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SUMMARY 
This review summarizes the information that was available in the scientific literature as of 2022 on 
the biology, ecology, and effects of fire and control methods on buffelgrass in North America. 
 
Buffelgrass is a long-lived, deep-rooted warm-season, perennial grass. It is invasive in parts of its 
introduced range in North America, South America, Australia, and several Atlantic and Pacific islands. 
In North America, it is most invasive in desert scrub communities of the Arizona Upland subdivision of 
the Sonoran Desert, where buffelgrass can form dense stands that reduce native plant abundance 
and change native plant community composition and structure; alter fuel loads, fire characteristics, 
and fire regimes; reduce wildlife habitat and forage; and alter soil physical and chemical properties. It 
is also considered a threat to native plant communities in the South Texas Plains and Hawaii. 
 
Buffelgrass regenerates primarily from seeds, but also vegetatively. It can sprout after top-kill. 
Seedlings emerge and plants grow whenever temperature is moderate and soil moisture is available. 
Plants can flower over an extended period from early spring to late fall, depending on location. 
Buffelgrass plants can produce thousands of seeds, which are dispersed potentially long distances by 
wind, water, and animals. Buffelgrass has a short-term persistent soil seed bank, and a small 
percentage of seeds may persist for 5 years or more. 
 
Buffelgrass is considered fire-adapted because it typically survives and resprouts after fire, and it 
establishes from seeds and often spreads after fire. Seedlings may establish after fire from off-site, 
unburned areas or from on-site seed sources such as plants that resprout after fire, or from 
undamaged seeds in the soil seed bank; however, no information is available on the latter topic. 
Buffelgrass seeds have no effective seed burial mechanism and typically remain on or close to the soil 
surface, where they are likely to be killed by fire. Fire is likely to create conditions that are favorable 
for buffelgrass seedling establishment, although limited observations suggest that postfire seedling 
survival may be low. Buffelgrass abundance and growth often increase after fire, but the plant’s 
response to fire depends on postfire moisture availability, phenological stage at the time of burning, 
and fire frequency, intensity, and severity.  
 
In Sonoran desert scrub communities where buffelgrass is invasive, a single fire is likely to benefit 
buffelgrass and harm native plants, many of which are not fire-adapted. Therefore, prescribed 
burning is generally not recommended to control buffelgrass in the Sonoran Desert. Preventing 
buffelgrass from establishing is critical, and the most effective and least costly management method. 
Once established, control methods such as hand pulling, herbicide application, and seeding native 
plants may be effective in reducing buffelgrass abundance and restoring native vegetation. In Hawaii, 
limited evidence suggests that prescribed fire integrated with other control methods, such as hand 
pulling, herbicide application, or livestock grazing, may be effective in reducing buffelgrass abundance 
and restoring native vegetation in some areas with fire-adapted native plants. Whatever method is 
used to control buffelgrass, repeated follow-up treatments are needed to prevent reestablishment 
because buffelgrass seeds may remain in the soil seed bank for many years. 
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INTRODUCTION 

FEIS Abbreviation 
PENCIL 

Common Names 
buffelgrass 
buffel grass 
African foxtail grass 
anjan grass 
buffel sandbur 
dhaman grass 
foxtail buffalo grass 
zacate buffel 

TAXONOMY 
The scientific name of buffelgrass is Pennisetum ciliare (L.) Link (Poaceae) [128,359,401].  
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No infrataxa are recognized. While Jones et al. (1997) considered Pennisetum ciliare var. setigerum 
(Vahl) Leeke a cultivated variety of Pennisetum ciliare [225], the PLANTS Database considers Pennisetum 
ciliare var. setigerum a synonym for Cenchrus setiger (birdwood grass) [401]. 

Taxonomic Uncertainty 
Buffelgrass has highly varied morphological and physiological characteristics (see Botanical Description), 
which when combined with its wide geographic distribution, have led to considerable taxonomic 
uncertainty [255,409]. In published literature, it is commonly placed both in the genus Pennisetum and 
in the genus Cenchrus (see Synonyms). These genera are closely related [448]. See these sources for 
more information on the taxonomic placement of buffelgrass: [2,7,73]. 

Cultivars and Strains 
As a widely planted forage plant, numerous buffelgrass cultivars have been introduced in North America 
[41,289,396]. Most of these cultivars were derived from the strain first introduced to and most common 
in North America, 'T-4464', which originated in the Turkana Desert in north-central Kenya [31,87,89]. 
This strain is referred to as "common buffelgrass" in this review [31]. While common buffelgrass is 
considered the most abundant strain in North America, numerous other strains have been introduced 
[176,299,396]. Similarly, both common buffelgrass and other buffelgrass strains (e.g., from Pakistan and 
southern Africa) were introduced to and established on millions of hectares in Australia [89], and much 
of the literature on buffelgrass fire ecology comes from studies of these populations in Australia. Most 
of the literature included in this review does not identify buffelgrass by cultivar or strain. Therefore, in 
this review, "buffelgrass" refers to the species in general. Cultivars, when identified as such in the 
literature, are referred to by cultivar name in single quotation marks (e.g., 'Llano'). 

Hybrids 
Buffelgrass hybridizes with two nonnative grasses that are introduced in North America: birdwood grass 
[369] and pearl millet [409]. 
 
Common names are used throughout this Species Review. For scientific names of plants and animals 
mentioned in this review and links to other FEIS Species Reviews, see table A1 and table A2. 

Synonyms 
Cenchrus ciliaris L. (e.g., [108,109,128,228,233,409,418,421,445,446,447]) 
Cenchrus setigerus Vahl [225,255,409]  

LIFE FORM 
Graminoid 

DISTRIBUTION AND PLANT COMMUNITIES 

GENERAL DISTRIBUTION 
Buffelgrass is native to southern Europe, Africa, and southern Asia from the Middle East east to 
Indonesia [41,167,184,255,396] (fig. 1). It was intentionally introduced in parts of North America, South 
America, Europe, eastern Asia, Australia, and several Atlantic and Pacific islands [255,328,410,445] for 
cattle forage and erosion control. It has since spread into native ecosystems in many areas [255].  

Buffelgrass occurs in the southern United States from California to Florida [113,227,401], with outlying 
populations in Utah [113,227], Missouri, and Tennessee [401] (fig. 2). It also occurs in Puerto Rico and 
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Hawaii [113,287,401,441]. Some sources suggest it occurs in New York (e.g. [401]); however, this is 
based on a single specimen collected on wool mill waste in Westchester County in 1898, and no voucher 
or specimens were available in that state as of 2017 [425]. Buffelgrass also occurs throughout Mexico 
[8,255]. Areas with the highest suitability for buffelgrass in the southwestern United States and northern 
Mexico include the Sonoran Desert in southern Arizona and northern Sonora, including the foothills of 
the Mexican Sierra Madre Occidental, and part of the eastern coast of Baja California and Baja California 
Sur. Areas of moderate suitability include southern California, southern New Mexico, and western Texas; 
and Baja California, Chihuahua, and western Coahuila, Mexico. High elevation sites in this range have 
low suitability for buffelgrass [8].  

In the United States, buffelgrass was first introduced in northern Texas in 1917 [255], but not 
successfully established until the 1940s. Since then, it has been used to stabilize soils on overgrazed 
rangelands and provide livestock forage [42,184,256,420]. Buffelgrass was commercially available by the 
1950s [255], and by 1975, it occupied 90% of the seeded rangeland south of San Antonio [128]. By 1985, 
buffelgrass was established on over 4-million ha in southern Texas [89]. In 2020, buffelgrass remained a 
commonly planted pasture grass in Texas despite its impacts on native plant communities [430].  

Buffelgrass was introduced into Arizona in the 1930s and 1940s to control erosion [55,58,79,380]. It 
spread into native communities in Arizona from these introductions and from introductions in adjacent 
Sonora [53,255] (see Seed Dispersal), where hundreds of thousands of hectares of native desert and 
thornscrub vegetation have been converted to buffelgrass pastures [56,58,145]. Buffelgrass was first 
observed in Saguaro National Park in 1989 and by 2015 had spread to 2,000 ha despite management to 
control it [419]. It was first observed at the Desert Laboratory in Tucson in 1968, and its frequency 
increased by 7,983% from 1983 to 2005 [43]. It was first observed at Organ Pipe Cactus National 
Monument in the 1970s or 1980s, and by 1994 occurred on as much as 162,000 ha of the monument 
[345]. Olsson et al. (2012) reconstructed buffelgrass spread at 11 sites in the Santa Catalina Mountains 
using historical aerial photographs and found the area invaded by buffelgrass doubled  every 2  to 7 
years from 1988 to 2008 [299]. 

Buffelgrass was introduced on cattle ranches in Sonora in the 1970s [255]. Between 1990 and 1998, the 
Mexican government subsidized cattle ranchers to convert native desert and thornscrub to buffelgrass 
pastures [56], and as of 2006, as much as 1.6 million ha had been seeded to buffelgrass in Sonora [145]. 
The vast conversion of native communities to buffelgrass pasture facilitated the spread of buffelgrass 
into native communities of the Sonoran Desert and the mediterranean region of Baja California 
[8,136,159,294]. In the early 2000s, conversion of native communities to buffelgrass was ongoing [145], 
and it was still being cultivated on millions of hectares as of 2017 [45]. 

Buffelgrass was introduced into Hawaii in the 1930s [66,418], and it has since invaded many native 
grassland, shrubland, and woodland communities on the leeward side of the islands 
[97,136,157,240,287,364,399,418]. In 1988 and 1990, buffelgrass was seeded by the US Army Corp of 
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Engineers on two highly eroded sites in the central plateau region of Kaho'olawe Island. By 1996, 
buffelgrass cover was 9% and 18% [450]. 

 

 

 

Figure 2—County-level distribution of buffelgrass in the United States. Map by  EDDMaps [113] [14 
September 2021]. 

Figure 1—Global distribution of buffelgrass. Image from Marshall et al. (2012) [255] and used with 
permission from Bertram Ostendorf. 
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States and Provinces  
United States: AL, AZ, CA, FL, HI, LA, MO, MS, NM, NY, PR, TX, UT, VI [113,227,255,401] 
Mexico: Ags, BC, BCS, Camp, Chih, Chis, Coah, Col, Dgo, Edomex, Gro, Gto, Hgo, Jal, Mich, Mor, Nay, NL, 
Oax, Pue, QR, Qro, SLP, Sin, Son, Tab, Tamps, Tlax, Ver, Yuc, Zac [255]  

SITE CHARACTERISTICS 
Buffelgrass is most likely to spread where site conditions resemble that of its native range [206]. Habitat 
suitability of buffelgrass appears to be driven mainly by summer and winter precipitation, total annual 
rainfall, winter temperatures, aspect, soil characteristics, and distance to roads (e.g., 
[8,89,107,195,206,218,255,304]). Throughout its distribution, it is common along roads and highways 
[56,58,79,122,137,145,187,314,405,408].  

Specific climate, landscape features, and soil characteristics that are reported to influence buffelgrass 
distribution are summarized in the sections below and in table 4 of the review by Marshall et al. (2012) 
[255].  

Climate and Weather 
Buffelgrass is considered highly adapted to extreme aridity [180] and is common in deserts throughout 
the world (e.g., [87,89,180,231,308,320]). It is intolerant of freezing temperatures [195]. It is native to 
and has been introduced in areas with tropical, subtropical, arid, semiarid, and subhumid climates 
[23,140,218,219,255]. In North America, buffelgrass is most invasive in areas with arid and semiarid 
climates [23].  

Based on its global distribution, buffelgrass habitat suitability is best where summer rainfall is between 
about 150 and 550 mm, winter rainfall is less than about 400 to 600 mm, and winter temperatures are 
between 5 and 20 °C [89,218]. A habitat suitability model for the continental United States confined 
buffelgrass to areas with mean annual precipitation between 200 and 1,200 mm/year and sites that do 
not freeze [195,206]. Local distribution models for Saguaro National Park indicated that buffelgrass 
habitat suitability was greatest in areas with winter temperatures above 10 °C [218]. A preliminary 
analysis of data from Sonora suggests that annual rainfall below 100 mm limits the spread of buffelgrass 
along the northwestern coast, and winter temperatures below 0 °C limit buffelgrass establishment at 
high elevations along the Sierra Madre Occidental [284]. Despite having an unfavorable climate for 
buffelgrass (very little precipitation during the summer growing season (10 mm, on average)), 
buffelgrass was common along roads in the mediterranean region of Baja California. The researchers 
proposed that summer fog might supply additional water during the summer growing season that allows 
buffelgrass to establish [159]. 

In North America, buffelgrass is best studied and most common in the Sonoran Desert and the South 
Texas Plains. The climate of the Sonoran Desert is considered more suitable for buffelgrass than that of 
the South Texas Plains [8] (see General Distribution). The Sonoran Desert ecoregion has a dry, 
subtropical desert climate, with very hot summers and mild winters. Mean annual temperature ranges 
from approximately 19 to 25 °C, with 200 to 365 frost-free days. Amount and timing of precipitation 
vary widely across time and space. Annual precipitation ranges from 75 to 560 mm and averages 206 
mm. Winter rainfall decreases from west to east, while summer rainfall decreases from east to west. 
Evaporation rates are high in the entire ecoregion [432]. Summer precipitation was the most important 
variable in a buffelgrass habitat suitability model for the Sonoran Desert. The researchers concluded 
that buffelgrass is better suited to the higher winter and summer precipitation of the Arizona Upland 
subdivision than the drier Lower Colorado River subdivision, and that it is likely to remain rare in the 
hottest desert areas with extremely low summer rainfall [107]. The South Texas Plains is an ecoregion 

https://www.feis-crs.org/feis/
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commonly referred to as “brush country” and is part of the Tamaulipan Biotic Province that extends into 
northern Mexico [191]. The ecoregion has a dry subtropical semiarid climate, with hot summers and 
mild winters. Mean annual temperature ranges from approximately 20 to 24 °C, with 270 to 360 frost-
free days. Mean annual precipitation ranges from 450 to 750 mm and averages 592 mm. Rain falls 
mostly in spring and fall [432].  

Buffelgrass also occurs in the Chihuahuan Desert, but the climate is less suitable there than in the 
Sonoran Desert [8]. The climate of the Chihuahuan Desert ecoregion has a dry arid to semiarid climate, 
with hot summers and mild winters. Mean annual temperature ranges from approximately 17 to 20 °C, 
with 150 to more than 320 frost-free days. Mean annual precipitation ranges from 200 to 635 mm, and 
averages 340 mm. Precipitation varies with elevation and occurs mostly in summer [432]. In Hawaii, 
buffelgrass occurs on the dry, leeward sides of the islands [136]. 

In the Sonoran Desert, buffelgrass germination, establishment, and reproduction are favored by wet 
summers and warm winters [299], and buffelgrass populations there may expand during relatively wet 
periods and contract during relatively dry periods [55,90]; however, this pattern is not consistent. For 
example, at the Desert Laboratory in Tucson, buffelgrass was present since around 1968 but did not 
become widespread and invasive until the 1980s, probably in response to above-average October to 
May precipitation in the early 1970s and 1980s (ranging from 289-386 mm, compared to an average of 
186 mm) [55]. At 11 sites in the Santa Catalina Mountains median buffelgrass patch size increased 136% 
from 1988 to 2008, with the area invaded by buffelgrass doubling in size every 2 to 7 years; however, 
precipitation and mean temperature in winter and summer did not predict buffelgrass spread rates 
[299]. Year-to-year buffelgrass patch expansion rates along a road in southern Arizona varied widely, 
and also did not correspond well with precipitation, which was below average each year of the 3-year 
study (106, 107, 164 mm during the 3 years, compared to an average of 179 mm). Median buffelgrass 
patch size increased 271%, and patch expansion rates ranged from -0.26% to 21,904% per year [427]. 
During 10 years in its native range in India, there was no correlation between buffelgrass biomass and 
growing-season rainfall, which ranged from 70 to 775 mm and averaged 315 mm [326]. Buffelgrass 
accessions and cultivars differ in their rainfall preferences [255], and differences among studies may be 
due to differences in the variety studied, or differences in climate and/or associated vegetation. For 
example, buffelgrass population expansion during wet periods following an extended drought may be 
facilitated by reduced abundance of native vegetation from drought-induced mortality, as was observed 
in Queensland, Australia [139]. 

Topography 

Landform and Terrain  
Buffelgrass occurs on lowlands [83] and uplands [83,375]. In the Southwest and globally, buffelgrass 
commonly occurs along rivers and creeks, on alluvial fans and terraces, in drainages and natural 
depressions [3,84,122,138,141,165,255,299,314,423], on sparsely vegetated sand dunes and interdunal 
areas [180], and along roads [56,58,79,122,137,145,187,314,405,408]. These landscape features are 
areas where moisture is concentrated, provide dispersal pathways for propagules, and/or tend to have 
high levels of soil disturbance, all of which favor buffelgrass seedling establishment [314] (see Seedling 
Establishment and Mortality).  
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Buffelgrass occurs on both disturbed [55,167,197,447] and undisturbed [55,122,197] sites (see 
Successional Status). For example, in the Arizona Upland subdivision of the Sonoran Desert, buffelgrass 
is most common 1) on disturbed rights-of-way, especially along large, paved roads that have been 
repeatedly bladed; 2) on undisturbed, steep, southern, southeastern, and southwestern aspects of hills 
with very poorly developed soils and caliche near the surface; 3) on shallowly incised drainages on 
hillsides with steep, southern aspects; and 4) along the upper portions of shallow arroyos in valley flats 
[405]. Buffelgrass is considered adapted to floodplains in the Sonoran and Chihuahuan deserts [91]. 
Buffelgrass may dominate the herbaceous layer of Tamaulipan riparian scrub forests that occur in mesic 
environments, including floodplains and arroyos (ramaderos) that are temporarily or intermittently 
flooded but dry during most the year [136,293]. Buffelgrass is invasive in oases of the Sonoran Desert on 
the Baja California Peninsula [294]. It occurs along coastal areas in Texas [142], Hawaii, and Baja 
California [136].  

Slope and Aspect  
Buffelgrass occurs on sites that are flat [267] to steeply [405,440] sloping. It occurs on all aspects but is 
most common on southern aspects and least common on northern aspects [115,218,405,423,433]. For 
example, in Saguaro National Park and Organ Pipe Cactus National Monument, buffelgrass abundance 
was highest on southern aspects and positively correlated with percent slope, although the steepness of 
the slopes it occurred on was not provided [200]. In the Sonoran Desert in Arizona, northern aspects and 
high elevations were considered less suitable for buffelgrass than other aspects and low elevations 
because it is cold intolerant [107]. In Texas, it occurs on southern aspects in canyons [423]. Buffelgrass is 
common in the Plains of Sonora subdivision of the Sonoran Desert in Mexico, where it occurs in large, 
flat areas and on adjacent slopes [103,255]. In Sonora, buffelgrass was most common on sites with relict 
clays soils and slopes ranging from 25% to 34%, and it was less common on gently sloping bajadas [405]. 

Elevation 
According to a review, buffelgrass occurs from sea level to 2,000 m globally [255]. Freezing 
temperatures limit its occurrence and spread at higher elevations [381]. In Arizona, it occurs up to 1,600 
m. At the highest elevations it tends to occur on southern aspects [261,312,388,405,407]. In the Santa 
Catalina Mountains, buffelgrass occurs from 839 m in the Tucson Basin up to 1,476 m. From 900 to 
1,200 m, buffelgrass was dense and occurred in large (>20 ha), continuous patches. Below 900 m and 

Figure 3—Buffelgrass invasion near Tucson, Arizona. Photo by John Little and used with permission. 
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above 1,200 m, its density and occurrence decreased, and it occurred in small (<20 ha), isolated patches 
[433]. In Big Bend National Park, Texas, buffelgrass is rare, overall, but locally abundant between 560 
and 760 m [141]. In Hawaii, it occurs from sea level to 120 m [240,418] or 150 m [363]. In Mexico, it 
occurs up to 1,300 m [405,408] but is typically below 900 m [23].  

Soils 
Buffelgrass grows on soils with various parent materials [255,405], orders [115], textures [401], and 
depths [136,208,386], although soils are typically well-drained [115,255]. In the Sonoran Desert, 
buffelgrass appears to grow mainly on soils derived from volcanic, gneissic, and limestone parent 
materials with varied chemistry and mineralogy [255]. In the Rincon Mountain and Tucson Mountain 
districts of Saguaro National Park, buffelgrass cover was greater on well-drained, poorly developed 
Entisols and Inceptisols without restrictive layers than on Aridisols or Mollisols [115].  
 
Table 1—Number of sites by soil texture class and the percentage of those sites where buffelgrass either 
spread, persisted, or died in southern Texas and Mexico. Table modified from Ibarra-F. et al. (1995) 
[206]. 

Soil texture class Number of sites Spreada (%) Persistedb (%) Diedc (%) 
Sand 7 86 14 0 
Loamy sand 17 71 29 0 
Sandy loam 27 78 15 7 
Sandy clay loam 28 75 25 0 
Loam 19 37 21 42 
Clay loam 35 20 37 43 
Clay 27 30 48 22 
Silty clay loam 4 0 75 25 
Silty clay 3 0 0 100 
Total 167 49 30 21 

aSurvived in the seeded area for 10 or more years and plants established outside the seeded area from 
seeds dispersed from these plants. 
bSurvived in the seeded area for 10 or more years but plants did not establish outside the seeded area. 
cSurvived in the seeded areas for 10 or more years but all plants eventually died. 
 
Buffelgrass establishes, persists, and spreads in sands, sandy loams, loams, clay loams, and sandy clay 
loams (e.g., [28,85,89,98,103,185,206,208,222,290]). In southern Texas and Mexico, buffelgrass spread 
was most likely on sites with a high percent of sand (sand, loamy sand, sandy loam, and sandy clay loam 
soil texture classes) and spread was least on sites with a high percent of silt and clay (silty clay loam and 
clay loam soil texture classes) (table 1 and table 2) [206]. Distribution and habitat suitability models also 
suggest that sites with sandy [195,206] or loamy [89] soils are best suited for buffelgrass. It may 
establish, persist, and spread in some clay soils [62,206,290,314,405], although not on poorly drained 
[196], “tight” [185], or “heavy” [405] clays. Cox (1988) concluded that buffelgrass seedling emergence 
declines as either sand, clay, or silt content approaches 100%, and that seedlings gradually lose vigor 
and die when established in silt, silt loam, silty clay loam, silty clay, or clay soils [89]. However, Mutz and 
Scifres (1975) found that soils with a relatively high clay content may support the most rapid seedling 
growth. Thirty days after emergence, buffelgrass seedling culm length and seedling oven-dry weight 
were 15.6 cm and 92.7 mg in clay (65% clay, 27% silt, and 8% sand), 7.8 cm and 91.3 mg in sandy clay 
loam (29% clay, 26% silt, and 45% sand), and 7.2 cm and 62.4 mg in sandy loam (20% clay, 5% silt, and 
75% sand) [290]. At 14 sites in Sonoran desert scrub communities in Saguaro National Park, soil texture 
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did not differ between buffelgrass-invaded patches (67% sand, 24% silt, and 10% clay) and nearby 
uninvaded patches in plant interspaces (68% sand, 24% silt, and 9% clay), suggesting that buffelgrass is 
likely capable of invading the uninvaded sites but has not yet done so because of insufficient propagule 
pressure or other factors [3]. 
 
Buffelgrass is generally considered drought tolerant [401], although drought tolerance varies among 
accessions and cultivars with regard to germination (e.g., [342]) and growth (e.g., [230,253]). Both low 
and high water-holding capacities of coarse- and fine-textured soils, respectively, retard buffelgrass 
growth, as do high water tables [185,255]. Buffelgrass is tolerant of short-term flooding, but long-term 
flooding kills it [19]. In Australia, >90% of buffelgrass plants survived 5 days of flooding, while 15% to 
80% survived 20 days of flooding. Flood-tolerance varied among cultivars and with plant height [19]. 
Several buffelgrass cultivars have been developed to withstand flooding, and thus are more likely to be 
able to establish on fine-textured soils that tend to flood [255]. 

