. On the other hand, advanced 
photographic techn iques may be em·ployed·to investigate specific range plant, sites or soil 
interrelations. These potential uses, plus the potenti"al for improved studies in community 
ecology, offer a new frontier tor range management. 

Most of the Federal rangelands have been surveyed at least once since the first range 
survey iri 1911, but many acres of state and private rangeland are st ill to be inventoried 
for the first time. Remote sensing hold forth possibilities for more rapid and frequent 
inventories of rangeland vegetation - not only on a local, regional or national basis, but 
worldwide. 

As pressures increase for multiple-use management of the rangeland resource, more 
specific information is needed on the ecological potential of range sites, the extensiveness 
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of these units and their reaction to seasonal environment. Such demands can be 
materially aided by remote sensing and resource analysis. However, managers should be 
aware that a great gap exists between the capability for gathering remote sensing data and 
its useful analysis and interpretation . From a practical standpoint, specific developments 
for the use of remote sensing on rangelands, are in the future. 

Many useful applications of remote sensing are recognized, and even more potential 
uses can be visualized. However, before remote sensing techniques can be accepted they 
must be justified by their practical implications. Consequently, a problem-oriented 
approach to remote sensing investigations is needed for evaluating the potential of remote 
sensing on rangeland. 

Nitrogen Fertilization of Blue Grama Rangeland 

Don D. Dwyer 
Professor Range Management 
New Mexico State University 

The demand for beef is increasing at a very rapid rate. This increase is related to both 
larger population numbers and the desire of consumers to include a larger proportion of 
beef in their diets. If the increasing demand for beef is to be met we must produce more 
calves, which means carrying capacities of western rangelands must be increased. 
Generally, these ranges are currently being grazed to the limit of their capacity. Increasing 
calf production from our native ranges cannot be accomplished by simply adding more 
mother cows. It can come only from improved livestock and range management. 

One of the possibilities for increasing the carrying capacity of rangeland is nitrogen 
fertilization . At New Mexico State University we have been studying range fertilization 
for six years. It is my opinion that the use of nitrogen on rangeland will become one of 
the most important range improvement practices of the seventies. 

However, there are limitations regarding the type of range that can be fertilized . 
These are: 

1. Rainfall should be a minimum of 14 inches annually with a well-defined peak 
during the growing season of the dominant grasses. 

2. The range should be in good to excellent range condition with little or no brush. 
The time of fertilizer application should be immediately prior to the rainy season - for 
New Mexico this is near July 1. For. blue grama ranges in the Great Plains it would be 
between May 1 and May 15. 

The research reported here was conducted on the Ft. Stanton Range Experiment 
Station in southcentral New Mexico. The vegetation is open grassland on the mesas and 
juniper trees on the rocky hillsides. The primary grass species is blue grama (Bouteloua 
graci/is); which makes up about 79 percent of the vegetative compositon. The elevation is 
2200 meters with precipitation of 15.3 inches annually. 

To study the effects of annual applications of nitrogen fertilizer, plots, 20 by 30 feet 
were established in a randomized block design with four applications per treatment. 

The average results of six years' data show that total herbage production was 
increased 53 percent on the plots fertilized annually with 40 lbs. N per acre and 85 
percent on those fertilized with 60 lbs .. N per acre (table 1 ). This increase came entirely 
from increased grass production, primarily blue grama. Forb production was not 
significantly altered by addition of nitrogen. Grass production was increased 97 percent 
and 148 percent, respectively, on the 40 and 60 lbs. N per acre treatments. 

In 1968, after. four years' research on plots, a study was initiated to determine effects 
of nitrogen fertilization of blue grama range on production of yearling heifers. Nitrogen 
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was applied in the form of urea at the rate of 40 lbs. of actual nitrogen per acre. Based on 
the expected increase in grass production the stocking rate was increased 150 percent - 5 
acres per yearling on the fertilized and 13 acres per yearling on the unfertilized (table 2). 
This stocking rate estimate was preliminary and adjustments may be necessary as more 
information is obtained. 

The first year Brangus and Hereford breeds were compared. The fertilized pasture 
was stocked with 14 Herefords and 14 Eirangus and the unfertilized with 6 Herefords and 
6 Brangus. The Brangus gained 267 lbs. per head on the fertilized and 229 on the 
unfertilized pastures. The Herefords gained significantly less with 221 lbs. per head on the 
fertilized and 192 on the unfertilized. The average gain was 244 lbs. per head on the 

Table 1. Ave r age he rbage produc tion of blue grama r ange fe r t il ized wi th ni trogen 
applied annual l y the f i r s t week in June , 1965 - 1970 . 

Total 
Treatment Grass Forbs Total Increase 

Q/A II/ A Q/A % 

CONTROL 493 377 870 

40 lbs . N/ acre 970 358 1328 53 

60 l bs. N/acr e 1222 
0

386 1608 85 

Table 2. Gains of yearling heifers on ni t rogen fe rti l i zed and un f ert ilized 
blue gr ama range . June l - November 25, 1968 ( 180 days ) and 19691. 

l 9 6 8 
Fertil i zed Un fe rt i lized 
40 l bs . N/A 0 N/A 

No . Hd. Lbs/ Head No . Hd . Lbs/Head 

Her efo rds 14 221 6 192 

Brang us 14 267 . 6 229 

Ave r age 244 211 

Lbs. gai n per acre 46 17 

================================================================================= 
1968 - November 25 to Oct ober l - 1969 

Gain 
Per 

Herefor ds Nov. 2 5-Mao.or_. -"l"'-8- -'-'M""a r=-.'--';l,.:.9--0"'c°"t'"'.-=-----'A~c'""r""e _ _ _ 
Lbs / Head Lbs / Head Lbs . 

