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ABSTRACT

Pastures established using buffelgrag€en¢hrus ciliaris L.) have shown
heterogeneous responses in terms of forage production and permanermmedA
alternative for determining establishment sites and predict tremdbuffelgrass
conditions is the use of simulation models. The objectives of tlsisareh were to
determine the factors that regulate successfulness in baslgastures and to develop a
model to determine suitability in areas managed for buffelgrassuges, based on
environmental, ecological, and management variables. Above ground biomdsstion
was considered to determine suitability in sites with buffelgrdight ranches with
different geographic locations, environmental situations, and managesoeditions
were sampled as preliminary study sites to measure andl plaaé production. The
resulting model was used to estimate plant production in the 37 isgnsgks of the
study areas. Results of the study indicate that basalsaeegdod modeling parameter to
estimate production in buffelgrass plants. | also found that plant grodue buffelgrass
is negatively affected by population density. | concluded that thest a positive
correlation between pasture management and buffelgrass ptahicpon. Correlation
analyses demonstrate that there exist significant correlabemgeen Pasture Condition
Index (PCIl) and mean annual temperatures, aspect, pasture aggemiand sodium
content. However, after performing stepwise regressions, onlg thaeables were
significant: pasture age (PA), nitrogen content)(Nand mean annual temperature

(MAT); the last two, produce a negative response on PCI.
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INTRODUCTION

Natural rangelands of Sonora, Mexico, have been degraded and tddagearchave
the potential to support and sustain a highly productive cattle indudtys, Tthe
establishment of artificial pastures using forage speciesdunted from other regions of
the world could contribute to increase the production of food for livestsckart of an
integrated approach to accomplish an ecologically managed rangeland.

Pastures established using buffelgrasen¢hrus ciliaris L.) have shown
heterogeneous responses in terms of forage production and permaiénse.
circumstance has motivated federal and state government ageaxiegll as some
university researchers, to develop research programs to underbgrfdctors and
processes that determine the favorable development of buffelgrass pasg&oasra.

Given the extent of the area dedicated to the cattle indusgniora, over 0.5 million
hectares, the amount of economic resources required by the opeardinres during the
sampling and field studies in the rangelands studied, are very @Gwgsidering this, it is
necessary to look for strategies or methodologies to solve the prablieny cost, with
fewer people, and in the shortest time.

A good alternative for determining establishment sites and prédinds in
buffelgrass conditions is the use of models. Models are simpiggentations of how a
system operates in the real world. This includes empiricalefaathat are developed
considering the statistical relationships that exist betwegerdlent and independent

variables.
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Hypothesis
The suitability for a buffelgrass pasture is defined by natacabrs; however, that
suitability can also be influenced by anthropogenic factors danbua¢s inherent to the

components of the pasture ecosystem itself.

Objectives
The objectives of this work are:
1. Determine the factors that regulate successfulness in buffelgrstssgs.
Although buffelgrass has been used for more then 50 years in Sonoreg Mesiie is
not a complete knowledge of the factors and ways in which those Sdaoteract to
define the optimal conditions that this species requires to grovessfolly. Thus, some
pastures can be prosperous and even spread into adjacent aregmgithres can grow
for a given period of time and then decline and, in other céséfglgrass can have
failures in germination, conditions that lead to low density populat{itresra et al.
1995a), situations undesirable for grazing purposes. The later tess qgenerate
economical problems for ranchers and cause ecological deteriaratiog areas where
the natural vegetation was removed. For this reason, it is verytanpdo know the
agents that control the establishment and permanence of buffelgrass pastures.
2. Develop a model to determine suitability in areas manawetbuffelgrass
pastures, based on environmental, ecological, and management vabBgbtasdeling

buffelgrass habitats and the interactions of different faceleged with the species life
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cycle, it should be possible to predict, under different scenariosutteessfulness of

buffelgrass pastures for a geographical area, in the central region of ,SdaricD.
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LITERATURE REVIEW

Range condition is a term commonly used to express the actuaktycapacgrazing
area to be used in range management. It is defined as the state of thisovegietarange
site, in relation to the climax plant community for that siteud; a plant community in a
succession stage is in good condition, and it will be in undesirable icondiben in
retrogression (National Research Council, 1994).

Bonham (1989) suggests the term “vegetation condition” rather thame“ran
condition” be used. Vegetation condition relates the current status efatieg to the
potential of the site to produce a given vegetation unit. This égmees with the range
condition concept in the fact that the more advanced the succestaym| the better the
vegetation condition. However, we must keep in mind that a subclimaxatiege
community may be more useful for livestock grazing than a climax community.

Frequently, range managers use four categories to classtiyrggsasnto range
condition categories based on the climax vegetation concept: emcalbod, fair and
poor. According to Smith (1978), estimating range condition based on thexcli
approach could present some problems: 1) the range condition scale tf pgoellent
may conflict with management objectives and may produce ainegsftect in the
appreciation of the range managers; 2) There could be difficuftieefining climax
vegetation and; 3) The concept does not consider undesirable specieg libegume
not part of the climax stage. This author recommends using the cooicephge

condition based mainly on soil characteristics instead of vegetation composition.



14

In order to establish buffelgrass pastures, natural plant comesuaité cleared,
leaving some perennial herbs, shrubs and trees for browsing and Iskavdeg 15% of
native vegetation is the current regulation in Sonora. Some sgeciess false mesquite
(Calliandra eriophyllg, mesquite Rrosopis spp), palo verde Qercidium spp), and
ironwood Qlneyatesotg should not be removed. For this reason, the range condition
concept based only on vegetation composition can not be applied to thesg graas
given the lack of successional stages (disclimax situation) in the system.

Mclvor et al. (1995) developed tli@uantitative Condition Indewhich is based on
vegetation and soil characteristics for grazing areas oherrtAustralia. Because this
model considers botanical composition and basal area of perennial assdsyrit can
be adequately applied to buffelgrass populations. Soil characeristi this model are
measured following the procedures of Tongway and Smith (1989).

Many studies have been carried out to determine environmental féetbregulate
buffelgrass biological processes such as germination, estabfishgn@wth, production,
and reproduction. With respect to soil pH, Gausman et al. (1954) foundutifielgrass
had a low tolerance to soil salinity. Graham and Humphreys (18%)) dorroborated
this result. Following thirteen years of experimentation, Ebers@Bii0], found that
buffelgrass pastures can be established and produce high yipldses where soil pH is
acidic. However, he concluded that productivity would be greaterightlgl alkaline
soils, and even more so in pastures with run-on water. Hanselkkplnson (1991) and
Ibarra-Flores et al. (1991) also concluded that slightly alkalnils (pH = 7 - 8) are more

suitable for buffelgrass than slightly acidic soils (pH =6 - 7).
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Soil texture is another characteristic that affects eshmbént of buffelgrass.
According to Cox et al. (1988) and Hanselka and Johnson (1991), buffelgeaings
exhibit good germination in loamy soils, but that declines when safhdyrstlay content
approaches 100%. The problem is evident when soils contain 20% or moray of cl
(Ibarra-Flores et al., 1991) since seedlings gradually lose sigh die when established
in silt, silt loam, silty clay loam, silty clay, and clagils. On the other hand, buffelgrass
persists in well-drained loam, sandy loam, clay loam, and salayloam soils. It
actively spreads by seed in sandy loam soils in northwestchl€Cox et al., 1988).
Hanselka and Johnson (1991) specify that a good cover can be obtained dy grave
sandy, loamy and loamy clay soils but the management will be more critical

It has been demonstrated that nutritional quality of unfertilmételgrass in native
rangeland pastures varies seasonally but, according GonzaleEvanitt (1980), is
typically low. Wiedenfeld et al. (1985) and later Cabanillas-Cri@96), found that
buffelgrass yields could be increased with nitrogen applicaticiasghorus applications
also significantly increased buffelgrass yields but only when ameabiwith high
nitrogen levels. Ibarra-Flores et al. (1995a) detected that tloairanof nitrogen and
organic carbon in soils are low where the grass spreads, interenadhate the species
persists, and high where the plant dies. These authors also mentimuthagilable soil
phosphorus may limit buffelgrass productivity, but concentrations belown@/kg in
soil, do not impact the plant’s ability to either establish itself from seedravs.

Wiedenfeld et al. (1985) found that annual rainfall rates stronglyeimie overall

yields of buffelgrass. They calculated an increase of 18 kg/hanpeof rainfall and
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estimated that rainfall use efficiency for buffelgrass ineedaover the control by an
average of 2.2 and 2.8 times at 112 and 224 kg N/ha, respectively. They cotichidéd
availability on soils where buffelgrass was grown greatly enlthrtbe -efficient
utilization of the rainfall received in these areas. HanseaiklaJahnson (1991) found that
buffelgrass can be prosperous in areas with minimum precipitati®d0omm with over
50% falling during the summer. Buffelgrass predominates anéadpi® adjacent non
planted sites when planted in areas where summer rainfall vesr@s350 to 550 mm
and winter rainfall is less than 400 mm (lbarra-Flores et al. J99%&en summer
rainfall exceeds 550 mm, buffelgrass survival is limited bgi@blathy, competition with
more productive plants and insect predation (Ibarra-Flores et al., 199fjh) water
table levels inhibit its establishment (Hanselka and Johnson, 1991).

Several authors have studied the role of temperature on buffelgeddsiesient and
growth. The Wiedenfeld et al. (1985) studies, found that warm terpesadccelerate
nutrient cycling in buffelgrass pastures increasing nutresptirements. Woodard (1980)
found that buffelgrass shows high yields in South Texas, but tthdison is limited by
cold climate conditions and poorly drained soils. Ibarra-Flores €385a) mention that
buffelgrass predominates and spreads to adjacent non-planted gaglanted in areas
where mean minimum winter temperatures rarely fall belo¥ 5and soil texture is
loamy.

A number of authors consider that topographic characteristics ahgrareas are
important factors for forage production. Ahlgren et al. (1946) found ttiea average

annual yields of dry matter produced in grazed pastures areesmaireas with slopes
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of 26 to 35% than those with 15 to 25%; this is supported by Perez-Caraing1®94).
Hanselka and Johnson (1991) established that best sites for buffelagases should be
in plain topography; they remark that rolling hills can be good, but mmamagement
practices would be required.

It is generally accepted that south (S) aspects are wamdedrier than north (N)
aspects (Shreve, 1915; Haase, 1969). However, some investigations itinditatarmest
and driest slopes face south-southwest (SSW) or southwest (8\&1) tlzan S, and the
coolest, wettest slopes face north-northeast (NNE) or nort(fég¥trather than N (Hall,
1902; Ayyad and Dix, 1964; Geiger, 1965; Haase, 1969; Meyer, 1983). The dffect
aspect has not been studied in buffelgrass grazing areas but sdim@gparesponse
should be expected from pastures established in different exposuretation to
temperature and moisture regimes.

Usually, determining suitable areas for exotic grasses osumeg and monitoring
annual production in pastures is performed using field applied methetts téchniques
produce very precise measurements; however, sometimes are fiewtdd accomplish
due to high economic costs, time consuming, people hiring and traamdgnaterial and

equipment requirements.

One alternative approach is to develop models to achieve these idodels are
mathematical equations capable to represent the performancebiologic process
occurring in the real world. In grazing lands, one of these processdd be forage

production.



18

According to Clark et al. (1993), simple univariate statistieehniques may not
adequately assess the multidimensional nature of habitats ublzedecies. However,
univariate statistical tests can be used to assess theyafididividual model variables
and to better understand the role of each variable before proceedimdull model
development and testing (Kvamme, 1985; Schamberger and O’Neil,1986).

Pereira, and Itami (1991) contend that “multivariate statistmabels, being
inductive, empirical models, when appropriately tested againshab#ht use data, offer
the potential to minimize validation problems”. Multiple regressaoialysis is one of
different types of multivariate statistical models that can be appliddtermining habitat
suitability for plant species.

A multivariate statistical model that can help to typify halstatability is the one
created by Kleinbaum and Kupper (1978) and called dhgyossible-regressions
procedure (also known as stepwise regression). This method requires faiiegy
possible regression equation associated with every possible combiradtidhe
independent variables. Thus, farindependent variables, the number of resulting models
will be 2™-1. Then the equations are grouped in sets involving 1, 2, @,variables, and
ordered according some desired criterion (i.e. coefficient cfrudination, 7). The
models with higher?rare grouped again for further examination. The best model is then
selected (in terms of Rvalues) from the last group. Regression model equation has the

form:

Y:ﬂo +ﬂ1X1+ﬂ2X2+ ..... ,Bme+e
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whereY is to represent the dependent variable. This equation relateshidnadoeof the
dependent variabley to a linear function of the set of independent variables
X2,.....Xm. The f's are the parameters that specify the nature of the relatpsnsinde,
is the random error term. One application of multiple regression Imbds been the
definition of suitable areas to establish exotic grasses in grazing landgnibdels have
been developed to represent biological and ecological processes iageaaces but, up
to date, only one is known for buffelgrass. Ibarra-Flores et al. (19@v&)oped a model
to predict buffelgrass survival in different sites. In this modetytrelated survival
regimes for buffelgrass pastures by multivariate stedisanalyses using climatic factors
and soil characteristics. Considering that establishment and l@latgvelopment of
buffelgrass do not depend only on climatic factors and soil chasdict® this model has
some limitations on its predictions. However, it can be improved dydmg other
variables such as topographic factors, plant attributes, and managemeo¢gractrder

to obtain better results.

The Plant

Taxonomic characteristics

Buffelgrass Cenchrus ciliarisL.) is a perennial warm-season bunchgrass, with culms
erect to geniculate spreading, 50-100 cm tall; sheaths lateaihpressed and keeled,
glabrate or sparsely pilose with long slender hairs; Im&ies collar usually sparse, white,
and straight, reaching 5 mm with enlarged bases; ligule membrasiiiated, diminute,

1.3-1.8 mm long; blades glabrate, scabrous, barely asperous, somehtigspilose,
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specially on lower surface 16-34 cm long, 7.8-20 mm wide, the midrib pemnti
Panicle dense, cilindric and spikelike, 4.5-12.5 cm long, 1.3-1.6 mm wide;sraqui
flexible, escabrous, with internodes 0.8-1.7 cm wide; spikes barelysgerte 6.8-9.6
mm long, 2.8-4.5 wide; peduncle diminute, densely pilose, 0.5-1.5 mm long, h-2 m
wide, bristles erect or disperse, 6-7 mm long, 0.5-0.7 mm wide, long-ciliate ceabes
the internal margins, connate only at the base or lightly abowarsely barbate, very
often with plumose tips, external verticil with spines simitabristles, shorter than the
internal spines; 2-4 spikelets per spike, 5.5-6.8 mm long; first glum2.2.2im long, 1-
1.5 mm wide, thin and membranous, 1-veined; second glume 5-6.1 mm long 54 veine
palea partially included, 2.5-5 mm long; fertile floret 5.2-6.6 nomg| 1-1.5 mm wide
covering the 3 mm long, turgescent, and ovoid caryopsis (Felger, Be@ile and
Johnson, 1991).