Table 2—Mean (SD) characteristics of the top 10 cm of soil where common buffelgrass spread, 
persisted, or died at planting sites in southern Texas and Mexico (n =210), compared to characteristics of 
sites in north-central Kenya (n = 30), where common buffelgrass is native. Table modified from Cox et al. 
(1994) [87] and Ibarra-F. et al. (1995) [206]. 

Soil properties 
Survival regime  

Kenya Spreada Persistedb Diedc 

Sand (%) 61.1 (20.2) 44.9 (24.6) 35.3 (15.4) 82.0 (14.8) 

Silt (%) 17.5 (10.8) 24.1 (13.2) 32.3 (7.2) 11.9 (9.2) 

Clay (%) 21.5 (11.6) 31.0 (15.3) 32.4 (11.2) 6.1 (6.1) 

Silt + clay (%) 39.0 (18.7) 55.1 (24.3) 64.7 (16.2) 18.0 (14.8) 

pH 7.8 (0.5) 7.6 (0.6) 7.5 (0.4) 8.1 (0.5) 

Total nitrogen (%) 0.1 (0.1) 0.3 (0.2) 0.5 (0.3) 0.1 (0.1) 

Organic carbon (%) 0.9 (0.7) 2.6 (2.9) 4.4 (3.6) 0.3 (0.2) 

Phosphorus (mg/kg) 10.6 (11.9) 12.9 (12.7) 10.0 (22.3) 17.2 (9.2) 

Cation exchange capacity (cmol/kg) 22.5 (13.4) 38.1 (24.4) 61.8 (24.9) 15.6 (13.7) 

Sodium (cmol/kg) 0.4 (0.6) 0.4 (0.4) 0.4 (0.2) 0.2 (0.2) 

Potassium (cmol/kg) 1.1 (0.7) 1.9 (1.3) 1.8 (0.9) 1.0 (0.9) 

Calcium (cmol/kg) 35.9 (26.5) 42.0 (23.0) 47.8 (16.6) 12.4 (13.5) 

Magnesium (cmol/kg) 1.9 (1.5) 3.2 (2.2) 3.7 (2.5) 2.1 (1.6) 
aSurvived in the seeded area for 10 or more years and plants established outside the seeded area from 
seeds dispersed from these plants. 
bSurvived in the seeded area for 10 or more years but plants did not establish outside the seeded area. 
cSurvived in the seeded area for 10 or more years but all plants eventually died.  
 
Buffelgrass tolerates and/or creates low nutrient soil conditions [206]. In Texas and Mexico, where 
common buffelgrass has been planted, and sites in Kenya, where common buffelgrass is native, common 
buffelgrass is favored on sites where soils have a high percentage of sand, low total nitrogen, low 
percentage of organic carbon, and low cation exchange capacity [87,88,206] (table 2). It also grows in 
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soils with relatively high phosphorus content [94,103,197,450], and shows increased growth with 
nitrogen and phosphorus fertilization (e.g., [162,244,248,255,326,431]). Thus, it may benefit from any 
short-term increases in nutrients following fire [278] or application of fire retardant, although no 
information was available on these topics. 
 
Buffelgrass grows in soils with pH ranging from strongly acidic to strongly alkaline (5.5-8.5) 
[103,255,258,401,404]. Limited evidence suggests that germination [346] and seedling establishment 
[222] may be better on neutral or alkaline than acidic soils, respectively. 
 
The PLANTS Database categorized buffelgrass as having intermediate salinity tolerance [401]. However, 
salinity tolerance varies among buffelgrass accessions and cultivars and ranges from sensitive to highly 
salt tolerant (e.g., [174,252,342,343]). High salinity can reduce buffelgrass growth [185,251,343], 
reproduction, and germination [343]. In Tunisia, where buffelgrass is “seriously endangered”, soil 
salinization may limit germination, seedling establishment, and growth and contribute to buffelgrass 
scarcity [106]. Common buffelgrass is relatively susceptible to salt stress [174]. 

PLANT COMMUNITIES 
In its native range, buffelgrass occurs in grasslands [39,175], savannas [118,119], sparsely vegetated 
sand dunes, and interdunal areas [180]. In its nonnative range, buffelgrass occurs in grasslands, 
shrublands, savannas, and woodlands (e.g., [136,167,405]). Buffelgrass has been planted on millions of 
hectares of pastures and rangelands in North America and worldwide [255]. 
 
In North America, buffelgrass is most common in desert ecosystems in the southwestern United States, 
northern Mexico, Baja California, and Baja California Sur (e.g., [8,56,122,183,184,205,345,380,381,396]). 
Buffelgrass is most invasive in Sonoran desert scrub communities of the Arizona Upland subdivision of 
the Sonoran Desert but also occurs in other subdivisions of the Sonoran Desert and in the Chihuahuan 
Desert [8,107,405] (see Climate and Weather). It also occurs in interior chaparral communities [233,405] 
and semidesert grasslands, both of which often occur upslope of Sonoran desert scrub [239,398]. A 
review of fire and nonnative invasive plants in the Interior West Bioregion categorized buffelgrass as a 
“high threat” or a “potentially high threat” in desert grasslands and desert shrublands and a “low 
threat” in mountain grasslands, sagebrush shrublands, pinyon-juniper woodlands, open-canopy forests, 
closed canopy forests, and riparian areas [331].  
 
In other parts of North America, buffelgrass is common in ecosystems of the Tamaulipan Mezquital 
ecoregion in southern Texas and northeastern Mexico, which occurs east of the Chihuahuan Desert and 
is bisected by the lower Rio Grande [136]; and it occurs in dry, tropical ecosystems in Hawaii 
[364,396,418], Puerto Rico [383,401,441], and Florida [446,447].  
 
In temperate ecosystems in Oklahoma and Missouri buffelgrass occurs in disturbed plant communities 
[401].  
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Southwestern Deserts 
 

 
In the Sonoran and Chihuahuan deserts of the southwestern United States and northern Mexico, 
buffelgrass occurs in desert and semidesert grassland, desert scrub, interior chaparral, and oak 
woodland communities [136,405]. Sonoran desert scrub communities dominated by species such as 
brittle bush, acacia, spiny hackberry, Arizona mimosa, honey mesquite, creosote bush, saltbush, triangle 
bur ragweed, desert ironwood, yellow paloverde, and saguaro are susceptible to invasion by buffelgrass 
[56,122,205,273,299,345,380,381,396]. In the Arizona Upland and Lower Colorado River Valley 
subdivisions of the Sonoran Desert, buffelgrass is most invasive in paloverde-mixed cactus desert scrub, 
and may also occur in mixed salt desert scrub, and semidesert grassland and steppe [107]. Throughout 
Mexico, desert scrub is considered the most at risk for buffelgrass invasion. Mesquite woodlands, 
tropical deciduous forests, and desert grasslands are also at risk [23,408].  

South Texas Plains and Tamaulipan Mezquital 
In the South Texas Plains and Tamaulipan Mezquital ecoregions in southwestern Texas and northeastern 
Mexico, buffelgrass is common to dominant and may be invasive in mesquite, acacia, and/or hackberry 
communities (i.e., mixed brush or thornscrub communities) (e.g., [136,183,184,243,265,280]). For 
example, buffelgrass frequently invades and may dominate the herbaceous layer in honey mesquite 
associations [136]. Along the Lower Rio Grande in Salineno, Texas, common buffelgrass was dominant in 
the understory of several mesquite-acacia associations, where buffelgrass cover averaged 24% [243]. It 
is also common to dominant in Tamaulipan riparian scrub forests. In 2016, buffelgrass was “becoming 
more common” in the Rio Grande palmetto-Texas ebony-cedar elm Tamaulipan riparian scrub forest 
group on floodplains and riparian areas adjacent to the Rio Grande and other large rivers in southern 
Texas and northeastern Mexico. Buffelgrass is present in Tamaulipan dry grasslands dominated by little 
bluestem and cane bluestem [136].  

Figure 4—An isolated buffelgrass patch near Ragged Top in Ironwood 
Forest National Monument, Arizona. Photo courtesy of John Little and 
used with permission. 
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Buffelgrass may also occur in coastal communities of the Gulf Prairies and Marshes ecoregion of Texas. 
In Laguna Atascoca National Wildlife Refuge, for example, uplands 250 to 400 m from the coastline are 
dominated by gulf cordgrass (28%), buffelgrass (14.5%), and alkali sacaton (13.5%) [142]. 

Great Plains 
Buffelgrass is a “major concern” in the southern portion of the Great Plains [169], where it is invasive in 
southern mixedgrass prairie and shortgrass steppe communities. A review of fire and nonnative invasive 
plants in the Central Bioregion categorized buffelgrass as a “high threat” in southern mixedgrass prairie 
and shortgrass steppe, a “low threat” in southern tallgrass prairie, and not invasive in northern and 
central tallgrass prairie and northern mixedgrass prairie [170]. In the Great Plains, buffelgrass occurs in 
buffelgrass and Kleberg’s bluestem ruderal grassland associations [136].  

Southeast and Midwest 
In the Southeast, buffelgrass occurs in disturbed plant communities [421]. In St. Louis, Missouri, 
buffelgrass occurs in plant communities along railroads [156,448]. 

California and Baja California 
In California, buffelgrass comprises the crimson fountaingrass-buffelgrass ruderal grassland alliance on 
steep coastal cliffs, bluffs, roadcuts, coastal dunes, coastal scrub, and desert scrub [136]. 
 
In the coastal mediterranean region of Baja California, buffelgrass is “widely established” along paved 
roads in coastal sage scrub and coastal succulent scrub [159]. 

Hawaii 
In Hawaii, buffelgrass occurs in the coastal dry ruderal woodland association, the Polynesian ruderal 
lowland shrubland, grassland, and savanna group, and the Polynesian ruderal scrub and herb coastal 
strand group [136]. Buffelgrass occurs in coastal dry forests on all the main islands and is an understory 
dominant with fingergrass in nonnative kiawe forests. It also occurs in 'ohai dry shrublands and lowland 
dry grasslands dominated by native pili grass and/or nonnative jaraguagrass [136,157,240,287,399,418]. 
A review of fire and nonnative invasive plants in the Hawaiian Islands bioregion categorized buffelgrass 
as a “high threat” or a “potentially high threat” in lowland dry and mesic communities, including 
grasslands, shrublands, forests, and woodlands [240]. 

Puerto Rico 
In Puerto Rico, buffelgrass occurs in the Caribbean-Mesoamerican lowland ruderal grassland and 
shrubland group [136]. At the Guánica Commonwealth Forest Biosphere Reserve, buffelgrass occurs 
with nonnative guineagrass in burned patches of tropical dry forests. Both were originally introduced as 
pasture grasses and then spread into the forest. These burned forest patches typically have no trees 
other than nonnative white leadtree and tend to be located near roadsides and areas where human 
access is frequent and human-caused fires occur every 1 to 3 years [383,441]. 

Australia 
Large areas in northeastern Australia have been converted to cattle pastures by clearing native 
vegetation and planting buffelgrass. Buffelgrass is also invasive and has spread into natural areas on 
sites adjacent to developed pastures, as well as in regions that have never been cleared, such as in 
central Australia [76,130,139,255]. Invaded plant communities include eucalyptus [82,130,139,213,360] 
and acacia [62,278] woodlands. 
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BOTANICAL AND ECOLOGICAL CHARACTERISTICS 

BOTANICAL DESCRIPTION 
This description covers characteristics that may be relevant to fire ecology and is not meant for 
identification. Identification keys are available for buffelgrass in the United States (e.g., 
[128,167,179,359,418,421,422]) and elsewhere (e.g., [400,409,410,445]). 

 

Buffelgrass exhibits a high amount of morphological, phenotypical, and ecotypical variation 
(e.g., [24,25,31,188,193,231,232,249,348,412]) and genotypic and cytological diversity (e.g., 
[176,193,231,232]) among populations and cultivars. Intraspecies variation has arisen both 
naturally and from the commercial development of new cultivars [255]. Buffelgrass’s genetic 
diversity and phenotypic plasticity have been identified as key determinants of its invasion 
success. For information on genotypic and phenotypic diversity, see the review by Kharrat-
Souissi et al. (2014) [232].  

Aboveground Description 
Buffelgrass is a warm-season perennial [41,42,83,179,256,420,436] or sometimes a facultative 
annual [137,345]. It has a C4 photosynthetic pathway [231].  

Buffelgrass is highly plastic in its growth form [255]. It can be a bunchgrass [30,400,414,445] or 
a sod-forming grass [83]. Some growth forms develop rhizomes 
[30,31,112,192,304,359,375,414,445]. For example, the cultivars 'Nueces' and 'Llano' are 
rhizomatous [31,414], while common buffelgrass is not [255]. Other forms develop tillers 
[194,203,231,304,349,376] or stolons [445]. 

Buffelgrass culms are erect or bending at the lower nodes [179], usually with hardened, 
"knotty" bases [121,128,167,233]. Culms (and tillers) may have much secondary branching 

Figure 5—Buffelgrass seedhead. Photo courtesy of Sue Carnahan and used with 
permission. 
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from lower or basal nodes [403,408,418,445]. These features can make plants appear “almost 
woody” [400,418] or “shrub-like” [403,408]. 

Buffelgrass may reach 10 to 150 cm tall (e.g., [30,105,128,167,255,359,400,403,418,445]). For a 
review of the provenance, nonnative distribution, conditions for growth, and characteristic 
traits of some commonly sown buffelgrass cultivars, see table 3 in the review by Marshall et al. 
(2012) [255].  

Buffelgrass has coarse, often dense foliage [121]. Its leaves are thin and flat, 3 to 50 cm long 
and 2 to 13 mm wide [128,137,167,179,375,400,418,421,445,448]. 

The “bottlebrush-like” inflorescence is a dense panicle 2 to 20 cm (up to 32 cm) long and 10 to 
35 mm wide [30,128,167,229,359,375,400,418,422,445] (fig. 5). Each inflorescence typically 
contains two to four spikelet clusters (fascicles or burrs) [448] and each is 2 to 5.6 mm (7 mm) 
long with two flowers [167,179,375,400,403,422,448]. Spikelets are dispersed whole [119,439]. 
The fruit is an ovoid caryopsis (or grain; hereafter, seed) [177,389,439]. The seeds are 
dimorphic in length and weight [238,303], ranging from 1.1 to 2.3 mm long and 0.4 to 1 mm 
wide [160,167,238,295,396,418]. 

Belowground Description 
The root system of buffelgrass has been variously described as “long”, “dense” [396], “huge” 
[121], and “massive” [197]. Roots grow up to 2.8 m deep and spread up to 3.0 m horizontally 
[378]. Most roots occur in the top 0.2 m of soil [70,367,378]. These shallow roots can take 
advantage of light rainfalls [103]. Its root system allows buffelgrass to persist and grow soon 
after fire [334] (see Plant Response to Fire) and is one of the reasons buffelgrass has been 
planted to stabilize soil and prevent erosion in parts of the Southwest [255] (see Other Uses). 

Rooting depth, root elongation rate, and shoot: root ratio are highly variable within the species 
[203] (see Plant Growth and Mortality). 

Life Span 
Buffelgrass is a long-lived perennial. Individual tussocks may live up to 10 [420] or 20 [150] years. 
 
Raunkiaer Life Form [327]: 
Hemicryptophyte [6,436] 
Therophyte [379] 

POPULATION STRUCTURE 
Buffelgrass can occur as “lone tussocks”, patches, or “clumps” [43,255,317]. It can spread to 
form dense mats [179,400,418] or colonies [55]. Buffelgrass has formed monocultures or near 
monocultures where it was intentionally planted (e.g., in South Texas [317,362], Mexico [68], 
and Australia [278]), and on some sites where it has spread into wildlands (e.g., in Sonoran 
desert scrub [121,382]). Buffelgrass  plant density, patch size, and invasiveness may vary within 
a site in response to changes in the amount and timing of precipitation (see Climate and 
Weather) or in response to a single or repeated fires (see Plant Response to Fire). 

Where it invades native communities in the Sonoran Desert, buffelgrass may first establish in 
small patches, which then spread and connect to form large patches (e.g. [43,278,300]). From 
1983 to 2005 at the Desert Laboratory in Tucson, for example, buffelgrass spread from 
”isolated pockets” to form several continuous stands, the largest of which was about 50 ha 
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[43]. In the Santa Catalina Mountains north of Tucson, researchers mapped 6,485 patches of 
buffelgrass totaling 443 ha in 2018. Of these, 129 patches were at least 0.4 ha in size, and the 
largest patch was 34 ha and comprised 7.8% of all buffelgrass mapped. Buffelgrass stand 
structure and plant density varied with elevation and aspect, with denser and larger patches 
coalescing into “stands of buffelgrass that cover entire slopes” at lower elevations (~950-1,150 
m) and on southern aspects (see Elevation) [433].  

SEASONAL DEVELOPMENT 
Buffelgrass is a warm-season plant [83,206]. Growth occurs whenever temperature is adequate (greater 
than about 10 °C [85,89,206,211]) and soil moisture is available [89,261] (see Plant Growth and 
Mortality). Once growth is initiated, a short vegetative period of 4 to 6 weeks occurs, followed by stem 
elongation and emergence of floral parts. Flowering can occur within 3 months of germination [255,420] 
(see Seed Production and Predation). If moisture is adequate, new tillers can develop and produce 
inflorescences throughout most of the growing season [94,197]. According to the Field Guide for 
Managing Buffelgrass in the Southwest, buffelgrass matures and flowers within 6 weeks after at least 19 
mm of rain occurring over 3 to 5 days [403]. In the southern Tucson Mountains, Arizona, buffelgrass 
remains dormant during most of the year. However, during the summer rainy season plants fluctuate 
rapidly between dormancy and active growth. In this area, active growth usually occurs for 2 to 6 weeks 
between July and September [32]. In Sonora, growth is also greatest during summer, when temperature 
is most suitable and most of the precipitation occurs [90]. For example, near Hermosillo, buffelgrass 
produced live biomass throughout the year, but peak production over 3 years was in August [257]. 
However, in other parts of the Southwest, it can grow in winter at low elevations after rainfall [403]. In 
Florida, buffelgrass grows year-round [179]. 

Flowering times vary among locations. In Texas, under "favorable" growing conditions, buffelgrass sets 
seed from early spring until late fall [83,167]. In Florida, buffelgrass flowers as early as July but most 
commonly from September to October [179]. In Missouri, buffelgrass flowers from August to September 
[448]. In Australia, buffelgrass produces flowerheads throughout the year [177]. Under nursery 
conditions, a single buffelgrass plant can bloom twice a year, once in May and again in September or 
October [36]. 

REGENERATION PROCESSES 
Buffelgrass regenerates primarily from seeds [56,110,193,214,375,396]. It also regenerates vegetatively. 
Some forms develop rhizomes [30,31,112,192,359,375,414,445], while others develop tillers 
[203,231,349,376] or stolons [192,445]. Precipitation of greater than about 6 mm stimulates buffelgrass 
germination [361,420] (see Germination: Moisture), and precipitation of greater than about 13 mm 
stimulates growth of dormant plants [40,66,145,185,255,257,419] (see Plant Growth and Mortality: 
Weather), although the amount of precipitation required varies by location and site characteristics. 
Weston et al. (2016) describe a “satellite dispersal strategy” for buffelgrass, meaning that it spreads by 
establishing satellite populations at varied distance from the source population, rather than establishing 
solely near existing patches [99].  

Breeding System and Pollination 
Buffelgrass individuals have one of several modes of reproduction: obligate apomictic, facultative 
apomictic, or obligate sexual. Most buffelgrass individuals are apomictic, producing seeds asexually that 
are genetically identical to the mother plant [39,55,105,193,232,255,366,406,414,420]. Some 
buffelgrass individuals are facultative apomicts [193,232,341,406]. The expression of apomixis and 
sexuality in the facultative apomicts varies among genotypes [204]. Obligately sexual individuals are rare 
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(e.g., [204,232,255,341]). Cultivars such as 'Neuces' and 'Llano' were bred by crossing sexual and 
apomictic plants [232]. Reviews on this topic are available: [232,255,341].  

Buffelgrass plants that reproduce sexually are wind-pollinated [47]. 

Seed Production and Predation 
Buffelgrass can begin producing seeds within its first growing season [138,255,420]. Days to 50% 
flowering ranged from 13 to 285 days for 10 buffelgrass cultivars and 147 buffelgrass accessions 
collected from Africa and South America [348]. 

Buffelgrass can produce abundant seeds [401]. Up to 518 inflorescences/plant [129], 285 
spikelets/inflorescence [348], 215 seeds/fascicle [178], 38,304 seeds/plant [303], and 350 kg of seeds/ha 
[319] have been reported from throughout its native and nonnative ranges. Buffelgrass seed production 
may be higher on burned than unburned sites [208] (see Postfire Reproduction).  

Seed production depends, in part, on buffelgrass accession or genotype [129,249,319,320,348,412], as 
well as photoperiod [129], temperature, elevation [81], and precipitation [177,319]. For example, 
characteristics of 10 buffelgrass cultivars and 147 buffelgrass accessions collected from Africa and South 
America were highly variable when grown in the field in Ethiopia. Plants produced a range of 6 to 322 
inflorescences/plant, 13 to 285 spikelets/inflorescence, and 3 to 113 seeds/inflorescence [348]. 
Rhizomatous cultivars 'Nueces' and 'Llano' produce fewer seeds than nonrhizomatous cultivars such as 
common buffelgrass [31,414]. Average seed production in eight buffelgrass accessions ranged from 36 
to 110 seeds/inflorescence, with 89 seeds/inflorescence in common buffelgrass. Averaged across all 
accessions, seed production was highest in plants grown with a 12-hour photoperiod [129]. Plants 
collected from semiarid locations averaged more than 3 to 5 seeds/spikelet, whereas plants collected 
from arid locations generally averaged 2 to 3 seeds/spikelet [304]. Mean seed production of four 
buffelgrass cultivars in a garden in Tamaulipas, Mexico, was lower at a cooler, high-elevation site than at 
a warmer, low-elevation site [81]. Seed production in 1- to 3-year old buffelgrass plants differed among 
four genotypes collected from a dry, arid region in India and seemed to increase with increased 
precipitation [319]. 

Seed production is reduced by cutting and defoliation [40,320].  

Buffelgrass seed predation in the United States is not discussed in the literature, but a review 
considered buffelgrass largely free of insect predators [110]. In Veracruz, Mexico, the native tropical fire 
ant preferred native deertongue seeds over buffelgrass seeds [333]. 

Seed Dispersal 
Buffelgrass seeds are light, surrounded by stiff, umbrella-like bristles, and disperse potentially long 
distances—primarily by wind and water [56,58,214,405,426]—until they are trapped by debris next to 
stones, in woody litter, under trees and shrubs, or in loose, disturbed soil [56]. A review reported that 
buffelgrass seeds could be dispersed 0.60 to 7.26 m at wind speeds of 2.5 to 10 m/second, respectively 
[74]. Barbed bristles on buffelgrass seed coats allow them to adhere to animal skin and fur, which could 
potentially disperse them long distances. Motor vehicles also disperse buffelgrass seeds [56,58,74]. 
Wind and vehicles are considered the primary dispersal agents for buffelgrass in Organ Pipe Cactus 
National Monument. Secondary dispersal agents are feral livestock, native mammals, and people [345]. 
It is unlikely that cattle disperse buffelgrass seeds in their feces. Buffelgrass seeds fed to cattle did not 
germinate following passage through the digestive tract [160,161]. 
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Seed Banking 
Buffelgrass has a short-term persistent soil seed bank, and a small percentage of seeds may persist for a 
longer period [361,439]. A review described buffelgrass seed bank longevity as “extreme” [255] based 
on anecdotal information from Pakistan suggesting buffelgrass seed longevity of up to 30 years [150]. 
However, no other information in the literature supports this. Under suitable moisture and temperature 
conditions (see Germination), most buffelgrass seeds germinate the first growing season after dispersal 
and are therefore lost to the soil seed bank. Exposure to either very dry [439] or moist conditions and 
high temperatures [178] in the field are likely to reduce seed viability, and thus longevity in the soil seed 
bank. 