Fer tilized (28 Head) - 39 319 53 

Unfe r tilized (12 Head) -44 327 23 

1s t ocking rate was 5 acres pe r head on fe rt i l ized and 13 acres per head on 
unfe r t ilized. 
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fertilized and 21 1 on the unfertilized. The gain per acre was 46 lbs. on the fert il ized 
pasture and 17 lbs. on the unfertilized. 

In 1969, only Herefords were used and the stocking rate was the same as 1968, 28 
head on the fertilized and 12 on the unfertil ized. The cattle grazed on the pastures 
continuously from November 25, 1969, to October 1, 1969. The winter weight loss was 
the same for both groups. Gains from March 19 to October 1, a period of 195 days, was 
319 lbs. per head on the fertilized pasture and 327 lbs. per head on the unfertilized. 
There was no difference in gain per head, but due to the increased stocking rate of 16 
additional animals, the fertilized pasture produced 53 lbs. per acre of gain, whi le the 
unfertilized produced only 23 lbs. per acre. 

These preliminary grazing resu lts lead me to believe that nitrogen fertilization of 
rangelands has great promise for ranchers. But we need to learn more about the long-time 
effects of increased stocking rates on fertilized pastures before we become too optimistic. 

MULTIPLE USE OF RANGELANDS 
Donald A. Klebenow 
Assistant Professor 

Department of Range and Wildlife Management 
Texas Tech University 
Lubbock, Texas 79409 

Increased competition and meager markets have decreased net income to the rancher. 
Th is economic factor and the demand for recreation by an ever increasing population has 
created an interest in uses of rangeland that are compatable to livestock production and 
supplement the income from livestock. The leasing of hunting privileges is an important 
source of income to many ranchers. Other uses are possible, for the recreationists' 
demand for open space in a natural setting is something that rangelands can provide. The 
demand for open space is second to the demand for animals and since rangelands often 
contain both, there is potential for prime recreational use. 

Texas has many suitable areas - ones with water, vegetation or terrain - t hat are 
suitable for uses other than strictly livestock production. An important feature is 
diversity for that is what people seek in their recreational experiences (Dasmann, 1968) . 
In the prairies of Texas, diversity is also an important factor in wildlife habitats. A diverse 
habitat is necessary. if the wish is to have diverse populations of animals - populations of 
deer, turkey and quail. 

Winter food is needed, browse and forbs for deer and seed producing plants for quail. 
Important food plants for quail in our area are ragweed (Ambrosia psilostachya), Texas 
croton (Croton texensis), and erect dayflower (Commelina erecta). Annual broomweed 
(Gutierrezea dracuncu/oides) produces great amounts of small seeds used by quai l and 
stands have closely interlaced canopies which afford screening cover for quail movement 
(Jackson, 1969) . Quail find food and cover in broomweed stands where normally the 
habitat will not be capable of carrying quail through the winter. White-tailed deer also 
utilize annual broomweed. It made up about a third of their fall and winter diet in a 
study made in the vicinities of Colorado City and Sterli ng City, Texas (Klebenow, 1969). 
Many rangelands are deficient in quail food during the late winter, although adequate 
cover is available. One practice to overcome this is to stimulate the growth of weeds by 
plowing strips with a tandem disk (Jackson, 1969). Th is is done during the winter or early 
spring. A set of strips are plowed every other year, resulting in a mixture of seed 
producing weeds being produced. This has made the difference between having or not 
having quail wintering in some places. 
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Wildlife habitats probably can be manipulated resulting in added productivity or at 
least for sustained productivity of game. In studies of deer and quail we have noted that 
mowed pipelines and roads attract animals at certain times of the year. Presumably they 
are attracted to succulent forage the mowed areas contain. Larger deer populations in 
areas containing many of these openings suggests that this type of treatment is beneficial. 
This raises the question of how much of this kind of treatment is favorable or tolerable to 
game animals, or how brush control practices can be adapted to wildlife. 

Brush control where an undesirable shrub such as juniper (Juniperus sp.) is selectively 
removed, leaving mast and forage producing shrubs, may have little effect on the deer, 
turkey and quail. The more desirable shrubs in areas containing juniper may be Texas oak 
(Ouercus shumardii var. texana), chittamwood (Bume/ia sp.) and sumac (Rhus glabra). 
Brush may be controlled in strips, removing the brush on 200 to 400 yd. strips. The 
amount left could be from 10 to 50 percent of the total cover, dependent on the value 
the landowner places on wildlife. 

