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ABSTRACT 

Buffalograss [Buchloe dactyloides (Nutt.) Engelm.] is a well adapted 

species and one of the most drought tolerant grasses native to the semi-arid 

Southern Great Plains. Successful establishment of buffalograss is often limited 

by date of planting, seeding rate and type of seed. Buffalograss response to 

drought stress is to enter dormancy with very rapid regrovŷ h when water 

becomes available. Characterization of other phenotypic responses to drought 

have not been established due to the lack of a suitable drought stress tolerance 

test. 

This dissertation presents the results of several studies conducted at the 

Texas Tech Plant Laboratory in Lubbock, Texas during three years to determine 

the optimal planting dates as well as seeding rates and type of seed to use. A 

modified tray system was designed to test buffalograss seedlings at two drought 

stress levels. 

Results indicated that when the cultivars 'Comanche' and 'Texoka' were 

used, optimal dates to obtain turfs with good stand density and quality are from 

mid May to mid July. Caryopses always produced higher stand establishment 

two and four weeks after planting. 

Experiments conducted to determine the optimal seeding rates and type 

of seed using 'Comanche' buffalograss indicated that rates of 1125 to 1875 

caryopses m̂ "̂  gave optimum stand establishment and turf quality. Caryopses 

had a faster emergence and had less seedling mortality than burrs. However, 

final density and turf quality were not affected by type of seed and planting rate . 

A test to assess the drought tolerance of buffalograss seedlings was 

designed modifying a PEG-based tray system used to measure drought 

tolerance in forage grasses. The modified test uses variable day/night 

temperatures and an open container to allow constant air movement at leaf 

level. After tests were performed on over 1000 seedlings in each of four 



populations, no significant differences between drought stress levels or 

populations were found. Seedling survival ranged from 0.6 to 1.5 percent 

measured after plants were rewatered. The system proved to be useful for 

buffalograss seedling screening with adequate calibration for type of soil used 

and chamber conditions. 
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CHAPTER I 

INTRODUCTION 

Buffalograss [Buchlo^ dactyloides (Nutt.) Engelm.] is a natural component 

of the grasslands of Central North America (Hitchcock, 1936). It is considered 

the oldest grass in this region with archaeological evidence of its existence five 

million years ago (Wu etal., 1989). Historically, buffalograss has been used 

primarily for forage (Beetle, 1950). Among the short, native range grasses, 

buffalograss is considered the most drought tolerant. Its stress tolerance, low 

nutritional requirements and short stature, has increased interest in use of this 

species as a low maintenance turfgrass (Wu et al., 1989). Only limited 

information is available on cultural practices such as planting rates and planting 

dates for the Southern Great Plains of the United States needed to optimize 

establishment. Dormancy is the primary means that buffalograss uses to avoid 

drought. A technique to screen for drought tolerance is also needed. 

This study had the following objectives: 

1. to evaluate the impact of using differential planting dates on establishment 

and turf quality; 

2. to evaluate the impact of different planting rates on establishment and turf 

quality; and 

3. to develop a screening procedure to select for drought tolerance using a 

modified tray system. 

Two field studies were conducted over three years at Lubbock, Texas to 

determine optimum planting dates and planting rates. The drought tolerance 

screening procedure was developed by conducting a series of experiments in 

the growth chamber and greenhouse over several months. 



CHAPTER II 

LITERATURE REVIEW 

Buffalograss 

Buffalograss [Buchloe dactyloides (Nutt.) Engelm.] is one of the primary 

components of the natural vegetation of the Great Plains (Hitchcock, 1936). It is 

considered to be a warm season grass but its range of adaptation includes high 

altitudes, transition zones and northern latitudes where cool-season grasses are 

common (Turgeon, 1991). Buffalograss is adaptated to areas of 300 to 650 mm 

of rainfall. This species prefers heavy soils but can be found on a wide range of 

soil types. It can be considered to be moderate in salt tolerance (Wu and Lin, 

1994). Tolerance to salt stress is considered to be through an exclusion 

mechanism. Buffalograss is a low-growing, long-lived, drought-resistant, 

perennial grass which spreads vegetatively by numerous stolons. The profuse 

branching of the stolons allows buffalograss to form a dense sod. The leaves 

are short, dense and flat, covered by fine hairs giving the surface a green-gray 

color. Regardless of when the seed is planted, germination will not take place 

until the days become warm in the spring. Established plants will initiate new 

growth at lower temperatures than the temperatures required for seed 

germination but its growth rate is slow. With the advent of the short days and 

cooler nights, the vegetative growth slows and practically ceases by the time of 

the first killing frost which increases the cold tolerance of this species. 

Buffalograss does not survive in dense shade which limits its use for many 

landscape purposes (Wenger, 1943). Natural populations show high levels of 

phenotypic variability. Individual plants growing side by side in the same 

environment may differ in respect to number, length and width of leaves; number 

and size of both inflorescence and seeds; ability to spread; susceptibility to 

certain diseases as well as other traits. 



Buffalograss avoids drought by becoming dormant but posesses other 

stress tolerance characteristics such as a fine-branched root system; aggressive 

low growing aerial parts; and leaf rolling in response to moisture stress (Savage 

and Jacobson, 1935). The most characteristic responses of drought-dormant 

buffalograss plants are their rapid ability to renew growth after a minimum of 

water becomes available (Shantz, 1911). 

The renewed interest in buffalograss as a turfgrass has been due to its 

adaptation to semi-arid conditions and good turf characteristics. Some 

characteristics are highly heritable like spring color h =̂ 0.62 (Browning et al., 

1994). Others traits such as turf quality have low heritabilities ĥ  = 0.11 to 0.44. 

The ability of this grass to withstand traffic, tolerate heat, survive with a minimum 

of moisture, need for minimal fertilization, less frequent mowing and tolerance to 

many common pests and diseases make it attractive to both homeowners and 

commercial turfgrass managers. Buffalograss can also be used for landscapes 

with other native plants (Pozarnsky, 1983). 

Buffalograss can be established by seeds, sod, plugs or stolons. 

Previous reports indicated that establishment from seed was less consistent 

(Savage, 1934), but it remains the most commonly used method for establishing 

large areas of buffalograss (Dan Ryan, personal communication 1992). Use of 

seed has also increased as improved cultivars have been developed and the 

availability of good quality seed has increased. Vegetative establishment is 

required in cultivars such as 'Prairie', (Engeike and Lehman, 1990) and '609', 

(Riordan etal., 1992), which are selections of female plants. 

Buffalograss requires low levels of water and fertility for survival (Correll 

and Johnson, 1970). Under semi-arid conditions buffalograss required less 

irrigation to maintain good turf quality than either tall fescue and zoysiagrass 

(Hicks etal., 1984). However, under irrigation, nitrogen-fertilized buffalograss 

had higher turf quality ratings than the non-fertilized treatments (Hipp, 1986). 

Jackson et al. (1995) reported visual foliar toxicity at relative high levels of 0.5 



mM B, 2 mM Cu, 4 mM Fe, 6 mM Mn, 1 mM Mo, and 4 mM Zn. Biomass yield 

was reduced only at high levels of 2 mM B, 6 mM Cu, or 2 mM Mo. 

There are few studies related to the reproductive biology of buffalograss 

which is a dioecious species (Wenger, 1943). Buffalograss expresses 

synaptospermy, since it forms burrs which help keep the seeds together until 

germination (PijI, 1982). There is evidence that synaptospermy is advantageous 

to dioecious plants (Quinn, 1986). Naturally occurring populations usually show 

sex ratios of one to one male to female (Quinn and Engel, 1986). However, 

ratios of one male to one female to one monoecious have been observed (Shaw 

et al., 1987). Up to 10% of individual plants collected from some natural 

buffalograss populations were monoecious (Harlan, 1946). One of the 

characteristics of dioecious species are structural differences between male and 

female inflorescences. In buffalograss these differences were sufficient such 

that plants of each sex were classified in different genera, the staminate (male) 

plant to Sesleria and the pistillate (female) to Anthephora (Beetle, 1950). Only 

after the discovery of the monoecious form (a single plant bearing both male and 

female sex forms) were the male and female sex forms classified as a single 

species (Engelmann, 1859). Yin and Quinn (1994) found significant differences 

within plants of the same sex in number of inflorescences and the sex ratio of 

inflorescence in monoecious plants. They also suggested the hypothesis that a 

mutation reducing giberellin levels or its activity led to simultaneously shortened 

culms, contracted inflorescences, and increased number of female flowers may 

have initiated the evolution of dioecy in buffalograss. Buffalograss plants are 

wind-pollinated. The male reproductive culms are several times the height of the 

female culms, whose flowers are generally at leaf level or below and clustered in 

a short spike. Anther color is either red or blue and stigma color purple or clear 

(absence of pigmentation) in diploid populations (Huff, 1991). Anther color in 

diploids was shown to be controlled by a single recesive allele and clear stigmas 

were inherited as a two factorial double recessive trait. The seeds (caryopses) 



are permanently enclosed in hard burrs, which contain from 1 to 6 seeds. The 

burr remains intact even after germination (Quinn and Engel, 1986). 

Buffalograss is found from the northern United States to central Mexico 

where it is thought to have originated (Reeder and Reeder, 1972). Cytological 

studies have shown the existence of three chromosome races with diploid 

(2n=20), tetraploid (2n=40), and hexaploid (2n=60) types (Reeder, 1971; 

Reeder, 1968; Gould, 1965; Reeder, 1967). Although there is no evidence of 

specific locations for any particular ploidy level, most reports show that 

tetraploids and hexaploids are distributed throughout the High Plains. Early 

reports indicated that the hexaploids were the most frequent type in the United 

States (Reeder, 1968, 1971). Hexaploid populations have also been collected at 

altitudes of 2400 m suggesting that higher levels of polyploidy may enhance this 

species adaptation to northern latitudes and higher altitudes (Reeder and 

Reeder, 1972). In this report, the authors indicate that numerous collections 

from Colorado, Wyoming, Nebraska and Montana were tetraploid while plants 

from Texas, southern New Mexico and Oklahoma were hexaploid. This would 

suggests that the tetraploids had migrated farther northward into the United 

States before the hexaploids evolved. However, there is no conclusive evidence 

to support this theory. 