Seed Longevity 
Seeds can maintain high rates of viability and germination (60%-100%) after 3 to 5 years of storage 
under laboratory conditions (e.g., [54,302,361,438,439]), although they may decline over time [54].  
 
Longevity of soil-stored seeds is much shorter than that of laboratory-stored seeds, and viability and 
germination of soil-stored seeds decreases rapidly over time. Most buffelgrass seeds lose viability or 
germinate within 1 or 2 years in the soil, although a small percentage may retain viability in the soil seed 
bank for 5 years or longer (e.g., [111,329,361,439]). In Queensland, Australia, most buried and surface-
sown buffelgrass seeds lost viability within 12 months. After 2 “fairly dry” years, only seeds in shaded 
microsites retained viability, and few seedlings were observed [361]. At two locations in South Texas, 
germination of ‘Pecos’ buffelgrass seeds buried 5 to 8 cm deep in mesh bags was 19% and 26% after 11 
months of burial, 6% and 13% after 20 months, and 2% after 39 months. At the time of burial, 
germination was 90% [329]. In central Australia, germination was 35% for freshly harvested seeds, 12% 
after 1 year of burial, and 10% after 2 and 3 years of burial [438] (see Germination). In western Australia, 
germination was about 10% after 2 years of burial and <5% after 5 years [439]. 

Seed Bank Density 
Buffelgrass seed bank density can be high, both on invaded sites and nearby uninvaded sites dominated 
by native plants (e.g., [75]). Seed bank densities up to 85,000 seeds/m2 have been reported in invaded 
sites in North America, although only three studies were available on this topic [3,75,284]. Studies from 
Arizona [75] and Australia [177,443] show a substantial reduction of seed bank density after 1 to 3 years 
of treatments that remove buffelgrass seedheads or entire plants; however, follow-up treatments may 
be needed for several years to prevent buffelgrass reestablishment (see Control). Cattle grazing may 
reduce buffelgrass seed production and thereby reduce seed bank density [177]. 
 
Information about buffelgrass seed bank density in North America comes from two studies in Saguaro 
National Park [3,75] and one study from Sonora [284]. In Saguaro National Park, seed bank densities in 
the top 5 cm of soil estimated using a seed extraction assay method were about 1,000 seeds/m2  in plots 
within native vegetation, about 5,000 seeds/m2 in plots where buffelgrass had been removed and had 
few to no buffelgrass plants in the aboveground vegetation, and about 85,000 seeds/m2 in plots in 
untreated, buffelgrass-invaded sites. When estimated using the emergence method (germinating seeds 
in a greenhouse), seed bank densities in treated and untreated-buffelgrass invaded plots did not differ 
from plots within native vegetation [75]. In another study at Saguaro National Park using the emergence 
method, density of buffelgrass seeds in the top 5 cm of soil in 10-year-old buffelgrass patches averaged 
645 seeds/m2 under buffelgrass plants and 10 seeds/m2 in interspaces (table 3) [3].  
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Table 3—Mean density of buffelgrass seed banks (seeds/m2) in the top 5 cm of soil on  
sites under perennial plant canopies and within interspaces between plants in invaded 
 (n = 14) and uninvaded (n = 14) patches in Sonoran desert scrub communities in  
Saguaro National Park, Arizona. Table modified from Abella et al. (2012) [3]. 

Site type Buffelgrass-invaded patches Uninvaded patches 
Buffelgrass 645 Not applicable 
Brittle bush 222 0a 
Cactus apple 232 0 
Interspace 10 30 

aIndicates a significant difference between invaded and uninvaded patches at p ≤ 0.05. 
 
Buffelgrass seed bank densities in the top 1 cm of soil ranged from 0 to 3,820 seeds/m2 in five desert 
scrub plant communities in Sonora (table 4). One site (Siete Cerros) had a relatively high density of adult 
plants (0.99 adult plants/m2), but also a high density of dead plants (0.62 dead plants/m2) and no seeds 
in the soil seed bank, suggesting that several dry years that killed plants also reduced seed bank density. 
The Bachoco site was the only site with evidence of recent fire, and this site had the highest density of 
seeds in the soil seed bank (3,820 seeds/m2) (see Postfire Seed Banks). Seed bank densities were 
determined using a Tetrazolium test to measure seed viability [284].  
 
Table 4—Density of buffelgrass seeds and plants in five desert scrub communities in  
Sonora, Mexico. Table modified from Morales-Romero et al. (2019) [284]. 

Site name Seeds/m2 Plants/m2  
Adult Juvenile Dead 

Siete Cerros 0 0.99 0.06 0.62 
La Pintada 343 1.04 0.05 0.17 
Cruz del Diablo 1,763 0.16 <0.01 <0.01 
Mina Nyco 1,812 0.78 0.44 0.33 
Bachoco 3,821 0.91 0.05 0.12 

Germination 
Buffelgrass germination is influenced by genotype or accession and seed characteristics that influence 
dormancy, as well as environmental conditions including temperature, moisture, light, burial depth, and 
pH. Under appropriate environmental conditions (precipitation greater than about 6 mm [361,420] and 
temperature greater than about 10 °C [18,389]), buffelgrass seeds can germinate at any time of year. 

Genotype or Accession 
Germination varies among genotypes and accessions and from year to year [178,303,319]. For example, 
germination of 4 buffelgrass genotypes over 3 years ranged from 23.5% to 73.0% [319] and germination 
of 11 accessions ranged from 34% to 70% [303]. Germination may be influenced by climatic conditions 
at the collection site (e.g., [178]).  

Seed Dormancy  
Lower germination percentages for freshly harvested seeds than that of stored seeds indicates that 
buffelgrass seeds exhibit some degree of primary dormancy [18,178,209,389,438]. Winkworth (1963) 
reported that 60% of freshly harvested seeds were dormant [438], while other studies reported that 
>90% were dormant [18,178]. Secondary dormancy may also occur in buffelgrass seeds 
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[177,302,438,439]. Primary and secondary dormancy in buffelgrass seeds favor the building of a 
persistent soil seed bank [389].  

Seed dormancy can be broken by increases or fluctuations in temperature and moisture 
[18,177,358,389,438,439]; mechanical removal of the structures covering the seeds (e.g., glumes, 
lemma, and/or palea) (e.g., by weathering) [18,177,209,303,304,389,439]; or scarification of the seed 
coat by acid or alkali treatment (e.g., leaching by rain) (e.g., [18,291,303]). Limited information suggests 
that passage through the digestive tract of animals does not improve germination [160,161], and likely 
kills seeds (see Seed Dispersal). Dormant seeds exposed to high temperatures (60 °C) for 4, 8, or 12 
weeks then germinated at a 30/25 °C day/night temperature regime in a laboratory had higher 
germination than freshly harvested seeds exposed to high temperatures, suggesting that high 
temperatures broke seed dormancy [177]. However, short-term exposure (e.g., 1-5 minutes) to 
temperatures >120 °C is likely to kill buffelgrass seeds [118,220,389]. Smoke does not appear to 
stimulate germination [411] (see Immediate Fire Effects on Seeds).  

Temperature 
In the laboratory, buffelgrass germinates under a range of temperatures, from as low as 10 °C to as high 
as 40 °C [18,303,389], but germination is best at moderate temperatures [18,304,389,411]. For example, 
in the laboratory, one study found maximum germination of buffelgrass seeds (78.5%) at 25 °C [389], 
and another found optimal germination  at 25/15 and 30/20 °C day/night temperature regimes [411]. 
Andersen (1953) also found optimum germination (98%) at a 30/20 °C day/night temperature regime 
and at 30 °C with constant light [18].  

Moisture 
Buffelgrass seeds can germinate any time that temperature and moisture conditions are favorable [35]. 
In the Sonoran Desert, this is usually during the summer monsoon season (see Seedling Establishment 
and Mortality: Weather). Buffelgrass seeds have a wide range of tolerance to water stress and 
germinate under a wide range of osmotic potentials (e.g., [304,389,411]). However, germination 
decreases as water stress increases [304,315,389,411], and lack of sufficient soil moisture appears to be 
an important cause of seed mortality [439]. Extended wet periods can promote seed pathogens and also 
reduce viability and germination [89].  

Buffelgrass can germinate in response to relatively small amounts of rainfall [420]. In a greenhouse, the 
minimum amount of water required for buffelgrass emergence was 6.3 mm (two consecutive watering 
events of 3.14 mm). Other Sonoran Desert species required a minimum of 17.5 to 35.6 mm of 
precipitation for emergence [420]. In Australia, field trials with ‘Gayndah’ buffelgrass indicated that 
germination occurred after small rainfall events (13 and 20 mm) within the first 10 months of sowing; 
however, seedlings then died, implying that the amount of rainfall was not enough to establish 
seedlings. When a “soaking” rainfall event occurred 18 to 28 months after sowing, no buffelgrass 
germinated because “seed reserves were exhausted” and viability of 18- to 28-month-old seeds was 
“poor” [361]. 

According to a review, sufficient rainfall to stimulate germination may not occur each year in the 
western United States, so buffelgrass germination may be episodic and occur only in relatively high 
rainfall years [110]. Dehydration occurring after initial wetting is detrimental to buffelgrass germination 
[116] and seedling establishment [358,361]. However, long imbibition times (>1 day) also result in 
reduced germination [116], suggesting that there is a “fine line between too much rainfall for 
germination and enough rainfall for seedling establishment” [235] (see Seedling Establishment and 
Mortality).  
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Light 
Buffelgrass can germinate in light and in dark [18,35,303,389,411,439], but studies are inconsistent. 
Germination percentages were similar in light and in dark for buffelgrass seeds collected from Sonora 
[389]. Other studies report higher germination with light exposure (e.g., [35,303]). For example, 
buffelgrass seeds collected from Kuwait were 1.5 times more likely to germinate if exposed to light than 
dark, regardless of temperature regime, suggesting that buried buffelgrass seeds would be less likely to 
germinate than those on the soil surface [35]. In contrast, germination of buffelgrass seeds collected 
from Michoacán, Mexico, and incubated in the dark was higher than that of those incubated under 
white light. Buffelgrass germinated under various wavelengths of white light, and germination was 
highest for seeds germinated in red and far-red light [411].  

Burial Depth 
Buffelgrass seeds have no effective seed burial mechanism and typically remain on or close to the soil 
surface [213]. In a greenhouse, buffelgrass seed germination was about 40% higher for seeds on a bare 
soil surface than for seeds buried up to 2.4 cm deep [290]. However, conditions are often too dry on the 
soil surface to support seedling emergence in the field [197]. 

While no information was available on litter cover and bare soil effects on buffelgrass germination and 
emergence in North America, litter cover appears to reduce germination and emergence of buffelgrass 
in Australian pastures [130,213,270]. Several Australian studies noted buffelgrass establishment in bare 
areas but not in densely vegetated areas [82,130,271] (see Seedling Establishment and Mortality).  

pH 
A laboratory study indicated that buffelgrass germination decreased with decreasing pH. After 12 days, 
buffelgrass germination was ~65% at pH 7.0, ~55% at pH 4.0, and 0% at pH 1.0 [346]. 

Seed Characteristics 
Buffelgrass has dimorphic seeds with some seeds on a plant having greater mass and higher 
germinability than others [35,36,209,238]. For example, large, heavy (>0.07 g) common buffelgrass 
seeds collected from 10 inflorescences in Tamaulipas, Mexico, had higher germination rates (56.3%) 
than small, light (<0.04 g) seeds from those inflorescences (39.3%) [209]. 

Seedling Establishment and Mortality 
Buffelgrass seedlings may establish at any time of year if temperatures are above about 20 °C and soil 
moisture is sufficient. Establishment in arid and semiarid sites is generally greatest at the onset of the 
wet season [271,396]. Lack of soil moisture and freezing temperatures may kill buffelgrass seedlings in 
the short term; however, they may also promote buffelgrass establishment by reducing abundance of 
associated vegetation and thus creating suitable microsites for establishment in the long term 
[55,130,271].  

Weather 
Young buffelgrass plants are intolerant of extreme temperatures [20,81,102], although tolerance varies 
among strains and cultivars [20,81,369]. All potted buffelgrass seedlings in a growth chamber died at 
alternating day/night temperatures of 45/35 °C. While maximum temperatures in the Sonoran Desert 
can approach 50 °C, shade provided by associated vegetation can provide favorable microenvironments 
for buffelgrass establishment, especially during the rainy season [102]. Buffelgrass is generally intolerant 
of freezing temperatures [20,81,369]. In a growth chamber, common buffelgrass seedlings exposed to -4 
°C for an unspecified amount of time did not survive [369]. 
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In the Sonoran Desert, buffelgrass establishes during or soon after summer rainfall events [14,92]. 
Because buffelgrass germination depends on adequate moisture (see Germination: Moisture), the 
scarcity and spatial and temporal irregularity of precipitation in the Sonoran Desert probably contributes 
to low rates of establishment of buffelgrass in some areas, such as in northern Baja California [159]. A 
critical driver of buffelgrass establishment in southern Arizona appears to be the amount of monsoonal 
rainfall. Precipitation amount appears more important than competition with associated vegetation to 
buffelgrass seedling development in this area [442].  

Site Characteristics 
Although buffelgrass seedlings can establish under vegetation canopies [226], where wind-dispersed 
seeds are frequently trapped [56], studies in Arizona, Mexico, and Australia reported that buffelgrass 
seedling establishment is greater in open areas (i.e., full sunlight) and on bare soil than in densely 
vegetated areas [62,82,255,271]. For example, buffelgrass seedling establishment was higher in open 
and/or bare areas than in areas with dense stands of mature buffelgrass plants [221], abundant litter or 
thatch [130,221], or under mid- or overstory canopy cover [62]. Buffelgrass seedlings may be “weak 
competitors” with associated vegetation [103,130,271] for resources such as soil nutrients and soil 
moisture [197,271]. In in southeastern Australia, no buffelgrass seedlings survived in plots in dense 
pasture, while 40% to 80% of seedlings survived in plots with all aboveground vegetation removed 
[271]. For more information on how light availability, cover by associated vegetation, and disturbance 
affect seedling establishment, see Successional Status.  

Plant Growth and Mortality 
Once established, buffelgrass seedling growth rate is "fast" [83]. Buffelgrass averaged 26.7, 
72.6, and 82.8 cm tall 30, 60, and 90 days after sowing in a garden, respectively [306]. Plant 
growth may be affected by weather, site characteristics, accession or cultivar [203], and seed 
size [209]. In addition, growth may increase following defoliation [244,320,397]. 

Weather 
During drought and freezing temperatures, buffelgrass dies back to short stems with nodes, leaving 
viable apical meristems at the soil surface. This allows it to grow new leaves and flower as soon as 
temperature increases and moisture is available [248].  

Cold and/or freezing temperatures can kill buffelgrass plants [89,414] or damage leaves [305] 
and reduce growth [59,102,211], although cold tolerance varies among buffelgrass cultivars 
[414]. Greenhouse studies found that buffelgrass stopped growing when mean daily 
temperature was around 11.5 °C and that the optimal day/night temperature regimes for 
growth were 35/29 °C [210] and 30/20 °C [102].  

In the Sonoran Desert, leaf growth of common buffelgrass typically begins when mean 
minimum temperature rises to about 10 °C, but stem growth occurs only when minimum 
temperature is between 15 to 20 °C and mean maximum temperature is below 40 °C 
[85,89,206]. For more information on how buffelgrass cold tolerance affects habitat suitability, 
see Site Characteristics: Climate and Weather. 

Once established, buffelgrass is considered drought tolerant [401] (see Soils) and is strongly 
competitive for water under water-limited conditions (e.g., [371,420]); however, water stress 
reduces plant growth (biomass, height, and number of living leaves) (e.g., [71,103,397]). 
Periods of relatively high precipitation can increase buffelgrass growth and spread (e.g., 
[55,90]) (see Site Characteristics: Climate and Weather).  
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Little growth occurs during dry periods [104,185], and dormant plants quickly respond to even small 
amounts of rainfall (e.g., [40,66,145,185,255,257,419]), although the amount of rainfall needed may 
depend on location [419] and season [40]. For example, a model to predict the phenological greenness 
of buffelgrass in Arizona indicated that buffelgrass would be 50% green 8 to 16 days after a 24-day 
period with precipitation totaling over 46 mm in the Santa Catalina Mountains or 25 mm in the Tucson 
Mountains. Differences between the Santa Catalina and Tucson mountain sites were attributed to 
differences in soils, aspect, and geology [419]. In Sonora, dormant plants sprouted within 15 days after 
20 mm of rain [257]. In Australia, buffelgrass initiated growth after 24 mm of rain in spring (October-
November) and after 78 mm in summer (February-March). Growth peaked 10 to 14 days after rainfall 
[40].  

Site Characteristics 
Buffelgrass growth is likely to be greater in open areas with little vegetation than in densely vegetated 
areas. Common buffelgrass seedling height and weight were greater in the field than in a greenhouse, 
likely due to greater light availability in the field [209]. In pastures in southeastern Australia, buffelgrass 
plants remained as single tillers, had lower biomass, and did not flower in plots with other vegetation, 
while plants in plots with all other aboveground vegetation removed had multiple tillers (>5), more 
biomass, and greater flowering rates [271]. Shading affects buffelgrass growth, although effects differ 
among sites [59,77,279,315] (see Shade Tolerance). 

Accession and Cultivar 
Rooting depth, root elongation rate, and shoot: root ratio are highly variable among buffelgrass 
accessions and cultivars [203]. In a greenhouse experiment using 110 buffelgrass accessions, as 
well as common buffelgrass, mean rooting depth of 28-day-old seedlings ranged from 63 to 
200 cm and was 147 cm for common buffelgrass; mean rate of root elongation ranged from 1.8 
to 7.14 cm/day and was 5.25 cm/day for common buffelgrass; and shoot:root ratio ranged 
from 0.89 to 3.43 and was 2.39 for common buffelgrass [203]. 

Seed Size 
Seed size may affect seedling growth. Common buffelgrass seedling height and weight were positively 
associated with seed size at 60 days old [209].  

Defoliation 
Buffelgrass growth may increase after defoliation (e.g., by cutting, grazing, or burning), although plant 
response depends on plant age and the frequency, intensity, and timing of defoliation [244,320,397]. 
For example, in an 18-week field experiment in northeastern Mexico that compared various cutting 
regimes, common buffelgrass biomass was generally higher in plots with less frequent (every 42 days) 
than more frequent (every 21 days) defoliation and higher in more severe (5-cm cutting height) than less 
severe (15 cm) defoliation. Plots cut in summer (July-August or August-September) tended to have 
higher biomass than plots cut in fall (September-November) [244]. In contrast, plant height, number of 
fertile tillers per meter, and dry matter yield of three buffelgrass genotypes in India were highest for 
plants that were not cut compared to plants that were cut at 30 and 45 days after monsoonal rains 
began or at 50% flowering [320].  

Vegetative Reproduction and Regeneration 
Buffelgrass may spread by rhizomes, tillers, or stolons (see Botanical Description), although 
vegetative spread rate is classified as “slow” [401]. Tillering and number of rhizomes is less in 
buffelgrass plants found in arid than in semiarid locations [304].  
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Buffelgrass resprouts after top-killing disturbances such as fire [122,255]. In the Avra Valley, 
Arizona, many buffelgrass plants resprouted within 5 days of burning buffelgrass old fields (C. J. 
McDonald, personal observation cited in [267]). In Queensland, Australia, all buffelgrass plants 
survived and resprouted after a low-intensity fire [139].  

While one source suggests that buffelgrass “rapidly resprouts from the root crown” after fire [121], 
other sources indicate it regenerates from stem nodes [248,278,406] or basal shoots [363]. See 
Immediate Fire Effects on Plants for more information on postfire resprouting. 

SUCCESSIONAL STATUS 

Shade Tolerance 
Publications describe buffelgrass as both shade intolerant [401] and relatively tolerant of shade [315], 
and information from the literature about buffelgrass shade tolerance is anecdotal and inconsistent. 
Overstory shading appears to inhibit the spread of buffelgrass on some sites [62,115,148], and appears 
to favor its presence on other sites (e.g., [139,405]). For example, in Saguaro National Park, buffelgrass 
cover was highest on “less shady”, southern aspects than on other aspects [115], and in Queensland, 
Australia, buffelgrass cover in acacia woodlands was negatively correlated with woody cover [62]. In 
contrast, on gently sloping bajadas in Sonora, buffelgrass tends to clump in the shade of trees, large 
shrubs, and chollas [405]. In eucalyptus woodlands in Queensland, buffelgrass occurrence was positively 
associated with tree canopies at more than half of the sites examined, perhaps because the trees had 
diffuse canopies and soil nutrient availability was greater under trees [139].  
 
While buffelgrass seedling establishment is less in areas with intact mid- or overstory canopy cover than 
in open areas [62,77,82,255,271] (see Seedling Establishment and Mortality), once established, mature 
buffelgrass plants may persist in shade, although growth (e.g., tiller and dry matter production) 
[59,77,279], cover, and density tend to be less in shade than in open areas [62,148]. Effects of shading 
on growth differ among sites. Buffelgrass plant growth, rates of tillering, leaf appearance, flowering, 
seedhead emergence, and rhizome initiation increased with increasing solar radiation in a greenhouse 
[59]. Dry matter production of buffelgrass growing under honey mesquite canopies in Venezuela 
decreased as shading increased and was about 21% lower under canopies than in the open. Shaded 
plants tended to be larger and thinner and have wider leaves and larger leaf area [77]. In India, tiller 
production and leaf area index of buffelgrass plants growing under acacia canopies was marginally lower 
than in the open. However, buffelgrass plants were taller under tree canopies and accumulated more 
chlorophyll, “indicating its shade adaptation potential” [279]. In Hawaii, buffelgrass grew taller and had 
greater dry shoot weight under increasing shade from 0% to 60% shade, whether grown alone or with 
other grasses (sourgrass and nonnative guineagrass) [315]. 

Succession 
Buffelgrass is a pioneer species that establishes best in disturbed areas. Disturbances that create 
suitable establishment sites for buffelgrass include drought, freezing temperatures, and overgrazing by 
livestock [55,92,130,269,271]. 
 
Buffelgrass dominates in early succession and persists and may dominate on severely and/or frequently 
disturbed sites such as frequently burned areas [46,56,407,441], old fields [46,56,416], creek banks 
[255], watercourses, dry washes, arroyo margins [56], roadsides [43,137,255,405], railways [288], levees 
[416], landfills [43], and human developments [103]. Buffelgrass is especially common along roadsides 
that are frequently disturbed by fire [407,441] or blading [405]. For example, buffelgrass dominates 

https://www.feis-crs.org/feis/


29 
Fire Effects Information System (FEIS) 

roadsides in southwestern Puerto Rico that have been burned repeatedly in prescribed or wildfires for 
at least 10 years [441]. Buffelgrass also colonizes disturbed sites created by heavy livestock grazing, 
livestock and wildlife trails, burrowing mammal activity, and ant activity [46,255,371]. Stevens and Falk 
(2000) stated buffelgrass establishment and spread are likely to continue in the Sonoran Desert because 
both human and natural disturbances are common [371]. 
 
