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Abstract 

Huisache (Acacia farnesiana [L.] Willd.), a pest tree species on rangelands 

throughout south Texas, is expanding in range and density and displacing more desirable 

forage grasses and forbs.  It resists control via herbicide, fire, or mechanical methods 

through vigorous resprouting and prolific seed production.  The objectives of my research 

were to 1) characterize the optimal timing and environmental conditions for effective 

herbicide control of huisache, 2) determine the optimum diurnally-fluctuating 

temperature conditions for huisache seed germination, and 3) determine the age at which 

seedlings’ cotyledon latent meristems are buried below the soil surface and plants attain 

resprouting ability.  These objectives were addressed in three experiments.  For the first, 

four huisache-invaded pastures with different soil textures from four counties along the 

Texas Coastal Bend region were used.  On-site weather station data were gathered, and 

the average phenological stage of huisache was determined each month for each pasture; 

shrubs from the average phenological stage were used for TNC (total nonstructural 

carbohydrate) analysis and herbicide treatment.  Each month between April 2012 and 

November 2014, five shrubs per site were excavated, and the root crowns were collected, 

frozen, dried, ground, and analyzed for TNC. In addition, two herbicide formulations 

were foliar-applied to five to ten shrubs every month at the four sites from July 2012 to 

November 2014, and mortality was evaluated following two growing seasons.  For the 

seed germination study, five 20-seed petri dish replicates were used in each of four seed 

temperature treatments, including:  35/25°C, 30/20°C, 25/15°C, and 20/10°C, under 

alternating 12-hour light/dark photoperiods in a growth chamber.  For the seedling 

resprouting / cotyledon latent meristem burying study, ten (out of 240) greenhouse-grown 

plants were cut at soil level each month for 24 months to determine age of resprouting, 

and ten (out of 120) greenhouse-grown plants were examined every other month for 24 

months to measure height of cotyledon latent meristem above (or below) soil level.  All 

greenhouse plants that were selected each month (or every other month) were measured 

for height and dry mass (total or above-ground). 

Herbicide and TNC data were analyzed using a randomized complete block 

design ANOVA (with study site as blocking factor), with appropriate post hoc tests to 
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separate means; Akaike’s Information Criterion (AIC) was used to determine the best-fit 

model for mortality data.  ANOVA for completely randomized design (with appropriate 

post-hoc tests) was used to analyze germination (daily and cumulative) and monthly 

change in cotyledon latent meristem height, and probit analysis and linear regression 

were used to analyze monthly changes in percentage of plants with cotyledon latent 

meristems at or below soil level and percentage of seedlings resprouting following top 

removal.  Root crown TNC results reveal significant increases (compared to the prior 

month) during May, August, and December.  Increases in TNC from one month to the 

next resulted from translocation of TNC from aerial portions of the plant into the root 

crown; in other weedy species foliar application during downward translocation of TNC 

has increased mortality of treated plants.  Herbicide-induced mortality was greatest 

during the months of October, May, November, and September.  The best fit model for 

mortality was a sixth-order polynomial function of mortality vs. month; when month was 

removed as a parameter, the best fit model was a quadratic function of mortality vs. soil 

temperature, combined with a quadratic function of mortality vs. phenology.  Although 

overall germination percentages were the same among temperature treatments, seeds in 

the 20/10°C temperature treatment germinated more slowly.  Seedling resprouting began 

at 6 months and increased to over 50% at 20 months.  Seedling cotyledon latent meristem 

height had a quadratic relationship with time, with average cotyledon latent meristem 

height at or below soil level at 22 months of age.  Seedling cotyledon latent meristems 

began to become buried at 7 months, with over 50% becoming buried at 21 months of 

age.  

These results indicate two windows in which to chemically treat huisache to 

achieve high mortality in the coastal plains of South Texas:  spring (especially May) and 

autumn (especially October and November).  Besides month (which can have variable 

environmental conditions), high huisache mortality rates can also be expected when soil 

temperature at 0.3 m is at or near a peak of 24.5°C, during the full canopy phenological 

stage.  Huisache seeds can be expected to germinate over a wide range of temperatures, 

with germination rate slowing when high/low temperatures are lowered to 20° and 10° C.  

Controlling huisache through top-removal methods can result in over 50% of plants 
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resprouting when 20 to 22 months of age. 
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Chapter 1 

INTRODUCTION 

Huisache (Acacia farnesiana [L.] Willd.) is a thorny leguminous shrub or small 

tree that has aggressively invaded rangelands in southern Texas.  This species is also 

known as Vachellia farnesiana (L.) Wright and Arn., Acacia smallii Isley, A. minuta (M. 

E. Jones) R. M. Beauch., Pomponax farnesiana (L.) Raf., and others (Ebinger et al. 

2000).  Ebinger et al. (2002) divided Acacia farnesiana into three subspecies:  A. 

farnesiana (L.) Willd. subsp. farnesiana, A. f. (L.) Willd. subsp. minuta (M. E. Jones) 

Ebinger, Siegler, and Clark, and A. f. (L.) Willd. subsp. pinetorum (F. J. Hermann) 

Ebinger, Siegler and Clark, with A. f. subsp. farnesiana comprising the A. smallii 

phenotype and commonly occurring in southern Texas.  Huisache is also known by other 

common names, including:  sweet acacia and aroma (Parrotta 1992). 

A. farnesiana is found across the southern United States, from southern Florida to 

southern California, through Central America and the Caribbean islands to Argentina in 

South America (Ebinger et al. 2002).  It has naturalized throughout the world in both 

tropical and subtropical habitats, in locations such as southern Europe (Parrotta 1992; 

Tutin 1980), Canary Islands (Kunkel 1976; Naranjo et al. 2009), North Africa (El-Lakany 

1987), Nigeria (Gill et al. 1986), India (Joshi 1983), China (Xiangyun 2002), Australia 

(Batianoff and Butler 2002), Hawaii (Stone et al. 1992), and other islands in the Pacific 

Ocean (Meyer 2000).  Huisache can grow in soils of various textures (Lonard et al. 1991; 

Pennington and Sarukhan 1968), of various pH levels (optimum range between pH 6 to 8; 

Scifres 1974), and under annual precipitation levels ranging from 40 cm (Badi 1967) to 

over 100 cm (personal observation). 
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This species is considered to be a rangeland pest in coastal South Texas because 

heavy infestations reduce grass production (Scifres et al. 1982).  It also resprouts quickly 

following disturbance (Dacy and Fulbright 2009); produces seeds abundantly (Scifres 

1974); and is difficult to control by mechanical, chemical, or pyric means (Box et al. 

1967; Dacy and Fulbright 2009; Rasmussen et al. 1983, Powell et al. 1972; Meyer et al. 

1976).  Huisache has the ability to grow in non-grazed grasslands and prairies (Meyer 

and Bovey 1982) and grows more quickly than most other woody species in South Texas 

(personal observation). 

Despite its problematic status as an invasive shrubby species, it is also worth 

noting that huisache has both agricultural and industrial economic value in other parts of 

the world.  For example in France and other parts of southern Europe and the 

Mediterranean Basin, huisache is cultivated, and the flowers are harvested to produce 

essential oils, to make perfumes and other products (El-Gamassy and Rofaeel 1975; 

Lawrence 1984; Parrotta 1992).  However, the use of huisache for agricultural and 

industrial purposes is not known to have ever occurred in Texas, or anywhere else in the 

United States of America. 

 

Huisache History in South Texas 

In South Texas, huisache thrives in locations with low soil fertility and high light 

intensity (Fulbright et al. 1997; Van Auken and Bush 1985), most dominantly in poorly 

drained shrublands and riparian woodlands (McLendon 1991).  Although drought tolerant 

(Scifres 1974), huisache growth and proliferation appears to be increased on wet sites and 

during wet periods (Mutz et al. 1978).  
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At the turn of the twentieth century, huisache was only found within about 100 

miles inland from the Gulf coast, normally growing in clay or “heavy and firm” sandy 

soils, especially along streams and around ponds, while lighter sandy soils were mostly 

open prairie (Bailey 1905; Schmidly 2003).  Previously, from the 1500’s to the 1800’s, 

South Texas had been similarly described as mostly grassy plains and prairies, with 

scattered shrubs, trees, shrublands, thickets, and woodlands, especially along streams and 

rivers (Bartlett 1854; Berlandier 1980; Duaine 1971; Forrestal 1934; Fulbright 1991; 

Céliz 1935).  These observations were supported by Carbon-13 isotope analysis of soils 

beneath herbaceous and woody plant cluster components in South Texas savannas 

(Archer 1990; Tieszen and Archer 1990), by models based on growth of individual 

woody plants and clusters (Archer 1989), by models based on landscape transition 

(Scanlan and Archer 1991), and by tree-ring analysis (Boutton et al 1998). 

The relative balance in abundance and distribution between herbaceous and 

woody vegetation types in savannas is considered to be a result of complex relationships 

among soils, climate, geomorphology, topography, fire, and herbivory (Backéus 1992; 

Scholes and Archer 1997; Walker 1987).  Human activities have also been important in 

the history of many savannas (Scholes and Archer 1997).  Before European settlement in 

the Americas, fires probably burned South Texas rangelands every five to thirty years 

(Wright and Bailey 1982), often caused by Native American tribes (Berlandier 1834; 

Newcomb 1961; Nuñez Cabeza de Vaca 1871).  The suppression of this wildfire regime, 

along with historic overgrazing of herbaceous cover by livestock, is believed to have led 

to an increase in the spread of huisache and other brush species, at the expense of 

herbaceous grassland species (Archer et al. 1988; Archer 1994; Fulbright 1991; Fulbright 
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2001; Johnston 1963).  This is supported by recommendations for prescribed burns every 

two to five years to decrease woody vegetation canopy cover, density and frequency in 

South Texas rangelands (Drawe 1980; Rasmussen et al. 1983; Ruthven et al. 2003).  

Studies that show huisache growth suppression by both C3 and C4 grasses growing in 

proximity, with little reduction in growth of the grasses also support this (Cohn et al. 

1989; Van Auken and Bush 1990; Van Auken 1994).   

Overgrazing can increase woody plant densities in several ways:  1) preferential 

removal of grass biomass (release of shrub seedlings from competition), 2) increased 

stress (reducing competitive ability) of grazed plants, 3) shrub seed dispersal, 4) 

reduction of fine fuels for fire, 5) shifting the herbaceous plant composition into one that 

is less competitive against woody species, 6) soil compaction (reduced infiltration), and 

7) soil erosion, thus changing soil properties to favor woody species (Archer 1994; 

Archer 1995a; Archer 1996).  However, huisache has been shown to have the ability to 

become established even in non-grazed rangelands (Meyer and Bovey 1982), and brush 

cover can increase rapidly in savannas free from fire, grazing, and browsing (Brown and 

Archer 1989; San José and Fariñas 1991).  Huisache also grows more quickly than most 

co-occurring brush species, including mesquite (personal observation).  Therefore, 

promotion of a more natural wildfire regime and prevention of overgrazing are probably 

both required to keep huisache from further invading grasslands.  The advent of large-

scale fencing during the late 1800’s contributed to an increase in overgrazing by limiting 

the movements of livestock (Archer 1994; Bogusch 1952), and the historic extirpation, 

decimation, and other alterations of native herbivore populations during recent centuries 

might also have helped increase the spread of woody species (Archer 1994; Archer 
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1996).  The consumption of huisache pods by livestock and subsequent dispersal of seeds 

to new locations also helped increase the range and density of huisache (Parrotta 1992). 

Climate change is another factor believed to have contributed to the increase in 

brush range and density in South Texas (Fulbright 1991).  Increased atmospheric CO2, a 

global concern in recent decades, has been shown to augment nitrogen fixation and 

biomass accumulation of huisache, which increases its competitiveness over non-

nitrogen-fixing plants growing in low-nitrogen soils (Muttiah and Johnson 1999; Polley 

et al. 1997, Tischler et al. 2004).  In particular, increased atmospheric CO2 since the start 

of the Industrial Revolution is believed to have increased the competitive advantage of C3 

shrubs (such as huisache) over C4 grasses, which dominate Texas prairies (McCarron and 

Knapp 2001) and grasslands and savannas in the southwestern United States (Idso 1992; 

Johnson et al. 1993; Mayeux et al. 1991).  Increased atmospheric CO2 may also increase 

the spread of trees in savannas by increasing the rate of resprouting and the rate of stem 

elongation, thus decreasing tree mortality from fire (Bond and Midgley 2000).  In 

addition, severe and frequent droughts (in combination with ensuing pluvial periods) are 

believed to have influenced or mediated the spread of shrublands into grasslands (Archer 

1990; Fulbright and Bryant 2003; Harrington 1991; Herbel et al. 1972), and in fact, some 

grassland studies have shown drought to have a greater negative effect upon grass plant 

basal area than level of grazing (Branson 1985; Clarkson and Lee 1988). 

Dynamic changes of climate during the past several millennia are evidenced by 

pollen analyses in southwest Texas (near Del Rio) that indicate a wetter climate existing 

10000 years ago, with a dryer climate following 4000 to 1000 years ago, increasing 

woody vegetation adapted to arid and semiarid environments (Johnson 1963; Hester 
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1980).  Glacial ice cores and the fossil record indicate significant instability in climate 

and vegetation in Southwestern North America over time scales stretching from decades 

to millennia (Archer 1994).  Studies have shown that perennial plants, especially deeply-

rooted and long-lived woody plants, can persist for decades or centuries through climatic 

changes resulting in conditions (e.g. temperature and soil moisture) that do not closely 

resemble those that were present during the relatively narrow window of seed 

germination and establishment (Cole 1985; Lewin 1985).  Therefore, it is possible that 

grasslands and savannas that became established under the influence of previous climates 

are only somewhat suited for current or recent climates (Archer 1994; Neilson 1986).  

Huisache, however, is well adapted to a wide variety of different climates, as evidenced 

by its world-wide distribution and phenological plasticity (Parrotta 1992; Naranjo et al. 

2009).  

By the early 1960’s huisache had infested 1.1 million ha of rangeland in Texas, 

primarily in the Coastal Prairies and South Texas Plains (Smith and Rechenthin 1964).  

According to vegetation surveys, huisache canopy cover increased by 48% in Texas from 

1964 to 1982 (USDA 1985).  Though as yet not documented in the literature, there is 

widespread concern that huisache has continued to expand in range and density during 

the last 35 years. 

 

Effect of Huisache on Rangelands 

Several attributes of huisache contribute to its status as a pest plant species.  On 

the Coastal Prairies of South Texas, annual production of grasses decreased with an 

increase in huisache canopy cover beyond 32% (Scifres et al. 1982).  This is because 
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brush species compete with grasses and other herbaceous plants for sunlight, water, 

space, and soil nutrients (Bade 1991, Scholes and Archer 1997), and because woody 

canopy interception and accumulated litter below the canopies can significantly reduce 

soil moisture (Návar and Bryan 1990; Scholes and Archer 1997).  Huisache and other 

woody plants with deep taproots can also extend their roots deeper than the root zone of 

grasses, enabling them to access subsurface moisture unavailable to grasses, especially in 

coarse-textured soil (Brown and Archer 1990; Knoop and Walker 1985; Walker et al. 

1981; Walker and Noy-Meir 1982; Walter 1972).  Woody plants can also out-compete 

grasses under conditions of soil infertility, shallow soil depth, or soil erosion (Archer 

1994), and woody plants can change soil nutrient distribution to favor the proliferation of 

woody species over herbaceous species (Archer 1996; Schlesinger et al. 1990).  C4 

grasses, which are dominant over C3 grasses in south Texas rangelands (as well as in 

many other subtropical and temperate grasslands, prairies, and savannas; Risser 1981), do 

not grow as well as C3 grasses beneath shrub canopies because C4 grasses require higher 

temperatures, grow better at higher levels of irradiance (Kanai and Black 1972), and 

grow less during the autumn, winter, and spring (when many shrub canopies are 

senescent, dormant, or in initiating growth, allowing greater light infiltration) than C3 

grasses (Parton and Risser 1976; Teeri and Stowe 1976).  Therefore, shrub encroachment 

has a more negative effect upon C4 grasses than upon C3 grasses. 