This species is native from Africa, Asia, and the Middle .Hagtredominates on

sandy soils and annual precipitation ranges from 200 to 1,200 mm (Cox et al., 1988).

Biology

Buffelgrass is a warm season perennial bunchgrass chaedttbyi purple, gray, or
yellowish-brown bristly seedheads with long stems rising feoRnotty base. It grows
from one to four feet tall and a mass of long and tough roots, which can grow to eight feet
deep. Its narrow leaves are light green in color and range dramto four inches in
length (Douglas King Co., 1999). This species usually is also n®@edisetum ciliare

but, according to some plant taxonomists, one can tell the diffebetaeenCenchrus
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and Pennisetumbecause the bristles étennisetumare separate and @enchrusthey

are fused. Its seeds are spread by wind and animals. Buffelgisisslar in appearance
to millet; in fact, the genus nanm@enchruscomes from the Greek word "kegchros"
which means millet. Buffelgrass is of high economic value westiock, especially in
Texas for cattle, but is low for wildlife. It withstands heayrgzing and is used for range
reseeding, pasture, hay production, revegetation, erosion controbibsthkilization. It
also 5 fast recovering from drought and heavy grazing
(http://www.geocities.com/deeds1980/).

Seed formation is apomictic, asexual; so vast quantiti€s oiliaris seeds generate
naturally, without pollen transfer. Moreover, the aggressive expamgi@ ciliaris
rhizomes rapidly forms dense monocultures of newly colonized sitéss, fiowever,
means thaC. ciliaris tends to have limited genetic exchange (Perrott and Chakraborty,
1999).

This highly nutritious grass is considered excellent for pastunetj dry areas and is
valued for its production of palatable forage and intermittentirggaduring droughty
periods in the tropics. Yield of some strains also makes it goddrioge during the wet
seasons. The grass, fed green, turned into silage, or made insoshay/to increase flow
of milk in cattle and impart a sleek and glossy appearance (0983); per 100 g, the
fresh plant is reported to contain on a zero-moisture basis, 11.0egpfb6 g fat, 73.2 g
total carbohydrate, 31.9 g fiber, and 13.2 g ash; per 100 g, hggyoded to contain on a
zero-moisture basis 7.4 g protein, 1.7 g fat, 79.2 g total carbohy@8afeg fiber, and

11.7 g ash (Gohl, 1981).
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C. ciliaris is reported to be lactagogue: related species are recasdeeing anodyne,
diuretic, and emollient, and are folk remedies for kidney pain, tumoess amd wounds
(Duke and Wain, 1981).

Most of the data indicates that post-harvest maturation requiree of a few weeks
to 18 months. Only seed that has been stored for at least 6 moatiid bk sown,
however, in Tanzania, 1-month old seed had a 90% germination rdteheimaximum
of 92.5% being reached at 18 months. Most seeds germinate within 24 hogd=ariB
1977). According to Reed (1976), germination is improved up to 70% by steedgup
to 2 years under dry conditions. Duke (1981) reports that annual produdbvit
buffelgrass ranges from 1 to 26 MT/ha, but some strains give asalig37 MT/ha,
depending on the conditions. Total annual yields of green fodder van3#e56 MT/ha
in three to four cuttings.

Buffelgrass is reported to tolerate disease, drought, fire, fuggawng, heavy soil,
insects, limestone, low pH, and sand (Duke, 1978). However, due to its dpmaed
formation, C. ciliaris presents a lack of genetic diversity and it has been specthated
may be susceptible to the effects of some natural enemiess@Mari 2000). Thus, the
following fungi have been reported by Duke (1983) to attack buffeg&eniowskia
sphaeroides, Cerebella andropogonis, C. cenchroides, Clavigps Fusarium
heterosporum, Puccinia cenchvar. africana, Sorosporium cenchri, S. dubiosum, S.
penniseti, Sphacelotheca panjabensis, Tolyposporium cenchri, Uredo cenchricola,
Ustilago pennisetilt is also parasitized b$triga hermonthicaln addition, the same

author has isolated the following nematodes from buffelgr&sonemoidessp.,
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Helicotylenchus cavenessi, H. dihystera, H. microcephalus, H. pseudorobustus,
Peltamigratus nigeriensis, Pratylenchsis, and Scutellonema clathricaudatur sucker
insect named “mosca pinta” or spittlebulefeolamia albofasciatiall.), can also be

cited as a natural enemy of buffelgrass (Miranda-ZaramaRamirez-Moreno, 1995;

Martin-Rivera et al., 1996).

Ecology

Buffelgrass is a drought-tolerant, warm-season, perennial forage \whasls is grown
throughout many arid and semi-arid regions in the world (Jessup £999). It is very
successful in regions where annual precipitation ranges betweerb@5v (and as
high as 2670 mm) and the minimum winter temperature does not fall b¥o@ BF). It
thrives from sea level to 2000 m, in dry sandy regions, on shallow gbinarginal
fertility. Such characteristics extend its production rangd Bncrease its value for
pasturage. It responds to rainfall by developing brighter color andcaease in growth
rate, giving highest yields when rain is plentiful. In Australiafddgfass withstood 5-
day flooding without any loss of plants, and 20-day flooding with losse¥0-685%
(Anderson, 1970).

In its introduced range, buffelgrass is most abundantly found in tires mh the
Sonoran Desert, where it is commonly found along rocky hillsides sertderub and
xeroriparian communities (Miller et al., 1999). The biology of thisgraeally suits it

for dry communities and colonization of other disturbed sites, edlyeaowing fires.
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Humans have sprea@. ciliaris for livestock forage in pastures, but its biological
characteristics contribute to copious natural dispersal (Trix, 2000).

The dense growth of this rhizomatous grass and the narrow leavedrythait
promptly after the rainy season provides high surface area orn wihidfires spread
easily and further benefit this fire-adapted species. Asdtére, fire-tolerant perennial
grasses benefit from the increase in solar penetration tadhadysurface (Trix, 2000).
The light provides energy for photosynthesis in emerging leavesh@s@&nvironment
increases the plant’s nitrogen use efficiency (Ojima, et al., 1994).

It is important to mention tha&. ciliaris exudes phytotoxic chemicals that inhibit
germination and growth of some other plants (Nurdin and Fulbright, 1990).
Consequently, re-colonization by extirpated native plants could be utlifiicce C.
ciliaris has established.

Buffelgrass is reported to tolerate a pH of 5.5-8.2 (Duke, 1978; Duke 1979).
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METHODS
The Study Area
The area selected for this study comprises the centrainredi Sonora, Mexico,
between 2830’ and 2830’ North latitudes and between the coastal zone and the Sonora-

Chihuahua states boundary (Figure 1).

Hermosnlo,&

o 50 100 150 00 50 Kilometers

Referance map

Legend H

Study area
Hermesille City w E
Transporation routes

Figure 1. Study Area Location
Mean annual precipitation in this area ranges from less than 3G0 owar 900 mm,

while mean annual temperature range froffC2tb 25C (Figures 2 and 3).
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Figure 2. Precipitation in the Study Area
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Figure 3. Isotherms in the Study Area

According to the soil classification system created by Fh®re are 10 different soil

types in the study area: cambisols, feozems, fluvisols, litosolssols, regosols,

rendzinas, solonchaks, xerosols, and yermosols (Figure 4).
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Figure 4. Distribution of Soil types in the Study Area

The characteristics of soils types are described on Table 1.

Table 1. General description of FAO soil types found in the stuely (Buol et al., 1991;

Fitzpatrick, 1985).

SOIL SOIL SOIL
No. TYPE CHARACTERISTICS

1~ Cambisols Soils with light color; they usually change in structure and
consistency due tim situintemperization.

2 Feozems Soils with black, lixiviated surface.

3 Fluvisols Soils developed from alluvial deposits, having only one diagnostic
horizon within a depth of 125 cm. This horizon can be an "A" or "H"
horizon.

4 Litosols Shallow soils, over hard rock.

5 Luvisols Soils with clayed horizons and median to high content of bases
(NH40AC)

6  Regosols Thin soils over non consolidated materials, without diagnostic




29

horizons.
7 Rendzinas Thin soils over calcic material (over 40% calcium carbonate).
Solonchaks Soils with high accumulation of soluble salts.
9  Xerosols Dry soils from semiarid regions.
10 Yermosols Desertic soils.

oo

The physiography of the study area is defined by 14 categacesrding to INEGI
(Instituto Nacional de Estadistica Geografia e InformatiBa)adas with rolling hills,
rolling hills, complex rolling hills, complex rolling hills with éadas, alluvial plains,
saline deltaic plains, high sierras with cafiadas, steep sisteap complex sierras, steep
complex sierras with rolling hills, folded sierras, alluvialtermountain valleys,

intermountain valleys, and intermountain valleys with rolling hills (Fidg)re
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Figure 5. Physiography in the Study Area



30

A general description for physiography is given on Table 2.

Table 2. Physiographic classes for the study area (INEGI, 1981).

CLASS CLASSES

No. CLASSES CHARACTERISTICS

1 Bajadas con lomerios Alluvial fans with rolling hills

2 Lomerios Rolling hills

3 Lomerios complejos Complex rolling hills

4 Lomerios complejos con cafiadas Complex rolling hills with canyons

5 Llanuras aluviales Alluvial plains

6 Llanuras deltdicas salinas Saline deltaic plains

7 Sierras altas con cafiadas High sierras with canyons

8 Sierras escarpadas Steep sierras

9 Sierras escarpadas complejas Steep and complex sierras

10  Sierras escarpadas complejas conSteep and complex sierras with canyons

lomerios

11  Sierras plegadas Folded sierras

12  Valles aluviales intermontanos Intermountain alluvial valleys

13  Valles intermontanos Intermountain valleys

14  Valles intermontanos con lomerios  Intermountain valleys with rolling hills

If we follow the classification of Brown and Lowe (1994), the ptarhmunities of
the study area include the Central Gulf Coast Subdivision, the LOwkrado River
Subdivision, the Plains of Sonora Subdivision, the Semidesert Grasslarsinéhean
Thornscrub, the Sinaloan Deciduous Forest, the Madrean Evergreen Woodlartte and t

Petran Montane Conifer Forest (Figure 6).
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Figure 6. Vegetation Types in the Study Area

The climate in the study area is very heterogeneous with hotrgnchtegories in the

coasts and deserts to very wet and cold in the sierras. Thusatbdre different climatic

categories covering the entire area (Figure 7).
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Figure 7. Climate Types in the Study Area

The climate system followed is the Képpen system modifiedviiexican conditions by

Garcia, E. (1981). Climatic types are described on Table 3.
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Table 3. Climate types for the study area.

TYPE  CLIMATE CLIMATE

No. TYPE CHARACTERISTICS

1 (A)C(wo)(x') Semi-hot subhumid with summer rains; relation P/T < 43.2;
percentage of winter rains > 10.2 with respect to the annual.

2 (A)C(wl)(x") Semi-hot subhumid with summer rains; relation P/T between 43.2
and 55.0; percentage of winter rains > 10.2 with respect to the
annual.

3 BSohw(x)  Dry or steparian; relation P/T < 22.9; semi-hot with fresh winter
and summer rains; percentage of winter rains > 10.2 with respect
to the annual.

4 BSo(h)hw  Dry or steparian; relation P/T < 22.9; hot with summer rains;
percentage of winter rains between 5.0 and 10.2 with respect to
the annual.

5 BSo(h)hw(x') Dry or steparian; relation P/T < 22.9; hot with summer rains;
percentage of winter rains > 10.2 with respect to the annual

6 BS1hw(x')  Dry or steparian; relation P/T > 22.9; semi-hot with fresh winter
and summer rains; percentage of winter rains > 10.2 with respect
to the annual.

7  BS1(h)hw(x’) Dry or steparian; relation P/T > 22.9; hot with summer rains;
percentage of winter rains > 10.2 with respect to the annual.

8 BS1kw(x")  Dry or steparian; relation P/T > 22.9; temperate with hot summer
and summer rains; percentage of winter rains > 10.2 with respect
to the annual.

9 BWhw Very dry or desertic; semi-hot with fresh winter and summer
rains; percentage of winter rains between 5.0 and 10.2 with
respect to the annual.

10 BWhw(x')  Very dry or desertic; semi-hot with fresh winter and summer
rains; percentage of winter rains > 10.2 with respect to the annual.

11 BW(h)hw  Very dry or desertic; hot with summer rains; percentage of winter
rains between 5.0 and 10.2 with respect to the annual.

12 BW(h)hw(x') Very dry or desertic; hot with summer rains; percentagentémwvi
rains > 10.2 with respect to the annual.

13 C(wo)(x") Temperate subhumid with summer rains; relation P/T < 43.2;
percentage of winter rains > 10.2 with respect to the annual.

14 C(wl1)(x") Temperate subhumid with summer rains; relation P/T betwee
43.2 and 55.0; percentage of winter rains > 10.2 with respect to
the annual.

15 C(BE)(w2)(x) Semi-cold subhumid with summer rains; percentage of winter

rains > 10.2 with respect to the annual.
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Determination of Factors that Affect Plant Production in Buffelgrass Pastures

Above ground annual plant biomass production was considered as an indicator
successfulness in buffelgrass pastures. In order to determinfadioes that affect
production in buffelgrass pastures, it is necessary to measure atanigbroduction per
unit area and relate that production to different factors to know wdfithem define
production rates.

In determining net production of buffelgrass plants, the best waycigtthe plants
and then dry and weigh the harvested material, however, in situatioms waheual
produced biomass has been removed for any cause (i.e. grazinghfficudt to obtain
that measurement and it is necessary to look for other methods, like simulatids, twode
have production values.

In Sonora, Mexico, it is a common practice that ranchers ledrtimeals to use the
pastures over the entire year so it is difficult to find pastureappropriate conditions to
measure above ground annual plant biomass production by direct m&thodsit was
imperative for this study to create a simulation model to estirplant production and be
able to determine the factors that affect biomass production in buffelgrassepas

Eight ranches with different geographic locations (Figure 8), environhsénttions,
and management conditions were sampled as preliminary study sites to naedsure
model plant production. The resulting model was used to estimate plant production in the

37 sampling sites of the study areas.
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Figure 8. Sampling sites for modeling aboveground biomass production

In each of these sites, twenty-five plants were clipped. Bef@lant was harvested,
its height, herbage cover diameter and basal diameter wereuneadiameter
measurements were then converted to area by applying theoaquséid to calculate the
area of a circle/f r%), assuming that buffelgrass plants have a circular shape wban s
from a vertical projection. Once measurements were recorthede aground biomass
was clipped at 2-4 cm from the ground. The removed materiabtwesd in paper bags,

taken to the laboratory, oven dried and weighed. The resulting valua®érction were
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normalized by removing all extreme values or outliers. RipalVerage production per
plant per site was computed.

