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ABSTRACT 
The Conservation Reserve Program (CRP) was initiated in the United States of 

America (USA) by 1985 to reduce soil loss due to wind erosion on highly susceptible 

former agricultural land. By 2012 the program led to the establishment of 11.9 million 

hectares of perennial grassland vegetation in the USA. Currently 1.35 million hectares 

are enrolled in Texas with most of it situated in the Southern High Plains (SHP) 

region. The recovery process of secondary succession has been demonstrated to be 

variable in time and space, and a clear understanding how plant communities are 

affected needs further evaluation. In this study, 18 fields under CRP contracts that 

varied in time since restoration (6-26 year chronosequence) were used to evaluate 

plant community composition and relationship to soil chemical properties. Plant 

composition was assessed by sampling plant cover, grouping into functional groups 

and calculating the Shannon diversity index. The results of this study underlie the 

importance of including native perennial bunchgrasses such as Bouteloua curtipendula 

(side-oats grama) and Bouteloua gracilis (blue grama) as major components of the 

seeding mixtures for restored CRP fields in the Southern High Plain (SHP) region. 

Fields seeded predominantly with these species showed higher basal and foliar cover 

after 14 years of recovery than fields seeded with species better adapted to regions 

with higher moisture availability. B. curtipendula was one of the major contributors to 

soil cover. In contrast, basal cover was lower at fields seeded monospecific to 

Eragrostris curvula (weeping lovegrass). Species diversity tended to be reduced in 

fields dominated by and seeded with non-native species such as E. curvula and B. 

ichaemum. Soil chemical characteristics such as soil organic matter content correlated 
v 
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with basal cover. Basal cover and soil organic matter did not increase over the 

chronosequence but interpretation of these results were likely confounded by 

individual plant traits of seeded individuals and not solely dependent upon time. Plant 

available micronutrients such as copper and manganese decreased over time and all 

sites were low in soil macronutrients, nitrogen and phosphorus, and suggests the need 

for further management inputs to further enhance ecosystem quality. Early 

conservation efforts met the first goal of the CRP in the Southern High Plains (i.e., to 

reduce soil erosion), but further ecosystem benefits may be achieved when seeding 

mixtures are predominantly composed of native short grass species. 

Key words: Bouteloua curtipendula; Conservation Reserve Program (CRP); plant 
community; Eragrostis curvula; soil cover 
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CHAPTER I  

INTRODUCTION 

Habitat loss and grasslands ecosystems 

Grassland biomes evolved under an environment characterized by limited 

precipitation that restricts the growth of woody plants. They occupy about 24% of the 

terrestrial surface and are extremely important from an anthropogenic point of view in 

providing pastures for grazing and the production of principle agricultural food plants 

via selection processes and therefore agricultural food production and our continued 

nutrition depends on these systems (Shantz 1954). Facing global climate change, 

grassland ecosystems play a crucial role in balancing the global carbon (C) budget 

(Schimel 1995). When managed for sustainability, grassland prairies have the 

potential to sequester C (Seastedt and Knapp 1993, Sims and Bradford, 2001, Mc 

Lauchlan et al. 2006) and therefore play an essential role in reducing the effects of 

global warming (IPCC 2001, 2007).  

Despite the recognized ecological and anthropogenic benefits imparted by 

grasslands, this biome type has been abused extensively by humans (Odum 1971). 

Since European settlement in North America that peaked by the end of the 19th 

century, profound environmental transitions were initiated, including the declines in 

area of native prairie as high as 99.9%. In Texas, the 7.8 million ha short grass prairie 

was decreased by 80% over the last century. These losses exceed those reported for 

any other ecosystem in North America (Samson and Knopf 1994). The ecological 

sensitivity of the Great Plains was underestimated. For example, the role of grasses in 
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stabilising soil with their extensive deep and fibrous root system  was not recognised 

(Srinivasan et al. 1962, Weaver 1968). The widespread conversion to agricultural land 

altered this protection and was a major contributing factor to extensive wind erosion, 

as demonstrated dramatically by the “Dust Bowl Era” in the 1930s, (Daily and Ehrlich 

1992). Land operators often lacked the awareness of off-site costs as well as the 

motivation to adopt conservation practices unless economic incentives were used as 

inducements (Napier 1990). From a conservationist perspective looking at the extent 

of habitat loss, serious concerns rise regarding the extinction of species and therefore 

the loss of biodiversity. A total of 899 threatened and endangered grass species are 

listed in the USA (NRCS-USDA 2013)as well as grassland birds, prairie dogs and 

associated species such as the black footed-ferret (Mustela nigripes), the swift fox 

(Vulpes velox), the ferruginous hawk (Buteo regalis) and the mountain plover 

(Charadrius montanus) experience significant declines and are endangered or are 

listed as candidate threatened or endangered species (Samson and Knopf 1994). 

According to that the conservation of grassland prairies may evolve around the 

concept of sustainability and would therefore require shifts in economic theory, 

interactions among social-political and economic environments as well as the 

conservation of diversity and the recognition that local and regional land use practices 

affect global health.  
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Southern High Plains 

The Llano Estacado, also known as the ‘Staked Plaines’, is an eco-geographical sub-

region of the US Southern High Plains (SHP) located in north west Texas (Fig 2.1). 

Elevation ranges from 1372 m in the west to 823 m in the southeast of the SHP. A 

challenging climate characterises the region. Incessant winds fluctuate from soft 

spring like breezes to ferocious howling blizzards. The SHP region is considered 

dryland with annual precipitation that ranges between 250-510 mm (WRI 2002) and 

high potential evaporation. The ratio of precipitation to evapotranspiration, or aridity 

index can be low as 0.3 (Tharp 1957). The natural vegetation is a grassland biome 

where plant growth is most limited by low precipitation and high potential 

evapotranspiration due to their influence on soil moisture. The plant community of the 

North American grassland biome is determined by a precipitation gradient that spans 

the country from west to east and a temperature gradient from the north to the west, 

with increasing frost free periods to the south east. With a threefold increase in 

precipitation from eastern Colorado to eastern Kansas the distribution of plant life 

appears with transient divisions into the zones of the short grass prairie in the west 

which is replaced by the mixed grass towards the tall grass prairie in the east of the 

biome where moisture availability increases (Odum 1971, Gauld 1975, Vinton and 

Burke 1997). The native vegetation that is adapted to the local environment comprises 

the warm season perennial grass species such as Buchloe dactyloides (buffolograss) a 

short grass of 10-20 cm heights forming loose mats or continuous sods under 

favourable conditions, Bouteloua gracilis (blue grama) forming bunches of 10-50 cm 

3 
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height and Bouteloua curtipendula (side-oats grama) forming small tufts to wide 

bunches of heights up to 60 cm. B. curtipendula is the most widely distributed grama 

grass of extreme drought resistance (Tharp1957, Weaver 1956). Additonally, taller 

grasses that are well adapted to thrife on uplands under higher rainfall of true and 

mixed praire systems such as Schizachyrium scoparium (little bluestem), Pascopyron 

smithii (Western wheatgrass), Sorghastrum nutans (indiangrass) and Panicum 

virgatum (switchgrass) are typically found in scattered patchy organisation within the 

community of short grasses (Weaver 1956). Usually most of the biomass is produced 

by three to four grasses (Sims et al. 1978). Typically these grasses do not constitute a 

dense cover; even under natural conditions patchy vegetation and occurring bare 

ground characterise the community structure (Coffin 1996). This short to mixed 

grassland system developed under the influence of uneven patterns of low total 

seasonal precipitation, grazing of herbivores such as buffalo (Bison bison) as well as 

frequent fires. Woody shrubs such as sand sagebrush (Artemisia filifolia) and mesquite 

(Prosopis glandulosa) are widespread common invaders of the grassland biome over 

semi-arid, sandy soils from Wyoming to Arizona and northern Mexico, however trees 

and woody plants remain scarce due to limited water (Tharp 1957).  

The underlying modern soils of the SHP formed on a nearly level plain of an 

elevated plateau under the influence of a semi-arid climate with mean annual 

precipitations of 432 to 533 mm and a mean annual temperature of 14 to 17°C 

(National Cooperative Soil Survey U.S.A). The geological parent material is a loamy 

eolian deposit from the eroding Rocky Mountains that sedimented during the 
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Blackwater Draw formation of Pleistocene age (2.5 Ma -0.02 Ma). Sediments from the 

Pecos River Valley created thin layers of sandy loam in the southwest and thick layers 

of clay loam in the northeast that overlay the caprock and the Ogallala formation. The 

caprock is a relatively hard sandy limestone formation which slows erosion and 

creates a plateau (Brooks et al. 2000, Carlson 2005). Soils are dark brown to reddish 

brown, fine textured sandy loams or sandy clay loams characterised as deep and well 

developed (Daniel 1936). An extensive benchmark soil series of the SHP region is the 

Amarillo sandy loam (fine-loamy, mixed, superactive, thermic Aridic Paleustalf) 

series (Carter 1931). Amarillo soils are composed of a calcareous clayey material that 

is well-drained (National Cooperative Soil Survey U.S.A). Texture averages 74% 

sand, 12% silt and 14% clay (Toelk et al. 1998). A weak fine granular structure and 

low organic matter (OM) contents characterise these soils. Soil OM in semiarid, 

thermic, sandy soils ranged from 0.85% for conventional tilled dryland cotton to 1.7 % 

in rangeland soils (Zobeck et al. 2006).  

Environmental concerns 

Although the SHP has been populated for more than 10,000 years, profound 

environmental transitions were initiated (Brookes et al. 2000) when European 

immigrants extirpated bison and established an enormous industry of cattle ranching 

(Carlson 2006), which threatened the grassland by overstocking (Weaver 1968). With 

the beginning of the 20th century, extensive monocultural cotton (Gossypium 

hirsutum) production in the southern and central parts of the SHP led to the 

disturbance of nearly every hectare of the once vast grassland (Carter 1931).  
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The fast development of the booming industry by the beginning of the 20th 

century however was interrupted and a swift descent into the “Dirty Thirties” or the 

“Dust Bowl Era” was characterised by a crushing economic depression and 

devastating environmental consequences of the overuse and overextension of land, 

people and capital (Brooks et al. 2000). The combined effects of cultivation, 

overgrazing and drought caused severe dust storms (Weaver 1968). By 1938, 850 

million tons (900 tons per cultivated hectare) representing 12 cm of topsoil, had blown 

off 4 million hectares and at least 6 cm were lost from another 5.5 million hectares 

(Worster 1979). Within four years of the total drought period of 1933 to 1941 

precipitation was as low as 180 mm. Rangeland vegetation suffered great losses, 

especially where dust covered the plants and at sites that were overgrazed so that basal 

plant cover was recorded low as 5% for some places. Drought effects on the plant 

community were characterised by the disappearance of mesic species and the 

reduction in numbers of xeric species and was more severe at sites with lower species 

richness. The pre-drought interstitial species B. curtipendula and B. gracilis became 

important serial dominants within mixed and short grass prairies (Weaver 1986).  

The SHP region is still dominated by continuous monocultural cotton 

production. On more than 1.5 million hectares the SHP accounts for the production of 

25 % of the cotton that is produced in the United States (TASS 2010, NASS 2012). 

This intensive land use practice is highly dependent on a nearly exhausted non-

renewable water source (Gutentag et al. 1984). Forecasts for the depletion of the 

Ogallala aquifer vary between 10 and 50 years (Brooks et al. 2000). With this on-

6 
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going agricultural practice where the natural vegetative cover is removed and the bare 

soil is exposed to the harsh winds, the top soil is subject to erosion (Tharp 1957). 

When the above and belowground components of a former diverse plant community 

are destroyed the recovery potential of short grass prairie species is reduced (Coffin 

1996). Low plant residue inputs, increased soil erosion due to enhanced bare ground 

and tillage practices have led to losses in soil organic carbon and nutrient availability 

(Burke 1995). Conventional tillage as part of the common management practices 

induces the reduction and destabilisation of soil aggregates that makes the soil further 

susceptible to wind erosion (Thiessen 1982). With more than 50% of dust sources 

accounted for cultivated cropland (Lee 2012), anthropogenic land use holds 

responsibility and is critical in reducing the effects of erosion. Beside frequent dust 

storms that threaten the health of the population living in this region, wind erosion 

especially on fine textured soils leads to increasing percentages of sand, lighter 

particles as silt, clay (Daniel 1937, Burke et al. 1995), and OM (Thiessen 1982) are 

removed from the soil. Shallowing of the soil then reduces the efficiency of 

agricultural inputs and biomass production counting for crop yield (Armstrong et al. 