Reducing abundance of associated vegetation via prescribed fire, herbicides, livestock grazing, or other 
control methods may increase buffelgrass abundance [208,262,263]. In buffelgrass pastures in former 
thornscrub communities in Texas, frequent disturbances (i.e., treatments) are required to reduce brush 
and maintain buffelgrass [183,212,265] (see Fire Management Considerations). Without such 
treatments, buffelgrass “may be seriously reduced within 10 years after planting” [182]. In buffelgrass 
pastures near Hermosillo, Sonora, buffelgrass biomass and seed production were greater when brittle 
bush abundance (density and biomass) was reduced using various methods, including prescribed fire 
[208]. Buffelgrass biomass production increased after cover of threadleaf snakeweed [262] and common 
goldenbush [262,263] were reduced with herbicides near Laredo in the South Texas Plains. Seeded 
‘Biloela’ buffelgrass established within 7 weeks after anchor-chaining and burning brigalow stands. By 
postfire year 3, buffelgrass was dominant [78].  
 
Buffelgrass can also establish and spread on undisturbed sites in the Sonoran Desert 
[55,56,58,137,145,243] and South Texas Plains [154], although density may be lower than on disturbed 
sites [56]. Disturbance may be less important for invasion on sites where propagule pressure is high 
[284], such as in areas of native vegetation adjacent to disturbed areas with large or productive 
buffelgrass populations, such as pastures, roadsides, and urban developments (e.g., 
[46,58,103,121,284,352,382,405]). For example, buffelgrass is abundant along highways in the Arizona 
Upland in Arizona and Sonora. From these areas, buffelgrass has spread into lower, hotter, drier desert 
scrub in the Lower Colorado River Valley to the west, and into higher, colder, wetter desert grasslands to 
the east. In the Arizona Upland, outside of cultivation buffelgrass is most common on disturbed rights-
of-way, shallowly incised drainages, and shallow arroyos, as well as undisturbed southern aspects [405] 
(see Topography). On the Reed Plateau, Texas, buffelgrass initially occurred in disturbed areas near 
roads, homes, and construction sites, and it has since spread from these sites into adjacent native desert 
sites likely due to road construction in 2003 [423].  
 
Once established in native communities, buffelgrass can alter native successional patterns [55,56,58] by 
interfering with the establishment of native plants (e.g., [55,57,283,300]) and by fueling uncharacteristic 
wildfires in Sonoran desert scrub and other native plant communities (e.g., 
[53,56,96,122,145,334,356,426]). Frequent and high-intensity fires fueled by buffelgrass and favoring 
buffelgrass dominance in postfire succession may lead to a grass/fire cycle that results in a shift from 
native, fire-sensitive desert scrub to nonnative, fire-adapted grasslands [371] (see Fire Regimes). 
Burquez et al. (1998) stated that the increased incidence of fire, coupled with disturbance by cattle, and 
a marginal advantage in water use by buffelgrass can shift the dominance from desert arborescent 
forms to desert grasslands dominated by buffelgrass in the deep alluvial soils of central Sonora [58]. At 
the Desert Laboratory in Tucson, buffelgrass spread on some rocky slopes after a freeze that caused 
"considerable mortality" of brittle bush, and brittle bush did not reestablish in areas dominated by 
buffelgrass [55]. 

https://www.feis-crs.org/feis/
https://www.fs.usda.gov/database/feis/glossary2.html#GrassFireCycle


30 
Fire Effects Information System (FEIS) 

FIRE ECOLOGY AND MANAGEMENT 

IMMEDIATE FIRE EFFECTS 

Immediate Fire Effects on Plants 
Quantitative information on rates of fire mortality and postfire sprouting are lacking in the literature, 
although observations indicate that buffelgrass generally survives fire and resprouts soon after 
[86,122,133,256,278,363,396]. Buffelgrass plants may be killed by fire, especially when plants are small 
[213,256]. Fire mortality likely also depends on plant phenology as well as fuel and fire characteristics; 
however, information on these topics is lacking.  

Fire is more likely to kill seedlings [118] and small plants than older, larger plants [213]. For example, 
basal area of killed plants was smaller than that of plants that survived prescribed fires in northern 
Queensland, Australia [213]. Near Catarina, Texas, no old, established buffelgrass plants appeared to be 
killed by an August prescribed fire in buffelgrass pastures, even though the fire occurred “under 
extremely dry soil conditions” [183]. Fire mortality may increase with greater fire intensity. In northern 
Queensland, buffelgrass plant mortality was positively correlated with fire intensity in plots at each of 
two sites, regardless of season of burning. Buffelgrass plant mortality was low (<6% of tagged plants) 
following both an early, dry-season prescribed fire (June) and a late, dry-season prescribed fire 
(November) in a eucalyptus savanna and a Mitchell grass grassland [213]. 

Plant phenology at the time of burning may influence mortality rates. In the Sonoran Desert near 
Hermosillo, Sonora, burning buffelgrass before active growth (27 July) killed or injured 75% to 85% of 
adult plants, while burning during active growth (29 August, leaves >20 cm long) killed or injured fewer 
plants (50%). The authors suggest that exposure of root crowns to “intense soil surface heat” (50-60 °C) 
was responsible for high mortality in the July fire [256]; however, they do not provide comparable 
information from the August fire. 

Immediate Fire Effects on Seeds  
Buffelgrass seeds can tolerate exposure to temperatures of 60, 70, 80, 100 °C, and possibly 120 °C for a 
short duration [118,220,389], and exposure to temperatures in this range may stimulate germination 
[220]. However, exposure to higher temperatures (>120 °C) is likely to kill buffelgrass seeds 
[118,220,389], and buffelgrass-fueled fires can reach extremely high temperatures. Peak temperatures 
of up to 900 °C were recorded during fires in buffelgrass-dominated old fields in the Sonoran Desert 
[268], suggesting that buffelgrass seeds are likely to be killed by such fires.  

Laboratory experiments suggest that exposure to heat for short periods may stimulate germination of 
buffelgrass seeds, although temperatures above 100 to 120 °C may be lethal, depending on exposure 
time and seed condition. Buffelgrass seeds collected from Argentina showed higher germination after 
exposure to 70 °C for 60 minutes (91.3%), and 100 °C (88.0%) or 120 °C (78.0%) for 5 minutes compared 
to unheated control seeds (71.3%). Germination was substantially lower (12.7%) after exposure to 180 
°C for 5 minutes [220]. Mean germination of buffelgrass seeds collected from southeastern Botswana 
and exposed to 100 °C and 116 °C for 2 minutes was 90.2% and 0%, respectively, compared to 95.5% for 
unheated control seeds. One month after germination, mean survival of seedlings emerging from seeds 
heated to 100 °C was 16.9%, compared with 100% survival of seedlings from unheated seeds [118].  

Heat tolerance may be greater for seeds lacking structures covering the seeds. Buffelgrass seeds 
collected from Hermosillo, Sonora, that were either “covered” (having the palea, lemma, glumes, and 
burr intact) or “naked” (having these structures removed) were placed in dry sand and exposed to 60, 
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80, and 120 °C for 1 minute or 60, 80, and 100 °C for 60 minutes. For covered seeds, germination 
probability was highest for unheated controls seeds (about 70%) and decreased as the temperature of 
exposure increased. No covered seeds germinated after exposure to 120 °C for 1 minute or 100 °C for 60 
minutes. For naked seeds, germination probability was highest after exposure to 80 °C (about 90% after 
1 minute and 80% after 60 minutes) followed by unheated control seeds (about 70%). It decreased to 
about 10% after exposure to 120 °C for 1 minute and to about 20% after exposure to 100 °C for 60 
minutes [389]. 

Buried seeds may be more likely to survive fire than seeds on the soil surface [389]; however, 
buffelgrass seeds have no effective seed burial mechanism and typically remain on or close to the soil 
surface where they are exposed to the heat of fire [213]. Ernst (1991) suggested that buffelgrass seeds 
on the soil surface are killed by fire due to the high flammability of the spikelet, while buried seeds are 
susceptible to damage by dry heat [118]. In Queensland, Australia, few buffelgrass seeds were found in 
the top 5 cm of soil after late dry-season (November) prescribed fires in buffelgrass-dominated 
eucalyptus savanna and buffelgrass-dominated Mitchell grass grassland [213]. In acacia-dominated 
savannas in Botswana, buffelgrass seeds were sown on the soil surface of a community with 80% 
perennial grass cover (curlyleaf) that was then burned. Fuel consumption was estimated at 300 g/m², 
and heat yield was estimated at 18,000 kJ/kg. No buffelgrass seeds collected from the burned plot 
germinated in a laboratory. Similarly, all buffelgrass seeds sown on bare soil and experimentally burned 
in a laboratory were “completely destroyed” [118]. In experimental fires in a laboratory using 
buffelgrass fuels, buffelgrass seeds on the soil surface and buried 1 and 2 cm deep were exposed to 241, 
115, and 41 °C, respectively, for 4.8 minutes, on average. Seeds on the soil surface and seeds buried 1 
cm deep did not germinate. Seeds buried 2 cm deep had similar germination as control seeds (about 
90%) [389]. 

Exposure to smoke may reduce germination of buffelgrass seed. Germination of buffelgrass seeds 
collected from pastures in Michoacán, Mexico, and incubated in smoke-infused water in a laboratory 
was lower (10.6%) than that of control seeds incubated in distilled water (12.2%), although the 
difference was small. The researchers concluded that because the fire season in Mexico occurs months 
before the development and release of seeds, it is likely that its adaptations to fire are restricted to 
mature stages of development, and that it lacks adaptations for postfire germination and establishment 
from the soil seed bank [411]. 

POSTFIRE REGENERATION STRATEGY 
Rhizomatous herb, rhizome in soil 
Tussock graminoid 
Herbaceous root crown, growing points in soil 
Geophyte, growing points deep in soil 
Ground residual colonizer (on site, initial community) 
Initial off-site colonizer (off site, initial community) 
Secondary colonizer (on- or off-site seed sources) [374] 

FIRE ADAPTATIONS 
Buffelgrass is described as a fire-adapted species because it typically survives and resprouts after fire, 
and it establishes from seeds and often spreads after fire [56,380,406,430]. Buffelgrass is a long-lived, 
deep-rooted perennial grass (See Botanical Description) that produces abundant seeds on burned (see 
Postfire Reproduction) and unburned (see Seed Production and Predation) sites. It may establish after 
fire from seeds dispersed potentially long distances from off-site sources (see Seed Dispersal) and from 
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plants that survive and resprout after fire (see Immediate Fire Effects on Plants). Buffelgrass may 
establish after fire from undamaged seeds in the soil seed bank (see Postfire Seed Banks); however, little 
information is available on this topic, and most evidence suggests that on-sites seeds are likely to be 
killed by fire (see Immediate Fire Effects on Seeds).  

Fire is likely to create conditions that are favorable for buffelgrass seedling establishment, although 
limited observations suggest that postfire seedling survival may be low [82,242] (see Postfire Seedling 
Establishment and Mortality). Buffelgrass abundance and growth often increase after fire, but the 
plant’s response to fire depends on postfire moisture availability, phenological stage at the time of 
burning, and fire frequency, intensity, and severity (see Postfire Abundance and Postfire Growth). 
According to a review, buffelgrass can tolerate burning better than most long-lived native perennials in 
the Sonoran Desert [110].  

 

PLANT RESPONSE TO FIRE 
Information on buffelgrass response to fire in North America comes primarily from studies in the 
Sonoran Desert—including southern Arizona and central and northern Mexico—and the South Texas 
Plains. Much of this information comes from studies in areas where buffelgrass is planted in pastures as 
a desirable livestock forage, and prescribed fires are used to maintain its dominance (i.e., prevent 
establishment and spread of woody plants) and promote its growth. Limited anecdotal information was 
available from southern Mexico and Hawaii. Outside of North America, information comes from studies 
in Australia and its native India. No information is available from other locations or plant communities. 

This review focuses on information from North America. Information from locations outside North 
America, especially Australia, is provided in the context of how it might inform management of 
buffelgrass in North America. 

Figure 6—Buffelgrass-fueled fires can kill native cacti, which are not adapted 
to fire. Image courtesy of the National Park Service. 
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Postfire Abundance 
Little information was available on buffelgrass abundance after fire in native plant communities in North 
America, and this  comes mostly from studies of fire in buffelgrass pastures in the Sonoran Desert and 
South Texas Plains. These studies indicate that buffelgrass abundance (biomass or cover) is influenced 
by many factors including postfire moisture availability [28,182,205,208,256,257,265,377], phenological 
stage of buffelgrass at the time of burning [28,256], fire weather [183,264], fire timing, intensity, and 
severity [130,139,175], fire frequency [175,360], plant community composition (i.e., buffelgrass 
abundance at the time of the fire) [278], and site characteristics (e.g., disturbance and management 
history) [28].  

Sonoran Desert 
Observations suggest that buffelgrass cover can increase and that buffelgrass can “quickly dominate 
many sites” after fire in Sonoran Desert shrublands (M. Brooks and G. R. McPherson, personal 
observations cited in [331]); however, no quantitative information is available on buffelgrass postfire 
abundance in native communities in the Sonoran Desert. Buffelgrass abundance generally increased 
after prescribed and accidental fires in buffelgrass pastures in Sonora [205,208], but postfire response 
may depend on postfire precipitation and soil water availability at the time of burning [205,256].  

Buffelgrass biomass was higher on burned than unburned plots 5 months after prescribed fire in two 9-
year-old buffelgrass pastures near Hermosillo, Sonora. One pasture had high brittle bush density and 
one had low brittle bush density, and prescribed fires and other treatments were intended to reduce 
brittle bush cover and increase buffelgrass cover. Prescribed fires were conducted before summer rains, 
in May, in a year of below-average precipitation. In the pasture with high brittle bush density, 
buffelgrass biomass was 363 kg/ha on burned plots and 253 kg/ha on untreated control plots. In the 
pasture with low brittle bush density, buffelgrass biomass was 2,286 kg/ha on burned plots and 1,345 
kg/ha on untreated control plots [208]. In three studies in 4- to 15-year-old buffelgrass pastures in 
Sonora, buffelgrass abundance was generally greater on burned than unburned plots 1, 2, and 3 growing 
seasons after June fires and on sites burned once, twice, or three times within 6 years, with one 
exception. On a site in which June burning was followed by an unusually dry growing season (76 mm of 
precipitation, compared with 300 mm the second postfire year), buffelgrass productivity was less on 
burned than unburned plots in the first year; it was greater in the second year [205]. See the Research 
Project Summary for detailed information on this study. 

Table 5—Buffelgrass live biomass (kg/ha) at the peak of the summer growing season (15 August) 1 to 4 
years after summer prescribed fires at different buffelgrass growth stages. Table modified from Martin 
R. et al. (1999) [256]. 

Growth stage (date of burn) Postfire yeara 
1 2 3 4 

Dormant (27 July) 1,650ab 1,650ab 1,600ab 1,900ab 
Second leaf (7 August) 1,700a 2,900a 2,600a 2,550a 
Early culm elongation (23 August) 1,350bc 1,700ab 2,600a 2,750a 
Active growth (29 August) 650c 700c 700c 800c 
Unburned control 1,550ab 1,200bc 750c 700c 

aValues within a row and column with the same letter indicate no significant difference (p ≤ 0.05). 

Buffelgrass postfire growth may depend on timing of prescribed fires with regard to buffelgrass 
phenological stage and soil water availability. One to 4 years after fire in pastures near Hermosillo, 
Sonora, buffelgrass biomass was always lowest on plots burned during the peak summer growing season 
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in late August when soil moisture availability is low and was generally highest on plots burned when 
buffelgrass was in the dormant and early growth stages (table 5) [256]. See the Research Project 
Summary for detailed information on this and associated studies.  

Elsewhere in Mexico 
After 3 consecutive years of spring prescribed burning in nonnative pastures at the El Macho 
Experimental Station in west-central Mexico, buffelgrass biomass was not consistently higher on burned 
plots than on unburned, grazed control plots (table 6). Precipitation during the study was within 6% of 
average [295]. 

Table 6—Mean buffelgrass biomass (kg/ha) on burned and  
unburned, grazed control plots when plants were dormant (1982)  
or when plants were growing (1983 and 1984) after fires in 3 years 
in west-central Mexico. Control plots were grazed with high  
intensity for 3 days at the same time as burning. Table modified 
 from Negretes-Ramos (1986) [295].  

Fire year Burned Unburned 
1982a 9,152 7,746 
1983b 11,617a 9,851b 
1984b 10,980a 10,781a 

aBiomass was measured when plants were dormant in January 1983 
 and statistical differences were not determined.  
bBiomass was measured every 15 days throughout the growing  
season and mean values within rows followed by different letters are 
 significantly different (p < 0.05). 

South Texas Plains 

Rio Grande Palmetto 
Buffelgrass cover appeared to be higher 3 months after a fast-moving April wildfire in Rio Grande 
palmetto communities in Brownsville than before the fire. Drought conditions occurred during the 5 
months prior to the fire, and postfire cover was observed after 190 mm of late-spring precipitation 
[415].  

Thornscrub 
In thornscrub at the Chaparral Wildlife Management Area, buffelgrass and Lehmann lovegrass cover 
(combined) in fall was less on burned (11%) than unburned control (42%) plots 2 years after summer 
and early fall prescribed fires. The researchers hypothesized that lower nonnative grass cover on burned 
plots could have been due to burning during their peak growth stage, below-average precipitation 
during and after the fires, and/or heavy postfire wildlife grazing. They also noted that the study was 
short term and that buffelgrass cover could increase over time [28]. 

Pastures in Former Thornscrub 
Several studies are available from the 1970s and 1980s on the short-term (up to 45 months) response of 
buffelgrass to prescribed fires in seeded buffelgrass pastures in former thornscrub communities 
[182,183,264,265]. Prescribed fires are frequently used in these pastures to kill woody plants and 
stimulate buffelgrass growth for livestock forage. They are conducted in winter, when buffelgrass plants 
are dormant (e.g., [182,183]). Buffelgrass persists after one or more fires in these settings, although its 
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postfire abundance varies among studies. Differences among studies may be due to a number of factors, 
including moisture conditions before and after burning [181,182,183,264].  

Little postfire growth of buffelgrass occurs until the first rainfall after fire [182,183,265,357], and growth 
is limited by dry weather after fire [181,182,183,264]. Buffelgrass biomass may be higher in burned than 
unburned pastures when fires are followed by relatively wet periods [183,264,265]. Conversely, 
buffelgrass biomass in pastures burned during dry periods may be similar to or lower than that in 
unburned pastures in the first 2 to 4 postfire years [181,182,183,264].  

Southern Great Plains 
No information was available on postfire abundance of buffelgrass in shortgrass or mixedgrass 
communities of the southern Great Plains, although buffelgrass is considered a “high threat” in these 
communities [170] (see Plant Communities: Great Plains).  

Hawaii 
In Hawaii, Smith (1985) described buffelgrass as a “fire-enhanced” species because "its cover typically 
increases with each succeeding fire”. However, no other details were provided [363].  

Buffelgrass may increase after fire in woodlands and shrublands in dry lowland areas in Hawaii. For 
example, nonnative kiawe communities are frequently burned by wildfire due to low rainfall and 
continuous fine fuels. The survival rate of kiawe after fire is approximately 20%, allowing for the rapid 
establishment and potential dominance of buffelgrass after fire [364].  

Australia and India 
Much like in North American studies, studies in Australia and India are short term (<8 years) and many 
are conducted in planted buffelgrass pastures. They indicate varied responses of buffelgrass abundance 
to fire, including increases [62,133,139,175,278], decreases [139,278,313,360], and no difference 
[130,377]. Changes in buffelgrass abundance on burned compared to unburned sites seems to depend 
on fire characteristics, amount and timing of precipitation relative to burning, and time since fire; 
however, information on these topics is limited in the available literature.  

Buffelgrass postfire abundance in Australia may be reduced more on burned than unburned plots during 
dry periods, as indicated by many North American studies (e.g., [181,182,183,205,256,264]). During the 
first year after an August (winter) wildfire in a ‘Bioela’ buffelgrass-purple bushbean pasture in 
Queensland, Australia, buffelgrass biomass increased similarly on burned and unburned plots during wet 
periods and decreased more on burned than unburned plots during dry periods. Biomass and 
precipitation were measured at 4-week intervals from October to March [377]. 

As in North American studies (e.g., [205,295]), in Australia, frequent spring fires may stimulate 
buffelgrass growth; however, information on the effects of repeated fires is limited. In Queensland, 
buffelgrass frequency (2.2%) and biomass (≈25 kg/ha) were lower in plots in a frequently burned acacia 
community 8 years after the last fire than in unburned plots (frequency: 6.1%, biomass: ≈125 kg/ha). 
Woodlands were burned in spring (September-November) in 6 out of 8 years [360].  

Buffelgrass abundance may be reduced by high-intensity fires on some sites [139,175,213,278], 
although this response is not consistent and may vary among plant communities. Three studies in 
Queensland compared buffelgrass postfire abundance on plots burned at varied fire intensities and 
found it was either similar on high- and low-intensity burned sites (e.g., in acacia woodlands [130] and 
Mitchell grass grassland [213]), or lower on high-intensity than low-intensity burned sites (e.g., in 
eucalyptus savanna [213] and eucalyptus woodland [139]). For example, in postfire year 1, no 
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relationship between buffelgrass cover and fire intensity was found in a Mitchell grass grassland in 
Moorrinya National Park, whereas buffelgrass cover declined with increasing fire intensity in buffelgrass-
dominated sites in a eucalyptus savanna in Dalrymple National Park (Adj r2 = 0.41) [213]. In acacia 
woodlands in southwest Queensland, buffelgrass cover was similar on plots burned by relatively low-
intensity fires (scorch height up to 1 m on trees and canopy unscorched) and plots burned by relatively 
high-intensity fires (tree canopy scorched) [130]. A study in India found that buffelgrass abundance 
increased after both summer and winter prescribed fires, although buffelgrass increased less after 
summer than winter fires, likely because summer fires were more intense. The fires were conducted 
either annually for 2 years or biennially for 4 years [175].  

Postfire Reproduction 
Little information is available on postfire seed production of buffelgrass. One study in two 9-year-old 
buffelgrass pastures in the Sonoran Desert near Hermosillo, Sonora, found that buffelgrass seed 
production was higher on burned than unburned sites 5 months after May prescribed fires meant to 
remove brittle bush plants. In a pasture with low brittle bush density, buffelgrass seed production was 
20.1 kg/ha in burned plots and 13.9 kg/ha in unburned plots. In a pasture with high brittle bush density, 
buffelgrass seed production was 9.5 kg/ha in burned plots, and 7.6 kg/ha in unburned plots [208].  

While buffelgrass flowering has been reported to be enhanced by fire in Australia, particularly when fire 
was followed by rain (L. Baker, personal communication cited in [198]), Jackson (2004) reported that 
fires had “little effect on flowering” in savannas in Queensland,  regardless of season of burning. In 
buffelgrass-dominated eucalyptus savanna in Dalrymple National Park, the mean number of 
inflorescences per plant and the mean percentage of plants in flower were similar between plots burned 
in the early dry season (June), plots burned in the late dry season (November), and unburned control 
plots. More large plants flowered (53%) than small plants (14%) and large plants had more 
inflorescences (5.1 inflorescences/plant) than small plants (0.3 inflorescences/plant). In buffelgrass-
dominated Mitchell grass grassland in Moorrinya National Park, the mean number of inflorescences per 
plant was higher in late dry-season burned plots than early dry-season burned plots, but neither differed 
from unburned control plots and the mean percentage of plants in flower was similar among plots. The 
relative lack of a response may have been due to the low intensity of the fires in both seasons [213]. 

Postfire Seed Banks 
Information on postfire buffelgrass seed banks in limited. In Sonora, Mexico, a desert scrub site with 
evidence of recent fire (Bachoco) had higher density of seeds in the top 1 cm of soil (3,820 seeds/m2) 
than four other sites without evidence of recent fire (0-1,812 seeds/m2) [284] (table 4), but no other 
information was provided. See Seed Banking for more information on this study.  