Ecological factors and soil characteristics were recond@d@mnputed as independent
variables. Data for these variables were collected direatiye field, especially those
related to soil characteristics and plant attributes. Soipksnwere collected by taking
one sample per soil type in each one of the eight study sitese Ba@sples were
obtained at 0-30 cm depth and then dried, passed through a 2 mm stkvaken to
laboratory for physical and chemical analyses. Soil charsatitsriincorporated in this
research include:

Soil Nitrogen ContentSoil nitrogen content was determined using the method called

Nitrate Determination with Phenoldisulphonic Acid as describediblgdrds (1980) and
Bremner and Mulvaney (1982).

Soil Phosphorus ContentAccording Smith (1974) and Fitzpatrick (1996), when

phosphorus content in plants is low, growth is detained; maturity delays roots
undersized. Available phosphate was determined by the method of DicdaBray, as
described by Chapman and Pratt (1991) and Olsen and Sommers (1982).

Cation Exchange CapacitfCEC). The cation exchange capacity is a very important

indicator of the aptitude that a soil has to retain cations, to kisogeneral chemical
reactivity (Buol, et al., 1991). When there exist low content of catiorthe soil, an
intense lixiviation criterion can be assumed (Fitzpatrick, 198Zpé&itick, 1996). CEC

was measured following the methodology described by Richards (1980).
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Exchangeable CationsFour exchangeable cations were determined: Calcium,

Magnesium, Sodium and Potassium. Percent of exchangeable catdns ienportant to
define some of the soil characteristics such as alkalintly ekample, a soil with <20%
exchangeable sodium is considered slightly alkaline; a modeedkelyne soil will have
20-50% exchangeable sodium, and a soil with over 50% exchangeahlensadll be
considered as strongly alkaline. Calcium and magnesium werand®ter by titrating
with etilendiamin-tetraacetatum as described by Richards (1880j)ym and potassium
were measured by flammometry (Richards, 1980).

Percent of Exchangeable Catiof®ercent of exchangeable cations can be important to

define some of the soil characteristics such as alkaliRdy.example, a soil with <20%
exchangeable sodium is considered slightly alkaline; a modeedkelyne soil will have
20-50% exchangeable sodium, and a soil with over 50% exchangeahlensaedll be
considered as strongly alkaline. Percent of exchangeable catisnseasured following
the methodology described by Richards (1980).

Soil Percent Saturatiorit refers to the amount of water that a given soil canreta

against the force of gravity. The amount of water remaining afterl @ver-saturated is
freely drained, would define the 100% saturation for that soil (Brookd,,et993). This
soil characteristic was determined by recording the watkime that is added to a soil
sample, as described by Richards (1980).

Soil pH. This soil characteristic determines the rate of acatitglkalinity. Normally, soil
pH varies between 3 and 9 and the two main factors that condrel ihe organic matter

and the amount and type of cations. The soil pH tends to be correlgiegtioitation:
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the higher the precipitation rate, the lower the soil pH due tosthecity of cations
(Fitzpatrick, 1985; Fitzpatrick, 1996)n this study, soil pH was measured for a soll
solution ratio of 1:2 using a potentiometer with glass electrodiesibed by Richards
(1980) and McLean (1982).

Soil Electrical Conductivity The electrical conductivity is commonly used to determine

the total concentration of ionized components in soil solutions. dlogely related to
exchangeable cations and correlated to total dissolved solids (Bad| £991; Soil

Survey Division Staff, 1993). Soil electrical conductivity (mmohs/avay measured by
the Wheatstone Bridge method (Richards, 1980).

Soil Organic MatterSoil organic matter was estimated by using a modified version of

the Walkley-Black method described by Richards (1980).

Soil Texture This soil property helps to determine the supplying facilityhatrients,
water, and air. There is a high correlation between soil teatutenost of the properties
of soils (Gavande, 1976). Soil texture analyses (percent of slipdng clay) were done

by the hydrometer method (Gavande, 1976).

Statistical Analysis

Correlation analyses were performed to determine the type aedsiigt of
relationships existing between buffelgrass annual production and ailaibutes, soil
characteristics and environmental factors. Variables with signif correlation to

buffelgrass annual production would indicate the factors that affect forage pooduct
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After that, stepwise regression computations (according KleinbadrKupper,1978)
including production and independent variables were performed to cieai&atson
models which, after validation, would be applied to predict production in determined sites
in central Sonora, Mexico.

In order to validate the model equation, a new site withinttity sirea was sampled.
The geographic location of this site has the following UTM coordénate= 595,400 and
Y = 3,234,565. In this site, as in the other study sites, soil samplisgnade to know
the characteristics of the soil. Also, 30 buffelgrass plants meesured at their base to
record the diameter and determine their basal area; afteopkration, the plants were
clipped at 4.0 cm from the base. The harvested biomass was oedradd weighted to
determine production. Then, the observed production values were compareuaiudse
resulting from equation computation realizing a means comparison their§fudent’s
and DHS statistical tests (Sall and Lehman, 1996) using thelNNMRbgram version 3.2

(SAS Institute Inc.).
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Modeling Suitability for Buffelgrass Pastures

A model was developed considering the Pasture Condition Index (PCGdh as
expression of suitability for buffelgrass. This dependent variableesmonds to a
modified version of th&@uantitative Condition Indegreated by Mclvor et al. (1995) to

be applied in this study. This index is calculated using the following equation:

PCl=(VC+ SC + PMI)/ 3

WhereVC corresponds to the Vegetation Compon& refers to the Soil Component,
and PMI corresponds to the Pasture Management Index. As seen in Figurakgsitat
number of steps to compute the pasture condition index, given the caltutattines for
the index components. Units and weights for the elements shown figuhe are given

and described in the corresponding paragraphs of the text.
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Vegetation Component

The vegetation component was determined by averaging the valuetuoé species
composition and relative yield. The calculation of these two plambwatts is described

in the next paragraphs.

Species Composition: The contribution of species composition to theatveget
component is based on the desirability of the species preserisnasite to grazing
animals. Thus, desirable species are plant species with highionatrvalue, the most
palatable and preferred by grazers. Intermediate speciessarpréferred for grazing and
have lower nutritional value for animal production. Undesirable spaceesepresented
by poisonous plants and are not consumed by grazers because the laldtabilipa
(Aguirre and Huss, 1987). There are range condition guides creatétk dMexican
federal government agency COTECOCA (an agency devoted to sistéidi carrying
capacity of rangelands in Mexico) to provide range managers @éhtdic names and
desirability categories of plant species for all the raamg#d of the country (Aguirre-
Murrieta et al. 1973).

Species composition for a given pasture can be estimated byhesiaative density,
frequency, and/or dominance of the species present in the pastureprathaction and
ecological importance values of the species can be used tomohete species
composition. In this study, species composition (SC) was assesssdlering their
ecological importance value (IV), based on their relative tieasand frequencies. By

using COTECOCA'’s range condition guides, the species were groopediaesirable
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(D), intermediate (I), and undesirable (U) species. The IV oflds&rable species (IVD)
was multiplied by 1.0, the IV of the intermediate species (B41)0.5, and the IV of
undesirable (IVU) species by 0. The products were summed andlithead by 100 to

give a botanical composition contribution with values between 0 and 1.0.

_IVD+(IVI * 05)
10C

SC

A number of 37 ranches were selected as study sites to gather data {Bigure
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Figure 10. Geographic Distribution of Study Sites in the Study Area



Table 4 shows the UTM coordinates of the study sites.

Table 4. Geographic location of study sites.

No. SITE X COORDINATE Y COORDINATE
1  SANTATERESA 481411 3176362
2 SAN FRANCISCO 505078 3178674
3  SANTAESTELA 497376 3161909
4  EL TONUCO 459441 3224278
5  SAN CARLOS 465894 3219179
6 PUNTA DEL CERRO 524445 3239522
7  POZO MANUEL 500356 3260122
8 EL REPRESO 509615 3201998
9 E.ESTACION TORRES 522575 3177495
10  LISTA BLANCA 496600 3238314
11 EL CHAROLAIS 520026 3192372
12 EL POZO DE LAP. 542986 3177479
13  EL CHURY 547936 3180877
14 LA ESCONDIDA 549550 3218146
15 PUEBLO VIEJO 561578 3225554
16 E. TEPUPA 620381 3225043
17 SAN PEDRO CUEVA 620525 3237548
18 E.MAZATAN 584620 3206939
19 E.LAGALERA 573535 3193383
20 E.LATASAJERA 580884 3195537
21 REPRESO DEL VERDE 550961 3185008
22 AGUAFRIA 683262 3233656
23 E. SAHUARIPA 676787 3213176
24  ONAPA 682023 3177603
25 PUNTA DE AGUA 598325 3242728
26  EL SHANGAI 541988 3214755
27 EL TEOPARI 589308 3234546
28 E.REBEICO 622445 3195681
29 LLANO COLORADO 613839 3201318
30 SANFERMIN 585090 3196029
31 SANJOSE 601472 3210916
32 S. ANTONIO HUERTA 635641 3166720
33 C.TONICHI 641347 3167896
34 SANTO TOMAS 674244 3206358
35 E.LAESTRELLA 634595 3203425
36 E.SOYOPA 627863 3184880
37 LOS HORCONES 590223 3200592

44
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After scouting a study site, a squared plot of 1 hectare witfelinass was
established as a representative area in which to collect Gaiected area was
georeferenced using a Global Positioning System (GPS)iveeceecording the
geographic position (in degrees) and elevation above sea level @isme&lope and
aspect were also determined for the plot using a Brunton compass. tBes@verage
crown size of buffelgrass plants and following the criterion used@dnham (1989),
square quadrats 1-meter per side, were utilized as sampling units. The ptioestrats

to measure buffelgrass ecological attributes was determined usieguion:

t? s?
E2

n=

wheren = sample size; = the ‘t” statistic;s = the variance; and = the specified level of
precision, which is the sampling error (Brooks et al., 1993). The iresutilue fom was
30 at gp = 0.01 significance level, with = 0.01.

Thus, thirty 1 rhquadrats were sampled in each plot along three parallel ¢tan36
m apart. Transects followed a perpendicular direction to the glogsenting 10 quadrats

per transect with a separation of 10 m between them (Figure 11).
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In each 1 rh quadrat, species density was determined by counting the number of
individuals inside the quadrat, and species cover (%) was estilmateshsidering the
area of the quadrat occupied by each species. The basal diametary buffelgrass
plant was measured and used to compute basal area accordinggdoatieneutilized to
calculate the area of a circléZ(r?); thus, the diameter measurements were divided by 2
to obtain the radius, the results squared and then multiplied by 3.1416b@iellgrass
plants with more than 50% foliage cover or basal areas insidegubdrat were
considered for sampling. At the same time, density and cover mgeprded for other
perennial species present in the quadrat. In addition, some sathiaraenvironmental
characteristics were recorded in the 1 gnadrats as explained below; these included:
soil surface micro relief, soil erosion features, surfacetadeselopment, litter and
cryptogam cover, and percent of gravel or stone present within the quadielt data

sheet form is shown on Figure 12.
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FIELD DATA FORM

RANCH COUNTY. AGE
AREA LOCATION: LAT LO__ _  ALTITUDE SLOPE
EXPOSITION TRANSECT. SOIL SAMPLE DATE

No SP D C DC MR | | S | Cr| ER| BS

DC - Loose, Soft, Firm, Crusted MR — Smooth, Slight, Strongl — Loose litter (0.5), Incorporated (1.0)
S— Litter transp. (0.5), Local (1.0)Cr — Cryptogams (0-5) ER — Rills (0.1), flow lines (0.05)

Figure 12. Paper sheet used to record field data.
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Above Ground Annual Net Production: In determining net production of bufsigra
plants in the study sites, the model obtained in the previous sect®oised, relating
ecological data for each study site with basal diametesured for buffelgrass plants

included in the sampled quadrats to estimate aboveground biomass.

Soil Component
The soil component value (0 to 1.0) results from adding the values facesarust
development (maximum = 0.2), micro-relief of the soil surfaceximam = 0.1), litter

and cryptogamic cover (maximum = 0.2), and erosion features (maximum = 0.5).

Surface Crust Development

A soil with a hard crusted surface will have lower infiloatof water than soils with
a loose or friable surface (Mclvor et al., 1995). Taking the study Hgridclvor et al.
(1995) as a reference, in this experiment soil surface crusiagpenent was visually
estimated for each of the thirty sampling plots distributed alaggéicts established in
the study sites. Four categories were considered for surface crust deargtopm
Loose: loose deposit of soil on the surface
Soft: surface stable but friable
Firm: surface hard but not crusted
Crusted: surface crusted with evidence of dispersed clay
The contribution of surface crust development (SCD) to the soil componie 30

sampling plots of the study sites, was calculated by multiglythe proportion of the 30
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plots with loose (Ls) and soft (Sf) by 0.2, the proportion with f{fm) by 0.1, and the

proportion with crusted (Cr) by 0 and summing the products:

SCD= (%Ls* 02) + (%Sf* 0.2) + (%Fm* 0.1) + (%Cr * 0)

Soil Surface Micro-Relief

Soil roughness is positively related to water retention and atifiitr, given the fact
that in rough surfaces more water is held compared to smooth suvfaeee water is
rapidly shed. Rough surfaces may also provide more suitable gaomisdaes (Mclvor
et al.,, 1995). In this study, soil surface micro-relief was viguastimated on each
sampling plot. Three categories were recognized and given tbeifay values: smooth
(0), slight (0.05), and strong micro-relief development (0.1). The cotitibof the soil
surface micro-relief to the soil component was calculated blpwolg the same

mathematical operations used for surface crust development:

MR = (Sn# 0) + (SI* 05) + (Sr* 0.1)

where:MR = Soil Surface Micro-Relief
Sm= Proportion of the sampling plots with smooth micro relief
Sl = Proportion of the sampling plots with slight micro relief

Sr = Proportion of the sampling plots with strong micro relief
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Litter and Cryptogam Cover

Surface litter provides habitat and a food source for microorganisesofauna and
small animals, which can improve the physical condition of the seiflace. In
combination with cryptogam cover, litter protects the soil serfaem rain drop impact
and slows the flow of water over the surface allowing more tonénfiltration; it also
provides soil nutrients when decomposed by soil micro-organisms (Mef\ead., 1995).
Litter and cryptogam covers were visually estimated for thmpiing plots. The
proportion of the soil surface covered by litter was estimagecbhsidering whether the
litter is loose on the surface or partially incorporated, andahece (local or transported
litter). These observations were combined to estimate the Aati@ount using the
equation:

_ 1(%cover S
50C

L

wherel = 0.5 for loose litter and 1.0 for partially incorporated &d 0.5 for litter
transported from surrounding areas and 1.0 for locally deposited (lMclvor et al.,
1995).

