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Abstract 

Shin-oak (Quercus havardii Rybd.) is a slow growing, deciduous shrub found in 

areas of sandy soil between southeastern New Mexico and southwestern Oklahoma. Shin-

oak reproduces almost exclusively via underground rhizomes. It has the ability to 

reproduce sexually, though it is rare in nature with infrequent acorn production. Many 

animal species rely on shin-oak as a habitat component, especially where it is the 

dominant species on the sand dunes in southeastern New Mexico. Two species of 

particular concern are the sand dunes lizard and the lesser prairie chicken, both listed as 

vulnerable by the IUCN. 

In many areas, shin-oak is negatively influenced by oil and gas exploration and 

production. These energy development activities create many disturbances with varying 

durations, but the habitat fragmentation caused by the construction of roadways, 

pipelines, and well pads may be especially problematic, since shin-oak has been slow to 

recolonize such sites. However, the ability of shin-oak to reproduce via rhizomes may 

provide a resource for restoration. Little information is available on rhizome shoot 

production success rates or conditions that maximize those rates, but such information is 

needed if restoration of shin-oak habitat is to be successful.  

To better understand the mechanisms and timing of shin-oak rhizome shoot 

production, three studies were conducted: (1) natural recovery of shin-oak at four 

disturbed sites was monitored; (2) the timing and ability of rhizomes to sprout under 

controlled conditions; and (3) the ability of rhizomes to sprout in the field was studied. 

Little to no expansion of shin-oak or grass species in disturbed areas was recorded. 

Average shin-oak cover was 14.07% and shin-oak density averaged between 0.52 and 
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4.06 individuals per m2. When collected in the late fall or winter, shin-oak had little 

ability to produce shoots in a controlled environment, though when collected at other 

times rhizomes sprouted more readily. Winter collection sprouting success rates averaged 

6% while collections other times of the year averaged 22% or 24%. Finally, shin-oak 

shoot production in field environments was similar to rates occurring under controlled 

conditions although differences between sites were detected.  

Results indicate that the current restoration techniques utilized in the habitat are 

insufficient. The use of shin-oak rhizomes as a propagation source to re-establish the 

species within disturbed areas is supported. The collection of rhizomes during winter 

periods should be avoided unless steps are taken to overcome winter induced dormancy.  
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Chapter 1 

Introduction 

Sand shinnery oak (shin-oak (Quercus havardii, Rydb.; Fagaceae) is a small in 

height, slow growing deciduous shrub occurring primarily in New Mexico, Texas, and 

Oklahoma (Peterson and Boyd 1998), with isolated stands also occurring in Arizona and 

Utah (Peterson and Boyd 1998). Fragmented areas of shin-oak extend from southeastern 

New Mexico and west Texas across the Texas panhandle plains into western Oklahoma. 

The estimated distribution of habitat in which shin-oak occurs ranges from 15 million 

acres to less than 5 million (Gribble 1981, McArthur and Ott 1996).  

Shin-oak grows primarily in sandy soils forming dense stands where it is often the 

dominant species (Peterson and Boyd 1998). Shin-oak individuals do not grow above one 

or two meters tall, with most biomass occurring below ground. Sears et al. (1986) found 

growing season belowground biomass to be over 90% of total biomass. Shin-oak leaves 

are alternate being oblong in shape with wavy margins (Figure 1.1). Upper leave surface 

is shiny green with lower surface being whitish with dense hair. Shin-oak reproduces 

almost exclusively via underground rhizomes (Figure 1.2) (Wiedeman and Penfound 

1960, Dhillion 1999). While shin-oak expansion is primarily asexual, it does possess 

attributes of a sexual population and can produce acorns (Mayes et al. 1998). Acorn crop 

production is sporadic, with somewhere between 1 in 10 years to 4 in 10 years resulting 

in high yields (BLM 1979, Pettit 1986), and is dependent on environmental conditions, 

especially spring precipitation (USDOE 1980). When acorn crops are produced, 

flowering occurs in April to May with fruit maturing in July to September (Nellessen 
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2004). However, acorn establishment in natural areas is rare (Muller 1951, Wiedeman 

and Penfound 1960). 

Shin-oak dominated landscapes (Figure 1.3) are important for wildlife habitat, 

with many mammal, bird, and reptile species relying on shin-oak for all or part of their 

habitat needs. Ungulate species often found in shin-oak areas include white-tailed deer 

(Odocoileus virginianus), mule deer (Odocoileus hemionus) and pronghorn antelope 

(Antilocapra americana) (Martin and Preston 1970, Pettit 1978, Bryant and Morrison 

1985). In addition, sixteen rodent species, 25 avian species, and 26 reptile species occur 

within this habitat type (Martin and Preston 1970, Peterson and Boyd 1998). Included in 

the bird and reptile species are the lesser prairie chicken (Tympanuchus pallidicinctus) 

and the sand dunes lizard (Sceloperus arenicolus). The sand dunes lizard is listed as 

endangered in the state of New Mexico and vulnerable on the IUCN Red List of 

Threatened Species (NM G&F 2012, IUCN 2013). It was proposed to be listed as an 

endangered species under the United States Endangered Species Act (1973) in 2010, but 

a final decision was made in June 2012 to withdraw the proposal based on developed 

voluntary conservation agreements in both New Mexico and Texas (F&WS 2008, 2012a, 

and 2012b). The lesser prairie chicken has been proposed to be listed under the U.S. 

Endangered Species Act. As of September 2013, a final decision has not been made by 

the U.S. Fish and Wildlife Service (F&WS 2013).  