1990) and leads therefore to a decreasing suitability for crop production (Nixon 1947). 

These environmental issues raise the question towards the development of alternative 

management systems. A protective soil cover seems absolutely necessary to protect 

human income, health and the environment (Napier 1990). Moderate alterations of 

farm economy may include the adoption of management practices that use water more 
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efficiently, integrate crop production and resource conservation and maintain soil 

cover at critical times (Armstrong et al. 1990, Allen et al. 2008).  

Conservation Reserve Program (CRP) 

The Conservation Reserve Program (CRP) is an extensive land use that was 

initiated by the Congress of the United States of America within the Food and Security 

act of 1985. This voluntary long-term cropland retirement program provides economic 

incentives for land owners or operators on highly erodible land to turn fields that were 

for long-term under monocultural crop production back into perennial grassland. 

Contracts between the United States Department of Agriculture (USDA) and 

landowners or operators are concluded on a 10 or 15 year basis. 

Early studies of the ‘Soil and Moisture Conservation Program’ demonstrated 

that a variety of native and introduced grasses are suited to establish a successful soil 

cover (Nixon 1947). Unfortunately, farmers and landowners often showed resistance 

or no motivation to adapt conservation practices because of costs in time, effort, and 

money with little return on investments. Further, the awareness of of-site costs due to 

erosion and effects at a broader scale than the own field was lacking (Napier 1990).  

The implementation of the CRP initially aimed to (i) reduce the impact of soil 

erosion on susceptible land by a resource conserving plant cover and (ii) to reduce the 

substantial amount of surplus crops on the market that were denoted by the mid-80s in 

order to increase the prices (pers. Conversation Underwood R, NRCS Lubbock, Tx). 

Additional benefits of the CRP program were recognized within the Farm Bill of 1996 

and included improvements to water and air quality and wildlife habitat and became 
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goals within the program (NRCS, USDA 2003). Until the Farm Bill of 1996, the 

program rules did not require the use of native species or the application of seed 

mixes. Wildlife organisations noticed the program as a way to improve wildlife 

habitats if seeding mixes were changed to native grassland species best suited to 

provide nesting places and attract food sources for birds (Berthelsen et al. 1989, 1995). 

Consequently producers that wanted to renew their contracts after 1996 had to agree to 

replant 51% of their land to native species best suited for wildlife. New contracts that 

were made in that time included recommendations of 100% land planted to native 

species. (pers. conversation Underwood R, NRCS Lubbock, Tx). Authorized by the 

Farm Bill of 2008, the USDA intended to increase the maximum acreage under CRP 

to 13 million hectares. By 2012, 11.9 million hectares were enrolled in the USA. 

Texas leads the country with 1.35 million ha of land under CRP contracts including 

238,942.2 ha of land that is highly erodible. The majority of the Texan CRP land is 

situated in the SHP region (FSA, 2012). With its programmatic size and geographic 

extent the CRP holds great potential to reduce soil erosion, create wildlife habitats and 

enhance ecosystem quality and productivity. Total annual erosion reduction due to the 

program is expected to be 750-780 million tons (Ribaudo et al. 1990). Monetary 

compensation for the reduced production due to crop field retirement varies across the 

counties. The national average rent is $20.7 per hectare and year. Additionally, a one-

time cover establishment reimbursement of $37 per acre and year is provided. In 

Texas landowners receive $15.2 per hectare and year (FSA 2012). As the program 

restricts agricultural production, prices for agricultural goods rise. Increases are 

9 
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estimated to be less than one percent in any year. CRP rental payments will increase 

the net farm income. The total net program benefit is estimated to be $3.4 to $11 

billion (Young and Osborn 1990). Unlike previous conservation programs, CRP 

contract violations can result in substantial penalties. Federal benefits may be lost and 

the repayment of received rents may be required (Napier 1990).  

By 2012, CRP contracts for up to 2.6 million ha expired nationwide. Texas and 

North Dakota led the country with 338.50 and 334,285 ha, respectively (FSA 2012). 

The expiring of the CRP contracts may be followed by clearing, ploughing and re-

cultivation of crop plants. This disturbance may lead to a fast loss of the ecological 

benefits that may have built up over the process of restoration. Alternative post-CRP 

management practices might include implication of livestock production. Younger 

participants show higher probability of maintaining grassland management and 

shifting to livestock production. This might be due to a higher level of environmental 

awareness among younger participants (Skaggs et al. 1994) and may represent a more 

sustainable production system that uses less water and fertilisers as well as reduces the 

predicted soil erosion if managed with an integrated character (Allen et al. 2008). 

The role of CRP in changing plant community composition 

The production of cotton on more than 1.5 million hectares in the Southern High 

Plains region (NASS 2012) has widely displaced the native short grass prairie 

ecosystem. However, through the CRP program, 1.35 million ha of former farmland 

has been converted back to grassland by seeding varying mixes of native or non-native 

perennial grasses, forbs and shrubs (FSA 2012).  

10 
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Cessation of crop production followed by the recolonization of a disturbed 

habitat and its development over time represents a secondary succession (Grime 

2001). In the SHP region, the recovery and the successful establishment of perennial 

grasses is highly variable on the temporal and spatial scale because it is dependent on 

precipitation patterns and is further demonstrated to vary with different seeding 

mixture (Bakker et al. 2001) and seeding practice (Ambrose et al. 2002). The 

equilibrium model of ecosystem development (Odum 1969) predicts maturation and 

gradual changes in ecosystem functionality towards an equilibrium state. Likewise 

secondary succession of plant communities has been depicted as proceeding in distinct 

stages of development towards a climax community (Clements 1916, Costello 1944). 

Recolonisation of abandoned fields within the semi-arid SHP proceeds in four 

transient stages with characteristic predominant functional groups (Costello 1944, 

Weaver 1986). The initial stage is characterised by annual broad-leafed forbs that lasts 

for two to five years is replaced by the second stage that is characterised by invading 

perennial and annual grasses, perennial forbs and subshrubs. Until six to eight years 

short grasses do not contribute to more than 5 per cent of the total vegetation cover. 

Among others the perennial grasses Aristada spp., Sporobolus cryptandrus, B. gracilis 

and B. dactyloides increase in their abundance. Forbs remain and increase in numbers 

and diversity. Also shrubby species may begin to appear within this first perennial 

grass stage. The establishment of the short grasses B. gracilis and B. dactyloides 

seems critical for the recovery and stability of abandoned fields as they dominate 

undisturbed short grass prairie sites (Tharp 1957, Weaver 1986, Coffin and Lauenroth 
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1988) The traditional model predicts further spread and expanding tufts or mat sizes of 

B. gracilis and B. dactyloides and the reduction of annual grasses within the second 

perennial grass stage. As succession proceeds the gradual infiltration of various 

perennial grasses and further spread of B. gracilis and B. dactyloides, to become 

dominant, increases competition and leads to gradual disappearance of short lived 

species such as Aristida spp. For eastern Colorado, the traditional model was modified 

because recovery patterns were not observed to occur universally. The transition to the 

third state is indicated by the establishment of Aristida spp. In situations where B. 

gracilis and B. dactyloides are not able to recover after disturbance, fields may persist 

at this state (Costello 1944). The fourth successional stage is characterised by a 

decline in frequency and numerical abundance of forbs. The establishment of a mixed 

prairie association may become apparent within 20 to 25 years after cessation. 

However, if conditions are not favourable, the process may be prolonged up to 50 

years (Coffin 1996). General tendencies are the replacement of annuals by perennials, 

the gradual reduction in percentage composition contributed by forbs, an increasing 

abundance of grasses and increased density of ground cover as well as increased 

number of species as the climax community composition is approached. However, 

after 53 years of secondary succession of abandoned fields, the final stage, dominated 

by B. gracilis and B. dactyloides or alternatively an intermediate stage dominated by 

Aristida spp, is not uniformly observed (Coffin 1996). Conclusions were made that the 

process of recovery, especially that of short grasses as B. gracilis, is slow and variable, 

may require longer than 50 years, and may vary in time and space. Therefore, an 
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alternative view of the role of disturbances in these systems with a focus on 

interactions of individual plants and their environment may be needed. As these 

ecosystems evolved under the influence of disturbance regimes composed of grazing, 

fire and the burrowing and clearing activity of animals and insects. Semiaridity and 

disturbances like grazing are acting as convergent selection factors on the grassland 

species. Over time a community with a high degree of tolerance to grazing and 

fluctuating precipitation evolved. It is proposed that the fact that no grazing occurs is 

likely to represent a disturbance for these systems (Milchunas et al. 1989) that may 

result in community composition that is more likely to remain longer in a transitional 

stage of development. Moderately grazed sites have higher total basal cover and 

species density as well as fewer non-native species than non grazed sites (Coffin and 

Lauenroth, 1988, Milchunas et al. 1989).  

When CRP fields in the short grass steppe of eastern Colorado were seeded 

with a mix of perennial grasses the seeding mixture determined the plant community 

composition after 18 years (Munson and Lauenroth 2011). Plant community 

composition transitioned from dominating annual and perennial C3 forbes and annual 

grasses to native C4 species. Sites seeded with introduced annual species showed an 

increasing cover of native species even if they were not seeded. Perennial grass cover 

increased by nearly 2% per year along the chronosequence of 18 years.  

Plant cover with its distinct pattern of bare ground and vegetation patches was 

demonstrated to be critical for soil carbon and nitrogen dynamics as soil nutrients are 

enhanced under plant canopies (Vinton and Burke 1996). Especially under C4 
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bunchgrasses such as B. gracilis enhanced organic matter input with higher C:N ratios 

are observed compared to C3 annuals and broad-leafed forbs leading to soil organic 

matter accumulation over time (Burke et al. 1995) This process is known as 

melanization and results from root penetration and partially decaying of this root 

material, leaving relatively stable organic compounds (Hole and Nielson 1968). 

Enhanced substrate supply is likely to accelerate microbial activity. Studies comparing 

soil restoration effects demonstrated that the soil texture affects soil carbon accrual 

(Baer et al. 2010). Within 15 years of grassland restoration efforts at silty clay loam, 

increasing total soil carbon content over time was observed. In contrast at loamy fine 

sand no significant differences were detected. These findings may suggest that the 

restorative potential is strongly influenced by soil texture. The low restorative 

potential for loamy fine sands as the Amarillo series then underscores the importance 

and the need to preserve remnant sand prairies as well as the fact that restoration 

practices as performed within the CRP cannot be generalised over all soil types.  

Plant traits (i.e. tissue quality, spatial patterns and productivity) and 

community composition are relevant to nutrient cycling and therefore important to 

improve nutrient levels of formerly depleted soils (McLauchlan 2006). Some fractions 

of soil organic carbon and nutrient availability were demonstrated to recover under 

semiarid climate and on sandy loam or sandy clay loam texture within 50 years of 

cropping cessation and are dependent on the establishment of perennial grasses (Burke 

1995) 
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Optimisation of seeding mixes and practices toward the establishment of 

productive plant communities to achieve conservation efforts is needed. Many of the 

perennial grass species in the CRP seed mix are native to regions with greater water 

availability than at the semi-arid SHP region (Lauenroth and Coffin 1992). A clear 

understanding about site specific restoration practices and ecosystem development 

after cessation of cultivation and their impact on plant communities, soil physical and 

chemical characteristics (i.e soil quality) as well as environmental effects like drought 

on the recovery process are still lacking and need further documentation.  

Recommended practices change over time. During the first ten years of the 

CRP, recommendations from the National Resource Conservation Service (NRCS) 

regarding seeding practices were focused on the rapid establishment of ground cover 

to minimize the destructive influence of wind erosion as fast as possible. Economic 

and availability issues lead to the recommendation of Eragrostis curvula (weeping 

lovegrass) for sandy soils. E. curvula is a non-native warm-season perennial 

bunchgrass which was introduced to the U.S.A from East Africa (NRCS, Plant 

database). For finer-textured soils (higher clay content), Bothriochloa ichaemum (Old 

World Bluestem, Plains Bluestem, Yellow Bluestem) a warm-season perennial 

bunchgrass that was introduced from Eurasia (pers. conversation Underwood R, 

NRCS Lubbock, Tx). Today, recommended species mixes for sandy loams at the SHP 

region comprises mostly native perennial grasses found within the short and tall grass 

prairie, namely B. gracilis, B. curtipendula, Panicum virgatum, P. obtusum (Vine 

mesquite), Setaria vulpiseta (Planis bristlegrass), Andropogon hallii (Sand bluestem), 
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Sorghastrum nutans, Schizachyrium. scoparium, B. dactyloides, Leptochloa dubia 

(Green sprangletop), Sporobolus cryptandrus (Sand dropseed) and a minimum of 10% 

forbs, shrubs or legumes. The non-native species Eragrostris curvula, Eragrostris 

lehmanniana (Lehmann lovegrass) and Eragrostris superba (Willmann lovegrass) are 

sometimes still included in recommended species mixtures (pers. Conversation 

Underwood R, NRCS Lubbock, Tx). A variety of introduced and native species, either 

seeded mono specific or in mixtures are suited to develop a fast well established 

ground cover (Nixon 1947, Lauriault and Kirksey 2005) that holds the soil firmly to 

ensure soil stability and the reduction of the potential loss due to erosion to meet the 

first goal of the CRP.  