Drought and Heat Stress 

Environmental stresses in semi-arid environments can limit the normal 

development and production of cultivated species (Levitt, 1980). The most 

common limitations in semi-arid environments are the lack of available water 

during critical stages of development and high temperatures during the growing 

season (Blum, 1988). The diversity of microenvironments which occur under 

these climatic conditions increases the difficulty of developing better 

management practices under these conditions. One of the approaches to 



overcome these limitations in semi-arid environments is selection of genotypes 

less sensitive to environmental stresses. 

Drought stress in plants is defined as the lack of available water over a 

sufficiently prolonged period to cause plant damage (Kneebone et al., 1992). In 

turfgrass, drought stress can reduce growth rate, evapotranspiration rate, visual 

quality and the ability to recover from drought-induced dormancy (Beard, 1973). 

The severity of these response may vary with each turfgrass species. 

High temperature stress reduces grass shoot growth, tillering, root growth, 

stand density and leaf size (Duff and Beard, 1974; Yoshida et al., 1981). High 

temperature stress effects plant metabolism and reduces growth. Since the rate 

of most chemical reactions increases with temperature, reductions in growth are 

the result of the inhibition of the plant's metabolism in some physical or chemical 

manner (Yoshida et al., 1981). Stomatal closure can also be damaging at high 

temperatures due to reduced transpirational cooling and increased leaf 

temperature (Levitt, 1980). 

The injury from heat stress is closely asociated to that of water stress. 

Heat stress rarely occurs under field conditions in the absence of water stress 

(Julander, 1945; Wallner et al., 1982). Dessiccation and pest damage can be 

especially severe during periods of sustained high temperature. Drought 

tolerant plant species also have heat tolerance (DiPaola and Beard, 1992). 

Kinbacher (1962) showed that winter oats (Avena byzantina K. Koch) was more 

tolerant to a combination of heat and water stresses than to heat stress alone. 

Wallner ê  al. (1982) found that heat killing time (time required to kill the plant at 

a given temperature) agreed more closely with previously reported drought 

resistances of turfgrass species than traditional methods used. Buffalograss and 

bermudagrass had killing times in excess of 10 h at 50 °C, while for the less 

drought tolerant creeping bentgrass, killing time was only 2.5 h. 

Factors that allow grasses to tolerate environmental stresses include high 

growth rate; efficient extraction of soil water; the ability to survive long periods of 



high temperatures and drought stress; and dormancy (Bittman and Simpson, 

1989). The identification of stress tolerant germplasm and its inclusion in 

breeding programs represents the most important means of overcoming these 

limitations. Currently available cultivars need to be screened for relative stress 

tolerance and the mechanisms responsible for stress tolerance in the best 

genotypes need to be elucidated (Wehner and Watschke, 1981). 

There are different techniques available for testing turfgrasses for drought 

and heat tolerance. Individual tests are necessary to identify each response and 

address the individual components of the response (DiPaola and Beard, 1992; 

Blum, 1988). Much research in turfgrass has been focused on the differential 

establishment of species under environmental stress. The potential to recover 

from stress and the ability to reconstitute a turf are more important for the 

understanding of turf communities (DiPaola and Beard, 1992). Screening within 

a species is very important for selection and management under stress 

environments. The use of combined laboratory and field tests with currently 

available techniques will be the most logical way to understand the responses 

involved and the genetic control of mechanisms of stress tolerance to be 

elucidated. Genotypic differences to environmental stresses have been 

observed which indicates that the application of appropriate methodologies for 

the genetic improvement of stress tolerance can be achieved (Blum, 1988). 
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CHAPTER III 

PLANTING DATE AND CARYOPSES EFFECT ON 

ESTABLISHMENT OF BUFFALOGRASS ON THE 

SOUTHERN GREAT PLAINS 

Introduction 

Buffalograss [Buchol^ dactyloides (Nutt.) Engelm.] is an important 

component of the semiarid grasslands of the North American Great Plains 

(Gould, 1968; Pozarnsky, 1983; Wenger, 1940). This native grass extends from 

central Montana to western Minnesota in the north and western Louisiana, 

Texas, Arizona, and northern Mexico in the south. It is the most widespread of 

five closely related, monotypic, dioecious North American genera of grasses 

(Reeder and Reeder, 1963). Buffalograss is one of the oldest grasses in this 

region with archaeological evidence that it existed five to seven million years ago 

(Wuefa/., 1989). 

Buffalograss is a warm season grass, but its range includes both high 

altitude sites and northern latitudes (Turgeon, 1991). It occurs in areas with 

rainfall between 300 and 650 mm and on a wide range of soils. Buffalograss is 

drought, heat, and cold tolerant, but it does not survive in shade which limits its 

use for some landscape purposes. Although not a premier forage species, 

buffalograss is one of the most important range plants of the Great Plains 

(Gould, 1968; Wenger, 1943). It persists under heavy grazing pressure and 

plays a significant role in preventing soil erosion. Buffalograss has developed 

into a desirable turfgrass species since approximately 1980, due to its drought 

tolerance, low soil fertility requirements, short stature, and low maintenance 

characteristics. 

Buffalograss seed will not germinate until soil temperatures warm to 16 °C 

(Leuthold, 1982). Wenger (1941) found dates from April 10 to 20 provided 

optimum plant establishment in undisturbed soils, and planting until May 15 
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provided good establishment on fallow and cultivated soils in Hays, Kansas. 

Variation in seasonal weather conditions enabled good establishment with 

planting dates prior to June 15. 

Early plantings at Manhattan, Kansas were often damaged by frost while 

late summer plantings did not establish before winter (Leuthoold et al., 1991). 

April and May plantings were recommended to take advantage of spring rainfall 

for seed germination when irrigation was not available. Under irrigation, summer 

plantings (June through July) were best, because seeds germinated faster under 

warm soil conditions and reduced weed competition. 

Falkenberg and Butler (1982) reported good germination and 

establishment when buffalograss was seeded in May at Fort Collins, Colorado. 

However, during the second year of their study, there was no appreciable 

difference between plots seeded in May and those in July. At Manhattan, 

Kansas, Fry etal. (1993) found burrs of 'Sharp's Improved' established better in 

June and July due to warmer temperatures than in April or May. In general, 

plots seeded in July exhibited equal or greater stand establishment than did plots 

seeded in May or June after six weeks. Buffalograss planted in August failed to 

establish adequate stands, but differential seeding rates did not enable 

comparison between years. 

All previous research on seeding dates of buffalograss was conducted in 

the Central Great Plains. Lack of information on planting dates has limited the 

successful establishment of buffalograss planted on the Southern Great Plains. 

The objectives of this study were to evaluate seedling establishment, turf quality, 

and turf density of burrs and caryopses of two cultivars at several planting dates 

at Lubbock, Texas. 
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Materials and Methods 

Burrs and caryopses of the buffalograss cultivars 'Comanche' 

(Davis et al., 1978) and 'Texoka' (Voigt et al., 1975) were supplied by Frontier 

Hybrids (Abernathy, Texas) from seed lots harvested in Bronco, Texas in 1991. 

Burrs were dehulled in early 1992 to provide the caryopses used in this three-

year study. Burrs and caryopses were stored at room temperature throughout 

the study. Seeding dates evaluated in this study ranged from mid-May (Julian 

Date 137) to early September (Julian Date 251) (Table 1). 

Burrs and caryopses (1500 m̂ "̂ ) were planted by hand to ensure an even 

distribution and covered with approximately 0.6 cm of sand to avoid desiccation. 

A micro set sprinkler system applied approximately 50 mm of water immediately 

after planting and an additional 12.5 mm every 3 d during the first 14 d. During 

the third and fourth weeks of the study, the irrigation rate was decreased to 

12.5 mm every 4 d. This irrigation schedule optimized moisture levels for the 

first four weeks after planting. Subsequent irrigation was scheduled on the basis 

of evaporative demand. No fertilizers were applied, and plots were hand 

weeded. Experiments were located at the Texas Tech University Plant Stress 

Field Laboratory at Lubbock, Texas on an Amarillo fine, sandy loam (fine-loamy, 

mixed, thermic Aridic Paleustalfs). 

Data were recorded on the number of live plants two and four weeks after 

planting as well as on turf density and turf quality at the end of the growing 

season. Plants were counted In three 182-cm^ quadrats taken at random from 

each plot. Counts were averaged and converted to plants m̂  prior to data 

analyses. Turf density and quality were visually rated before the first killing frost, 

using a one to nine scale where 1 = poor, 3 = fair, 6 = acceptable, and 9 = 

excellent (USDA-ARS, 1983). Density ratings were based on the visual estimate 

of the number of living plants per plot. Climatic data for these studies was taken 

from the Lubbock International Airport located approximately 12 km northeast of 

the study. 
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The studies were conducted as a randomized complete block split-split 

block design with five blocks. Planting dates were assigned to main plots, seed 

treatments were assigned to subplots, and cultivars to sub-subplots. Data for 

the number of plants two and four weeks after planting were tested for normality 

using the Box and Cox power transformation and residual analysis (Box and 

Cox, 1964). Square root transformations were used to normalize data prior to 

analyses for number of live plants two and four weeks after planting. Data were 

analyzed using analyses of variance and mean separations were performed 

using Fisher's Protect Least Significant Differences Test at the 0.05 level of 

probability only on treatments with significant F-tests (SAS, 1989). 

Results and Discussion 

Seeding Dates 

Since the analyses of variance combined over the three years of this 

study indicated highly significant differences among years for all indices, data 

were interpreted individually for each year. Across the three years of this study, 

the lowest and highest average plant establishment both two and four weeks 

after planting were recorded in 1993 (115 and 435 pits M̂ -̂ ) (Tables 2 and 3). 