Long-term oil and gas exploration and production in the shin-oak habitat region 

creates numerous disturbances. These disturbances include habitat fragmentation by the 

construction of roadways, well pad sites, and pipelines and the removal of shin-oak, dune 

blow outs, and dune topography (Bailey and Painter 1994). Roadway and pad site 

Texas Tech University, W. Jarrad Davis, December 2013



 

 3 

construction is completed with the application of a caliche, a hardened soil consisting 

mostly of calcium carbonate. All of these disturbances have direct negative effects on 

shin-oak stands and on the species that depend on them (Hibbitts et al. 2013, Ryberg et 

al. 2013). In addition, shin-oak is of poor value to domesticated livestock and can be 

poisonous in early spring (McWilliams et al. 2002), so it has been the object of 

“thinning” and “eradication” efforts via prescribed fire and herbicide applications (Jacoby 

et al. 1983, Sears et al. 1986, Harrell et al. 2001).  

These disturbances, particularly those caused by oil and gas development, provide 

an opportunity for habitat management and restoration. After oil and gas development in 

an area becomes no longer economical, the well pads and roads are often abandoned, and 

may either be left with the hardened surfaces intact or removed. Either way, these 

abandoned sites begin to resemble natural areas but often remain free of vegetation. The 

lasting effects to soil structure and chemistry are not known, but either or both may affect 

the ability of shin-oak to re-establish naturally. Unpredictable and low yield acorn crops 

limit the possibility of harvesting acorns for seeding disturbed sites. However, the clonal 

nature of shin-oak may provide a resource for re-establishing plant structure in the 

disturbed sites. Rhizomes from existing stands may be harvested and transplanted into 

post-disturbance sites, although protocols for storing, transplanting, and inducing 

salvaged rhizomes to sprout are lacking. Identifying these protocols could aid the 

restoration process in disturbed areas as required by the established conservation 

agreements. 

Little information is known about the sprouting of shin-oak rhizomes. It is 

reported that after a disturbance removing above ground biomass, sprouting occurs from 
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rhizomes that are within 8 cm of the soil surface (Pettit 1977). No studies have been 

conducted testing the ability of shin-oak rhizomes to produce shoots, or when success 

occurs at the highest rates. A better understanding of the mechanisms and timing of shin-

oak shoot production will aid restoration techniques utilizing rhizomes as a propagation 

source. In order to provide information about how and when shin-oak rhizomes sprout, I 

conducted three studies. These three studies monitored the natural recovery of disturbed 

sites and tested timing and the ability of rhizomes to sprout both in the field and 

laboratory environments. 

Chapter 2 reports the results of a study conducted to monitor the natural recovery 

of shin-oak. A series of density and cover measurements were taken at four disturbed 

sites across two years. Measurements were compared between sites and measurement 

events. Chapter 3 presents an analysis of rhizome shoot production success and timing in 

controlled, laboratory conditions. Rhizome samples were collected from 4 field locations 

during 4 seasons and sprouted in various temperatures and growth media. Chapter 4 

presents an analysis of sprouting success for rhizomes collected and immediately 

transferred into field locations. Chapter 5 provides an overall conclusion by comparing 

and discussing the results. The benefits of the studies are identified for restoration of 

disturbed shin-oak habitats.   
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Figures 

Figure 1.1 Photograph of shin-oak leaves taken in Lea County, New Mexico in 
November 2012. 

Figure 1.2 Photograph of new shin-oak growth via rhizomes taken in Lea County, New 
Mexico in April 2013. 
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Figure 1.3 Photograph of shin-oak dominated sand dunes in Lea County, New Mexico 
taken January 2013. 
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Chapter 2 

Natural Recovery of Shin-oak in disturbed habitat 

 

Introduction 

Shin-oak is a slow growing, deciduous shrub found in areas between southeastern 

New Mexico and southwestern Oklahoma. Shin-oak is an important species in these 

habitats, in which it is the dominant flora (Boyd and Bidwell 2002) and acts as a soil 

stabilizer in the sand dunes in which it is found. Many species of mammals, reptiles, and 

birds, including two rare species, are dependent on shin-oak (Martin and Preston 1970, 

Pettit 1978, Bryant and Morrison 1985). The lesser prairie chicken (Tympanuchus 

pallidicinctus) and the sand dunes lizard (Sceloperus arenicolus), listed as vulnerable by 

the IUCN, occur within the shin-oak dominated landscape (IUCN 2013a, IUCN 2013b). 

Long-term oil and gas development in the shin-oak habitat region creates many 

disturbances such as habitat fragmentation by the construction of roadways, well pad 

sites, and pipelines and the removal of shin-oak, dune blow outs, and dune topography 

(Bailey and Painter 1994). These disturbances have direct negative effects on shin-oak 

stands and on the species that depend on them (Hibbitts et al. 2013, Ryberg et al. 2013). 

No studies have identified the long term impact of disturbances within the shin-oak 

landscape. While some of the disturbances have short durations, such as pipeline 

installation, many disturbances have durations occurring on scales of years or decades. 

While negative effects have been identified, few studies have reported rates of 

recovery within shin-oak stands. In the only study available on this topic, height of 

regenerated shoots was between 30 and 60 cm within the first year after fire or 
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mechanical top-removal (Nellessen 2004). Shin-oak growth via rhizomes has also been 

identified as rapidly occurring when competition from grass cover is removed (Muller 

1952), though this rapid expansion of shin-oak has not been witnessed in other areas (i.e. 

Sikes and Pettit 1980).  

In order to begin identifying the potential recovery rates of shin-oak, density and 

cover measurements of shin-oak and grass species were conducted over a two year period 

in areas recently disturbed by oil and gas development activities. These data may allow a 

greater understanding of the natural recovery rates in disturbed areas and should highlight 

the need for active restoration of disturbed shin-oak areas.  

 

Study Area 

The study area was located in Lea County, New Mexico, in predominately shin-

oak dominated sand dunes, which are negatively influenced by oil and gas exploration 

and production. The closest weather station with 2012 and 2013 precipitation data 

available is in Artesia, New Mexico, approximately 35 miles west of the study area.  