Cryptogams (algae, fungi, lichens, liverworts, mosses) orsbdneere recorded on a
scale from 0 (no cryptogams present) to 5 (strong development). Gayptocontribution
is calculated as the product of the proportion of bare ground and cryptagag and
added to the litter value.

LCC=L+(B*Cp)
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whereLCC = Litter and cryptogam cover
L = Litter cover
B = Proportion of bare ground

Cp = Cryptogam rating

Erosion Features

There exist several soil erosion indicators defined by featiiaésan be evaluated
independently. In this study, four erosion features were consideredfitee dhe soil
component for the sampling plots and their contribution was calculgtsthtting with a

value of 0.5 and subtracting for each feature, as established by Mclvor et al. (1995).

1. Rills (subtract 0.1), scarps (subtract 0.1) or flow lines (subtract 0.05) present.
2. Pedestals: Four categories were considered in this study (aften&dson, 1956):
Class 1. Plant crown on or near level with the soil surface (subtract 0)
Class 2. Plant crown above the soil surface; around part of itetperi
breaking away and tending to occur on the downhill side of the
clumps (subtract 0.02)
Class 3. Plants on a soil pedestal above the adjacent soil soinfatlesides
(subtract 0.1)
Class 4. Grass on top of the pedestal dead or nearly so; pksiagtgrating
(subtract 0.2)

3. Loose or partially stabilized soil material deposited by water pr@sdttact 0.05)
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4. The proportion of the area where the topsoil has apparently bemredehy sheet

erosion is estimated (subtract % sheet eroded/200).

Pasture Management Ind@xMI).

The management of grazing lands is an important factor thatsatiedrend in health
condition of the system and rates of forage production. For this regasamperative to
have, at least, an approximate estimation of the managemeitiexcto make decisions
about future management. However, there are no methods to qualitatively a
guantitatively measure this factor. Thus, for this study, | dpeeloa Pasture
Management Index with emphasis on factors that influence buffelgeasual
production.

This index has values ranging from 0 to 1.0, resulting from the suomhadtvalues
assigned to different activities developed in the pasture; thexiarip give a weighted

value to those activities, was based on my experience and theangmthe ranchers

give to them:
Herd management . . ... .. 0-0.2
Infrastructure condition . . . ... . 0-0.2
Pasture maintenance . . ... 0-0.2
Watering infrastructure . . .. ... ... 0-0.2
Pest control (insects, weeds) . . ....... ... 0-0.1

Plant diseases control . . . .. ... . 0-01
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Herd management refers to the activities and criteria théeeancse to feed the
animals in the pasture during a year. These activities areti@rihclude the grazing
systems and stocking rates, basically.

According to Coronado-Quintana (1994), the infrastructure condition isvpbsit
related to rangeland condition in Sonoran ranches. This means thatbetiter
infrastructure it is possible to have rangelands in better condition than otherwis

Another very important activity to preserve a pasture in good heaithtion is the
maintenance. Some actions to maintain a pasture in good condition coulke be t
replantation of low-density pastures and improving soil conditions tijiZation and
cultivation.

Water is probably the most important component in the well functiooiintdpe
pastures. Thus, ranchers and range managers have the obligation ohgpldmni
construction, distribution, and administration of appropriate wateringsimércture (i.e.
stock ponds) to ensure the availability of this resource to the animals.

Buffelgrass pastures are susceptible to be attacked by peststand/or invaded by
undesirable plants. These kinds of problems can be solved by the ampliot
appropriate chemical, mechanical, or cultural control methods. Mo#teofSonoran
ranchers use prescribed fires as the more common practicpréssehe presence of
plant and insect pests.

Another serious problem that can affect buffelgrass pastures mdsence of plant
diseases. Unfortunately, the producers in the study area do nopgoial $nterest to this

problem and nobody performs any kind of practice to prevent or contrilg&eases in
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their pastures. Prescribed fires can help to control patholgansause plant diseases in
buffelgrass pastures.
ThePasture Condition IndekPCl) is finally calculated by averaging the vegetation,

soil, and pasture management components.
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RESULTSAND DISCUSSION

Factors that Affect Above Ground Annual Production

Resulting values for climate data, plant attributes, buffelgrasugtion, and soll
characteristics for the eight preliminary study sites, sirewn in Tables 5a-5c. It is
evident that there exist a gradient for the precipitation fabtdrincreases from the coast
to the high sierras (i.e. from Costa de Hermosillo to Cajén de Qrthpaopposite occurs
with the temperature factor, which decreases following the satitedinal gradient
(Table 5a).

Table 5a. Climatic values for eight preliminary study sites.

No. SITE PPT TEMP
1 Costa de Hermosillo 260.4722.41
2 El Shangai 388.74 23.04
3 Rancho Viejo 390.09 22.95
4 Las Guasimas 569.6922.54
5 Rebéico 649.26 22.61
6 Sahuaripa 705.3023.03
7 Cajon de Onapa 717.8221.76
8 Represo del Verde 371.821.84

PPT = total annual precipitation in mm
TEMP = annual mean temperature in Celsius degrees

There is a large variability in herbage production in buffeégrants in a given
pasture and in different pastures; Table 5b shows the variahilitgbove ground

production for the eight pastures taken as preliminary study sites.



Table 5b. Buffelgrass plant attribute values for eight preliminary stuely. sit

No. SITE H CA BA P
Costa de 51.16 2248.2 152.7 325.56
Hermosillo

2 El Shangai 33.92990.14 2224 18.99
3 Rancho Viejo 36.321145.99 64.53 34.00

4 Las Guasimas 34.84602.56 90.79 26.00

5 Rebéico 27.00 401.28 72.85 2591
6 Sahuaripa 82.112843.69 375.59 282.73

7 Cajon de Onapa 54.841368.20 182.43 79.71

8 Represo del Verde ND* ND 96.01 145.32

H = mean height in cm

CA = mean crown area in square cm
BA = mean basal area in square cm

P = mean herbage production in grams
* no data

Also, soil characteristics are different in the study sites (table 5c)

57
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Buffelgrass above ground biomass production is not significantly atetelto soil
characteristics, and climate. Correlation analyses show onhifisemt associations
between production and plant attributes. Resulting values are shove fiollowing

table:

Table 6. Correlation analyses for different buffelgrass attributes

VARIABLES HEIGHT CROWN AREA BASAL AREA PRODUCTION
HEIGHT 1.0000 0.7382** 0.7181* 0.5884**
CROWN AREA 0.7382** 1.0000 0.7260** 0.8275**
BASAL AREA 0.7181** 0.7260** 1.0000 0.5865**
PRODUCTION 0.5884** 0.8275** 0.5865** 1.0000

** Correlation is significant at the 0.01 level {@iled).

As shown in table 6, there are meaningful statistical oeksttips |p = 0.01) between
production and crown cover area (r = 0.83), plant height (r = 0.59), anddraaar =
0.59). However, in this study, plant height and crown cover areas, wetsed in the
regression model to estimate production, because in Sonora, most ajrasfglastures
are continuously grazed and have no resting periods during the entir&lyes, the only
possible plant attribute to measure and relate to production is basal area.

Basal area measurements resulted in some values numaetisthyt from the rest of
the data; those values are called outliers and can indicattyy fdata, erroneous
measurement procedures, or it can simply be the case thatvatumee happen to be a
long way from the mean of the data. The latter case is tketltat applies to my

measurement given the fact that after trying different skzdi transformations, the
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outlier values remain showing objectionable results. So, after camgpugigression
model and eliminating outlier points or residuals, as recommend&tlogz-Zamudio
and Figueroa-Preciado (2000), the best fitting model between basakad herbage
production was given by the equation:

Y =4.6735 + 0.7191*BA
WereY represents plant production or relative yield (grams) BAds the basal area
(cn?) for buffelgrass plant. The resulting model ha§a 0.82 p = 0.002).

It is important to mention that, in terms of mathematics, thendepé variableY)
will have a value of 4.6735 evenBfA has a value of zero. This is because the model was
created with measurements higher than zero. Thus, in the réal wodoesn't make
sense to assume you have above ground biomass plant production ifrdenet
buffelgrass plants to consider. In other words, it is not correaghpity the model in areas
where it is not possible to measure basal area in buffelgrasts pFigure 13 shows the

regression line relating basal area and buffelgrass production.
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Figure 13. Regression line and equation after relating buffelgrass besalnak plant
yield
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In order to validate the model equation, 30 buffelgrass plants in aiteewithin the
study area were sampled. As explained before, observed productiors waue
compared to the values resulting from equation computation by neplezi means
comparison, using the Student’and DHS statistical tests (Sall and Lehman, 1996). The
analyses show that there is no significant statistical difie between the two meamps (
= 0.01), concluding that the regression equation is valid to estipratkiction for
buffelgrass pastures within the study area, based on the basal area afithie pl

These results are in agreement with those from Christie (1978Malvdr et al.
(1995) who concluded that, in bunch grasses, there exist a linaaorrehip between
aboveground annual production (referred by them as relative yield)landattributes
such as basal area. They simulate relative yield by a regressioroeaiatie form:

RY =4, + B*BA
WhereRY is the relative yield for the specie, is the point where the regression line
intercepts the Y axis@ is the slope of the regression line e represents the basal

area for the same species.

Modeling Suitable Conditions for Buffelgrass Pastures in Central Sonora

Suitability for buffelgrass pastures, in this study, was repteddy PCI values. As
mentioned before, PCI is estimated based on three components: wagetatiponent,
soil component and management index. Resulting values for each orneosef t

components are displayed on tables 7, 8, and 9, respectively.



Table 7. Vegetation component values for study sites
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No. SITE RELATIVE SPP VEG
YIELD COMPOSITION  COMPONENT
1 SANTA TERESA 0.0365 0.5210 0.2788
2 SAN FRANCISCO 0.1802 0.7337 0.4570
3 SANTA ESTELA 0.2400 1.0000 0.6200
4 EL TONUCO 0.1733 0.9544 0.5638
5 SAN CARLOS 0.1785 0.8826 0.5305
6 PUNTA DEL CERRO 0.1332 0.7676 0.4504
7 POZO MANUEL 0.4945 0.9496 0.7220
8 EL REPRESO 0.2299 0.8973 0.5636
9 E. ESTACION TORRES 0.0000 0.0000 0.0000
10 LISTABLANCA 0.5654 1.0000 0.7827
11 EL CHAROLAIS 0.1613 0.9590 0.5601
12 EL POZO DE LA P. 0.8219 1.0000 0.9109
13 EL CHURY 0.3873 1.0000 0.6936
14 LA ESCONDIDA 0.4905 0.9387 0.7146
15 PUEBLO VIEJO 0.3545 0.9760 0.6652
16 E. TEPUPA 0.9626 1.0000 0.9813
17 SAN PEDRO CUEVA 0.3202 0.9454 0.6328
18 E. MAZATAN 0.3883 0.9744 0.6813
19 E. LA GALERA 0.5263 0.8695 0.6979
20 E.LATASAJERA 0.6380 1.0000 0.8190
21 REPRESO DEL VERDE 0.5096 0.9739 0.7418
22 AGUAFRIA 1.0000 0.9812 0.9906
23 E. SAHUARIPA 0.0789 0.2448 0.1619
24  ONAPA 0.2878 1.0000 0.6439
25 PUNTA DE AGUA 0.2174 0.8204 0.5189
26  EL SHANGAI 0.3978 0.9622 0.6800
27 EL TEOPARI 0.5169 0.9090 0.7129
28 E.REBEICO 0.6016 1.0000 0.8008
29 LLANO COLORADO 0.5616 0.9597 0.7607
30 SAN FERMIN 0.5523 0.9077 0.7300
31 SANJOSE 0.5074 0.9303 0.7188
32 S. ANTONIO HUERTA 0.7060 1.0000 0.8530
33 C. TONICHI 0.3881 0.9467 0.6674
34 SANTO TOMAS 0.5948 0.8604 0.7276
35 E.LAESTRELLA 0.4267 0.8395 0.6331
36 E.SOYOPA 0.4823 0.9789 0.7306
37 LOS HORCONES 0.1164 0.9459 0.5312




Table 8. Soil component values for study sites

No. SITE Crust Micro Litter Eros. SOIL
Dev. Rel. /Crypt. Feat. COMP.

1 SANTA TERESA 0.1000 0.0067 0.0129 0.4500 0.5695
2 SAN FRANCISCO 0.1730 0.0015 0.0748 0.4967 0.7460
3 SANTA ESTELA 0.1000 0.0267 0.0374 0.4967 0.6608
4 EL TONUCO 0.1600 0.0883 0.0277 0.4967 0.7727
5 SAN CARLOS 0.1000 0.0017 0.0707 0.4883 0.6607
6 PUNTA DEL CERRO 0.1267 0.0667 0.0530 0.4617 01708
7 POZO MANUEL 0.1000 0.0000 0.0930 0.5000 0.6930
8 EL REPRESO 0.1100 0.0267 0.0818 0.4783 0.6968
9 E. ESTACION TORRES 0.0833 0.0050 0.0203 0.4383 540

10 LISTABLANCA 0.1600 0.0433 0.0778 0.4367 0.7178
11 EL CHAROLAIS 0.1267 0.0417 0.0663 0.4800 0.7147
12 ELPOZO DE LA P. 0.1000 0.0000 0.0945 0.4983 99%

13 EL CHURY 0.1267 0.0383 0.0670 0.4950 0.7270
14 LA ESCONDIDA 0.1033 0.0933 0.0618 0.4967 0.7551
15 PUEBLO VIEJO 0.1033 0.0767 0.1443 0.4700 0.7943
16 E.TEPUPA 0.1000 0.0783 0.1082 0.4983 0.7848
17 SAN PEDRO CUEVA 0.1000 0.0767 0.0646 0.5000 0674
18 E. MAZATAN 0.1000 0.1000 0.0340 0.4883 0.7223
19 E. LA GALERA 0.1133 0.0867 0.0480 0.4800 0.7280
20 E.LATASAJERA 0.1167 0.0917 0.1048 0.4950 03808
21 REPRESO DEL VERDE 0.1200 0.0300 0.0550 0.4767 681¥.