The use of introduced non-native species in seeding mixtures is questionable 

as they may negatively affect ecosystem functioning including community 

composition, competitive interactions, community diversity and disturbance regimes 

(D’Antonio and Vitousek 1992). Non-natives species that have been introduced to an 

environment in which they did not evolved usually have no natural enemies to limit 

their spread and reproduction (Westbrook 1998). The introduced species Agropyron 

cristatum (Crested wheatgrass), A. intermedium (Intermediate wheatgrass) and 

Bromus inermis (Smooth brome) have the potential to restore the soil cover in the 

short term but may suppress the recovery of native species in the long term resulting 

in community compositions very different from the native SGP (Bakker et al. 2003; 

Munson and Lauenroth 2011). The introduced species Bromus tectorum (Cheat grass) 

was demonstrated to have lower canopy cover, a negative effect on species density 
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and may prolong the annual grass dominance on restored CRP fields compared to 

predictions of the traditional model (Munson and Lauenroth 2011). Fields seeded with 

the non-native bunchgrass B. ischaemum may be grazed at 2.5 times higher stocking 

rates then native prairies (Coleman et al. 2001) but will develop a plant community 

which is characterised by reduced species richness, diversity (Gabbard et al. 2007) and 

arthropod abundance (Hickmann et al. 2006) compared to mixed communities. The 

reduced avian food resource (Arthropods) and a relatively low structural heterogeneity 

of monospecific or strongly dominated stands of B. ischaemum may therefore 

contribute to a decline in grassland bird abundance. Regarding further biodiversity and 

the protection of threatened plant species, introduced species have a negative impact 

on two-thirds of all endangered plant species (Westbrook 1998).  

Exotic plant invasion has been reported to greatly alter ecosystem processes by 

affecting soil nutrient cycling processes (Ehrenfeld 2003). When restored former 

cropland is seeded to monospecific stands of the introduced species Agropyron 

cristatum (Crested wheatgrass) or Elymus junceus (Russian wildrye), levels for soil 

nitrogen and organic matter content are lower after about 40 years compared to native 

mixed prairie sites (Dormaar et al. 1995, Christian and Wilson 1999). The introduced 

species B. ischaemum, Paspalum dilatatum and Panicum virgatum were demonstrated 

to have on average higher aboveground biomass but lower root shoot ratios (root mass 

fraction) than do the native species of the Blackland prairie region in Central Texas 

(Wilsey and Polley 2006). This would suggest that grassland systems dominated by 

introduced species may have lower flow of energy to the deeper soil layers affecting 
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nutrient cycling and carbon storage in more protected pools. However, effects of 

invasion are not uniformly observed; they may result in increases, decreases, or no 

differences regarding soil nutrient variables and need further experimental research to 

predict effects (Ehrenfeld 2003). With the motivation of grassland conservation, plant 

traits, affecting biological diversity and soil quality need further evaluation. In general 

conservation practices need the awareness of being part of a complex environment that 

must be treated and modified as a whole and not on the basis of isolated projects. This 

becomes obvious when positive effects of high species diversity, such as enhanced 

productivity (Tilman et al. 2001) and enhanced grassland ecosystem stability 

especially under drought stress (Tilman and Downing 1994) are threatened by 

management practices that are focused on short term goals such as rapidly increases 

cover of a highly productive species. 

Tools used to assess plant community shifts 

A common praxis for describing plant community organization is to identify the 

species composing the community according their taxonomy and grouping them into 

functional groups based on their mode of photosynthesis (C4 or C3), their growth form 

in grass-like graminoids or broad-leafed forbs and their ability to support N-fixing 

bacteria into legumes and non-legumes. Species or functional group composition was 

found to be an important predictor of primary productivity, nutrient cycling and 

decomposition rates (Wedin and Tilman 1990). Another potentially important 

grouping characteristic is the native-introduced status as exotic introduced species 

may influence community structures and alter ecosystem functioning (Vitousek 1990, 
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D’Antonio and Vitousek 1992). The assessment of plant community characteristics on 

fields that entered primary succession at different times (termed a chronosequence) 

allows for comparisons over time. In the case where initial conditions and 

environmental factors are comparable, the effect of time may be evaluated. To assess 

the current plant community composition a variety of different methods can be used. 

The assessment of plant cover is widely used (Weaver 1956, Coffin and Lauenroth 

1988, Milchunas et al. 1988, Coffin et al. 1996, Munson and Lauenroth 2011). Canopy 

cover can be visually estimated (VE) within repeated frame plots along transects by 

applying cover classes (<5, 5-14, 15-24, 25-39, 40-59, 60-100%) as an approximation 

of the area of influence a plant exerts (Daubenmire 1959).A methods that is not based 

on estimations and is therefore more conservative and less prone to objectivity is the 

line point intercept method (Herrick et al. 2003). Sampling is conducted within 

repeated linear transects and occurring plants are recorded if intercepting a pin at 

definite points. This method allow for the discrimination of foliar and basal cover as 

well as the occurrence of bare ground or other variables of interest (i.e litter, rocks, 

soil crust). Further software supported methods as the plot digital photograph 

classification (PDPC) are available (Chen 2010). This method is very accurate, less 

time and labor consuming and especially useful where fieldwork is expensive due to 

high costs to access the site of interest. 
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CHAPTER II  

PLANT COMMUNITY COMPOSITION AND SOIL CHEMICAL

CHARACTERISTICS

Introduction 

Soil erosion can negatively affect plant productivity via the indirect influence 

on soil water and nutrient availability and organic matter content. The removal of 

topsoil reduces soil organic matter which reduces water infiltration rates and the water 

holding capacity of soil and decreases nutrient availability (Thiessen 1982, Armstrong 

et al. 1990). Interactions between soil physical, chemical and biological properties and 

abiotic factors, such as climate and hydrogeology determine the potential quality and 

productivity of a soil. The quality of the soils at the Southern High Plains (SHP) 

region that developed under long-term grassland vegetation and historically sustained 

diverse communities on varies trophic levels (Wester 2007) is today widely threatened 

by anthropogenic land use practices such as agriculture. Removing the natural 

vegetation cover and conventional tillage exposes the soil to the harsh winds and 

induces the destabilization of soil aggregates and reduces the soil organic matter 

content (Thiessen 1982). Especially fine-textured soils, as the Amarillo series an 

extended benchmark soil series at the region with its naturally low organic matter 

content of <1% and high sand fraction ranging from 55-85% is prone to the 

destructive effects of wind erosion. The wind erodibility index (WEI) indicates the 

susceptibility of a soil to wind erosion. For Amarillo soils at the SHP values for the 
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WEI range from 86-134 t ac-1 yr-1 that can be expected to be lost if the soil is not 

covered by vegetation (Web Soil Survey 2013). 

Grassland ecosystems cover about 24% of the terrestrial surface (Shantz 1954). 

In Texas, the short/mixed grass prairie ecosystem suffered losses reported high as 80% 

(Sampson and Knopf 1994). In Texas, at the SHP region the production of 25% of the 

cotton that is produced in the USA displaced the former grassland ecosystem on more 

than 1.5 million hectares (TASS 2010, NASS 2012).  

The loss of grasslands as a habitat for a variety of organisms that are 

interconnected within different trophic levels and the destructive effects of soil erosion 

under current agricultural land use practice is therefore significant and further crucial 

for global health as it affects the global climate (IPCC 2001, 2007) when its potential 

in balancing the global carbon budget (Schimel 1995) by carbon sequestration 

(Seastedt and Knapp 1993, Sims and Bradford 2001, Mc Lauchlan et al. 2006) is lost.  

Conservation programs such as the Conservation Reserve Program (CRP) 

provides economic incentives for land owners to convert highly-erodible land to a 

perennial grassland that decreases the potential soil loss (Nixon 1947), recover soil 

nutrients (Hole and Nielson 1986, Vinton and Burke 1997, Baer et al. 2010) and 

provide means for the sequestering of long-lived carbon from terrestrial ecosystems 

(Huggins et al. 1997). Ecological and ecosystem benefits of the CRP are numerous. 

Within a quarter century, by 2011 the program reduced national wide losses of 

nitrogen and phosphorus from farmlands by 283 thousand and 57 thousand tons, 

respectively. Soil loss by erosion is estimated to be reduced by more than 300 million 
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tons per year (USDA, FSA 2012). Furthermore, fields restored under CRP provide 

wildlife habitat for diverse flora and fauna (Dunn et al 1993) and may help increase 

populations of threatened and endangered species (Heard et al. 2000). It was shown 

that when CRP replaced production agricultural fields with grassland habitat, 

grassland birds benefit significant in terms of nested species and relative abundance 

(Ryan et al. 1998). Enhanced avian food recources (i.e arthropods) and structural 

heterogeneity compared to monospecific crop fields may be responsible for enhanced 

suitability as a habitat for grassland birds (Hickmann et al. 2006). Additional benefits 

include improved water quality and quality of aquatic ecosystems by controlling 

runoff of sediments and pollutants with the retirement of streamside and floodplain 

croplands in CRP (Lant et al. 1991).  

Secondary succession of abandoned fields is discussed controversially (Coffin 

1996) as models of development predict a climax stages, with dominant perennial 

grass species as Bouteloua gracilis and Bouteloua dactyloides (Clements 1916, 

Weaver 1986) or alternatively a prolonged intermediate state dominated by Aristada 

spp (Costello 1944) that is not uniformly observed (Coffin 1996). Changes in 

community composition occur in space due to environmental heterogeneity and 

further in time with short-term fluctuations in plant populations and longer term 

successional changes (Van der Maarel 1988). For Northeastern Colorado it was 

observed that the recovery of short grasses, as they dominate undisturbed prairie sites 

is crucial but slow and variable in time and space and it may require more than 50 

years to establish a comparable community structure as undisturbed sites.  
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Plant community recovery patterns as well as dynamics of chemical soil 

properties over time may be different for varying soil types because grassland species 

driving the process of restoration are adapted to different habitats with their specific 

environments (Weaver 1986) and nutrient dynamics are constrained by physical soil 

properties as texture. Studies of CRP soils in Nebraska could demonstrate that sandy 

soils beget lower restoration potential than soils with higher clay content (Baer et al. 

2010).  

Soil ground cover, especially by C4 bunchgrasses is crucial for the process of 

restoration because organic matter input is governed by the fibrous and extended root 

system of these grasses (Hole and Nielson 1986, Vinton and Burke 1997, Coffin et al. 

1996). Recovering from disturbance such as crop production may be achieved by 

seeding a variety of native and non-native perennial grasses, forbs and shrubs (Nixon 

1947, Lauriault and Kirksey 2005). However, the use of non-native species is 

questionable as they may negatively affect ecosystem functioning including 

competitive interactions community diversity and disturbance regimes (D’Antonio and 

Vitousek 1992) and further soil nutrient cycling (Ehrenfeld 2003).  

Within the motivation of grassland conservation, plant traits that affect soil 

quality and biological diversity, research is needed to practice conservation respecting 

broad interactions at different levels and to find methods that lead to most suitable 

management practice respecting environmental conditions. 
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Objectives 

This study is a component of a larger project investigating the role of soil 

microorganisms in carbon and nutrient dynamics under a CRP chronosequence (CRP-

grant USDA-AFRI: 2012 67019-30183).  

The specific objectives of my research were: (1) to survey the current plant 

community composition of 18 CRP sites that range in age from 6 to 26 years under 

restoration; and (2) further to assess how seeding mixture affects the current 

composition, how community characteristics shift over time, and how soil chemical 

characteristics (i.e. organic matter content, cation exchange capacity and soil nutrients) 

are affected by plant cover and/or time. 

These objectives serve to answer the questions of whether initially seeded 

species persist and how they contribute to current species composition. Does seeded 

plant community composition differ with age? Does community composition affect 

soil cover and does the soil cover affect soil chemical properties? 