These results indicate that environmental fluctuation year to year can have a 

major impact on germination and seedling establishment even under optimum 

cultural conditions. Both 1992 and 1993 had typical temperatures and rainfall 

conditions, while in 1994, record high temperatures in June and July reduced 

population establishment (Figure 1). Density and turf quality also differed 

between years with the best ratings recorded in 1993 and the worst in 1992. 

Planting dates differed significantly for plant establishment both two and 

four weeks after planting in all three years of the study (Tables 2 and 3). There 

was not a consistent planting date which gave the best plant establishment since 

environmental conditions following an individual planting date had a significant 

impact on seedling establishment. Generally, the lowest seedling counts were 
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recorded on the mid-September planting dates indicating that declining soil 

temperature and shorter photoperiods were starting to affect germination of 

buffalograss. The environmental conditions following the four week 

establishment period appeared to be highly important in final density and turf 

quality rating at the end of the season (Tables 4 and 5). Differences were more 

closely associated with the length of the growing season after planting. The 

eartier dates had 81 d (1992) to 112 d (1993 and 1994) more time to grow than 

plots planted in earty September. The density and turf quality indices indicated 

that acceptable turf was obtained when plots were seeded from mid-May to mid-

July. Later planting dates failed to establish turfs with acceptable quality by the 

end of the season even with good initial stand establishment. These results are 

consistent with data reported by Falbenberg and Butler (1982) on dates of 

establishment at Fort Collins, Colorado and Fry etal. (1993) at Manhattan, 

Kansas. In both studies, seeding buffalograss from May to July produced better 

stand establishment and turf quality than later plantings. However, 

environmental conditions in those locations were very different and direct 

comparisons would be difficult. This would indicate that both commercial 

turfgrass growers and homeowners should be encouraged to plant buffalograss 

in the late spring or early summer to optimize establishment of high quality turf. 

Buffalograss seeded from mid-June to mid-July often had the highest rate 

of establishment. Ahring and Todd (1977) indicated that preheat treatment of 

burrs (drying for a maximum of 12 h at 21 °C) had a positive effect on 

germination. It is possible that high soil temperatures in the field on these earty 

summer dates increased germination while more moderate temperatures in very 

earty summer and later summer decreased initial stand establishment. 
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Cultivac 

Comanche established higher average plant populations in 1992 than 

Texoka both two weeks and four weeks after planting (Tables 2 and 3). Texoka 

had significantly better plant establishment than Comanche in 1993 only at four 

weeks after planting (Tables 2 and 3). The lack of consistent and significant 

differences in plant establishment between cultivars indicated that these two 

cultures had similar responses to establishment on the Southern Great Plains. 

Turf quality as measured by stand density or visual ratings of turf quality differed 

only in 1994 when Comanche had a slight but statistically significant higher 

rating (Tables 4 and 5). 

Seed Type 

Caryopses generally established the highest plant populations both two 

and four weeks after planting in all three years of the study (Tables 2 and 3). In 

the more optimum conditions of 1993, differences between seed types were less 

than 31 pits M^\ Caryopses established 124 and 284 more pits M̂ "̂  than burrs 

in 1992 and 1993, respectively. These results show the advantage of using 

caryopses for rapid establishment and produce high quality turf indices 

(Tables 4 and 5). However, these differences were not statistically different for 

turf density in 1993 and turf quality ratings in 1992 and 1993. 

The planting date x cultivar x seed type and the date x cultivar interactions 

were not significant for any indices dunng the three years of this study (Tables 2, 

3, 4 and 5). This indicated that the two cultivars included in this study responded 

similarty across all planting dates. However, the cultivar x seed type interactions 

were statistically significant for two indices in 1993 and three indices in 1994 

(Table 6). In 1993, the caryopses of Comanche appeared to have reduced 

establishment both two and four weeks after planting when compared to burrs. 

However, the caryopses of Texoka had significantly better establishment than 

the burrs. The optimal conditions in 1993 may have allowed the Comanche 
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burrs, which contain multiple caryopses, to establish more seedlings than single 

embryo caryopses. This trend was completely reversed under the stress 

conditions of 1994 when the caryopses of Comanche had 236% more seedlings 

than the Comanche burrs. This compared with only 156% more seedlings 

established from Texoka caryopses than burrs. The impact of reduced stand 

establishment carried through the growing season resulting in relatively poor turf 

density and turf quality scores for Comanche stands established from burrs. 

These interactions indicate that to establish buffalograss with caryopses may be 

somewhat cultivar specific and environmentally sensitive. Our results would 

indicate that under less than optimum conditions, planting buffalograss 

caryopses should result in the best stand establishment and turf quality. 

The seed type x planting date interaction was significant in 1993 for the 

turf quality rating (Figure 2). At three of the nine planting dates (dates 2, 6, and 

9) the turf quality scores from burrs were equivalent to or supenor to scores form 

stands established from caryopses. Three of the four indices taken in 1994 had 

significant seed type x planting date interactions (Figure 3). In this environment, 

the caryopses had slightly better establishment than burrs at the seven earliest 

of the nine planting dates from mid-May to mid-August (Julian dates 181 and 

223). Generally, stands established from caryopses had higher scores for turf 

density (Figure 4) and turf quality (Figure 5) than those established from burrs 

with exception of the first planting date (Julian date 139) and the fourth date 

(Julian date 181). The delayed emergence of seedlings established from burrs 

may have allowed them to miss extremely hot conditions that occurred within two 

weeks of these planting dates (Figure 1). These interactions demonstrate the 

importance of planting before mid-July (Julian dates 193 to 195) to ensure 

establishment of high quality buffalograss turf (Figures 1 and 2). Even the faster 

establishment of caryopses did not allow successful stand establishment after 

this date. 
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Conclusions 

The evaluation of several planting dates of buffalograss for three years 

indicated that with plantings made from mid-May to late August (Julian dates 137 

to 237) establishment can be achieved with either burrs or caryopses. However, 

only plantings made prior to mid-July (Julian date 197) had acceptable density 

and turf quality ratings at the end of the growing season. The cultivars Texoka 

and Comanche had similar stand establishment, density ratings, and turfgrass 

quality ratings in all of these tnals. Buffalograss caryopses gave better final 

stand establishment than burrs in two of the three years but seed type had 

minimal effect on the final density and turfgrass quality. These studies indicate 

that successful establishment of buffalograss in the Southern Great Plains can 

be enhanced by using caryopses and planting prior to mid-July. Use of these 

recommendations should improve the acceptability of this native grass to both 

homeowners and commercial turfgrass growers. 
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Table 1. Planting dates in 1992, 1993, and 1994 of buffalograss burrs and 
caryopses at the Plant Stress Field Laboratory at Lubbock, Texas. 

DATE 

Mid-May 

Late May 

Mid-June 

Late June 

Mid-July 

Late July 

Mid-Aug 

Late Aug 

Mid-Sep 

1992 

— — 

— — 

169(06/17) 

183(07/01) 

197 (07/15) 

209 (07/27) 

223 (08/10) 

237 (08/24) 

250 (09/06) 

1993 

Julian (Calendar) Date 

137(05/17) 

151 (05/31) 

165(06/14) 

179 (06/28) 

193(07/12) 

207 (07/26) 

221 (08/09) 

235 (08/23) 

249 (09/06) 

1994 

139(05/19) 

153(06/02) 

167(06/16) 

181 (06/30) 

195(07/14) 

209 (07/28) 

223 (08/11) 

237 (08/25) 

251 (09/08) 
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Table 2. Average number of buffalograss seedlings established at two weeks 
when planted at seven and nine planting dates with two types of seed 
and two cultivars at Lubbock, Texas during three years. 

Treatments 

Planting Date (D) 

Mid-May 

Late May 

Mid-June 

Late June 

Mid-July 

Late July 

Mid-Aug 

Late Aug 

Mid-Sep 

Cultivars (CV 

Connanche 

Texoka 

Seed Types (S): 

Burr 

Caryopses 

Significance F-Test̂ : 

Date X Cultivars 

Date X Seed Type 

Cultivar x Seed Type 

D x C x S 

CV% 

1322 

— — 

— — 

151 (142 c) 

226 (166 be) 

380 (207a) 

268 (178 ab) 

304 (188 ab) 

362 (203 a) 

168 (148 c) 

314 (191 a) 

210(161 b) 

209 (161 b) 

316 (191 a) 

ns 

ns 

ns 

ns 

24.9 

1993 1994 

pits M̂ -̂  (Transformed Data^) 

404 (213 a) 

346 (199 ab) 

308 (189 ab) 

346 (199 ab) 

293 (185 ab) 

366 (204 a) 

163 (146 c) 

301 (187ab) 

241 (171 be) 

284 (183a*) 

325 (194 a) 

290 (185 a) 

318 (192 a) 

ns 

ns 

* 

ns 

29.0 

276(181 a) 

205 (160 cd) 

245(172abc) 

144 (139 cd) 

331 (195 a) 

258 (176 ab) 

293 (185 ab) 

149(141 cd) 

139(137 d) 

246 (172 a*) 

200 (158 a) 

66 (108 b) 

445 (222 a) 

ns 

ns 

ns 

ns 

32.9% 

Means within a treatnient column (dates, cultivars, or seed types) which are not 
followed by the sanrie letter differ at the 0.05 level of probability by Fisher's Protected 
Least Significant Test. 

2 Significance of F-test on treatment interactions expressed as ns = nonsignificant, and 
* = significant at the 0.05 level of probability. 
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Table 3. Average number of buffalograss seedlings established at four weeks 
when planted at seven and nine planting dates with two types of seed 
and two cultivars at Lubbock, Texas during three years. 