When herbicides are used, wildlife is affected but possibly not as much as commonly 
expected. Robbing deer and turkeys of important cover is going to have a significant 
effect, but quail may remain in sprayed areas. A bottomland infested with mesquite 
(Prosopis glandulosa) in the rolling plains may contain as many as one quail per acre 
before treatment. Both bobwhites and scaled quail may be in the area. This was the case 
on the Renderbrook-Spade Ranch on an area sprayed in 1970. After the spray the quail 
decreased to about one per three acres and by the summer's end, there was a quail for 
every 1% to 2 acres. Actually, the effect of spraying is dependent upon the site. Mesquite 
alone is not too desirable for quail habitat. Spraying tall mesquite may lead to resprouting 
at the bottom of the shrub that provides cover where quail can use it. Spraying has little, 
if any effect if species of shrubs that quail prefer are available. Lotebush (Condalia 
obtusifolia) is one such species. The dead mesquite stems provide some cover; the added 
productivity of ground vegetation compensates for loss of higher growing vegetation and 
quail continue to use the areas. Lotebush makes the differences. Fairly large clumps, 
covering approximately 100 to 200 square feet, scattered through areas containing dead 
or resprouting mesquite may carry a bird per acre in late summer. Big clumps of other 
species also are attractive to quail. Combinations of lotebush, algerita (Berberis 
trifo/iolata), hackberry (Ce/tis pa/Iida), catclaw (Acacia sp. or Mimosa sp.) with possibly 
some tasajillo (Opuntia leptocau/is) or bush sunflower (Simsia calva) also are preferred. 
These clumps need not be excessively abundant, possibly one or two per 20-30 acres 
appear to be satisfactory. 

Leaving brush in critical habitats is important. River and creek bottomland is 
particularly important for turkey and deer - they contain the variety of forage these 
animals need. Connecting strips of brush provide travel lanes from area to area. These are 
used by deer and turkey for escape routes and routes to feeding areas that may be in the 
open. The strips should be wide enough to provide cover when unsportsman-like hunters 
in vehicles range along the edge. 

On open rangelands, such as sandy soil areas that contain shinnery oak (Ouercus 
havardii), the large clumps of tall oaks or other brush species are important to all game 
animals in the areas. If possible, these should be left for wildlife. Connecting strips of low 
brush also are desirable and Jackson (1969) suggested that they may be as narrow as ten 
feet and still be effective for quail. 

In additjon to brush management for wildlife, it is possible to expand a ranch 
management program in other ways. Deer and quail hunting is traditional. The value of 
leases increases each year. Turkeys are usually underharvested although interest in them is 
high. The state is encouraging spring gobbler hunting and hopefully this practice will 
spread. Possibly bow hunting can bring in more income. These people are few in numbers, 
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but probably better-than-average sportsmen. Predator hunting for sport may relieve a 
current expense for their control. A predator may have as much recreational value to a 
sportsman as any other native animal. Exotics are becoming important. Two that lend 
well to ranching because a sheep-tight fence will contain them are mouflon and blackbuck 
antelope. Blackbuck for stocking are expensive. but so is the cost of hunting them. 

Other types of recreation are also feasible. Fishing is an excellent income source. The 
price charged need not be high, but the large numbers of people that can be 
accommodated result in a good income. An acre or two of water containing good channel 
catfish could be the most productive piece of property you own. Picnicking is another 
recreation that people enjoy and are willing to pay for. Maybe even photography and 
hiking may be a feasible source of income. Actually the land and the desires and 
ingenuity of the landowner determines the best course to follow. 

Basic to a program involving recreation of some sort, is the realization that it will be 
necessary to deal with people. It means getting along with them and having them around. 
This probably more than anything else is the hurdle that must be overcome. 
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BRING BACK THE GRASS 
16mm Color Film-20 minutes 

by Caterpillar Tractor Co. 
Presented by 

Dwain McMillan 
Treanor Equipment Company, Abilene 

The Bureau of Reclamation in Nevada is pulling an Ely Chain (anchor chain with 40 
lbs. of rail iron, 16-18 long, welded across the 90 lb. link) Puller by a Cat D9 and D7 
tractor. This 300 ft. chain is pulled in a "J" shape making it revolve, causing a digging 
action and uprooting 85-90% of the sage brush. After pulling two ways it clears the brush 
so that a grain drill can be used to re-seed the area with native grasses. Their juniper is also 
chained (one way) and aerial seeded. 

In the Sterling City, Texas, area two D7 tractors pull a regular anchor chain in 
medium size mesquite after having been aerial sprayed w ith herbicides the previous year. 
This method is to get the brush down making it easier for rounding the cattle up and also 
leaving strips of mesquite standing for wildlife cover. 

A Cat 950 articulated loader with front end grubber was used on areas that had 
regrowth or a secondary invader following previous conservation methods. This 
high-production machine covers 10-15 acres per hour. 

In larger mesquite a Cat D6C track type tractor with a "C" frame front end grubber 
is used and then the pits and disturbed area is aerial seeded; this is in a 25 in. rain belt 
area. 

A D6C tractor with front end dozer with a grubber attached to it grubs out cedar in 
lighter limestone area in 9-12 in . rainfall area, and the pits are seeded in the same 
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operation with a seeding attachment mounted on the tractor. 
In another 25-30 in. rainfall area two 08 tractors with 12 ft. root plows with fins are 

used in heavy mesquite and then seeded with a D6C tractor pulling a Fleco roller 
chopper. 

We then go to our post oak and shinnery country and use a 08 tractor and 14 ft. 
Fleco roller chopper weighing 40,000 lbs. including water ballast. One pass is made with 
this unit and seeded in the same operation and increases the carrying capacity of zero to 
14 animal units per acre with proper management. 

In South Texas with rainfall of 30 in. a 07 tractor and an 18 ft. front end brush 
stacker is used to push the top growth into windrows for burning. This operation i~ done 
two ways at different angles and then the root plow is used cutting roots at a 14 in. depth 
and then a 21 ft. tow rake is used making as many passes as necessary at different angles 
to bring all roots to the top of the ground for windrowing and burning. The area is seeded 
from the tractor on the last pass of the operation. 