22 AGUAFRIA 0.1000 0.0367 0.0783 0.5000 0.7150
23 E. SAHUARIPA 0.1067 0.0533 0.0774 0.4950 0.7324
24  ONAPA 0.1067 0.0367 0.0754 0.5000 0.7188
25 PUNTA DE AGUA 0.1000 0.0150 0.0837 0.4900 0.6887
26 EL SHANGAI 0.1000 0.0517 0.0616 0.4617 0.6750
27 EL TEOPARI 0.1133 0.0717 0.0211 0.4617 0.6678
28 E.REBEICO 0.1000 0.1000 0.0493 0.5000 0.7493
29 LLANO COLORADO 0.1000 0.0617 0.0778 0.5000 0539
30 SAN FERMIN 0.1000 0.0600 0.0472 0.4717 0.6789
31 SANJOSE 0.1000 0.0033 0.0931 0.4983 0.6947
32 S. ANTONIO HUERTA 0.1033 0.0833 0.0661 0.4967 7404
33 C. TONICHI 0.1000 0.0217 0.0578 0.5000 0.6795
34 SANTO TOMAS 0.1000 0.0967 0.0760 0.5000 0.7727
35 E.LAESTRELLA 0.1000 0.0917 0.0537 0.5000 0445
36 E.SOYOPA 0.1000 0.0967 0.0619 0.5000 0.7586
37 LOS HORCONES 0.1000 0.0633 0.0535 0.5000 0.7168
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Table 9. Pasture Management Index values for the studied pastures

No. SITE HM IC PM WS PC PDC PMI
1  SANTA TERESA 0.00 0.05 0.00 0.00 0.00 0.00 0.05
2  SAN FRANCISCO 0.15 0.15 0.10 0.20 0.05 0.00 0.65
3  SANTA ESTELA 0.05 0.15 0.10 0.10 0.00 0.00 0.40
4 ELTONUCO 0.15 0.15 0.10 0.20 0.05 0.00 0.65
5  SAN CARLOS 0.15 0.15 0.10 0.20 0.05 0.00 0.65
6 PUNTA DEL CERRO 0.00 0.05 0.00 0.10 0.00 0.00 501
7 POZO MANUEL 0.15 0.15 0.10 0.10 0.05 0.00 0.55
8 EL REPRESO 0.00 0.05 0.00 0.10 0.00 0.00 0.15
9 E. ESTACION TORRES 0.00 0.05 0.00 0.00 0.00 0.000.05
10 LISTA BLANCA 0.10 0.05 0.00 0.10 0.05 0.00 0.30
11 EL CHAROLAIS 0.10 0.05 0.00 0.10 0.00 0.00 0.25
12 EL POZO DE LAPITAHAYA 0.15 0.15 0.10 0.20 0.050.00 0.65
13 EL CHURY 0.15 0.15 0.10 0.20 0.05 0.00 0.65
14 LA ESCONDIDA 0.05 0.10 0.10 0.10 0.00 0.00 0.35
15 PUEBLO VIEJO 0.20 0.15 0.10 0.20 0.05 0.00 0.70
16 E. TEPUPA 0.00 0.05 0.00 0.10 0.00 0.00 0.15
17 SAN PEDRO DE LA CUEVA 0.00 0.05 0.00 0.10 0.00.00 0.15
18 E. MAZATAN 0.00 0.05 0.00 0.00 0.05 0.00 0.10
19 E.LAGALERA 0.00 0.05 0.00 0.00 0.00 0.00 0.05
20 E.LATASAJERA 0.00 0.05 0.00 0.00 0.00 0.00 50.0
21 REPRESO DEL VERDE 0.15 0.15 0.10 0.20 0.05 0.00.65
22 AGUA FRIA 0.05 0.05 0.00 0.00 0.05 0.00 0.15
23 E. SAHUARIPA 0.00 0.05 0.00 0.00 0.00 0.00 0.05
24 ONAPA 0.00 0.05 0.00 0.10 0.00 0.00 0.15
25 PUNTA DE AGUA 0.00 0.05 0.00 0.10 0.05 0.00 0.20
26 EL SHANGAI 0.10 0.15 0.10 0.10 0.05 0.00 0.50
27 EL TEOPARI 0.10 0.15 0.10 0.10 0.05 0.00 0.50
28 E.REBEICO 0.00 0.05 0.00 0.00 0.00 0.00 0.05
29 LLANO COLORADO 0.00 0.10 0.10 0.10 0.05 0.00 9.3
30 SAN FERMIN 0.10 0.15 0.10 0.10 0.00 0.00 0.45
31 SANJOSE 0.05 0.05 0.00 0.10 0.00 0.00 0.20
32 S. ANTONIO HUERTA 0.00 0.05 0.00 0.00 0.00 0.000.05
33 C. TONICHI 0.00 0.05 0.00 0.00 0.00 0.00 0.05
34 SANTO TOMAS 0.00 0.05 0.00 0.00 0.00 0.00 0.05
35 E.LAESTRELLA 0.00 0.10 0.10 0.10 0.00 0.00 0.3
36 E.SOYOPA 0.05 0.10 0.10 0.10 0.05 0.00 0.40
37 LOS HORCONES 0.00 0.05 0.00 0.00 0.00 0.00 0.05

HM =Herd management (stocking rates, grazing systemaximum value: 0.20

IC = Infrastructure condition; maximum value: 0.20
PM = Pasture Maintenance (replanting); maximum ealu20

WS = Water administration and distribution; maximuatue: 0.20
PC = Pest control; maximum value: 0.10
PDC = Plant diseases control; maximum value: 0.10

PMI = Pasture Management Index; maximum value: 1.00



PCl values are displayed on table 10.

Table 10. Pasture Condition Index values for study sites

VEG SOIL

No. SITE COMPONENT COMPONENT FMI PCI
1 SANTA TERESA 02788 0.5695 0.05 030
2 SAN FRANCISCO 0.4570 0.7460 0.65 0.62
3 SANTAESTELA 0.6200 0.6608 0.40 056
4 ELTONUCO 0.5638 0.7727 0.65 0.66
5  SAN CARLOS 0.5305 0.6607 0.65 0.61
6 PUNTA DEL CERRO 0.4504 0.7081 015 0.44
7 POZO MANUEL 0.7220 0.6930 055 0.66
8 EL REPRESO 0.5636 0.6968 015 0.47
9 E.ESTACION TORRES 0.0000 0.5469 0.05 0.20
10 LISTA BLANCA 0.7827 0.7178 030 0.60
11 EL CHAROLAIS 0.5601 0.7147 025 051
12 EL POZO DE LA PITAHAYA 0.9109 0.6928 065 075
13 EL CHURY 0.6936 0.7270 0.65 0.69
14 LA ESCONDIDA 0.7146 0.7551 035 061
15  PUEBLO VIEJO 0.6652 0.7943 070 0.72
16 E.TEPUPA 0.9813 0.7848 015 0.64
17 SAN PEDRO CUEVA 0.6328 0.7413 015 051
18 E. MAZATAN 0.6813 0.7223 010 0.50
19 E.LAGALERA 0.6979 0.7280 0.05 0.49
20 E.LATASAJERA 0.8190 0.8082 0.05 056
21 REPRESO DEL VERDE 0.7418 0.6817 0.65 0.69
22 AGUA FRIA 0.9906 0.7150 015 0.62
23 E. SAHUARIPA 0.1619 0.7324 005 031
24 ONAPA 0.6439 0.7188 015 0.50
25 PUNTA DE AGUA 0.5189 0.6887 020 0.47
26 EL SHANGAI 0.6800 0.6750 050 0.62
27  EL TEOPARI 0.7129 0.6678 050 0.63
28 E.REBEICO 0.8008 0.7493 005 053
29 LLANO COLORADO 0.7607 0.7395 035 0.62
30  SAN FERMIN 0.7300 0.6789 045 0.62
31  SAN JOSE 0.7188 0.6947 020 054
32 S.ANTONIO HUERTA 0.8530 0.7494 0.05 055
33 C.TONICHI 0.6674 0.6795 0.05 0.47
34 SANTO TOMAS 0.7276 0.7727 0.05 052
35 E.LAESTRELLA 0.6331 0.7454 030 056
36 E.SOYOPA 0.7306 0.7586 040 063
37 LOS HORCONES 05312 0.7168 0.05 043
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Vegetation Component
In order to determine the vegetation component values, it was nmgdessampute
production and plant species composition for the study sites, sinceothjgonent was

determined by averaging the values of those parameters.

Production

Above ground annual production per plant was estimated by applying the model
described before (Y = 4.6735 + 0.7191*BA). We can see on Table 5 thatstlzevade
variability in forage production in the studied pastures.

According to a correlation analysis, two factors affect bufisky production in a
significant way p = 0.05) in central Sonora: plant density and pasture management index
(PMI). Density is negatively related to buffelgrass productiamjesPMI has a positive
relation to biomass production for the species. Thus, it is importarknow the
appropriate population density for buffelgrass pastures in a green @ get the most
promising forage production.

There is a positive significant response of biomass production in bafelgr pasture
management index. Obviously, this relationship indicates that, evenimabgtimatic
and soil conditions, mismanagement of buffelgrass pastures will prdadikees and
probably serious ecological problems such as soil loss, and changastinlipérsity in
areas dedicated to these activities. This is evidence thatldraffe pastures can be
established and preserved for long periods of time if appropriategeraeat activities

are performed in the grazing allotments.
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Species Composition.

Species composition values presented on Table 5, are mostly givmrffélgrass
populations which clearly dominate the plant communities included isttity sites.
This is given by the fact that original vegetation in aciwmabs was totally cleared before
establishing the pastures. Some sites like Santa Teresa, hoslewsed a good percent
composition of woody species probably as a result of a seleldfeeestation performed
before establishing the buffelgrass pastures. In some casespédriggntages in plant
composition for other species than buffelgrass could be the resudticokessional
changes, range mismanagement or local climate change. Milcletnas (1994)
described that forage production difference over 50 years hasriesly explained by
precipitation that to long term effects of grazing treatme®tadies made in Eastern
Montana by White et. al. (1978), show that severe droughts has beemgibte for

changes in botanical composition in rangelands.

Soil Component

Crust Development.

Resulting values for soil component are shown on Table 6. It is passiidserve in
this table that, in general, study sites have soil surfacegniafrom loose deposits to
firm surfaces, but without showing clayed crusts which is an urdbdsirsoil
characteristic. Surfaces in some soils are firm probably dueetarampling effect by

cattle.
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Soil Micro-relief.

Micro-relief values for all sites range between slight anmdngt micro-relief
development. This indicates that, in general, study sites have an acceptablegbness
to assure water retention and infiltration, and probably having a goodbenuof
germination micro-sites. Soil micro-relief is given basicdly rocks and gravel and, in
few cases, by cattle trampling.

Litter and Cryptogams.

In relation to organic layers covering the soil surface, walsansee in Table 6 that
most of the sampled pastures have litter deposits covering oveBQbarf their areas.
In general, it is local litter, not incorporated to the soil, aroem characteristic of desert
regions. Thus, we can say that soil surface in buffelgrass patome the study area, are
well protected from raindrops impact and have good rain water @tefthis reduces
the erosion caused by rain by slowing the flow of water ovestiniace and allowing
more time for water infiltration.

In relation to cryptogrammic crusts, only 10 study sites ptedeat least one
sampling plot with that kind of plant formations, with ranges of 4 ariles scale of 0-5.
It is presumable that cryptogrammic crusts are formed by the-dgreen algae

Microcoleus vaginatu@Belnap and Gardner, 1993).

Erosion Features.
The indicators of soil erosion in the studied pastures, show an ddeegtaation

since, the mean value for all the study sites is over 0.49, beialgi@ of 0.50 for places
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without erosion (Tongway and Smith, 1989). However, in the cases Wieeszosion is
present, flow lines are the most common erosion features, butclitter and smooth
slopes of the land, do not allow the flow lines to progress in deadewider formations
when rain events occur. Then, it is thought that, in general, soiberogused by water
is not a problem in buffelgrass pastures of central Sonora. §pibably the result of
having a good percentage of plant and litter cover and to the acceptabtairface

micro-topography.

Pasture Management Index

Pasture management index was obtained by summing different paramdtkr3)Ta

Herd Management.

We can see that majority of the study sites present layev&br the parameters used
to compute this index; only in one of the sites (Pueblo Viejo)aiheropriate herd
management practices (i.e. stocking rates) are used. Tdigesy important component
of the PMI that affects the health and productivity of the ramgis in particular, as well
as the natural resources in general.

In a Colorado grazing study, Torell et al. (1991) found that rangg@laahlictivity
deterioration was related directly to grazing pressure. Ramdjgroductivity increased
slightly under a light grazing treatment, decreased under a lusawsate, and remained
relatively constant at a moderate rate.

In Mexico, ranchers increase the applied stocking rate whenp#regive a good
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rainfall year and greater forage availability (Rowan etl&l94). In other studies, Rowan
and White (1994) found a strong relationship between perceived raiffesdtseand
adjustments to stocking rates. An expected drought by ranchers intheradto a
decrease in stocking rate over time. Yates (1981) assessethdhatis a trend for
grassland carrying capacity to decline. He based his judgometite studies made by
COTECOCA, during the early 1970's, where this commission found tbstt ranches
were stocking more animals than recommended. It is also postihteranchers in
Sonora, adjust their stocking rates based on their perception of fotage production
and range condition Maybe, the tendency to observe low stocking rates lweul

associated to poor rangeland condition.

In relation to the grazing systems used, about 50% of the satapl&sk of this kind
of practices. Ranchers allow the animals to graze yearlahguwtiputting the pastures to

rest and, in some cases without having pasture divisions.

Infrastructure Condition.

According to Coronado-Quintana (1994), infrastructure condition is pogitiefated
with rangeland condition. However, it was observed that the majoritheofanches
included in this study, did not show infrastructures in good or excelemtition. Only a

few private ranches presented infrastructure in acceptable condition.
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Pasture Maintenance.

Planning and performing maintenance activities in buffelgrassirpaspreserve
and/or increase condition. Some of these activities include Zatidn, irrigation, soil
plowing, and reseeding. As mentioned by Wiedenfeld et al. (1985) anailtab&ruz
(1996), buffelgrass yields can be increased with nitrogen applicatragation can also
increase production in buffelgrass plants (Cabanillas-Cruz, 1996ja lbaral. (2000)
found that soil plowing and reseeding is a good alternative to rehebitleteriorated
buffelgrass pastures. Reseeding is used in areas where plaats alieesult of animal
trampling and/or overgrazing. In this study, only two of the 37 sitas f#ancisco and
Santa Estela, both private ranches), shown soil plowing and reseetingeacwith

acceptable results.

Water Administration and Distribution.