Cattle on the Coastal Prairies of South Texas have little preference for browsing 

shrubby species (Drawe and Box 1968).  Heavy brush densities add difficulty to working 

and gathering livestock and can decrease forage and habitat quality for wildlife species 

(Welch 1991; Welch undated).  Huisache is also poor browse for goat production (Welch 



Texas Tech University, Pablo Teveni, August 2017 
 

8 
 

1991).  Through increased canopy interception and reduced soil infiltration, heavy brush 

infestations might also reduce the amount of groundwater and surface water in rangeland 

watersheds, and the resulting reduction in grass cover can cause increased soil erosion, 

lowering the quality of surface water runoff (Sosebee 1987; Hibbert 1983; Jensen 1988; 

Kelton 1975; Scholes and Archer 1997; Welch 1991).  Savanna trees are most likely to 

reduce herbaceous production in rangelands with high precipitation and high tree density 

(Beale 1973; Burrows et al. 1988; Pieper 1990; Sandford et al. 1982).  High levels of 

livestock grazing might also reduce herbaceous production beneath savanna trees through 

increased livestock use of shaded locations (Belsky et al. 1993b).  Also, studies with 

other nitrogen-fixing species has shown that changing the nitrogen balance of rangeland 

soils can cause increases in other weedy and invasive species (Maron and Connors 1996).  

Because huisache generally grows faster than most other woody rangeland plant species 

in South Texas (personal observation) and because huisache grows well in very heavy 

soils (personal observation) while most other brush species grow best in soils without 

argillic horizons (Archer 1995b; Barnes and Archer 1999), it appears likely that huisache 

cannot only outcompete other brush species when growing in heavier soils but can also 

drastically increase density on rangelands with heavy soils, locations which otherwise 

(without the presence of huisache) might not be particularly prone to large-scale brush 

infestations.  In addition, large, thick stands of trees or brush (i.e. more than 371 huisache 

trees per hectare (150 trees per acre) in the Gulf Coastal Prairies) can prevent prescribed 

burns from achieving complete coverage of certain areas, due to the discontinuity of fine 

fuels below shrub and tree canopies (McLendon 1991; Hamilton undated; Drawe 1980; 

Box et al. 1967).  Finally, huisache is a preferred nesting and roosting species for the 
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great-tailed grackle (Quiscalus mexicanus), a nuisance avian species in South Texas, 

particularly during the breeding season (Hobbs and Leon 1987). 

Conversely, huisache can confer some benefits to rangelands.  Non-treated areas 

of mixed brush species, including huisache, in South Texas provided better white-tailed 

deer (Odocoileus virginianus) habitat and forage, compared with nearby root plowed and 

re-seeded grassy areas, especially during drought, frost, and overstocking (Davis and 

Winkler 1968; Fulbright and Taylor 2001).  Huisache in the Coastal Prairies of South 

Texas can have a moderate to high forage quality rating for white-tailed deer, particularly 

on clay soils during summer, autumn, and winter (Drawe and Box 1968), and huisache 

can have relatively high levels of crude protein during the spring and summer months, 

compared with other browse species (Wright et al. 2002).  Although it is of low browse 

preference, huisache can provide a large percentage of mast for white-tailed deer in the 

summer (approximately 20%) and autumn (approximately 50%), without negatively 

affecting population and nutritional status, especially in locations where other browse 

species have limited occurrence (Ruthven et al. 1994).  Maintenance of 40 to 60 % brush 

cover has been shown to provide the most successful conditions for white-tail deer 

management (Richardson 1989; Steuter and Wright 1980).  Likewise, despite its low 

preference, cattle can browse brush, including huisache, for 20% of their diet in the 

winter and 10% of their diet in the summer (Everitt et al. 1981), and cattle usually 

overwinter in better condition on brushy pastures than on grassy pastures, possibly due to 

more protein in browse and forage in the former than in the latter (Hanselka undated).  

Increasing huisache canopy cover up to 25% can increase Texas wintergrass (Stipa 

leucotricha), an important cool-season forage for cattle, and increasing huisache canopy 
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cover can also improve winter forage by reducing winter weathering of the standing crop 

of warm-season grasses (Scifres et al. 1982).  Similarly, a mixed-brush/bristlegrass 

community (including huisache) on the Gulf Coastal Prairie was found to produce more 

grass between the months of November and January, compared with prickly 

pear/shortgrass, bunchgrass/annual forb, or mesquite/buffalograss communities, yet all 

communities (except prickly pear/shortgrass) yielded similar amounts of herbage 

production over the annual period (Box 1960).   

Huisache can also add organic matter and plant-available nitrogen to rangeland 

soils through nitrogen-fixation by Rhizobium bacteria in root nodules, especially in 

locations with relatively low soil nitrogen (Herrera-Arreola et al. 2007; Zitzer et al. 

1996).  In arid and semi-arid areas, huisache and other leguminous woody species can 

actually create islands of soil fertility beneath their canopies, compared with soil in 

interspaces (Geesing et al. 2000; Reyes-Reyes et al. 2003; Reyes-Reyes et al. 2002; 

Virginia and Jarrell 1983) through reduced solar irradiance (resulting in lower soil 

temperatures, reduced plant evaporative demand, increased soil moisture, and increased 

plant water-use efficiency), canopy trapping of nutrient-rich dust, hydraulic lift, increased 

animal use (increased defecation and burrowing), and enhanced microbial biomass 

(Amundson et al. 1995; Belsky et al. 1989; Caldwell and Richards 1989; Dawson 1993; 

Mordelet and Menaut 1995; Virginia 1986; Weltzin and Coughenour 1990).  This 

beneficial effect is especially evident in situations of high abiotic stress (Bertness and 

Callaway 1994), such as drought (Barnes and Archer 1999; Bernhard-Reversat 1982).  

The removal of mesquite can cause decreases of available soil nitrogen, phosphorous, 

potassium, sulfur, and iron (Frías-Hernández et al. 1999; Tiedemann and Klemmedson 
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1986); removal of huisache might cause similar declines in soil fertility.  Deep roots (> 1 

m) might also allow woody savanna species to capture nutrients below the herbaceous 

root zone, reducing nutrient leaching, recycling those nutrients, and keeping them in the 

ecosystem (Belsky et al. 1989).  The beneficial effects of savanna trees upon forage 

productivity are most likely to be realized in tropical and subtropical rangelands where 

soil fertility is moderate, annual precipitation is low, tree density is low, and grazing 

intensity is low or moderate (Kennard and Walker 1973; Knoop and Walker 1985; 

Burrows et al. 1990; Belsky et al. 1993a; Belsky et al. 1993b; Belsky 1994). 

Although “thicketization” (i.e. transformation of grasslands and prairies into 

shrublands or woodlands) of mesic grasslands and savannas can result in socioeconomic 

degradation due to decreased livestock carrying capacity of rangelands, it does not 

necessarily cause ecological degradation if levels of productivity, biodiversity, and other 

ecological factors are not diminished; therefore land management could potentially re-

focus efforts on other rangeland products or services that hold socioeconomic value, such 

as lease hunting or ecotourism (Archer et al. 2000).  Long-term increases in carbon levels 

in vegetation and associated soils as grasslands transform into woodlands indicate that 

they serve as carbon sinks (Archer et al 2000; Ciais et al. 1995), potentially a socially 

valuable carbon sequestration service (Glenn et al. 1992).  Huisache can also provide 

nesting sites for some raptor species (Actkinson et al. 2007) and for the plains chachalaca 

(Ortalis vetula mccalli) of the Lower Rio Grande Valley (Marion and Fleetwood 1978), 

and can also provide cover for Texas bobwhite quail (Colinus virginianus texanus), 

especially during summer, autumn, and winter (Lehmann undated).  Huisache also 

provides forage for small mammals, mast for small mammals, songbirds, and game birds, 
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cover for small mammals and songbirds, and nectar and pollen for butterflies and other 

pollinators (Lyons et al. 1999; Davis 1934). 

 

Huisache Control Methods 

Brush treatment of huisache can be done either for reclamation or for 

maintenance.  Reclamation is usually done when brush densities are relatively high and is 

intended to significantly reduce brush densities, while maintenance is usually done when 

brush densities are relatively low and is intended to maintain brush densities at or near 

their current level (Welch undated).  Because brush control can be a costly investment for 

land managers, it is recommended that reclamation efforts be followed up by periodic, 

long-term maintenance efforts (Fulbright 1991; Welch undated, Hamilton undated, 

Whitson and Scifres 1980).  Whereas brush eradication was widely the goal for land 

managers prior to the mid-1970’s, brush management, in accordance with land use, has 

generally become the goal since then, as brush eradication was revealed to be unfeasible 

or impossible, and as the uses for brush (especially as wildlife forage and habitat) became 

more understood and accepted (Welch 1991; Fulbright 1991). 

Removal of huisache for increased forage production can be problematic.  It is 

difficult to control by burning (Box et al. 1967; Dacy and Fulbright 2009; Rasmussen et 

al. 1983) or by mechanical treatment (Powell et al. 1972) because it re-sprouts quickly 

(Dacy and Fulbright 2009) from deep stem tissues (Bontrager et al. 1979), produces seeds 

prolifically (Scifres 1974), and the seeds readily germinate in disturbed soils (Mutz et al. 

1978) and are easily dispersed by cattle herbivory (Parrotta 1992).  Soil disturbance 

caused by the removal of underground portions of huisache can create conditions 
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favorable for the emergence of huisache seedlings (Mutz et al. 1978).   

Although controlled burning can decrease huisache canopy cover by 90% or more 

over the short term, all or nearly all plants over 1 m tall survive, and plants burned at ~ 2 

m tall mostly return to their original height after 2 years, suggesting that although fire 

might help limit the spread of huisache, fire alone probably cannot reduce huisache 

infestations (Rasmussen et al. 1983).  Burning at different times of the year and burning 

over different soil types can have differing effects on the grass and forb community.  For 

example, in the Coastal Prairies of South Texas, burning in December increased forb 

production on sandy but not on clay soils; burning in January increased grass production 

on clay soils but not on sand; and burning in February increased grass production on soils 

of both sand and clay (Hansmire et al. 1988).  Burning huisache can also temporarily 

improve management for white-tailed deer by increasing the sprouting of succulent new 

growth, which is higher in crude protein and phosphorous than in non-treated plants 

(Rasmussen et al. 1983; Hanselka et al. 2004).  Low-severity burning of woodland 

savannas can temporarily increase soil microbial carbon, soil nitrate content, and 

potential denitrification activity; however, these effects may only last for between three 

and seven months (Andersson et al. 2004). 

Mechanical treatments such as shredding, chaining, cabling, roller chopping, 

scalping, and root plowing can actually increase huisache densities and make the land 

less suitable for wildlife and livestock (Box and Powell 1965; Fulbright 1991; Fulbright 

and Taylor 2001; Mutz et al. 1978).  For example, compared with non-treated sites 

nearby, root plowing in the eastern South Texas Plains caused huisache density to 

increase seven-fold after 17 years, while brush species diversity declined and some brush 
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species preferred by white-tailed deer disappeared entirely (Ruthven et al. 1993).  This 

might have been due to an abundance of shrub seedlings following root plowing (Allison 

and Rechenthin 1956).  Some mechanical treatments can also spread and increase 

problem species, such as prickly pear (Opuntia spp.) (Allison and Rechenthin 1956; 

Fulbright 1991).  In addition, some mechanical treatments increase brush density by 

changing the growth habit of brush species from single or few stems to multiple stems 

(Fulbright 1991).  However, some mechanical treatments can temporarily improve forage 

management by causing shrubs and trees to sprout abundant new growth, increasing 

preference values and forage ratings of brush species for deer and cattle, including 

increasing preference values and crude protein percentages of huisache browse (Powell 

and Box 1966).  Clearing of woody plants can also benefit herbaceous plant growth 

through the enrichment of soil by residue decomposition, which can increase herbaceous 

production for over 13 years following woody plant removal (Tiedemann and 

Klemmedson 1986; Klemmedson and Tiedemann 1986). 

Mechanical treatment of brush can be complicated by wet soils, clay soils 

(especially dry clay soils), and shallow, rocky soils, and treatments are most effective 

when soil is moist but not wet (Welch undated; Hamilton undated; Hoffman 1981; Drawe 

1980; Fisher et al. 1973).  Mechanically treated areas with poor range condition (10 to 

15% of desirable forage potential) also need to be reseeded with desirable forage species 

soon afterward, in order to achieve optimum forage production, and forage production 

will be also largely dependent upon sufficient soil moisture, soil fertility, and soil depth 

(Welch undated).  Of the woody plants in South Texas that re-sprout following top 

removal, huisache sprouts appear to elongate most quickly, growing up to 1.19 m after 
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only five months following shredding (Powell et al. 1972).  This allows it to quickly 

shade out other range plants.  Power grubbing huisache at depths of 20 cm on sandy loam 

soils on the Coastal Prairie killed only 79% of plants, because of the presence of stem 

tissues deep below the ground (> 20 cm; Bontrager et al. 1979).  Mechanical control 

methods and fire can be somewhat more effective when used together than when either is 

used alone (Box et al. 1967; Drawe 1980).  However, the inadequacy of treatment 

techniques requires continuous brush management of huisache and other shrubby species 

for years or decades, as trees and brush may re-colonize within 3 to 10 years and 

eventually return the site to its pre-treatment condition (Heitschmidt et al. 1986). 

Biological control of huisache is minimal, if existent.  Huisache twig girdler 

(Oncideres spp.) is an insect that often removes huisache branches; however, this species 

usually does not girdle the plant close enough to the root crown to prevent resprouting 

(personal observation).  Bruchid beetles (Mimosestes spp.) often consume huisache seeds 

(Naranjo et al. 2009).  In other savanna and grassland ecosystems, browsers, herbivorous 

rodents, and insects help to reduce densities or control the spread of woody species (Crisp 

and Lange 1976; Pellew 1983; Berdowski 1987; Yeaton 1988; Cantor and Whitham 

1989; McPherson 1993; Weltzin et al. 1997). 

Several different herbicides can control huisache when applied to individual 

plants (Bovey and Meyer 1989, Hanselka et al. 2010), but at large scales, such treatments 

become cost prohibitive in time and resources.  When aerially applied, many herbicides 

can achieve high rates of canopy reduction, but few cause predictable and complete 

mortality, although idiosyncratic examples of mortality can be found in the literature.  

For example, picloram (4-amino-3,5,6-trichloropicolinic acid); 2,4,5-T [(2,4,5-
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trichlorophenoxy)acetic acid]; bromacil (5-bromo-3-sec-butyl-6-methyluracil); isocil (5-

bromo-3-isopropyl-G-methyluracil); and clopyralid (3,6-dichloro-2-pyridinecarboxylic 

acid) have all been found to kill huisache under some conditions, though success remains 

unpredictable (Bovey et al. 1967, Bovey et al. 1970, Bovey et al. 1972, Bovey and Meyer 

1989, Bovey et al. 1990).  Application of herbicides has also raised concern about 

negative impacts upon groundwater resources and endangered species (McGinty 1991), 

and non-susceptible understory weedy species have been known to increase following 

chemical control of other woody species, such as oak (Quercus spp.) and mesquite 

(Prosopis spp.) (Hamilton 1991).  Also, different herbicides have different control rates 

against different species, complicating management decisions when multiple problem 

species are present, as is the case across many South Texas rangelands (Allison and 

Rechenthin 1956).  The efficacy of herbicide treatment can vary according to soil water 

status, soil type, and weather variables (Fisher et al. 1956; Dahl et al. 1971; Scifres 1980).  

