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ABSTRACT

Characteristics of canopy structure and soil surface cover are

necessary parameters in hydrologic models of arid and semiarid water-

sheds. In order to quantify these characteristics, two study sites were

established on an experimental watershed in southeastern Arizona, and

periodic measurements were made during the 1983 summer/fall growing sea-

son. During this period, maximum mean foliage height ranged 10-12 cm on

the two study sites, while maximum mean foliage mass and foliage cover

ranged 67-105 g/m2 and 30-51%, respectively. Mean live leaf area index

(LAI), calculated from foliage mass data, peaked at 0.6-0.7. Mean soil

surface cover averaged 34-57%. In general, little change was observed

in the measured characteristics on either site during the season.

Although the two sites differed considerably in foliage and surface

covers, they were similar in foliage mass and LAI.

viii



CHAPTER 1

INTRODUCTION

The nation's rangelands comprise a vast and varied natural

resource which is expected to supply an ever-increasing amount of

society's needs. The heavy demands placed on this resource for food,

energy, and water, have necessitated a better understanding of rangeland

ecosystems and of the factors effecting their sustained productivity

(Branson et al., 1981). To help meet this need, comprehensive computer

models of rangeland ecosystems have been developed to aid in directing

research and management efforts (Wight, 1983). The hydrology component

plays an important role in these ecosystem models because the productiv-

ity and utilization of arid and semiarid rangelands is closely tied to

water availability. Hydrologic processes such as infiltration, evapo-

transpiration and runoff can be readily simulated using physical parame-

ters of the watershed. These parameters are estimated from actual field

data and must be evaluated independently for each watershed.

In a rangeland simulation model developed by the United States

Department of Agriculture, Agricultural Research Service (USDA-ARS),

named SPUR (Simulation of Production and Utilization of Rangelands),

several characteristics of the vegetation canopy structure and soil sur-

face cover are required inputs to the hydrology submodel. As part of

the model validation and refinement process, a plan was formulated to

study these characteristics on an instrumented grassland watershed
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located in southeastern Arizona. Data on canopy and soil surface char-

acteristics collected in this study could subsequently be related to

actual hydrologic data obtained from the same watershed, and used to

validate the model for semiarid grassland conditions.

Objectives 

The objectives of this study were:

1) to examine the seasonal dynamics of canopy structure and

soil surface cover on a semiarid grassland watershed, con-

trasting two soil-vegetation complexes;

and

2) to provide supplemental information on measurement tech-

niques and watershed properties to aid in future investiga-

tions.

Scope 

This study was intended as an initial examination of canopy

structure and soil surface cover of an experimental grassland watershed,

located in southeastern Arizona. The study area is physiographically

similar to over 37 million hectares of desert grassland and 79 million

hectares of shortgrass prairie occurring in the western United States

(Stoddart and Smith, 1955). Principal data collection was conducted

during the 1983 growing season, with some supplementary data collected

in the summer of 1984.



CHAPTER 2

CANOPY AND SOIL SURFACE CHARACTERISTICS

The aerial portion (foliage) of all plants comprising a stand of

vegetation is known collectively as the canopy. The structural and bio-

logical characteristics of the canopy influence the rate and direction

of energy and water flow through the soil-plant-atmosphere system. Sim-

ilarly, mineral and organic materials covering, and in direct contact

with, the soil surface present physical barriers to energy and water

movement through the soil surface. Evaluation of canopy and soil sur-

face characteristics is therefore necessary in order to model the move-

ment of water in grassland watersheds.

Canopy Structure 

Canopy structure may be described by a variety of physical

variables. Characteristics such as foliage height, foliage cover, and

foliage mass have been traditionally used for this purpose (Conant and

Risser, 1974). Current interest has focused on the spatial arrangement

of plant parts within the canopy. Geometric properties of the foliage,

particularly leaf area index (LAI) (Warren Wilson, 1959; Philip, 1965),

have been incorporated into models relating canopy structure to light

interception, photosynthesis, micrometeorology, and evapotranspiration

(Paltridge, 1972; Conner et al., 1974; Kimes et al., 1980).

3
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Leaves generally comprise the bulk of grassland foliage and

serve as the principal organs of photosynthesis and transpiration. For

many gi.assland species, however, chlorophyll bearing stems either sup-

pliment, or totally supplant, the leaf's assimilative function (Harris

and Campbell, 1981; Fahn, 1982). Leaf and stem tissue in such instances

may be considered functionally comparable (Caldwell et al., 1981), and

both should be included in the assessment of transpiring surfaces.

Although only live foliage transpires, dead foliage is an impor-

tant modifier of evaporation from plant and soil surfaces. Standing

dead foliage affects air movement within the canopy, and intercepts both

radiation and rainfall that would otherwise encounter live foliage or

the ground surface (Couturier and Ripley, 1973; Ripley and Redmann,

1975). For these reasons, studies of grassland canopy structure typi-

cally include measurements of both live and dead foliage components.

Foliage Height. Foliage height influences numerous microclimat-

ic processes within the grassland canopy including windspeed, gas diffu-

sion, radiation flux, and temperature (Ripley and Redmann, 1975). Foli-

age height has served as an index to herbage production and forage util-

ization (Stoddard and Smith, 1955; Cable, 1975; Schmutz, 1978), and has

been related to LAI distribution within the grassland canopy (Kimes et

al., 1980). In shortgrass and desert grasslands, foliage height typi-

cally ranges from 5 to 50 cm (Weaver and Clements, 1929); however, the

presence of large shrubs and barren areas, which frequently occur in the

semiarid grasslands of the Southwest, can make foliage height on a par-

ticular site extremely variable.
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Foliage Cover. Foliage cover, expressed as a percentage of the

total land area, refers to the downwardly projected area of the canopy,

and has been used as a factor in models of plant growth (Charles-

Edwards, 1982), evapotranspiration (Ritchie, 1972), infiltration, run-

off, and sediment production (Saxton and McGuinness, 1982; Gamougoun et

al., 1984; McCalla et al., 1984). In addition, foliage cover serves as

an indicator of both the species composition within the stand (Levy and

Madden, 1933) and the ecological status of the site (Eshelman, 1985).