Treatments 

Planting Date (m 

Mid-May 

Late May 

Mid-June 

Late June 

Mid-July 

Late July 

Mid-Aug 

Late Aug 

Mid-Sep 

Cultii/ars (CV 

Comanche 

Texoka 

Seed Types (S): 

Burr 

Caryopses 

Significance F-Test̂ : 

Date X Cultivars 

Date X Seed Type 

Cultivar x Seed Type 

D x C x S 

CV% 

1992 

— — 

— — 

347(199 ab) 

149 (141 d) 

414 (216 a) 

231 (168 cd) 

279(181 be) 

346 (199 ab) 

154 (143 d) 

329 (195 a) 

211 (161 b) 

208(161 a) 

332 (195 b) 

ns 

ns 

ns 

ns 

26.9 

1993 1994 

Dits M2-̂  rrransformed Hata )̂ 

435 (220 a) 

362 (203 ab) 

392 (210 a) 

347 (199 ab) 

251 (173 b) 

392 (210 a) 

115 (129 c) 

297 (186 ab) 

326 (194 ab) 

291 (185 b) 

344 (199 a) 

302 (188 a) 

333 (196 a) 

ns 

ns 

** 

ns 

24.0 

274 (180 ab) 

216 (163 bed) 

214 (162 bed) 

182(152cde) 

311 (190 a) 

249(173abc) 

265 (177 ab) 

145 (140 de) 

130 (134 e) 

233 (168 a) 

202 (159 a) 

94 (120 b) 

378 (207 a) 

ns 
* 

* 

ns 

23.6 

^ Means within a treatment column (dates, cultivars, or seed types) which are not 
followed by the same letter differ at the 0.05 level of probability by Fisher's Protected 
Least Significant Test. 

^ Significance of F-test on treatment interactions expressed as ns = nonsignificant, *, 
and ** = significant at the 0.05 and 0.01 levels of probability, respectively. 
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Table 4. Average density of buffalograss at the end of the growing season when 
planted at seven and nine planting dates with two types of seed and 
two cultivars at Lubbock, Texas during three years. 

Treatments 

Planting Hatpi (P) 

Mid-May 

Late May 

Mid-June 

Late June 

Mid-July 

Late July 

Mid-Aug 

Late Aug 

Mid-Sep 

Gultb£a£s'_(Q 

Comanche 

Texoka 

Seed Types^ (S) 

Burr 

Caryopses 

Significance F-Test^ 

Date X Cultivars 

Date X Seed Type 

Cultivar X Seed Type 

D x C x S 

CV% 

1392 

— 

— 

7.4 a 

7.4 a 

5.8 b 

5.4 b 

3.9 e 

2.7 d 

1.6 e 

5.0 a 

4.9 a 

4.6 b 

5.3 a 

ns 

ns 

ns 

ns 

17.4 

1993 

Rating^ 

8.6 a 

8.6 a 

8.1 a 

7.8 a 

6.5 ab 

5.8 ab 

3.4 be 

3.2 be 

1.8c 

5.5 a 

5.6 a 

6.7 a 

6.1 a 

ns 

ns 

ns 

ns 

18.6 

1994 

8.1 a 

7.6 a 

7.3 b 

6.0 c 

5.8 c 

5.0 d 

3.4 e 

1.8f 

1.5 f 

5.4 a 

4.9 b 

4.7 b 

5.6 a 

ns 
*-• 

*« 

ns 

16.9 

^ Means followed by the same letter are not statistically different at the 0.05 level of 
probability by Fisher's Protected Least Significance Test. 

^ Significance of F-test on treatment interactions expressed as ns = nonsignificant, and 
** = significant at the 0.05 level of probability. 

^ Turf density ratings scored as 1 = poor, 3 = fair, 6 = acceptable, and 9 = excellent. 
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Table 5. Average turf quality of buffalograss at the end of the growing season 
when planted at seven and nine planting dates with two types of seed 
and two cultivars at Lubbock, Texas during three years. 

Treatments 

Planting Date^(n) 

Mid-May 

Late May 

Mid-June 

Late June 

Mid-July 

Late July 

Mid-Aug 

Late Aug 

Mid-Sep 

GiiMvajis'iQ 

Comanche 

Texoka 

Seed Types^ (S) 

Burr 

Caryopses 

Significance F-Test̂  

Date X Cultivars 

Date X Seed Type 

Cultivar X Seed Type 

D x C x S 

CV% 

1992 

— 

— 

7.5 a 

7.9 a 

5.7 b 

5.3 b 

3.5 c 

2.1 d 

1.4 e 

4.9 a 

4.7 a 

4.4 b 

5.1 a 

ns 

ns 

ns 

ns 

16.8 

1993 

Rating^ 

7.9 a 

8.0 a 

7.6 a 

7.6 a 

6.4 b 

5.5 c 

2.9 d 

2.5 d 

1.5e 

5.5 a 

5.6 a 

5.4 b 

5.7 a 

ns 

* 

ns 

ns 

13.4 

1324 

8.1 a 

7.6 a 

7.3 b 

6.0 c 

5.8 c 

5.0 d 

3.4 e 

1.8f 

1.5f 

5.4 a 

4.9 b 

4.7 b 

5.6 a 

ns 

ns 

16.2 

^ Means followed by the sanne letter are not statistically different at the 0.05 level of 
probability by Fisher's Protected Least Significant Test. 

^ Significance of F-testson treatment interactions expressed as ns = nonsignificant, *, 
and ** = significant at the 0.05 and 0.01 levels of probability, respectively. 

^ Turf quality scored as 1 = poor, 3 = fair, 6 = acceptable, and 9 = excellent. 
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Table 6. Interaction of planting either burrs or caryopses and two cultivars of 
buffalograss on establishment, turf density, and turf quality ratings at 
Lubbock, Texas in 1993 and 1994 

Cuilivar 
Seed Type 

lexQka 

Caryopses 

Burrs 

Comanche 

Caryopses 

Burrs 

C-LSD(oo5) 

ST-LSD(0.05) 

1993 

Plants 
Two Wks. 

402(212) 

291 (185) 

270(179) 

314(191) 

(20.2) 

(22.7) 

Plants 
Four Wks. 

pits m̂ -̂  

394(211) 

261 (176) 

250(173) 

321 (192) 

(53.8) 

(63.5) 

Plants 
Four Wks. 

(lean, data) 

372 (205) 

123(131) 

385 (208) 

69 (108) 

(16.7) 

(16.2) 

1994 

Turf 
Density 

RatiDg 

5.6 

5.2 

5.6 

4.2 

0.4 

0.4 

Turf 
Quality 

Rating 

5.6 

5.2 

5.6 

4.2 

0.2 

0.3 
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139 153 167 181 195 209 233 237 251 
Julian Dates 

1992 1993 1994 

Figure 1. Average weekly air temperatures (°C) at Lubbock, Texas dunng 1992, 
1993, and 1994. 
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D-LSD(0.05)=0.2 ST.-LSD(0.05)=0.3 

139 153 167 181 195 209 
Julian Planting Dates 

233 237 251 

Caryopses Burrs 

F igure 2 . Interaction of planting burrs and caryopses on turf quality of 
buffalograss at nine planting dates dunng the 1 9 9 3 growing season at 

Lubbock, Texas 
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D-LSD(0.05)=38.9 ST.-LSD(0.05)=34.4 
300 

50 

139 153 167 181 195 209 
Julian Planting Dates 

233 237 251 

Caryopses Burrs 

Figure 3. Interaction of planting bunrs or caryopses on seedling establishment at 
nine planting dates during the 1994 growing season at Lubbock, 
Texas. 
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D-LSD(0.05)=1.0 ST-LSD(0.05)=0.8 

139 153 167 181 195 209 
Julian Planting Dates 

233 237 251 

Caryopses Burrs 

Figure 4. Interaction of planting burrs and caryopses on turf density ratings at 
nine planting dates during the 1994 growing season at Lubbock, 
Texas. 
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D-LSD(0.05)=0.9 ST-LSD(0,05)=0.7 

139 153 167 181 195 209 
Julian Planting Dates 

233 237 251 

Caryopses Burrs 

Figure 5. Interaction of planting burrs and caryopses on turf quality ratings at 
nine planting dates during the 1994 growing season at Lubbock, 
Texas. 
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CHAPTER IV 

PLANTING RATE AND CARYOPSES EFFECT ON 

ESTABLISHMENT OF BUFFALOGRASS ON THE 

SOUTHERN GREAT PLAINS 

Introduction 

Buffalograss [Buchol^ dactyloides (Nutt.) Engelm] is a warm season, 

low-growing, long-lived, drought-resistant grass that forms a dense sod 

(Wenger, 1943). Because it is a native of the Great Plains of North America, it is 

very tolerant to heat, drought, and many pests that limit other turfgrass species 

in this region (Savage, 1934; Turgeon, 1991; Hitchcock, 1936). These traits 

combined with its slow growth rates, need for minimal levels of fertilization, and 

ability to withstand moderate traffic have increased use of buffalograss as a 

turfgrass (Riordan, 1991; Leuthold, 1982). Vegetative establishment is feasible 

in smaller areas; and two cultivars, 'Prairie' (Engeike and Lehman, 1990) and 

'609' (Riordan et al., 1992), were released to fill this demand. Since both 

cultivars are asexually propagated from single female plants, sodding or 

plugging is required for establishment. Successful establishment of buffalograss 

turfs using burrs has historically been difficult (Savage, 1934; Launchbaugh and 

Owensby, 1970; Hauser, 1986; Wu etal., 1989). However, direct planting of 

buffalograss remains the most practical and cost effective means to establish turf 

in large areas. 

Ahring and Todd (1977) extracted a compound from buffalograss bunrs 

that reduced germination. Analysis by gas chromatography showed that this 

response was caused by a mixture of relatively high molecular weight, water 

soluble compounds. These compounds are found in the glumes of the burr and 

may act by restricting water movement necessary for germination or by 

physiologically inhibiting germination. Caryopses removed from the same lot of 

burrs germinated normally without any additional pretreatment. However, when 
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caryopses were exposed to the extracted compounds, germination was reduced 

from 87 to 64%. This same study also suggested that exposure to elevated 

temperatures and chemical pretreatments could help neutralize the effect of 

these compounds on reducing germination of burrs. In another study, 

germination of buffalograss burrs was increased after exposure to water at 20 °C 

for 24 h supporting the hypotheses that chemicals responsible for buffalograss 

dormancy are heat sensitive (Hauser, 1986). 