I hypothesized the plant community to be mostly composed of seeded 

perennial grasses with smaller contribution of forbs and increasing spread of woody 

species over time. I expected fields seeded monospecific to non-native species to have 

reduced species diversity. 

I did not expect the soil to be entirely covered due to limitations of soil 

moisture. In the SHP, the vegetation should occur in patches with bare soil in between. 

As time proceeds the three major dominant C4 grasses found in undisturbed sites B. 

dactyloides, B. graciles B. curtipendula should increase in size and abundance and 

33 
 



Texas Tech University, André Bugge August 2013 

eventually reach a saturated steady state regarding their soil cover. Species that are 

adapted to the environment but were not seeded are expected to recover through 

dispersal from adjacent communities and from the soil seed bank. The degree of soil 

cover should determine the recovery of soil organic matter, and enhance the cation 

exchange capacity as well as soil nutrient levels over time. 
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Materials & Methods 

Study Site 

This research is part of a 5 year study conducted jointly by the USDA and Texas Tech 

University. It was performed from June to the end of November 2012 in the Southern 

High Plains (SHP) region of Texas that is located in the Short Grass Prairie (SGP) of 

the Great Plains in North West Texas (Fig 2.1). The research area comprises 18 fields 

under CRP contracts regarded within a chronosequence from six years in CRP to 26 

years (Table 2.1). All fields were formerly under long-term monocultural crop 

production, planted to cotton about 90% of the time and the remaining period to grain 

sorghum (Sorghum bicolor). Sites are located in 7 counties of North-West Texas and 

the panhandle. The seven counties are Lamb, Lubbock, Bailey, Hockley, Cochran, 

Terry and Lynn. All sites are characterized by a semi-arid climate and were selected 

based on the presence of the Amarillo loamy fine sand soil series (fine-loamy, mixed, 

superactive, thermic Aridic Paleustalf) on nearly level slopes. Elevation ranges from 

1372 m in the west to 823 m in the southeast of the SHP. Mean annual precipitation is 

483 mm and the mean annual air temperature is 16°C (National Cooperative Soil 

Survey, U.S.A, 2013). Over the research period the region experienced a remarkable 

drought. Total average annual rainfall for the region recorded 190 and 263 mm in 

2011 and 2012, respectively (West Texas Mesonet, 2013, NOAA, 2013). The dryness 

of 2012 was accompanied by air temperatures much above normal averages (NOAA, 

2012). Information about local soil series were obtained using Web Soil Survey 

(NRCS, USDA).  
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Seeding records 

Species seeded and their relative amounts regarding weight were requested and 

obtained from the local NRCS agents of each county. Following enrolment in CRP, all 

sites were seeded with either one non-native perennial grass species or with a mixture 

of four to seven native and non-native perennial species including grasses, forbs and 

shrubs (Table 2.2) found within short grass and mixed grass prairies. None of the sites 

were seeded with exactly the same mixture.   

However, all sites younger than 15 years (9) were seeded with B. curtipendula, 

B. gracilis and Leptochloa dubia (Green sprangletop) accounting for 50 to 80 % of the 

seeding mix. This consistency makes sites seeded from 1997 (SF97) comparable 

regarding species seeded. At sites that were enrolled between 1989 and 1992 (5) 

Schizachyrium scoparium, Setaria vulpiseta, Sorghastrum nutans appear more 

prevalent in the seeding mixes. B. curtipendula appears to be included except at 

TE89b. B. gracilis was seeded at just three of five sites of those that were seeded 

before 1997 (SB97). All sites that were enrolled between 1986 and 1987 (4) were 

seeded monospecific to E. curvula (MONO).  

Four sites were partially over seeded after the first seeding application. At 

LY01 the legume Desmanthus illinoensis (Illinois bundleflower) was seeded one year 

after the initial seeding. At LA99 the initial seeding was performed in 2000 one year 

after enrolment within the CRP. Here Helianthus maximiliani (Maximilian sunflower) 

was additionally seeded in 2002 and Nitrogen and Phosphorus fertilizer were applied 

prior to initial seeding. At BA98, all species except Bouteloua dactyloides were 
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reseeded two years after the initial seeding. At LY92, D.illinoensis and Sporobolus 

cryptandrus (Sand dropseed) were seeded 9 years after the initial seeding. The only 

woody species included in any of the mixtures was Atriplex cenescens (Fourwing 

saltbush), which was seeded at HO90. Non-native species were found within the 

seeding applications. These are B. ischaemum (LU06a, LY98), P. coloratum (BA98, 

HO98, TE89a, TE89b) and E. curvula (TE87, CO86a, CO86b, CO86c). 

Plant cover and identification 

Plant species composition, total and relative per cent living plant foliar and 

basal cover as well as occurring bare ground was determined for each field using the 

line-point-intercept method described by Herrick (2003). Basal cover should represent 

a more reliable variable that doesn’t respond to environmental changes as quick as 

foliar cover. It assesses the major components of the community because small or rare 

species are seldom encountered. To conduct the method each field site was sampled at 

three random positions within the boundaries of the Amarillo soil series. Three 50m 

long transects were established approximately 2 m apart from buried PVC rings that 

serve for soil respiration measurement as part of different research at these sites. For 

each transect a random direction was determined by twisting a metal pin (40cm). A 

measuring tape was set up straight above the ground and anchored using a metal pin 

(40cm) on each end. Every meter along the transect a metal pin (0.2 cm/128cm) was 

dropped from approximately the same height (40cm). Leaves or branches of living 

plant species intercepting the pin at first, lower canopy level and at the base were 

recorded. Every species was just recorded once within the canopy. Plants were 
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identified to genus and species in the field if possible. If not a representative sample 

was brought to the laboratory for identification. North American Wildlife Plants 

(Stubbendiek et al. 2003) and the online Plants Database provided by the NRCS-

USDA were used to identify the plant species. Plant species were grouped according 

to their life form in grasses or graminoids that are monocotyledonous herbaceous 

plants with narrow leaves that grow from the base, forbs (non gramonoids, herbaceous 

flowering plants) and shrubs that are woody plants smaller than trees with usually 

multiple stems arising from the near base, as well as according to their lifespan in 

perennial and annual, and further whether they were seeded or colonized naturally. 

Plants were also regarded whether or not they are native to the USA. Introduced plants 

lack co-evolved competitors and therefore show often invasive or noxious character. 

The Plants Database by the NRCS-USDA provided information for classification. 

Further the occurrence of visible organic material on the soil surface (litter) 

and embedded (EL) was recorded when intercepting the pin. When just soil occurred 

bare ground was recorded. Overall per cent foliar (canopy level), basal, litter and bare 

ground cover was calculated using 50 points of measurement along each of the three 

transects. Averages of three transects were calculated to give the cover per site. 

Species foliar and basal cover per site was counted from species intercepting at all 

canopy levels over three transects. Counts are divided by the number of possible 

interceptions (150) and multiplied by 100 to obtain a per cent value.  

To evaluate the contribution of non-seeded species to the total cover the ratio 

of non-seeded species foliar cover over the total cover of all species was calculated. 
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This ratio gives an estimate of the persistence of the seeded species based on their 

current foliar cover.  

Diversity measures as species richness (R) was determined by summing all 

species that occurred within all three transects. To further characterise species 

community composition the evenness that is how the abundance of each species is 

distributed within the community is taken into account. Species relative abundance (pi) 

over the ranked species (richness) at each site was plotted to visualize the evenness. 

The logarithmic function (y=aln+b) fitted to the graph describes the evenness. Within 

the function (a) gives the slope of the curve. The steeper the slope the lower is (a) and 

therefore the lower is the evenness. Low evenness values characterize the site as 

dominated by fewer or single species compared to high evenness, were the relative 

abundance is more equally distributed or the community is more  equal numerically. 

The eveness (E) was also calculated by dividing H by Hmax with Hmax being the 

negative logarithm of one divided by species richness (R). With every species (i) that 

comprises the proportion (pi) of the total number of individuals (S) the Shannon 

diversity indices (H) can be expressed as: 

 𝐻𝐻 = −∑ 𝑝𝑝𝑖𝑖 × 𝑙𝑙𝑙𝑙𝑝𝑝𝑖𝑖𝑆𝑆
𝑖𝑖=1  (Levin 2009) (1) 

H or H to the power of e (eH) for mathematical reasons gives a measure for the 

uncertainty to find the same species when picking randomly. It describes the degree of 

variation of life forms within a system. 

39 



Texas Tech University, André Bugge August 2013 

Soil sampling and chemical analysis 

Withinn each CRP field five random locations organised in zig zag pattern were 

sampled. For each field, soils of the Amarillo series were collected in June/July 2012 

with a soil corer at one site in Lubbock county (LU06b) and with the shovel 

(approximate dimensions: 50x20cm) for the remaining sites. The core method was 

rejected because of difficulties in introducing the core into the soil. Using the shovel, a 

hole of approximately 40 cm depth was removed and a uniform section of soil was 

extracted. The edges were cut off and the obtained piece was divided in two depths. 

Approximately 500g soil of the two depths from 0-10 cm and 10 to the top of the Bt-

Horizon, typically about 30 cm were removed. Field sub-replicates were combined 

respectively to obtain a representative sample of each field. Field edges, playa sites 

and or patchy areas like compacted tire lanes were avoided. Samples were stored on 

ice in sealed plastic bags over the period of transport and under 4°C until further 

processing in the laboratory. Soil moisture was measured in August at 5cm, 10cm, 

15cm, 20cm, 25 cm and 30cm depth using a neutron probe (3500 Xplorer, Instrotek, 

Raleigh, NC, USA). Soil organic matter [%] using the loss on ignition method, the 

cation exchange capacity (CEC) [meq 100g-1] as sum of exchangeable ions, nutrient 

analyses for the essential macronutrients Mehlich-III phosphorus (P), nitrate-nitrogen 

(N) and micronutrients copper (Cu) and manganese (Mn) [ppm] were performed by 

Ward laboratories Inc. (Kearney, NE, USA). Methods used are explained briefly. 

The relative amount of plant available phosphorus was estimated using the 

Mehlich P-3 test. This method removes the readily soluble portion of each available 
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form of phosphorus. Using the colour of phosphate molybdate complexes ions, 

phosphate content is correlated to the intensity measured at a wavelength of 882 nm. 

Nitrate-nitrogen was extracted by water saturated with a calcium solution. Nitrate was 

then analysed in the filtrate by the cadmium reduction procedure with a flow injection 

analyser (FIA). Quantitatively reduced nitrate can then be determined by diazotizing 

with sulphanilamide followed by coupling with N-(1-naphtyl) ethylenediamine 

dihydrochloride. The water soluble dye is read at a wavelength of 520nm.    

The micronutrients Cu and Mn were extracted with a diethylene triamine pentaacetic 

acid (DTPA) chelate solution. This diffusion test estimates the availability of these 

minerals after being in contact with the soil for two hours. 

Statistical Analysis 

The analysis of total percent plant foliar and basal cover, the ratio of non-seeded to 

total foliar cover and species diversity (H), soil organic matter content, cation 

exchange capacity and plant available nutrient level changes over time of 18 CRP 

fields was performed using simple linear regressions performed in R (R 2.12.2, R 

Development Core Team (2008)). Differences among means of one age class 

(MONO) were tested using the t-test (Ott and Longnecker, 2010) 

Percent cover data was arcsine square root transformed and the ratio of non-seeded 

foliar cover to total cover was Log-transformed when assumptions of normality and 

homogeneity of variance were violated. A nonmetric multidimensional scaling 

(NMDS) was performed to illustrate species composition using foliar cover data using 

the Program PC-ORD 6.0. NMDS is an iterative ordination method that allows a 
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choice of distance measure and conserves the rank order of sample dissimilarities in 

the rank order NMDS distances.   
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Results 

When sampled from mid-October to the end of November 2012 plant species 

composition was dominated by one to four perennial grasses at all sites. Relative foliar 

and basal cover of perennial grasses ranged from 72% to 99% across all sites (Fig 2.4). 

Forbs and subshrubs accounted for 1 to 28 and 0 to 26 percent, respectively over all 

sites. Shrubs were found to cover maximal 5% (TE87), apart from that less than 1% 

was recorded (Fig 2.4, 2.5). There was no trend over time found for foliar cover of 

forbs and shrubs.  

The functional group of forbs and subshrubs was mainly composed of plants of the 

Asteraceae family. Shrubs that were found were sand sagebrush (Arthemisia filifoliar), 

honey mesquite (Prosopis glendulosa) and one species of the Mimosa genus. 