Unlike dense stands of vegetation found in more mesic environ-

ments, vegetation in semiarid regions is often characterized by large

gaps in the canopy (Caldwell et al., 1983; MacMahon and Schimph, 1981).

The clumped nature of vegetation in these communities creates an uneven

distribution of foliage over the site. Foliage cover measurements re-

veal the relative dispersion (Warren Wilson, 1959) of foliage over the

site and thus the effective area of the canopy.

Foliage Mass. Foliage mass, the dry weight of foliage per unit

area of land (g/m2 ), is a property of the plant canopy that is regularly

measured in studies of the structure and function of grasslands (Sims et

al., 1978; Sims and Singh, 1978 a,b,c; Coupland, 1979). At any point in

time, total foliage mass is distributed along living foliage, standing

dead foliage from the current and past seasons, and dead foliage in

advanced stages of decomposition on the soil surface (Redmann, 1975).

Periodic sampling of the canopy by the harvest method reveals the rela-

tive amount of live and dead foliage mass contributed by each species

during the season (Laurenroth and Whitman, 1977; Astatke, 1981).
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Changes in the dry weight of these components over time reflect the

direction and rate of energy and material flow through the canopy (Uresk

et al., 1975).

Leaf Area Index. Leaf area index (LAI), defined as the foliage

area per unit land area (m2 /m2 ), was first proposed by Watson (1947) as

a method of comparing the productivity of different crop species. More

recently, LAI has been shown to be a useful parameter in cropland

(Ritchie, 1972; Tanner and Jury, 1976) and rangeland (Hanson, 1976;

Ritchie et al., 1976) evapotranspiration (ET) models.

Ritchie (1972) developed an energy balance model for predicting

ET from row crops with incomplete cover. The model calculates evapora-

tion from both the soil surface and from plant tissue (transpiration)

using the LAI parameter to partition the evaporative force of the atmos-

phere between the two. Ritchie et al. (1976) later modified this model

for use on native grasslands, again using LAI and including a factor for

surface mulch cover.

Hanson (1976) also incorporated the LAI term into a mathematical

model of grassland ET. The model determines actual ET from potential ET

and a plant coefficient based on LAI. LAI is a factor in the calcula-

tions of both canopy transpiration and direct evaporation from soil and

plants. When LAI equals or exceeds 3.3, the plant coefficient equals

one, and ET becomes limited only by soil water availability.

The use of LAI as a vegetational component in ET models has sev-

eral advantages. As an area measurment, LAI is dimensionally compatable

with the soil surface component of an ET model. The LAI parameter can
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be used to eliminate consideration of non-transpiring plant organs, such

as woody stems, and to integrate various stand characteristics such as

height and spacing. Normalization of stand characteristics allows for

comparisons among plants and plant species of differing morphologies,

and along plant communities of differing canopy architectures. In addi-

tion, because LAI is related to other plant and environmental processes,

such as dry matter production and light interception (Charles-Edwards,

1982), ET models employing LAI are readily incorporated into comprehen-

sive models of cropland and rangeland systems (Keulen, 1975; Knisel,

1980; Vries and Laar, 1982; Wight, 1983).

Although LAI is acknowledged as a desirable vegetational factor

in ET models, it remains an elusive parameter to evaluate. On grass-

lands, LAI becomes particularly difficult to estimate because of the

complexity and heterogeniety of the canopy (Ritchie et al., 1976).

Variation in species composition and plant density must be considered,

as well as seasonal vegetative changes. Because of these inherent

difficulties, few LAI measurements have been made on native grasslands

(Knight, 1973).

Some authors have employed the term foliage area index (FAI),

instead of LAI, to represent the foliage area of the canopy (Warren

Wilson, 1959; Turitzin, 1978). FAI, by definition, includes all aerial

parts of the component plants; principally leaves and stems. LAI,

although a less precise term, continues to be the dominant expression of

foliage area in studies of both crop and non-crop canopies. This paper

will follow the conventional use of LAI to represent both the leaf and
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stem components of the canopy. The terms leaf area and stem area will

represent the particular characteristics of detached leaves and stems,

respectively. Appendix A reviews methods for measuring and estimating

leaf and stem areas, and discusses the calculation of LAI from foliage

mass data using specific leaf and stem area coefficients.

Surface Cover 

The amount and composition of materials in direct contact with

the soil surface have a considerable effect on the moisture relations of

a semiarid grassland site. Surface cover reduces direct evaporation

from the soil surface by intercepting solar radiation and by increasing

the diffusion resistance between the soil and the atmosphere (Slayter

and Mabbutt, 1964; Ritchie et al., 1976). Surface cover also provides a

physical barrier to raindrop impact and water movement, thereby influ-

encing infiltration, runoff and sediment production from the site

(Kincaid et al., 1964; Tromble et al., 1974; Tromble, 1976; Simanton and

Renard, 1982; Gamougoun et al., 1984; McCalla et al., 1984). Changes in

surface cover over time, whether natural or man-induced, can cause sig-

nificant changes in the hydrologic response of the site (Tromble, 1976).

For these reasons, surface cover values need to be included in hydro-

logic models of grassland watersheds whenever litter or rock fragments

cover a substantial area of the soil surface.

Surface cover, like foliage cover, is typically expressed as a

percentage of the total land area. Surface cover is made up of three

primary materials: living plant bases (basal cover, where the plant
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stem intersects the soil surface); plant residues (litter cover); and

rock fragments (rock and gravel cover). Each of these cover materials

effects water movement in a different manner than the others, and the

sum effect on the hydrology of the site depends on the relative propor-

tions of each.