Yearly annual precipitation is 413 mm (NOAA 2011). From the years 1981 to 2010, 70% 

of the annual precipitation occurred during the months of May through September. 

Summer (May to September) monthly average maximum temperature was 34.2°C and 

the average minimum temperature was 15.7°C (NOAA 2011). Winter (November to 

March) monthly average high temperature was 17.9°C and low temperatures was -0.84°C 

(NOAA 2011). Ownership of the land within the area is either the State of New Mexico 

or the United States federal government.  
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During the week of June 20, 2011, four disturbed sites on federal land were 

identified for use. The locations of these four sites were recorded with the use of GPS 

(Site 1: +32° 48' 38.66", -103° 48' 28.19"; Site 2: +32° 48' 39.74", -103° 48' 14.15"; Site 

3: +32° 48' 20.48", -103° 48' 12.80"; Site 4: +32° 48' 0.57", -103° 48' 14.85"). All four 

sites are within the sandhills of the NRCS New Mexico Chihuahuan Desert Grassland 

land resource unit (NRCS 2013). Sites 1, 3, and 4 are in soils belonging to the Kermit 

series, while site 2 is located in the Pyote series (NRCS 2013). Although land use history 

of the sites is largely unknown, federal grazing permits are issued and have been issued 

for these areas in the past; stocking rates are low, since the semi-arid shin-oak rangeland 

does not support high livestock densities (Matt Mathis, CEHMM, personal 

communication). The immediate disturbances to the sites are also not well documented, 

though two of the sites (1 and 3) were utilized as access roads to well sites, while the 

disturbances that created the other two sites are unknown. 

 

Methods 

To identify the ability of shin-oak to sprout naturally after disturbance, a series of 

density and cover measurements were taken at the four disturbed sites. During the week 

of August 14, 2011, random pairs of points were selected and marked with metal stake at 

each of the four sites to establish permanent measurement locations. The locations of the 

points were also recorded with the use of GPS. Transects were established perpendicular 

to the line between each of the point pairs. Transects were evenly spaced with randomly 

selected starting points. Either 6 or 7 transects were established with 6 or 8 meters 

between each transect, depending on the size of the disturbance being measured. 
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Transects were between 15 and 25 meters in length, again depending on the size of the 

area.  The starting positions for recording data along the transects were randomly selected 

on each visit to the sites.  

Density and canopy cover of shin-oak and density of grass plants were measured 

along each transect via belt transect (density) and line intercept (canopy cover) methods 

(Canfield 1941, Herrick et al. 2005). Belt transects were one meter wide. Density of shin-

oak and grass species was recorded by counting basal crowns at the soil surface. Grass 

individuals were not identified to species, but were grouped as a grass functional group. 

Individuals were considered to be included in the transect when the approximate center of 

the crown was within the belt. Shin-oak canopy cover was recorded via the line intercept 

method, utilizing the same transect as used for the belt (Canfield 1941). Line intercept 

results were recorded to the millimeter. Belt transect measurements were conducted 

during the weeks of August 14, 2011, November 6th 2011, November 4th 2012, May 12th 

2013, and August 5th, 2013. Line intercept measurements were conducted during the 

weeks of August 14, 2011, November 4th 2012, May 12th 2013, and August 5th, 2013. 

Data were analyzed using least squares model analysis in JMP 10 (SAS 2012). 

Date of collection was used as a fixed effect. Transect data were nested within site and 

modeled as random effects. Cover data were transformed via the logit transformation for 

proportion data. Density data were transformed via the square root transformation for 

data with rare events. When a significant effect was detected, mean separation was 

performed via Tukey-HSD (SAS 2012). 
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Results 

Percent Cover 
Percent shin-oak cover for the four sites measured at each occasion varied 

between 8.04% and 25.73%. Results indicated no significant influence of measurement 

occasion (F(3) = 0.3421, p = 0.7950) (Figure 2.1).  

 

Density 
Density rates for shin-oak varied between 0.52 and 4.06 individuals per m2. 

Analysis results indicated a significant influence of measurement occasion on shin-oak 

density (F(4) = 6.7305, p = <0.0001). A Tukey-HSD post-hoc analysis indicated that 

densities were significantly lower during the May 2013 measurement (Figure 2.2). 

Parameter estimate results indicated that the measurements taken in November 2011 and 

May 2013 significantly influenced shin-oak density (Table 2.1). 

Density rates for grass species varied between zero and 15.73 individuals per m2. 

Analysis results indicated a significant influence of measurement occasion on grass 

density (F(4) = 63.1624, p = <0.0001). A Tukey-HSD post-hoc analysis indicated that 

grass densities varied across several of the measurement occasions (Figure 2.3). 

Parameter estimate results indicated that the measurements taken at all occasions 

significantly influenced grass density (Table 2.2). 

 

Discussion 

Density rates for grass were greatly dependent on the time at which the 

measurements were made. Within the shin-oak dominated landscape, droughts are 

common. During the year 2012, the study area received less than 50% of the average 
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annual rainfall (NOAA 2013). At 3 of the 4 sites, grass densities decreased between the 

November 2011 and November 2012 measurements. Droughts have a greater impact on 

grasses than shrub species and may be responsible for variation in overall grass densities 

during this study (BLM 1977). The fact that grass densities also increased after months in 

which precipitation occurred supports this conclusion. 

Shin-oak density and cover did not vary as much as grass density. In fact, cover of 

shin-oak did not vary significantly at any site. This was likely caused by shin-oak 

exhibiting marcescence, or the retention of non-photosynthetically active leaves. 