Postfire Seedling Establishment and Mortality 
Buffelgrass may establish from on- or off-site seed sources after fire, and fire is likely to create 
conditions that are favorable for buffelgrass seedling establishment by reducing litter [213,270] (see 
Germination: Burial Depth) and vegetation [255] and increasing bare ground [271] and soil nutrient 
availability [255]. Seeds buried or protected in the soil seed bank may survive and germinate after fire 
[389]; however, exposure to high temperatures during fire is likely to kill buffelgrass seeds on or near 
the soil surface [118,220,389] (see Immediate Fire Effects on Seeds). Buffelgrass may establish on 
burned sites from seeds of surviving plants or from seeds dispersed from off-site by wind, water, or 
animals (see Seed Dispersal).  
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Postfire seedling survival may be low [82,242]. However, few studies reported information on postfire 
seedling establishment or mortality in North America. Near Catarina, Texas, buffelgrass seedling 
establishment was “negligible” 10 months after an August prescribed fire in former thornscrub. The fire 
occurred “under extremely dry soil conditions” and soils remained dry for the first 10 postfire months 
[181,183]. 
 
Information from studies of buffelgrass seeds sown onto burned areas in the Sonoran Desert in Arizona 
[242] and pastures in Australia [82,242] indicate high [242], low [82], and no [270] seedling 
establishment on burns and low seedling survival [82,242]. On the Tonto National Forest, Arizona, eight 
herbaceous species, including buffelgrass, were seeded individually in plots in burned chaparral 
communities soon after the 1959 Boulder Mountain Fire. During the first growing season, buffelgrass 
was the “most vigorous” species based on plant size and appearance, and its establishment was rated 
“excellent”. Overwinter mortality of seedlings was high, however, and this stand died during the first 
winter. A “poor” stand of buffelgrass seedlings established the second postfire growing season but also 
died during the second winter. The third postfire growing season, only a few scattered buffelgrass 
seedlings were found [242].  
 
In Queensland, Australia, postfire seedling establishment from seeds sown on burned areas varied 
among studies [82,270]. In native and nonnative pastures sown with ‘Biloela’ buffelgrass seeds, 
buffelgrass seedlings did not establish on burned plots in either pasture type, but they did establish on 
untreated control plots (0%-1.2%), herbicide-treated plots (0.6%-9.9%), and cultivated plots (4.3%-
34.5%) during 2 years. The authors concluded that the “temporary reduction in aboveground 
competition by burning had no beneficial effect” on seedling establishment. Cultivation was beneficial 
apparently because it removed belowground plant competition and improved seed-soil contact [270]. In 
eucalyptus forests where trees had been either cleared or killed, emergence of sown ‘Basilisk’ and 
‘Gayndah’ buffelgrass seedlings was lower on burned plots (7.5%-15.1%) than unburned control plots 
(19.0%-31.9%); however, seedling survival was typically higher in burned (0-2.9%) than unburned (0%) 
plots [82]. 

Postfire Growth 
Observations in North America suggest that new buffelgrass growth can appear within 5 to 10 days after 
complete top-kill [86,256,365]. Postfire growth may depend on season of burning and postfire 
precipitation [86], but little information is available on these topics. In the Sonoran Desert, buffelgrass 
leaves began to appear within 5 to 10 days after summer prescribed fires “irrespective of temperature 
and precipitation” immediately after burning [256]. In Carbo, Mexico, green leaves appeared in less than 
10 days on all buffelgrass plants on summer-burned plots, but growth during the following 60 days 
depended on precipitation amount and timing. Green leaves appeared on fall-burned plots in either 
December or February, but active growth occurred only in March following precipitation [86]. Smith 
(2010) described buffelgrass sprouts as “fast emerging” following prescribed fire in the South Texas 
Plains, with sprouts appearing within “a few days” of burning [365]. In buffelgrass pastures in the 
Northern Territory, Australia, buffelgrass growth began within 19 days after top-kill by a dry-season 
wildfire, and biomass increased until at least postfire day 146. A decline in biomass by postfire day 175 
(fig. 7), was possibly due to some leaf death during a 2-week dry period [133]. 
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Buffelgrass plants may be taller on burned than unburned plots during an average or relatively wet year, 
but shorter on burned plots during a dry year. In buffelgrass pastures at the El Macho Experimental 
Station, south of the Sonoran Desert in Nayarit, Mexico, buffelgrass plants were taller on burned (109 
and 113 cm) than unburned control (98 and 99 cm) plots during postfire years 2 and 3, respectively. 
Precipitation was average both years [295]. In a 15-year-old buffelgrass stand in the Sonoran Desert in 
Sonora, buffelgrass was shorter on burned than unburned sites the first postfire growing season, but 
taller on burned than unburned sites during second postfire growing season. The first postfire growing 
season was an exceptionally dry year (total annual precipitation: 76 mm), while precipitation was higher 
during the second postfire growing season (300 mm) [205]. See the Research Project Summary for 
detailed information on this study. 

FUEL AND FIRE CHARACTERISTICS 
Buffelgrass fuels are dense, flammable, and persistent for many months after curing and can result in 
high-intensity fires [121,132,350]. Buffelgrass biomass greens up earlier [68] and cures later than that of 
associated native species [198]. Biomass can exceed 12,000 kg/ha but varies among locations and site 
types (table 7). Buffelgrass can burn “easily” even when green [121,406], although fires in green 
buffelgrass fuels are less uniform [258] (see Fire as a Control Agent). Esque et al. (2002) describes 
buffelgrass as an "almost-woody subshrub" that accumulates flammable material over several years 
[121]. Sands and Goolsby (2011) noted that very few detritivores feed on and decompose litter from 
buffelgrass and other African grasses in North America and Australia, resulting in accumulation of dead 
leaves and a build-up of fine fuels; thus, increasing the likelihood of wildfires [350]. In Kruger National 
Park, South Africa, buffelgrass litter decomposed faster in relatively wetter areas across four savannas 
[101].  

 

Figure 7—Buffelgrass green-leaf biomass after wildfire in buffelgrass pastures in the 
Northern Territory, Australia. Data from Falvey (1977) [133]. 
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Table 7—Buffelgrass fuel biomass reported from different locations and site types. 

Location Site type Buffelgrass biomass 
(kg/ha) 

Reference 

Arizona 
Avra Valley Fallow fields planted to 

buffelgrass (old fields) 
6,710-12,100 [268] 

Saguaro National Park Desert scrub sites 
invaded by buffelgrass 

2,480-2,828 [122] 

Saguaro National Park Invaded native 
communities 

2,600-6,850 [268] 

South Texas Plains 
Laredo Buffelgrass pastures 

that were “relatively 
old and low in vigor” 

2,350-5,410 [265] 

Starr County Root-plowed 
thornscrub community 
planted to buffelgrass 

1,548-3,384 [162] 

Mexico 
Hermosillo, Sonora Buffelgrass pasture 465-3,045 [257] 
Hermosillo, Sonora Buffelgrass pasture 700-1,550 [256] 
Throughout south-
central Sonora 

Buffelgrass pastures 
with honey mesquite, 
huisache, and Arizona 
mimosa or brittle bush 

2,600-6,730 [205] 

Western Nayarit Nonnative pastures 
with buffelgrass 

3,691-7,326 [295] 

Australia 
Northern Territory Acacia woodland with a 

grassy understory 
1,804-6,667 [278] 

Queensland Eucalyptus woodland 
with a grassy 
understory and varying 
cover of buffelgrass 

up to 6,500 [214] 

 

Buffelgrass invasion can result in increased abundance and continuity of persistent fine fuels that can 
burn at greater fire intensity relative to native plant communities, as has been observed in the Sonoran 
Desert [122,268], in pili grass grasslands in Hawaii [97], and in brigalow woodlands in Australia (e.g., 
[255,298]). Anecdotally, buffelgrass stands are said to burn “hot” [428] or "very hot" [79], and Smith 
(2010) described a 20,000-ha “buffelgrass-assisted” wildfire in La Salle County, Texas, in 2008 as an 
“inferno” [365]. Thus, it is commonly suggested that buffelgrass invasion results in increased fire hazard 
and fire risk in the Sonoran Desert [16,17,50,65,107,115,122,155,298], Hawaii [97], and Australia 
[62,272]. In Australia, during fires at Simpsons Gap in 2011, 86% to 100% of buffelgrass-invaded areas 
burned compared with only 12% to 20% of areas where buffelgrass had been removed [355]. 
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Sonoran Desert 

Fuel Loads 
In native Sonoran desert scrub communities, fine fuels are dominated by annual plants, which are 
typically sparse and discontinuous. Cover, density, and continuity of annual plant fuels fluctuate in 
response to variation in annual and seasonal precipitation, such that fine surface fuels are inadequate to 
carry fire, except during relatively wet periods [121,356,371,433]. Buffelgrass growth and spread is also 
greater in relatively wet years [90,257] (see Plant Growth and Mortality); however, in contrast to native 
vegetation, buffelgrass accumulates flammable material over several years, such that fine fuel loads and 
continuity are less affected by annual climatic variability where buffelgrass invades [121,268]. 
Buffelgrass can fuel wildfires in any month and in any given year, regardless of precipitation timing and 
amount [124,268,433]. Buffelgrass fine fuel loads are generally much higher than fine fuel loads from 
native herbaceous plants in Sonoran desert scrub communities [122,255,268,298,371], and fires in 
buffelgrass fuels burn at higher intensity than those in native fuels [121,268] (see Sonoran Desert: Fire 
Characteristics). 

In Saguaro National Park, buffelgrass aboveground biomass averaged 2,828 and 2,480 kg/ha on two 
desert scrub sites invaded by buffelgrass. These values were well above the minimum amount required 
to carry fire and were high in comparison to fine fuels from annuals. Fine fuels from annuals (both native 
and nonnative combined) typically range from 0 to greater than 700 kg/ha in warm deserts of North 
America. During the year of the study, sites received <267 mm of rain, and buffelgrass moisture content 
was very low (3.6%) [122]. A comparison of buffelgrass fuels in native desert scrub in Saguaro National 
Park to those in planted buffelgrass old fields in Avra Valley, Arizona, showed buffelgrass fuel loads 
ranged from 2,600 to 6,850 kg/ha in invaded native communities and from 6,710 to 12,100 kg/ha in old 
fields. These fuel loads were higher than buffelgrass fuel loads reported in most other studies in the 

Figure 8—a. Native Sonoran desert scrub community with sparse, discontinuous surface fuels and 
no buffelgrass. b. Buffelgrass-invaded community with dense, continuous surface fuels. Images 
courtesy of the National Park Service. 
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Sonoran Desert (table 7), perhaps due to climate, time-since-fire, or both. Interannual variation in 
buffelgrass biomass was much lower than that of other invasive grasses, including native and nonnative 
annual grasses [268]. 

Fuel Continuity 
When buffelgrass invades Sonoran desert scrub communities, it increases continuity of fine surface fuels 
by growing in what are typically bare interspaces between patches of native grasses, shrubs, trees, and 
succulents [132,268]. In native desert scrub communities in Sonora, buffelgrass invaded some sites by 
growing among native plants, filling interspaces, and forming a denser and more continuous herbaceous 
layer. Bare soil was much lower in a buffelgrass-invaded site (6.6%) than in uninvaded desert scrub 
(58%). Total plant cover on invaded sites was 93.4% and composed primarily of buffelgrass (57%), with 
native species, Arizona mimosa (17%) and yellow paloverde (8.8%) dominating the overstory. By 
comparison, total plant cover in native desert scrub was 42% and composed primarily of Arizona 
mimosa (15.7%), yellow paloverde (13.5%), and Willard’s acacia (6.5%) [44].  

Continuous buffelgrass fuels increase the probability of fire spread and large fires in the Sonoran Desert. 
The large size of the lightning-caused 48,600-ha Bighorn Fire, which occurred in summer 2020 in the 
Santa Catalina Mountains, was attributed to increased fuel loads and connectivity resulting from 
invasion by buffelgrass and other nonnative grasses, including crimson fountaingrass, weeping 
lovegrass, Lehmann’s lovegrass, and red brome. On south-facing slopes in desert scrub, winter annuals 
were relatively sparse, and fire was carried by dense patches (>50% cover) of buffelgrass and 
fountaingrass; however, such patches were generally small and discontinuous along rocky hillsides and 
thus limited the fire’s extent. Dense, continuous buffelgrass also fueled the lightning-caused, 10-ha 
Mercer Fire in the Santa Catalina Mountains in August 2019, which burned to the edge of a buffelgrass 
patch on a south-facing slope, ran out of fuels, and burned out [433].  

 

Figure 9—A buffelgrass-fueled fire in Arizona with 6-m flame lengths.  
Photo courtesy of the National Park Service. 
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Fire Characteristics  
Because buffelgrass fine fuel loads are generally much higher than fine fuel loads from native plants in 
Sonoran desert scrub communities, fires in buffelgrass stands are likely to have higher temperatures, 
longer flame lengths, and greater rates of spread than fires in native desert scrub [122]. In the Sonoran 
Desert, buffelgrass-fueled fires can reach temperatures “so hot that the soil is scorched and the bedrock 
cracked” [121]. Headfires in buffelgrass stands have been reported to reach temperatures of 585 to 900 
°C [86,268,296]. In the Avra Valley, Arizona, four May prescribed fires in buffelgrass old fields with fuel 
loads ranging from 6,710 to 12,110 kg/ha and buffelgrass cover ranging from 50.8% to 78.7% were more 
intense than fires in other arid ecosystems in the Southwest (e.g., red brome communities in the Mojave 
Desert and thornscrub in Texas). A maximum temperature of 871 °C (height not given) and mean 
maximum temperatures ranging from 568 °C at the soil surface to 799 °C at 30 cm above ground were 
recorded during the fires. Temperatures during the peak fire season (June-July) would likely be even 
higher than those observed under the relatively cool conditions in May [267,268]. In comparison, using 
similar but not identical methods, mean maximum temperatures at 30 cm above ground during a June 
prescribed fire in an uninvaded paloverde-saguaro community on the Tonto National Forest, Arizona, 
were 76 °C in interspaces, 167 °C under yellow paloverdes, and 210 °C within triangle bur ragweeds. The 
highest temperatures in the native community were recorded at 1 cm above ground, with mean 
maximum temperatures of 88 °C in interspaces, 299 °C under yellow paloverdes, and 405 °C within 
triangle bur ragweeds [307]. 

Four buffelgrass-fueled fires in old fields fit more closely with a moderate load, humid-climate grassland 
model than an arid-climate grassland fuel model. Rate of spread was 0.67 m/s and peak flame lengths 
ranged from 3.7 to 7.5 m. Several fire whirls, one up to 28-m tall, were observed when winds were light 
and variable. Under hotter, drier, and/or windier fire weather conditions, flame lengths are likely to 
exceed this. High radiant heat and long flame lengths suggested that common fuel breaks such as trails, 
unpaved roads, or rocky slopes would likely be insufficient to contain buffelgrass fires [267,268].  

South Texas Plains 
Fine fuel loads produced in buffelgrass pastures in the South Texas Plains the first several years 
following establishment normally exceed the minimum amount needed to carry a prescribed burn [182].  

Southern Great Plains 
Buffelgrass is invasive in southern mixedgrass prairie and shortgrass steppe communities, where it may 
not substantially alter fuel characteristics because these communities are already dominated by grasses 
[170]. No information was available regarding impacts of buffelgrass invasions on fuels in these 
grasslands. 

Hawaii 
Buffelgrass fuels frequent fires in dry coastal lowlands of Hawaii [95,364], although few details are 
provided in published literature.  

Extensive pili grasslands are thought to have been maintained by burning in the dry coastal lowlands 
prior to the 1700s, but they are now limited to small, scattered remnants [240]. Buffelgrass stands are 
denser than native pili grass stands, providing more abundant fuels. In addition, buffelgrass can grow on 
open rock outcrops where pili grass does not, thus providing fuels in areas that previously provided 
barriers to fire spread. Therefore, buffelgrass fires have the potential to spread farther and faster than 
pili grass fires [97]. 
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Australia 

Fuel loads 
Buffelgrass has been reported to produce 2 to 3 times as much biomass as native species in some parts 
of Australia, and buffelgrass pastures have fuel loads of up to 20 times that found in similar intact, 
native vegetation [95,213]. In addition, buffelgrass cures later in the year than native plants. Thus, 
buffelgrass invasion is leading to an increased incidence of high-intensity, late-season fires in native 
plant communities [198].  

Fuel Continuity 
Buffelgrass establishes monocultures in the understory of plant communities that are unlikely to burn in 
their native state, such as dry Australian rainforests and brigalow woodlands. Buffelgrass fuels are more 
uniformly flammable than native plant fuels [350]. Historically, watercourses were natural firebreaks in 
arid ecosystems of Australia, but the spread of buffelgrass in watercourses from water-dispersed seed 
has turned these areas into "wicks" for fire [198]. 

Fire Characteristics 
Fire intensity may increase as buffelgrass cover increases. On rehabilitated coal mine sites in central 
Queensland, mean fire intensity during a fall (late May) prescribed fire was 4,612 kW/m in grasslands 
where buffelgrass cover was 87.5%, and it was 1,977 kW/m in open woodlands where buffelgrass cover 
was 64.1%. Fire was more continuous in grasslands and patchier in woodlands, and fire severity 
(biomass loss) was greater in grasslands (9,150 kg/ha) than in woodlands (4,840 kg/ha) [272]. Because 
fire intensity is correlated with overstory mortality [278], buffelgrass fueled fire is likely to lead to 
increased mortality of trees in open woodlands in Australia [355].  

FIRE REGIMES 
In North America, buffelgrass is invasive primarily in the Sonoran Desert, South Texas Plains, and Hawaii. 
Brief descriptions of historical and contemporary fire regimes in these regions are provided in the 
following sections. Additional information on fire regimes in Biophysical Settings where buffelgrass is 
invasive is available in the following FEIS Fire Regime publications: 

• Fire regimes of Hawai’ian plant communities 
• Fire regimes of plains grassland and prairie ecosystems 
• Fire regimes of Sonoran desert scrub 
• Fire regimes of mesquite scrub and woodland communities 
• Fire regimes of South Texas scrub communities 
• Fire regimes of southwestern grassland and steppe communities 

 
Find additional fire regime information for the plant communities in which buffelgrass may occur in the 
United States by entering the species name in the FEIS “Advanced Search for Fire Regimes". 

Sonoran Desert 
Historically, fires were rare to very infrequent in most Sonoran desert scrub communities because fine 
fuels were too sparse and discontinuous to carry fire in most years [122,354,356]. Thomas (1991) 
estimated that presettlement fire-free periods in the Sonoran Desert had to be more than 250 years, 
based on the sensitivity of native succulents to fire [385]. Fire frequency estimates based on LANDFIRE 
succession modeling range from 1,000 years or more in paloverde-mixed cacti communities, to 500 
years in Sonoran granite outcrop desert scrub, to 103 to 350 years in mid-elevation desert scrub [239]. 

https://www.feis-crs.org/feis/
https://www.fs.usda.gov/database/feis/fire_regimes/Hawaii/all.html
https://www.fs.usda.gov/database/feis/fire_regimes/PlainsGrass_Prairie/all.html
https://www.fs.usda.gov/database/feis/fire_regimes/Sonoran_desert_scrub/all.html
https://www.fs.usda.gov/database/feis/fire_regimes/Mesquite_scrub&woodland/all.html
https://www.fs.usda.gov/database/feis/fire_regimes/South_TX_scrub/all.html
https://www.fs.usda.gov/database/feis/fire_regimes/SW_grassland&steppe/all.html
https://www.feis-crs.org/feis/faces/FireRegimeSearch.xhtml


44 
Fire Effects Information System (FEIS) 

Historically, fires in Sonoran desert scrub communities may have been ignited by dry lightning during 
summer monsoonal storms [52,239,311,340]; however, lack of continuous fuels meant that most fires 
were small, and large wildfires in desert scrub communities were probably extremely rare or absent. 
Fires fueled by native annuals would have been of relatively low intensity [268,444]. Minimal fuels in 
lower-elevation Sonoran desert scrub habitats would have stopped fires from spreading from higher-
elevation forests and woodlands, where fires were more frequent [199]. In contrast to native species, 
buffelgrass produces a large amount of continuous, fine fuel, thereby increasing the potential for large, 
intense, and severe fires [122,132,255,267,268] (see Fuel and Fire Characteristics: Sonoran Desert).  

The primary carriers of contemporary fires in the Sonoran Desert are nonnative invasive plants, such as 
buffelgrass [121], which generally fuel higher intensity fires than native fuels (see Fuel and Fire 
Characteristics: Sonoran Desert). Temperatures reached during an experimental fire fueled by 
buffelgrass in Saguaro National Park are thought to have been two to eight times hotter than 
temperatures reached during historical fires fueled by native annual plants. Flame lengths in buffelgrass 
are predicted to be four to nine times taller than those observed in fires in native vegetation [292]. 
During four May prescribed fires in and near Tucson, Arizona, rate of fire spread in buffelgrass old fields 
averaged 2.3 to 4.8 km/hour under moderate fire weather conditions (wind speeds 0-14.5 km/hour, air 
temperature 27-34 °C, and relative humidity from 18%-29%) [267]. This is about 10 times faster than 
predicted for typical Sonoran Desert fuels [292].  

Fire occurrence and frequency have increased in buffelgrass-invaded areas compared to uninvaded 
areas in the Sonoran Desert in Arizona. In the Southwest, fire occurrence was three times greater and 
fire frequency two times greater in buffelgrass-invaded areas compared with uninvaded areas. 
Buffelgrass fires were about five times smaller than fires in uninvaded areas. However, models based on 
these data suggest a strong relationship between buffelgrass presence and greater fire frequency and 
occurrence, and a weak relationship between buffelgrass presence and smaller fire size [155]. According 
to personal observations by McDonald (2013), buffelgrass had not fueled large wildfires as of 2013, but 
it had fueled small wildfires in urban areas and along roadsides of Pima County, Arizona; the size of the 
fires was not provided (C. J. McDonald, personal observations cited in [268]). Wilder et al. (2021) noted 
that buffelgrass fueled the 10-ha Mercer Fire in 2019 that occurred in the Pusch Ridge Wilderness 
northeast of Tucson. Small patches of buffelgrass on southern aspects also helped fuel the 2020 Bighorn 
Fire in the Coronado National Forest [433]. Fire sizes are expected to increase as buffelgrass spreads 
over larger areas [216,268]. Simulations in the Santa Catalina Mountains that included scenarios both 
with and without buffelgrass invasion showed a marked increase in both burned area and fire frequency 
if buffelgrass patches continue to expand and coalesce at the Sonoran desert scrub-semidesert 
grassland interface [433]. 

Increases in fire frequency [155], intensity [268], and severity [433] attributed to buffelgrass may create 
a positive feedback loop (i.e., a grass/fire cycle) [49,96,371]. While no studies examined this in the 
Sonoran Desert, many researchers speculate that continued establishment and spread of buffelgrass 
could lead to a grass/fire cycle [49,96] that would limit the persistence of native vegetation (e.g., 
[53,56,96,122,145,334,356,426]) and favor fire-adapted buffelgrass, thus increasing the likelihood of 
more frequent fire and eventually a shift from native desert scrub communities to nonnative grasslands 
dominated by buffelgrass [266,371] (see Impacts on Native Plant Communities). Evidence in support of a 
grass/fire cycle occurring with buffelgrass invasion has been observed in some parts of Australia [5] but 
not others [139] (see Fire Regimes: Australia).  