CHAPTER 3

DESCRIPTION OF STUDY AREA

The research was conducted on a semiarid grassland 11 km east of

the town of Tombstone in southeastern Arizona (Fig. 1). The area is re-

presentative of the dissected alluvial slopes which extend southwestward

from the Dragoon Mountains and comprise the upper reaches of the Walnut

Gulch Experimental Watershed. Livestock grazing, wildlife habitat, and

hydrologic research constitute the major land uses.

Two study sites were established on the 60-ha Kendall watershed,

a grassland "unit-source" watershed developed by the Agricultural Re-

search Service (USDA-ARS) for comparative hydrologic studies (Kincaid et

al., 1966). Elevations on the watershed drop from 1550 m at the north-

eastern crest to 1500 m at the outlet, along a distance of about 2000 m.

Runoff is recorded by three broad-crested V-notch weirs and an instru-

mented stock pond, which subtends the watershed. Sediment yield is mea-

sured by automated sediment samplers and by periodic topographic surveys

of the pond bottom. Several recording raingages are located on or near

the watershed. Additional meteorological data are available from the

ARS weather station in Tombstone.

Climate, soils and vegetation are three principal features

determining the general environment of a grassland watershed. Climatic

variables such as the amount and distribution of precipitation influence

the development of both soil profiles and plant communities, which in

1 0
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Figure 1. Location map of the Walnut Gulch Experimental Watershed and
Tombstone, Arizona.
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turn, influence each other and the movement of water through the system.

Descriptions of these environmental features permit comparison and

extension of data from this study to other watersheds.

Climate 

The climate of the area, as represented by the climate of Tomb-

stone (elevation 1400 m), is one of "mild temperatures, limited rain-

fall, and high evaporation rates (low relative humidity)" (Renard,

1970). Figures presented in Appendix B show the monthly patterns of

several climatic variables measured at Tombstone between 1964 and 1983.

Mean monthly air temperatures range from 8.7 ° C in January to 26.5 ° C in

July. Mean daily minimum temperatures range from 2.1 ° C to 19.1 ° C for

these two months, respectively. Mean daily maximum temperatures range

from 15.2 ° C in January to 34.3 ° C in June. Daily temperatures of 32.0 ° C

or higher occur on the average of 84 days a year while an average of 33

days have temperatures of 0 ° C or lower. The frost-free period extends

from the end of March to the end of November, about 239 days.

Average annual precipitation at Tombstone is 330 mm for the per-

iod 1964-1983, a decline from the 354 mm average recorded for 1904-1983.

Significant daily precipitation (>2.5 mm) is observed an average of 34

days during the year. Summer rainfall accounts for over 70% of the an-

nual precipitation and is brought on by the movement of moist unstable

air masses into the region from the Gulf of Mexico (Sellers and Hill,

1974). During the summer rainy season (late June to early September),

convective cloud buildup over the heated terrain results in high-



13

intensity, short-duration 'thunderstorms. These summer storms are

responsible for over half of the significant daily precipitation occur-

ring during the year and generate 99 percent of the annual runoff from

local watersheds (Simanton and Renard, 1982). Despite the limited areal

extent and high variability of these storms, Osborn (1968) noted that

summer precipitation provides the most dependable source of moisture for

the watershed vegetation.

Winter precipitation comes into the area from the North Pacific

Ocean and is characterized by gentle, widespread showers (or snow) of

long duration. Sellers and Hill (1974) suggested that the year to year

variability of these cyclonic winter storms makes them a highly unreli-

able source of moisture. Occasional periods of heavy rainfall in the

autumn, winter, or spring months, however, may act to substantially ex-

tend the growing season for both cool and warm-season vegetation. Evap-

oration from a Weather Bureau Class A pan at Tombstone averages 2377 mm

of water annually. Wind movement over the pan averages 27,428 km per

year or about 75 km/day. The greatest monthly evaporative loss (338 mm)

takes place in June before the summer rainy season. In July and August

the monthly evaporation rate decreases (to 257 mm and 232 mm, respec-

tively) in response to the increase in cloudiness and relative humidity.

Throughout the year, mean monthly evaporation from the pan far exceeds

the moisture received from rainfall. Even when the pan coefficient for

the region, 0.69 (Green and Sellers, 1964), is applied to the data, the

estimated potential evaporation from an open water surface is typically

more than double the mean monthly precipitation.
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Raingage 82 is located on the southern divide of the Kendall

watershed at an elevation of 1518 in and less than 500 in from the two

study sites. Average annual precipitation recorded at raingage 82 for

the years 1964-1983 is 338 mm. In general, average annual precipitation

in the study area is nearly identical with that recorded at the Tomb-

stone station.

Soils 

The study area has been described by the Soil Conservation Ser-

vice (Gelderman, 1970) as an association of two soil series: the Bern-

ardino series belonging to the fine, mixed, thermic family of Ustollic

Haplargids, and the Hathaway series, which is in the loamy-skeletal,

mixed, thermic family of the Aridic Calciustolls. The Bernardino series

is characterized by deep, well-drained, fine-textured soils having a

calcareous horizon 25 to 50 cm below the surface. The Hathaway series

is derived from gravelly calcareous alluvium and features deep, well

drained, course textured soils having a high lime content throughout the

profile.

The association, designated as "Bernardino-Hathaway gravelly

barns, 8-15 percent slopes", includes rolling hills and ridges formed

from deeply dissected valley plains and alluvial fans. Bernardino soils

generally occupy the crowns and upper side slopes of the ridges, while

the Hathaway soils typically occur on the lower slopes on more recently

eroded alluvium. The association occupies 862 ha or 5.7 percent of the

Walnut Gulch watershed. Bernardino soils makeup about 60 percent of the

association while Hathaway soils makeup 35 percent.
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The two series, although physiographically integrated, exhibit

distinctly different pedologic and plant community characteristics.