Following a drought event, shin-oak can maintain dormancy and may not produce new 

leaf tissue (Jones and Pettit 1980). At the study sites, senescent shin-oak leaves did not 

appear to drop from the plants for several months, possibly longer than a year. While 

shin-oak densities did vary between a few of the measurements at some sites, the 

majority of measurements did not vary significantly.  

The nature of the ongoing drought in this semi-arid climate, combined with the 

slow growing species probably prevented any detectable differences in density over the 

relatively short 3-year period. No increases were identified to suggest that shin-oak at any 

of the sites is expanding into the disturbed areas. In a previous study, shin-oak expansion 

into areas devoid of competition was described as rapid (Muller 1952), and expansion 

rates have been recorded between 30 and 60 cm within the first year post-disturbance 

(Nellessen 2004). The display of marcescence and lack of new leaf tissue development in 

shin-oak, and the low density of grass species during this study give support to the 

hypothesis that the lack of growth and recovery in these disturbed areas was at least 

partially due to drought.  
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Shin-oak density estimates found between zero and 16 individuals per m2 during 

this study are considerably less than estimates from previous studies. Past estimates 

indicated the number of individuals to occur between 30 and 75 individuals per m2 in 

both grazed and ungrazed sites (Dhillion et al. 1994 and Zhang 1996). This is a reduction 

in shin-oak density by at least 50%. This result supports the conclusion that disturbance 

impacts are severely restricting shin-oak growth. 
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Tables and Figures  

Table 2.1 Parameter estimates from least squares model analysis of shin-oak density at 
disturbed sites in Lea, Co., NM in 2011-2013. Significance at 0.05 level indicated by *. 
Term Estimate Std Error DFDen t Ratio Prob>|t| 
Intercept 1.3588 0.0674 24 20.16 <0.0001* 
August 2011 0.1148 0.0737 96 1.56 0.1226 
November 2011 0.1653 0.0737 96 2.24 0.0272* 
November 2012 -0.0951 0.0737 96 -1.29 0.1998 
May 2013 -0.3334 0.0737 96 -4.52 <0.0001* 
 
Table 2.2 Parameter estimates from least squares model analysis of grass species density 
at disturbed sites in Lea, Co., NM in 2011-2013. Significance at 0.05 level indicated by *. 
Term Estimate Std Error DFDen t Ratio Prob>|t| 
Intercept 1.2465 0.0801 24 15.56 <0.0001* 
August 2011 -0.6755 0.1134 96 -5.96 <0.0001* 
November 2011 1.4407 0.1134 96 12.71 <0.0001* 
November 2012 0.5699 0.1134 96 5.03 <0.0001* 
May 2013 -0.2731 0.1134 96 -2.41 0.0179* 
 

  
Figure 2.1 Shin-oak percent cover at disturbed sites in Lea, Co., NM in 2011-2013. Error 
bars represent standard error. Statistical tests were conducted on logit transformed data. 
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Figure 2.2 Shin-oak density at disturbed sites in Lea, Co., NM in 2011-2013. Error bars 
represent standard error. Mean differences are significant at the 0.05 level and are 
indicated by lowercase letters. Statistical tests were conducted on square root transformed 
data. 
 

  
Figure 2.3 Grass density at disturbed sites in Lea, Co., NM in 2011-2013. Error bars 
represent standard error. Mean differences are significant at the 0.05 level and are 
indicated by lowercase letters. Statistical tests were conducted on square root transformed 
data.  
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Chapter 3  

Rhizome shoot production in growth chambers 

 

Introduction 

Shin-oak (Quercus havardii) is a species in the white oak group found in areas 

between southeastern New Mexico and southwestern Oklahoma. It is a deciduous shrub 

with low growth rates and generally less than 2 meters in height. Shin-oak is an important 

species in these habitats, in which it is often the dominant plant (Harrell et al. 2001). 

Shin-oak reproduces almost exclusively via underground rhizomes (Dhillion 1999); it 

does have the ability to reproduce sexually, but does so infrequently (Muller 1951, 

Wiedman and Penfound 1960, Mayes et al. 1998). Acorn crop production is infrequent, 

occurring once every decade and is highly dependent on spring precipitation (BLM 1979, 

Pettit 1986). 

Oil and gas exploration and production have been occurring for decades in the 

same areas in which shin-oak dominates. The disturbances caused by exploration and 

development are widespread in southeastern New Mexico (Bailey and Painter 1994), and 

development activities, including roadways, pipelines, and well sites, have lasting 

impacts on the shin-oak dominated landscape. These impacts have been identified as 

negatively affecting shin-oak stands and the species that depend on them (Hibbitts et al. 

2013, Ryberg et al. 2013).  

Little information is known about the sprouting of shin-oak rhizomes. No studies 

have been conducted testing the ability of shin-oak rhizomes to produce shoots, or when 

success occurs at the highest rates, though a study has been conducted on Gambel oak 
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(Quercus gambelii), a related species (Schier 1983). This study was focused on light/dark 

exposure and comparisons between Gambel oak and chokecherry (Prunus virginiana). 

No attempt was made to identify differences between media or time of collection.  

In order to identify the ability of shin-oak rhizomes to produce shoots and the 

timing that maximizes the number of sprouts, a series of experiments were conducted and 

focused on the season of rhizome collection, growth medium substrate, and growth 

chamber temperatures. Identification of techniques to maximize shin-oak shoot 

production will aid future restoration of the shin-oak dominated landscape by providing a 

better understanding of the mechanisms and timing of shin-oak shoot production.  