In this same area where Spanish blackbrush and persimmon is a problem a 07 tractor 
and a Rome disk harrow with serrated disk blades plows 7 in. deep and seeds in the same 
operation from an attachment on the tractor. This method shows an increase from one 
animal unit on 25 acres to one on four acres. An increase of six times the original carrying 
capacity. 

We then go to the Trans-Pecos area with a low 8-10 in. rainfall and use a 06 tractor 
with front end rake to scarify the light soil and uproot a large percentage of cresote and 
tarbush. A Til-n-Pac seeding unit is pulled behind the tractor in the same operation to 
firm the ground after scarifying, preserving the moisture for faster germination of the 
seed and having a better chance of survival. 

Rich Anderson, a rancher from Gail, Texas, sums up this movie by saying, "A 
rancher holds title to his land, but if he doesn't do something to improve it (even if he 
spends $10 to $12 per acre for improvement) he cannot afford to go out and buy 
anymore land this cheap, and his business is t o market his grass through his livestock." 

COMPUTER ANALYSIS FOR THE RANCHING rNDUSTRY 
Nonnan Brints 

Area Fann Management Specialist 
Texas Agricultural Extension Service 

The computer is used in the agricultural industry on a limited scale at the present 
time. Its use is largely confined to such procedures as livestock performance records, 
accounting systems, and linear programming conducted by University personnel for 
research purposes. 

Use of a computer in making ranch management decisions is nothing magic. It is·only 
a tool in Sunday clothes. The fact that the computer is used increases the number of 
variables which can be considered and increases the speed with which this is performed. 
Actually, all the analyses supplied by the computer are obtained from data furnished by 
management. Don't be misled . into thinking that the use of computers will replace the 
record-keeping process. Probably the most significant part of running an operation 
through a computer is the development of the data required. This provides a manager a 
closer look at his operation than he would otherwise take. 

Every ranch manager makes a plan each year, either formally or informally. The 
rancher's objective usually is to obtain the greatest net profit from the set of resources he 
has at his disposal. This means that he must consider more variables than just cows and 
grass. He must consider such items as capital, labor, rainfall, crops, fertilizer, prices and 
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diseases, to mention only a few. The computer enables the rancer to correlate all of these 
items into a tota l ranch plan for maximum profit. The use of a computer in developing 
such a plan is called linear programming. 

The remainder of this paper relates the use of this technique (linear programming) on 
a Baylor County ranch managed by Lawrence Harmel. Actually, the plan developed can 
be visualized as a least-cost forage program for stockers, given certain factors unique to 
this operation in line with the likes and dislikes of the manager. 

Harmel's farm and ranch operation was first programmed in the Fall of 1968, based 
on estimates of cost and production data since actual records were not available. At the 
beginning of 1969, an enterprise record system was established to accumulate both 
financial and production data. After a year and a half of records were obtained, the 
original data furnished the computer were revised based on these records and on an 
up-to-date range survey supplied by the Baylor County SCS. 

Resources and Enterprises 

The ranch consists of 6009 acres of native grass and 2008 acres of cropland with 
about 800 acres of wheat allotment. The computer program considered these alternative 
enterprises: 

1. Wheat for grazing and harvest for grain. 
2. Wheat for grain only. 
3. Oats for grazing and harvest for grain. 
4. Oats for grazing only. 
5. Hybrid forage sorghum for grazing. 
6. Hybrid forage sorghum for hay and grazing. 
7. Double crop of grazed out small grain and hybrid forage sorghum for grazing 

and hay. 
8 . Hybrid sudan for hay only. 
9. Barley for grazing and harvest for grain. 

10. Stockers purchased and sold during any month (stockers were kept for four, 
six, eight or 10 months depending on the time of year they were purchased and 
what they were grazingl. 

The computer considered the feasibility for each farm unit separately, as identified 
by ASCS work sheets. This reflected the peculiar characteristics of each unit, such as 
leased or owned, allotments, etc. 

Income and Expense 

For each enterprise an estimate was made of income, expense, machinery and labor 
requirements. Since it is not practical to show this information for all crops, an example 
for "Wheat for graze and grain" is shown in Table 1. 

Stockers could be purchased any one of twelve months and so ld four, six, eight or 
ten months later, depending on the seasons of the year and type of forage grazed. Prices 
used were based on actual prices experienced the last year fitted to the last five-year 
average prices to reflect fluctuations in prices during the year (see Figure 1). Stocker 
expense is shown in Table 2. 

Available Megacalories 

The objective of the plan developed by the computer was to maximize net income to 
the farm and ranch from a combination of crops and stockers. The stocker program 
chosen to be most profitable depends on the price of cattle at time of purchase and sale 
and on the most economical use of forage avai lable. Forage avai lable for any crop or from 
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native grass is reflected by megacalories available in each month. Megacalories by months 
for each crop are shown in Table 3. 

Megacalories available by months from native grass were developed by Dr. Roy V. 
Miller, Jr., Extension Range Specialist, from a range survey made by the Soil 
Conservation Service. Available megacalories by range sites are as shown in Table 4. 