Haase and Schreiber (1972) suggested that the greater lime content of

the Hathaway soils and the strong clay content of the Bernardino soils

are responsible for the apparent difference in vegetation composition

and density. Hathaway soils were found to have relatively low moisture

retention, organic carbon and clay content, but high pH, sand and gravel

content, while Bernardino soils showed characteristics converse of the

Hathaway series.

Tromble et al. (1974) found that, for the first 20 minutes, in-

filtration rates on grazed Hathaway sites were significantly greater

than on grazed Bernardino sites. Average infiltration after 60 minutes

was 3.07 cm and 2.54 cm on the Hathaway and Bernardino sites, respec-

tively. No significant difference was found between the mean times to

runoff initiation for the two series.

Vegetation 

The vegetation of the Kendall watershed consists primarily of

herbaceous species, with a varying density of shrubs and half-shrubs.

Haase and Schreiber (1972) described the vegetation of the area as

shortgrass or grass-shrub and included it in the desert-grassland tran-

sition of Shreve (1942). Later investigators have mapped the area as

belonging to the plains and desert grassland (Brown, 1973), and the Chi-

uahuan semidesert grassland (USDA-SCS, 1978).
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Two major plant communities have been defined on the study area

(Haase and Schreiber, 1972): the black graina (Bouteloua eriopoda Torr.)

community, found primarily on SW to SE aspects, Hathaway soils and dry

upper slopes; and the curly mesquite (Hilaria belangeri (Steud.) Nash)

community located primarily on NW to NE aspects, Bernardino soils, and

lower slopes with good moisture retention. Positive associations were

found between black graina and the grass species, threeawns (Aristida 

spp.), slim tridens (Tridens muticus (Torr.) Nash) and fluffgrass (Tri-

dens pulchellus (H.B.K.) Hitchc.); the forb, leatherweed croton (Croton 

corymbolosus Engelm.); and the shrub, false mesquite (Calliandra erio-

phylla Benth.). Curly mesquite was typically associated with three

graina species, sprucetop graina (Bouteloua chondrosioides (H.B.K.)

Benth.), hairy graina (Bouteloua hirsuta Lag.), and blue graina (Bouteloua 

gracilis (H.B.K.) Lag.).

Livestock grazing has had a appreciable influence on the vegeta-

tion dynamics of the Tombstone area since settlement of the town in the

late 1800s, and is in part responsible for the conversion of the desert

grassland to desert shrubland (Hastings and Turner, 1965). In recent

years, the Kendall watershed has been moderately to heavily overgrazed.

The current range condition of the watershed is fair to poor. A variety

of woody species has encroached upon the watershed, as is revealed by

comparing photographs taken in 1967 with photographs of the same land-

scape in 1983. A conservative estimate indicates a five-fold increase

in the number of mature shrubs on the watershed over the past 16 years.



CHAPTER 4

MATERIALS AND METHODS

Two fenced study sites 30 m X 30 m in size were established on

opposing slopes of the Kendall watershed (Fig. 2). The watershed had

been previously instrumented to measure both precipitation and stream-

flow, permitting vegetation and soils information to be related to

recorded hydrologic events. The two sites were selected because of

their relative uniform grade, slope position, and vegetation type

(shortgrass). In addition, the sites represented the two major soil-

vegetation complexes occurring on the watershed. Site 1 was situated on

a Hathaway soil of 8 percent slope and southeast aspect (Fig. 3). The

site was dominated by black graina and false mesquite. Site 2 was loca-

ted on a Bernardino soil of 10 percent slope and north aspect (Fig. 4).

The vegetation consisted primarily of the sodgrasses curly mesquite and

blue graina. Cool- and warm-season annual forbs appeared on both sites,

but predominated on Site 1. Both sites had been invaded by various

woody species, particularly the half-shrub burroweed (Applopappus 

tenuisectus (Greene) Blake). Cattle were excluded from these sites

beginning in July, 1983. No attempt was made to exclude wildlife.

The field program was designed to measure species composition,

foliage height, foliage cover and foliage mass, LAI, and soil surface

cover, on each site at intervals during the growing season. By periodic

measurement, the seasonal dynamics of vegetation and soil surface

17
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Figure 3. Site I ( southeast aspect, Hathaway soil ) in lote August, 1983.

Figure 4. Site 2 ( north aspect, Bernardino soil ) in lote August, 1983.
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characteristics could be identified and used as a basis for predicting

these watershed parameters in the future. Also, field and laboratory

procedures developed for this study could be employed in additional

studies of LAI on the watershed.

Experimental Design and Sampling Technique 

Within each exclosure site, an experimental plot 22 m X 22 m was

staked out. The plot was broken into a stratified block design of nine

blocks square. Each block was further divided into 96 rectangular sam-

ple unit locations. A stratified random sample was taken from each plot

at four dates during summer and fall of 1983: July 17, August 7, August

24, and November 3. For each sample, 36 sample units were measured, 4

randomly chosen from each block.

Foliage cover and soil surface cover were estimated at each sam-

ple unit within a 30 cm X 60 cm quadrat using the 100-point frame method

of Taha et al. (1983). Foliage contacts were recorded as either live

(green) or dead (non-green), and both foliage and basal contacts were

designated by species. Non-green woody stems, living or not, were in-

cluded with the dead component. Only the initial contact with live and

dead foliage was recorded for each pin. Total foliage cover was calcu-

lated independently of the live and dead components to prevent overlap-

ping values, and was therefore always less than or equal to the sum of

these tvlo components. Surface cover contacts were recorded as either

plant basal, litter, rock (fragments >2.0 cm across), or gravel (frag-

ments 0.2-2.0 cm across). Litter was considered to be any detached
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foliage on the surface and no distinction was made to the size or depth

of the material. Because litter was recorded to the exclusion of any

underlaying rock or gravel fragments, only exposed rock and gravel were

included in the surface cover measurement. In addition, average live

foliage height for each species occurring within a quadrat was estimated

to the nearest 2.5 cm.