Limited information is available on the impact that different planting rates 

of either burrs or caryopses have on successful stand establishment. As early 

as 1943, Wenger recommended that Kansas farmers use up to 0.9 g m̂ '̂  of 

burrs for plantings and even heavier rates for lawn and landscape purposes. 

The same rates were recommended for New Mexico by Parker and McGinnies 

(1940). Launchbaugh and Owensby (1970) studied establishment of six native 

grasses at four seed rates and concluded that buffalograss had a curvilinear 

response as planting rates increased up to approximately 975 viable burrs m̂ "̂  

and a slight decrease at higher planting rates. The ratio of established plants 

per unit area planted had the highest values at 43 viable burrs m^'\ 

Approximately 196 burrs were required to establish 10 plants m̂ "̂  during the first 

year of establishment. This report presented the most accurate approach to 

finding the optimal planting rate for buffalograss establishment under rangeland 

conditions. 

Leuthold (1982) recommended planting rates between 2.5 and 7.4 g m̂ -̂  

of burrs based on pure live seed index and emphasized the importance of 

knowing the actual germination percentage in determining the appropriate 

planting rate. Falkenberg and Butler (1982) concluded that planting rates from 

11 to 27 g of burrs m̂ "̂  produced better cover during the first season than rates 

of 2 to 4 g of burrs m^'\ The trend was similar during the second season. 

Double (1989) suggested planting rates of 19 to 30 g of burrs m̂ "̂  depending 

upon the planting method. Higher rates were recommended when burrs were 
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broadcast on the soil surface than when burrs were placed in drill rows. Burrs 

planted in drill rows at rates of 1 to 2 g m̂ '̂  were adequate to achieve complete 

stand cover in one growing season under favorable moisture conditions. 

Riordan (1991) recommended planting rates of 5 to 10 g of burrs m̂ "̂  for the 

establishment of turfs. 

Svoboda (1991) studied different types of burr decortication and 

compared the germination and establishment of caryopses with treated and 

untreated burrs. Burrs soaked in potassium nitrate had higher germination and 

establishment rates than with nontreated burrs but were equivalent to caryopses 

removed from the burrs. Planting rates of caryopses in this study ranged from 

0.2 to 2 g of caryopses m^'\ 

The scientific literature provides only limited and often conflicting 

information on optimum planting rates of buffalograss burrs and almost no 

information on optimum planting rates for caryopses. The objectives of this 

study were to compare seedling establishment and turf quality of burrs and 

caryopses at four equivalent planting rates. This information would allow 

development of planting rates to optimize establishment of turf in the semiarid 

environments of the Southern Great Plains of the United States. 

Materials and Methods 

Burrs and caryopses of the buffalograss cultivar Comanche (Davis et al., 

1978) were supplied by Frontier Hybrids (Abernathy, Texas) from a single seed 

lot harvested from Bronco, Texas in 1991. Burrs from this seed lot were 

dehulled in eariy 1992 to provide the caryopses used in this study and were 

stored at room temperature. Burrs were commercially treated with 0.5% solution 

potassium nitrate for 24 h prior to the initiation of the study (Wenger, 1943). 

The planting rates of bun's used in this study were 8.9, 13.3, 17.7, and 

22.7 g m^\ equivalent to 750, 1125, 1500, and 1875 burrs m^\ The planting 

rates of caryopses were 1.4, 2.0, 2.7, and 3.4 g m2\ equivalent to 750, 1125, 
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1500, and 1875 caryopses m^'\ These planting rates assumed that only one 

seed per burr would actually establish. In 1994, a burr to seed ratio treatment 

was included in the study to test the validity of this assumption. The ratio of 

caryopses per burr was determined by weighing 1000 burrs, dehulling them, and 

counting the caryopses. There were approximately six caryopses per burr in this 

seed lot. Planting rates of burrs adjusted for total number of caryopses were 

125, 188, 250, and 313 burrs m̂ "̂  and were equivalent to caryopses planting 

rates of 750, 1125, 1500, and 1875 caryopses m V̂ 

The studies were planted 17 June 1992, 17 May 1993, and 19 May 1994. 

Burrs and caryopses were spread by hand to ensure an even distribution and 

covered with approximately 0.6 cm of sand to reduce desiccation. A 

microsprinkler system applied approximately 50 mm of water immediately after 

planting and an additional 12.5 mm every 3 d during the first 14 d. During the 

third and fourth weeks of the study, the irrigation rate was decreased to 12.5 mm 

every 4 d. This irrigation schedule provided sufficient moisture to ensure 

germination and establishment for four weeks after planting. Subsequent 

irrigations were scheduled on the basis of evaporative demand. No fertilizer was 

applied, and plots were hand weeded. Experiments were located at the 

Texas Tech University Plant Stress Field Laboratory at Lubbock, Texas on an 

Amarillo fine, sandy loam (fine-loamy, mixed, thermic Aridic Paleustaffs). 

Treatments were planted in a randomized complete block design with a 

split-plot arrangement and five blocks. The main plots were seed types (bun's or 

caryopses), and the four planting rates were subplots. Main plots were 4 m̂  in 

1992 and 9 m̂  in 1993 and 1994. Subplots were 1 m̂  in 1993 and 2.25 m̂  in 

1993 and 1994. Data were recorded on the number of live plants two and four 

weeks after planting as well as on turf density and turf quality at the end of the 

growing season. Plants were counted in three 100-cm^ quadrats taken at 

random from each plot. Counts were averaged and converted to plants m̂  prior 

to data analyses. Turf density and quality were visually rated before the first 
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killing frost using a one to nine scale where 1 = poor, 3 = fair, 6 = acceptable, 

and 9 = excellent (USDA-ARS, 1983). Density ratings were based on visual 

estimate of the number of living plants per plot. Data for the number of plants 

two and four weeks after planting were tested for normality using the Box and 

Cox power transformation and residual analysis (Box and Cox, 1964). Square 

root transformations were used to normalize data prior to analyses for number of 

live plants two and four weeks after planting. Data were analyzed using 

analyses of variance and correlation analysis among variables measured. Mean 

separations were performed using Fisher's Protect Least Significant Differences 

Test at the 0.05 level of probability (SAS, 1989). 

Results and Discussion 

Seed Type 

Since analyses of variance combined over years showed that the three 

years of the study differed, results were interpreted individually for each year. 

Caryopses established higher plant populations than burrs in 1994 when 

measured two weeks after planting and in 1992 and 1994 when measured four 

weeks after planting (Tables 7 and 8). The number of established seedlings 

declined from two weeks to four weeks regardless of the type of seed planted. 

Although not subjected to statistical tests, it appeared that average seedling 

mortality between two and four weeks was higher with burrs (35%) than with 

caryopses (18%). This seedling mortality did not appear to be due to any 

apparent disease or plant pest and was probably due to desiccation. 

The burr enclosure appeared to delay germination as described by Ahring 

and Todd (1977). Seedlings generally established more rapidly in plots planted 

with caryopses. However, establishment from caryopses could be influenced by 

the deburring and cleaning system. The system used by Frontier Hybrids, Inc. 
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was very efficient in total recovery and inflicted minimal damage to the 

caryopses. Svoboda (1991) also had better stand establishment with caryopses 

but his decortication method yielded only two caryopses per burr. 

Rapid establishment is important when planting in semiarid environments 

such as the Southern Great Plains where maintaining an irrigation regime 

necessary for optimal germination is both expensive and difficult. Turf density 

and quality ratings did not differ at the end of the three growing seasons 

regardless of the type of seed used for establishment (Tables 9 and 10). The 

thinner stands established with burrs were apparently compensated by stolon 

growth. 

Planting Rate 

The four planting rates did not differ statistically in established plant 

populations except at two weeks after planting in 1993 (Tables 7 and 8). 

Average seedling mortality from two to four weeks after planting appeared to be 

lower (11%) at the two lower planting rates (750 and 1125 burrs or caryopses 

m̂ '̂ ) than at the two highest planting rates (30%) (1500 and 1875 burrs or 

caryopses m̂ "̂ ). Four weeks after planting, only 52% of the caryopses and 54% 

of the burrs had established seedlings. This relatively low establishment rate is 

characteristic of environmental stress associated with turfgrass established in 

semiarid environments subject to extremely dry, hot conditions. 

The four previously reported planting rates were 2.4 to 3.7 g m̂ "̂  

(Wenger, 1943; Millard, 1979), 22 g of burrs m^^Turgeon 1991), 4.9 to 9.8 g of 

burrs m̂ '̂  (Riordan, 1991), and 61 g of bun's m̂ "̂  (Vengris and Torello, 1982). 

The planting rates of caryopses previously reported were 1.2 to 2.3 g 

caryopses m̂ -̂  (Svoboda, 1991). 

There was a significant interaction on stand establishment between type 

of seed and planting rate every time this trait was measured (Tables 7 and 8). 

By the end of the growing season, the different planting rates did not result in 
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differential turf density or turf quality ratings (Tables 9 and 10). The interactions 

on density and turf quality of type of seed and planting rates were never 

statistically significant. 

Both indices of stand establishment (plant counts at two and four weeks) 

were significantly correlated (r = 0.82**) (Table 11). The indices of stand density 

and stand quality at the end of the growing seasons were also highly correlated 

(r = 0.92**). This indicates that initial stand establishment had a minimal impact 

on final stand density or quality ratings. This could be expected since stolons 

from established seedlings quickly filled in the stands. 

Seed Type x Planting Rate 

The seed type X planting rate interaction was significant for buffalograss 

establishment at both two and four weeks after planting in all three years of the 

study (Table 12). In 1992 and 1993, this interaction was caused by better 

establishment of burrs compared to caryopses at one or two seeding rates. This 

probably reflected the variation associated with estimating stand establishment. 

However, establishment averaged over all planting rates was always higher for 

caryopses than burrs. In 1994, differences between caryopses and burrs were 

of even greater magnitude. The interaction was due to differential magnitudes 

between burrs and caryopses at any selected planting rate. 