Effect of seeding 

Only at sites that were seeded monospecific with E. curvula all seeded species 

were present, though only one was seeded (Table 2.3). At HO03 none of the seeded 

species were found. The ratio of not-seeded species foliar cover over the total species 

foliar cover (Table 2.3) shows no general trend over time however, all sites enrolled in 

1986, all located in Cochran County showed relatively low values with 0.09, 0.06 and 

0.21 for CO68a, CO86b and CO86c, respectively. Especially high values were found 

for sites that were enrolled in 1990 and 1992. LY92 and HO90 had 96 and 92% foliar 

cover of species that were not seeded. At LY92 and HO90 one of five and one of six 

seeded species were detected within the transects. Further LU06b (0.52) and TE87 

(0.66) showed slightly more than half of the foliar cover to be due of non-seeded 
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species. At HO03 100% of the foliar cover was due to non-seeded species. The lowest 

values, the highest proportion of seeded species were found at the sites LY98 (0.01), 

LU06a (0.03), HO89 (0.04) and BA 98 (0.05). 

 Seeded species that were usually found are B. curtipendula which was 

observed at all sites where it was seeded except at HO03 and HO90; B. gracilis which 

was found at nine of twelve sites where it was seeded (all but the youngest (LU06b, 

HO03)). Sp. cryptandrus was found at four of five sites, P. virgatum was found at four 

of six sites where it was seeded and at three of four sites where P. coloratum was 

seeded it was found.  

At sites that were seeded monospecific to E. curvula this species was found to 

dominate the community even 25 and 26 years after seeding. B. ischaemum was found 

where it was included in the seed mix (LU06a, LY98) and it strongly dominated at 

LU06a.  

Perennial grasses of the seeding mixes that were not detected where they were 

seeded were E. trichodes (Sand lovegrass), P. smithii (Western wheatgrass), S. 

vulpiseta (Plains bristlegrass) and S. scoparium (Little bluestem). Likewise the seeded 

broad leafed forbs H. maximiliani and D. illinoensis were not detected. 
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Community composition 

Diversity 

Species richness and evenness ranged over all sites from 5 to 15 species and 

0.23 to 0.71 respectively (Table 2.3). No trend over time was found. However, ranked 

species relative abundance (pi) (Fig A.1-A.4) shows distinct differences on the site 

level. Ranked species represent species richness. The logarithmic function (y=aln+b) 

fitted to the graph illustrates the evenness. The lowest slope and therefor highest 

evenness was found at LU06b (-0.118). The highest slope and therefore the lowest 

evenness were found at LU06a (-0.518). Further low evenness was detected at LY92 (-

0.502), at LY98 (-0.42) and at Co86c and CO86a with -0.412 and -0.458 respectively. 

Total and grass species diversity did not show any general trend over time 

(Table.2.4). Total species diversity ranged over all 18 sites from 1.5 to 6.7 with an 

overall mean of 3.5; grass species diversity ranged from 1.2 to 5 with an overall mean 

of 2.5.  

The three sites at Cochran county that were seeded monospecific to E. curvula 

tended to have a lower total diversity than the overall mean with 1.5, 2.7, 2.1 for 

CO86a, CO86b and CO86c respectively. Likewise grass species diversity with 1.2, 1.2 

and 1.8, respectively was low. Both diversity measures did not show statistical 

significance compared to the overall means. However, the lowest diversity was found 

at CO86a.  
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At sites where B. ischaemum was included in the seeding mix, a relative low 

diversity was found. These two sites had a total diversity of 1.7 (LU06a) and 2.2 

(LY98) and grass species diversity of 1.4 and 2.1, respectively. 

Relative high diversity was found at LU06b with 6.7 and 5 for total and grass 

species diversity, respectively. TE87 that was seeded monospecific with E.curvula had 

with 6.6 the second highest total diversity over all sites. Grass species diversity 

counted 2.9 at this site and was therefore close to the overall average.  

Grouping of B. ischaemum, P. coloratum and E. curvula as a non-native group 

did not result in a significant difference among the diversity compared to sites seeded 

with exclusively native species.  

Relative cover 

The most contributing species regarding foliar and basal cover over all sites 

was B. curtipendula. It dominated the community at nine sites (Fig 2.4, 2.5). The 

young sites LU06a and LU06b (6yrs) tended to have lower relative foliar and basal 

cover than the remaining sites that are younger than 20 years. HO03 represents an 

exception of this trend as B. curtipendula was not detected here. B. curtipendula 

shows a maximum in relative foliar and basal cover at LY92 with 83% and 94%, 

respectively.  

Three of four sites that were seeded monospecific to E. curvula are strongly 

dominated by this species after 26 years (CO86a,b,c). Relative foliar and basal cover 

ranged from 75 to 91 and 81 to 100 %, respectively. At TE87 that was likewise seeded 

monospecific relative foliar and basal cover of E. curvula accounted for 34 and 50%, 
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respectively. Further E. curvula was found to dominate at the site HO03 with 56 and 

61% for relative foliar and basal cover respectively, although a mix of native perennial 

grasses was formerly seeded.  

B. ischaemum was found to contribute strongly to the relative foliar and basal 

cover at sites where it was seeded (LU06a and LY98). At LU06a B. ischaemum had 

relative foliar and basal cover of 85 and 92%, respectively. 34 and 22% of the relative 

foliar and basal cover accounted for B. ischaemum at LY98. It was also found at HO03 

with 29 and 39% relative foliar and basal cover as well as at LU06b (6%,17%), LA99 

(24%, 17%). It was not detected within the plant communities of sites seeded before 

1997.  

HO90 was dominated by A. purpurea with relative foliar and basal cover of 52 

and 44%, respectively. Additionally Bothriochloa laguroides accounted for 19% 

relative foliar and 25% relative basal cover at this site. The site TE89b was dominated 

by Panicum virgatum with 58% relative foliar and 78% relative basal cover.  

Total cover 

The nonmetric multidimensional scaling ordination for species foliar cover 

(Fig 2.6) indicated that B. curtipendula as mostly important in terms of total foliar 

cover at sites that are younger than 20 years. E. curvula is found to contribute strong 

to foliar cover at HO03 and at the sites where it was seeded. B. ischaemum was 

strongest correlated to LU06b and further less to LY98 (included in the seeding mix), 

LA99, LU06a and HO03. 
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Total plant foliar cover (Fig 2.7a), ranged from 63% (HO03) to 95% (CO86a). 

Over all sites total plant foliar cover followed somewhat a bimodal distribution with 

maxima after 14 to 15 years and a second maximum at 25 to 26 years. By separating 

all sites within the groups that emerged regarding comparable seeding application as it 

was stated earlier. Total plant foliar cover increased with y=2.52x+44.79 (R2=0.67, 

p<0.05, N=6) over 15 years for sites that were seeded from 1997 (SF97) (Fig 2.7b). 

Plant basal cover ranged from 11% (LU06b, HO90) to 45% (Ho98) (Fig 2.7). As 

foliar cover, basal cover tended to increase over 15 years with y=3.21x+1.94 

(R2=0.463, p<0.1, N=6) 

This increase over time was not continued at sites that were seeded before 

1997 (SB97). Correlation of foliar and basal cover at SB97 and time did not follow 

linear functions (p>0.5).  

At MONO sites foliar and basal cover averaged 83.7% and 18.8%, 

respectively. Foliar cover did not differ from 25 to 26 years, however basal cover 

increased from 25 to 26 years with p<0.1. 

The correlation of total basal cover that is due to B. curtipendula to the total 

basal cover of all sites (Fig.2.6) resulted in a significant linear relation. Total basal 

cover increased with the function y=0.51+15.9 (R²=0.46, p<0.05, N=11) when total 

basal cover of B. curtipendula increased. 
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Soil chemical characteristics 

Average soil pH was slightly alkaline ranging from 7.4 to 8.3 with an average 

of 7.8 over all sites (Table 2.4).  

Soil organic matter content ranged from 0.37 (LU06b, LY01) to 1.1 % at 

HO03 with an overall average of 0.7%. Regarding all sites no significant trend over 

time was found (Fig 2.9). However, organic matter content tended to slightly increase 

until 15 years and further tended to decline over time. Soil organic matter content 

increased with increasing basal cover of grasses following the linear function 

y=0.013x+0.45 (R2=0.23, N=18, p<0.05) (Fig 2.10). The cation exchange capacity 

was observed to follow the same trend over time as the organic matter content (Fig 

2.11). The correlation of organic matter content and cation exchange capacity 

followed a linear function with positive slope (Fig 2.12). The cation exchange capacity 

increased with soil organic matter by y=14.62x+0.59 (R2 =0.29, N=18, p<0.05). 

Plant available nitrate-N (Fig 2.13) ranged over all sites from 0.13 to 1.80ppm. 

No general trend over time was found. The overall mean was 0.47ppm. 

Soil phosphorus, measured as plant available phosphate-P (Fig 2.14) ranged from 2.9 

to 15.3 ppm over all sites. As for nitrate-N, no general trend over time was observed. 

Here the overall mean was 6.46ppm. Plant available copper and manganese contents 

(Fig 2.15, 2.16) decreased over time. Fitted linear functions are y=-0.01x+0.61 

(R2=0.23, N=18, p<0.05) for copper and y=-0.12x+8.6 (R2=0.38, N=18, p<0.05) for 

manganese, respectively.  
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Discussion 

When sampled from mid-October to the end of November 2012 the effects of 

seasonality and the remarkable drought of the last two years at the SHP region 

obviously affected the plant community composition. Average annual precipitation 

was recorded as low as 190 and 263 mm in 2011 and 2012, respectively. Drought 

periods are very likely to affect the plant community composition (Weaver 1957). 

Drought events as denoted these years are not uncommon for this region. In long term 

the limitation of soil moisture will result in plant communities that are well adapted to 

thrive under these dry conditions. Soil moisture contents that are well below the 

Permanent Wilting Point (PWP) of 10% for Amarillo soil series (WSS, 2013) as it was 

measured here is very likely to suppress the abundance of species adapted to more 

moist regimes.   

Further the seasonal factor is apparent, as this study detected mostly perennial 

grasses and further less perennial forbs. However, the effects of drought and season on 

abundance of annuals (forbs and grasses) coaction on the plant community and might 

explain the relative low counts of species richness and the high proportion of perennial 

grasses. Nonetheless, it might be interpreted as an opportunity to get an insight of how 

the plant community is organized and what the major dominant species are when 

exceptional drought affects the system. It is important to gain knowledge about plant 

community composition that withstand these harsh conditions and contribute to soil 

cover at the season of incessant winds that drive erosion.  
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Models of succeeding plant community composition regarding dominant 

species as proposed as early as 1916 by the Clements and others was shown to not 

proceed uniformly for all ecosystems (Costello 1944, Coffin 1996). Plant species and 

functional groups may act different with ever changing environmental conditions 

(Weaver, 1968) and further regional environmental factors as soil texture influences 

the success of restoration (Baer et al. 2010).  

During the severe drought of the 1930’s Weaver (1957, 1968) observed the 

recovery process of prairie sites that were disturbed by overgrazing and dust 

deposition. As mesic species largely disappeared and even xeric species were reduced 

in numbers, B. curtipendula implemented the leading role in repopulation of drought 

stressed sites under semi-arid conditions (Weaver 1968). 

In eastern Colorado studies of short grass prairie plant communities across a 

CRP chronosequence could show that the seeding mixtures direct determines the 

current composition (Munson and Lauenroth 2011). Our findings suggest that this is 

not ultimately true because at none of our sites all species seeded were found. Here, 

probably environmental factors selected for the most adapted species. Plant species in 

the seeding mixtures that were applied before 1996 consisted a remarkable proportion 

of species that are commonly found within mixed prairie associations associated with 

higher moisture regime. The grass species that were seeded but never found within the 

sampling may have likely suffered losses due to the dry environment at the SHP. S. 

scoparius that is a warm season perennial grass that is well adapted to thrive on 

uplands under higher rainfall (Weaver 1957), further S. vulpiseta and So. nutans are 
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medium drought tolerant species (USDA-NRC Plant database). These species were 

major components of the seeding mixtures at sites SB97 but did not persist through 

time.  

Likewise the ratio of non-seeded species foliar cover on the site level indicates 

how seeded species currently contribute to soil cover; it was especially high (low 

contribution of seeded species) at sites seeded in 1990 and 1992. Further at TE87 and 

LU06b slightly more than half of the foliar cover was due to not-seeded species. 

Especially for sites that are older than 15 years this would mean that the seeding was 

less successful because more mesic species, less adapted to the apparent dry 

conditions grew less or disappeared over time, leaving more space that is not covered 

by plants probably also generating negative effects to  remaining more xeric species.  