In mesquite, herbicide-induced mortality was found to vary according to age of treated 

resprouts, though differences were greater among different herbicide formulations and 

among different months of treatment (Beck et al. 1975). 

In order to achieve optimum increases in forage production, range condition prior 

to broadcast herbicide treatment should be at least fair (with a similarity index of 25 to 

50% of desirable forage potential), because treated areas with low poor range condition 

(10 to 15% of desirable forage potential) will naturally revegetate very slowly (Welch 

undated).  Brush to be sprayed should have full canopies of mature leaves with high 

subsoil moisture and temperatures between 21.1 and 23.9 degrees Celsius at 30 to 46 cm 

below ground, and non-treated smaller huisache plants (under 1.5 m) are more easily 
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controlled with herbicide than more mature (above 1.5 m) or previously mechanically 

treated shrubs (Welch undated; Scifres 1980; Hanselka 1991).  Plant physiology and rate 

of herbicide application will also affect the effectiveness of herbicide applications 

(Hamilton undated). 

When huisache was treated with picloram, defoliated plants were much less 

affected than non-defoliated plants, and sprayed plants needed to retain their leaves for at 

least 24 hours to achieve the maximum kill rate in the greenhouse (Bovey et al. 1967), yet 

3 days was required for plants in the field to absorb enough herbicide to achieve the 

maximum kill rate (Meyer et al. 1972).  However, compared with “no rain” control 

treatments, field-grown huisache treated with picloram at 1.1 kg/ha had decreased 

mortality following simulated rainfall four hours after treatment in late October but not in 

early July (Bovey et al. 1990), suggesting that foliar-applied picloram may be much more 

readily absorbed in warmer weather.  The above studies indicate that to achieve optimal 

control rates, huisache should be ideally be sprayed with picloram when a sufficient 

amount of foliage is present and at least three days before predicted rainfall, unless warm 

weather allows for faster absorption. 

Huisache treated with picloram at 0.367 kg/ha (2 lbs./acre)had high rates (90% or 

greater) of mortality when sprayed in May or September (Meyer et al. 1976) and had high 

rates (84% or greater) of canopy reduction 2 years following treatment when sprayed in 

May, June, July, or October (Bovey et al. 1970).  However, plants treated in April had no 

canopy reduction 2 years following treatment, and picloram used at 0.184 kg/ha (1 

lb./acre) was as effective or nearly as effective in controlling huisache as using 0.367 or 

0.551 kg/ha (2 or 3 lbs./acre), when sprayed in October (Bovey et al. 1970).  Out of seven 
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treatments (not including control), close mowing (3 to 5 cm), 2,4-D (1.1 kg/ha), and 

picloram (1.1 kg/ha) reduced the number of huisache seedlings from seeds sown three 

years prior, compared with the untreated control, but only picloram reduced the number 

of huisache seedlings after 5 years (Meyer and Bovey 1982).  More recently, Hanselka 

and Lyons (2010) have recommended treated huisache with foliar spray of a mixture of 

picloram and 2,4-D from between cessation of late summer growth to the decrease of soil 

temperature below 23.9 °C (usually from September through November).  No herbicide 

studies on huisache are known to have used aminocyclopyrachlor or a mixture of 2,4-D, 

picloram, and aminopyralid, and the comparative effect of foliar-applied herbicide for 

every month of the year has not been fully investigated.  The effect of phenological stage 

upon huisache herbicide susceptibility has also not been adequately studied. 

Revegetation measures may be necessary following successful control of woody 

species, especially in areas where brush density is high enough to have depleted or 

significantly reduced the quantity of propagules of desirable herbaceous forage species 

from the seedbed (Hanselka et al. 1996; Bedunah and Sosebee 1984; Allred 1949).  

Revegetation can also help the herbaceous plant species component compete with 

resprouting or newly-sprouting huisache and other woody brush species (Bush and Van 

Auken 1990; Cohn et al. 1989; Van Auken and Bush 1990; Van Auken and Bush 1991; 

Van Auken and Bush 1988; Allred 1949).   

 

Total Nonstructural Carbohydrates and Herbicide Susceptibility 

In South Texas, huisache flowers from late January or February to March or 

April; new leaves begin to grow in February; fruits develop during late March, April and, 
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May; and fruits ripen in late May or June (Eddy and Judd 2003; Everitt and Drawe 1993; 

Jones 1975; Taylor et al. 1997; Vora 1990).  Huisache flowering has been found to be 

significantly positively correlated with precipitation, with more flowering, and possibly 

prolonging of flowering season, with increasing precipitation; also, percent fruiting in 

huisache has been found to be significantly positively correlated with air temperature 

(Eddy and Judd 2003).   

Studies with other invasive plants, such as mesquite (Prosopis glandulosa Torr.) 

and broom snakeweed (Gutierrezia sarothrae (Pursh) Britton and Rusby), have shown 

that measurement of total non-structural carbohydrates (TNC) present in the stem base or 

root crown is a good predictor of plant susceptibility to herbicide control (Wan and 

Sosebee 1990; Sosebee and Dahl 1991; Sosebee 2004).  Also, mesquite treated with 

foliar-applied herbicides were only root-killed when sprayed while soil temperatures 

were at least 21 to 24 degrees Celsius at 30 to 46 cm below the soil surface, with 

increasing mortality at warmer temperatures (Sosebee 2004; Dahl et al. 1971).  Although 

no such studies have been performed for huisache, it might also be a species in which the 

timing for the best control treatments coincide with TNC movement and soil temperature.  

Thus, an improved understanding of the environmental physiology of huisache during its 

different phenological stages may improve the efficacy of control efforts. 

In the Lower Rio Grande Valley of Texas, huisache flowers in February, with 

immature fruit appearing in late March and mature fruit appearing in late May (Eddy and 

Judd 2003).  In mesquite, which is a co-occurring member of the same family 

(Leguminoseae), root TNC is highest (25%) at bud break and decreases with the 

production of leaves and flowers to a low point around 12%; mesquite root TNC then 
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increases with the formation of pods to 20%, lowers to 15% with pod elongation, and 

rises to 22% with pod maturation (Dahl and Sosebee 1984).  Because mesquite and other 

species are most effectively controlled when carbohydrate translocation into the root 

crown is increasing, huisache might also respond best to treatment when root TNC is 

increasing.   

 

Huisache Seed Germination 

Although Vora (1989) found that highest germination percentages of huisache 

seed (97%) occurred following 120 minutes of sulfuric acid (18.4 M) scarification, other 

researchers have found ideal levels of scarification to be achieved after immersion in 

concentrated sulfuric acid for 45 to 60 minutes (Scifres 1974), or 20 minutes (Bush 

2008).  This suggests that large variability exists between seeds of different provenances 

and also perhaps between different years.  Scifres (1974) found the highest germination 

rates of huisache seed to occur at 30°C.  However, germination rates of huisache seeds 

under diurnally-fluctuating temperatures and under an alternating light/dark cycle (which 

more close natural conditions) have not been well studied. 

Ninety-seven percent of huisache seeds with teguments scarified by sandpaper 

germinated (Jurado et al. 2000).  Scarification by sandpaper can yield germination results 

as high as 98% (Gill et al. 1986).  These studies suggests that scarification with 

sandpaper might be equivalent (or nearly so) to scarification with concentrated sulfuric 

acid. 

Ideal sowing depths for huisache seed are considered to be between 2 and 4 cm 

(Gill et al. 1986).  Zisner (1999) found that huisache seeds scarified with a file and grown 
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in a greenhouse with bottom heat (22 to 24 degrees C) germinated at 5 days, on average, 

while Jurado et al. (2000) found that 50% of huisache seeds scarified with sandpaper and 

grown in a germination chamber at 28 degrees C germinated after 3 days. 

 

Huisache Seedling Resprouting and Cotyledon Latent Meristem Movement 

Huisache is well known for its ability to regenerate from growing points below 

the ground level (Bontrager et al. 1979; Dacy and Fulbright 2009; Rasmussen et al. 

1983).  Research has suggested that huisache seedlings reemerge more quickly following 

top removal when soil moisture is not limiting either prior to or following top removal by 

cutting (Powell et al. 1972) or burning (Rasmussen et al. 1983).  Also, resprouting rates 

were fastest following burning in April and February, but slowest following burning in 

June and August (Rasmussen et al. 1983).  However, the age and height at which 

huisache seedlings will regenerate when cut at ground level is not well characterized, 

even though such knowledge would allow land managers better ability to control 

huisache when the aboveground portions of the plant can be physically removed to 

achieve complete mortality.  Bovey and Meyer (1974) found that 76% of huisache 

seedlings survived top removal at eight weeks old, compared with 22% survival at four 

weeks old; however, in that study, huisache tops were removed within 5 mm of soil level 

(rather than at soil level) and there is no description of seed planting depth (which may 

have affected cotyledon latent meristem positioning following emergence).  The age at 

which seedling huisache cotyledon latent meristems become buried below the soil surface 

is not well understood.  Understanding the depth of the growing points, responsible for 

resprouting, for specific size and age classes of huisache will allow better knowledge of 
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when to treat emerging seedlings, as well as how deep below the soil surface older 

seedlings should be treated by mechanical means. 

 

Objectives 

 The objectives of the present research were to understand how root crown TNC, 

soil texture and temperature, soil water content, precipitation, time of year (i.e. month), 

and plant phenology influence chemical control of huisache, and to better understand 

huisache seed germination requirements and seedling response to top-removal.  These 

objectives are met by three separate studies, detailed in the Material and Methods section 

below.  The results of these studies will provide information about how control of 

huisache can be improved to allow enhancement of herbaceous production, improvement 

of habitat for livestock and wildlife, and decreased use of herbicides to achieve desired 

effects.   
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Chapter 2 

MATERIALS AND METHODS 

Study 1:  Effective Herbicide Control of Huisache 

Description of Study Sites 

This study was conducted at four different sites in south Texas, to encompass 

differences found within the range of huisache, including differences in soil type and 

precipitation.  Sites were selected in:  Victoria County (N28o 53’ 03.7”, W96o 57’ 07.1”; 

Diebel Cattle Co.), Refugio County (N28o 29’ 23.2”, W97o 08’ 12.2”; Baumgartner 

Ranch of Martin O’Connor Cattle Co.), San Patricio County (N28o 06’ 51.7”, W97o 22’ 

33.8”; Welder Wildlife Refuge), and Kleberg County (N27o 35’ 57.1”, W98o 02’ 01.6”; 

King Ranch).  All sites were located on the Western Gulf Coastal Plain ecoregion 

(Griffith et al. 2004), in which the climax vegetation community is described as a 

savanna, thorn woodland, grassland, or prairie (Crosswhite 1980; Archer 1990).  The 

ecoregion is also described as the Mesquite-Acacia section of the Prairie Brushland 

province (Bailey 1980). 

The site in Victoria County was characterized by soils that are sandy loam and 

sandy clay loam at the surface, with sandy clay loam, clay loam, and sandy clay in the 

subsurface (USDA 2017).  The Nada-Cieno complex covered 54% of the area (21.5 ha) 

(Nada = sandy loam above 20 cm depth and sandy clay loam between 20 and 203 cm; 

Cieno = sandy clay loam above 15 cm, clay loam between 15 and 130 cm, and sandy clay 

loam between 130 and 203 cm; USDA 2017).  Nada soils make up 70% of the Nada-

Cieno complex, while Cieno soils comprise 20% of the soil complex, and the remaining 

10% consists of other soil types (U.C. Davis 2017).  Telferner fine sandy loam covered 
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46% of the area (18.6 ha; fine sandy loam above 41 cm, sandy clay between 41 and 61 

cm, and sandy clay loam between 61 and 203 cm; USDA 2017).  Nada, Cieno, and 

Telferner soils are all poorly-drained soils with very slow permeability and medium to 

high soil available water capacity, and all three soils experience seasonal wet/drought 

cycles (Miller 1982).  Ecological sites include Claypan Prairie 28-44” PZ, Lowland 35-

56”, and Loamy Prairie 28-40”, and the major land resource area is Gulf Coast Prairies 

(USDA 2017).  The average annual precipitation at Victoria (10 km SSW of study site) is 

104.70 cm (U.S. Climate Data 2017).  This site was located in the Northern Humid Gulf 

Coastal Prairies sub-ecoregion of the Western Gulf Coastal Plain ecoregion (Griffith et 

al. 2004).  Although the potential climax vegetation is true prairie or wet prairie, the 

presence of invasive woody species such as huisache and macartney rose indicates 

continuous heavy grazing in the past (Miller 1982).  This site has been used for growing 

rice in the past (Pers. comm. S. Deiss 2014).  The current vegetation on parts of the site 

can be considered a hackberry-huisache woodland association (McLendon 1991), but 

much of the site is shortgrass/huisache prairie (Hanselka 2009), wooded prairie 

community (Carter et al. 2009) or huisache / Chinese tallow / sesbania / sedges / 

shortgrass prairie community (Hanselka and Reinke 2009).  Dominant species included:  

common broomweed (Amphiachyris dracunculoides), woolly croton (Croton capitatus 

var. lindheimeri), bitter sneezeweed (Helenium amarum), pale umbrella-sedge (Cyperus 

acuminatus), marsh bristlegrass (Setaria parviflora), multiflowered false-rhodesgrass 

(Trichloris pluriflora), huisache (Acacia farnesiana), Macartney rose (Rosa bracteata), 

and senna bean (Sesbania drummondii).  Species composition varied somewhat by year, 

especially for annuals and short-lived perennials. 



Texas Tech University, Pablo Teveni, August 2017 
 

25 
 

The site in Refugio County was characterized by a mixture of clay and fine sandy 

loam surface soils and clay, sandy clay, sandy loam, and sandy clay loam subsurface soils 

(USDA 2017).  Edroy clay (clay above 178 cm, sandy clay loam between 178 and 203 

cm), 0 to 1 percent slopes, ponded, covered  41.8% of the area (9.3 ha; USDA 2017).  

Wyick fine sandy loam (fine sandy loam above 25 cm, clay between 25 and 53 cm, sandy 

clay between 53 and 97 cm, sandy clay loam between 97 and 152 cm) covered  41.3% of 

the area (9.2 ha; USDA 2017).  Banquete clay (clay above 141 cm and fine sandy loam 

between 141 and 203 cm), 0 to 1 percent slopes, covered 15% percent of the area (3.3 ha; 

USDA 2017).  Victoria clay (clay above 203 cm), 0 to 1 percent slopes, covered 1.8% of 

the area (0.4 ha; USDA 2017).  These soils all have very slow permeability and medium 

to high soil available water capacity (Guckian 1988).  The ecological sites include 

Lakebed PE 25-35”, Claypan Prairie 28-44”, Loamy Prairie 28-40”, and Blackland 24-

44”, and the major land resource area is the Gulf Coast Prairies (USDA 2017). The 

average annual precipitation at Refugio (24 km SW of study site) is 101.57 cm (U.S. 

Climate Data 2017).  This site was located in the Southern Subhumid Gulf Coastal 

Prairies sub-ecoregion of the Western Gulf Coastal Plain ecoregion (Griffith et al. 2004).  

Although the potential climax vegetation is considered to be open grassland dominated 

by tall, mid, and short grasses, the presence of invasive woody species such as huisache 

and mesquite indicate continuous heavy grazing in the past (Guckian 1988).  The current 

vegetation can be considered to be a hackberry-huisache woodland association, with 

nearby ponds and drainage ditches instead of rivers and streams (McLendon 1991).  The 

current vegetation on most of the site includes:  huisache/sesbania/shortgrass/sedge 

community, huisache/sesbania/midgrass community (Reinke 2007b), and 
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mesquite/huisache grassland community (Reinke 2007a).  The dominant species 

included:  pale umbrella-sedge (Cyperus acuminatus), huisache (Acacia farnesiana), 

mesquite (Prosopis glandulosa), bermudagrass (Cynodon dactylon), knotgrass (Paspalum 

distichum), wood-sorrel (Oxalis dillenii), western ragweed (Ambrosia psilostachya), pink 

evening primrose (Oenothera speciosa), Texas frogfruit (Phyla incisa) eryngo (Eryngium 

leavenworthii) and senna bean (Sesbania drummondii). 