The amount of water supplied and the number of watering points on goasitnges
is important in controlling the movement, distribution, and concentratiograing
animals. Thus, a good management of water resources can lead toural@m grazing
pattern on the pastures, avoiding the overgrazing of areastologatering points and
decreasing the effects of cattle trampling in restrictedasa inside the pastures
(Vallentine, 1990). It is recommended to locate water points no thaneone mile from
forage supplies (Vallentine, 1990). Unfortunately, no one of the studyrpasthow a

water distribution pattern to control cattle distribution and/or grazing unifgrmit
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Pest Control.

Practices such as weed/brush control programs are generallpmqegception of
current pasture condition (Rowan et al., 1994, and Rowan and White, 1994). ksen w
Miranda-Zarazua and Ramirez-Moreno (1995) mention different methodeldgie
control invasions by perennial plagpecies in buffelgrass pastures, most of the study
ranches do not use any method to have their grazing areas cleaads @r undesirable
plants. However, when a control activity is performed, usually theheaa use the
manual method, in other words, they cut invader brushes by hand. Sontheynedso

use the prescribed burn method (Ibarra et al., 1996).

In relation to insect pests, buffelgrass is attacked by aesutsect named “mosca
pinta” or spittlebug Aeneolamia albofasciatiaall.), which can be controlled by chemical
methods, prescribed fires and cattle grazing (Miranda-Zarazta antre?-Moreno,
1995). Martin-Rivera et al. (1996) recommend prescribed burning to dikeupte cycle
of the insect by removing dead plant material and litter. Cortynbuaffelgrass pastures
of the region are overgrazed in such a way that pest populationatarally controlled
by cattle grazing. However, when this problem is present, ranaks&sprescribed

burning to solve it. This practice has been only seen in private pastures.
Plant Diseases Control

The most common disease known for buffelgrass is named “salivazoh ednsists
in a mass of substances similar to saliva. This “spit” isnéal by the insect called

spittlebug Aeneolamia albofasciathall.) and, when covers most of the leaf area of the



74

grass, it interferes the photosynthetic process and affecte$pe&ation of the plant

reducing biomass production and, consequently, forage yield.

Any method recommended to control spittlebug populations can help to solve the
problems caused by the presence of “salivazo” (Miranda-Zaraali&amirez-Moreno,
1995; Ibarra et al.,, 1996; Martin-Rivera et al., 1999). Only privatectrers use
prescribed burning to control spittlebug and “salivazo” in rareasioos in study

pastures.

It is important to mention that, there are significant diffezen(p = 0.01) when
comparing PMI means between private ranches and ejidos. In wtirels, better
management practices can be found in sites exploited under privagetig®than in the
ejido. Because of low cultural and economic status of the membersjidbehas been
judged as a land tenure system that has more disadvantaggwittaé® properties in

terms of proper management of natural resources.

Modeling results

Pasture Condition Index (PCI) was obtained by averaging vegetsdil, and pasture
management components. The results for this index are given on alBlasture
condition index does not reflect a significant relationship with ggdggeal location of
rangelands. In other words, similar values can be found in sitespéat in terms of
elevation, longitudinal and/or latitudinal distances. Same pattetmisnsin relation to

land tenure (i.e. ejido and private property).
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There is a negative significant correlatipn=0.01) between PCI and total sodium
and N-NQ content in the soil. There are not informative studies in oeldb the effect
of sodium on buffelgrass establishment and growth. Some reseamhedstifiat sodium
is toxic to some plant species and, also, affects the hydmiductivity of the soils
(Soil Survey Division Staff, 1993).

There exists a negative relationship (p = 0.05) between N-NO3ahg@H. This
indicates that soils rich in N-NO3 will tend to be more acidsif@ation not desirable for
buffelgrass to survive. Thus, my results confirm the studies eelaby Ibarra-Flores et
al. (1995a). They found that the amount of nitrogen in soils is low wiheregrass
growths healthy, and high where the plant dies. On the other hand, ¢bigriary to that
concluded by Wiedenfeld et al. (198&hd Cabanillas-Cruz (1996), who found that
buffelgrass yields could be increased with nitrogen applications.

Ibarra-Flores et al. (1995a) mention that low available soil phasphoay limit
buffelgrass production. However, the results of this study can notatalwhat these
authors found because soil phosphorus and buffelgrass production did not ststwastati
significant relationship. Same authors, also confirm a negatisgarehip between soil
organic matter and buffelgrass habitat suitability, although teesareh did not show any
significant statistical relationship.

Calcium and potassium are elements poorly or not related to tloeitynaf the
variables involved in this study and especially to PCI.

Coronado-Quintana (1994) stated that the main factor associatedamgeland

condition in Sonora, is annual precipitation. According to Martin et 189%), live
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biomass production for buffelgrass increased almost eight frosa summer of below
average precipitation to a summer of above average precipitatibe Bonoran Desert.
However, according to this study, PCl was not significantlyetated to this factor,
depending probably on management practices.

In relation to mean annual temperature, the correlation anadgsiléed in a negative
value when related to PGp € 0.05). This indicates that suitable places for buffelgrass to
grow could be desertic but not in extreme aridity.

PCIl was negatively correlated with aspect factor at 0.05 I[&hd. indicates that
suitability for buffelgrass pastures, could decline when the aspeitte land show a
tendency to face to the west. Probably this pattern is relatiye fact that driest slopes
face south-southwest (SSW) or southwest (SW) rather than S, acabthst and wettest
slopes face north-northeast (NNE) or northeast (NE) ratheMNth{&hreve, 1915; Ayyad
and Dix, 1964; Geiger, 1965; Haase, 1969).

Another factor statistically related to the P@I(0.05) is the pasture age. Probably
this positive relationship demonstrates that, as the time passeentpenents of the PCI
such as vegetation and soil attributes tend to be improved in termsitability for
buffelgrass, and/or the ranchers get more experience in managing tiregpast

Slope is a factor that was not correlated to any of the wni@bles considered in this
study. However, it is well known that steep lands are not apptegria be used for
grazing cattle since the animals spend too much energy when m@atape. Another
reason is the fact that steeper lands dedicated to rangéiesstiexperience greater

erosion effects caused by rainwater action.
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Table 11 shows resulting values for independent variables. @he&segoil nitrogen
content (ppm), soil phosphorus (ppm), cation exchange capacity (mEqg/10Rg soi
exchangeable cations (mEQg/100g), percent exchangeable cations, gatneetion, soil
pH, electrical conductivity (mmhos/cm), percent of soil organidtenasoil texture,
precipitation values (mm), temperature (°C), altitude (meters abeselevel), slope

(degrees), aspect (unitary units ranging from 1 to 8), and pasture agg.(year
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No. SITE PCI D BA PC SC CD MR LC EF
1 SANTA TERESA 0.30 2667 126.74 0.04 0.52 0.10 6M000.01 0.45
2  SAN FRANCISCO 0.62 14000 117.23 0.18 0.73 0.1/0005 0.07 0.50
3  SANTA ESTELA 0.56 28333 66.08 0.24 1.00 0.10 67420.04 0.50
4 EL TONUCO 0.66 9000 191.29 0.17 095 0.16 0.088303 0.50
5 SAN CARLOS 0.61 12000 140.46 0.18 0.88 0.10 07/00D0.07 0.49
6 PUNTADEL CERRO 0.44 26333 26.47 0.13 0.77 0.130667 0.05 0.46
7 POZO MANUEL 0.66 17667 292.73 0.49 0.95 0.10 0M00.09 0.50
8 EL REPRESO 0.47 15000 145.70 0.23 0.90 0.11 @.02KO8 0.48
9 E.ESTACION TORRES 0.20 0 0.00 0.00 0.00 0.08 0O 0.02 0.44
10 LISTA BLANCA 0.60 41667 125.31 0.57 1.00 0.16 0483 0.08 0.44
11 EL CHAROLAIS 0.51 11000 137.99 0.16 0.96 0.130407 0.07 0.48
12 EL POZO DE LAP. 0.75 36333 230.39 0.82 1.00 00.D.0000 0.09 0.50
13 EL CHURY 0.69 24000 155.12 0.39 1.00 0.13 0.038307 0.50
14 LA ESCONDIDA 0.61 40667 107.80 0.49 0.94 0.100983 0.06 0.50
15 PUEBLO VIEJO 0.72 34667 86.48 0.35 0.98 0.10 760 0.14 0.47
16 E. TEPUPA 0.64 47333 203.88 096 1.00 0.10 @078.11 0.50
17 SAN PEDRO CUEVA 0.51 20000 153.66 0.32 0.95 0.000767 0.06 0.50
18 E. MAZATAN 0.50 34333 99.06 0.39 0.97 0.10 04000.03 0.49
19 E.LAGALERA 0.49 21667 249.80 0.53 0.87 0.110867 0.05 0.48
20 E.LATASAJERA 0.56 69667 74.09 0.64 1.00 0.1209Q7 0.10 0.50
21 REPRESODEL VERDE 0.69 21667 240.84 0.51 0.97120.0.0300 0.06 0.48
22 AGUAFRIA 0.62 78667 115.35 1.00 0.98 0.10 0203®.08 0.50
23 E. SAHUARIPA 0.31 4333 179.19 0.08 0.24 0.11 563 0.08 0.50
24 ONAPA 0.50 45667 4093 0.29 1.00 0.11 0.0367 80.0.50
25 PUNTA DE AGUA 0.47 21000 87.93 0.22 0.82 0.100160 0.08 0.49
26 EL SHANGAI 0.62 74000 30.18 0.40 0.96 0.10 0D050.06 0.46
27 EL TEOPARI 0.63 128000 14.64 0.52 091 0.11 ©0/070.02 0.46
28 E.REBEICO 0.53 55667 93.23 0.60 1.00 0.10 @®@100.05 0.50
29 LLANO COLORADO 0.62 47333 10552 0.56 0.96 0.100617 0.08 0.50
30 SAN FERMIN 0.62 46000 107.15 055 091 0.10 0M60.05 0.47
31 SANJOSE 0.54 34333 139.34 0.51 0.93 0.10 0.00B89 0.50
32 S. ANTONIO HUERTA 0.55 94667 54.34 0.71 1.00 00.10.0833 0.07 0.50
33 C. TONICHI 0.47 24333 15293 0.39 095 0.10 0020.06 0.50
34 SANTO TOMAS 0.52 56333 90.34 0.59 0.86 0.10 6M090.08 0.50
35 E.LAESTRELLA 0.56 25333 163.30 0.43 0.84 0.1m0917 0.05 0.50
36 E.SOYOPA 0.63 51667 76.13 0.48 0.98 0.10 0.09606 0.50
37 LOS HORCONES 0.43 10333 9858 0.12 0.95 0.106330 0.05 0.50
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No. SITE MAP MAT Al ALT SLP ASP PA PMI N,\é;S P Ca
1
SANTA TERESA 291 227 8.9 200 0.03.30 24.04 1917
2 SAN FRANCISCO 361 23.1 10926 4 6 3 0.650.40 19.42 1536
3 SANTAESTELA 350 229 106156 2 3 8 0.4034.05 28.52 1126
4 EL TONUCO 302 228 9.2 122 17 0.68.20 10.70 8329
5 SAN CARLOS 312 229 95 91 11 0.65.55 14.24 1430
6 PUNTA DEL CERRO 400 235 119321 4 7 7 0.1542.00 12.18 9816
7 POZO MANUEL 392 223 121485 4 2 17 055095 852 509
8 EL REPRESO 346 23.6 10.366 2 3 10 0.151.55 16.48 1811
9 E.ESTACIONTORRES 382 233 11.213 2 7 4 0.0569.40 14.80 1772
10 LISTA BLANCA 375 229 114390 3 3 6 0.30220 22.60 1617
11 EL CHAROLAIS 372 231 112330 2 6 14 0.255.35 17.64 717
12 EL POZO DE LA P. 377 214 120416 5 8 7 0.655.35 15.90 886
13 EL CHURY 384 21.3 123411 2 4 27 0.6510.05 20.70 535
14 LA ESCONDIDA 375 231 113460 5 7 4 0.3510.05 21.3 1730
15 PUEBLO VIEJO 423 22.7 129444 2 3 17 0.70155 451 09875
16 E. TEPUPA 606 22.8 185525 2 1 12 0.152.20 12.7 1988
17 SAN PEDRO CUEVA 580 22.7 17.7391 2 4 11 0.156.65 10.70 4194
18 E. MAZATAN 541 219 170549 5 3 14 0.1093.05 13.2 1361
19 E.LA GALERA 533 226 164424 4 4 9 0.0513.70 4.93 9884
20 E.LATASAJERA 535 224 16.5475 3 2 6 0.05220 5.35 9915
21 REPRESO DEL VERDE 396 21.6 125 392 4 3 5 0.6512.95 7.03 4059
22 AGUA FRIA 683 225 210956 5 4 8 015155 39.6 5344
23 E. SAHUARIPA 705 229 214683 4 3 4 0.0518.35 20.05 1820
24 ONAPA 805 213 25.7664 4 5 6 0.155.35 10.7 2057
25 PUNTA DE AGUA 521 223 16.1750 3 6 8 0.2015.90 9.31 1247
26 EL SHANGAI 394 23.0 12.0420 2 7 5 0.507.30 7.03 9907
27 EL TEOPARI 513 216 16.2643 2 2 3 050470 7.03 671
28 E. REBEICO 675 23.2 20.3472 4 3 7 0.0514.45 8.36 1727
29 LLANO COLORADO 652 23.0 198663 3 4 8 0356.65 11.7 3268
30 SAN FERMIN 540 22.3 16.7473 2 1 4 045345 159 4052
31 SANJOSE 545 22.7 16.7675 2 8 5 020122 148 3278
32 S. ANTONIO HUERTA 638 24.2 18.6273 6 4 10 0.055.35 16.5 1709
33 C. TONICHI 611 248 175248 2 7 6 0.052.80 8.40 9897
34 SANTO TOMAS 719 21.8 22.6508 2 7 16 0.056.00 11.7 1985
35 E.LAESTRELLA 686 23.9 20.2551 6 5 5 0.3010.05 11.2 9961
36 E.SOYOPA 626 22.8 19.1273 4 5 15 040535 9.30 3357
37 LOS HORCONES 545 222 16.%83 2 6 10 0.0519.15 7.91 9889
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No. SITE Mg Na K CEC %Ca %Mg% Na %K %SAT pH