After cover and height measurements were made, the foliage with-

in each quadrat was clipped to 1 cm above ground level, separated by

species, sealed in plastic bags, and cooled on ice. In the laboratory,

the sample foliage was kept sealed in the bags and refrigerated to main-

tain freshness. The drier and less dense dead material was then removed

from the live material using an air-blower separator device. The separ-

ated foliage components were oven dried overnight at 70 ° C and weighed to

the nearest 0.1 g.

Foliage Area Measurement 

Subsamples of the foliage taken from within the quadrats, as

well as some foliage collected outside the plots, were used to determine

specific leaf area (SLA) and specific stem area (SSA) of the major spe-

cies on the sites (see Appendix A). The fresh foliage of each species

was divided into four components: live leaves, dead leaves, live stems

and dead stems. In preparation for area measurement, each foliage com-

ponent was soaked in de-ionized water and refrigerated overnight. This

procedure normalized the water content within the leaves and stems and

extended them to their maximal areas.
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After excess water was blotted off, several samples of a partic-

ular foliage component, live leaves for example, were pressed between

clear plastic sheets and passed through a Li-Cor 3100 area meter (Li-Cor

Corp.). The plastic sheets helped to keep the leaves flat as they moved

over the light detector. Leaf area was recorded to the nearest 1.0 cm2 .

This procedure was repeated for each of the four foliage components and

for each species. Following area measurement, the foliage subsamples

were dried and weighed, and the dry weight values for the foliage taken

from within the quadrats were added to those of the main sample.

Data Analysis 

Foliage mass, canopy cover, and surface cover data were digit-

ized and subjected to computer calculated analysis of variance. Pair

wise comparisons among sample means for each canopy and surface compo-

nent were made using Duncan's multiple-range test (Little and Hills,

1978). Differences in mean values between dates and sites were indi-

cated at the P< 0.05 level of significance.

Leaf area and leaf dry weight data were examined for linear cor-

relation. Linear regression coefficients developed from these data were

used to express SLA and SSA for the live and dead components of each

species. SLA and SSA coefficients were then used to transform foliage

mass values to LAI values. Calculated LAIs of the major species groups

were examined for seasonal and site differences using the aforementioned

(Duncan's) statistical test.



CHAPTER 5

RESULTS AND DISCUSSION

Climatic Variables 

The climatic regime influences vegetation development.	 A sum-

mary of the monthly values for climatologic variables measured at Tomb-

stone during 1983 are presented in Appendix B, along with average values

for the period 1964-1983. Mean monthly air temperatures in 1983 varied

little from the 20-year averages: temperatures were slightly cooler in

the early spring and late fall, and slightly warmer in late summer. Air

temperatures >32 ° C were observed on 87 days during the year while tem-

peratures <0 ° C were observed on 21 days. The last spring frost occurred

on April 13 and no frost was reported for 223 days, until November 22.

Annual precipitation in both 1982 (361 mm) and 1983 (542 mm) exceeded

the 20-year average (330 mm), with both years experiencing wetter than

average winters but drier than average summers. Pan evaporation mea-

sured 2110 mm and wind movement totaled 16,370 km in 1983.

Annual precipitation recorded at the Kendall watershed (RG 82)

exceeded the 20-year average (338 mm) in both 1982 (367 mm) and 1983

(515 mm), and like Tombstone, monthly precipitation differed greatly

from the long-term monthly averages. The wet winter of 1982-1983 pro-

vided ample moisture for the growth of cool-season annual and perennial

species on the Kendall watershed. Shrub species which had begun new

foliage growth in the spring remained green throughout the drought

23
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months of April, May, and June, indicating a good supply of deep soil

moisture. In 1983, the summer rains arrived in early July and rainfall

events occurred regularly until late August (Fig. B.7). The amount of

rainfall during this time, however, was well below average and this was

reflected in the poor growth response of the warm-season species. By

early September, plants on both study sites appeared to be water stres-

sed and to have ceased growing. This condition ended with the excep-

tionally large storms of late September and early October, which replen-

ished the soil moisture of the two study sites and enabled many species

to resume growth or retain green foliage into November.

Species Composition 

Table 1 lists the common and scientific names of the major spe-

cies contributing to the vegetation canopy on the study sites. Species

composition on each site was consistent with observations made by Geld-

erman (1970) and Haase and Schreiber (1972), in that it corresponded to

the particular soil (series) characteristics of the site. The perennial

grasses, threeawns, sand muhly (Muhlenbergia arenicola Buckl.), sand

dropseed (Sporabolus cryptandrus (Torr.) Gray), slim tridens (Tridens 

muticus (Torr.) Nash), and fluffgrass were found on Site 1 (Hathaway

soil); while sprucetop grama, blue grama, hairy grama, and curly mes-

quite were found on Site 2 (Bernardino soil). Black grama was most pre-

valent on Site 1, yet maintained a considerable presence on Site 2.

Sideoats graina (Bouteloua curtipendula (Michx.) Torr.) showed no site

preference. Annual grasses did not occur in any measurable amount.
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Table I. Common and scientific names of major species observed on the
Kendall study sites.

COMMON NAME
	

SCIENTIFIC NAME

PERENNIAL GRASSES

threeawns

sprucetop grama

sideoats graina

black grama

blue graina

hairy grama
curly mesquite
sand muhly
sand dropseed
slim tridens

fluffgrass

ANNUAL FORBS

annual buckwheat
wooly indianwheat

PERENNIAL FORBS

trailing four o'clock

ayenia

field bahia

leatherweed croton

evolulus

locoweed

SHRUBS

false mesquite
burroweed

Aristida spp.

Bouteloua chondrosioides (H.B.K.) Benth.

Bouteloua curtipendula (Michx.) Torr.

Bouteloua eriopoda Torr.

Bouteloua gracilis (H.B.K.) Lag.

Bouteloua hirsuta Lag.

Hilaria belangeri (Steud.) Nash

Muhlenbergia arenicola Buckl.