The site in San Patricio County had only clay soils at surface and subsurface: 

Victoria clay, 0 to 1 percent slopes, on 85% of the area (12.2 ha) and Monteola clay (clay 

above 203 cm), 3 to 5 percent slopes, on 15% percent of the area (2.2 ha; USDA 2017).  

Although both have very slow permeability, Monteola clay is moderately well-drained 

and has a medium soil available water capacity while Victoria clay is poorly-drained and 

has a high soil available water capacity (Guckian and Garcia 1979).  The ecological sites 

include both Blackland 24-44” and Blackland 25-35”, and the major land resource areas 

include both the Gulf Coast Prairies and the Northern Rio Grande Plain (USDA 2017). 

The average annual precipitation at Sinton (16 km SW of study site) is 87.00 cm (U.S. 

Climate Data 2017).  This site was located in the Southern Subhumid Gulf Coastal 

Prairies sub-ecoregion of the Western Gulf Coastal Plain ecoregion (Griffith et al. 2004).  

The current vegetation on most of the site includes mesquite/huisache grassland 

community and mesquite/huisache complex community (Reinke 2007a).  Dominant 

species included:  huisache (Acacia farnesiana), mesquite (Prosopis glandulosa), violet 

ruellia (Ruellia nudiflora), silverleaf nightshade (Solanum elaeagnifolium), woolly croton 

(Croton capitatus var. lindheimeri), pink evening primrose (Oenothera speciosa), marsh 

bristlegrass (Setaria parviflora), buffalograss (Buchloe dactyloides) and upright prairie 
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coneflower (Ratibida columnifera).  

The site in Kleberg County had sandy loam surface soils and sandy clay loam and 

clay loam subsurface soils (USDA 2017).  Delfina fine sandy loam (fine sandy loam 

above 41 cm and sandy clay loam between 41 and 203 cm), 0 to 2 percent slopes, 

covered 44% of the area (33.8 ha; USDA 2017).  Colmena fine sandy loam (fine sandy 

loam above 28 cm and sandy clay loam between 28 and 203 cm), 0 to 1 percent slopes, 

covered 15% of the area (11.1 ha; USDA 2017).  Gertrudis fine sandy loam (fine sandy 

loam above 43 cm, sandy clay loam between 43 and 103 cm, and clay loam between 103 

and 203 cm), 0 to 3 percent slopes, covered 11% of the area (8.5 ha; USDA 2017).  

Ecological sites include: Sandy Loam 25-35”, Salty Prairie 26-48”, Gray Sandy Loam 

20-35”, Clay Loam 20-25”, and Claypan Prairie 28-44” (USDA 2017).  The major land 

resource areas include: Sandsheet Prairie, Gulf Coastal Prairies, and the Northern Rio 

Grande Plain (USDA 2017).  The average annual precipitation at Kingsville (19 km SE 

of study site) is 73.61 cm (U.S. Climate Data 2017).  This site was located in the 

Southern Subhumid Gulf Coastal Prairies sub-ecoregion in the Western Gulf Coastal 

Plain ecoregion (Griffith et al. 2004).  The current vegetation on most of the site includes 

savanna grassland community, short/midgrass shrubland complex, 20-50% canopy, and 

shrubland complex, > 50% canopy (Carter and Holt undated).  Dominant species 

included:  huisache (Acacia farnesiana), Texas crownbeard (Verbesina microptera), 

marsh bristlegrass (Setaria parviflora), buffelgrass (Cenchrus ciliaris), multiflowered 

false-rhodesgrass (Trichloris pluriflora), old man’s beard (Clematis drummondii), and 

Texas lantana (Lantana horrida). 
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Phenology 

Every month the average phenological stage of huisache plants between 0.5 m 

and 2 m in height at each site were determined by recording that of 20 randomly selected 

plants.  Phenological stages included:  dormant, bud-break, leaves expanded, flower buds 

present, flowers expanded, green pods, mature pods, long-shoot stage, short-shoot stage, 

and senescent.  Plants were dormant when no live leaves were present; plants were in 

bud-break when leaf buds were opening, but leaves had not yet fully expanded.  Plants 

were considered to be in the long shoot stage when vegetative shoots were growing and 

were considered to be in the short shoot stages when reproductive shoots were growing.  

Plants were senescent when defoliation was occurring but live leaves were still present. 

 

Weather Stations 

Weather stations (HOBO Micro Station Data Logger H21-002, Onset Computer 

Corp., Bourne, MA) were constructed to record precipitation (0.2 mm Rainfall (2m cable) 

Smart Sensor S-RGB-M002, Onset Computer Corp., Bourne, MA), air temperature 

(Temperature (6’) Sensor TMC6-HE, Onset Computer Corp., Bourne, MA), soil 

temperature (same sensor type as for air temperature), and volumetric soil water content 

(10HS Soil Moisture Smart Sensor S-SMD-M005, Onset Computer Corp., Bourne, MA) 

at 0.3 m below soil surface. Weather variables were used in the data analysis, along with 

phenological stages, root carbohydrate content analysis, and herbicide-induced mortality 

to help determine the most effective environmental conditions for treating huisache with 

chemicals. 
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Carbohydrate Analysis 

Every month between April 2012 and November 2014, 5 randomly selected plants 

(0.5 m to 2 m in height) from each site, corresponding to the average phenological stage, 

were excavated manually.  A section (15 to 20 cm in length) of the root basal crown was 

removed using a pick and a hand saw, and root samples were immediately placed in 

labeled paper sacks and then placed on dry ice in an ice chest to stop enzyme activity.  

Frozen samples were transported to Texas Tech University, where they were dried in a 

forced-air oven at 55 to 60°C (King et al. 2014; Kononoff and Heinrichs 2003) for at 

least 3 months (Pers. comm. R.E. Sosebee 2012) to halt enzymatic activity and preserve 

carbohydrates (Wan and Sosebee 1990).  The cortex was then separated from the xylem 

and epidermis using a knife blade or chisel and saved for total nonstructural carbohydrate 

(TNC) analysis (Wan and Sosebee 1990) in air-tight plastic containers.  Cortex samples 

were then ground in a Wiley Mill (1-mm screen; Arthur A. Thomas Co., Philadelphia, 

PA) (Kononoff and Heinrichs 2003).  TNC was extracted from 0.5 g samples through 

acid hydrolysis by using a reflux apparatus (Lab-line® Multi-Unit Extraction Heater, 

Lab-line Instruments, Inc., Melrose Park, IL) to boil each sample in 60 ml. of 0.2N HCl 

in 300-ml boiling flasks for two hours, as performed by Smith et al. (1964).  Samples 

were cooled and Whatman No. 2 filter paper (General Electric Co., Schenectady, NY) 

was used to filter the samples into 100-mL volumetric flasks; distilled water was used to 

increase the volume in each flask to 100 ml and the solution was agitated to ensure 

homogeneity.  An aliquot of 1 ml was then transferred from the flask to 4-ml of distilled 

water in a 35-ml test tube.  The test tube was well-agitated using a vortex mixer 

(ThermolyneTM Maxi Mix 1 Type 16700 Mixer, SYBRON Intl. Corp., Milwaukee, WI).  
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A 1-ml aliquot was then taken from the first test tube and put into a second test tube 

containing 10 ml of anthrone reagent, agitated with the vortex mixer, heated at 96 to 100 

C in a heating block (Talboys Standard Dry Block Heater, Henry Troemner, LLC, 

Thorofare, NJ) for 17 minutes, and cooled to room temperature in a cold water bath.  A 

spectrophotometer (Varian Cary® 50 UV-Visible Spectrophotometer, Agilent 

Technologies, Santa Clara, CA) set at 612 nm was then used to measure TNC 

colorimetrically, using a glucose (dextrose) standard (Murphy 1958).  TNC values were 

reported as percentage of structural dry mass (Hoffman et al. 2003). 

 

Chemical Control Demonstration 

Two herbicide formulations that can potentially root-kill huisache were selected 

with the advice of representatives from Dow AgroSciences (Indianapolis, IN) and 

DuPont Crop Protection (Wilmington, DE) chemical companies.  The Dow AgroSciences 

formulation consisted of:  GrazonNext HL (431 ml per ha (33.6 oz./acre); active 

ingredients:  aminopyralid + 2,4-D), Tordon 22K (156 ml per ha (13 oz./acre); active 

ingredient: picloram), and Grazon P+D (862 ml per ha (72 oz./acre); active ingredients:  

picloram + 2,4-D).  The DuPont Crop Protection formulation (currently owned by Bayer 

CropScience (Leverkusen, Germany)) consisted of:  MAT28 (144 ml per ha (12 oz./acre); 

active ingredient:  aminocyclopyrachlor).  Nonionic surfactant was added to all herbicide 

formulations at 0.5% v/v; blue or purple dye was also added to all herbicide formulations.  

Every month ten randomly selected plants per site were sprayed with each herbicide 

formulation to specification (five plants per site per month were sprayed with the DuPont 

formulation at Victoria and Refugio Co. sites because exclosure fences had to be built 
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and installed, requiring extra time and materials); plants were permanently marked with 

numbered aluminum tags; and locations were recorded with high-precision GPS receivers 

(Magellan eXplorist 310 Handheld GPS Navigator, MiTAC Intl. Corp., Santa Clara, CA).  

Individual plants were treated with a hand-held sprayer (Roundup® Premium 2-Gallon 

Pump Sprayer, Monsanto Co., St. Louis, MO), all foliage on treated plants was sprayed 

until wet, and spraying was timed to not take place just prior to precipitation events, 

though this was not always possible, due to the large amount of travel and specific 

temporal windows required for this project.   

Root mortality of sprayed plants was evaluated two growing seasons (at least 20 

months) following herbicide treatment.  Resprouting indicated living shrubs.  Due to the 

difficulty of locating previously-treated shrubs (which were often killed or top-killed), 

treated plants were also marked with rebar, beginning in August 2013 (Pers. comm. C.W. 

Hanselka 2013).  In order to record complete data sets for analysis, plants that were not 

found when evaluating mortality were considered to be dead because aerial portions of 

dead plants were sometimes detached and disintegrated, with the aluminum tags missing 

(Pers. comm. C.W. Hanselka 2013). 

 

Analysis 

This experiment was analyzed in a randomized complete block design, with site 

as the blocking factor.  This helped control for soil and climatic variability across sites. 

Huisache root crown TNC and huisache root mortality data were both subjected to 

single factor analysis of variance (ANOVA) to test for effect of phenological stage, and 

Duncan’s Multiple Range test was used to separate significant (P≤0.05) mean differences 
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when significant F-values were found (SPSS 15.0, SPSS Inc., Chicago, IL).  Huisache 

root mortality was also subjected to single-factor ANOVA to test for effect of herbicide 

formulation (SPSS 15.0, SPSS Inc., Chicago, IL).  Root crown TNC and herbicide-

induced mortality were both also subjected to single-factor ANOVA to test for effect of 

month*year, and either Fisher’s Least Significant Difference (LSD) test or Duncan’s 

Multiple Range test was used to separate significant mean differences when significant F-

values were found (Engle and Bonham 1980; SPSS 15.0, SPSS Inc., Chicago, IL).  

Fisher’s LSD test was used to separate means for root-crown TNC because it is a 

pairwise comparison procedure, and the increase in TNC from one month to the next was 

the component of interest.  Duncan’s Multiple Range test was used to separate means for 

mortality and for phenological stages because it is a multiple comparison procedure, and 

differences among all means were the components of interest.   

Akaike’s Information Criterion (AIC) was used to determine the model(s) which 

best fit the mortality data for selected imputs (phenological stage, root crown TNC, 

weather station data; Excel 2013, Microsoft Corp., Redmond, WA).  AIC analysis was 

performed using multiple data sets with different sample sizes, not only to separate 

different parameters of interest (e.g. soil type or month) but also to account for missing 

data from malfunctioning weather station sensors and omitted mortality rates resulting 

from dates where precipitation influenced herbicide efficacy.  The results of these 

analyses provide for an assessment of the best timing for landowners in the region to 

most effectively control huisache. 
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Study 2:  Huisache Seed Germination 

This study consisted of cleaned huisache seeds placed in 10 cm x 10 cm plastic 

petri dishes (Polystyrene container, Hoffman Manufacturing Inc., Jefferson OR), 

containing blue blotter paper (Hoffman Manufacturing Inc., Jefferson OR) and distilled 

water, and exposed to diurnally-fluctuating, day/night temperature regimes of 35/25, 

30/20, 25/15, and 20/10 degrees Celsius in a growth chamber (SG30SC Controlled 

Environment Chamber, Hoffman Manufacturing Inc., Jefferson OR).  The seeds were 

from an unknown provenance in south Texas, meaning that seed characteristics may have 

differed somewhat from seeds of huisache plant growing in the Coastal Bend region of 

south Texas.  The temperature treatments of 35/25°C , 30/20°C, 25/15°C, and 20/10°C 

were selected to resemble the high/low temperatures in 1) June, July, and August, 2) 

May, September, and early October, 3) late October, November, March, and April and 4) 

December, January, and February, respectively (U.S. Climate Data 2017).  Temperatures 

higher than 35°C or lower than 10°C were not used in this project because the growth 

chamber was not safely usable beyond this temperature range and because average 

monthly high/low temperatures under field conditions in the Coastal Bend rarely fell 

outside this range. 

Prior to placement in the germination chamber, seeds were either non-pretreated 

or pretreated by scarification with concentrated sulfuric acid for approximately 25 

minutes.  One hundred seeds were used for each temperature treatment (20 in each of 5 

replicate petri dishes), with all seeds under constant humidity and alternating light and 

dark photoperiods (12 hours light/12 hours dark).  Seeds were checked daily to quantify 
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number of seeds germinated and to add enough water so that seeds could respire but were 

not moisture-limited.  The germination of individual seeds was recorded at the first 

indication of radicle emergence.  Percent germination was calculated.  ANOVA for a 

completely randomized design was conducted on total cumulative germination, 

cumulative germination * days in germination chamber, and non-cumulative germination 

* days in germination chamber (SPSS 15.0, SPSS Inc., Chicago, IL).  Treatment means 

were separated using Duncan’s multiple range test at P=0.05 (SPSS 15.0; SPSS Inc., 

Chicago, IL). 

 

Study 3:  Huisache Seedling Resprouting and Cotyledon Latent Meristem Positioning 

This study began by growing huisache seedlings under greenhouse conditions.  

Seeds were scarified in sulfuric acid for 25 minutes, rinsed thoroughly, and sown 2 cm 

deep (Scifres 1974) in deep containers (35.6 cm depth x 6.9 cm dia.; Large Deepot Cells 

D60H, Stuewe and Sons, Inc., Tangent, OR) to accommodate the long tap roots of 

huisache.  Plants were fully-irrigated with misters for 15 minutes daily, increasing to 20 

minutes daily after 7 months, 25 minutes daily after 14 months and 30 minutes daily after 

20 months. A total of 240 seedlings were used to evaluate the resprouting of huisache 

following the removal of above-ground portions.  Once a month, ten seedlings were 

measured in height, and above-ground portions were clipped at ground-level and placed 

in labeled paper sacks atop ice in an ice chest for transport to the laboratory.  In the 

laboratory, fresh mass of above-ground portions was measured using a laboratory scale; 

plants were then dried in a forced-air drying room (55 to 60°C) for at least three months 

before dry mass was measured using the same scale.  Plants were observed for at least six 
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months after cutting to determine whether they had the ability to re-sprout from below-

ground portions.   

Another 120 seedlings were grown under similar conditions as in the seedling 

resprouting study described above to evaluate the burying of the cotyledon latent 

meristem.  Cotyledon levels were marked with permanent marker on all seedlings upon 

emergence.  Every two months, ten plants were measured in height and harvested in total 

to determine position, relative to the soil surface, of the cotyledon latent meristems.  Both 

fresh and dry mass of plants were measured as described for seedlings in the resprouting 

study described above. 