Megacalories available for any given range site were based on the following 
assumptions: 

1. Forage production on range in Excellent Condition reflects basic range site 
productivity. Production on ranges in varying condition was based on ratios of 
suggested stocking rates and was used as the basis for calculations; e.g., Good 
Condition = 70 percent of Excellent; Fair Condition = 60 percent of Excellent. 
Example: Deep hardland range site 
2000 lbs/acre in Excellent Condition 

.60 
1200 lbs/acre in Fair Condition 

2. Available forage ca lculated at 50 percent of total forage. 
1200 lbs x 50% = 600 lbs available forage 

3. Average forage contains 50 percent TON. 
4 . One pound TON = 2 megacalories of energy. 

Example: Deep hard land, Fair Condition, 600 lbs. of available forage that 
contains 50 percent TON or 300 lbs. @ 2 megacalories of energy per pound, 
resulting in a total of 600 megacalories of energy per acre. 

Three grazing systems were considered for each pasture. The amount of available 
megacalories varied by systems, as shown in Figure 2. System 1, consisting of grazing any 
eight months out of twelve, was used as a base. System 2 produced 106 percent as much 
as System 1, and was grazed only during March, April , May, September, October and 
November. System 3 produced 125 percent as much as System 1, but could only be 
grazed during September, October and November. 

Other Factors 

Many factors were built into the program which cannot be discussed in detail in this 
paper. Some of these factors were: 

1. Purchase of labor at $270 per month . 
2. Purchase of milo at $2 per hundredweight. 
3. Capital requirements. 
4. Wheat allotment on each place. 
5. Owned land was distinguished from leased land. 
6. Supplemental feed. 

Optimum Ranch Plan 

The ranch plan developed by the computer was a least-cost forage program. The 
program balances the amount of different forages available during different seasons of the 
year and the cost of production, with the performance of stockers for maximum net 
income. Since we do not want to violate the privacy of Harmel's operation, we cannot be 
specific on the amount of net income projected by the computer. We can say that the 
amount was an improvement over his present net income. 

Important aspects of the Optimum Ranch Plan are shown in Table 5. 
The plan shown in Table 5 does not consider any government program payments 

since the details of the new farm bill were not available. When details of the new farm bill 
are released, the operation will be re-programmed. 
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The least-cost grazing program developed by the computer is summarized in Table 6. 
This table is a composite of the grazing program established for each place. The most 
profitable grazing system was System 3 for 4719 acres out of the 6009 acres of native 
range. System 3 allows for grazing only during September, October and November. 

Follow-up Records 

In January 1969, Harmel began keeping (1) a complete enterprise record system, (2) 
an inventory of feed, and (3) a grazing record by fields an:l pastures. 

His record-keeping system and the computer enabled him to have a complete farm 
and ranch business analysis and an analysis of each enterprise. The analysis for the period 
July 1, 1969 to July 1, 1970 offered the following information relative to making 
management decisions: 

1. It was cheaper to produce small grain for feed than to buy mi lo. 
2. Cash expense was greater than income for all crops. On the average, $3.65 was 

lost on each acre of cropland if the value of grazing was not considered. 
3. To purchase a 386-lb. stocker and take him to 691 pounds cost $24.14 per 

hundredweight. 
4. Stockers kept for eight months cost 14.65c per head per day. 
5. Retaining ownership of cattle through the feedlot increased profit per head by 

50 percent. 
6 . Diverting 50 percent of the wheat allotment and grazing it out was more 

profitable than harvesting a ll of his allotment for grain. 

Summary 

Computer analysis and planning provide a guide for study prior to making 
management decisions. It is impossible to follow completely a computer-devised plan due 
to t he number of ever-changing variables, not the least of which are prices, weather, and 
government programs. At best it is a guide and no substitute for judgment and common 
sense. 

The most significant contribution to Harmel's operation has not been the use of the 
computer per se, but in the steps taken to obtain the information requ ired by the 
computer. 
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Table 1. Wheat for grazing and grain, income and expense per acre 
(Revised, September 19 70) 

Income: 
16 Bu. @ $1.20 

Expenses: 
General crop expense 
Seed (1 Bu. @ $1.75) 
Fertilizer 
Combining 
Hauling 
Interest @ 9% for 6 months 

Total Cash Expense 

$ 5 . 50 
1. 75 
5.46 
3.00 

.80 

.74 

Income Above Cash Expense 

* • * * • * * * • * * * * * 
Machinery and Tractor Time 

Operation Date Times Acres 
Over 

Moldboard* June . 3 1-2 acres/hr. 
Chisel or Hoeme June 1 5 " 

July 1 7 
August 1 8 
August 1 7 

Drill & Fertilize Sep-Oct 1 5 

Total 
*Moldboard every 3 years. 

* * * * * * * * * * * • * • • 

Labor Requirement Per Acre Per Month 

June 
July 
August 
September 
October 

Total 
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.37 

.25 

.23 

.21 

.21 

1. 27 

$19.20 

17.25 

$ 1. 95 

Hours 
Per Acre 

or .24 
.20 
.14 
.08 
.14 
.20 

1.00 



Figure l. Stocker Prices 
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Table 2. Stocker Expense 

Per Stocker 

Veterinarian $ 1. 62 

Protein and molasses* 6.68 

Death loss ($131.66 @ 2%) 2.63 

Interest ($131.66 @ 8% for 10 months) 7.89 

Interest (not livestock) .82 

General livestock expense 7.38 

Total Cash Expense (Exel. grain & hay) $27.02 

*Each stocker was fed (as needed) an average of 
284 pounds of grain and 6.3 bales of hay . This 
was produced o r purchased if consider ed profitable 
by the computer . 