Historically, ignitions in the Sonoran Desert would have been from lightning during summer monsoonal 
storms from June to September [52,239,311,340]. In contrast, buffelgrass fires can occur at any time of 

https://www.feis-crs.org/feis/


45 
Fire Effects Information System (FEIS) 

year [124,256,268,433] because buffelgrass can burn “easily” even when green [121,406] (see Fuel and 
Fire Characteristics: Sonoran Desert). Buffelgrass-fueled fires are most likely during warm, dry months 
(May-July) when temperatures are high and relative humidity is low [121]. Buffelgrass greens up earlier 
(producing an “immediate greenness” after the very first rainfall pulses) [68] and cures later than native 
species [198], which suggests that buffelgrass invasion has the potential to lengthen the fire season. 

Increased fuel continuity in areas of buffelgrass invasion can increase the potential for fire to spread 
from ignitions in higher-elevation grassland and montane communities or adjacent urban and suburban 
areas into invaded desert scrub communities, and vice versa [216,267,299,433]. Montane communities 
in Saguaro National Park and other areas of the Sonoran Desert include ponderosa pine and Madrean 
pine-oak-juniper communities, which are characterized by historical fire intervals of <10 years [29,444]. 
Buffelgrass may provide a novel fuel linkage that may increase the number of fires in montane systems 
during seasons when fire was historically rare or absent and threaten human communities in urban and 
suburban areas [216,267]. 

South Texas Plains 
Buffelgrass is common in thornscrub and former thornscrub communities dominated by mesquite and 
acacia on the South Texas Plains, where it has been widely planted for pasture [183,184,265]. Fire was 
frequent in thornscrub communities historically. Fire frequency estimates based on LANDFIRE 
succession modeling for Tamaulipan mixed deciduous thornscrub is 15 years [239]. Buffelgrass and 
nonnative guineagrass can create highly flammable conditions that may be substantially different from 
historical conditions, and they can act as ladder fuels [239] that increase the risk of high-severity fire in 
these biophysical settings. Smith (2010) described a 20,000-ha “buffelgrass-assisted” wildfire in La Salle 
County in 2008 but did not report information on buffelgrass patch sizes [365]. More information is 
needed on this topic. 

Southern Great Plains 
No information was available on how buffelgrass might affect fire regimes of shortgrass and mixedgrass 
prairies in the southern Great Plains. Given that invasive grasses are less likely to substantially alter fuel 
characteristics in invaded grasslands [170] (see Fuel and Fire Characteristics: Southern Great Plains), fire 
regime characteristics are less likely to change than in other invaded plant communities; however,  little 
information is available on this topic. 

Hawaii 
In Hawaii, a single nonnative grass-fueled fire can kill most native trees and shrubs in dry coastal lowland 
areas. Nonnative grasses, including buffelgrass, have increased fuel loads and consequentially fire 
frequency and severity, resulting in conversion of woodlands and shrublands in these areas to nonnative 
grasslands [96,364].  

In native pili grass grasslands, buffelgrass has the potential to replace native pili grass and other native 
grasses when fire is excluded [97,418]. Pili grass competes well with buffelgrass after fire [97,240], so 
fire helps maintain pili grass. Daehler and Carino (1998) compared historical pili grass cover (1965-1968) 
with pili grass cover in 1998 at 41 sites on Oahu where pili grass had been dominant in the 1960s and 
fire had generally been excluded. At two-thirds of the unburned sites, nonnative grasses, particularly 
buffelgrass, had replaced pili grass, and on the other one-third of the sites, pili grass was completely 
absent [97]. 

https://www.feis-crs.org/feis/


46 
Fire Effects Information System (FEIS) 

Australia 
Buffelgrass fuels frequent fires in Australia [76,95,214], may extend the fire season [198,213], and may 
create a grass/fire cycle in some areas [278] but not others [139]. In a recently burned woodland area 
near Alice Springs in central Australia, Miller et al. (2010) found strong correlative evidence that greater 
buffelgrass abundance increased fuel loads and burn severity (i.e., greater mortality of woodland 
overstory trees), and that higher burn severity resulted in more rapid postfire buffelgrass establishment, 
greater aboveground biomass of buffelgrass, and an increased likelihood of future fires compared to 
sites without buffelgrass [278]. However, on nutrient-poor sites in central Australia, where buffelgrass 
invasion also increased fuel loads and fire intensity, buffelgrass establishment was not enhanced by fire. 
Because enhanced postfire establishment is a critical positive feedback in the grass–fire cycle, the 
researchers concluded that a buffelgrass/fire cycle is unlikely to establish in that area [139]. 

FIRE MANAGEMENT CONSIDERATIONS 

In the Sonoran Desert, buffelgrass-fueled fires are likely to increase fire frequency [155], intensity [268], 
and severity [433] (see Fuel and Fire Characteristics: Sonoran Desert), which may create a positive 
feedback loop, wherein fire-adapted buffelgrass is favored over native, fire-sensitive perennials after fire 
[371] (see Fire Regimes). Therefore, researchers recommend excluding or suppressing fires in 
buffelgrass-invaded areas in the Sonoran Desert (see Fire Prevention/Exclusion), in addition to removing 
buffelgrass plants and reestablishing native plants (Revegetation). Preventing buffelgrass from 
establishing is critical, and the most effective and least costly management method. Prescribed burning 
alone is generally not recommended to control buffelgrass in Sonoran Desert scrub communities 
because it can lead to an increase in buffelgrass abundance and kill or severely damage native plants, 
many of which are not fire-adapted. In Hawaii, limited evidence suggests that prescribed fire integrated 
with other control methods may be effective in reducing buffelgrass abundance and restoring native 
vegetation in some areas with fire-adapted native plants (see Fire as a Control Agent). 

Preventing Postfire Establishment and Spread 
Buffelgrass may establish after fire from seeds dispersed potentially long distances from off-site sources 
(see Seed Dispersal) and fire is likely to create conditions that are favorable for buffelgrass seedling 
establishment (see Postfire Seedling Establishment and Mortality). Preventing buffelgrass and other 
invasive plants from establishing in weed-free burned areas is critical and the most effective and least 
costly management method. This may be accomplished through early detection and eradication, careful 

Key Fire Management Considerations 

• Fires in buffelgrass stands are likely to have higher temperatures, longer flame lengths, 
and greater rates of spread than fires in native desert scrub. 

• Preventing buffelgrass from establishing in burned areas is the most effective and least 
costly postfire management method. 

• In the Sonoran Desert, excluding or suppressing fires in buffelgrass-invaded areas is 
recommended. 

• Prescribed fire is not likely to control buffelgrass, especially when soil moisture is high. 
• Prescribed fire integrated with hand pulling or herbicides may control buffelgrass.  
• Buffelgrass seeds may remain in the soil seed bank for many years. Postfire monitoring and 

removal of seedlings is necessary to prevent establishment and spread. 
• Seeding of desirable species after fire or buffelgrass removal may be necessary where 

native vegetation is depleted. 
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monitoring and follow-up, and limiting dispersal of invasive plant propagules into burned areas. General 
recommendations for preventing postfire establishment and spread of invasive plants include:  

• Incorporate cost of weed prevention and management into fire rehabilitation plans 
• Acquire restoration funding 
• Include weed prevention education in fire training 
• Minimize soil disturbance and vegetation removal during fire suppression and rehabilitation 

activities 
• Reestablish desirable vegetation in disturbed areas as soon as possible 
• Minimize the use of retardants that may alter soil nutrient availability, such as those containing 

nitrogen and phosphorus 
• Avoid areas dominated by high priority invasive plants when locating firelines, monitoring 

camps, staging areas, and helibases 
• Clean equipment and vehicles prior to entering burned areas 
• Regulate or prevent human and livestock entry into burned areas until desirable site vegetation 

has recovered sufficiently to resist invasion by undesirable vegetation 
• Monitor burned areas and areas of significant disturbance or traffic from management activity 
• Detect weeds early and eradicate before vegetative spread and/or seed dispersal 
• Eradicate small patches and contain or control large invasions within or adjacent to the burned 

area 
• Avoid use of fertilizers in postfire rehabilitation and restoration  
• Use only certified weed-free seed mixes when revegetation is necessary 

 
For more detailed information on these topics, see the following publications: [26,48,164,402]. 

Fire Prevention/Exclusion 
In Sonoran desert scrub communities where buffelgrass is invasive, a single fire is likely to benefit 
buffelgrass and harm native plants, many of which are not fire-adapted [55,56,110,122,356,396,403] 
(see Impacts on Native Plant Communities: Sonoran Desert). In South Texas thornscrub, many native 
shrubs resprout after fire (e.g., mesquite and acacia); however, very frequent fires (for example, at 3- to 
5-year intervals) are likely to be detrimental to native sprouting shrubs, while buffelgrass can tolerate 
frequent, repeated fires [183,357]. A 2019 review of literature from the Sonoran Desert, South Texas 
Plains, and Australia concluded that fire alone (both prescribed and wildfire) significantly increased the 
abundance of buffelgrass in wildlands and pastures and significantly decreased the abundance of native 
species [135] (see Integrated Management with Fire). State-and-transition models developed for 
Saguaro National Park predicted buffelgrass increasing at a greater rate when fire was included than 
when fire was excluded [216,219]. Indeed, frequent prescribed fire is often used with the objective of 
increasing buffelgrass abundance and “vigor” in buffelgrass pastures (e.g., [265,295]). For these reasons, 
researchers recommend excluding or suppressing fires in buffelgrass-invaded areas in the Sonoran 
Desert [152,371], south-central United States [152], and Australia [62], in addition to removing 
buffelgrass plants and reestablishing native plants [62,135].  

Reducing biomass and breaking the continuity of buffelgrass fuels in invaded communities is important 
for reducing wildfire risk [62,268,403] and subsequent fire injury to native plants (e.g., [336]). Butler and 
Fairfax (2003) stated that most management options for buffelgrass will “effectively be about managing 
fuels, such as by maintaining fire breaks around (native) remnants, using herbicides, grazing, and/or 
possibly prescribed fire” [62]. See Control for more information on control methods other than fire.  
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Fire as a Control Agent 
Prescribed burning alone is generally not recommended to control buffelgrass in native plant 
communities because it can lead to an increase in buffelgrass abundance and kill or severely damage 
native plants (e.g., [110,175,182,183,205,265,403]) (see Postfire Abundance). Prescribed fire integrated 
with other control methods, such as hand pulling, herbicide application, or livestock grazing, may be 
effective in reducing buffelgrass abundance and restoring native vegetation in some areas of Hawaii and 
Australia, where native plants are fire adapted [98,355] (see Integrated Management with Fire), but few 
studies examined this and caution is warranted. Information about using prescribed fire comes largely 
from studies in buffelgrass pastures in the Sonoran Desert in Mexico and the South Texas Plains, where 
fires were intended to “maintain and rejuvenate” [170] buffelgrass pastures by reducing litter, woody 
plants [181,182,205,265], and insect pests (spittlebugs) [258]. No quantitative information is available 
on buffelgrass postfire abundance in native communities in the Sonoran Desert (see Postfire 
Abundance: Sonoran Desert), but prescribed fire is not usually appropriate in Sonoran desert scrub 
communities because native plants are not fire adapted (see Fire Regimes: Sonoran Desert). Whatever 
method is used to control buffelgrass, repeated follow-up treatments are needed to prevent 
reestablishment because buffelgrass seeds may remain in the soil seed bank for many years [439] (see 
Seed Banking). 

 

Integrated Management with Fire 
In areas where fire is not detrimental to native plants, prescribed fire integrated with other control 
methods, such as hand pulling, herbicide application, or seeding native plants may be effective in 
reducing buffelgrass abundance and restoring native vegetation [98,355]. For example, at two pili 
grassland sites in Hawaii, prescribed fires were conducted in February 1998, plots were seeded with pili 
grass and watered 3 weeks after fire, then burned plots were reburned once or twice in the next 4 years. 
On some plots, buffelgrass was removed via hand pulling or herbicide application, then plots were 
burned. Four years after the initial treatments (2002), buffelgrass cover was lower on burned+herbicide 
plots (5%) and burned+hand-pulled plots (7%) than on burned (48%) or unburned plots (≈72%). Pili grass 

Figure 10—Experimental fire in a buffelgrass community in Saguaro National Park,  
Arizona. Photo courtesy of the National Park Service. 
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cover was <10% on unburned and burned plots compared to 30% on burned+herbicide plots and 38% 
on burned+hand-pulled plots [98]. At three corkwood-acacia sites with buffelgrass in West MacDonnell 
National Park in central Australia, cover of buffelgrass was lower and cover of native species in the 
ground layer was higher on burned plots managed with mowing (2008) and herbicides (2008-2012) than 
on burned, unmanaged plots, before and 16 months after two wildfires (June and August 2011) [355].  

Literature reviews (2019) of studies conducted almost entirely in planted buffelgrass pastures in Sonora, 
the South Texas Plains, Hawaii, and Australia, concluded that prescribed fire combined with one or more 
other treatments (hand pulling, herbicide application, livestock grazing, seeding, or irrigation) 
significantly reduced buffelgrass abundance and enhanced native species establishment, compared to 
fire without additional treatments; and that fire alone (both prescribed and wildfire) significantly 
increased buffelgrass abundance and significantly decreased native species abundance in pastures and 
wildlands [135]. Caution is warranted when interpreting these results because few studies were 
available (i.e., sample sizes were small)—especially from invaded sites in the Sonoran Desert. In 
addition, no effort was made to differentiate results from integrated management studies among the 
“additional treatment” methods, which may vary substantially. For example, only one of the integrated 
management studies was conducted in invaded sites in the Sonoran Desert and only qualitative results 
from this study were included in analyses [345]. Also, the objective of many studies in buffelgrass 
pastures that used prescribed fire either alone or in combination with other methods was to increase 
buffelgrass and reduce native plant growth (e.g., [181,182,205,258,265]). 

Livestock prefer new postfire growth of buffelgrass on burned areas compared to buffelgrass on 
unburned areas [182], and Smith (2010) described using prescribed fire followed by livestock grazing to 
control buffelgrass in La Salle County, Texas, but results were not provided [365]. Buffelgrass was 
reduced when burning was followed by light grazing in some areas [140]; however, livestock grazing may 
help spread buffelgrass in other areas [139]. In Queensland, Australia, cattle grazing modestly enhanced 
buffelgrass invasion, relative to the absence of grazing, although the difference was only significant 
without burning, and buffelgrass did not increase after fire [139] (see Livestock Grazing). In the Sonoran 
Desert [86] and northern Australia [377], fire has been discouraged as a management tool in buffelgrass 
pastures due to loss of pasture nutrients and consequent reduction in cattle production. For information 
on postfire forage quality, see Fire Effects on Palatability and Nutritional Value.  

Wildlife Management and Fire 
In native Sonoran desert scrub communities, fire exclusion is recommended to prevent vegetation and 
structural changes in native communities and maintain habitat for wildlife species, such as the Sonoran 
desert tortoise [121]. In the south-central United States, a 2013 review noted that nonnative grasses are 
most likely to reduce habitat quality for wildlife species if the nonnative grasses dominate the 
herbaceous plant community [152].  

In buffelgrass pastures with few other species present, prescribed fire is sometimes recommended to 
increase habitat heterogeneity for wildlife. In pastures dominated by buffelgrass and Old World 
bluestems in La Salle County, Texas, burning patches in winter followed by livestock grazing increased 
patch heterogeneity. This was associated with an increase in northern bobwhite densities in treated 
stands, although northern bobwhite demographic variables remained similar between treated and 
untreated stands. The researchers concluded that patch burning and grazing are viable tools for 
managing monotypic buffelgrass grasslands for northern bobwhites in semiarid environments [171]. 

For information on the impacts of buffelgrass on wildlife, see Importance to Wildlife and Livestock. 
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Fire Effects on Palatability and Nutritional Value 
Buffelgrass can be palatable and nutritious to wildlife and livestock (see Palatability and Nutritional 
Value), and burning may increase nutritional content of buffelgrass in the short term (<1 year after fire); 
however, effects are varied, and likely depend on buffelgrass plant phenology and time of burning and 
sampling [127,133,186,295]. For example, in western Nayarit, Mexico, crude protein and digestibility 
values appeared to be higher in burned than unburned, grazed control plots sampled when buffelgrass 
was dormant 8 months after prescribed fires in 1982. However, statistical tests were not conducted and 
differences in crude protein and digestibility were less evident at other phenological stages and after 
fires in other years (table 8) [295]. On the Rio Grande Plains of Texas, buffelgrass crude protein and total 
digestible nutrients, including phosphorus, potassium, and calcium, were higher on burned than 
unburned plots 3 to 4 months after a late winter prescribed fire in common buffelgrass pastures [186]. 
In southern Texas, a prescribed fire in a buffelgrass pasture in February generally increased nutritional 
value of buffelgrass 3 to 10 months after fire, although results varied [127]. 

Table 8—Comparison of buffelgrass in situ dry matter digestibility and crude protein content sampled at 
different phenological stages on unburned, grazed control sites (U) and on burned sites (B) after late 
May or early June prescribed fires in 3 different years in western Nayarit, Mexico. Table modified from 
Negrete-Ramos (1986) [295]. 

Phenological 
stage 

Growing Flowering Mature Dormant 

Site U B U B U B U B 
Fire year Digestibility (%) 
1982       32.8 46.9 
1983 65.3 55.8 52.8 50.0 44.3 43.8 40.5 40.6 
1984 64.1 66.7 54.0 55.8 44.7 47.5 42.0 43.4 
Fire year Crude protein (%) 
1982       3.2 3.6 
1983 8.1 6.6 6.9 5.5 4.5 4.1 3.3 3.4 
1984 10.4 12.3 8.0 10.5 5.7 8.4 4.9 5.8 

aBlank cells indicate no data. Statistical differences between burned and unburned, control plots were 
not determined. 

NONFIRE MANAGEMENT CONSIDERATIONS 

Federal Status 
None 

Other Status 
Buffelgrass is categorized as a Class C noxious weed in Arizona [21]. 

IMPORTANCE TO WILDLIFE AND LIVESTOCK 
Buffelgrass invasion reduces habitat suitability for many wildlife species, including some threatened and 
endangered species, but it increases forage biomass for livestock [330].  
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Wildlife Forage and Cover 

Mammals 

White-tailed Deer 
Buffelgrass is not usually an important component of white-tailed deer diets, although it may comprise a 
small portion of their diet in some areas (≤10% in any season) [277]. White-tailed deer prefer browse 
and forbs over grasses [93,260]. Publications reporting white-tailed deer use of buffelgrass are limited to 
the South Texas Plains and Tamaulipan Mezquital. In some areas of this region, buffelgrass is rarely 
eaten [93,260], its preference rating is low relative to other available plant species [125], and 
buffelgrass-invaded communities are used less than other habitat types [274], even in areas where 
buffelgrass is one of the most common grasses [93]. In Zapata County, Texas, buffelgrass was the fourth 
most common plant species consumed, contributing 10% of the white-tailed deer’s diet in late fall, the 
only season examined [241].  

Desert Mule Deer 
Buffelgrass is not important in diets of desert mule deer in the Sonoran Desert [9,10], although Ortega 
et al. (2013) suggest that the “youngest and most succulent parts of the plant” are eaten, and that 
methods used are inadequate for detecting its use [301]. Desert mule deer use habitats with buffelgrass 
[9] that also have adequate thermal cover from shrubs and trees [10]. For example, in central and 
western Sonora, desert mule deer used buffelgrass habitat year-round, and they selected for sites with 
shrub and tree cover [10]. Studies to improve wildlife habitat in Sonora found that densities of desert 
mule deer almost doubled 3 years after planting native shrubs and trees in buffelgrass pasture [259].  

American Badger  
In southern Texas, American badgers selected burrowing sites dominated by honey mesquite and 
buffelgrass [80].  
 

Eurasian Wild Boar 
In Zavala County, Texas, dense stands of buffelgrass provided forage and cover for nonnative Eurasian 
wild boars [84]. 
 

Small Mammals 
One study in the South Texas Plains indicated that buffelgrass invasion reduced small mammal diversity. 
Small mammal communities were less diverse and less stable in buffelgrass grassland interspersed with 
Old World bluestems and patches of honey mesquite than in native Tamaulipan thornscrub. Hispid 
cotton rats and mice were primarily captured in buffelgrass grasslands, while Ord’s kangaroo rat and 
southern plains woodrat were only captured in native thornscrub [189].  
 
Despite eating buffelgrass [11,301], lagomorphs appear to prefer native plant communities over 
buffelgrass communities [11]. In central Sonora, antelope jackrabbit pellet densities were greater in 
native desert scrub and decreased toward the center of buffelgrass pastures. Although they used 
buffelgrass as a food item (6.1% of the diet, annually), especially during the late winter and early spring 
when native grasses were less available, antelope jackrabbits mostly ate native grasses and forbs [11].  

Birds 
Habitat and forage of many birds are reduced by buffelgrass invasion and pasture development. Less 
forage is available on buffelgrass-dominated sites than native plant communities, due to decreased 
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cover, density, and diversity of forbs and decreased abundance and diversity of arthropods 
[143,351,430]. For example, areas dominated by nonnative Lehmann lovegrass and buffelgrass in South 
Texas appear to provide less suitable habitat for breeding birds than rangelands dominated by native 
vegetation, especially for bird species that forage on or near the ground. Overall breeding bird 
abundance was 32% greater on sites dominated by native grasses than on sites dominated by 
buffelgrass and Lehmann lovegrass. Lark sparrows were 73% more abundant. Four other species—black-
throated sparrow, northern mockingbird, northern bobwhite, and Cassin’s sparrow—were 26% to 70% 
more abundant. The guild of birds that foraged on the ground under open brush canopies was almost 
twice as abundant in native vegetation. Arthropod abundance was 60% greater on the native-grass site 
than on a buffelgrass site. Specifically, spiders, beetles, and ants were 42% to 83% more abundant [143]. 
On the Rio Grande Plains of Texas, buffelgrass grassland interspersed with Old World bluestems and 
patches of honey mesquite contained less diverse and less stable winter and breeding bird communities 
than native Tamaulipan thornscrub [189].  

Owls  
Buffelgrass invasion is a threat to the endangered cactus ferruginous pygmy owl in the Sonoran Desert 
in northern Mexico. Relative abundance of these owls declined for 4 years due to the combined effects 
of buffelgrass planting, agriculture, wood cutting, and housing development [144].  

Hummingbirds 
Increased fire frequency and loss of native vegetation can have negative impacts on  hummingbirds that 
nest or forage in desert scrub habitats, including  Costa’s hummingbird and black-chinned hummingbird, 
and those that use these habitats during migration, including Anna’s hummingbird, Calliope 
hummingbird, and possibly Allen’s hummingbird [13]. 

Sparrows 
In choice experiments, buffelgrass seeds were avoided by Baird’s sparrows, grasshopper sparrows, and 
savannah sparrows, but they ate them when other seeds were unavailable, suggesting that buffelgrass 
may be a source of winter food for these sparrows in the Southwest and Mexico. However, wintering 
grassland sparrows are probably unable to consume enough of these seeds to meet daily energy 
requirements, indicating that buffelgrass invasion and pasture development are likely to reduce 
available forage for these birds [391]. In contrast, some sparrow species may be unaffected by 
buffelgrass invasion. For example, variation in buffelgrass cover among rufous-winged sparrow nests did 
not explain variation in daily nest survival probability in central Sonora, suggesting that the species was 
resilient to changes in habitat resulting from conversion of Sonoran desert scrub and Sinaloan 
thornscrub to buffelgrass pastures [250]. 

Quail  
In general, habitats dominated by invasive nonnative grasses are not good quail habitats 
[84,153,190,430]. In La Salle and McMullen counties, Texas, habitat for chestnut-bellied scaled quail is 
reduced in areas dominated by buffelgrass and Old World bluestems. These quail avoided locations with 
>10% canopy cover of these nonnative grasses [153]. Buffelgrass establishment and dominance 
degrades northern bobwhite habitat by reducing 1) bare ground for foraging and traveling because of 
excessive biomass and litter, 2) forbs that are important for forage and cover, 3) arthropods that depend 
on native forbs and are an important food source, and 4) plant community richness and patch 
heterogeneity [143,171,351,352,392]. Habitat is most reduced for northern bobwhites when nonnative 
plants such as buffelgrass dominate the landscape and form dense monocultures [190,352].  