In contrast seeding mixes applied at sites SF97 that consisted of at least 50% of 

B. curtipendula B. gracilis and L. dubia. As these species except L. dubia were found 

at most of the sites where they were seeded, contributing strongly to relative foliar and 

basal cover shows their success and importance to cover the soil at the SHP region. 

This observation is also supported by the earlier finding that seeding mixes of the CRP 

were more adapted to regions with greater water availability. However, the 

predominant use of very drought resistant species at the SHP region such as B. 

curtipendula and B. gracilis from 1997 seems to be important here. 

The positive linear relation of basal cover that is due to B. curtipendula to the 

total basal cover shows the potential of this species to establish high cover on 

Amarillo soils under dry conditions at the SHP region. This study supports the 
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importance of the native extremely drought resistant species B. curtipendula for the 

recovery of former crop fields. At sites where B. curtipendula was seeded soil basal 

and foliar cover was largely attributed to his rhizomatous spreading bunches. It 

dominated 10 of 14 sites where it was seeded contributing to a relative basal cover of 

35 to 95%.  

At the site LU06a B. ischaemum was included in the seeding mix. Here it 

dominated largely in terms of foliar and basal cover and sustained the second lowest 

grasses and species diversity, this might be attributed to an invasive character of B. 

ischaemum. B. ischaemum was formerly introduced to North America due to its fast 

spread and high aboveground biomass production that can be used as forage by 

grazing animals (Coleman et al. 2001). However, it was also shown to lead to low 

species diversity and low structural heterogeneity elsewhere (Hickmann et al. 2006).  

As it was demonstrated in other work the recovery of the native perennial 

bunchgrasses proceeds slow (Coffin et al 1996), so that faster growing non-natives 

that are well adapted to dry conditions may suppress the recovery of natives. At LY89 

B. ischaemum was also included in the mix, here it contributed to a smaller extent to 

plant cover, and however diversity of grasses and species remain relative low. B. 

ischaemum was also found to colonize sites where it was not seeded. This observation 

is limited to sites SF97. As it is not observed at one of the older sites, therefore it 

might be hypothesized that the influence of this species needs disturbance to colonize 

these habitats and its abundance decreases over time as community matures. This 
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hypothesis is supported by the fact that undisturbed native prairie sites may resist 

invasion of non-native species (Munson and Lauenroth, 2011).  

Effects of low diversity were also apparent at sites seeded monospecific to E. 

curvula. With the exception of TE87 all sites situated in Cochran County showed low 

diversity indices. Therefor it can be noted that even after 26 years the plant community 

composition may not change over time when as dominant species as E. curvula are 

seeded solely. Here apparently the particular growth habit restricts the colonization of 

naturally occurring native species. As mentioned, at TE87 an exception was observed. 

Here diversity indices were recorded relative high, total species diversity was recorded 

as the second highest overall sites. Here predominantly the two common invaders of 

disturbed sites Aristada purpurea, B. laguroides and forbs are responsible for higher 

structural heterogeneity. This observation might be explained by site specific abiotic 

characteristics. The site TE87 is bordered by two intercepting major highways that 

may act as ecological factors promoting seed dispersal (Clifford 1956, Schmidt 1989) 

and subsequently may influence the plant community composition due to higher 

colonisation pressure of species that may disperse along roads and invade the space 

from the edge.  

Regarding the potential quality of CRP fields as wildlife habitat, higher 

diversity may lead to higher structural heterogeneity and therefore may support more 

food sources. It could be demonstrated that for example, more arthropods (Hickmann 

et al. 2006) that serves as nutrition for grassland birds enhance avian populations and 

species diversity also affects the system in promoting better nesting habitat for a 
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diverse avian community (Berthelsen et al. 1989). Over all enhanced biological 

diversity, as demonstrated in experimental systems should promote the productivity 

(Hector et al. 1999) and stability (Tilman and Downing 1994) of the grassland 

ecosystem.    

The assessment of differences among management types (i.e. exclusive native, 

with non-native and monospecific) regarding diversity seem important as it is reported 

elsewhere to greatly alter ecosystem processes by affecting soil nutrient cycling 

processes (Ehrenfeld 2003) and may decreases species diversity when non-native 

species dominate (Gabbard et al. 2007) and may slower the reestablishment of native 

species (Munson and Lauenroth 2011). However, to clearly assess these effects 

experimental designs are needed that allow for comparisons and repetition to obtain 

statistical insurance.  

HO03 represents an exception regarding the plant community composition as 

here none of the seeded species were detected; instead E. curvula and Bo. ischaemum 

dominated the community. HO03 represents a corner of an adjacent crop field and is 

therefore relatively small compared to the remaining sites within the research area. As 

species colonization of abandoned fields occurs from the edge (Coffin et al. 1996) 

plant species that were not seeded initially, may contribute to a greater extent as the 

edge effect cannot be excluded. Further the fact that at close proximity of HO03 a 

centre pivot watered the adjacent crop field and the grassland in close proximity, an 

influence of close by irrigation cannot be eliminated, further also because here a playa 

lake depression may retain moisture. This would explain why none of the very drought 
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tolerant species, as dominating most of the other sites were detected, as they were 

probably replaced by the species E. curvula and Bo. ischaemum being more 

competitive under these circumstances.  

At HO90 the plant community is dominated by the non-seeded species 

Aristada purpurea and B. laguroides although B. curtipendula was seeded. This might 

be due to local environmental conditions when seeding was performed. The prolonged 

‘Aristada-stage’ was observed within semi-arid short grass prairies where short 

grasses as B. curtipendula and B. gracilis were not able to recover (Costello 1944). 

Short lived species such as A. purpurea are prolific seed producers and were observed 

to be subdominants in short grass prairie ecosystems but may become more common 

following disturbance (Milchunas 1990).   

Further possibilities that may explain the poor establishment of shortgrass 

cover at this site might be especially low precipitation and soil moisture levels by time 

of seeding or particular seeding practices that failed to provide optimal conditions for 

germination. It was documented that the recovery and the successful establishment of 

perennial grasses is highly variable on the temporal and spacial scale as it is dependent 

on precipitation patterns and is further demonstrated to vary with different seeding 

mixtures (Bakker et al. 2001) and seeding practice (Ambrose et al. 2002). This leads to 

the conclusion that this site (HO90) even after 22 years does not have recovered in 

terms of community composition. 

Plant community composition differs with age. This effect is mostly attributed 

to seeding practices applied at the field level. The successful establishment of a 
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diverse community is demonstrated to be strongly influenced by the seeding mix as 

well as abiotic factors as proximity to major roads and moisture. It seems like the 

establishment of native shortgrass prairie associations may potentially suppressed by 

the use of non-native species as E. curvula and Bo. ischaemum. 

Continuative, shifts in plant community composition were assessed towards 

effects on total soil coverage. The reestablishment of perennial grassland by seeding 

monospecific or mixes of native and non-native grasses forbs and shrubs following the 

enrollment within the CRP was shown to leads to foliar and basal cover that will 

reduce the potential of soil erosion at the SHP.  

The two extremely drought resistant species B. curtipendula and B. gracilis 

contributed to a minimal basal cover of 16% in 1936 and 22-33% in 1939 (Weaver 

1968). These values are somehow in the range of the total basal cover for all sites but 

those established between 1997 and 1999 that show higher values. Direct comparisons 

might be questionable as the methods used differ, however 16% total basal cover of 

sites SB97 seems low regarding the potential of 33% of sites seeded later.  

The increase in basal and foliar cover at SF97 is likely attributed to growth and 

spread of perennial grasses over time that should persist as long as limiting factors do 

not restrict growth. The time span covered here (15yrs) comparing other observations 

of chronosequences in semi-arid environments support this finding as perennial grass 

cover increased after the annual forb stage from about 5 years after cessation to at least 

20 years (Coffin et al. 1996, Munson and Lauenroth 2011). Likewise root biomass will 

increase (Baer et al. 2010). The observation that this increase does not follow over the 
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remaining chronosequence until a potential stable climax stage is reached contradicts 

the classical models of ecosystem development and secondary succession. Here we 

can show the importance to consider plant traits and the plant community composition 

and organization for the assessment of ecosystem development. Initial conditions as 

seeding is crucial because if seeding applications differ considerable the development 

of plant basal and foliar cover does not follow predicted models of increasing density 

and cover over time. The seeding application at sites in this study confounds the 

effects that might be generated by time leading to the need of regarding this 

chronosequence as problematic. The recovery of former crop land by perennial 

grassland vegetation is determined by plant traits of the seeded species. Apparent 

changes in recommended seeding mixtures from the early years of the CRP to the 

present are visible on the field scale.  

In my study, sites that were enrolled in 1986 were seeded monospecific to E. 

curvula show lower basal cover and a strong domination by this species compared to 

13-14 year old sites that were seeded predominantly with a mix of native perennial 

grasses and forbs. This further supports the findings that introduced species have the 

potential to restore the soil cover in the short term but may suppress the recovery of 

native species in long term resulting in community compositions very different from 

the native SGP (Bakker et al. 2003; Munson and Lauenroth 2011). Likewise sites that 

were enrolled before the Farm Bill of 1996, when the potential improvement of 

wildlife habitats by the CRP was recognized and implemented within the program, are 

lower in basal and foliar plant cover then 13-14 year old sites that were seeded with a 
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mix of mostly native perennial grasses and forbs. Therefore the seeding mixes applied 

at sites SF97 might be regarded as most appropriate. It seems like management 

implications as introduced with the Farm Bill of 1996 beget higher restorative effects 

than formerly applied strategies. 

Aboveground primary production and community composition should further 

determine soil chemical characteristics (Wardle et al 1999, Bezemer et al 2006). As 

plant cover, the organic matter content was not observed to increase over the 

chronosequence, contradicting expectations. Here we could show that the organic 

matter content of the soil is controlled by the basal cover of especially perennial 

grasses. These findings are further supported by studies showing direct effects of 

perennial grass cover and soil nutrient accumulation with especially importance at dry 

sites (Vinton and Burke 1996). Concluding that higher plant foliar and especially basal 

cover leads to higher organic matter content within the soil.  

As organic matter has a high surface area that may serve for nutrient retention 

it will further contribute to a higher cation exchange capacity of the soil. Our data 

supports direct relation of organic matter content and the cation exchange capacity of 

the soil. The higher the plant basal cover the more organic matter is accumulated and 

the more exchangeable surface sites are available for soil nutrients to be adsorpt and 

exchanged within the soil. 

Plant available nitrogen, measured as nitrate-N was generally low with values 

well below 2ppm. As for phosphate-P no trend over time indicates no detectable 

accumulation of these essential plant nutrients over the time spanned by the 
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chronosequence. Plant available soil phosphorus content lies within the range of low 

and medium rated levels that account for 45 to 95% sufficiency for crop production. 

The relatively low average of MONO sites (8.25 ppm) lies still within the medium 

rating (6-12 ppm) which accounts for 45 to 80% sufficiency for crop production.     

The micronutrients copper and manganese were recorded at levels still slightly above 

deficiency levels. But decreasing levels over time could indicate ongoing depletion of 

these elements. These findings might support the demand of management implications 

on CRP sites. Especially at sites where initial seeding did not succeeded and soil 

coverage is comparatively low, reseeding and fertilizer application may be appropriate 

to further enhance the restorative state of the soil and the quality of the ecosystem as 

wildlife habitat. It could be demonstrated that on fine textured soils with a high sand 

fraction as the Amarillo series, soil organic matter accumulation may not be detectable 

over the time span of 18 years (Baer et al. 2010). The ongoing conservation of loamy 

fine-sands seems therefore critical and focus might be given towards these especially 

fragile soils.  
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Conclusions 

The first and important goal of the CRP to reduce the potential soil loss due to 

wind erosion is met by seeding a variety of native and introduced perennial grasses 

forbs and shrubs, however it could be demonstrated that recovery in terms of plant 

cover on formerly cropped fields is influenced by the seeding mixture. Seeding mixes 

that contain at least 50% of the two short grasses B. curtipendula and B. gracilis and 

the taller species L. dubia showed increasing foliar and basal cover over time. Less 

drought tolerant species of the seeding mix show low abundance or are absent. To gain 

the maximal soil cover that is crucial to ensure soil stability and resource recovery, 

particularly soil organic matter the use of these very drought tolerant short grasses is 

critical.  

The use of E. curvula in monospecific stands may have been beneficial at the 

time of establishment because of economic and availability issues but regarding 

ecosystem development, monospecific stands of E. curvula that support lower species 

diversity and basal cover compared to mixed seeded sites and respecting a broad sense 

of conservation (sensu: Odum, 1971) a shift to more diverse communities is likely to 

be more beneficial regarding the quality of CRP sites as wildlife habitat. 