Rurr to Can/opses Ratio 

In 1994, a third treatment which reflected actual seeds per bun- was 

included in the experiments. The seed lot of Comanche used in this study had 

an average of six caryopses per burr. Caryopses had a significantly better stand 

establishment than planting an equivalent number of burrs, which in turn was 

significantly better than planting an equivalent number of caryopses still 

contained in the burr (Table 13). Removing caryopses from the burr resulted in 

a 53 fold increase in seedling establishment at two weeks. Seedling losses had 
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reduced this increase to only 28 fold by four weeks. It was interesting to note 

that regardless of the seed type used, increasing the planting rate 2.5 X (750 to 

1875 propagules) did not improve stand establishment significantly (Tables 7 

and 8). This would indicate that buffalograss could probably be successfully 

established at rates much lower than the lowest rates evaluated in this study 

under appropriate management conditions. 

By the end of the growing season, the stands established with caryopses 

and an equivalent number of burrs had equivalent turf quality ratings (Table 13). 

However, those plots established with burrs at a rate equivalent to the number of 

caryopses had failed to establish high quality turf despite the stoloniferous habit 

of buffalograss. Turf quality was significantly influenced by planting rate with the 

best turf formed by planting the intermediate rate of 1500 propagules n\^'\ The 

seed type X planting rate was highly significant for the two indices of turf quality. 

This interaction was primarily due to the poor quality of the turf planted with burrs 

at a rate equivalent to total number of caryopses (Table 14). This would indicate 

that seed growers, commercial turf growers, and homeowners would benefit 

from use of deburred caryopses of buffalograss. 

When the burr to seed ratio treatment was included in 1994, there were 

highly significant differences among seed treatments in the number of seedlings 

two and four weeks after planting (Table 13). Caryopses had higher 

establishment rates than burrs. Establishment was poor due to the failure of all 

seeds in the burr to germinate and the slower rate of establishment. Density and 

turf quality were significantly different between the bun- to seed ratio. The burr to 

seed treatment did not reach the minimum acceptable rating for these variables. 

In this study, the deburring method extracted an average of six caryopses 

from each burr. The establishment percentages relative to actual total seeding 

rates were 10% for burrs, 42% for caryopses, and 2% for the bun- to caryopses 

ratio. On the basis of the stand counts made four weeks after planting, an 

average of 2.4 caryopses, 10 burrs, and 67 burrs (burr to caryopses ratio 
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ratio. On the basis of the stand counts made four weeks after planting, an 

average of 2.4 caryopses, 10 burrs, and 67 burrs (burr to caryopses ratio 

treatment), respectively, were required to establish a single seedling. 

Conclusions 

Planting caryopses provided better establishment of buffalograss 

throughout the three years of this study. However, early establishment did not 

result in improved turf density or turf quality when measured at the end of the 

growing season. As planting rates increased, the number of established plants 

increased. An average of 2.4 caryopses or 10 burrs were needed to establish a 

single seedling in this study. Turf density and quality measured 10 weeks after 

establishment showed the ability of buffalograss to compensate for low stands 

through stolon production. Because of this compensation, planting rate 

recommendations should reflect both the time available for turf establishment as 

well as the type of seed available. In this study, 1500 caryopses or 1500 burrs 

m̂ "̂  provided an adequate initial plant population as well as acceptable turf 

density and turf quality at the end of the first season. 
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Table 7. Average number of Comanche buffalograss seedlings established after 
two weeks at four planting rates with two types of seed during three 
years at Lubbock, Texas. 

Seed Type (ST) 

Caryopses 

Burrs 

Planting Rate (PR) 

(burrs or caryopses m̂ "̂ ) 

750 

1125 

1500 

1875 

Significance F-Test̂  

STXPR 

CV% 

1392 

pJlsM -̂

516 (238 a) 

324 (193 a) 

328 (194 a) 

446 (223 a) 

471 (228 a) 

473 (218 a) 

* 

22.0 

1993 

' (Transformed Data )̂ 

376 (206 a) 

292 (185 a) 

219 (164 b) 

324 (219 ab) 

437 (221 a) 

371 (205 ab) 

ns 

18.9 

1994 

527 (240 a) 

257 (175 b) 

215 (163 a) 

236 (169 a) 

288 (184 a) 

347 (199 a) 

ns 

45.5 

^ Means within a treatment column (planting rates or seed types) 
which are not followed by the same letter differ at the 0.05 level of 
probability by Fisher's Protected Least Significance Test. 

2- Significance of F-test on treatment interactions expressed as ns = 
nonsignificant, and * = significant at the 0.05 level of probability. 
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Table 8. Average number of Comanche buffalograss seedlings established after 
four weeks at four planting rates with two types of seed during three 
years at Lubbock, Texas. 

1392 1392 1324 

pits M̂ '̂  (Transformed Data )̂ 

Seed Type (ST) 

Caryopses 429 (219 a) 267 (178 a) 485 (231 a) 

Bun-s 241 (171 b) 230(167 a) 114(128b) 

Planting Rate (PR) 

(burrs or caryopses m̂ "̂ ) 

750 234 (168 a) 187 (154 a) 249 (173 a) 

1125 372 (205 a) 244 (172 a) 243 (171 a) 

1500 96 (121a) 277 (181 a) 308 (189 a) 

1875 322 (193 a) 289 (184 a) 295 (186 a) 

Significance F-Test̂  

STXPR 

CV% 20.6 15.2 40.2 

^' Means within a treatment column (planting rates or seed types) 
which are not followed by the same letter differ at the 0.05 level of 
probability by Fisher's Protected Least Significant Test. 

2- Significance of F-test on treatment interactions expressed as * = 
significant at the 0.05 level of probability. 
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Table 9. Average turf density ratings of Comanche buffalograss at four planting 
rates with two types of seed during three years at Lubbock, Texas. 

Seed Type^ (ST) 

Caryopses 

Burrs 

Planting R.tei (PR) 

(burrs or caryopses m̂"̂) 

750 

1125 

1500 

1875 

Significance F-Test^ 

STXPR 

CV% 

1392 

5.8 a 

5.6 a 

5.9 a 

5.6 a 

5.5 a 

5.7 a 

ns 

15.2 

1993 

. - - - - - r^oncitv/ Ratin/^^ _ _ 

7.3 a 

6.8 a 

6.3 a 

7.3 a 

7.5 a 

7.2 a 

ns 

16.3 

1994 

8.2 a 

7.9 a 

8.0 a 

8.1 a 

8.2 a 

7.8 a 

ns 

4.4 

-̂ Means within a treatment column (planting rates or seed types) 
which are not followed by the same letter differ at the 0.05 level of 
probability by Fisher's Protected Least Significance Test. 

-̂ Significance of F-test on treatment interactions expressed as ns = 
nonsignificant. 

-̂ Buffalograss density scored as 1 = poor, 3 = fair, 6 = acceptable, and 
9 = excellent. 
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Table 10. Average turf quality ratings of Comanche buffalograss at four planting 
rates with two types of seed during three years at Lubbock, Texas 

Seed Typê  (ST) 

Caryopses 

Burrs 

Planting Rate^ (PR) 

(burrs or caryopses m̂ -̂ ) 

750 

1125 

1500 

1875 

Significance F-Test^ 

STXPR 

1392 

5.8 a 

5.6 a 

5.9 a 

5.6 a 

5.5 a 

5.7 a 

ns 

1993 

8.0 a 

7.0 a 

7.2 a 

7.5 a 

7.9 a 

7.5 a 

ns 

1994 

8.3 a 

8.1 a 

8.0 a 

8.2 a 

8.3 a 

8.0 a 

ns 

CV% 14.4 12.2 3.8 

-̂ Means within a treatment column (planting rates or seed types) 
which are not followed by the same letter differ at the 0.05 level of 
probability by Fisher's Protected Least Significance Test. 

-̂ Significance of F-test on treatment interactions expressed as ns = 
nonsignificant. 

^ Buffalograss density scored as 1 = poor, 3 = fair, 6 = acceptable, 
and 9 = excellent. 
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Table 11. Correlation coefficients between the indices of plant population two 
and four weeks after planting, turf density and turf quality of 
buffalograss planted at four planting rates with two types of seed over 
three years at Lubbock, Texas. 

Two Weeks 

Four Weeks 

Density 

Four Weeks 

0.82** 

D^QSity 

r values 

-0.12ns 

-0.07ns 

Qiiality 

-0.13ns 

-0.11ns 

0.92** 

ns = Statistically nonsignificant. 
** = Statistically significant at the 0.01 level of probability. 
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Table 12. Interaction of planting rate and type of seed on establishment of 
Comanche buffalograss in 1992 and 1993 at Lubbock, Texas. 

Two Weeks 

Planting Ratft 

burrs or caryopses m̂ '̂  

750 

1125 

1500 

1875 

O 1 -LolJ(o.05)~ 

PR-LSD(o.o5)~ 

Four Weeks 

Planting Rate 

burrs or caryopses m̂ "̂  

750 

1125 

1500 

1875 

ST-LoU(0.05)~ 

PR-LSD(o.o5)~ 

1332 

Caryopses Burrs 

pits m "̂! 

438(221) 

461 (226) 

797(291) 

404(213) 

(Transf. Data) 

229(167) 

430(219) 

222(165) 

443(222) 

(101.2) 

(43.8) 

1992 

Caryopses Burrs 

319(192) 

358(202) 

663(267) 

408(214) 

1 

1993 

Caryopses Burrs 

pits m̂ -"* (transformed Data) 

160(145) 

387(209) 

196(157) 

246(172) 

(68.2) 

(36.9) 

149(141) 229(167) 

296(186) 196(157) 

267(178) 285(183) 

374(206) 212(162) 

(52.5) 

(35.8) 
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Table 13. Average number of Comanche buffalograss seedlings established two 
and four weeks after planting, turf density and turf quality with three 
seed treatments and four planting rates in 1994 at Lubbock, Texas. 