 

Study Area 

The study area was located in Lea County, New Mexico as described in Chapter 2 

(this thesis). During the week of June 20, 2011, four undisturbed sites on federal land 

were identified for collection of shin-oak rhizomes. The four locations occur within sand 

dune areas dominated by shin-oak. The locations of these four sites were recorded with 

the use of GPS (Site 1: +32° 47' 7.95", -103° 48' 59.79"; Site 2: +32° 47' 9.29", -103° 48' 

43.76"; Site 3: +32° 47' 31.14", -103° 48' 19.74"; Site 4: +32° 48' 45.04", -103° 48' 

36.86"). These sites are different than those reported in Chapter 2 (this thesis), though 

within 3.5 kilometers. The land use history of the sites is largely unknown, but the sites 

have not been directly influenced by disturbances caused by oil and gas exploration and 

production. Federal grazing permits are issued and have been issued for these areas in the 

past, though stocking rates are low (Matt Mathis, CEHMM, personal communication). 
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Methods 

A preliminary study was conducted to develop the final study methods. The 

preliminary study utilized rhizomes collected from four disturbed areas and sprouted with 

2 experimental treatments: collection site and sprouting location. Collection site had 4 

levels, corresponding to 4 different undisturbed sites. Sprouting location had 4 levels: lath 

house, germination chamber, lab cabinet, and lab window. The preliminary study 

indicated that rhizomes needed approximately 10 nodes to sprout effectively. Rhizomes 

were not responsive to light or dark, which was the opposite of what was found for a 

related oak species (Schier 1983). The number of days to sprout ranged from 7 to 33 with 

an average of 20.53 days (SD = 6.07). Preliminary results also indicated that a change of 

5°C between night and day decreased sprouting success. 

In order to further test the ability of shin-oak rhizomes to sprout after a 

disturbance, I conducted a completely randomized experiment with 4 experimental 

treatments: collection site, collection period, sprouting substrate, and sprouting 

temperature. Collection site had four levels, corresponding to the four different 

undisturbed sites described above. Collection period had four levels: fall, winter, spring, 

and summer. Sprouting substrate had 3 levels: germination paper, unsterilized field soil, 

and sterilized field soil. Field soil was collected from the undisturbed sites adjacent to the 

sites from which rhizomes were collected, 2-6 days before the collection of rhizomes. 

Half of the soil collected was exposed to four hours of high-pressure steam within a 

steam room at the biology department of Texas Tech University for sterilization. Finally, 

I tested 3 temperatures: 15°C, 22.5°C, and 30°C.  
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To locate rhizomes for collection, soil was excavated by hand in randomly chosen 

locations at each of the collection sites. An attempt was made to minimize the impact of 

soil excavation and rhizome collection. Only small areas (less than 1 square meter) were 

excavated at a time with at least 1 meter between spaces. An attempt was made to not 

remove all rhizomes that were located within each excavation point to minimize impact 

to established stands. In order to test rhizomes’ ability to produce shoots, only rhizomes 

not actively growing were collected for use. Growth activity was determined by visual 

inspection. Rhizomes were considered to be actively growing when new meristematic 

tissue was present. The four rhizome collections were conducted during the weeks of 

November 11th 2012 (Fall), January 20th 2013 (Winter), April 1st 2013 (Spring) and June 

1st 2013 (Summer). Approximately 80 samples were collected at each of the 4 sites 

during each of the 4 collection periods. 

After collection, rhizomes were stored on ice and immediately transported to the 

lab at Texas Tech University. At the lab, rhizomes were prepared by cutting so that each 

included at least 10 nodes, which resulted in rhizome sections of approximately 12cm in 

length. A second review of collected rhizomes was conducted to insure that none were 

actively growing. After preparation, rhizomes were randomly placed within plastic 

germination containers that were 10 cm x 10 cm in size and had been prepared with the 

appropriate germination substrate (two layers of germination paper, three cm of sterilized 

field soil, or three cm of unsterilized field soil). Containers were prepared 1-2 days before 

the collection of rhizomes. Rhizomes placed within the soil or sterilized soil containers 

were covered with soil. After rhizomes were randomly placed individually in containers, 

each sample container was watered with filtered water and covered with a lid. After each 
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container was filled they were transported to the appropriate growth chamber, 

corresponding to the assigned temperatures (15°C, 22.5°C, and 30°C). All three chambers 

were set to a cycle of 12 hours light and darkness. The varying combinations of collection 

site, collection period, growth medium, and temperature created 144 unique 

combinations. Eight replicates were used for each combination, yielding 1,152 total 

samples.  

Samples were maintained in growth chambers for 8 weeks, and watered as 

necessary to maintain equal moisture; water usually was added about every 3 to 6 days, 

depending on the chamber temperature. Samples were removed from the growth 

chambers after the 8 weeks, and success and failure rates were identified and recorded for 

each sample. Shoot production success was defined as the presence of new meristematic 

tissue.  

Data were analyzed using least squares modeling in JMP 10 (SAS 2012). Model 

effects included a full factorial design using collection period, temperature, and growth 

medium. Site of collection was used as a random effect. 

 

Results 

The total average shoot production rate across all treatments was 18%. Average 

shoot production rates for the four collection periods were 22, 6, 24, and 22% for the fall, 

winter, spring, and summer collections, respectively (Figure 3.1). The least squares 

model analysis indicated significant influences by some of the model parameters. Effect 

likelihood tests indicated significant effects from 3 of the 7 parameters (Table 3.1). Five 

of the 35 parameter estimates were significant (Table 3.2). Results indicated the winter 
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and spring collection periods had a significantly larger influence on sprouting success 

rates than the other collection periods. Results also indicated the paper medium had 

significant influences on sprouting success rate over the alternatives. One interaction 

parameter was indicated as significant, the fall collection, paper, and 15°C. 

Observation of germination of non-target taxa in field soil substrate 

During the eight-week experiments, seeds of vascular species other than shin-oak 

rhizomes germinated in seventeen non-sterile field soil experimental units out of the 768 

samples using sterile and non-sterile soil media. No shoots other than from shin-oak 

rhizomes occurred in the samples using the sterilized soil medium.  