1 SANTA TERESA 463 70 42314.832 64.62 26.01 2.01 7.31 223 6.73
2 SAN FRANCISCO 255 41 15410.378 74.00 20.47 1.71 3.81 18.7 6.85
3 SANTAESTELA 323 85 83910.842 51.93 24.83 3.40 195 20.3 6.36
4 EL TONUCO 273 71 13444572 9343 510 0.69 0.77 21.3 7.65
5 SAN CARLOS 238 28 1909.742 73.4020.35 1.25 499 20.7 7.16
6 PUNTA DEL CERRO 261 71 23752.172 94.07 417 059 116 243 7.10
7 POZO MANUEL 108 38 148 3.985 63.8622.68 4.14 951 16.0 6.52
8 EL REPRESO 212 38 18811.469 78.95 1541 144 420 227 7.14
9 E.ESTACIONTORRES 551 23612 15.79 56.1129.07 6.52 8.30 26.0 6.47
10 LISTA BLANCA 85 33 144 9305 86.69 7.61 154 396 21.7 7.76
11 EL CHAROLAIS 261 54 212 6.537 54.8433.27 358 8.31 19.3 6.44
12 EL POZO DE LA P. 240 53 1527.05 62.8428.37 3.26 553 17.7 7.33
13 EL CHURY 145 32 223 4.604 58.3226.24 3.02 124 193 6.33
14 LA ESCONDIDA 228 34 26011.365 76.11 16.72 1.30 5.87 240 6.35
15 PUEBLO VIEJO 201 54 35526.102 80.34 14.14 0.75 4.77 243 6.87
16 E. TEPUPA 123 40 21411.688 85.04 8.77 149 470 237 6.75
17 SAN PEDRO CUEVA 443 45 48626.102 80.34 14.14 0.75 4.77 293 7.80
18 E. MAZATAN 294 67 178 10.002 68.04 24.49 291 456 23.0 6.29
19 E.LAGALERA 189 44 2555184 9533 3.04 037 126 26.7 7.16
20 E.LATASAJERA 203 33 14155.771 95.76 3.27 0.28 0.69 31.0 7.11
21 REPRESO DEL VERDE 807 85 14@7.763 73.10 24.22 133 135 30.7 6.87
22 AGUA FRIA 1777 41 283 42.434 62.97 3490 042 171 30.7 7.19
23 E. SAHUARIPA 797 62 23616.616 54.77 39.97 1.62 3.64 26.0 6.18
24 ONAPA 249 37 41513585 75.71 1527 1.18 7.83 220 6.45
25 PUNTA DE AGUA 157 35 137 8.046 77.4916.26 1.89 4.36 19.7 594
26 EL SHANGAI 428 36 383 54.24 91.32 658 0.29 181 227 7.32
27 EL TEOPARI 169 54 2645.675 59.1224.81 4.14 11.93 21.7 6.39

28 E.REBEICO 1459 77 391 22.13 39.0254.94 151 452 357 577
29 LLANO COLORADO 551 32 612 22.64 72.1720.28 0.61 6.93 28.7 7.33
30 SAN FERMIN 173 36 18522.332 90.72 6.46 0.70 212 217 7.40
31 SANJOSE 308 42 86721.363 76.72 12.02 0.86 104 25.7 6.59
32 S.ANTONIO HUERTA 200 51 23411.034 77.44 15.12 201 542 27.0 6.91
33 C. TONICHI 308 27 37753.136 93.13 483 0.22 182 26.3 6.87
34 SANTO TOMAS 380 38 60314.535 66.01 22.06 1.15 10.8 26.0 7.20
35 E.LAESTRELLA 848 62 44358.277 85.46 12.13 046 195 553 7.33
36 E.SOYOPA 919 88 45525.993 64.57 29.46 1.47 449 36.0 7.04
37 LOS HORCONES 543 65 51%5.583 88.96 8.14 051 239 37.7 7.40
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No. SITE EC %OM %SND %CLY %LOAM SOIL TYPE VARIABLES
1 SANTA TERESA 047 028 7246 119 15.64 Yermosols
PCI = Pasture Condition Index
2 SAN FRANCISCO 29 031 84.46 6.9 8.64 Regosolgvalue 0 — 1.0)
3 SANTA ESTELA 1.02 0.17 70.46 8.9 20.64 Yermosol® = Density (plants/ha)
4 EL TONUCO 0.28 0.14 80.46 5.9 13.64 Regosols BRasal Area (cR)
5 SAN CARLOS 0.49 0.28 83.46 5.9 10.64 Yermosols =H&oductive Capacity (gr)
6 PUNTA DEL CERRO 150 048 7546 129 11.64 Refposo SC = Species Compositign)
CD = Crust Development
7 POZO MANUEL 0.39 041 84.46 4.9 10.64 Regosolgvalue 0 — 0.2)
MR = Micro Relief (value 0 —
8 EL REPRESO 043 0.17 79.46 6.9 13.64 Litosols0.1)
LC = Litter / Cryptogams
9 E. ESTACION TORRES 1.70 0.34 65.46 179 16.64 mé=ols (value 0-0.2)
EF = Erosion Features (value
10 LISTABLANCA 0.28 045 82.46 3.9 13.64 Regosols0 — 0.5)
MAP = Mean Annual Precip.
11  EL CHAROLAIS 0.65 0.24 82.45 5.9 11.65 Yermosolgmm)
MAT = Mean Annual Temp.
12 ELPOZO DE LAP. 043 0.38 83.46 7.9 8.64 Refgoso (T%)
13 EL CHURY 0.61 0.31 85.46 4.9 9.64 Regosols  Aridity Index
14 LA ESCONDIDA 059 1.11 73.46 8.9 17.64 RegosolsALT = Altitude (masl)
15 PUEBLO VIEJO 048 0.78 7146 10.9 17.64 XerosolsSLP = Slope (degrees)
16 E. TEPUPA 0.45 0.33 79.46 7.9 12.64 Regosols  A8Bpect (value 1 — 8)
17  SAN PEDRO CUEVA 042 0.63 66.46 279 5.64 Relgoso PA = Pasture Age (years)
PMI = Pasture Management
18 E. MAZATAN 3.20 099 77.46 6.9 15.64 Xerosols Index (value 0 — 1.0)
19 E.LAGALERA 0.50 0.84 76.46 10.9 12.64 RegosolsN-NO3 = Total Nitrates (ppm)
20 E.LATASAJERA 0.64 140 5474 18.26 27.00 Xetes P = Total Phosphorus (ppm)
21 REPRESODELVERDE 0.80 1.13 65.74 18.26 16.00 goBels Ca = Total Calcium (ppm)
22  AGUAFRIA 025 096 7146 10.26 18.28 Feozems  =Miptal Magnesium (ppm)
23  E. SAHUARIPA 055 157 5446 26.26 19.28 Regosol Na = Total Sodium (ppm)
24  ONAPA 049 093 77.46 10.26 12.28 Regosols kotalMPotasium (ppm)
CEC = Cation Exchange
25 PUNTA DE AGUA 086 116 79.74 8.26 12.00 Luvssol Capacity (meq/100g soil)
26  EL SHANGAI 053 096 7146 10.26 18.28 Regosol$% Ca = % Calcium
27 EL TEOPARI 0.28 0.60 8546 9.26 5.28 Regosols M§& % Magnesium
28 E.REBEICO 049 0.36 33.48 5252 14.00 Cambisolb Na = % Sodium
29  LLANO COLORADO 0.71 232 56.46 7.26 36.28 Carmolsis % K = % Potasium
30 SAN FERMIN 0.34 1.08 8846 11.26 0.28 Regosols SA% = % Soil Saturation
31 SANJOSE 0.80 1.22 84.46 4.26 11.28 Regosols = pH
EC = Electrical Conductivity
32 S.ANTONIO HUERTA 036 167 7146 8.26 20.28 okitls  (mmhos/cm)
% OM = % Soil Organic
33 C. TONICHI 049 131 7574 10.26 14.00 Luvisols Matter
34  SANTO TOMAS 029 191 7346 11.26 15.28 Regosol$6 SND = % Sand
35 E.LAESTRELLA 0.37 1.62 41.48 34.52 24.00 Casols % CLY = % Clay
36 E.SOYOPA 270 195 58.46 25.26 16.28 Cambisols
37 LOS HORCONES 0.74 167 56.46 24.26 19.28 Xesosol
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Correlation analysis demonstrates that only few variables sigmificantly correlated
to PCI at the 0.05 level. These variables are mean annual teéomnpsraspect, pasture
age, nitrogen and sodium content. However, it is important to mention thaty w
performing stepwise regressions, non significant relatedblasidan interact with other
significant or not significant variables to produce a significasponse on the dependent

variable. A stepwise regression is represented by the equation:

PCl = ﬁo + ﬂlxl + ﬂzXz + ... ﬂmxm

In this study, the resulting equation after computing stepwise regregso0s1Q) is:

PClI = 1.453 + 0.005865PA — 0.00291N 0.0404MAT

WherePA corresponds to pasture adé, is total nitrogen content, afdAT represents
mean annual temperature values.

In theory, we would expect a higher PCI in favor of private propbeutythe results
obtained in this project, could nodnfirm that expectance. Same criteria could be applied
to relate pasture management index with PCI. Although privatthes presented higher
values in PMI in relation to those with communal type propehig, index did show a

positive relationship to PCI but not statistically significant.
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CONCLUSIONS

The conclusions of the study are:

1.

Basal area is a reliable parameter to estimate produntimuffelgrass plants. The
validated model confirms the studies done by other authors (Chrl§is;
Mclvor, Ash, and Cook, 1995) and could be a useful tool to determine
successfulness for buffelgrass pastures. The best fitting roetyeéen basal area
and herbage production was given by the equation:

Y =4.6735 + 0.7191*BA
Plant production in buffelgrass is negatively affected by populatiositye Thus,
it could be very important to know the response of buffelgrass pladiffécent
forms and intensities of population pressures.
Pasture condition index does not reflect a significant relationshih w
geographical location of rangelands.
Pasture condition index does not reflect a significant relationshnelation to
land tenure.
Suitability for buffelgrass pastures, could decline when the asggeitte land
show a tendency to face to the west.
As pastures get older, the components of the PCI such as vegetadiosoil
attributes tend to be improved in terms of suitability for buftedg, and/or the

ranchers get more experience in managing the pastures.
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7. After computing stepwise regressions (p = 0.10) with 35 independenblearia
only three were statistical significant related to PCltyrasage, total nitrogen
content, and mean annual temperature.

8. Suitability rates for buffelgrass pastures in central areas in Sonexacdvican be
defined by the mathematical expression:

PCl = 1.453 + 0.005865PA — 0.00291N0.0404MAT
Where PA corresponds to pasture adé; is total nitrogen content, andAT
represents mean annual temperature values.

9. There exist a positive correlation between pasture managemdnbuffelgrass
plant production. This relationship leads us to conclude that pasture enzavatg
is an important factor to consider in any study related to lguéies pasture
production and in any decision making about pasture managing and
administration. This is evidence that buffelgrass pastures castaelished and
preserved for long periods of time if appropriate managementitesti are
performed in the grazing allotments. Pasture mismanagemenb\Jergrazing)
causes buffelgrass failure.

10.This research is an important contribution to range management xcdJve
because it can help to decide on suitable areas to establishytaséepastures
avoiding the impact of inappropriate sites for that kind of land aseession. In
addition, this study can be useful to define the tendencies of buffelgestures

after monitoring the grasslands status at different periods of time.
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11.The PCI suitability model must be used by range managers (ovanelsr
technicians) to identify actions to improve pasture conditions.
12.The PCI suitability model can be improved with more information inbth at

different periods of time.



86

REFERENCES

Aguirre-V., E.L. and D.L. Huss. 1987. Fundamentos de Manejo de Pastizale
Tecnologico y de Estudios Superiores de Monterrey. Div. de Ciencias
Agropec. y Maritimas. Depto. de Zootecnia. Monterrey, N.L, Mexico. 227 p.

Ahlgren, H.L., M. L. Wall, R.J. Muckenhirn, and J. M. Sund. 1946. Yields of Reedva
and Unimproved Permanent Pastures on Sloping Land in Southern
Wisconsin. Journal of the American Society of Agronomy. Vol 38(10):914-
922.

Ayyad, M.A.G., and R.L. Dix. 1964. An Analysis of a Vegetation-Microesvinental
Complex on Prairie Slopes in Saskatchewan. Ecological Monographs.
34(4):421-442.

Aguirre-Murrieta, R., D. Johnson y L. Carrillo-Michel. 1973. Coefiesnie Agostadero
de la Republica Mexicana: Memoria de Sonora. COTECOCA. Sec.nile Ag
y Ganaderia. México. 128 p.

Anderson, E. 1970. Effect of flooding on tropical grasses. Sect. 6(a). p. 591r594.
Norman, M. J.T. (ed.), Proceedings of the 11th International Grassland
Congress. Surfers Paradise, Queensland, Australia. 936 p.

Belnap J., and J.S. Gardner. 1993. Soil microstructure of the ColoradalPl&he role
of the cyanobacteriuriicro coleus VaginatusGreat Basin Naturalist, vol.
53.

Beetle, A.A., and D.E. Johnson. 1991. Gramineas de Sonora. Secretagiacddura y
Recursos Hidraulicos. Hermosillo, Sonora. México. 174 p.

Bogdan, A.V. 1977. Tropical pasture and fodder plants. Longman, London.

Bonham, C.D. 1989. Measurements for Terrestrial Vegetation. John ®&/iBmns. New
York. 338 p.

Bremner, J.M. and C.S. Mulvaney. 1982. Nitrogen Total. In: Page, A.L., RllérMind
D.R Keeney (eds.) Methods of Soil Analysis, Part 2. Monograph 9.
American Society of Agronomy. Madison, Wisconsin.

Brooks, K.N., P.F. Ffolliott, H.M. Gregersen, and J.L. Thames. 1993. Hydraludjyhe
Management of Watersheds. lowa State University Press. Aaves, 392

P.



87

Brown, D.E., and C.H. Lowe. 1994. Biotic Communities of the Southwest. A
supplementary Map to Biotic Communities: Southwestern United Siates
Northwestern Mexico, edited by D.E. Brown. University of Utah Préa#t
Lake City, UT.

Buol, S.W., F.D. Hole, and R.J. McCracken. 1991. Génesis y Clasificacion de Suelos. Ed.
Trillas. México. 417 p.

Cabanillas-Cruz, R. 1996. Riego y Fertilizacidon con Nitrdgeno pavduBir Zacate
Buffel. Revista Rancho No. 75. PATROCIPES. Sonora. México. 12 p.

Chapman, H.D. and P.F. Pratt. 1991. Métodos de Analisis para suelos, PlAgizss.
Ed. Trillas. México. 195 p.

Clark, J.D., J.E. Dunn, and K.G. Smith. 1993. A Multivariate Model of Femkek
Bear Habitat Use for a Geographic Information System. JdI\WManage.
57(3):519-526.

Cox, J.R., M.H. Martin-R., F.A. Ibarra-Flores, J.H. Fourie, N.F.GhRanh. and D.G.
Wilcox. 1988. The Influence of Cimate and Soils on the Distributidroof
African Grasses. Journal of Range Management. 41(2):127-139.

Coronado-Quintana, J.A. 1994. Relationship Between Range Condition and Land Tenure
System in Sonora. Ph. D. dissertation. University of Arizona. Tucsdn, A
179 p.