Sporabolus cryptandrus (Torr.) Gray

Tridens muticus (Torr.) Nash

Tridens pulchellus (H.B.K.) Hitchc.

Eriogonum albertianum Torr.

Plantago purshii Roem. & Schlt.

Allonia incarnata L.

Ayenia microphylla Gray

Bahia absinthifolia Benth.

Croton corybulosus Engelm.

Evolvulus pilosus Nutt.

Astragalusa.

Calliandra eriophylla Benth.

Applopappus tenuisectus (Greene) Blake
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Annual and perennial forbs were present on both sites: woolly

indianwheat (Plantago purshii Roem. & Schlt.) (cool-season grower) and

most of the perennial forb species were about equally distributed across

sites, but annual buckwheat (Eriogonum albertianum Torr.) (warms-season

grower) was most abundant on Site 1. False mesquite was found primarily

on Site 1, and similarly, burroweed was found primarily on Site 2.

Exceptions to the site preference exhibited by some species were due to

the intergrading of the two soil series which occurred near certain site

boundaries.

Several other species were observed on or near the study sites,

but occurred too infrequently to be designated in the canopy measure-

ments. These species included: the grasses tobosa (Hilaria mutica 

(Buckl.) Benth.), wolftail (Lycurus phleoides H.B.K.), and Hall's pan-

icum (Panicum hallii Vasey); the forbs desert marigold (Baileya plenira-

diata Harv. & Gray, thistle (Cirsium sp.), bull cods (Menadora sp.),

nightshade (So1anums2.), globemallow (Sphaeralceasa.),  and desert zin-

nia (Zinnia pumila Gray); and the half-shrubs and shrubs whitethorn

acacia (Acacia constricta Benth.), Mormon tea (Ephedra trifurca Torr.),

snakeweed (Gutierrizia sarothrae (Pursh) Britt. & Rusby), range ratany

(Krameria parvifolia Benth.), prickly pear and cholla cactus (Opuntia 

spp.), mesquite (Prosopis juliflora (Swartz) D.C.), and soaptree yucca

(Yucca elata Englm.).

Canopy Structure 

Foliage Height.	 Prior to fencing the study sites, continuous

grazing by livestock maintained the herbaceous canopy at a relatively
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uniform foliage height (5-8 cm). After the exclusion of livestock, live

foliage heights on the two sites increased steadily, closely paralleling

each other thoughout the season (Table 2). Most all of the changes in

live foliage heights were attributed to the growth of grasses and forbs;

little change was observed in the height of the widely-spaced shrubs.

Live foliage heights of the various species ranged from 3 to 13 cm for

grasses, 9-18 cm for annual forbs, 8-10 cm for perennial forbs, and 6-26

cm for shrubs. Individual shrubs ranged in height from about 3 cm for a

burroweed seedling to more than 300 cm for a large acacia or yucca.

Table 2. Mean live foliage height (cm) of the canopy on Site 1 and Site
2 for four dates in 1983.

SITE 1	 SITE 2
Sampling Dates 	Sampling Dates

17 JUL	 7 AUG 24 AUG 3 NOV	 17 JUL	 7 AUG 24 AUG 3 NOV
(cm)	 (cm)

6.9 a	 9.7 b	 11.4 c	 8.5 b
	

•
•
	 7.9 a	 9.5 b	 10.3 b	 9.4 b

Values followed by the same letter within each site are not significant-
ly different at the P<0.05 level usTFTEncan's multiple -range test. No
significant differences in foliage height were found between sites on
corresponding dates.

Foliage Mass. Standing foliage mass (g/m2 ) was divided into

live and dead components and summarized according to species group in

Table 3. In general, increases in live foliage mass (LFM) on both sites

followed the pattern of rainfall accumulation, peaking sometime around
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late August or early September, declining, then rising again in October

following the late season rain. Net changes in LFM were not readily

apparent in the summarized data because of the extended period between

sampling dates and because of the dampening effect created by overlap-

ping growth patterns of the component species. Dead foliage mass (DFM)

tended to decline during the season as dead annual forb tissue was con-

tinuously removed from the canopy. The sum effect of foliage gains and

losses within the canopy was that neither site experienced any signifi-

cant (P<0.05) change in total foliage mass (TFM) during the season.

The relative amount of foliage contributed by individual species

and species groups differed appreciably between sites: perennial gras-

ses, annual forbs, perennial forbs, and shrubs contributed 31%, 21%,

11%, and 37%, respectively, to the average TFM on Site 1; and 69%, 11%,

13%, and 7%, respectively, on Site 2. Despite the obvious site prefer-

ences exhibited by species, canopy LFM did not differ significantly

(P<0.05) between sites on the July, early August, or November sampling

dates, and canopy DFM did not differ significantly between sites on

either the July or November sampling dates. Surprisingly, it was the

less-densely vegetated Site 1 that supported the greatest LFM (67.3

g/m2 ) and DFM (37.3 g/m2 ) in late August, near the peak of the growing

season (as opposed to 44.9 and 23.7 g/m2 , respectively, on Site 2). It

should be noted, however, that false mesquite plants on Site 1 produced

much of their foliage prior to the summer season. If only herbaceous

species were considered, little difference existed in either canopy LFM

or DFM between sites during August.
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Foliage Cover. Increases in live foliage cover (LFC) were

detected on both sites by the end of the season and resulted mainly from

the growth of the perennial grasses (Table 4). As with foliage mass,

LFC appeared to peak around late August, decline, then increase again

later in the season. Dead foliage cover (DFC) remained relatively

stable during the season, because increases in DFC produced by actively

growing species were countered by decreases in DFC among the annual

forbs. Ultimately, no significant (P<0.05) changes in total foliage

cover (TFC) were measured on either site, except on the November sam-

pling date on Site 2. Continued growth of the warm-season species and

the initiation of growth in cool-season species were responsible for the

high cover values recorded towards the end of the season.