 

Discussion 

These data support rhizome collection anytime except late fall and winter. The 

significantly lower shoot production rate during the winter collection (6% versus 22% or 

24%) is opposite of what one might expect based on the little that is known of shin-oak 

carbohydrate physiology. Carbohydrate nutrient storage in shin-oak peaks during 

November and gradually deplete through April (Bóo and Pettit 1975). I therefore 

expected that the highest shoot production would coincide with maximum nutrient 

storage, opposite of what was identified during this study. If this was the case, lowest 

shoot production would have been found when carbohydrates were at the lowest levels as 

well. The temperature utilized while inducing rhizomes to produce shoots appears not to 

have a significant impact on sprouting success. The impact of temperature appeared to be 

variable with one temperature producing the most shoots in one collection then the lowest 

during the next collection period. While not significant, 15°C produced the highest 
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number of shoots during the fall collection, 22.5°C produced the most during the spring 

collection, and 30°C produced the most during the summer collection. No single 

temperature in which rhizomes were stored consistently had higher shoot production 

rates.  

Among the three media tested, germination paper consistently produced a greater 

number of shoots. Germination paper doubled the production of shoots over both the soil 

and sterile soil. I recommend using germination paper as a first stage to produce sprouted 

rhizomes as a propagation source. Transplantation of successfully sprouted rhizomes to 

soil (in greenhouse or field) shortly after shoot production will then be necessary to 

prevent rhizome failure. Samples that sprouted early in this study often wilted and died 

before the end of the 8-week study. 

There are 2 possible explanations for the differences observed between the 

germination paper and soil. The exploratory analyses ruled out differences between light 

exposures as a source, though this could be explored further. Germination paper samples 

required more frequent watering than soil samples. This difference in watering 

frequencies was more pronounced as growth chamber temperatures increased. 

Anecdotally, germination paper samples were more frequently “dry” and were more 

likely to be exposed to a wet/dry cycle. This could be a more accurate representation of 

the natural environment in which shin-oak grows. Rhizomes found within the top few 

centimeters of soil are exposed to similar situations of dry and wet cycles, although not as 

frequent as those in the growth chambers (NOAA 2011).  

Interactions between collection period, medium, and temperature suggest that the 

differences seen between mediums may be limited by other influences. In only three 
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instances was sprouting success rate in a combination with paper significantly higher than 

combinations with soil or sterilized soil.   
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Tables and Figures 

Table 3.1 Effect likelihood ratio tests from least squares model for sprout production 
success rates of rhizomes collected in Lea Co., NM 2011-2013. Significance at 0.05 level 
indicated by *. 
Term Nparm DF F Ratio Prob>F 
Collection Period 3 3 12.5727 <0.0001 
Medium 2 2 12.7725 <0.0001 
Collection Period*Medium 6 6 0.6301 0.7059 
Temperature 2 2 0.5145 0.5993 
Collection Period*Temperature 6 6 1.813 0.1035 
Medium*Temperature 4 4 0.1272 0.9723 
Collection Period*Medium*Temperature 12 12 1.946 0.0368 

Texas Tech University, W. Jarrad Davis, December 2013



31 

Table 3.2 Parameter estimates from least squares model for sprout production success 
rates of rhizomes collected in Lea Co., NM 2011-2013. Significance at 0.05 level 
indicated by *. 
Term Estimate Std Error DFDen t ratio Prob>|t| 