Recommendations for the restoration of formerly depleted agricultural fields within 

the SHP are to use the native perennial bunchgrasses B. curtipendula and B. gracilis as 

a base to ensures maximal soil cover under conditions of severe drought and to 

develop management strategies that allow for maintaining maximum cover with 

maximum diversity to ensure environmental productivity, stability and health. 
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Regarding this ongoing research, a conclusion respecting the findings of this 

study should be a regrouping regarding seeding. The similarity in seed mix application 

of the sites SF97 might be sufficient to analyze true chronosequence time effects on 

variables important for soil restoration. SB97 are very likely to have unequal initial 

conditions due to the application of seeding mixes that might have not been as 

appropriate for the environmental conditions at the SHP region. Plant traits are very 

likely to have influence on the recovery process of soil organic matter therefore cation 

exchange capacity and plant available nutrients. Likewise the comparison regarding 

the restoration success of sites seeded monospecific to an invasive species (MONO) is 

likely to be confounded by plant specific effects on the soil. Nonetheless, it might be 

interesting to further research to characterize soil parameters that were obviously 

influenced by the dominance of E. curvula. 

 Further to minimize confounding factors regarding the plant community 

composition (i.e irrigation, dispersal along highways and from the edges) that may 

generate effects and enhance variability across a chronequence it is suggested to 

regard fields that represent corners or show influence of irrigation very carefully. This 

would account for HO03 and TE87. 
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Figures and Tables 

Fig. 2.1: Schematic illustration of the Southern High Plains ecoregion within 
Northwest Texas and the 18 fields enrolled in the Conservation Reserve Program 
(CRP) that were evaluated. Sites were located in seven counties. BA=Bailey, 
CO=Cochran, HO=Hockley, LA=Lamb, LU=Lubbock, Ly=Lynn, TE=Terry, 
associated number indicates year of CRP enrollment. 
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Fig 2.2 Average annual precipitation across the research area from 1986 to 2012 (blue line). Red line indicates the annual 
average for 1911 to 2012. Data represents averages of seven meteological stations; one in each of the seven counties used in 
this study, NOAA (2013).  
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Fig. 2.3 Volumetric soil moisture content (%) with depth across 18 sites of the 
Conservation Reserve Program, measured August 2012.
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Fig 2.4 Relative species foliar cover (%) of 18 Conservation Reserve Program sites. BOCU= Bouteloua curtipendula, BOIS= 
Bothriochloa ischaemum, BOLA= Bothriochloa laguroides , BOGR= Bouteloua gracilis, SCSC= Schizachyrium scoparium, 
ERCU= Eragrostis curvula, LEDU= Leptochloa dubia, PAVI= Panicum virgatum ,SPCR= Sporobolus cryptandrus, PACO= 
Panicum coloratum, BODA= Bouchloe dactyloides, ARPU= Aristida purpurea. BA=Bailey, CO=Cochran, HO=Hockley, 
LA=Lamb, LU=Lubbock, Ly=Lynn, TE=Terry, associated number indicates year of enrollment. 
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Fig 2.5 Relative species basal cover (%) of 18 Conservation Reserve Program sites. BOCU= Bouteloua curtipendula, BOIS= 
Bothriochloa ischaemum, BOLA= Bothriochloa laguroides, BOGR= Bouteloua gracilis, SCSC= Schizachyrium scoparium, 
ERCU= Eragrostis curvula, LEDU= Leptochloa dubia, PAVI= Panicum virgatum ,SPCR= Sporobolus cryptandrus ,PACO= 
Panicum coloratum, BODA= Bouchloe dactyloides, ARPU= Aristida purpurea, LECO= Leptoloma cocnatum, SONU= 
Sorghastrum nutans, ANVI= Andropogon virginicus.BA=Bailey, CO=Cochran, HO=Hockley, LA=Lamb, LU=Lubbock, 
Ly=Lynn, TE=Terry, associated number indicates year of enrollment. 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

LU06a LU06b HO03 LY01 LA99 LY98 HO98 BA98 LA97 LY92 HO90 LY89 TE89a TE89b TE87 CO86a CO86b CO86c

R
el

at
iv

e 
ba

sa
l c

ov
er

 

C3 Forbs

ANVI

SONU

LECO

LEDU

PAVI

SCSC

PACO

BOLA

BOIS

SPCR

ARPU

ERCU

BODA

BOGR

BOCU

71 



Texas Tech University, André Bugge August 2013 

Fig 2.6 Nonmetric multidimensional scaling ordination for species foliar cover (%) of 
the18 study sites enrolled in the Conservation Reserve Program. BA=Bailey, 
CO=Cochran, HO=Hockley, LA=Lamb, LU=Lubbock, Ly=Lynn, TE=Terry, 
associated number indicates year of CRP enrollment. 
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Fig 2.7 a. Total foliar and basal cover of 18 sites with different time within the Conservation Reserve Program. Error bars 
indicate standard error of the mean.  
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Fig 2.7b Total foliar and basal cover of 18 sites with different time within the Conservation Reserve Program (CRP). Error 
bars indicate standard error of the mean for those sites that had more than one site enrolled for the same number of years. 
simple linear regression was fit for sites seeded after 1997 (SF97), SB97: sites seeded before 1997, differences among the 
means for sites seeded monospecific (MONO) was tested using t-test, * p< 0.1, ** p<0.05. 
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Fig. 2.8 Scatterplot of the basal cover of Bouteloua curtipendula over the total basal cover 
(%) of 18 sites within the Conservation Reserve Program. Simple linear regression was fit for 
all sites within the chronosequence. ** p<0.05. 
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Fig 2.9 Relationship between years of enrollment in the Conservation Reserve 
Progarm (CRP) and soil organic matter content (%) of 18 sites. Error bars indicate 
standard error of the mean for those sites that had more than one site enrolled for the 
same number of years. 

Fig 2.10 Relationship between basal cover of grasses (%) and soil organic matter 
content (%) of 18 sites within the Conservation Reserve Program Simple linear 
regression was fit for all sites within the chronosequence, **p<0.05. 
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Fig 2.11 Relationship between years of enrollment in the Conservation Reserve 
Progarm (CRP) and cation exchange capacity. Error bars indicate standard error of the 
mean for those sites that had more than one site enrolled for the same number of years. 

Fig 2.12 Relationship between soil organic matter content (%) and cation exchange 
capacity (meq 100g-1) of the 18 study sites enrolled in the Conservation Reserve 
Program. Simple linear regression was fit for all sites within the chronosequence, 
**p<0.05.
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Fig 2.13 Plant available nutrient levels of nitrate-N of 18 sites with different years of 
enrollment in the CRP. Error bars indicate standard error of the mean for those sites 
that had more than one site enrolled for the same number of years. 

Fig 2.14 Plant available nutrient levels of phosphate-P in ppm of 18 sites with 
different years of enrollment in the CRP. Error bars indicate standard error of the 
mean for those sites that had more than one site enrolled for the same number of years. 
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Fig 2.15 Plant available nutrient levels of Copper in ppm of 18 sites with different 
years of enrollment in the CRP. Error bars indicate standard error of the mean for 
those sites that had more than one site enrolled for the same number of years. Simple 
linear regression across the chronosequence was fit, **p<0.05. 

Fig 2.16 Plant available nutrient levels of manganese in ppm of 18 sites with different 
age in the CRP. Error bars indicate standard error of the mean for those sites that had 
more than one site enrolled for the same number of years. Simple linear regression 
across the chronosequence was fit, **p<0.05. 
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Table 2.1 Research area with sample sites, their location and years enrolled in the Conservation Reserve Program. 
Label* County Years in CRP Latitude Longitude Altitude (m) 
Lu06a Lubbock 6 33.764565° -101.994333° 1018 
Lu06b Lubbock 6 33.519089° -101.603134° 947 
Ho03 Hockley 9 33.782926° -102.226741° 1026 
LY01 Lynn 11 33.181735° -101.837870° 965 
LA99 Lamb 13 33.864504° -102.372579° 1067 
LY98 Lynn 14 34.069444° -102.851111° 1195 
HO98 Hockley 14 33.786409° -102.226915° 1038 
BA98 Bailey 14 33.167634° -101.923160° 975 
LA97 Lamb 15 33.910399° -102.399412° 1089 
LY92 Lynn 20 33.191801° -101.979178° 975 
HO90 Hockley 22 33.776311° -102.399521° 1053 
LY89 Lynn 23 33.248847° -101.839527° 966 
TE89a Terry 23 33.270709° -102.505390° 1063 
TE89b Terry 23 33.180466° -102.141194° 980 
TE87 Terry 25 33.224063° -102.292534° 1020 

CO86a Cochran 26 33.610993° -102.634639° 1129 
CO86b Cochran 26 33.595616° -102.629159° 1126 
CO86c Cochran 26 33.598653° -102.622731° 1121 

*BA=Bailey, CO=Cochran, HO=Hockley, LA=Lamb, LU=Lubbock, LY=Lynn, TE=Terry; associated number
indicates year of CRP enrolment. 
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Table 2.2 Plant species seeded at Conservation Reserve Program (CRP) sites grouped by age (1-4) and the relative amounts 
seeded (%) 

 
LU 
06a 

LU 
06b 

HO 
03 

LY 
01 

LA 
99 

BA 
98 

HO 
98 

LY 
98 

LA 
97 

LY 
92 

HO 
90 

LY 
89 

TE 
89a 

TE 
89b 

TE 
87 

CO 
86a 

CO 
86b 

CO 
86c 

B. gracilis 45 45 40 20 35 402 40 20 20  40 25  x      
B. curtipendula 23 25 20 10 25 102 20 20 20 25 20 20  x      
L. dubia 10 10 20 20 10 102 20 20 20  20        
Sp. cryptandrus  10 10 20 10     503         
B. dactyloides     10 10     10        
Bo. ischaemum 22       20           
E. curvula               100 100 100 100 
D. illinoensis 10  10 101      503 5  x      
Da. purpurea  10                 
H. maximiliani     102              
P. coloratum      202 20      x 25     
P. virgatum    10  102   20   20 x 25     
Pa. smithii            10        
S. scoparium          25   x      
Se. vulpiseta    10    20  25  15   25     
So. nutans          25  10        
E. trichodes         20    x 25     
A. canescens           5        
Notes: Numbers within site names indicate year when enrolled in CRP, first row indicates grouping with age; 1 seeded 2002, 
2reseeded in 2000, 3 seeded in 2001. A.: Atriplex, Bo.: Bothriochloa, B: Bouteloua, D.: Desmanthus, Da.: Dalea, E.: 
Eragrostris, H.: Helianthus, L.: Leptochloa, P.: Panicum, Pa.: Pascopyrum, S.: Schizachyrum, Se.: Setaria, So.: Sorghastrum, 
Sp.: Sporobolus. BA=Bailey, CO=Cochran, HO=Hockley, LA=Lamb, LU=Lubbock, LY=Lynn, TE=Terry; associated number 
indicates year of CRP enrolment.  
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1BA=Bailey, CO=Cochran, HO=Hockley, LA=Lamb, LU=Lubbock, LY=Lynn, TE=Terry; associated number indicates year of CRP 
enrolment.  

Table 2.3 Conservation Reserve Program (CRP) sites with their years since enrollment, count of species seeded, count of 
seeded species found, the ratio of foliar cover of not-seeded species to total foliar cover, species richness, evenness and 
Shannon diversity of all species and the Shannon diversity of grasses only for each of the 18 study sites. 

CRP 
Site1 

Years since 
enrollment 

Count 
species 
seeded 

Count 
seeded 
species 
found 

Foliar cover 
not-seeded 

species over 
total 

Species 
richness 

Evenness Shannon 
diversity 

(eH) 

Shannon  
diversity (eH) of 

grasses 

LU06a 6 5 2 0.03 5 0.32 1.7 1.4 
LU06b 6 5 3 0.52 15 0.70 6.7 5.0 
HO03 9 5 0 1.00 9 0.55 3.4 2.0 
LY01 11 7 3 0.14 9 0.52 3.1 2.4 
LA99 13 6 4 0.28 10 0.68 4.8 4.0 
LY98 14 5 4 0.01 5 0.50 2.2 2.1 
HO98 14 4 2 0.04 7 0.39 2.1 1.9 
BA98 14 6 4 0.05 9 0.47 2.8 2.6 
LA97 15 5 3 0.24 7 0.61 3.3 3.0 
LY92 20 5 1 0.96 5 0.38 1.8 1.8 
HO90 22 6 1 0.92 8 0.68 4.1 2.4 
LY89 23 6 4 0.31 10 0.51 3.2 2.9 
TE89a 23 7 3 0.40 12 0.71 5.8 3.4 
TE89b 23 4 2 0.34 15 0.61 5.2 3.2 
TE87 25 1 1 0.66 14 0.71 6.6 2.9 
CO86a 26 1 1 0.09 6 0.23 1.5 1.2 
CO86b 26 1 1 0.06 10 0.43 2.7 1.2 
CO86c 26 1 1 0.21 6 0.41 2.1 1.8 

Overall mean: 0.36 9 0.52 3.5 2.5 

82 



Texas Tech University, André Bugge August 2013 

 
Table 2.4 Soil chemical properties of the 18 sites enrolled in the Conservation Reserve Program.  