Christie, E.K. 1978. Herbage Condition Assessment of an Infertile I&ndsBased on
Site Production Potential. Aust. Rangel. J. 1:87-94.

Douglas King Co. 1999. Grass Seed: T4464 Buffelgrass. www.dkseeds.com/gragssd.ht

Duke, J.A. 1978. The quest for tolerant germplasm. p. 1-61. In: ASA Special
Symposium 32, Crop tolerance to suboptimal land conditions. Am. Soc.
Agron. Madison, WI.

Duke, J.A. 1979. Ecosystematic data on economic plants. Quart. J. CruddR&sug
17(3-4):91-110.

Duke, J.A. 1981. The gene revolution. Paper 1. p. 89-150. In: Office of Technology
Assessment, Background papers for innovative biological technolawies f
lesser developed countries. USGPO. Washington.



88

Duke, J.A. 1983. Handbook of Energy Crops. unpublished.
(http://www.hort.purdue.edu/newcrop/duke_energy/Cenchrus_ciliaris.html)

Duke, J.A. and Wain, K.K. 1981. Medicinal plants of the world. Computer ind#x wi
more than 85,000 entries. 3 vols.

Ebersohn, J.P. 1970. Herbage Production from Native Grasses and SounesPest
South-West Queensland. Tropical Grasslands. 4(1):37-41.

Felger, R.S. 2001. Flora of the Gran Desierto and Rio Colorado of Notémwésexico.
University of Arizona Press. 673 p.

Fitzpatrick, E.A. 1985. Suelos: su formacion, clasificacion y distidoucC.E.C.S.A.
México. 430 p.

Fitzpatrick, E.A. 1996. Introduccion a la Ciencia de los Suelos. EdasIivéxico. 288
p.

Garcia, E. 1981. Modificaciones al Sistema de Clasificacion Gtisméde Koppen (para
adaptarlo a las condiciones de la Republica Mexicana). México, D.F.

Gavande, S.A. 1976. Fisica de Suelos: Principios y Aplicaciones. Edl2AMMeéxico.
351 p.

Gausman, HW., W.R. Cowley, and J.H. Barton. 1954. Reaction of Some Gi@sses
Artificial Salinization. Agronomy Journal. 46: 412.

Geiger, R. 1965. The Climate Near the Ground. Harvard UniversétysPCambridge,
Massachusetts. 611 p.

Gohl, B. 1981. Tropical feeds. Feed information summaries and nutritivesvaFAO
Production and Health Series 12. FAO, Rome.

Gonzalez, C.L., and J.H. Everitt. 1980. Nutritional Contents of Major FoodsHFaten
by Cattle in the South Texas Plains. Journal of Range Management.-35:733
736.

Graham, T.W.G. and L.R. Humphreys. 1970. Salinity Response of Cultivarsfiei B
Grass Cenchrus ciliari. Australian Journal of Experimental Agriculture
and Animal Husbandry. Vol. 10:725-728.

Haase, E.F. 1969. Environmental Fluctuations on South-Facing Slopée iSanta
Catalina (Arizona) Foothills. Ph. D. dissertation. UniversityAoizona.
Tucson, AZ. 105 p.



89

Hall, H.M. 1902. A Botanical Survey of the San Jacinto Mountain. Univ. @dl. Bot.
1:1-140.

Hanselka, C.W. and D.E. Johnson. 1991. Establecimiento y Manejo de Predderas
Zacate Buffel Comun en el Sur de Texas y en México. In: AguireE.
Candanosa, and E. GoOmez (eds.) Simposium Internacional sobre
Aprovechamiento Integral de Zacate Buffel. Cd. Victoria, Tamasilipa
México. pp. 54-59.

http://www.geocities.com/deeds1980/

Ibarra-Flores, F.A., J.R. Cox, and H. Miranda-Zarazua. 1996. The effguescribed
burning to Control Brush Species on Buffelgrass Pastures in Sonora, Mexico.
In: Effects of Fire on Madrean Province Ecosystems. USDA E8evwice.
General Technical Report RM-GTR-289. Fort Collins, CO. USA. pp. 195-
204.

Ibarra-Flores, F.A., J.R. Cox, and M.H. Martin-Rivera. 1991. Efecto del Suelo y &ima
el Establecimiento y Persistencia del Zacate Buffel eniddéy Sur de
Texas. In: Aguirre, A., E. Candanosa, and E. GOomez (eds.) Simposium
Internacional sobre Aprovechamiento Integral de Zacate Buffel. Cd.
Victoria, Tamaulipas. México. pp. 14-28.

Ibarra-Flores, F.A., J.R. Cox, M.H. Martin-Rivera, T.A. Crowl, ané&.CCall. 1995a.
Predicting Buffelgrass Survival Across a Geographical and Envinotaine
Gradient. Journal of Range Management. 48(1):53-59.

Ibarra-Flores, F.A., J.R. Cox, M.H. Martin-Rivera, T.A. Crowl, D.Bs®? R.W. Miller,
and G.A. Rasmussen. 1995b. Relationship Between Buffelgrass Survival,
Organic Carbon, and Soil Color in Mexico. Soil Sci. Soc. Am. J. 59:1120-
1125.

Ibarra-Flores, M.H. Martin-Rivera y M.F. Ramirez. 2000. El Swdgmsatomo una
Alternativa para Rehabilitar Praderas Viejas de ZaBaféel en el Centro
de Sonora, México. Memorias de la XXXVI Reunion Nacional de
Investigacion Pecuaria Sonora 2000. Hermosillo, Sonora. México. p. 66.

INEGI. 1981. Carta Edafolégica “Tijuana” a escala 1:1,000,000. Sederet
Programacion y Presupuesto. Coord Gral. de Servicios Naciatales
Estadistica, Geografia e Informatica. Dir. Gral. de Gaftayrdel Territorio
Nacional. México.



90

Jessup, R.W., Paterson, A. H., Burson, B. L., Wang, Y. W. and Hussey. M. AryJanua
17-21, 1999. A detailed linkage map of buffelgrass. Plant & Animal Genome
VIl Conferance, San Diego, CA.

Kleinbaum, D.G. and L.L. Kupper. 1978. Applied Regression Analysis and Other
Multivariable Methods. Duxbury Press. North Scituate, MassachuSégs.

P.

Klemmedson, J.O. 1956. Interrelations of Vegetation, Soils and Range iGosdit
Induced by Grazing. J. Range Manag. 9:134-138.

Kvamme, K.L. 1985. Determining Empirical Relationships Between tlaursl
Environment and Prehistoric Site Locations: a Hunter-Gatherenjdga In
For Concordance in Archaeological Analysis:Bridging Data Structure,
Quantitative Technique, and Thepredited by C. Carr, pp. 208-238.
Westport Press, Kansas City.

Martin-Rivera, M.H., J.R. Cox, F.A. Ibarra-Flores, D.G. Alston, R.Bniiger, and J.C.
Malecheck. 1999. Spittlebug and buffelgrass responses to summer fires in
Mexico. Journal of Range Management. 52:621-625

Martin-Rivera, M.H., F.A. Ibarra-Flores, J.R. Cox, D.G. Alston, and. ®asmussen.
1996. Fire Effects on Spittlebug Populations on Buffelgrass Pastutés i
Sonoran Desert. In: Effects of Fire on Madrean Province Ecosyste
USDA Forest Service. General Technical Report RM-GTR-289. Fort
Collins, CO. USA. pp. 169-174.

Martin-Rivera, M.H., J.R. Cox, and F. Ibarra-Flores. 1995. ClimatifecEs on
Buffelgrass Productivity in the Sonoran Desert. Journal of Range
Management. 48(1):60-63.

Mclvor, J.G., A.J. Ash, and J.D. Cook. 1995. Land condition in the Tropical Tallgrass
Pasture Lands |. Effects on Herbage Production. Rangel. J. 17(1):69-85.

Mclvor. J.G., J. Williams, and C.J. Gardener. 1995. Pasture Management InflRemces
off and Soil Loss in the Semi-arid Tropics. Aust. J. Exp. Agric. 35:55-65.

McLean, E.O. 1982. Soil pH and Lime Requirements. In: Page, A.L., R.terMaind
D.R. Keeney (eds.) Methods of Soil Analysis, Part 2. Monograph 9.
American Society of Agronomy. Madison, Wisconsin.

Meyer, W.W. 1983. Slope and Exposure Effects on Range Site Interpret&ionb.
dissertation. University of Arizona. Tucson, AZ. 135 p.



91

Milchunas, D.G., J.R. Forward, and W.K. Lauenroth. 1994. Productivity of Long-Ter
Grazin Treatment in Response to Seasonal Precipitation. Journaingé R
Management. 47(2): 133-139.

Miller, M. E., Burquez, A. and Martinez-Yrizar, A. 1999. Grassland Modifon in the
Sonoran Desert: the caseRdnnisetum ciliare

Miranda-Zarazua, H. y Ramirez- Moreno, F. 1995. Mejoramiento y Maniento de la
Pradera. In: Guia Practica para el Establecimiento, Manejilizadion del
Zacate Buffel. PATROCIPES, A.C. Hermosillo, Sonora. México. pp 51-62.

Morisawa, Tunya Lee, 2000. Wildlands Invasive Species Program, TdtareN
Conservancy: Weed Alert! Cenchrus ciliaris L. In:
http://tncweeds.ucdavis.edu/alert/alrtcenc.html.

National Research Council. 1994. Rangeland Health: New Methods ®sif¢la
Inventory, and Monitor Rangelands. National Academy Press. 180 p.

Nurdin and T.E. Fulbright. 1990. Germination of 2 legumes in leachate frooduced
grasses. Journal of Range Management 43(5):466-467.

Ojima, Dennis S., D.S. Schimel, W.J. Schimel, W.J. Parton, and@wEnsby, 1994.
Long- and short-term effects of fire on nitrogen cycling in taligrprairie.
Biogeochemistry 24:67-84.

Olsen, S.R. and L.E. Sommers. 1982. Phosphorus. In: Page, A.L., R.H. Millé,Rnd
Keeney (editors) Methods of Soil Analysis. American Societgronomy.
Madison. pp. 403-430.

Pereira, J.M.C. and R.M. Itami. 1991. GIS-Based Habitat Modeling Usigstic
Multiple Regression: A Study of the Mt. Graham Red Squirrel.
Photogrammetric Engineering and Remote Sensing, Vol.57(11):147-486.

Perez-Corona, M.E., B. Garcia-Criado, B. R. Vazquez de Aldana, and éia&andad.
1994. Effect of Topographic and Temporal (maturity) Gradients on the
Nutritive Quality of Semiarid Herbaceous Communities. Commun. il
Plant Anal., 25(11&12):2047-2061.

Perrott R.F. and S. Chakraborty. 19B9ricularia griseacauses blight of buffel grass
(Cenchrus ciliari$ in Queensland, Australia. Tropical Grasslands 33(4):
201-206.



92

Reed, C.F. 1976. Information summaries on 1000 economic plants. Typescripts
submitted to the USDA.

Richards, L.A. 1980. Diagnéstico y Rehabilitacion de Suelos Salinodigd30 Editorial
LIMUSA. México. 172 p.

Rowan, R.C., and L.D. White. 1994. Regional Differences among TeaageRnd
Operators. Journal of Range Management, 47(5):338-343.

Rowan, R.C., L.D. White, and J.R. Conner. 1994. Understanding Cause/Effect
Relationships in Stocking Rate Change Over Time. Journal of Range
Management, 47(5):349-354.

Sall, J. and A. Lehman. 1996. JMP Start Statistics: A Guide tist®ial and Data
Analysis Using JMP and JMP IN Software. SAS Institute, Inc. dDux
Press. New York. 521 p.

Schamberger, M.L. and L.J. O’Neil. 1986. Concepts and Constraints of t-ldbide|
Testing. In: Verner, J., M.L. Morrison, and C.J. Ralph (eds.) Wildltf@02
Modeling Habitat Relationships of Terrestrial Vertebrates. Ohwersity of
Wisconsin Press. Madison, Wisconsin. 470 p.

Smith, E.L. 1978. A Critical Evaluation of the Range Condition Concept. pj2@866In:
D.N. Hyder (ed). Proc. First Int. Rangeland Congr. Soc. Range Manage
Denver, Colo.

Smith, R.L. 1974. Ecology and Field Biology. Harper & Row, Publishera. y¢zk. 850
p.

Shreve, F. 1915. The Vegetation of a Desert Mountain Range as Conditio@édhatic
Factors. The Carnegie Institution of Washington. Washington, D.C. 112 p.

Soil Survey Division Staff. 1993. Soil Survey Manual. USDA Handbook No. 18.
Washington DC. 437 p.

Tongway, D.J. and L.E. Smith. 1989. Soil Surface Features as Indic&tBengeland
Site Productivity. Aust. Rangel. J. 11:15-20.

Torell, A.L., K.S. Lyon, and E.B. Godfrey. 1991. Long Run Versus Short TeanmfPig
Horizons and the Rangeland Stocking Rate Decision. American Journal of
Agricultural Economics, 73(3):795-807.

Trix, D. 2000.Cenchrus ciliaris Invasion and Control in Southwestern U.S. Grasslands
and Shrublands. In: Invasive Species & Ecosystem Restoration. Student On



93

Line Journal. Volume 6. University of Minnesota. Department of
Horticultural Science. http://www.hort.agri.umn.edu/h5015/00papers/tix.htm

Valdez-Zamudio, D. and G. Figueroa-Preciado. 2000. Estimacion dedadeion en
Praderas de Zacate BuffeCdnchrus ciliarisL.) Mediante Modelos de
Simulacion. Memorias de la XXXVI Reunion Nacional de Investigacion
Pecuaria Sonora 2000. Hermosillo, Sonora. México. p. 82.

Vallentine, F.F. 1990. Grazing Management. Academic Press. New York. 531 p.

White, L.M., J.J. Newbauer lll, and J.R. Wight. 1978. Vegetational Diffeeran
Native Range during 38 Years in Eastern Montana. pp 260-262 in: Donald
N. Hyder (ed). Proceedings of the First International Rangelandr€ss)
Society for Range Management, Denver, Colorado.

Wiedenfeld, R.P., W.T.W. Woodard, and R.R. Hoverson. 1985. Forage Responses of
Buffelgrass and ‘Pretoria 90’ Bluestem to Nitrogen and Phosphorus
Fertilization in a Subtropical Climate. Journal of Range Manageme
38(3):242-246.

Woodard, W.T.W. 1980. Performance of Buffelgrass Cultivars for SouthsT&exas
Agr. Exp. Sta. MP-1460.

Yates, L.P. 1981. Mexico's Agricultural Dilema. The University aizéna Press,
Tucson, Arizona.