The canopies of both study sites were dominated by warm-season

perennial grasses which made up about 45% of the average TFC on Site 1

and 80% on Site 2. Shrub cover was generally greater on Site 1 due to

the presence of spreading clumps of false mesquite; whereas Site 2 sup-

ported the more erect-growing burroweed. Grasses and forbs typically

grew through and around the protective canopies of these shrubs creating

areas of dense multi-layered foliage cover. LFC, DFC and TFC were sig-

nificantly (P<0.05) greater on Site 2 than Site 1 throughout the season,

except on the late August sampling date when there was no significant

difference in LFC between the two sites. TFC ranged from 22.3 to 30.1%

on Site 1 and from 32.2 to 50.5% on Site 2.
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Leaf Area Index. .Leaf area indices (LAIs) for the two sites

were calculated from species foliage mass data and the specific leaf

area (SLA) and specific stem area (SSA) coefficients as described in

Appendix A. The relative proportion of leaves and stems making up the

foliage mass of each species was determined from subsamples of the har-

vested material. Calculated live and dead LAIs were summarized accord-

ing to species group and presented in Table 5.

Seasonal changes in LAI corresponded to changes in foliage mass

from which it was derived; however, the differential weighting given to

particular foliage components altered the relative contribution of some

species to the canopy LAI. As with foliage mass, live LAI appeared to

peak around late August, decline, then rise again, but these changes

tended to be more distinct for LAI than for foliage mass. Dead LAI

decreased significantly (P<0.05) on Site 2, but no significant change

in total LAI occurred on either site during the season.

Live, dead, and total canopy LAIs were not significantly

(P<0.05) different between sites on any but the last sampling date, at

which time they were greater on Site 2. Live LAI peaked at 0.67 on Site

1 and 0.60 on Site 2. Total LAI peaked at 0.91 and 0.89 on the two

sites, respectively.

Soil Surface Characteristics 

Plant Basal Cover. Measured changes in total plant basal cover,

the ground surface area occupied by living plant stems, corresponded to

general observations of species phenology: after undergoing foliage and
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seed development during the summer, many warm-season species began vege-

tative reproduction, perhaps in response to the additional moisture

brought on by the September storms. Black grama and curly mesquite

plants generated numerous stolons which created new plant bases where

they took root. Other species extended their basal cover by rhizomatous

growth or by tillering. New seedlings, predominantly annual forbs, also

added to the basal cover, but their contribution was relatively minor

and short-lived.

Plant basal cover was consistently more than twice as great on

Site 2 as on Site 1 during the season, averaging 10.5% and 4.5% for the

two sites, respectively (Table 6). Perennial grasses comprised an aver-

age of 87% of the relative basal cover on Site 1 and 97% on Site 2

(Table 7). Annual forbs, perennial forbs, and shrubs each contributed

an average of less than 5% to the relative basal cover on either site.

Litter Cover. Impacting raindrops, produced by summer thunder-

storms, were largely responsible for the transfer of dead foliage from

the plant canopy to the ground surface. Once on the ground, the foliage

litter became available to numerous microbial and mesofaunal consumers,

the most conspicuous being harvester ants and termites. In addition to

consumptive losses, some litter was redistributed on the surface by wind

and flowing water. These forces also transported and deposited sediment

on top of litter fragments, incorporating them into the soil and elimi-

nating them as part of the soil surface cover.

At each sampling date, litter cover was significantly (P<0.05)

greater on Site 2 than Site 1. Litter cover averaged 12.3% on Site 1
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and 24.2% on Site 2 for the season. Litter cover dynamics also differed

markedly between sites. On Site 1, the net seasonal increase in litter

cover followed the loss of dead foliage mass from the plant canopy

(Table 6). However, on Site 2, the decline in standing dead foliage

mass was not accompanied by an increase in litter cover, but instead, by

a sharp decrease. How much of the apparent disappearance of litter

cover on Site 2 was due to the redistribution of litter on the surface

and how much to abiotic and biotic breakdown is unknown. It is specula-

ted, however, that the particular topographic, edaphic, and vegetal

characteristics of each site, by modifying the habitat of consumer and

decomposer organisms, influenced the rate of litter disappearance (Paul

et al., 1979, Whitford et al., 1982).

Rock and Gravel Covers. Rock and gravel covers remained rela-

tively unchanged during the season on both sites, with the exception of

a temporary decrease in gravel cover on Site I in late August (Table 6).

Changes in rock and gravel covers probably reflected changes in the lit-

ter or plant basal covers; although certain other phenomena such as ani-

mal activity or intense rainfall events could have caused a change in

rock and gravel covers. Rock cover was approximately twice as great on

Site 2 as on Site 1, while gravel cover did not differ appreciably be-

tween sites. Combined rock and gravel cover averaged 17.2% on Site 1

and 22.0% on Site 2 for the season. Although both rock and gravel cover

appeared homogenous on Site 2, they were widely scattered on parts of

Site 1, resulting in many barren areas. It was generally observed that

greater plant densities occurred in areas having a greater amount of
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large rock (>10 cm) cover. The presence of large rocks probably pro-

tects plants from excessive grazing and improves soil moisture retention

by serving as a surface mulch.

Data Variability and Sample Size 

Since no information on the variability of the vegetation and

soil surface characteristics was available prior to this study, a con-

venient sample size of 36 sample units per site per date was prescribed

in the methodology. Analysis of the subsequent sample data revealed

that, in fact, a great deal of variability existed in most all of the

measured characteristics. Coefficients of variation (C.V.%= standard

deviation + mean) for foliage height values were relatively low (Table

2), ranging 16-51%, but foliage mass and foliage cover values (Tables 3

and 4) exhibited very high C.V.s, sometimes exceeding 300% for individ-

ual species. This high variability was understandable, considering that

plants of many species were so sparsely distributed on the study sites

that they rarely occurred in a sample quadrat. Even foliage mass values

for the major species, black grama on Site 1 and curly mesquite on Site

2, had average C.V.s of 135% and 68%, respectively. Coefficients of

variation for foliage cover and LAI (Table 5) closely matched those for

foliage mass. As would be expected, C.V.s for grouped species were

lower than for individuals. For example, the C.V.s for total canopy

foliage mass averaged 74% and 40% for Sites 1 and 2, respectively; con-

siderably less than that for most individual species. The C.V.s for

surface cover values (Table 6) were typically lower on Site 2 than Site
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1, but none was greater than 100%. However, the C.V.s for basal cover

(Table 7) were often over 200% for individual species.