 

Analysis 

A single factor, completely-randomized design ANOVA was used to test effect of 

age (in months) on height of cotyledon latent meristems, and where significant, Duncan’s 

multiple range test was used to separate treatment means at P = 0.05 (SPSS 15.0, SPSS 

Inc., Chicago, IL).  Probit analysis was used to characterize monthly changes in percent 

seedlings resprouting and percent of seedlings with cotyledon latent meristems at or 

below soil level (SPSS 15.0, SPSS Inc., Chicago, IL).  Regression analysis was used to 

test the effect of both height and above-ground dry mass on seedling resprouting, 

cotyledon latent meristem height, and percent of seedlings with cotyledon latent 

meristems at soil level (SPSS 15.0, SPSS Inc., Chicago, IL).  
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Chapter 3 

RESULTS 

Study 1:  Effective Herbicide Control of Huisache 

 At all study sites, the most common average phenological stage was “leaves 

expanded, full canopy” (usually including continuous shoot growth and leaf expansion).  

Flowering huisache plants less than 2 m high (and plants with floral buds) were 

sometimes present, particularly at the Victoria Co. study site; however, those plants were 

never numerous enough to comprise the average phenological stage at any site for any 

month.  Therefore, because the average phenological stage of huisache plants never 

included floral buds, flowers, pods, or short shoots (reproductive shoots), the only 

average phenological stages recorded in this study were:  dormant, bud-break, full canopy 

(leaves expanded), and senescent.  The full canopy phenological stage is equivalent to the 

long shoot stage.  The phenological stage “senescent” might best be described as “partial 

defoliation” in the case of huisache, because late autumn and winter cold temperatures 

that cause senescence in temperate deciduous trees cause huisache to lose some or most 

of its leaves, but shoots and leaves often grow through the cool season or plants retain 

surviving leaves, without transitioning into true dormancy (personal observation).  This 

continuous growth habit likely results from the plant’s tropical origins.  However, plants 

did appear to become dormant when temperatures were sufficiently cold. 

 

Carbohydrate Analysis and Chemical Control Demonstration – ANOVA Analysis 

Total nonstructural carbohydrate (TNC) concentration in huisache root crowns 

was significantly different between soil types, with TNC in clay significantly higher than 
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in sandy loam / sandy clay loam (date not shown).  TNC concentration was also 

significantly different among phenological stages (F(3,633) = 4.375, P = 0.005; Table 1), 

with TNC during partial defoliation (M = 5.025, SD = 0.9153) and dormancy (M = 5.124, 

SD = 0.8997) significantly greater than TNC during bud-break (M = 4.491, SD = 

0.9147); TNC during full canopy was intermediate (M = 4.787, SD = 1.032; Figure 1). 

Herbicide-induced root mortality in huisache was significantly different between 

soil types, with mortality of plants growing in predominantly clay soil greater than that of 

plants growing in predominantly sandy loam / sandy clay loam soil (data not shown).  

Herbicide-induced huisache root mortality was significantly different between herbicides 

(F(1,180) = 5.177, P = 0.024; Table 2), with mortality of plants sprayed with MAT28 (M 

= 83.8%, SD = 24.87) greater than mortality of plants sprayed with the DOW formulation 

(M = 74.1%, SD = 31.72; Figure 2A).  Mortality was also significantly different among 

phenological stages (F(3,178) = 23, P < 0.001; Table 2), with greatest mortality rate at 

Full Canopy stage (M = 86.1%, SD = 21.19), lowest mortality rate at Dormant stage (M = 

34.3%, SD = 26.99), and intermediate mortality at Partial Defoliation (M = 60.6%, SD = 

37.88) and Bud-Break (43.3%, SD = 34.45) phenological stages (Figure 2B).  

 TNC concentration across all sites was significantly different between months 

 

Table 1.  Single-factor analysis of variance table for dependent variable Root Crown 

TNC, across all sites, with fixed factors Phenological Stage and Site (blocking factor). 

Source of 

Variation 

Degrees 

of 

Freedom 

Type III 

Sum of 

Squares 

Mean 

Square 

F-Statistic Significance 

Phenological Stage 

Phenology 3 12.720 4.240 4.379 0.005 

Site 3 26.671 8.890 9.182 < 0.001 

Error 633 612.917 0.968   
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Figure 1.  Average total nonstructural carbohydrate (TNC, %) for different phenological 

stages.  Statistical significance determined using ANOVA with randomized complete 

block design and Duncan’s multiple range test where appropriate.  Bars represent ± SE. 
* Means with same letter are not significantly different at P = 0.05. 

 

(F(31,605) = 5.023, P < 0.001; Table 3).  Fisher’s Protected LSD test revealed significant 

increases in TNC between the months of April and May in 2012 (M = 0.78%, SE = 

0.2868, P = 0.007) and 2014 (M = 0.66%, SE = 0.2868, P = 0.022), between July and 

August in 2012 (M = 0.64%, SE = 0.2868, P = 0.027), 2013 (M = 1.37%, SE = 0.2868, P  

< 0.001) and 2014 (M = 1.15%, SE = 0.2868, P = 0.012), between November and 

December in 2012 (M = 0.73%, SE = 0.2868, P = 0.012), and between March and April 

in 2013 (M = 0.78%, SE = 0.2868, P = 0.007; Figure 3). 

Herbicide-induced huisache root mortality across all sites was also significantly 

different between months (F(28,153) = 5.748, P < 0.001; Table 4).  Duncan’s Multiple  

Range test revealed that the greatest mortality rates occurred from September 2012 to 

January 2013, from April to December in 2013, from April to July in 2014, and from  

September to November in 2014; within these time periods mortality was especially high 
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Table 2.  Single-factor analysis of variance table for dependent variable Huisache 

Mortality, across all sites, with fixed factors Herbicide Formulation, Phenological Stage, 

and Site (blocking factor). 

Source of 

Variation 

Degrees 

of 

Freedom 

Type III 

Sum of 

Squares 

Mean 

Square 

F-Statistic Significance 

Herbicide Formulation 

Month 1 0.422 0.422 5.177 0.024 

Site 3 0.936 0.312 3.822 0.011 

Error 180 14.688 0.082   

Phenological Stage 

Phenology 3 4.221 1.407 23 < 0.001 

Site 3 1.125 0.375 6.13 0.001 

Error 178 10.889 0.061   

 

in October 2013 (M = 100%, SD = 0), October 2014 (M = 100%, SD = 0), and May 2014 

(M = 96.25%, SD = 7.44; Figure 3). 

Root crown TNC analysis of huisache growing in sandy loam / sandy clay loam 

sites was significantly different between months (F(31,287) = 4.353, P < 0.001; Table 5). 

 

 
Figure 2.  Average total herbicide-induced huisache mortality (%) for A) Herbicide 

Formulation, and B) Phenological Stage.  Statistical significance determined using 

ANOVA with randomized complete block design and Duncan’s multiple range test 

where appropriate.  Bars represent ± SE. 
* Means with same letter are not significantly different at P = 0.05. 
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Table 3.  Single-factor analysis of variance table for dependent variable Huisache Root 

Crown TNC, across all sites, with fixed factors Month*Year and Site (blocking factor). 

Source of 

Variation 

Degrees of 

Freedom 

Type III 

Sum of 

Squares 

Mean 

Sums of 

Squares 

F-Statistic Significance 

Month*Year 31 128.063 4.131 5.023 < 0.001 

Site 3 24.956 8.319 10.115 < 0.001 

Error 605 497.574 0.822   

 

Fisher’s Protected LSD test revealed significant increases in TNC between the months of 

April and May 2012 (M = 1.56%, SE = 0.3996, P < 0.001), July and August in 2012 (M 

= 0.81%, SE = 0.3996, P = 0.044), 2013 (M = 1.13%, SE = 0.3996, P = 0.005), and 2014 

(M = 1.31%, SE = 0.3996, P = 0.001), November and December 2012 (M = 0.98%, SE = 

0.3996, P = 0.015), and March and April 2013 (M = 1.1%, SE = 0.3996, P = 0.006; 

Figure 4). 

Herbicide-induced mortality of huisache growing in sandy loam / sandy clay loam 

sites was significantly different between months (F(28,64) = 4.879, P < 0.001; Table 6).  

According to Duncan’s Multiple Range test, greatest mortality rates occurred from July 

2012 to January 2013, April to December 2013, April to July 2014, and September to 

November 2014, with the highest mortality rates in October 2014 (M = 100%, SD = 0), 

June 2014 (M = 100%, SD = 0), October 2013 (M = 100%, SD = 0), and May 2014 (M = 

   

Table 4.  Single-factor analysis of variance table for dependent variable Huisache 

Mortality, across all sites, with fixed factors Month*Year and Site (blocking factor). 

Source of 

Variation 

Degrees 

of 

Freedom 

Type III 

Sum of 

Squares 

Mean Sums 

of Squares 

F-Statistic Significance 

Month*Year 28 7.746 0.277 5.748 < 0.001 

Site 3 0.817 0.272 5.659 0.001 

Error 153 7.364 0.048   
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Table 5.  Single-factor analysis of Variance table for dependent variable Huisache Root 

Crown TNC, across both sites with predominantly sandy loam / sandy clay loam soil 

(Diebel Ranch and King Ranch), with fixed factors Month*Year and Site (blocking 

factor). 

Source of 

Variation 

Degrees of 

Freedom 

Type III 

Sum of 

Squares 

Mean 

Sums of 

Squares 

F-Statistic Significance 

Month*Year 31 107.715 3.475 4.353 <0.001 

Site 1 6.641 6.641 8.32 0.004 

Error 287 229.096 0.798   

 

100%, SD = 0; Figure 4). 

Herbicide-induced mortality of huisache growing in sandy loam / sandy clay loam 

sites was significantly different between months (F(28,64) = 4.879, P < 0.001; Table 6).   

According to Duncan’s Multiple Range test, greatest mortality rates occurred from July 

2012 to January 2013, April to December 2013, April to July 2014, and September to 

November 2014, with the highest mortality rates in October 2014 (M = 100%, SD = 0), 

June 2014 (M = 100%, SD = 0), October 2013 (M = 100%, SD = 0), and May 2014 (M = 

100%, SD = 0; Figure 4).   

Root crown TNC concentrations of huisache growing in clay sites were 

significantly different between months (F(31,287) = 3.736, P < 0.001; Table 7).  

According to Fisher’s Protected LSD, TNC concentrations increased significantly  

 

Table 6.  Single-factor analysis of variance table for dependent variable Huisache 

Mortality, across both sites with predominantly sandy loam / sandy clay loam soil (Diebel 

Ranch and King Ranch), with fixed factors Month*Year and Site (blocking factor). 

Source of 

Variation 

Degrees of 

Freedom 

Type III 

Sum of 

Squares 

Mean 

Square 

F-Statistic Significance 

Month*Year 28 6.71 0.24 4.879 <0.001 

Site 1 0.391 0.391 7.966 0.006 

Error 64 3.144 0.049   
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Table 7.  Single factor analysis of variance table for dependent variable Huisache Root 

Crown TNC, across both sites with predominantly clay soil (Baumgartner Ranch and 

Welder Refuge), with fixed factors Month*Year and Site (blocking factor). 

Source of 

Variation 

Degrees of 

Freedom 

Type III 

Sum of 

Squares 

Mean 

Square 

F-Statistic Significance 

Month*Year 31 83.038 2.679 3.736 < 0.001 

Site 1 1.77 1.77 2.469 0.117 

Error 287 205.788 0.717   

 

between the months of May and June 2012 (M = 0.9%, SE = 0.3787, P = 0.018), July and 

August in 2013 (M= 1.61%, SE = 0.3787, P < 0.001) and in 2014 (M =1.04%, SE = 

0.3787, P = 0.006), September and October 2013 (M = 0.75%, SE = 0.3787, P = 0.049), 

and April to May 2014 (M = 0.91%, SE = 0.3787, P = 0.017; Figure 5). 

Herbicide-induced mortality of huisache growing in clay sites was significantly 

different between months (F (27,62) = 2.46, P = 0.002; Table 8).  Mortality was greatest 

in July 2012, October 2012 to December 2013, and April to November 2014, especially  

in June (M = 97.5%, SD = 5.0) and November (97.5%, SD = 5.0) 2013 and October 2012 

(M = 95%, SD = 7.071; Figure 5).   

Weather data from all sites showed seasonal fluctuations in soil temperature and 

precipitation (Figure 6).  The results of analyses of the effect of weather variables on 

herbicide-induced mortality in huisache were included in the next section. 

 

Table 8.  Single-factor analysis of variance table for dependent variable Huisache 

Mortality, across both sites with predominantly clay soil (Baumgartner Ranch and 

Welder Refuge), with fixed factors Month*Year and Site (blocking factor). 

Source of 

Variation 

Degrees of 

Freedom 

Type III 

Sum of 

Squares 

Mean 

Square 

F-Statistic Significance 

Month*Year 27 2.719 0.101 2.46 0.002 

Site 1 0.152 0.152 3.716 0.058 

Error 62 2.538 0.041   
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Figure 3.  Average monthly total nonstructural carbohydrate content (TNC, %) and 

herbicide-induced mortality (%) across all study sites.  Statistical significance was 

determined using ANOVA with randomized complete block design and Fisher’s 

Protected LSD test for TNC and Duncan’s Multiple Range test for mortality.  Bars 

represent ± SE. 

◊  TNC concentration of month is significantly greater than TNC of previous month at *) α = 0.05, **) α = 

0.01, or ***) α < 0.001. 
◊◊  Mortality rates of months with same letter are not statistically different at α = 0.05. 
Ŧ  Phenology:  [1] = bud-break, [2] = leaf expansion (full canopy), [3] = partial defoliation, [4] = dormant 
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Figure 4.  Average monthly total nonstructural carbohydrate content (TNC, %) and 

herbicide-induced mortality (%) for predominantly sandy loam / sandy clay loam sites.  

Statistical significance determined using ANOVA with randomized complete block 

design and Fisher’s Protected LSD test for TNC and Duncan’s Multiple Range test for 

mortality.  Bars represent ± SE. 
◊  TNC concentration of month is significantly greater than TNC of previous month at *) α = 0.05, **) α = 

0.01, ***) or α = 0.001, ****) α < 0.001. 
◊◊  Mortality rates of months with same letter are not statistically different at α = 0.05. 

Ŧ Phenology:  [1] = bud-break, [2] = leaf expansion (full canopy), [3] = partial defoliation, [4] = dormant 
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Figure 5.  Average monthly total nonstructural carbohydrate content (TNC, %) and 

herbicide-induced mortality (%) for predominantly clay sites.  Statistical significance 

determined using ANOVA with randomized complete block design and Fisher’s 

Protected LSD test for TNC and Duncan’s Multiple Range test for mortality.  Bars 

represent ± SE. 
◊  TNC concentration of month is significantly greater than TNC of previous month at *) α = 0.05, **) α = 
0.01, or ***) α < 0.001. 
◊◊  Mortality rates of months with same letter are not statistically different at α = 0.05. 

Ŧ Phenology:  [1] = bud-break, [2] = leaf expansion (full canopy), [3] = partial defoliation, [4] = dormant 
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Figure 6.  Average daily soil temperature below 0.3 m and daily precipitation for all four 

study sites, during period of field study (mid-April 2012 to mid-November 2014):  A= 

Baumgartner Ranch, B = Diebel Ranch, C = King Ranch, and D = Welder Wildlife 

Refuge. 
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Carbohydrate Analysis and Chemical Control Demonstration – AIC Analysis 

 

 Best-fit AIC results for herbicide-induced mortality are presented for all sites 

(Figures 7 and 8), predominantly sandy loam sites (Figures 9 and 10), predominantly clay 

sites (Figure 11), all plants in full canopy phenological stage (Figure 12), all plants in 

partially-defoliated phenological stage (Figure 13), and from all sites treated in the 

months of high herbicide mortality (Figures A-2 to A-5).  Some datasets had more than 

one model because 1) the parameter “month” can vary greatly from year to year in regard 

to weather and other factors and is therefore not as stable as predictor as is for example, 

soil temperature (hence, a second model was also chosen if the first model included 

month as a  parameter [i.e. Figures 7, 8, 9 and 10]), and 2) some parameters were not 

comparable to each other due to missing data, especially from malfunctioning weather 

sensors; therefore, because it could be impossible in such cases to determine which model 

was better (due to different sample sizes) the results of both models were presented (i.e. 