Seed Type (ST) 

Burrs 

Caryopses 

B : C Ratio 

Planting Rate (PR) 

(burrs or caryopses m̂ '̂ ) 

750 

1125 

1500 

1875 

Significance F-Test^ 

STXPR 

CV% 

Seedling Establishment 

Two Weeks Four Weeks 

pits M2 1 rrransf Data^) 

87 (117 b) 

526 (240 a) 

10 (77 c) 

130(134) 

143(139) 

172 (149) 

196(157) 

ns 

45.9 

114 (128 b) 

484 (231 a) 

17 (82 c) 

152(142) 

149(141) 

193(156) 

175(150) 

ns 

40.3 

Density Quality 

Ratinĝ  

7.9 a 

8.2 a 

5.4 b 

7.0 b 

7.1 b 

7.4 a 

7.1b 

* * 

5.3 

8.1 a 

8.2 a 

5.9 b 

7.2 b 

7.3 b 

7.6 a 

7.5 ab 

* * 

5.0 

-̂ Means within a treatment column (seed types or planting rates) 
which are not followed by the same letter differ at the 0.05 level of 
probability by Fisher's Protected Least Significance Test. 

^ Significance of F-test on treatment interactions expressed as ns = 
non significant and ** = significant at the 0.01 level of probability. 
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Table 14. Interactions of three types of seed and four planting rates of 
Comanche buffalograss on turf density and turf quality ratings at 
Lubbock, Texas in 1994. 

PI Rates 

(burrs or caryopses m̂ '̂ ) 

750 

1125 

1500 

1875 

PR-LSD(oo5)=0.3 

ST-LSD(oo5)=1 2 

750 

1125 

1500 

1875 

PR-LSD(oo5)=0.3 

ST-LSD(oo5)=1 1 

Burrs 

7.7 

8.1 

8.2 

7.5 

7.8 

8.2 

8.4 

7.4 

Seed Types 

Caryopses 

Ti Iff HADQitx/ ratinn^ 

8.4 

8.1 

8.2 

8.0 

_ Ti irf fit isilit\/ ratinn -

8.3 

8.2 

8.3 

8.1 

Bi: 

5.1 

5.0 

5.8 

5.7 

5.6 

5.4 

6.1 

6.3 

-̂ Turf density and quality scored as 1 = poor, 3 = fair, 6 = acceptable, 
and 9 = excellent. 
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CHAPTER V 

DROUGHT STRESS TOLERANCE SCREENING 

TECHNIQUE FOR BUFFALOGRASS 

Introduction 

Germination and establishment under drought stress are very important 

traits for species adapted to semi-arid environments. The most common 

limitations in semi-arid environments are the lack of available water and high 

temperatures during critical stages of development (Beard, 1973). In turfgrass, 

drought stress can reduce visual quality, growth rate, evapotranspiration rate, 

and recuperative ability following drought-induced dormancy. 

Different methodologies have been suggested to determine the relative 

drought tolerance of grasses. In vitro evaluations have been proposed such as 

the dessiccation-tolerance test by Sullivan (1972). Controlled environments 

were used to test the plants for drought stress tolerance in combination with 

other methods (Tischler et al., 1991). However, to achieve a consistent level of 

stress is difficult even in the best controlled environments. In most cases these 

inconsistencies are due to lack of uniformity of the growing media; differences in 

plant stand development between genotypes compared; differences in stomatal 

response to changes in plant water potential; and microenvironments which exist 

within the growth chamber. A method for studying resistance to drought injury in 

inbred lines of maize was first suggested by Hunter et al. (1936) who used a 

heat chamber to test seedlings at 60 °C. Williams et al. (1967) evaluated three 

methods for measuring drought tolerance in corn, exposure of seedlings to a 52 

°C temperature, seed germination in manitol at a high osmotic potential, and 

subjecting seedlings to permanent wilting followed by recovery counts. 

Laboratory results correlated with field evaluations of drought tolerance 

indicating that any of the three methods were useful when combined with field 

evaluations to substantiate the data. O'Toole et al. (1984) compared several 
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physiological parameters used to measure crop water stress in rice. Their 

results indicated that measuring leaf water potential was both destructive and 

disruptive to plants. Remotely sensed canopy temperature, crop water stress 

index, and visual leaf rolling score were non-destructive and non-disruptive. 

Crop water stress index was found to be highly correlated with mean net 

photosynthesis. Leaf roll scoring was the most rapid technique and highly 

correlated with leaf water potential. Both measurements were recommended for 

germplasm screening because of their accuracy and advantages in spatial and 

temporal sampling over other measurements. Canopy temperature and vapor 

pressure deficit have also been used to estimate drought tolerance in sorghum 

and millet genotypes by computing an index based on genotype sensitivity to 

vapor pressure deficit changes (Chaudhuri etal., 1986). 

Sullivan (1972) proposed a test to measure heat and drought tolerance in 

sorghum based on the correlation between dessiccation tolerance and heat 

tolerance. The test measured the electroconductivity of aqueous media 

containing leaf discs that had been heated at 48 °C for one hour in a water bath. 

Electroconductivity was correlated to percent injury and closely approximated 

actual tissue killing after treating intact plants in heat chambers. This 

methodology has been succesfully used in other species with only minor 

modifications to assess cell membrane stability (Blum and Ebercon, 1981; 

Vasquez-Tello et al., 1990). Some in vitro evaluations and measurement of 

physiological parameters used to test for drought tolerance can not be applied to 

several plant species due to inherent morphological and physiological 

characteristics such as growth habit and leaf size. In turfgrasses, drought 

tolerance screening has been difficult due to reduced plant size and the lack of 

equipment to assess physiological parameters such evapotranspiration, leaf 

water potential and canopy temperatures. Different approaches have been 

designed to overcome these difficulties. Carbon isotope discrimination has 

been suggested as a mean of screening genotypes for water use efficiency and 
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drought tolerance (Johnson et al., 1990). Also, field and greenhouse line-source 

sprinkler systems have been proposed to evaluate water defficit effects in plants 

(Hanks etal., 1976; Johnson etal., 1982). 

The simulation of drought by modifying water potentials has become 

popular in those species where traditional tests are difficult to evaluate. 

Germination under drought stress conditions has also been used to screen 

genotypes for drought tolerance in pasture grasses and other species. Sharma 

(1973) evaluated sodium chloride, mannitol and polyethylene glycol (PEG) as 

osmotic substrates and their effect on the germination of five pasture species. 

He concluded that PEG produced the most severe reduction on germination 

compared to the other two substances. Zur (1966) first proposed a method to 

osmotically control the matric soil-water potential in a soil-water system by using 

a semi-permeable membrane and polyethylene glycol as osmotic substrate. 

Separate soil and PEG-solution chambers were fitted into an experimental 

osmotic unit and soil moisture was determined gravimetrically. The system was 

tested using four different soils and results were simmilar to those obtained when 

pressure plates and pressure membranes were used to control the matric soil-

water potential. Based on the same principles, Johnson and Asay( 1978) 

designed a system to test crested wheatgrass seedling emergence under 

drought stress at different matric soil-water potentials. Germination percentages 

were determined in chambers at 25 °C after seven days. The technique proved 

to be effective in discriminating between previously identified drought susceptible 

and tolerant genotypes. This technique also avoided direct contact of seeds 

with the osmotic substrate and allowed the assessement of a large number of 

seeds at different soil-water potentials. 

A soil-tray system placed in a growth chamber was evaluated to 

determ ine drought tolerance of forage grasses (Tischler et al., 1991). The 

method facilitated the testing of different genotypes by exposing all of the plants 

in a common container filled with soil to the same soil-water potential. The test 
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was performed on fully developed plants, where individual seedling root systems 

overiaped and soil water potential was relatively consistent within the container. 

Stress tresholds were determined by gravimetric water loss of the soil. The 

system successfully differentiated between drought-tolerant and drought-

susceptible genotypes (Tischler et al., 1991). 

Buffalograss [Buchloe dactyloides (Nutt.) Engelm] is considered to be 

well adapted in semi-arid environments. It posseses several drought tolerant 

characteristics such a fine branched root system, agressive low growing aerial 

parts and leaf rolling in response to drought stress. The principal characteristic 

of drought tolerance in this species is the ability to rapidly become dormant when 

exposed to environmental stress (Savage and Jacobson, 1935) and the rapid 

ability of resume growth when a minimum amount of water becomes available 

(Shantz , 1911). No previous information has been reported on potential 

techniques for screening buffalograss for drought tolerance. The genetic and 

physiological mechanisms responsible for drought tolerance in this species have 

not been fully described. The objective of this study was to develop a modified 

tray system for screening buffalograss genotypes for differential levels of drought 

tolerance. 

Materials and Methods 

Drought stress treatments were imposed in coated metal trays (23 x 33 

X 5 cm deep). The bottoms of the trays were removed and replaced by press-

wood boards which were provisionally attached to the tray until the seedlings 

were established. Each tray was filled with 3.5 kg (air-dry weight) of Amarillo 

sandy loam soil (fine-loamy, mixed, thermic Aridic Paleustaffs). Seeds were 

planted using a planting grid to establish a 2.5 cm equidistant plant spacing. 

Three improved cultivars, 'Comanche', 'Texoka', and 'Highlight' and a non-

improved land race 'Native', were evaluated in this study. Seeds were 

provided by Frontier Hybrids (Abernathy, TX). Caryopses were planted in 
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rows, 0.5 cm deep, and thinned to obtain a population of 25 plants per 

cultivar. Trays were kept in a growth chamber (Environmental Growth 

Chambers) for 17 days until the seedlings were established and the root 

systems overiapped. Environmental conditions in the growth chamber were 

35/20 °C day/night temperatures with a 14 h photoperiod. Water was added 

every day as necessary to maintain soil moisture at field capacity during the 

germination period. No fertilizers or chemical treatments were applied to 

either the seeds or the seedlings. Previous to the initiation of the drought 

stress treatments, provisional press-wood bottoms were replaced by a 36 x 46 

cm semipermeable cellulose membranes (Soil-Moisture Equipment Corp) 

which were wrapped around the bottom of the trays and held in place with 

rubber bands. At the initiation of the drought stress treatments, seedlings had 

two to three leaves. Trays without uniform stands of all four cultivars were 

discarded. 