Table 3. Available megacalories per acre, by crops. 

Wheat Oats Sudan Double Crop 
Month For Grazing For Grazing For Grazing Hay 

and Grain and Grain and Oats 

Jan 360 396 297 

Feb 408 448 336 

Mar 150 550 412 

Apr 605 454 

May 605 

Jun 150 

Jul 1300 

Aug 1300 975 

Sep 1300 975 

Oct 500 375 

Nov 100 110 

Dec 335 368 276 
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Table 4. Determination of megacalories per acre by range sites, 
Baylor County, 1970. 

Range Site 
and 

Condition* 

Deep Hardland, 
Fair Condition 

Shallow Redland, 
Good Condi ti on 

Shallow Red land, 
Fair Condition 

Bottomland, 
Fair Condition 

Rocky Hills , 
Fair Condition 

Sandy land, 
Fair Condition 

Average 
Forage 
Production 
in Excellent 
Condition* 

2000 

1200 

1200 

3000 

2000 

2000 

Calculated 
Forage 
Production 
in Present 
Condition* 

1200 

840 

700 

1800 

1200 

1200 

Projected 
Megacalories 
of 
Energy 
Per Acre 

600 

420 

350 

900 

600 

600 

*Forage production in excellent condition taken from standard 
range survey conducted by the Soil Conservation Service, 
Seymour, Texas. 

- 14-



Figure 2. Available megacalor ies by grazing sys t em. 
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Table 5. Optimum ranch plan. 

Native Pasture 

Pasture No . Acres Grazing Period 

c 3501 887 Mar, Apr, Jun, 
c 129 403 " " 
215 c 1831 Sep, Oct, Nov 
D 
E 
c 
c 

74 518 " 
3502 520 
123 1095 
3501 755 

Total 6009 

Cropland Uses 

Crop 

Oats f o r graze only 
Barley for grazing and grain 
Sudan for grazing 
Double crop, sudan hay and oats 

Total 

Stocker Program 

Purchase June - Sell March 
Purchase July - Sell April 
Purchase July - Sell October 
Pur chase August - Sell March 
Purchase September - Sell April 
Purchase Octobe r - Se ll May 

Other Factors 

Total 

Jul, A~g, Oct, 

Acres 

563 
555 
352 
538 

2008 

Nov 

Number of Head 

374 
420 
780 

1200 
256 
600 

3630 

Eight months of labor would be· hired in addition to the one full
time e mployee . 

Barley rais ed and fed 930 , 588 pounds 

Hay raised and fed 21,520 bales 
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Table 6. Grazing program summary, number o f head by source of 
forage, by months. 

Month Native Pasture* CroEland Total 
Sys tem l System 3 Sudan Small Head 

Grain 

Jun 225 149 374 

Jul 187 1387 1574 

Aug 187 2587 27 74 

Sep 6 47 2383 3030 

Oct 172 2562 896 3630 

Nov 160 2 45 3 237 2850 

Dec 2850 2850 

Jan 2850 2850 

Feb 2850 2850 

Ma r 491 2359 2850 

Apr 181 1095 1276 

May 600 600 

*System l - Graze 8 months out of 12. 
Sys tem 3 - Graze September , October and November . 
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PRESCRIBED BURNING FOR WEST TEXAS 

Henry A. Wright 
Associate Professor 

Department of Range and Wildlife Management 
Texas Tech University 
Lubbock, Texas 79409 

Fire alone will never be the answer t o all the brush problems in the state of Texas. 
Moreover, it will never be the answer to all the mesquite problems in Texas. However, our 
fire research during the past three years has turned up some interesting resu lts, and we 
think we have some data that will interest you. 

Historically, fire is thought to have played a role in suppressing woody vegetation on 
native grasslands (Sauer, 1950; Ito and lizumi, 1960). Other researchers deny that fire 
played a major role in suppressing woody vegetation (Malin, 1952; Wedel, 1957, Hastings 
and Turner, 1966). They argue that climate has played the major role in controlling 
brush, and there is good data to support this argument. Albertson and Weaver ( 1945) 
surveyed the mortality of trees in the plains du ring the drouth of the 1930's. Their 
studies of natural t rees in ravines from Oklahoma to Nebraska showed, by actual counts, 
mortality rates ranging from 30 to 93% among the deciduous trees (elm, ash , hackberry ) 
and from 35 to 80%, or higher, among juniper. Thus there is good reason to say that fire 
has played a minor role, if any, in controlling brush (Wedel , 1970). During the last 50 
years, however, overgrazing has masked the effect of climate and accentuated brush 
invasion (Hastings and Turner, 1966) . 

For the well-entrenched point of view that the distribution of treeless grasslands is 
governed principally by climate, the wide distribution of scarp woodlands throughout the 
cli matica lly diverse grassland province poses some difficult questions (Wells, 1970) . 
"Regardless of local or regional variations in climate and regardless of the species 
composition of both woodland and grassland in the Plains region, the following relation 
holds: the rougher and the more dissected the topography, the greater the former extent 
and the current spread of woody vegetation at the expense of grassland. Over and above 
the droughty climate, which undoubtedly has been a contributing factor , it is the vast flat 
or rolling smoothness and continuity of surface of the relatively undissected sedimentary 
mantle that appears to have played a powerful role in the development of the great 
expanses of treeless grassland on the Plains. This is where wind-driven grass fires , whether 
ign ited by lightning or by man, must be accorded a big position in maintaining a treeless 
grassland. The wavelike motion of a wind-swept grass fire across a flat or rolling plain 
would continue indefin itely until it was quenched by rain or checked by an abrupt break 
in topography." 