Figures A-2 to A-5) 

The best model fit for chemically-induced huisache mortality across all dates and 

sites was a sixth-order polynomial of mortality vs. month (Figure 7), with AIC = 

1169.382, AICc (AIC corrected for small sample sizes) = 1170.015, R2 = 0.4054, Adj. R2 

= 0.3854, and n = 185.  The equation for the function is: 

 

y = 0.006x6 – 0.2741x5 + 4.8114x4 – 40.86x3 + 170.69x2 – 305.69x + 214.43 

[where y = mortality (%) and x = month (i.e. 1 = Jan., 2 = Feb, 3 = Mar., etc.)] 

 

Overall herbicide-induced huisache mortality was greatest during the months of October, 
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November, and May.  When month was removed as a model parameter, the best fit model 

for huisache herbicide mortality across all dates and sites was a combination of two 

quadratic functions:  mortality vs. soil temperature and mortality vs. phenology (Figure 

8), with AIC = 1117.623, AICc = 1117.983, R2 = 0.3123, Adj. R2 = 0.301, and n =173.  

The equations for the two functions are, respectively: 

 

y = -0.3839x2 + 18.806x – 138.84 

[where y = mortality (%) and x = soil temperature (°C) at 0.3 m], and 

y = -18.401x2 + 77.854x + 1.8649 

[where y = mortality (%) and x = phenological stage (i.e. 1 = bud-break, 2 = full canopy, 

3 = partial defoliation, and 4 = dormant)] 

 

When month was removed as a parameter, huisache herbicide mortality was greatest 

when soil temperature at 0.3 m was 24.49°C and plants were in the leaves expanded (full 

canopy) phenological stage. 

When only the two sites with predominantly sandy loam / sandy clay loam soil 

(Diebel Ranch and King Ranch) were analyzed with AIC, the best fit model for 

herbicide-induced huisache mortality was a six-order polynomial of mortality vs. month, 

combined with a quadratic function of mortality vs. phenology and a linear function of 

mortality vs. delta-TNC (current month root crown TNC average – previous month root 

crown TNC average; Figure 9), with AIC = 594.377, AICc = 597.028, R2 = 0.537, Adj. 

R2 = 0.522, and n = 94.  The equations for the three functions are, respectively: 
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Figure 7.  Best-Fit Model (Huisache Mortality vs. Month) for all data, according to AIC 

(Akaike’s Information Criterion) analysis (AIC = 1169.382, AICc [AIC corrected for 

small sample sizes] = 1170.015, R2 = 0.4054, Adj. R2 = 0.3854, and n = 185). 
Function:  y = 0.006x6 – 0.2741x5 + 4.8114x4 – 40.86x3 + 170.69x2 – 305.69x + 214.43, R2 = 0.4054 

*  Month:  1 = January, 2 = February, 3 = March, etc. 

 

y = 0.0045x6 – 0.2241x5 + 4.232x4 – 38.195x3 + 167.49x2 – 307.49x + 200.7 

[where y = mortality (%) and x = month (i.e. 1 = Jan., 2 = Feb., 3 = Mar., etc.)], and  

y = -26.483x2 + 112.95x - 38.587 

 [where y = mortality (%) and x = phenological stage (i.e. 1 = bud-break, 2 = full canopy,, 

3 = partial defoliation, and 4 = dormant], and 

y = -1.8323x +73.251 

[where y = mortality (%) and x = Delta-TNC (change in average TNC (%) from one 

month to the following month)] 

 

When huisache was grown in sandy loam / sandy clay loam soils, herbicide-induced 

mortality was greatest during the months of November, October, and May, when plants  
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Figure 8.  Best fit model for all data (A) Huisache Mortality vs. Soil Temperature at 0.3 

m and B) Huisache Mortality vs. Phenology), according to AIC analysis (AIC = 

1117.623, AICc = 1117.983, R2 = 0.3123, Adj. R2 = 0.301, and n =173), when the 

parameter month is removed from analysis 
A)  Function:  y = -0.3839x2 + 18.806x – 138.84, R2 = 0.271 

B)  Function:  y = -18.401x2 + 77.854x +1.8649, R2 = 0.2154 

Ɨ  Phenology:  1 = budbreak, 2 = leaves expanded (full canopy), 3 = partial defoliation, 4 = dormant 

 

were in leaves expanded (full canopy) phenological stage, and when root crown TNC was 

lower than in the previous month.  When month was removed as a parameter, the best fit 

model became a quadratic function of mortality vs. soil temperature and a linear function 
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of mortality vs. 8-week cumulative precipitation (Figure 10), with AIC = 490.98, AICc = 

491.559, R2 = 0.339, Adj. R2 = 0.31, and n = 74.  The equations for the two functions are, 

respectively: 

 

y = -0.425x2 + 21.436x – 181.53 

[where y = mortality (%) and x = soil temperature (°C) at 0.3 m], and 

y = 0.2005x + 51.316 

[where y = mortality (%) and x = cumulative 8 week precipitation (mm)] 

 

When month was removed as a parameter, huisache growing in sandy loam / sandy clay 

loam soils, had greatest mortality when soil temperature at 0.3 m depth was 25.22° C and 

cumulative rainfall during the previous 8 weeks was high. 

When only the two sites with predominantly clay soil (Baumgartner Ranch and 

Welder Refuge) were analyzed with AIC, the best fit model for huisache mortality was a 

combination of a quadratic function of mortality vs. soil temperature and a linear function 

of mortality vs. Delta-TNC (Figure 11), with AIC = 511.725, AICc = 512.238, R2 = 

0.308, Adj. R2 = 0.282, and n = 83.  The equations are, respectively: 

 

y = -0.3946x2 + 18.595x - 122.79, R2 = 0.277 

[where y = mortality (%) and x = soil temperature (°C) at 0.3 m], and 

y = 5.9117x + 82.09, R2 = 0.0452 

[where y = mortality (%) and x = Delta-TNC (change in average TNC (%) from one  

month to the following month)] 
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Figure 9.  Best fit model for data from predominantly sandy loam / sandy clay loam sites 

(A) Huisache Mortality vs. Month, B) Huisache Mortality vs. Phenology, and C) 

Huisache Mortality vs. Delta-TNC [current month TNC – previous month TNC), 

according to AIC analysis (AIC = 594.377, AICc = 597.028, R2 = 0.537, Adj. R2 = 0.522, 

and n = 94) 

A)  Function:  y = 0.0045x6 – 0.2241x5 + 4.232x4 – 38.195x3 + 167.49x2 – 307.49x + 200.7, R2 = 0.537 

B)  Function:  y = -26.483x2 + 112.95x – 38.587, R2 = 0.2987 

C)  Function:  y = -1.8323x + 73.251, R2 = 0.0027 

Ɨ  Month:  1 = January, 2 = February, 3 = March, etc. 

ƗƗ  Phenology:  1 = budbreak, 2 = leaves expanded (full canopy), 3 = partial defoliation, 4 = dormant 
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Figure 10.  Best fit model for data from predominantly sandy loam / sandy clay loam 

sites (A) Huisache Mortality vs. Soil Temperature at 0.3 m and B) Huisache Mortality vs. 

Cumulative 8-week Precipitation), according to AIC analysis (AIC = 490.98, AICc = 

491.559, R2 = 0.339, Adj. R2 = 0.31, and n = 74), when the parameter month is removed 

from analysis 
A)  Function:  y = -0.425x2 + 21.436x – 181.53, R2 = 0.3047 

B)  Function:  y = 0.2005x + 51.316, R2 = 0.155 

 

When growing in predominantly clay soils, herbicide-induced huisache mortality was 

greatest when soil temperature at 0.3 m is 23.85° C and root crown TNC was higher than 

in the previous month. 
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When only data from the full canopy phenological stage were analyzed with AIC, 

the highest fit model was a sixth-order polynomial function of mortality vs. month, with 

AIC = 819.776, AICc = 820.645, R2 = 0.1958, Adj. R2 = 0.1587, and n = 137 (function 

and figure not shown).  This model was similar to the best-fit model for all data (Figure 

7), except greatest herbicide-induced mortality was during the months of December, 

October, May, and November (instead of only October, November, and May).  Because 

this sixth-order polynomial function may actually over-fit the data; a fifth-order 

polynomial (function and figure not shown) may be a more appropriate model for the 

data, (similar to best fit model for all data [Figure 7], except greatest mortality was during 

months of November, October, December, and May [instead of October, November, and 

May]), despite having greater AIC values.  According to AIC analysis, the fifth-order 

polynomial did not fit the data as well as the following model.  When month was 

removed as a parameter, the best fit model according to AIC analysis was a quadratic 

function of mortality vs. soil temperature (Figure 12), with AIC = 749.722, AICc = 

749.92, R2 = 0.1023, Adj. R2 = 0.0875, and n = 125.  The function for this model is: 

 

y = -0.3491x2 +16.519x – 102.42 

[where y = mortality (%) and y = soil temperature (°C) at 0.3 m] 

 

When huisache were in the full canopy phenological stage, herbicide-induced mortality 

was greatest when soil temperature at 0.3 m was 23.66 °C. 
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Figure 11.  Best fit model for data from predominantly clay sites (A) Huisache Mortality 

vs. Soil Temperature at 0.3 m and B) Huisache Mortality vs. Delta-TNC), according to 

AIC analysis (AIC = 511.725, AICc = 512.238, R2 = 0.308, Adj. R2 = 0.282, and n = 83) 
A)  Function:  y = -0.3946x2 + 18.595 – 122.79, R2 = 0.277 

B)  Function:  y = 5.9117x + 82.09, R2 = 0.0452 

 

When only data from plants in the partially-defoliated phenological stage were 

analyzed with AIC, the best fit model was a combination of a linear function of mortality 

vs Future Delta-TNC (TNC of next month – TNC of current month) and a linear function 

of mortality vs. 4-week cumulative precipitation (Figure 13), with AIC = 170.659, AICc 

= 171.859, R2 = 0.3529, Adj. R2 = 0.2934, and n = 24.  These linear equations are, 

respectively: 
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Figure 12.  Best fit model for full canopy phenological stage data from all sites (Huisache 

Mortality vs. Soil Temperature), according to AIC analysis (AIC = 749.722, AICc = 

749.92, R2 = 0.1023, Adj. R2 = 0.0875, and n = 125). 
Function:  -0.3491x2 + 16.519x – 102.42, R2 = 0.1023  

 

y = 22.923x + 58.179 

[where y = mortality (%) and x = Future Delta-TNC (change in TNC(%) in one month 

from the previous month)], and 

y = 0.7883x + 26.669 

[y = mortality (%) and x = cumulative 4-week precipitation (mm)] 

 

When huisache was in the partial defoliation phenological stage, herbicide-induced 

mortality was greatest when average root crown TNC was lower in the current month 

than in the following month and when cumulative 4-week precipitation was high. 

When data from plants treated in May, October, and November were each 

analyzed separately with AIC, mortality models differed in the parameters that were most 

important in the model.  The best-fit models for these high-mortality months of treatment 
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Figure 13.  Best fit model for data from plants in partial defoliation phenological stage 

from all sites (A) Huisache Mortality vs. Future-Delta-TNC [next month TNC – current 

TNC] and B) Huisache Mortality vs. 4-week Cumulative Precipitation), according to AIC 

analysis (AIC = 170.659, AICc = 171.859, R2 = 0.3549, Adj. R2 = 0.2934, and n = 24) 
A)  Function:  y = 22.923x +58.179, R2 = 0.2165 

B)  Function:  y = 0.7883x + 26.669, R2 = 0.1587 

 

included:  a negative linear function of mortality vs. Future-Delta-TNC, a negative linear 

function of mortality vs. 4-week cumulative precipitation, a positive linear function of 

mortality vs. soil available water content (%; AWC) at 0.3 m depth, and a positive linear 

function of mortality vs. soil temperature at 0.3 m (Figures A-2 to A-5).  
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Study 2:  Huisache Seed Germination 

 Cumulative total germination rates were significantly different between scarified 

and non-scarified treatments and among temperature*scarified treatments (F(7,32) = 

185.722, P < 0.001; Table 9), but were not significantly different among temperature 

treatments.  Cumulative total germination rates for scarified seeds were:  96% (SD = 

5.4772) for 35/25, 96% (SD = 6.5192) for 30/20, 99% (SD = 2.2361) for 25/15, and 97% 

(SD = 4.4721) for 20/10°, while cumulative total germination rates for non-scarified seeds  

were:  19% (SD = 9.6177) for 35/25, 21% (SD = 8.9443) for 30/20, 20% (SD = 7.9057) 

for 25/15, and 16% (SD = 6.5192) for 20/10 (Figure 14). 

Although no differences in cumulative total germination were evident between 

temperature treatments, germination curves revealed temporal differences in rate of  

germination between temperature treatments (Figure 15).  Significant differences in 

cumulative germination were found when temperature treatment * days in growth 

chamber were analyzed for scarified seeds (F(167,672) = 169.601 , P < 0.001), and for 

non-scarified seeds (F(167,672) = 4.809, P < 0.001, Table 10).  However, when non- 

cumulative germination percentages were analyzed for temperature treatment*days in 

growth chamber, significant differences were still found for scarified seeds (F(167,672) = 

  

Table 9.  Single-factor analysis of variance table for dependent variable Cumulative Total 

Germination, with fixed factors Scarification * Temperature. 

Source of 

Variation 

Degrees 

of 

Freedom 

Type III 

Sum of 

Squares 

Mean 

Square 

F-Statistic Significance 

Scarification * Temperature 

Between Groups 7 60940 8705.714 185.722 < 0.001 

Within Groups 32 1500 46.875   
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52.644, P < 0.001) but not for non-scarified seeds (F(167,672) = 1.106, P = 0.196; Table 

10).  On day 3, 35/25-Scarified had a significantly greater germination percentage than 

all other scarified treatments (M = 25, SD = 10.6066).  25/15 Scarified had significantly 

higher germination percentages than 30/20 Scarified and 20/10 Scarified from day 3 to 

day 22.  On days 3 to 11, 35/25 Scarified and 25/15 Scarified both had significantly 

greater germination percentages than the other two scarified treatments.  20/10 Scarified 

had significantly lower germination percentages than the other scarified treatments from 

day 4 until day 16.  Following day 25, scarified temperature treatments were no longer 

significantly different from each other (Table 11).  Germination percentages for non- 

 

 

Figure 14.  Cumulative total germination percentages for Scarified and Non-Scarified 

huisache seeds growing in a germination chamber, under four different temperature 

regimes (high/low, °C).  Statistical significance determined using ANOVA with 

completely randomized design and Duncan’s Multiple Range test.  Bars represent ± SE. 
◊  Columns with the same letter are not significantly different at P = 0.05. 

scarified temperature treatments were only significantly different between different 

number of days in germination chamber, not between temperature treatments (data not 

shown). 
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Study 3:  Huisache Seedling Resprouting and Cotyledon Latent Meristem Positioning  

Probit analysis average marginal means indicated that month significantly 

predicted huisache resprouting (M = 4.304, SE = 0.717, 95% CI [2.898, 5.71], z-score = 

5.999, P < 0.001).  According to the probit model, the percentage of seedlings 

resprouting following top removal was 1% at 5.8 months (95% CI [3.521, 7.631]), 10% 

at 10.2 months (95% CI [7.923, 11.855]), and 50% at 20.3 months (95% CI [18.059, 

24.145]; Table 12). 