Intercept 1.3708 0.0505 3 27.16 0.0001 

Collection Period[1] -0.1746 0.1505 105 -1.16 0.2486 

Collection Period[2] 0.9092 0.1505 105 6.04 <0.0001 

Collection Period[3] -0.4444 0.1505 105 -2.95 0.0039 

Medium[1] -0.6144 0.1229 105 -5 <0.0001 

Medium[2] 0.3855 0.1229 105 3.14 0.0022 

Collection Period[1]*Medium[1] -0.2725 0.2128 105 -1.28 0.2031 

Collection Period[1]*Medium[2] 0.1385 0.2128 105 0.65 0.5166 

Collection Period[2]*Medium[1] 0.1341 0.2128 105 0.63 0.5299 

Collection Period[2]*Medium[2] 0.1239 0.2128 105 0.58 0.5615 

Collection Period[3]*Medium[1] 0.2110 0.2128 105 0.99 0.3237 

Collection Period[3]*Medium[2] -0.1331 0.2128 105 -0.63 0.5330 

Temperature[1] 0.0807 0.1229 105 0.66 0.5127 

Temperature[2] -0.1226 0.1229 105 -1 0.3206 

Collection Period[1]*Temperature[1] 0.3822 0.2128 105 1.8 0.0753 

Collection Period[1]*Temperature[2] -0.0238 0.2128 105 -0.11 0.9112 

Collection Period[2]*Temperature[1] -0.1099 0.2128 105 -0.52 0.6067 

Collection Period[2]*Temperature[2] -0.2088 0.2128 105 -0.98 0.3288 

Collection Period[3]*Temperature[1] -0.1825 0.2128 105 -0.86 0.3932 

Collection Period[3]*Temperature[2] -0.2075 0.2128 105 -0.98 0.3317 

Medium[1]*Temperature[1] -0.1115 0.1738 105 -0.64 0.5225 

Medium[1]*Temperature[2] 0.0764 0.1738 105 0.44 0.6609 

Medium[2]*Temperature[1] 0.0961 0.1738 105 0.55 0.5813 

Medium[2]*Temperature[2] -0.0687 0.1738 105 -0.4 0.6934 

Collection Period[1]*Medium[1]*Temperature[1] -0.6053 0.3010 105 -2.01 0.0469 

Collection Period[1]*Medium[1]*Temperature[2] -0.1201 0.3010 105 -0.4 0.6908 

Collection Period[1]*Medium[2]*Temperature[1] -0.3569 0.3010 105 -1.19 0.2383 

Collection Period[1]*Medium[2]*Temperature[2] 0.2333 0.3010 105 0.78 0.4400 

Collection Period[2]*Medium[1]*Temperature[1] 0.1713 0.3010 105 0.57 0.5704 

Collection Period[2]*Medium[1]*Temperature[2] -0.4370 0.3010 105 -1.45 0.1495 

Collection Period[2]*Medium[2]*Temperature[1] 0.1433 0.3010 105 0.48 0.6351 

Collection Period[2]*Medium[2]*Temperature[2] -0.0203 0.3010 105 -0.07 0.9462 

Collection Period[3]*Medium[1]*Temperature[1] 0.5511 0.3010 105 1.83 0.0699 

Collection Period[3]*Medium[1]*Temperature[2] 0.2087 0.3010 105 0.69 0.4895 

Collection Period[3]*Medium[2]*Temperature[1] -0.0372 0.3010 105 -0.12 0.9018 

Collection Period[3]*Medium[2]*Temperature[2] 0.2367 0.3010 105 0.79 0.4333 
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Figure 3.1 Sprout production success rates from rhizomes collected in Lea, Co., NM in 2011-2013. Error bars represent 
standard error. 
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Chapter 4 

Rhizome shoot production in-situ in disturbed habitat 

Introduction 

Shin-oak (Quercus havardii) is a small statured, slow growing, deciduous shrub 

found in areas between southeastern New Mexico and southwestern Oklahoma (Peterson 

and Boyd 1998). It is generally found in sandy soils, where it can be the dominant species 

(Harrell et al. 2001). Shin-oak reproduces almost exclusively via underground rhizomes, 

(Dhillion 1999), though it does possess the ability to reproduce sexually on rare occasions 

(Muller 1951, Wiedman and Penfound 1960, Mayes et al. 1998). Acorn production 

occurs infrequently (estimates range from 1 in 10 years to 4 in 10 years) and is highly 

dependent on environmental conditions (BLM 1979, USDOE 1980, Pettit 1986). Many 

species of mammals, reptiles, and birds are dependent on shin-oak, including lesser 

prairie chicken (Tympanuchus pallidicinctus) and the sand dunes lizard (Sceloperus 

arenicolus), both of which are listed as vulnerable on the IUCN Red List (IUCN 2013a, 

IUCN 2013b).  

The areas in which shin-oak occurs often coincide with areas of oil and gas 

exploration and production. This is particularly the case in southeastern New Mexico. 

The development of oil and gas infrastructure has many negative impacts on the 

environment with varying disturbance lengths. Of particular concern is habitat 

fragmentation by the construction of roadways, pipelines, and oil well pad sites (Bailey 

and Painter 1994). The impacts of these disturbances have been identified as negatively 

affecting shin-oak stands and the species that depend on them (Hibbitts et al. 2013, 

Ryberg et al. 2013).  
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No studies have been conducted quantifying the ability of shin-oak rhizomes to 

produce shoots in the field. A study has been conducted on gambel oak, a related species 

in lab settings (Schier 1983), but focused on light/dark exposure and comparisons 

between different species using a synthetic substrate medium. To identify the ability of 

transplanted shin-oak rhizomes to produce shoots in the environment from which they are 

collected and contrast this rate to those sprouted in lab conditions, I conducted an 

experiment by transplanting shin-oak rhizomes to new locations in the field and 

observing their sprouting response.  

Study Area 

The study area was located in Lea County, New Mexico as described in Chapter 2 

(this thesis). The same four disturbed areas used previously were used for this 

experiment. The sites are shin-oak dominated sand dunes, negatively influenced by oil 

and gas exploration and production within the sandhills of the New Mexico Chihuahuan 

Desert Grassland land resource unit (NRCS 2013). Two of the four sites were previously 

used as access roads to oil well sites, while the cause of disturbance at the other two sites 

is unknown. 

Methods 

On 4 November 2012, I collected rhizome pieces from stands adjacent to the 

previously identified disturbed areas (Chapter 2, this thesis). Collection techniques, 

including locations and frequency of rhizome excavations, were the same as explained in 
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Chapter 3 (this thesis). Rhizomes were collected by hand digging during the week of 

November 4th, 2012. 

After removal, rhizome pieces were cut into 10 node segments or approximately 

12cm in length. A second review was conducted to insure no samples collected were 

actively growing. Active growth was identified by the presence of new meristematic 

tissue. Fiberglass mesh bags were prepared to hold rhizome pieces by folding a 25 cm by 

25 cm mesh piece in half and sealing the edges with staples. Five rhizome pieces were 

randomly selected and placed in each bag, with 10 bags installed per site. This created 50 

samples per site, and 200 bags total. Bags were closed and buried at each disturbed site 

with one meter spacing between each bag. Location of the buried bags was chosen 

randomly within the disturbed area. Each bag was buried between 15 and 30 cm below 

the soil surface similar in depth from which the rhizomes were collected. Individual bags 

were marked with a flag immediately after burying for later relocation and analysis. Bags 

were buried during the week of November 4th, 2012, the same day as collected.  

On 30 May 2013, after approximately 7 months, the rhizome bags were collected. 

Rhizomes were removed from the bags and shoot production success and failure was 

identified for each. Shoot production success was defined as the presence of new 

meristematic tissue. Data were analyzed using the chi-square analysis in JMP 10 (SAS 

2012). 

Results 

Shoot production success rates were 22% and 16% for sites 1 and 2, respectively 

(Figure 4.1). Sites 3 and 4 both had zero sprouting occur in any of the 50 samples 
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resulting in an overall shoot production success rate of 9.5%. Chi-square results indicated 

a significant difference between the sites (N = 200, DF = 3, p = <0.0001). 