This year we have collected some data in a mesquite·tobosa community which 
indicates that fire and drought, together, in healthy plant communities may have played a 
crucial role in controlling mesquite in grasslands. But first, let me tell you our story from 
the beginning. 

Most of our fire research has been concentrated in sprayed or chained 
mesquite·tobosa communities throughout West Texas. More recently we have begun an 
intensive research program on dozed ashe juniper near Baird, Texas. 

In the tobosa communities we have concentrated our research on: 

1. Developing techniques to burn mesquite in chained and unchained 
communities; this includes pinpointing the exact weather and fuel conditions 
to get a specific burndown and mortality of mesquite, 
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2. Determining the short·term and long-term effects of fire on all major grasses 
associated with mesquite in West Texas, 

3. Determining how tobosa communities should be managed after burning. 
Table 1 summarizes the effect of spring burning on plains grasses based on three 

years data. Many of the species, particularly tobosa, have carry-over effects for two to 

Table l. Effect of fire on elains grasses. 

Species Favored Unhanned Hanned 

Arizona cotton top x 
Buffalograss x 
Litt 1 e b 1 ues tem x 
Plains bristlegrass x 
Sand dropseed 

Seep muhly x 
Sideoats (bunchgrass) x 
Sideoats (rhizomatous ) x 
Ta 11 grama 

Texas cupgrass x 
Tobosa grass x 
Vine-mesquite x 

three years. Also, for those plants favored by fire , production frequently doubles the first 
year after burning. A few species have quadrupled production. 

Management of tobosa communities after burning is unique. To get the maximum 
benefit from tobosa grass, it shou ld be grazed immediately after the burn until June 15. If 
you wait for three months before putting animals on burned tobosa, it will be too coarse 
for the animals to eat it. After June 15 a rest would be desirable to favor the more 
palatable species such as buffalograss. 

Using the fo llowing equation we can predict burndown qu ite accurately in areas that 
have had a past history of insect borer activity, such as in the Colorado City area: 

Y = - 3.95 + 3.13X
1 

- 0.83X
2 

+ 0.01 X3 
where 

Y = Percent burndown, 

X
1 

= Wind speed in mph, 

X2 = Percent relative humidity, 

x3 = Total fine fue l in lb/acre. 

Obviously the higher the wind speed and the greater the amount of fine fue l, the better 
burndown you wi ll get. This equation is not satisfactory for predicting burndown where 
there is little or no sign of insect borer activity in dead wood such as the area around 
Post, Texas. The greater the borer activity, the higher the percent burndown. Also, if 
trees have been chained and are lying on the ground, they are considerably easier to 
ignite. 
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We have not had much luck in predicting mortality of mesquite trees (trePS which 
nave been top-killed with spray, but have resprouts) after burning. However, the 
fo llowing tabulation shows that large trees are easier to burn down than small trees: 

Size Class 
2 inches o r fess 
2 -5 inches 
5 inches or larger 

Mortality (%) 

4.3 
9.8 

26.6 

Our average mortality has been 12%, although . this can increase after a fire depending on 
climate. This year's spring drouth (March 25 - May 25) at Colorado City increased 
mortality on a 1969 burn from 12% to 17% in 1970. More plants appear to be dying. 

We have also burned unsprayed young mesquite trees to determine how much heat it 
would take to kill them. The following data shows the percent mortality for various 
maximum temperature treatments : 

Temperature (F) 
200 500 800 1100 Control 

Seedlings (6 mo.) 
Young plants 

(10 years?) 

43 
0 

91 
0 

100 
4 

100 
8 

14 
0 

If a six month old seedling can tolerate a light fire and a young plant with leaders 12 
inches long can survive extremely intense fires, then obviously it is hard to build a case 
for fire as a tool to kill mesquite. However, for larger trees the second, third, etc. fires 
through an area would be most important. The first would top-kill trees and initiate borer 
activity. The second and later fi res would ignite the stems _and burn into the crowns, 
which would kill some trees. This action in combination with drought and competition 
from healthy grasses would make it very difficult for shrubs and trees to maintain a 
strong foothold in grasslands. 

Various techniques to burn tobosa have been tested . This year a 20 ft. fire line was 
plowed on the north and east sides of a 2500 acre area. Then another 10 ft. line was 
plowed 100 ft . inside.· the 20 ft. fire line. This strip of grass was burned when the relative 
humidity was between 50-60%. Then the rest of the 2500 acre area was burned _with 
12-20 mph southwest winds when the relative himidity was 20%:· The burn was easy to 
handle in this manner and very effective. Under these conditions a 30% burndown was 
achieved with "3,000 lbs. of fuel per acre and a 70% burndown was achieved w ith 5,000 
lbs. of fuel per acre. With less than 3,000 lbs. of fuel per acre, very little burndown can be 
expected even if borer activity is present in the dead wood. 

We will test this technique several times again this year before making general 
recommendations. Regardless of the technique; personnel on the firelines should always 
be on the alert for broomweeds rolling across a fireline. They burn off at the base and this 
base is usually pointed toward the wind, remaining hot for a long time. 