Population declines of endangered masked bobwhite populations in Sonora have been attributed to the 
large-scale development of buffelgrass pastures (M. Hunnicutt 2007, personal communication cited in 
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[407]). One study found that masked bobwhite in Sonora used buffelgrass as cover during a drought, 
although their use declined once native herbaceous vegetation recovered [237]. Similarly, northern 
bobwhites may use buffelgrass as cover when native species cover is limited, such as during drought 
[190,236,301,430]. 

Reptiles 
Buffelgrass invasion in the Sonoran Desert is considered a threat to Sonoran desert tortoises because it 
reduces habit (especially, thermal cover and shelter sites) and forage by altering native plant species 
cover, composition, and structure. Monocultures of buffelgrass may become virtually impassable 
barriers to Sonoran desert tortoise movements. In addition, buffelgrass-fueled fires can kill Sonoran 
desert tortoises and increase mortality rates [121,123,339]. In the Rincon and Tucson Mountains of 
Saguaro National Park, density of Sonoran desert tortoises did not vary appreciably with the amount of 
buffelgrass cover; similarly, age and sex structure of Sonoran desert tortoise populations did not vary 
with buffelgrass cover. Condition of adult Sonoran desert tortoises, however, averaged 10% lower in 
areas where cover of buffelgrass was high (15%) relative to areas where buffelgrass was absent or cover 
was low (<1%). The authors suggested that reduced condition of Sonoran desert tortoises in areas 
invaded by buffelgrass could manifest as population-level effects over time [172]. 

Increased cover and density of nonnative plants, such as buffelgrass, in semiarid regions also could 
reduce mobility of lizards, which may have negative consequences for foraging, predation risk, and 
social interactions [332]. For example, Texas horned lizards in Duval County, Texas, avoided fields 
dominated by buffelgrass and nonnative kleingrass, perhaps due to dense vegetation and litter that 
reduced their movements or to the lower abundance of harvester ants (a preferred food) as compared 
with other available habitats [131]. 

Amphibians 
Stream sedimentation due to clearing native vegetation and replacing it with buffelgrass in southern 
Sonora resulted in a decline in Tarahumara frog populations [337].  

Arthropods 
Buffelgrass does not offer floral resources for bees or butterflies. On the Rio Grande Plains of Texas, 
buffelgrass grassland interspersed with Old World bluestems and patches of honey mesquite appeared 
to be unsuitable habitat for butterflies in fall due to the lack of available flowers [189]. A review by 
Danforth et al. (2019) suggests that buffelgrass invasion may reduce solitary bee diversity and 
abundance by offering no floral resources and by fueling wildfires that eliminate nesting resources (e.g., 
resins, wood, and hollow stems) [100]. 

The response of ants and termites to buffelgrass invasion is inconsistent. Tree microhabitats were 
important in structuring ant communities in the Sonoran Desert, indicating that removing trees and 
creating buffelgrass pastures would alter ant community composition [34]. Ant density, species 
composition, and trophic guilds differed between tropical deciduous forest and areas converted to 
buffelgrass and other nonnative grasses in Jalisco, Mexico [67]. In contrast, ant abundance, diversity, 
and species composition was similar in native desert scrub and thornscrub habitats and buffelgrass 
pastures in the Sonoran Desert in Mexico [147]; and in Sonora, termite presence, seasonal activity and 
frequency were similar between native and buffelgrass savanna ecosystems [68]. 
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Livestock Forage 
Buffelgrass is an important forage species for livestock—especially cattle but also domestic goats and 
domestic sheep—on rangelands and pastures in Texas (e.g., [126,163,276]) and Mexico (e.g., 
[9,104,145,246,260,325]).  

Palatability and Nutritional Value 
Buffelgrass can be palatable and is considered a good source of minerals, proteins, lipids, carbohydrates, 
and gross energy for wildlife and livestock [6,27]. For example, in Kleberg County, Texas, buffelgrass 
comprised 9% of white-tailed deer’s diet in spring and provided “excellent nutrition” for white-tailed 
deer relative to other available graminoids [277]. In Hidalgo County, buffelgrass was not an important 
forage plant and white-tailed deer preferred forbs, shrubs, and cacti over buffelgrass and other grasses 
even though grasses were “readily available”. In Kenedy and Willacy counties, Texas, buffelgrass was a 
“major forage plant” for white-tailed deer in fall and early winter; however, its preference rating was 
relatively low compared with other available plants and its crude protein levels were below the 
nutritional requirements of white-tailed deer in winter [125]. 

Nutritional quality of buffelgrass differs among plant parts, plant growth stages, and season (e.g., 
[163,186,276,321,322,323,324,349,429]), as well as by genotype and cultivar (e.g., [25,158,281,347]) 
and seasonal rainfall and site characteristics [77,321,429]. In Hidalgo County, Texas, crude protein was 
highest in fall (10.4%), followed by summer (9.3%), spring (7.4%), and winter (5.5%) [163]. In Cotulla, 
Texas, mean crude protein content was higher during a year of above-average precipitation (770 mm) 
than during a year of below-average precipitation (408 mm) [429]. Buffelgrass growing in sun may be 
more nutritious than that growing in shade [77]. 

Moderate levels of defoliation increase buffelgrass nutrition [244,297,397]. Similarly, burning may 
increase nutritional content of buffelgrass in the short term [127,133,186,295] (see Fire Effects on 
Palatability and Nutritional Value). 

See the following sources for information on buffelgrass nutritional content in Texas (e.g., 
[125,127,163,186,276,277,349,429]), Mexico (e.g., [158,244,281,321,322,323,324]), South America (e.g., 
[77]), Africa (e.g., [393,397]), and Asia (e.g., [6,25,297,347,379]). For nutritional value of common 
buffelgrass see: [186,281,322,429].  

OTHER USES 
In the United States and Mexico, buffelgrass has been extensively planted for livestock forage due to its 
high nutritional value (see Livestock Forage) and to stabilize soil and prevent erosion due to its deep and 
horizontally spreading root system, and high tolerance to drought [42,55,56,79,184,255,256,380,420]. 
Its drought and salt tolerance suggest its potential as a substitute for traditional forage crops under 
drought [253] and saline conditions [251]. However, it has also spread to nontarget environments and 
has altered vegetation composition and structure, reduced native plant species abundance, altered fire 
regimes, and reduced wildlife habitat and forage [255], making its continued use for these purposes 
controversial. It is classified as noxious in Arizona, where impacts of buffelgrass invasion are potentially 
severe (see Impacts). Despite these concerns, buffelgrass remains a commonly planted pasture grass in 
some areas, such as in Texas, Mexico, and Australia [45,135,430] (see General Distribution).  

In Pakistan and India, buffelgrass is considered a medicinal plant [6]. It has been used in remedies for 
tumors, sores, kidney pain, and wounds; as a pain reliever; a diuretic; an emollient; and a lactagogue 
[112]. It has anti-inflammatory [6], antioxidant [6,22], antibacterial (e.g., [6,22]), and antifungal [22] 
activities, as well as antispasmodic, antidiarrheal, antimalarial, anticancer, and antiemetic activities [12]. 
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See table 1 in Arora (2018) for a list of the bioactivities of phytocompounds identified in buffelgrass 
leaves collected from India [22]. Its grains are sometimes eaten by people during famine periods 
[6,22,409]. 

IMPACTS AND INVASION SUCCESS 

Impacts 
While buffelgrass is “seriously endangered” in some parts of its native range (e.g. drylands in Tunisia 
[106]), it is invasive in parts of its introduced range in North America, South America, Australia, and 
several Atlantic and Pacific islands [255,328,410,445] (see General Distribution). Buffelgrass invasion is 
associated with reduced native plant abundance and changes in native plant community composition 
and structure in the Sonoran Desert [56,79,283,345,380,396], the Lower Rio Grande Valley in Texas 
[122], dry coastal lowlands in Hawaii [396,450], and eucalyptus and acacia woodlands in Australia 
[76,214] (see Impacts on Native Plant Communities). Buffelgrass can occur in dense stands (fig. 8) or 
monocultures (see Population Structure) that:  

• alter fuel loads, fire characteristics, and fire regimes; 
• reduce wildlife habitat and forage; and 
• alter soil physical and chemical properties. 

In addition to the sections below, see table 5 in Marshall et al. (2012) [255] for a review of buffelgrass 
invasion impacts on flora and fauna. 

Impacts on Native Plant Communities 
Because the objective of pasture development and maintenance is to convert native plant communities 
to nonnative grasslands, it has dramatic and severe impacts on native plant communities, including 
reduced cover [68,146], richness [58,140,146], diversity [56], structural complexity [58,146], total 
aboveground plant biomass and productivity [56,58,145,146,223], and reproduction and regeneration 
[390] of native plant species. 

Buffelgrass invasion into native plant communities can have similar impacts on native plant community 
composition and structure and can ultimately result in loss of native plant communities and conversion 
to nonnative grassland on some sites [58,121,146,405]. Several sources indicate that buffelgrass 
invasion resulted in reduced native plant species:  

• cover [3,143,300,351],  
• density [44,351,405], 
• richness (e.g., [76,143,243,300,351,355]), 
• diversity [284,300,405],  
• total aboveground plant biomass [372], and 
• reproduction and regeneration [114,372]. 

The impacts of buffelgrass invasion generally increase with time since invasion [3,68] and with increased 
buffelgrass cover [267,351]. Fires are associated with buffelgrass invasion [155], and these fires are 
likely to increase the severity of impacts on native plant communities, especially if a grass/fire cycle 
establishes [284,355], which can result in conversion to nonnative grassland (see Fire Regimes). 

Sonoran Desert 
Buffelgrass impacts to native plant communities may be most severe in Sonoran desert scrub 
communities, partly due to its effects on fuels and fire regimes [155] (see Fire Regimes: Sonoran Desert). 
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Brenner and Franklin (2017) stated that buffelgrass is “arguably the greatest ecological threat facing the 
Sonoran Desert today” [45], and Marazzi et al. (2015) stated that buffelgrass is ”widely believed to pose 
a greater risk to the ecological integrity of the Sonoran Desert than any other threat” because 
buffelgrass-fueled fires have “the potential to transform much of this region from a desert dominated by 
iconic cacti to one that more closely resembles a savanna, with far-reaching consequences for both 
species interactions and ecosystem functioning” [254].  

Buffelgrass invasion can reduce abundance of native plants in Sonoran desert scrub communities, with 
or without fire [300], and these impacts appear to increase as buffelgrass cover increases and over time 
since invasion [3,68], although this pattern was not consistently described. In Saguaro National Park, 
both species richness and native plant cover declined as buffelgrass cover increased; however, this 
relationship did not occur in Organ Pipe Cactus National Monument, where buffelgrass cover was, on 
average, 16 times lower than in Saguaro National Park [267]. At 14 sites in Sonoran desert scrub 
communities in Saguaro National Park, native plant cover was 43% lower in 10- to 15-year-old 
buffelgrass-invaded patches than in uninvaded patches; however, native species richness was the same 
(14 species/100 m2) in both invaded and uninvaded patches. The lack of an effect on species richness 
was attributed to the early stage of the invasion [3]. Schesinger et al. (2013) hypothesized that 
decreases in richness of native grasses and forbs in the early stages of buffelgrass invasion were likely 
due to competition for resources. In later stages, impacts of buffelgrass-fueled fires are likely to increase 
the impact of buffelgrass invasion on species richness [355].  

Buffelgrass invasion appears to impact native plant communities more when combined with fire. 
Buffelgrass invasion had a significant effect on native plant species diversity on a burned site, but not on 
four unburned sites in Sonora [284]. McDonald and McPherson (2011) recorded a large drop in species 
richness after fires in areas with high buffelgrass cover (60%), from 26 to 5 species [267], but it is 
difficult to interpret these results without comparative data for burned areas without buffelgrass or 
information on longer term effects after rainfall has stimulated postfire recovery [355].  

Many native trees, shrubs, and cacti in Sonoran desert scrub communities are easily killed by fire or die 
eventually from fire damage [69,267,335,437] and are slow to establish in the postfire environment 
[79,122,255,267,334,370], partly due to reduced abundance of nurse plants that they rely on for 
regeneration (e.g., [44]). These include cacti such as the iconic saguaro [334] and the endangered 
Nichol’s Turk’s head cactus in southeastern Arizona [387], and Graham’s nipple cactus [44] and 
hairbrush cactus [282] in Sonora. While some cacti in the Sonoran Desert may survive a single fire, a 
second fire within 10 years may be "catastrophic" [275]. Rodriguez-Rodriguez (2017) stated that the 
“immediate threat” to saguaro populations is the increase in wildfires fueled by buffelgrass [334]. See 
the FEIS Species Review on saguaro for more information on threats to this species.  

Buffelgrass-fueled fires are likely to be more intense than fires fueled by native species [433] (see Fuel 
and Fire Characteristics: Sonoran Desert) and more likely to kill native trees, shrubs, and cacti 
[79,267,334] (fig. 6). In the Santa Catalina Mountains, the lightning-caused Mercer Fire (August 2019) 
started in a dense saguaro-paloverde stand that was "heavily infested” with buffelgrass and killed many 
saguaros and other endemic species. The researchers noted that saguaros were burned more severely in 
areas where surface fuels were dominated by buffelgrass than in areas where surface fuels were 
dominated by winter annuals [433]. Buffelgrass-fueled fires near El Batamote, Mexico, “not only killed 
but completely incinerated” desert ironwood and fragrant bursera [121], and in the Sonoran Desert 
Biological Reserve, buffelgrass burned “so intensely” that desert ironwood trees were completely 
consumed. Anecdotal evidence suggested that there was no recruitment of native perennials in burned 
areas of the Reserve, where native vegetation was being replaced by grassland [57]. While some native 
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Sonoran Desert plants can resprout after fire, buffelgrass generally resprouts more quickly, within 5 days 
after burning, making it more competitive for resources and more likely to dominate in the early postfire 
environment [267]. 

South Texas Plains 
Buffelgrass invasion is considered a “serious threat” to three federally endangered plants of the Lower 
Rio Grande Valley: Walker's manihot, Zapata bladderpod, and Rio Grande ayenia; and in Big Bend 
National Park, the endangered Chisos Mountain hedgehog cactus is highly susceptible to mortality from 
buffelgrass-fueled fire [122]. 

Impacts on native plant communities in the South Texas Plains are likely more severe as buffelgrass 
cover increases. In La Salle and Dimmit counties, Texas, plots with high buffelgrass cover (>25%) had 
lower native forb canopy cover, forb species richness, and forb stem density than native grass-
dominated plots with 0% to 5% buffelgrass cover [351]. 

Hawaii 
In Hawaii, buffelgrass displaces native pili grass and interferes with the growth of native woody species 
[240,364,418]. In addition, buffelgrass invasion threatens the habitat of two endangered grassland 
species: ‘ohai on Molokai and Oahu cowpea on Kahoolawe (J. Lau 1992, personal communication cited 
in [399]). 

Impacts on Wildlife 
Reduced abundance and diversity of native plant species resulting from buffelgrass invasion, buffelgrass-
fueled fires (see Fuel and Fire Characteristics), and intentional conversion of desert scrub and 
thornscrub habitats to buffelgrass pastures reduces habitat and forage for wildlife [147] (see Impacts on 
Native Plant Communities). Critical habitat for many mammals [122,275], birds [38,153], reptiles [51,60], 
and arthropods [34,100,189] may be lost for long periods because many native plants are slow to 
recover after fire. See Importance to Wildlife and Livestock for more information on buffelgrass impacts 
on wildlife.  

Impacts on Soils 
Soils under buffelgrass may have higher insolation, soil temperature [285,317], and daily and seasonal 
soil temperature fluctuations [68]; reduced soil moisture availability [68,285]; and altered microbial 
communities [166,435] compared with soils under native vegetation.  

While buffelgrass has been planted to reduce erosion in some areas [255] (see General Distribution), 
conversion of native plant communities to buffelgrass pasture may increase runoff and erosion, 
depending on the method of conversion, length of buffelgrass pasture establishment, and subsequent 
land use (e.g., [247,310]). The decline in Tarahumara frog population in southern Sonora has been 
attributed to stream sedimentation due to clearing native vegetation and replacing it with buffelgrass 
[337]. 

A review of buffelgrass effects on nutrient cycling concluded that buffelgrass invasion enriches nitrogen 
and carbon and depletes phosphorus from the soil relative to uninvaded sites [135] (fig. 11). At 14 sites 
in Sonoran desert scrub communities in Saguaro National Park, soil organic carbon and nitrogen were 
about two-fold greater in ≈10-year-old buffelgrass patches than in nonbuffelgrass patches [3]. However, 
in field studies in Mexico, soil nitrogen [206,207] and extractable phosphorous [286] as well as soil 
organic carbon content [206,207], were lower in pastures, especially relatively older pastures [286], than 
in native plant communities. For example, soil nutrients in ≥10-year-old buffelgrass pastures were lower 
than in native grassland, and differences were greater in tropical ecosystems in southeastern Mexico 
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than in arid ecosystems in northern Mexico [207]. However, Johnson (2007) did not find any evidence 
that buffelgrass establishment altered the physical or chemical characteristics of soil in a shade house 
after 35 days [224].  

Invasion Success  
In a review, Stevens and Falk (2009) attribute buffelgrass’s invasion success to: 1) its greater drought 
tolerance or better access to resources than natives; 2) seed structural properties that facilitate long-
distance dispersal; 3) high seed production and seedling establishment rates and repeated introductions 
from well-established source populations resulting in “extremely high” propagule pressure; 4) ability to 
colonize disturbed and undisturbed areas; 5) escape from natural enemies; and 6) fuel characteristics 
that can alter fire intensity and frequency [371]. Allelopathy may also be a mechanism by which 
buffelgrass achieves dominance (e.g., [72,128,151,201,202,413]). 

Farrell and Gornish (2019) developed a conceptual model using evidence of buffelgrass-caused changes 
in water availability, nutrient cycling, and disturbance regimes that result in a self-reinforcing feedback 
loop that promotes further invasion (fig. 11). They state that land managers can use the model to find 
ways to interrupt the feedback loop, control buffelgrass, and establish native species [135] (see Control).  

Buffelgrass can adapt to local conditions, which may be a key mechanism of invasion success [232] (see 
Botanical Description and Site Characteristics: Climate and Weather). Buffelgrass: 1) is highly genetically 
differentiated, 2) is very phenotypically plastic, and 3) can tolerate extreme variation of rainfall and 
temperature in arid environments. A study of the invasive capacity of buffelgrass in Mexico concluded 
that invasion success is not directly linked to genotypic variation, and that factors such as phenotypic 
plasticity and propagule pressure are likely greater determinants [176]. 

PREVENTION 
Preventing buffelgrass invasion is the most economically and ecologically effective management 
strategy [255,328]. Buffelgrass should not be planted for forage or erosion control in or near wildlands 
[403]. Minimizing soil disturbance and maintaining desirable vegetation, limiting buffelgrass seed 
dispersal, and establishing a program for monitoring and early detection and eradication of new 
populations can help prevent its establishment, persistence, and spread. If disturbance cannot be 
avoided, establishing desirable species on disturbed areas as soon as possible may reduce buffelgrass 
establishment and spread [3,149,215,403] (see Revegetation). See the Field Guide for Managing 
Buffelgrass in the Southwest for specific guidelines for preventing buffelgrass spread [403]. See the 
Guide to Noxious Weed Prevention Practices [402] for general guidelines in preventing the spread of 
weed seeds and propagules under different management conditions. See Fire Management 
Considerations for information on preventing postfire establishment and spread. 

In a review on treatment efficacy, Farrell and Gornish (2019) noted that buffelgrass continues to be sold 
and planted in Texas, Mexico, and Australia, providing a continued source of propagules [135]. Grechi et 
al. (2014) created a decision framework to help manage buffelgrass in areas where it is considered an 
economically valuable forage species and suggested that managers may have to prioritize either forage 
production or biodiversity [173]. 
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Figure 11—Conceptual model of buffelgrass traits and adaptations that result in altered water 
availability (blue), nutrient cycling (green), and disturbance regimes (orange), enabling it to outcompete 
native species. The model is based on a review of literature about buffelgrass impacts on its 
environment; see table S4 in Farrell and Gornish (2019) for a list of sources. Figure used with permission 
[135]. 
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CONTROL 
Understanding the traits and adaptations that make buffelgrass a successful invader is important for 
elucidating opportunities for intervention and restoration and designing and implementing an effective 
control strategy [135,371] (see Invasion Success, fig. 11). Several reviews discuss buffelgrass control 
strategies: [110,371,403]. Control of buffelgrass requires removing established plants and reducing 
propagule pressure [63,130,139] by preventing seed production, depleting the buffelgrass soil seed 
bank, and establishing and maintaining desired vegetation [63,329]. Studies of seed longevity suggest 
that follow up treatments to control buffelgrass are needed for 3 to 5 years to prevent buffelgrass 
reestablishment (see Seed Longevity). The Field Guide for Managing Buffelgrass in the Southwest 
recommends repeating treatments annually, and possibly within a single growing season, for several 
consecutive years to deplete the buffelgrass seed bank [403]. 

Removing satellite patches can substantially reduce buffelgrass spread [217,427], although buffelgrass 
control is unlikely unless high-density source habitats that supply propagules are also controlled [371]. 
Propagule pressure is generally greatest in areas adjacent to or nearby buffelgrass pastures and 
roadside populations, as these are the areas from which buffelgrass is most likely to establish and 
spread [63,76,130,139,217,284] (see Successional Status). Because of this, Van Devender et al. (2006) 
recommended prioritizing the control of buffelgrass along roadsides [405]. However, an examination of 
buffelgrass dispersal pattern and spread along a roadside in southern Arizona indicated that targeting 
buffelgrass satellite patches was more effective at reducing its spread than targeting the largest patches 
[427]. Jarnevich et al. (2022) also found support for prioritizing small patch treatment in Saguaro 
National Park [217]. 
 
Choice of control method(s) for buffelgrass depends on many local factors including degree of invasion, 
current land use, and site conditions (terrain, accessibility, microclimate, nontarget flora and fauna 
present, etc.) [200,403]. The Field Guide for Managing Buffelgrass in the Southwest summarizes 
management considerations for controlling buffelgrass in different site types (e.g., wildland-urban 
interface, roadsides, and rangeland). For all management options they recommend minimizing soil 
disturbance and revisiting treated sites to kill new buffelgrass seedlings and previously missed plants 
[403]. Buffelgrass control in the Sonoran Desert is complicated by the fact that invaded areas typically 
include steep slopes and extremely broken and gullied terrain. In combination with hot, dry weather 
conditions, access and treatment by ground is generally slow, difficult, and potentially dangerous 
[254,384]. 
 
As of 2019, most published studies on buffelgrass treatment effectiveness were short-term (from 1 to 
36 months, averaging 15 months), and long-term studies of treatment efficacy and treatment impacts 
on native communities are needed [135]. Available evidence suggests that permanent eradication 
without ongoing maintenance is unlikely [135].  
 
Decision support tools are available to identify and prioritize control strategies for buffelgrass in the 
Southwest (e.g., [65,149,215]). For example, a spatial state-and-transition simulation model (STSM) for 
the wildland-urban interface on the lower southern slopes of the Santa Catalina Mountains showed that 
without treatment, buffelgrass invasions that started with as little as 80 ha could grow to more than 
6,000 ha by the year 2060. In contrast, all management scenarios reduced the total invaded area 
compared with no management [149]. Nearby, at Ironwood Forest National Monument, alternative 
management scenarios analyzed using a spatial STSM projected an increase in invaded area from 30 ha 
to 219 ha over 20 years. The authors concluded that “broad and aggressive management” was required 
to reduce buffelgrass populations, and that investing more resources when invaded area is small is likely 
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to reduce the overall cost and increase the efficiency of buffelgrass management [215]. The importance 
of monitoring and inventorying buffelgrass populations is emphasized in both studies [149,215], as most 
scenarios showed substantial impact of undetected new populations due to their exponential growth 
[215]. 