The system was designed using the basic concepts described by 

Johnson and Asay (1978) to test seedling emergence under drought 

conditions and the Tischler et al. (1991) method of measuring drought 

tolerance in forage grasses. Drought stress treatments were applied by 

placing the trays in plastic containers (55 x 49 by 13 cm deep) (Rubbermaid). 

The plastic container was filled with 1.2 I of PEG (Polyethylene Glycol 8000, 

Sigma Chemical) solution adjusted to yield osmotic potentials of either -4.0 or-

6.7 MPa, (Michael and Kaufmann, 1973; Hardgree and Emmerich, 1990). 

The metal trays containing the seedlings were placed on 1 cm wood supports 

mounted on the sides of the plastic containers to ensure the bottom of the tray 

was in contact with the PEG solution. Metal trays and plastic containers were 

perforated on one side to allow the installation of a TDR probe (Trase System, 

Soil-Moisture Equipment Corp) which was used to monitor soil moisture during 

the stress treatment period. One replication of the experiment consisted of a 

single metal tray with seedlings of the four genotypes placed in the plastic 
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containers which had the capacity for two trays. Separate containers at either 

-4 and -6.7 MPa osmotic potentials were placed in the growth chamber 

simultaneously. Trays containing the seedlings were allowed to equilibrate 

with the PEG solution for four days. The equilibrium was monitored for soil 

moisture every 24 h using the TDR probe and gravimetric determination. The 

two indices of relative soil moisture content were compared with the adjusted 

curve for this soil provided by Dr. Richard Zartman of Texas Tech University. 

Once the soil in the trays had equilibrated with the solution, the stress 

treatments were imposed by maintaining the seedlings under the same 

environmental conditions for 48 h. This time was determined after preliminary 

experiments that deferred the time required to induce characteristic 

desiccation and drought stress symptoms in this species. At the end of the 

stress treatment period, metal trays containing the seedlings were removed 

from the plastic containers and placed in the greenhouse (approximately 38/16 

°C day/night temperatures under a 14 h photoperiod). The cellulose 

membranes were also removed and replaced with the press-wood bottoms to 

maintain soil integrity in the trays. The soil was then watered to field capacity 

to allow plants to recover. 

Number of recovered plants were recorded over a four-week period to 

evaluate speed of recovery. Early recovery was recorded If it occurred during 

the first seven days, late recovery if it occun-ed during the period of 7 to 14 

days while plants which had not recovered after 28 days were concluded to 

have died. Plants were considered to have recovered when existing leaf tissue 

greened up and/or new growth was observed. The only observed response in 

any seedlings that recovered at the two drought stress levels was eariy 

recovery. A total of 1000 seedlings of each cultivar were screened at each 

drought stress level over a period of 10 months. 

Genotype survival differences were statistically analyzed using chi-

square analysis of number of alive and dead plants for cultivars and drought 
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stress levels. Analysis of variance of live plants as a percent of the total plants 

was calculated using a split plot design where drought stress levels were the 

main plots and cultivar the sub-plots. Correlation analysis between 

gravimetric water content and TDR soil moisture percent scores was 

performed to compare both methods of determining soil water content under 

these experimental conditions. 

Results and ni.«;rjjf;.<tiQn 

The modified tray system in preliminary experiments proved to be 

effective in keeping constant soil moisture levels after an adequate 

equilibration period. The time required for the equilibration of the system was 

four days, similar to that reported by Johnson and Asay (1978). The two 

different PEG concentrations did not differ in equilibration time required when 

soil moisture content was measured either gravimetrically or with the TDR 

probe. The reliability of the system in mantaining a constant soil moisture level 

during the imposition of the stress treatment was confirmed by the close 

agreement of data on gravimetric water content and the TDR measurements. 

Measurements with both systems were significantly correlated (P<0.01) in both 

matric soil water potentials used in this study (Table 15). However, the 

gravimetric water content measurement was more accurate since the TDR 

probe probe needs to be in full contact with the soil to yield a precise reading. 

This requirement is not always met when the soil water content decreases in 

sandy loam soil. 

Variable day/night temperatures and air movement inside the chamber 

affected the amount of water extracted by the osmotic substrate due to 

evapotranspiration that occurred during the first hours of the stress treatment. 

This required additional calibration of the system to reach the desired stress 

levels. This represents a major modification since previous tests have been 

carried out at constant temperatures, usually 25 °C. The constant air 
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movement in the chamber was introduced to simulate natural conditions of 

evapotranspiration The water vapor deficit at the leaf surface provided a more 

stressful environment than when constant temperatures and closed systems 

were used. 

An important characteristic of this modified system was that seedlings 

were allowed to develop under normal conditions of light and water supply until 

about 17 days old. The environmental conditions in the growth chamber were 

maintained between the germination period and the stress treatments. 

Evaluating older seedlings for drought stress proved to be very 

important in this modified test. Under the test conditions, buffalograss 

emerged after approximately five days. Fifteen days after planting, seedlings 

had a very well developed root system. Individual seedling root systems 

overiaped ensuring a more uniform water distribution within the tray. This was 

an essential feature in similar tests performed on other species (Tischler et al., 

1991). 

The modified test as performed in this study presents some advantages 

over previous reports. The materials used are easy to obtain and relatively 

inexpensive. The metal containers used for plant growth were common baking 

pans with the bottoms removed. Tray deterioration was avoided by coating 

the trays with antirust paint. Membrane damage was also prevented by the 

minimum time required for the stress treatments. 

Seedlings of all four cultivars had a uniform growth which ensured good 

response to the drought treatments. By the end of the equilibration period, 

plants showed drought stress symptoms, tip burning, leaf rolling, decoloration, 

and leaf folding indicating a high degree of drought stress. Visual appareance 

did not change significantly after the two-day stress treatment and it was not 

possible to determine visually ff the plants were dead or alive. After trays were 

rewatered, seedlings were monitored and number of recovered plants were 

recorded (Table 16). All surviving plants recovered within 24 h of rewatering 
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regardless of the cultivar or the stress level. This observation confirms 

previous reports on the rapid ability of buffalograss to recover from drought 

when water becomes available (Shantz, 1911). Drought-induced dormancy is 

the most commonly postulated mechanism resposible for tolerance of 

buffalograss to water stress. Evaluation of buffalograss drought tolerance at 

the seedling stage did not allow this response to occur when the tests were 

performed as described. This would indicate that a non-avoidance mechanism 

was controlling the response to drought stress observed in this study. 

The survival response did not show any signfficant trends when the 

tests were analyzed over time for average number of plants recovered per tray 

(Figure 6). When the recovery response was analyzed as percent survival 

with a loglinear model (Bishop et al., 1975), there were no statistical 

differences between cultivars, stress levels or the interaction of cultivars x 

stress levels. Similar results were obtained when chi-square independence 

analysis was performed on the number of recovered plants. These results 

indicate that the response observed in this study was independent of the 

cultivar and matric soil water potential used. The maximum number of plants 

recoverd per tray was nine (Figure 7). Since the two matric soil water 

potentials were not significantly different, it would be possible to pool this data 

for further analysis. Pooling of data was also supported by the uniform 

number of plants within each cultivar that survived at both stress levels. 

Usually, only one or two seedlings in any tray survived the screening test. This 

study also indicated that in future tests, it may be necessary to increase the 

range between levels of matric soil water potential if differential responses are 

expected. 

Conclusions 

The modified tray system used in this study to screen buffalograss 

seedlings for drought tolerance, was effective in selecting within cultivars but 
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did not discriminate between the four populations tested. Percent recovered 

plants varied from 0.6 to 1.5% when 1000 seedlings from each population 

were tested at either -4.0 or -6.7 MPa matric soil water potentials. All survivor 

plants recovered within a 24 h period indicating the high capacity of 

buffalograss to recover from drought stress. Statistical analysis did not show 

any differences between the two matric soil water potentials suggesting that 

the response was similar. This would indicate selected plants could be 

pooled. It might be better to increase the range between stress tolerance 

levels if differential responses are expected. 

Although the test was effective in phenotypically discriminating within 

cultivars, physiological or genetic inferences on the possible mechanisms 

responsible for the response observed in buffalograss in this study were not 

possible. Two approaches can be suggested to validate these preliminary 

results. Selected plants should be tested at an advanced grov^h stage as was 

reported by Tischer et al. (1991). This would establish a relationship between 

drought tolerance at different phenological stages. Second, a mating scheme 

within and among populations may be used to test the progenies of the 

recovered plants at the same phenological stage for drought tolerance. 
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Table 15. Correlation coefficients between gravimetric water content and TDR 
soil moisture measurements during the equilibration and drought 
stress treatment in buffalograss at two matric soil water potentials. 

Tray No 

2 

4 

6 

8 

10 

12 

14 

16 

20 

22 

26 0.987** N/A 

28 0.992** N/A 

30 0.995** 0.998^ 

32 0991 ** N/A 

34 N/A 0.999^ 

38 N/A 0.992^ 

40 N/A 0.992^ 

-4 0 MPa 

0.988** 

0.999** 

0.998** 

0.998** 

0.980** 

0.995** 

N/A 

N/A 

0.998** 

0.991** 

-6 7 MPa 

0.991** 

0.982** 

0.997** 

0.996** 

0.973* 

0.994** 

0.995** 

0.993** 

N/A 

N/A 

* * * : Statistically significant at the 0.05 and 0.01 probabilities, respectively. 
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Table 16. Number of plants recovered from four buffalograss populations after 
exposure at two matric soil water potentials. 

Cultivar 

'Comanche' 

'Texoka' 

'Highlight' 

Native 

No. 

12 

10 

15 

7 

-4 0 MPa 

% 

1.2 

1 

1.5 

0.7 

No. 

6 

10 

15 

6 

-6 7 MPa 

% 

0.6 

1 

1.5 

0.6 
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F igure 6. Distribution of the number of buffalograss seedl ings recovered in 4 0 
tests at two matr ic soil wa te r potentials. 
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Figure 7. Average number of plants recovered per tray at two matric soil water 
potentials of four buffalograss populations. 
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