CRP site1 pH OM  CEC  P  N Cu  Mn  
  (%) (meq 100g-1)     (ppm) 
Lu06a 7.7 0.97 9.70 4.66 0.17 0.62 9.83 
Lu06b 7.9 0.37 6.73 13.28 0.43 0.28 5.33 
Ho03 7.9 1.13 12.84 3.33 0.43 0.59 7.51 
LY01 7.5 0.37 5.27 4.65 0.30 0.34 6.46 
LA99 7.9 0.83 11.67 7.64 0.27 0.67 6.50 
LY98 8.2 1.07 20.58 4.99 0.17 0.46 4.80 
HO98 8.2 0.80 24.18 5.32 0.30 0.43 4.74 
BA98 7.4 0.77 9.34 3.66 0.13 0.59 8.48 
LA97 7.8 1.03 12.34 11.29 0.37 0.62 6.47 
LY92 7.5 0.80 7.87 5.97 1.80 0.36 6.10 
HO90 7.7 0.63 8.97 2.99 0.60 0.43 4.10 
LY89 7.6 0.97 26.83 8.31 0.17 0.43 3.50 
TE89a 7.4 0.57 6.87 4.65 0.43 0.34 6.17 
TE89b 7.6 0.67 8.63 15.29 0.60 0.29 5.73 
TE87 8.3 0.47 10.30 3.32 0.20 0.23 2.33 
CO86a 7.9 0.43 6.73 9.31 0.37 0.30 4.57 
CO86b 7.8 0.57 7.82 3.99 0.97 0.33 3.76 
CO86c 7.5 0.87 8.23 3.65 0.70 0.42 5.73 
Overall mean 7.8 0.74 11.39 6.46 0.47 0.43 5.67 

1BA=Bailey, CO=Cochran, HO=Hockley, LA=Lamb, LU=Lubbock, LY=Lynn, TE=Terry; associated number indicates 
year of CRP enrolment.
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APPENDIX A 

Fig A.1 Rank abundance (pi) curves for sites seeded from 1997 (SF97). HO=Hockley, 
LU=Lubbock, LY=Lynn, associated number indicates year of enrollment. A logarithmic 
function was fit to the graph.  
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Fig A.2 Rank abundance (pi) curves for sites seeded from 1997 (SF97). BA=Bailey, 
HO=Hockley, LA=Lamb, LY=Lynn, associated number indicates year of enrollment. A 
logarithmic function was fit to the graph. 
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Fig A.3 Rank abundance (pi) curves for sites seeded befor 1997 (SB97). BA=Bailey, 
CO=Cochran, HO=Hockley, LA=Lamb, LU=Lubbock, LY=Lynn, TE=Terry, associated 
number indicates year of enrollment. A logarithmic function was fit to the graph. 
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Fig A.4 Rank abundance (pi) curves for sites seeded monospecific (MONO). CO=Cochran, 
TE=Terry, associated number indicates year of enrollment. A logarithmic function was fit to 
the graph. 
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Table A.1 Detailed percent plant foliar and basal cover of species composition 
sampled mid-October to end November at the 18 Conservation Reserve Program 
(CRP) sites within the Southern High Plains region of Texas. 

Site Years 
under CRP 

Species Foliar cover 
(%) 

Basal cover 
(%) 

LU06a 6 Bothriochloa ischaemum 58.67 23.33 
Bouteloua curtipendula 8.00 5.33 
Hetherotheca stenophylla 0.67 
Machaeranthera pinnatifida 0.67 
Physalis cinerascens 0.67 

LU06b 6 Bothriochloa ischaemum 24.67 5.33 
Bouteloua curtipendula 24.67 5.33 
Hetherotheca stenophylla 19.33 4.00 
Aristida purpurea 11.33 1.33 
Leptochloa dubia 10.00 1.33 
Sporobolus cryptandrus 3.33 
Ambrosia psilostachya 0.67 
Bothriochloa laguroides 0.67 
Bouteloua dactyloides 0.67 
Digitaria californica 0.67 
Eriogonum annuum 0.67 
Leptoloma cognatum 0.67 0.67 
Physalis cinerascens 0.67 
Salsola iberica 0.67 
Sorghum halepense 0.67 

HO03 9 Eragrostis curvula 38.00 11.33 
Bothriochloa ischaemum 20.00 7.33 
Conyza canadensis 4.00 
Yucca glauca 2.00 
Thelesperma megapotamicum 1.33 
Bothriochloa laguroides 0.67 
Cirsium ochrocentrum 0.67 
Salsola iberica 0.67 
Unknown shrub  0.67 
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Table A.1 ( continued) Detailed percent plant foliar and basal cover of species 
composition sampled mid-October to end November at the 18 Conservation Reserve 
Program (CRP) fields within the Southern High Plains region of Texas. 

Site Years 
under CRP 

 Species Foliar cover 
(%) 

Basal cover 
(%) 

LY01 11  Bouteloua curtipendula 48.00 21.33 
   Sporobolus cryptandrus 11.33 0.67 
   Aristida purpurea 6.00  
   Bouteloua gracilis 2.67 1.33 
   Thelesperma megapotamicum 1.33  
   Kochia scoparia 0.67  
   Prosopis glendulosa 0.67  
   Salsola iberica 0.67  
   Unknown forb  0.67  
      
LA99 13  Bouteloua curtipendula 40.67 13.33 
   Bothriochloa ischaemum 22.00 4.67 
   Bouteloua dactyloides 12.00 4.00 
   Bouteloua gracilis 6.67 2.67 
   Unknown forb  4.00 1.33 
   Sporobolus cryptandrus 2.00 0.67 
   Bothriochloa laguroides  1.33  
   Panicum coloratum 1.33 0.67 
   Physalis spp 0.67  
   Salsola iberica 0.67  
      
LY98 14  Bouteloua curtipendula 66.67 18.00 
   Bothriochloa ischaemum 36.67 5.33 
   Physalis cinerascens 1.33  
   Sporobolus cryptandrus 1.33 0.67 
   Leptochloa dubia 0.67  
      
HO98 14  Bouteloua curtipendula 78.67 39.33 
   Bouteloua gracilis 22.67 6.00 
   Sporobolus cryptandrus 1.33  
   Yucca glauca 1.33  
   Cirsium ochrocentrum 0.67  
   Eragrostis curvula 0.67  
   Plantago patagonica 0.67  
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Table A.1 ( continued) Detailed percent plant foliar and basal cover of species 
composition sampled mid-October to end November at the 18 Conservation Reserve 
Program (CRP) sites within the Southern High Plains region of Texas. 

Site Years 
under CRP 

 Species Foliar cover 
(%) 

Basal cover 
(%) 

BA98 14 Bouteloua curtipendula 59.33 24.00 
Bouteloua gracilis 20.00 8.67 
Panicum virgatum 3.33 
Aristida purpurea 1.33 
Bothriochloa ischaemum 1.33 0.67 
Panicum coloratum 1.33 0.67 
Andropogon virginicus 0.67 0.67 
Gutierrezia sarothrae 0.67 
Hetherotheca stenophylla 0.67 0.67 

LA97 15 Bouteloua curtipendula 60.00 26.00 
Bothriochloa laguroides 17.33 6.00 
Bouteloua gracilis 8.00 2.67 
Panicum virgatum 5.33 0.67 
Bothriochloa ischaemum 3.33 
Hetherotheca stenophylla 1.33 
Thelesperma megapotamicum 0.67 

LY92 20 Bouteloua curtipendula 56.67 21.33 
Panicum coloratum 7.33 1.33 
Sporobolus cryptandrus 2.67 
Aristida purpurea 0.67 
Physalis cinerascens 0.67 

HO90 22 Aristida purpurea 38.00 4.67 
Bothriochloa laguroides  14.00 2.67 
Hetherotheca stenophylla 10.00 0.67 
Salsola iberica 6.00 2.00 
Bouteloua gracilis 2.00 0.67 
Gutierrezia sarothrae 1.33 
Sporobolus cryptandrus 1.33 
Eragrostis curvula 0.67 
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Table A.1 ( continued) Detailed percent plant foliar and basal cover of species 
composition sampled mid-October to end November at the 18 Conservation Reserve 
Program (CRP) fields within the Southern High Plains region of Texas. 

Site Years under 
CRP 

 Species Foliar cover 
(%) 

Basal cover 
(%) 

LY89 23  Bouteloua curtipendula 65.33 16.00 
   Schizachyrium scoparium 16.00 3.33 
   Bothriochloa laguroides 11.33 2.67 
   Bouteloua gracilis 3.33  
   Bothriochloa ischaemum 1.33 0.67 
   Gutierrezia sarothrae 1.33  
   Machaeranthera pinnatifida 0.67  
   Panicum virgatum 0.67 0.67 
   Sorghastrum nutans 0.67 0.67 
   Yucca glauca 0.67  
      
TE89a 23  Bouteloua curtipendula 31.33 4.00 
   Bouteloua gracilis 19.33 5.33 
   Hetherotheca stenophylla 15.33 0.67 
   Aristida purpurea 6.00  
   Bothriochloa laguroides  4.67 1.33 
   Yucca glauca 4.67 0.67 
   Panicum coloratum 1.33 0.67 
   Dalea spp 0.67  
   Eriogonum annuum. 0.67 0.67 
   Machaeranthera pinnatifida 0.67  
   Mimosa spp 0.67  
   Thelesperma megapotamicum 0.67  
TE89b 23  Panicum coloratum 48.00 12.00 
   Aristida purpurea 7.33  
   Panicum virgatum 6.67 2.00 
   Sporobolus cryptandrus 4.67  
   Bouteloua curtipendula 2.67 1.33 
   Kochia scoparia 2.67  
   Machaeranthera pinnatifida 2.67  
   Bothriochloa laguroides  2.00  
   Ambrosia psilostachya 1.33  
   Hetherotheca stenophylla 1.33  
   Chloris cucullata 0.67  
   Plantago patagonica 0.67  
   Salsola iberica 0.67  
   Thelesperma megapotamicum 0.67  
   Tragopogon dubius 0.67  
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Table A.1 ( continued)  Detailed percent plant foliar and basal cover of species 
composition sampled mid-October to end November at Conservation Reserve Program 
(CRP) fields within the Southern High Plains region of Texas. 

Site Years 
under CRP 

 Species Foliar cover 
(%) 

Basal cover 
(%) 

TE87 25 Eragrostis curvula 35.33 8.00 
Bothriochloa laguroides 26.67 4.00 
Aristida purpurea 16.67 2.67 
Hetherotheca stenophylla 6.00 
Mimosa spp 5.33 
Thelesperma megapotamicum 3.33 
Chloris cucullata 0.67 
Machaeranthera pinnatifida 2.67 
Yucca glauca 2.67 0.67 
Eriogonum annuum 1.33 
Grindelia squarrosa 1.33 
Cenchrus incertus 0.67 
Physalis cinerascens 0.67 
Salsola iberica 0.67 

Co86a 26 4 Eragrostis curvula 94.00 20.00 
Aristida purpurea 4.67 
Hetherotheca stenophylla 2.67 
Bothriochloa laguroides  0.67 
Mimosa spp 0.67 
Unknown forb  0.67 

CO86b 26 4 Eragrostis curvula 64.67 15.33 
Hetherotheca stenophylla 10.00 0.67 
Machaeranthera pinnatifida 2.67 
Aristida purpurea 2.00 
Salsola iberica 2.00 
Ambrosia psilostachya 1.33 
Gutierrezia sarothrae 1.33 
Bothriochloa laguroides  0.67 
Dalea spp 0.67 
Thelesperma megapotamicum 0.67 

CO86c 26 4 Eragrostis curvula 72.00 18.00 
Bothriochloa laguroides 12.00 4.00 
Aristida purpurea 4.67 
Unknown forb  1.33 
Dalea spp 0.67 
Yucca glauca 0.67 
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