Discussion 

Disregarding the two sites with zero shoot production success rates, Sites 1 and 2 

had similar success rates when compared to those produced in the lab. Overall averages 

for rhizomes sprouted within the lab had average sprouting rates between 17 and 19% 

(Chapter 3, this thesis). Specific combinations of temperature and medium substrate 

produced rates around 30%, well above the 16 and 22% produced in the field.  

High variability between sites indicates the possibility of several negative impacts 

from disturbances on environmental processes preventing the growth of shin-oak into 

disturbed areas. The lack of rhizome sprouting success in sites 3 and 4 may indicate a 

differing effect of disturbance from sites 1 and 2. It will be necessary to identify the 

variations between disturbances that are affecting shin-oak growth. 

One possibility is the amount of calcium carbonate in the soil. While soil surveys 

were not conducted in this study, another study has indicated a negative influence of 

increasing amounts of calcium carbonate in soils on shin-oak growth (Wiedeman and 

Penfound 1960), though this effect has not been observed elsewhere (Small 1975). 

Decreasing distances to subsurface caliche layers have also been associated with 

reduction in size and density of shin-oak (Pettit 1978, Sullivan 1980). Caliche, hardened 

soil consisting mostly of calcium carbonate, is widely used for the development of semi-

permanent roadways and pad sites within the study region. The development of these 

roadways and pad sites is a large component to the disturbances within the shin-oak plant 
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communities. To determine fully the effects of calcium carbonate on shin-oak growth, a 

focused experiment and analysis will be necessary.  

There are many other factors that could be affecting the differences in shoot 

production rates between sites. These could include: the length of disturbance, time since 

disturbance, size of disturbance, and other environmental variations (Hobbs and 

Huenneke 1992). While not quantified, the slope, aspect, and sun exposure of all four 

sites were similar, limiting the possibly of influences from precipitation runoff and 

infiltration. A drought event did occur the year before this study. Results from Chapter 2 

(this thesis) found low rates of plant densities that also support the possibility of effects 

from low precipitation. This study was conducted after the drought event but before 

precipitation returned to average levels.  

This study was limited in scope but highlights the need for further exploration of 

the impacts disturbances on the shin-oak dominated sand dunes. The low sprouting 

success and high variability between sites necessitates the need for further research to 

fully understand impacts by disturbances in the shin-oak sand dune landscape. 
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Tables and Figures 

Figure 4.1 Graph for analysis of field sprouting success rates by collection site from 
collection in Lea Co., N.M. during November 2012. Error bars represent standard error. 
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Chapter 5 

Conclusions 

From this study, it is evident that the current oilfield restoration practice of 

removing the installed infrastructure only does not allow for disturbed sites to recover 

naturally in the shin-oak sand-dune ecosystems. The lack of spread of shin-oak into 

disturbed sites highlights the need for further restoration techniques after disturbances. 

This study supports the use of rhizomes as a restoration source. Especially if practitioners 

can find a way to further increase the sprouting of shin-oak rhizomes, their use should 

become a viable and economical practice.  

A further need is to identify the conditions that prevent rhizome sprouting and 

recovery in natural conditions, as evidenced by the lack of shin-oak spread into disturbed 

areas in this study. Other research has indicated that shin-oak possesses the ability to 

spread rapidly via rhizomes into disturbed areas (Muller 1952, Nellessen 2004). A 

drought event occurred across the two years of field measurements during this study. This 

event was significant enough that it could have prevented growth into the disturbed areas. 

Anecdotal evidence from publicly available satellite imagery would suggest otherwise. 

Some of the disturbed areas appear to have been devoid of vegetation for, in some cases, 

decades. If this is the case, a condition outside of precipitation is likely to be preventing 

shin-oak re-establishing in disturbed areas.  

Collection of rhizomes should be avoided during the late fall and winter as a 

significant reduction in sprouting success was seen during the study. Rhizomes collected 

while shin-oak is in winter dormancy may require cold storage before sprouting can be 
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induced. Schier (1983) found that cold storage at 2°C was necessary for 121 days before 

shout production from rhizomes in gambel oak could be achieved. Low success rates 

occurred during the field study (winter collection) and rhizomes collected during the 

winter for lab use. Those collected during the winter and directly transplanted to the field 

would have been exposed to a winter cold period. It is unclear if there was insufficient 

cooling or if there were other environmental conditions that caused low sprouting rates in 

the field.  

Low sprouting success and high variability, both in the lab and the field, 

necessitate the need for further techniques to refine the use of rhizomes as a propagation 

source for restoration treatments. Salvage of rhizomes from ongoing disturbances and 

using germination paper while inducing shoot production will allow for removal of 

unsuccessful pieces while the successful pieces could be transplanted back into areas 

needing restoration. The use of a greenhouse stage in between sprouting and 

transplantation could remove the risk of acorn predation by wildlife and insects, a 

common occurrence in shin-oak stands (Peterson and Boyd 1998). The use of rooting 

hormones, such as IBA, on rhizomes could also increase shoot production rates, though 

no evidence supporting the use of rooting hormones on shin-oak rhizomes or related 

species could be located. The use has been identified and supported for other species 

(Tamta et al. 2008). 

Very low rates of shin-oak acorn production are reported in the literature 

(Wiedeman and Penfound 1960, Pettit 1977, Dhillion et al. 1994), which supports the use 

of shin-oak rhizomes as a propagation source. While sprouting rates for rhizome shoot 

production were low, they were still relatively high compared to reported rates of acorns 
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production and sprouting in the field (Dhillion et al. 1994). The continued exploration of 

rhizome use as a propagation source will identify further techniques and practices to 

increase success rates. 
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