 

Table 10.  Single-factor analysis of variance table for dependent variables Cumulative 

Germination and Non-cumulative Germination, with fixed factors Temperature * No. of 

Days (in germination chamber), for Scarified and Non-scarified seeds. 

Source of 

Variation 

Degrees 

of 

Freedom 

Type III 

Sum of 

Squares 

Mean 

Square 

F-Statistic Significance 

Cumulative Germination - Scarified)  Temperature * No. of Days 

Between Groups 167 763719.9 4573.173 169.601 < 0.001 

Within Groups 672 18120.00 26.964   

Cumulative Germination - Non-scarified)  Temperature * No. of Days 

Between Groups 167 35458.095 212.324 4.809 < 0.001 

Within Groups 672 29670 44.152   

Non-cumulative Germination – Scarified)  Temperature * No. of Days 

Between Groups 167 63189.524 378.38 52.644 < 0.001 

Within Groups 672 4830 7.188   

Non-cumulative Germination – Non-scarified)  Temperature * No. of Days 

Between Groups 167 448.095 2.683 1.106 0.196 

Within Groups 672 1630 2.426   
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Figure 15.  Cumulative germination curves for Scarified and Non-Scarified huisache seeds at four different temperature regimes 

(high/low, °C).  Bars represent ± S.E. 
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Table 11.  Cumulative germination per day*temperature treatment for Scarified huisache 

seeds.  Statistical significance determined using ANOVA with completely randomized 

design and Duncan’s Multiple Range test.   
 35/25 Scarified 30/20 Scarified 25/15 Scarified 20/10 Scarified 
Day �̅� Std. 

Err 
Sig. �̅� Std. 

Err 
Sig. �̅� Std. 

Err. 
Sig. �̅� Std. 

Err 
Sig. 

1 0 0 v◊ 0 0 v 0 0 v 0 0 v 

2 0 0 v 0 0 v 0 0 v 0 0 v 

3 25 4.7434 r 4 2.9155 tuv 14 2.9155 s 0 0 v 

4 81 3.6742 klm 62 1.2247 op 84 3.6742 hijklm 0 0 v 

5 91 3.6742 abcdefghi 68 1.2247 no 95 1.5811 abcde 0 0 v 

6 92 4.062 abcdefgh 72 2.5495 n 96 1.8708 abcd 0 0 v 

7 92 4.062 abcdefgh 79 3.6742 m 97 1.2247 abc 2 1.2247 uv 

8 93 3.2912 abcdefg 79 3.6742 m 98 1.2247 ab 5 1.5811 tuv 

9 93 3.3912 abcdefg 83 2.5495 ijklm 98 1.2247 ab 8 3.3912 stu 

10 93 3.3912 abcdefg 83 2.5495 ijklm 98 1.2247 ab 11 3.6742 st 

11 93 3.3912 abcdefg 84 2.9155 hijklm 98 1.2247 ab 13 3.3912 s 

12 93 3.3912 abcdefg 85 2.2361 ghijklm 99 1 a 23 2.5495 r 

13 93 3.3912 abcdefg 85 2.2361 ghijklm 99 1 a 40 1.5811 q 

14 93 3.3912 abcdefg 85 2.2361 ghijklm 99 1 a 56 2.4495 p 

15 94 2.9155 abcdef 85 2.2361 ghijklm 99 1 a 61 2.9155 op 

16 94 2.9155 abcdef 85 2.2361 ghijklm 99 1 a 68 3.3912 no 

17 95 2.2361 abcde 87 3 efghijkl 99 1 a 80 3.1623 lm 

18 95 2.2361 abcde 89 2.4495 cdefghij 99 1 a 82 2.5495 jklm 

19 95 2.2361 abcde 89 2.4495 cdefghij 99 1 a 86 2.9155 fghijklm 

20 95 2.2361 abcde 89 2.4495 cdefghij 99 1 a 88 3 defghijk 

21 95 2.2361 abcde 90 2.7386 bcdefghij 99 1 a 89 3.6742 cdefghij 

22 95 2.2361 abcde 90 2.7486 bcdefghij 99 1 a 91 3.3166 abcdefghi 

23 95 2.2361 abcde 90 2.7386 bcdefghij 99 1 a 91 3.3166 abcdefghi 

24 95 2.2361 abcde 90 2.7386 bcdefghij 99 1 a 92 3.3912 abcdefgh 

25 95 2.2361 abcde 91 1.8708 abcdefghi 99 1 a 93 2.5495 abcdefg 

26 95 2.2361 abcde 92 2 abcdefgh 99 1 a 93 2.5495 abcdefg 

27 95 2.2361 abcde 92 2 abcdefgh 99 1 a 93 2.5495 abcdefg 

28 95 2.2361 abcde 93 2.5495 abcdefg 99 1 a 93 2.5495 abcdefg 

29 95 2.2361 abcde 94 2.9155 abcdef 99 1 a 94 1.8708 abcdef 

30 95 2.2361 abcde 94 2.9155 abcdef 99 1 a 94 1.8708 abcdef 

31 96 2.4495 abcd 94 2.9155 abcdef 99 1 a 94 1.8708 abcdef 

32 96 2.4495 abcd 94 2.9155 abcdef 99 1 a 95 1.5811 abcde 

33 96 2.4495 abcd 94 2.9155 abcdef 99 1 a 95 1.5811 abcde 

34 96 2.4495 abcd 94 2.9155 abcdef 99 1 a 95 1.5811 abcde 

35 96 2.4495 abcd 94 2.9155 abcdef 99 1 a 96 1.8708 abcd 

36 96 2.4495 abcd 94 2.9155 abcdef 99 1 a 96 1.8708 abcd 

37 96 2.4495 abcd 94 2.9155 abcdef 99 1 a 96 1.8708 abcd 

38 96 2.4495 abcd 94 2.9155 abcdef 99 1 a 96 1.8708 abcd 

39 96 2.4495 abcd 95 3.1623 abcde 99 1 a 97 2 abc 

40 96 2.4495 abcd 96 2.9155 abcd 99 1 a 97 2 abc 

41 96 2.4495 abcd 96 2.9155 abcd 99 1 a 97 2 abc 

42 96 2.4495 abcd 96 2.9155 abcd 99 1 a 97 2 abc 

◊  Mean cumulative germination percentages followed by same letter not significantly different (P=0.05) 
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Linear regression analysis revealed that seedling height significantly predicted 

seedling resprouting percentage (B = 0.001, t(248) = 6.405, P < 0.001).  Seedling height 

also explained a significant proportion of variance in seedling resprouting percentage (R2 

= 0.142, F(1,248) = 41.02. P < 0.001).  Seedling dry weight also significantly predicted 

seedling resprouting percentage (B = -0.138, t(128) = -6.84, P < 0.001), and seedling dry 

weight explained a significant proportion of variance in seedling resprouting percentage 

(R2 = 0.268, F(1,128) = 46.79, P < 0.001). 

Seedling cotyledon latent meristem heights were significantly different among 

seedlings of different ages (F(11,108) = 6.545, P < 0.001; Table 13).  Average seedling 

cotyledon latent meristem height of bimonthly samples of ten seedlings was not at or  

below soil level until 24 months of age (M = -0.8mm, SD = 2.3476), and the greatest  

cotyledon latent meristem heights were found at 4 months of age (M = 10.1. SD = 

4.8178; Figure 16).   

According to curvilinear estimation, the best fit for data of seedling cotyledon 

latent meristem height vs. seedling age (month) was a quadratic function (R2 = 0.287, 

F(2,127) = 25.537, P < 0.001, Figure 16), which is as follows: 

y = -0.0395x2+ 0.6955x + 4.1846 

According to this quadratic function, cotyledon latent meristem height increased to 7.2 

mm at month 9, then decreased to 3.9 mm by month 18 and was buried below soil level 

by month 22.3. 

Linear regression analysis revealed that seedling height significantly predicted 

seedling cotyledon latent meristem height (B = -0.02, t(118) = -6.438, P < 0.001).   
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Table 12.  Fiducial confidence interval table for dependent variable Seedling Resprouting 

(%), with covariate plant age (in months), determined using Probit analysis. 

Probability 95% Confidence Limits 

 Estimate Lower Bound Upper Bound 

0.01 5.847 3.521 7.631 

0.02 6.765 4.36 8.542 

0.03 7.421 4.991 9.18 

0.04 7.956 5.523 9.695 

0.05 8.42 5.995 10.138 

0.06 8.835 6.428 10.534 

0.07 9.217 6.831 10.896 

0.08 9.572 7.211 11.233 

0.09 9.907 7.575 11.552 

0.10 10.226 7.923 11.855 

0.15 11.659 9.52 13.234 

0.20 12.94 10.961 14.515 

0.25 14.15 12.301 15.801 

0.30 15.333 13.559 17.159 

0.35 16.518 14.745 18.639 

0.40 17.726 15.875 20.277 

0.45 18.98 16.971 22.102 

0.50 20.299 18.059 24.145 

0.55 21.711 19.164 26.449 

0.60 23.246 20.315 29.074 

0.65 24.947 21.544 32.122 

0.70 26.874 22.891 35.701 

0.75 29.121 24.414 40.067 

0.80 31.845 26.206 45.601 

0.85 35.343 28.436 53.07 

0.90 40.296 31.486 64.287 

0.91 41.593 32.267 67.342 

0.92 43.039 33.135 70.829 

0.93 44.709 34.116 74.875 

0.94 46.639 35.244 79.672 

0.95 48.942 36.574 85.523 

0.96 51.793 38.197 92.956 

0.97 55.526 40.289 102.994 

0.98 60.91 43.242 118.051 

0.99 70.474 48.331 146.411 
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Table 13.  Single-factor analysis of variance table for dependent variable Cotyledon 

Latent Meristem Height (mm), with fixed factor No. of Months (in age). 

Source of 

Variation 

Degrees 

of 

Freedom 

Type III 

Sum of 

Squares 

Mean 

Square 

F-Statistic Significance 

Between Groups 11 1251.167 113.742 6.545 < 0.001 

Within Groups 108 1876.8 17.378   

 

Seedling height also explained a significant proportion of variance in seedling cotyledon 

latent meristem height (R2 = 0.26, F(1,118) = 41.444. P < 0.001).  Seedling dry mass also 

significantly predicted cotyledon latent meristem height (B = -0.162, t(118) = -8.421, P < 

0.001) and explained a significant proportion of variance in seedling cotyledon latent 

meristem height (R2 = 0.375, F(1,118) = 70.919, P < 0.001). 

 

 

Figure 16.  Huisache seedling cotyledon latent meristem height above soil level, 

measured every other month for 24 months and curvilinear estimation for cotyledon 

latent meristem height above soil level vs. month.  Statistical significance determined 

using ANOVA with completely randomized design and Duncan’s Multiple Range test.   
◊  Means with same letter are not significantly different at P = 0.05 

Quadratic (Cotyledon Height):  y = -0.0395x2+ 0.6955x + 4.1846; (R2 = 0.287, F(2,127) = 25.537, P < 

0.001) 
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Probit analysis average marginal effects indicated that month significantly 

predicted percent of seedlings with cotyledon latent meristems at or below soil level (M = 

5.208, SE = 1.199, 95% CI [2.858, 7.558], n = 120, z-score = 4.344, P<0.001).  

According to the probit model the percentage of seedlings with cotyledon latent 

meristems at or below soil level was 1% at 7.3 months (95% CI [1.793, 10.458]), 10% at 

11.7 months (95% CI [5.873, 14.391]), and 50% at 20.5 months (95% CI [17.102, 

31.332]; Table 14). 

Linear regression analysis revealed that seedling height significantly predicted 

percent of seedlings with cotyledon latent meristems at or below soil level (B = 0.002, 

t(118) =7.184, P < 0.001).  Seedling height also explained a significant proportion of 

variance in percent of seedlings with cotyledon latent meristems at or below soil level (R2 

= 0.304, F(1,118) = 51.604. P < 0.001).  Seedling dry mass also significantly predicted 

percent of seedlings with cotyledon latent meristems at or below soil level (B = 0.013, 

t(118) = 8.127, P < 0.001) and explained a significant proportion of variance in that 

parameter (R2 = 0.359, F (1,110) = 66.042, P < 0.001). 
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Table 14.  Fiducial confidence interval table for dependent variable Cotyledon Latent 

Meristem Below Soil (%), with covariate plant age (in months), determined using Probit 

analysis. 

Probability 95% Confidence Limits 

 Estimate Lower Bound Upper Bound 

0.01 7.346 1.793 10.458 

0.02 8.286 2.453 11.322 

0.03 8.945 2.99 11.918 

0.04 9.474 3.468 12.395 

0.05 9.928 3.911 12.803 

0.06 10.332 4.329 13.168 

0.07 10.699 4.731 13.502 

0.08 11.039 5.121 13.813 

0.09 11.357 5.501 14.108 

0.10 11.658 5.873 14.391 

0.15 12.993 7.66 15.709 

0.20 14.161 9.366 17.012 

0.25 15.247 10.992 18.443 

0.30 16.293 12.504 20.127 

0.35 17.327 13.865 22.18 

0.40 18.368 15.066 24.687 

0.45 19.435 16.132 27.714 

0.50 20.545 17.102 31.332 

0.55 21.718 18.016 35.646 

0.60 22.98 18.909 40.824 

0.65 24.361 19.813 47.123 

0.70 25.905 20.759 54.958 

0.75 27.683 21.796 65.015 

0.80 29.806 22.946 78.533 

0.85 32.487 24.338 98.041 

0.90 36.205 26.165 129.835 

0.91 37.165 26.62 138.979 

0.92 38.237 27.122 149.655 

0.93 39.542 27.682 162.356 

0.94 40.854 28.319 177.837 

0.95 42.514 29.061 197.324 

0.96 44.55 29.952 222.993 

0.97 47.188 31.081 259.212 

0.98 50.938 32.64 316.701 

0.99 57.462 35.242 434.465 
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Chapter 4 

DISCUSSION 

Study 1:  Effective Herbicide Control of Huisache 

 Month was the most important parameter influencing huisache herbicide mortality 

across study sites, with two optimal windows of control occurring in May and 

October/November.  Meyer et al. (1976) found similar results using soil-applied picloram 

granules, with herbicide-induced mortality highest from March to June and October to 

January, lowest during the month of July, and intermediate during the months of 

September, August, and February.  The results also support the herbicide 

recommendation offered by Hanselka and Lyons (2010), who instruct treating with 

picloram + 2,4-D from September through November.  Conversely, Bovey et al. (1972) 

found that greatest canopy reduction occurred when huisache were sprayed with picloram 

between mid-June and late August; in that study, however, the plants were nursery-

grown, and in the previous year of that study the greatest canopy reduction occurred 

when huisache were sprayed with picloram during mid-September.   

 Although root crown total nonstructural carbohydrate (TNC) has been positively 

correlated with herbicide susceptibility in mesquite and other woody rangeland species 

(Wan and Sosebee 1990; Sosebee and Dahl 1991; Sosebee 2004), a positive correlation 

(R2 = 0.2165) between Future Delta-TNC (average following month TNC – average 

current month TNC) and huisache mortality was only part of the best-fit model for plants 

in the partially-defoliated phenological stage.  However, a negative correlation between 

Future Delta-TNC and huisache mortality was one component of the best-fit models for 

one of the months of high herbicide-induced mortality.  Also, a positive correlation 
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between Delta-TNC (average current month TNC – average previous month TNC) and 

huisache mortality was only part of the best-fit model for the data from the predominantly 

clay sites, although this was not a particularly strong linear relationship (R2 = 0.045).  

The best-fit model for the data from the predominantly sandy loam / sandy clay loam 

sites included a weakly negative linear relationship (R2 = 0.003) between herbicide 

mortality and Delta-TNC.  These results suggest that using the monthly change in 

huisache root crown TNC as an indicator for mortality success rate depends upon plant 

phenology, time of year, and soil texture.   