The following sections include information about general control methods available for buffelgrass, 
including fire, physical and mechanical control, biological control, livestock grazing, and chemical 
control. Manual removal and chemical control are among the most common control methods for 
buffelgrass used in the United States [235]. A combination of methods is likely to be more effective than 
any method alone [135,200,403] (see Integrated Management). 

Fire  
See the Fire Management Considerations section of this Species Review. 

Physical and Mechanical Control 

Manual Removal  
Regardless of the method (hand pulling, grubbing, or hoeing), the entire root mass must be removed to 
prevent resprouting. Manual removal is most suitable for small patches—because it is time consuming 
and labor-Intensive [110,255,403]—and for young plants—because the tough root crown and a long, 
dense root mass make manual removal of mature plants more difficult [403]. 

While manual removal is possible year-round on most sites [110,235], removal is easiest when soils are 
moist, and care must be taken if seeds are present on the plants. The optimal time for manual removal 
is at least 4 days after 13 to 25 mm of precipitation, when soil is moist [110,420] and seedlings have 
emerged [420]. In the foothills of the Santa Catalina Mountains, there are only two brief periods—in 
early March and again in mid-July—when seeds are absent and seed dispersal during removal is not a 
concern [338]. When possible, plants should be bagged and removed from the site to prevent seed 
dispersal [403]. Otherwise, uprooted buffelgrass plants can be spread compactly onto the area 
disturbed by uprooting to create a thatch layer that helps reduce buffelgrass seedling establishment. 
Plants can be kept in place by placing rocks on top of them [221,403]. 

Because manual removal may facilitate further invasion through seed dispersal and soil disturbance 
[403], at least 2 years of treatment are required to successfully remove mature buffelgrass plants from a 
site, and then sites need to be monitored, and newly established seedlings removed, until the seed bank 
is depleted [110,312,345,403]. In 1994, physical removal (hand pulling and digging with a shovel) of 
buffelgrass at Organ Pipe Cactus National Monument was initiated in a test plot. The following winter, 
many buffelgrass seedlings were removed from the site. By 1996, no seedlings were found. At another 
site at the monument, physical removal of buffelgrass resulted in almost no reestablishment. Sites 
where buffelgrass was most likely to reestablish following physical removal at the monument included 
burned sites, buffelgrass stands at least several years old, areas near a seed source, areas with roads and 
trails, areas with white-throated woodrat middens, and areas with topsoil loss due to erosion or 
bulldozing [345]. 

Groups such as the Sonoran Desert Weedwackers, established in 2000, have been successful at 
organizing volunteers to hand pull buffelgrass over large areas of Tucson Mountain Park, Arizona (e.g., 
[45,117,312,345]). Since then, numerous other volunteer “weedwacker” groups, neighborhood groups, 
and other nonprofit groups have formed to control buffelgrass [312]. 
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Mowing 
Mowing and cutting are not effective methods for buffelgrass control because buffelgrass growth rate 
may increase after defoliation, and plants can set seed at any height [110,208,403]. However, mowing 
can be used to decrease standing biomass before herbicide application to decrease the amount of 
herbicide needed and increase its efficacy [110]. See the Field Guide for Managing Buffelgrass in the 
Southwest [403] for details. Cutting buffelgrass plants before seed stalks are developed and cleaning 
vehicles and clothing before moving to another site to avoid dispersing seeds is recommended [403]. 
Mowing is most practical in large, relatively flat, dry areas [110]. 

Cultivation 
While Humphreys (1967) stated that buffelgrass is difficult to eradicate with cultivation (tilling, disking, 
or plowing) due to the “massive, fibrous root system” [197], and increases or a lack of change in 
buffelgrass cover following cultivation are frequently reported (e.g., [154,222,237,344]), other reviews 
suggest that properly timed and repeated cultivation can eventually eliminate a buffelgrass population 
[110,403]. Repeated cultivation is typically needed to deplete the soil seed bank [417]. Cultivation is not 
typically appropriate in natural areas [110], and it increases the risk of erosion by exposing soil 
[329,417]. In addition, cultivation can stimulate germination from the soil seed bank and spread 
buffelgrass if all vegetative reproductive parts are not removed [110] and follow up treatments are not 
conducted. Cultivation is most effective when followed by other control methods that kill reestablishing 
plants [403].  

Biological Control 
There are no approved biological control agents available for buffelgrass [110,403]. A spittlebug 
(Aeneolamia albofasciata), fungal blight (Magnaporthe grisea), leaf blight (Pyricularia grisea), 
and leaf spot (Cochliobolus australiensis) have the potential to damage buffelgrass stands in 
the United States and Mexico [110,403]. Sands et al. (2011) proposed that detritivores of 
African grasses may be potential biological control agents for senescing and dead biomass and 
meet the specificity requirements as agents to control invasive African grasses in the USA and 
Australia [350].  

Livestock Grazing 
Buffelgrass can generally withstand continuous and heavy grazing [42,64,194,197,376], which is one 
reason it has been grown widely in tropical and subtropical arid rangelands around the world [110,255] 
(see General Distribution). Buffelgrass is better able to withstand grazing than many native grass species 
because it has a larger number of nodal tillers remaining after defoliation [194,434]. Therefore, livestock 
grazing alone is not a practical option for reducing buffelgrass, except perhaps in limited situations (i.e., 
where continuous or heavy grazing will not be detrimental to native plant communities) and when used 
in an integrated management approach [110,255,403] (see Integrated Management and Integrated 
Management with Fire). For example, anecdotal evidence suggests that grazed buffelgrass pastures are 
less likely to carry fire than ungrazed pastures due to reduced fuel biomass [301,405]. 

The effect of grazing on buffelgrass depends on the type, timing, frequency, and severity of grazing and 
plant community composition. In Tamaulipan thornscrub in northeastern Mexico, buffelgrass had higher 
relative abundance in a “savory” (planned holistic) grazing system after 12 years of use (26.63%) than in 
a continuous grazing system after 22 years of use (0.98%) [280]. In native-dominated and buffelgrass-
dominated plant communities in two private ranches in the South Texas Plains and Coastal Prairies 
ecoregions of Texas, targeted grazing (intermittent, heavy grazing) reduced buffelgrass cover and 
increased species diversity, species richness, and cover of native plants [330]. 
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Buffelgrass seed production and soil seed bank density may be reduced by livestock grazing or other 
means of defoliation [320] (see Seed Production and Predation and Seed Banking), and a lack of grazing 
in buffelgrass pastures might increase propagule pressure and allow it to spread into adjacent natural 
vegetation [197,301]. Ceasing livestock grazing is unlikely to reduce buffelgrass dominance without 
additional control treatments. Buffelgrass remained dominant 25 years after livestock grazing ceased 
and Tamaulipan thornscrub vegetation was allowed to naturally regenerate in two pastures in 
northeastern Mexico, even though species richness and alpha diversity increased [309]. 

Chemical Control 
Buffelgrass may be controlled by some herbicides; however, studies on herbicide effectiveness are 
lacking and provide only short-term data [135]. Repeated applications are typically necessary to kill all 
plants [33,329], herbicides can have negative impacts on nontarget species [403], and buffelgrass may 
develop herbicide resistance [41]. See reviews by DiTomaso et al. (2013) [110], Farrell and Gornish 
(2019) [135], and the US Forest Service (2017) [403] for specific methods, chemicals, and application 
rates. See also the studies in the review by Farrell and Gornish (2019) [135] and these studies published 
since: [120,200,384]. 

Glyphosate and imazapyr are two of the most common herbicides used to kill buffelgrass. Glyphosate is 
most effective when most of the plant is green and actively growing, which usually restricts its use to the 
monsoon season (July-September) in the Sonoran Desert [235,403,419]. Models are available for 
predicting greenness of buffelgrass at different locations in Arizona [32,419]. Rosemartin et al. (2014) 
provides a figure showing buffelgrass canopy foliar greenness over time in the foothills of the Santa 
Catalina Mountains that could be used to determine the appropriate timing for herbicide application 
[338].  

Herbicides may be effective at reducing buffelgrass fuel loads and breaking the continuity of buffelgrass 
fuels. For example, 3 years after herbicide application in buffelgrass-dominated old fields in the Sonoran 
Desert, buffelgrass fuel loads were discontinuous and low, and landscapes appeared more fire-resistant 
[268]. Herbicides are more effective at killing emerging plants and small seedlings than older, 
established plants [42].  

Herbicides may be effective in gaining initial control of a population of nonnative plants, but they are 
rarely a complete or long-term solution to weed management [61]. Control with herbicides is 
temporary, as it does not change conditions that allow invasion to occur in the first place [449]. In a 
review of treatment efficacy, Farrell and Gornish (2019) reported that herbicide treatments showed 
detrimental impacts on native plant communities and that many studies are greenhouse-based or 
conducted in planted buffelgrass fields, with effects recorded 1 to 3 months after herbicide application. 
This approach demonstrates the effectiveness of the herbicides’ active ingredients, but it fails to 
incorporate the complexities land managers deal with, such as access to treatment sites and unintended 
effects on native species [135]. On large populations, herbicides are most effective when incorporated 
into long-term management plans that include replacement of weeds with desirable species (see 
Revegetation), careful land use management, and prevention of new invasions. See the Weed Control 
Methods Handbook [395] for considerations on the use of herbicides in natural areas. 

Integrated Management 
Reviews recommend integrating control methods to enhance the success of buffelgrass control 
[135,403]. The Field Guide for Managing Buffelgrass in the Southwest suggests combining herbicide 
application with manual removal, mowing, tilling, livestock grazing, or prescribed fire to increase success 
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[403]. See Integrated Management with Fire for more information on combining various control 
methods with prescribed fire.  

A review of buffelgrass treatment efficacy concluded that buffelgrass is most effectively controlled by 
using multiple techniques and including follow-up treatments to kill multiple generations and cohorts. 
However, most of the buffelgrass control studies reviewed conducted only one to two treatments, and 
the average period between treatment and measurement was 15 months, which is inadequate to 
determine long-term treatment success. Fewer than one-third of the studies reported impacts of 
management on native species in tandem with buffelgrass control, and the most studied treatment type 
(herbicide) showed detrimental impacts on native plant communities [135]. 

REVEGETATION 
No matter what method is used to kill buffelgrass plants (see Control), establishment or maintenance of 
desirable plants is needed for long-term control [135,271]. Interference from associated plants reduces 
buffelgrass seedling establishment and survival, plant growth (biomass), tillering, and flowering 
[134,135,271,373]. If the native seed bank is intact, sites may not require revegetation after buffelgrass 
is removed [3,4,75,135,217]. However, restoration of heavily invaded sites with few remaining native 
species is unlikely without revegetation efforts [146,154]. 

To help prevent establishment and reinvasion by buffelgrass, revegetation efforts should use a variety of 
plant species with a diversity of functional traits that fill all resource niches, especially species that have 
similar functional traits as buffelgrass (e.g., similar root depth or establishment timing). Candidates for 
revegetation efforts might include species that can 1) establish in low-water conditions, 2) establish 
quickly after disturbance, 3) tolerate periods of drought, 4) tolerate fire, and 5) tolerate buffelgrass 
allelopathy [134,135]. Follow-up treatments to prevent buffelgrass from resprouting or emerging from 
the soil seed bank may be necessary while desirable plants are establishing [392].  

Caution is warranted when removing other nonnative invasive species in revegetation efforts because 
buffelgrass may establish following their removal. Buffelgrass emerged in a giant reed-dominated 
riparian area in Laredo, Texas, after periodic cutting of the aboveground biomass of giant reed over 27 
months [318].  

Successful restoration of desirable vegetation by removing buffelgrass and seeding and/or planting 
native species has been observed [98,111,168,245,248,417], but success varies with many factors, 
including buffelgrass abundance and time-since-establishment, precipitation, site preparation method, 
revegetation method, and follow-up treatments [4,94,98,217,392,442]. Woods et al. (2012) found that 
active revegetation after herbicide treatment on five sites in Saguaro National Park had no effect on 
buffelgrass abundance; however, precipitation was below-average during the study, and the researchers 
suggested that seeding during years of higher rainfall or using a higher seeding rate might be more 
effective [442]. Models evaluating the effects of different types and frequencies of treatment are 
available: [149,217]. 

Revegetation and Wildlife Management 
Restoration of buffelgrass pastures to native vegetation can increase wildlife habitat and forage. After 
restoration of buffelgrass grassland in La Salle County, Texas, by discing and planting native seed, 
abundance, species richness, diversity, and evenness of native plants, birds (breeding and winter), 
butterflies, and small mammals were generally higher than on unrestored buffelgrass grassland. Prior to 
restoration, the site experienced rotational cattle grazing and systematic prescribed burns (± 3-year 
rotation) to stimulate buffelgrass production and reduce woody plants, and buffelgrass dominated the 
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site for >30 years [168,189]. For more information on managing buffelgrass pastures for wildlife, see 
Wildlife Management and Fire. 

MANAGEMENT UNDER A CHANGING CLIMATE 
Habitat suitability of buffelgrass is driven by annual precipitation and mean annual temperature (e.g., 
[8,89,107,195,206,218,255,304]) (see Site Characteristics: Climate and Weather); therefore, future 
changes in climate are likely to have a substantial effect on buffelgrass distribution. Young buffelgrass 
plants are sensitive to extreme high and low ambient temperatures [20,81,102,316], and all buffelgrass 
plants are intolerant of freezing temperatures [20,81,369] (see Seedling Establishment and Mortality: 
Weather).  

Climate data from the Sonoran Desert show widespread warming trends in winter and spring, decreased 
frequency of freezing temperatures, lengthening of the freeze-free season, and increased minimum 
winter temperatures. These changes are likely to favor buffelgrass range expansion northward and 
upslope [424]. Buffelgrass cultivars with greater cold tolerance may have the potential to establish even 
farther north and upslope with climate change [20,298,371,434].  

Changes in the amount and timing of precipitation have important implications for potential trajectories 
of vegetation change in the Sonoran Desert region and for future buffelgrass distribution [424]. Recent 
analyses of future climate predictions for the Southwest lean towards decreased warm-season 
precipitation [219]; however, projected precipitation patterns and incidence of drought differ among 
climate models and are less certain than temperature projections [1,424]. In contrast, strong agreement 
among models suggests decreased cool-season (November-March) precipitation in the Sonoran Desert 
region (south of about 37 °N). Reduced warm-season and cold-season precipitation could limit 
buffelgrass’s distribution [1]. 

Increases in buffelgrass in the Southwest since the 1980s have been attributed to warming climate 
during the same period (e.g., [20,298,368]). Climate models project both increases and decreases in 
buffelgrass distribution, depending on location. A series of climate models based on 8,394 reported 
occurrences of buffelgrass in the United States [15] predicted that by about 2050, buffelgrass is likely to 
spread in California, Texas, and Florida; and to retract from parts of the Southwest [113] (fig. 12). 
Modeling by Albuquerque et al. (2019) used 18,550 buffelgrass locations and predicted expansion of 
suitable habitat mostly in California, Arizona, New Mexico, and Chihuahua; and contraction of suitable 
habitat mostly in portions of the Sonoran Desert, the foothills of the southern Sierra Madre Occidental, 
and in the driest areas around the lower Colorado River [8]. In contrast, modeling by Holcombe (2009) 
used 1,876 buffelgrass locations and predicted expansion in some areas (primarily along the periphery 
of current invasions in Arizona) and contraction or no change in others (such as the core of its 
distribution in southern Arizona), which resulted in no overall change in suitable habitat in the 
continental United States for buffelgrass by 2035 [195]. Jarnevich et al. (2018) suggested that predicted 
changes in climate are expected to increase habitat suitability for buffelgrass in Saguaro National Park 
[218]. 

According to a review, buffelgrass appears to “perform particularly well at elevated CO2 levels” [255]. 
Tropical C4 grasses such as buffelgrass typically show increases in biomass, plant height, leaf length, and 
leaf width with increased atmospheric carbon dioxide [37,255]. However, buffelgrass cultivars respond 
differently to elevated carbon dioxide levels [353], and response may depend on soil nutrient availability 
[234]. Australian grassland community composition and species interactions may shift to more 
nonnative-dominated communities with predicted increases in carbon dioxide and fire frequency, 
although overall grassland productivity may not change [394]. 
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Projected changes in temperature and precipitation suggest an additional 3 weeks of extreme fire 
danger in the Sonoran Desert [1], which is likely to benefit fire-adapted buffelgrass over nonfire-adapted 
native plants, as long as temperature and moisture are not limiting to its establishment and spread 
[79,267,334] (see Impacts on Native Plant Communities: Sonoran Desert). 

 

APPENDIX 

Common name Scientific name 
Trees 
acacia Acacia spp. 
brigalow* Acacia harpophylla 
cedar elm Ulmus crassifolia 
corkwood* Hakea spp. 
desert ironwood Olneya tesota 
eucalyptus* Eucalyptus spp. 

Figure 12—County-level distribution of the modeled future range (about 2050) of buffelgrass in the 
United States, based on climate change models from Allen et al. (2016) [15]. Map courtesy of EDDMaps 
[113] [14 September 2021]. 

Table A1—Plant species mentioned in this review. For further information on fire ecology of these taxa, 
follow the highlighted links to FEIS Species Reviews. Species not native to North America are indicated 
with an asterisk. 
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fountaingrass* Pennisetum spp. 
huisache Vachellia farnesiana 
honey mesquite Prosopis glandulosa (syn. Prosopis juliflora) 
juniper Juniperus spp. 
kiawe* Prosopis pallida 
mesquite Prosopis spp. 
oak Quercus spp. 
pine Pinus spp. 
pinyon Pinus spp. 
Rio Grande palmetto Sabal mexicana 
white leadtree* Leucaena leucocephala 
Willard’s acacia Mariosousa willardiana 
Shrubs 
Arizona mimosa  Mimosa distachya var. laxiflora 
brittle bush Encelia farinosa 
common goldenbush Isocoma coronopifolia 
creosote bush Larrea tridentata 
fragrant bursera Bursera fagaroides 
hackberry Celtis spp. 
'ohai  Sesbania tomentosa 
paloverde Parkinsonia spp. 
Rio Grande ayenia Ayenia limitaris 
sage Salvia spp. 
sagebrush Artemisia spp. 
saltbush Atriplex spp. 
spiny hackberry Celtis ehrenbergiana (syn. Celtis pallida) 
Texas ebony Ebenopsis ebano 
threadleaf snakeweed Gutierrezia microcephala 
triangle bur ragweed Ambrosia deltoidea 
yellow paloverde Parkinsonia microphylla 
Forbs 
purple bushbean* Macroptilium atropurpureum cv. siratro 
Walker's manihot Manihot walkerae 
Zapata bladderpod Lesquerella thamnophila 
Graminoids 
alkali sacaton Sporobolus airoides 
Arizona cottontop Digitaria californica 
birdwood grass* Cenchrus setiger 
cane bluestem Bothriochloa barbinodis 
cheatgrass* Bromus tectorum 
crimson fountaingrass* Pennisetum setaceum 
curlyleaf* Eragrostis rigidior 
deertongue Dichanthelium clandestinum (syn. Panicum clandestinum)  
fingergrass  Chloris spp. 

https://www.feis-crs.org/feis/
https://www.fs.usda.gov/database/feis/plants/shrub/vacfar/all.html
https://www.fs.usda.gov/database/feis/plants/tree/progla/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/encfar/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/lartri/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/gutmic/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/parmic/all.html
https://www.fs.usda.gov/database/feis/plants/graminoid/spoair/all.html
https://www.fs.usda.gov/database/feis/plants/graminoid/digcal/all.html
https://www.fs.usda.gov/database/feis/plants/graminoid/botbar/all.html
https://www.fs.usda.gov/database/feis/plants/graminoid/brotec/all.html
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giant reed* Arundo donax 
guineagrass* Urochloa maxima 
gulf cordgrass Spartina spartinae 
jaraguagrass* Hyparrhenia rufa 
Kleberg’s bluestem* Dichanthium annulatum 
kleingrass* Panicum coloratum 
Lehmann lovegrass* Eragrostis lehmanniana 
little bluestem Schizachyrium scoparium 
Mitchell grass* Astrebla spp. 
Old World bluestems* Bothriochloa spp. and Dichanthium spp. 
pili grass  Heteropogon contortus 
red brome* Bromus rubens 
sourgrass Digitaria insularis 
weeping lovegrass* Eragrostis curvula 
Cacti 
cactus apple Opuntia engelmannii 
Chisos Mountain hedgehog cactus Echinocereus chisoensis 
cholla Opuntia spp. 
Graham’s nipple cactus  Mammillaria grahamii 
hairbrush cactus Pachycereus pecten-aboriginum 
Nichol’s Turk’s head cactus  Echinocactus horizonthalonius var. nicholii 
organ pipe cactus Stenocereus thurberi 
saguaro Carnegiea gigantea 

 

Common name Scientific name 
Arthropods 
ants Formicidae 
bees Hymenoptera 
beetles Coleoptera 
butterflies Lepidoptera 
fire ants Solenopsis spp. 
harvester ants Pogonomyrmex spp. 
spiders Araneae 
spittlebug Aeneolamia albofasciata 
termites Blattodea 
tropical fire ant Solenopsis geminate 

  

Table A2—Wild animal species mentioned in this review. For further information on fire ecology of 
these taxa, follow the highlighted links to FEIS Species Reviews. Nonnative species are indicated with an 
asterisk. 

https://www.feis-crs.org/feis/
https://www.fs.usda.gov/database/feis/plants/graminoid/arudon/all.html
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https://www.fs.usda.gov/database/feis/plants/graminoid/schsco/all.html
https://www.fs.usda.gov/database/feis/plants/graminoid/brospp/all.html
https://www.fs.usda.gov/database/feis/plants/cactus/cargig/all.html
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Reptiles and Amphibians 
Sonoran desert tortoise Gopherus morafkai 
Tarahumara frog Rana tarahumarae 
Texas horned lizard Phrynosoma cornutum 
Birds 
Allen’s hummingbird Selasphorus sasin 
Anna’s hummingbird Calypte anna 
Baird’s sparrow Centronyx bairdii 
black-chinned hummingbird Archilochus alexandri 
black-throated sparrow Amphispiza bilineata 
cactus ferruginous pygmy owl Glaucidium brasilianum subsp. cactorum 
Calliope hummingbird Selasphorus calliope 
Cassin’s sparrow Aimophilla cassini 
chestnut-bellied scaled quail  Callipepla squamata subsp. castanogastris 
Costa’s hummingbird Calypte costae 
grasshopper sparrow Ammodramus savannarum 
hummingbirds Trochilidae 
lark sparrow Chondestes grammacus 
masked bobwhite Colinus virginianus subsp. ridgwayi 
northern bobwhite Colinus virginianus 
northern mockingbird Mimus polyglottos 
quail Odontophoridae 
rufous-winged sparrow Peucaea carpalis 
savannah sparrow Passerculus sandwichensis 
sparrows Passerellidae 
Mammals 
American badger Taxidea taxus 
antelope jackrabbit Lepus alleni 
desert mule deer Odocoileus hemionus subsp. eremicus 
Eurasian wild boar* Sus scrofa 
hispid cotton rats  Sigmodon hispidus 
lagomorphs Lagomorpha 
mice Peromyscus spp. 
North American deermouse Peromyscus maniculatus 
Ord’s kangaroo rat Dipodomys ordii 
southern plains woodrat  Neotoma micropus 
white-tailed deer Odocoileus virginianus 
white-throated woodrat Neotoma albigula 
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