Most of our burns are conducted during March, preferably after a recent rain . At this 
point we don't know how important a rain may be before burning, but it is good 
insurance for grass growth, in case no rains follow the burn for several weeks. 

In summary, what are the advantages and disadvantages of burning in 
mesquite-tobosa communites? 

Advantages: 
1. Increases production and utilization of tobosa. 
2. Controls broomweeds and many other undersirable forbs. 
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3. Kills tasajillo. 
4. Burns down dead mesquite stems to make the handling of livestock easier. 
5. Live stems which are killed by burning will deteriorate very rapidly which is 

not true for sprays. 
6. Some trees will be killed and in combination with drouth additional trees may 

be killed. 
7. Kills some cactus, although the response of cactus to a fire appears to be highly 

variable. 
8. Does not harm water quality. 
9. Cost to burn is cheap. 

Disadvantages: 
1. Burning can be a hazardous tool if not used properly. 
2. Annual grasses (winter) are severely harmed by spring burning; for this reason 

it does not appear desirable to burn an enti re pasture of tobosa. 
3. Cover for game is reduced unless fire is conducted under poor burning 

conditions. 
4 . Sunflowers become very abundant in some areas. 

We burned 1,000 acres of dozed juniper this spring to learn how it should be burned. 
A 200 yard strip of f ire line was back-fired on the nort h and east sides of the 1,000 acre 
area to serve as a fire break when the remaining pasture was to be burned with a 
southwest wind. To do the back-firing under reasonably safe conditions and sti ll get the 
job done, we found that burning should be done under 50 to 60% relative humidity. 
Under these conditions the fire will creep through the grass and ignite piles, but spot fi res 
can easily be put out if they occur, and several did. 

When piles of dead juniper trees burn, they give off dangerous firebrands. The 
distance that a firebrand will travel is .·dependent primarily on volume of the pile. For 
small piles (up to 3,000 ft.3) firebrands above 220° F travel from 0 to 180 ft. depending 
on wind speed. For piles with more than 3,000 ft. 1 of volume, the following equation 
predicts distance that fire brands will travel : 

D = 126 + 0.01X, 
where D is the distance that a cinder will travel in ft. and X is the pi le volume in ft.3 We 
have seen several spot f ires start from 60 to 90 ft. from piles and only once at a distance 
of approximately 100 ft. It appears that spot fires beyond 100 ft. from a pile would be 
rare. 

To reduce the hazard of burning piles in fire breaks, this year we have burned the 
piles wh ile the grass was green within a 200 ft . strip on the north and east sides of our 
burns planned for next year. This appears to be a safe and satifactory procedure provided 
there is a 10 ft. fire line on both sides of the strip where pil es are to be burned. This 
burning should be done when winds are light to minimize damage to grass near piles. 

Now that the piles are burned out of our backfired strips, we will test the same 
burn ing techniques used last spring. However, we will not have any recommended burning 
procedures for this vegetation for at least one more year, and maybe two or three years. 
We are currently making a very intensive research effort in this vegetation type. 

A ll grasses except rhizomatous sideoats have responded very favorably to burning in 
the ashe juniper community. Numerous small juniper trees have been killed. There was no 
evidence of active erosion on this fire. 

In summary, what are the apparent advantages and disadvantages of burning dozed 
juniper? 

Advantages: 
1. Increased grass production. 
2. Removal of dead juniper trees. 
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3. Numerous small juniper trees are easily killed. 
4. Provides excellent wi ldlife habitat. 
5. Does not harm water quality and thus far we have seen no signs of active 

erosion aher considerable rainfall. 
Disadvantages: 

1. Without experienced personnel, prescribed burning can be very dangerous. 
2. Shinnery thrives very well and seems to-get thicker after the burn. 

Our next step is to develop guidelines for burning salt cedar and green juniper. In 
addition we plan to gather data on the long-term effects of fire and repeated burns in 
areas where we are presently work ing. 

By the end of next year we plan to put out a guide for management of tobosa 
communities in which spring burning will be an important management tool. Aside from 
the use of fire in -tobosa communities we are not in a position to make other 
recommendations at th is time. However, we will continue making a major effort to 
collect long-term data and most important, develop guidelines for burning in all major 
vegetation types where burning may be a useful tool. 
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RANCH MANAGEMENT 
CONFERENCE 

The purpose of this conference is to bring 
together ranchmen, technicians, and others 
interested in ranch and range management in 
an effort to help solve some of the problems 

facing today's ranching industry. These 
meetings will provide for discussion of the 

latest information on brush control, grazing 
systems, stocking rates, ranch investment, 

income tax problems on ranches, forage 
inventories, wildlife management, range 
reseeding, poisonous plant problems and 
other points of concern on West Texas 

ranches. 
An advisory committee to the conference 

is composed of ranchmen, bankers, range 
technicians and research specialists. Members 
of this Advisory Committee welcome your 
suggestions concerning the conference. 

Sponsored by 

American Society of Range Management , 
Texas Section 

Abilene Christian College 

Texas Tech University 

Texas A & M University System 

U.S. Soil Conservation Service 

Abilene Christian College Chapter 

of the Texas Section of ASRM 

Rolling Plains Chapter of the 
Soil Conservation Society of America 

and 

West Texas Chamber of Commerce 

Abilene Chamber of Commerce 
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