 Another possible reason why there were conflicting results when correlating TNC 

concentration with herbicide-induced mortality is that root crown TNC concentration 

may not have been the most appropriate metric for quantifying seasonal carbohydrate 

flux.  For example, according to Cralle and Bovey (1996), increases in total nonstructural 

carbohydrate (TNC) mass in mesquite roots was more important for carbohydrate storage 

than changes in TNC concentration of roots.  Further investigation should be made into 

how differences in soil texture, phenology, and time of year affect both root crown TNC 

concentration and herbicide-induced mortality in huisache. 

The results from the present chemical control demonstration study supported the 

results of other studies finding that herbicide treatment can vary according to soil water 

content, soil temperature, soil type, and plant phenological stage (Fisher et al. 1956; Dahl 

et al. 1971; Scifres 1980).  Bovey et al. (1972) found increased herbicide-induced 

huisache canopy reduction during the late afternoon, compared with morning and midday 

applications, which may have been influenced by higher soil temperatures, diurnal 

changes in leaf physiology, soil water content, or plant water status.  
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Soil texture and soil temperature have been found to have an influence on 

herbicide control of plants such as mesquite (Prosopis glandulosa), as in studies showing 

more effective control of plants growing in sandy loam, compared to clay soils (Welch 

undated, Fisher et al. 1956, Fisher et al. 1959).  The current study’s findings of more 

effective control at sites with predominantly clay soils may be related to a differential 

effect of soil texture upon huisache herbicide susceptibility (compared to the herbicide 

susceptibility of mesquite) or it may be a result of a relatively small number of 

experimental sites representing each soil type.  Conversely, it may also be related to the 

complexity of the soils at the different study sites.  For example, although the dominant 

soil types at the Victoria Co. study site (Diebel Ranch) were loamy [Nada/Cieno complex 

(sandy loam / sandy clay loam / clay loam) and Telferner fine sandy loam (sandy clay 

and sandy clay loam subsoils)], a clay pan was present below the soil surface, soils were 

poorly drained with slow infiltration, and large portions of the rangeland study site were 

periodically inundated with several centimeters of water (USDA 2017; personal 

observation).  Likewise, although the soils at the Kleberg Co. study site (King Ranch) site 

were also loamy (sandy loam / sandy clay loam / clay loam / loam) and the soils were 

well-drained or moderately well-drained, the permeability of the soils was moderately 

slow or moderate, causing temporary flooding following heavy rains at the study site 

(USDA 2017; personal observation).  The dominant soil types at the Refugio and San 

Patricio study sites also had slow permeability and caused periodic, temporary light 

flooding (USDA 2017; personal observation).  Therefore, all sites in this study were 

either poorly drained or had slow infiltration, causing periodic shallow innundation, and 

perhaps obfuscating the effects of soil type upon herbicide-induced mortality.   
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As found in mesquite (Sosebee 2004; Dahl et al. 1971), soil temperature at 0.3 m 

was one of the parameters with the largest effect upon herbicide-induced huisache 

mortality.  However, unlike mesquite, in which herbicide mortality rapidly increases as 

soil temperature (at 0.3 m) increases from 20 to 28° C (Sosebee 2004; Dahl et al. 1971), 

the relationship between huisache herbicide mortality and soil temperature is best 

expressed by a quadratic function with maximum mortality occurring around 24.5°C at 

0.3 m.  This ideal temperature was similar to the ideal temperature range (between 21.1 

and 23.9° C at 30 to 46 cm) described for the herbicide treatment of Texas brush species 

(Hanselka 1991, Welch undated).  The peak temperature from the current study is also 

similar to the recommendation given by Hanselka and Lyons (2010), who instruct to 

spray huisache in autumn, prior to soil temperatures dropping below 23.9° C.  Soil 

temperature appears to have been one of the primary factors influencing the parameter 

“month”, which was the most important parameter in AIC analysis, as evident by average 

soil temperatures between 23.5 and 25° C during the high-mortality months of May and 

October, respectively (November, also a high-mortality month, had a lower average soil 

temperature of about 18.7° C).  In the present study the ideal temperature at which to 

maximize herbicide mortality in huisache was somewhat higher for those plants growing 

at the predominantly sandy loam / sandy clay loam sites, compared with those growing at 

the predominantly clay sites (25.22 vs 23.85°C, respectively), possibly due to influence of 

soil texture upon soil moisture retention, soil pore space, and indirectly, soil temperature. 

Phenological stage was another important parameter with a large effect upon 

herbicide-induced huisache mortality.  The results support findings that huisache and 

other brush species are most susceptible to herbicide mortality when treated during the 
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full canopy phenological stage, due to the importance of fully-expanded, healthy leaves 

for herbicide absorption and translocation (Bovey and Meyer 1989; Hanselka and Lyons 

2010; Allred 1949; Dahl and Sosebee 1984; Lyons 1998, Welch undated, Fick and 

Sosebee 1981).  Full canopies of fully-expanded, healthy leaves probably have the 

highest maximum daily photosynthetic rate, which in mesquite has been found to be 

highly correlated (R = 0.89 to 0.92) with herbicide control (Meyer et al. 1983). 

Soil water content also appeared to be an important parameter, although a greater 

fit was found more frequently by using its indirect measurement through cumulative 

precipitation, probably due to missing weather data caused by commonly-occurring 

malfunctions with the weather stations’ soil water content sensors.  Supported by the 

findings of Bovey et al. (1972), results generally show a positive correlation between 

herbicide-induced mortality and soil available water content (or cumulative 

precipitation), which was a component of the best-fit models for herbicide mortality at 

sandy loam / sandy clay loam sites and during months of high mortality, analyzed 

separately (Figures A-2 to A-5).  The best-fit models during the months of high mortality 

also included a weak negative correlation between mortality and cumulative 

precipitation, which may have been a spurious result (caused by small sample size), or it 

may be that during the months of high herbicide mortality, plants respond differentially to 

environmental stimulus in regard to herbicide susceptibility.   

Further investigation should be made into how soil texture, soil temperature, and 

soil water content influence herbicide mortality in huisache, especially during the high-

mortality months of May, October, and November. 
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Study 2:  Huisache Seed Germination 

 Germination percentage of huisache seeds in other studies approximated this 

study (Jurado et al. 2000; Vora 1989).  Germination rates in the scarified 25/15°C 

treatment were similar to Zisner (1999), who found that scarified huisache seeds grown 

with bottom heat (22 to 24 degrees C) germinated at 5 days on average.  Although other 

researchers (Vora 1989; Scifres 1974) found the highest germination percentages of 

huisache seed to occur following 45, 60, 90, or 120 minutes of sulfuric acid scarification, 

huisache seeds in this study had high germination percentages following concentrated 

sulfuric acid scarification for 25 minutes, similar to Bush (2008).  However, because the 

seeds were sourced from an unknown provenance in south Texas, the seed characteristics 

may have differed somewhat from seeds of huisache plants growing in the Coastal Bend 

region of south Texas.  Although final germination percentages of all scarified 

temperature treatments were statistically the same, germination of seeds in the 25/15°C 

scarified treatment and 30/20°C scarified treatment lagged behind those of the other two 

treatments.  Because the 35/25-Nonscarified and the 25/15-Nonscarified treatments had 

germination rates slightly (though not significantly) faster than that of 30/20-

Nonscarified; an unknown factor may have negatively influenced germination rate in the 

30/20 temperature treatments.  Results showed that when high/low temperatures drop 

from 25/15°C to 20/10°C, there was a significant decrease in the speed of scarified 

huisache seed germination.  Jurado et al. (2000) also found low temperatures to decrease 

the cumulative germination rate of scarified huisache seeds at 60 days, with 97% 

germination at 28°C compared with 68% germination at 12°C.  Scifres (1974) found both 

low temperatures and high temperatures to decrease the cumulative germination rate of 
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huisache seeds at 10 days, with 75% germination at 30°C, compared with 45% 

germination at 21°C, 5% germination at 16°C, and 15% germination at 38°C).  Although 

a slower rate of seed germination may not translate into fewer seeds germinating under 

field conditions, a slower rate of germination allows more time for huisache seeds and 

seedlings to be consumed or otherwise destroyed by granivores, herbivores, and 

pathogens. 

  

Study 3:  Huisache Seedling Resprouting and Cotyledon Latent Meristem Positioning 

Seedlings had to be much older to survive top removal in the current study than in 

the study by Bovey and Meyer (1974), who found that 76% of huisache seedlings 

survived top removal at eight weeks old, compared with 22% survival at four weeks old.  

That study, however, removed huisache tops within 5 mm of soil level (rather than 

exactly at soil level) and no description of seed planting depth was provided (which may 

have affected cotyledon latent meristem positioning following emergence). 

 The age of huisache seedlings when average cotyledon latent meristem height was 

at or below soil level (22.3 months) and when over half of plants have cotyledon latent 

meristems at or below soil level (20.5 months) was similar to the age of huisache 

seedlings when over half of plants resprouted following top removal (20.3 months) in the 

resprouting study.  No previous studies had been performed on the rate of movement of 

huisache cotyledon latent meristems over time, though Phil Morey had previously done 

similar research with mesquite (Pers. comm. R.E. Sosebee 2017). 

In the current experiment average huisache seedlings heights were comparable to 

(though somewhat less than) huisache seedling heights in other studies (Bush 2008; Vora 
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1989; data not shown).  However, Bush (2008) did not randomly select seedlings, but 

instead selected them for uniform size and vigor, and Vora (1989) irrigated plants every 

other day (instead of every day) and used slow-release fertilizer (instead of using 

fertilizer dissolved in water).  In the present experiment, average huisache seedling 

masses were significantly lower than those of Polley et al. (1997).  However, in that study 

the soil media contained nitrogen-fixing Rhizobium bacteria and the plant containers 

were much larger. 

 

Conclusions 

 Based upon the results from above studies, a number of conclusions can be drawn 

concerning the ecophysiological and phenological properties of huisache, and their 

importance for the management of this invasive species.  The influence these factors have 

upon the herbicide susceptibility of huisache had not been examined by previous 

research.  The greatest herbicide control for huisache occurred during the months of 

October, May, and November.  These results are very similar to the huisache treatment 

recommendations offered by DOW AgroSciences for South Texas (Pers. comm. B. 

Martinez 2012).  Disregarding month (which can have highly variable meterological 

conditions from year to year), the greatest herbicide control occurred as average soil 

temperatures approached an optimum of 24.5°C and plants were in the full canopy 

phenological stage.  When analyzed separately for month (May, October, or November), 

soil type (clay or sandy loam / sandy clay loam), and phenology (full canopy or partial 

defoliation), herbicide control levels responded differentially, with the best models 

including soil available water content (AWC), cumulative 4-week or 8-week 
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precipitation, Delta-TNC, Future Delta-TNC, month, phenology, and/or soil temperature.  

Predominantly sandy loam / sandy clay loam sites had highest mortality in the months of 

November, October, and May, when plants were in the full canopy phenological stage 

and average root crown TNC was lower than in the previous month (when month was 

removed as a parameter, the highest mortality was achieved when soil temperature at 0.3 

m was 25.22°C and cumulative rainfall in the previous 8 weeks was high).  

Predominantly clay sites, meanwhile, had the highest huisache mortality when soil 

temperatures were 23.85°C and average root crown TNC was higher than in the previous 

month.  These results suggest that temporary changes in huisache herbicide susceptibility 

occur in response to differences in phenology, root crown physiology, soil environment, 

and time of year.  These results also provide direction for future research into the 

herbicide susceptibility of huisache.  The influence of soil type, phenological stage 

(especially full canopy and partial defoliation), and month (especially October, May, and 

November) should be more carefully and more precisely studied in order to better assist 

land managers in describing the optimum conditions for herbicide management of 

huisache under more geographically and environmentally varied conditions.  In addition, 

because the current study used individual plant treatment application of herbicide, further 

research will be needed to relate these findings to aerial application, which is a much 

more common method for applying herbicide to control woody rangeland pest species.   

 Based upon research results, in order to achieve the highest rates of herbicide-

induced huisache mortality, ranchers and other land managers generally should spray 

huisache during the full canopy phenological stage when soil temperature at 0.3 m is at or 

near 24.5°C (usu. during the months of May, October, or November).  However, in 



Texas Tech University, Pablo Teveni, August 2017 
 

77 
 

predominantly sandy loam / sandy clay loam soils, huisache should be sprayed when soil 

temperature is a little higher (at or near 25.22°C) and when recent (previous 8 weeks) 

precipitation has been high.  Conversely, in predominantly clay soils, huisache should be 

sprayed when soil temperature is at or near 23.85°C. 

The current study also found that acid scarification increased huisache seed 

germination by roughly fivefold.  Previous huisache seed germination studies had not 

used diurnally-fluctuating temperature ranges.  Temperatures between 35° and 10°C had 

no negative impact on total seed germination, although plants in the 20/10°C treatment 

had significantly slower germination.  This means that huisache can proliferate through 

seed production over a wide range of soil temperatures.   

Previous research had not been conducted on the burying of the cotyledon latent 

meristem in huisache, and little research had been done on huisache seedling resprouting 

ability.  However, the current study found that ≥50% of huisache seedlings re-sprouted at 

20.3 months of age, average cotyledon latent meristem height was below soil level at 

22.3 months of age, and ≥50% cotyledon latent meristems sank to below soil level at 20.5 

months of age.  This means that most huisache plants will survive brush treatments 

consisting of top-removal when they are less than 2 years old 

 The results from this research provide guidance for land managers to better 

understand and control the growth and spread of the invasive rangeland brush species 

huisache (Acacia farnesiana), resulting in greater herbicide efficacy, lower overall cost of 

management, greater forage availability for livestock, improved habitat quality for 

livestock and wildlife, as well as other benefits.  These research results also point toward 

specific directions where future research can be conducted in order to gain a more 
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complete understanding of the physiology and management of this invasive rangeland 

species.  
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Figure A-1.  Volumetric soil water content (vol./vol.) at 0.3 m for all study sites during 

period of study (mid-April 2012 to mid-November 2014), with field capacity and 

permanent wilting points for dominant soil types at 0.3 m:  A = Baumgartner Ranch, B = 

Diebel Ranch, C = King Ranch, and D = Welder Wildlife Refuge. 
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Figure A-2.  Best fit model for May data from all sites (A) Huisache Mortality vs. Future-

Delta-TNC [next month TNC – current TNC] and B) Huisache Mortality vs. 4-week 

Cumulative Precipitation), according to AIC analysis (AIC = 67.804, AICc = 69.804, R2 

= 0.577, Adj. R2 = 0.512, and n = 16) 
A)  Function:  y = -9.8546x + 93.768, R2 = 0.334 

B)  Function:  y = -0.1819x + 112.15, R2 = 0.4299 
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Figure A-3.  Best fit model for October data from all sites (Huisache Mortality vs. 4-

week Cumulative Precipitation), according to AIC analysis (AIC =83.022, AICc = 

83.822, R2 = 0.07, Adj. R2 = 0.012, and n = 18) 
Function:  y = -0.0648x + 101.35, R2 = 0.0701 

 

Figure A-4.  Best fit model (1 of 2) for November data from all sites (Huisache Mortality 

vs. Soil AWC (available water content, %)) at 0.3 m, according to AIC analysis (AIC = 

80.61, AICc = 81.533, R2 = 0.039, Adj. R2 = -0.029, and n = 16) 
Function:  y = 0.504x + 88.315, R2 = 0.0394 
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Figure A-5.  Best fit model (2 of 2) for November data from all sites (Huisache Mortality 

vs. Soil AWC (available water content, %)) at 0.3 m, according to AIC analysis (AIC = 

89.769, AICc = 90.569, R2 = 0.061, Adj. R2 = 0.003, and n = 18). 
Function:  y = 1.6218x + 61.31, R2 = 0.0614 
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