Obviously, a sample size of 36 sample units was inadequate for

controlling the variance around the means. If the dimensions of the

sample quadrat were held constant, sample sizes of at least 60 sample

units would have been required to adequately estimate (90% probability

of being + 10% of true mean) the mean foliage mass of even the most com-

monly occurring species, curly mesquite on Site 2. Less abundant

species would have required several times this number of sample units to

adequately reduce the sample variance. A more practical alternative

would have been to increase the dimensions of the sample quadrat in

order to average out the effect of irregular plant distributions. This

would have necessitated experimentation with larger quadrat sizes and a

change in the experimental design. These results should be helpful in

the design of sampling schemes for future studies.

Site Interactions 

Haase and Schreiber (1972) found that species composition in the

area of the Kendall watershed was closely related to the soil and topo-

graphic features that effected the energy and moisture relations of the

site. These same features were believed responsible for the differences

in canopy structure observed on the two study sites. The sparse rock

and litter covers, the sandy soil, and the southeast aspect predisposed

Site 1 to relatively dry conditions, whereas the abundant mulch cover,

clayey soil, and north aspect maintain relatively moister conditions on

Site 2.
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Interestingly, the potential annual direct beam solar radiation

is less for Site 2 than for Site I, but Site 2 may receive as much or

more sunlight during the summer months (Table B.8; Frank and Lee, 1966).

This would suggest that evaporative demand is about equal on the two

sites during the summer growing season. As the seasons progress, how-

ever, Site 2 receives proportionally less direct solar radiation than

Site 1. Although the reduced irradiance on the north aspect may help

preserve soil moisture and sustain foliage growth into the fall, it

would inhibit plant activity as the air and soil temperatures cooled.

The additional irradiance on the southern exposure could benefit the

plants in the spring by allowing them to initiating growth earlier in

the season, if water were available.

Grassland species have evolved a variety of morphological and

physiological strategies for dealing with the spatial and temporal

availability of water in a semiarid environment (Harris and Campbell,

1981). These strategies were reflected in the canopy structure and

dynamics of the two study sites. Shrub and bunchgrass growth forms,

which were prevalent on Site I, are typical structural adaptations for

dealing with dry site conditions; while moister conditions permit the

growth of sodgrass forms, as found on Site 2 (Caldwell et al. 1983).

Observations made in previous years suggest that peak foliage

mass measured in 1983 was considerably less than the potential for the

Kendall sites. This condition probably resulted from both a lack of

current-season (summer) rainfall, and from the combined effect of low

prior-season rainfall and continuous grazing by livestock which reduced
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the ability of the plants to respond to current-season moisture (Cable,

1975).

Effective LAI 

In grassland canopies, the amount of foliage area effectively

exposed to the atmosphere may differ considerably from that estimated

from samples of detached foliage. Grassland species exhibit numerous

ways of controlling their effective leaf area in order to reduce water

loss and heat stress. These behavioral adaptations include leaf rolling

and folding, changes in foliage orientation, and ultimately, senescence

and/or abscision of the foliage (Warren Wilson, 1959; Ripley and Red-

mann, 1975).

In this study, flat fully-hydrated leaves were used in the de-

velopment of the SLA coefficients. LAI calculated from these coeffi-

cients therefore represents the upper-limit, or potential, LAI of the

canopy, whereas the effective LAI of the canopy in situ is probably

something less. Since effective LAI may change continuously in response

to physiologic or environmental conditions, "potential" LAI probably

better represents the long-term nature of foliage area in the canopy.

Another factor influencing the effective LAI of a grassland can-

opy concerns the definition of LAI itself: the ratio of foliage area to

unit land area. This concept of LAI may adequately portray the distri-

bution of foliage in rhizomatous shortgrass communities, but may greatly

underestimate the amount of foliage overlap in bunchgrass communities.

Caldwell et al. (1983) stated that, because bunchgrass clumps intercept
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solar radiation on all sides as well as the top of the clump, the total

amount of light received during the course of a day could be equivalent

to that received on a level ground area 70% greater than the foliage

cover of the bunchgrass clump. This would suggest that the more-erect

nature of plants on Site 1 could have intercepted an equivalent amount

of light energy, even though they projected less foliage cover than the

plants on Site 2. This could explain the similarity in seasonal foliage

mass production observed on the two sites.

Comparisons to Other Studies 

Time-weighted seasonal means of live and dead foliage mass mea-

sured on the Kendall sites were compared to foliage mass values calcula-

ted for other grassland types (Table 8). Although these data were

obtained under disparate conditions, they reflect the general magnitude

and range of foliage mass found on natural grasslands. Average seasonal

foliage mass on the Kendall sites (68-87 g/m 2 ) was shown to be compar-

able with that found on the Jornada (New Mexico) desert grassland site

(51-85 g/m2 ) and within the possible lower ranges of several other semi-

arid grassland sites.

Peak live LAIs calculated for the Kendall sites were compared to

LAIs reported for several other natural temperate grasslands (Table 9).

Peak live LAIs determined for the desert grassland (Kendall) in this

study were similar to those found by Knight (1971, 1973) in the short-

grass prairie of Colorado (0.5-0.6), but were substantially less than
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those occurring on other grassland types. An even greater disparity

existed in dead LAIs along the grassland types: prairie grassland

canopies showed accumulations of dead LAI 3 to 18 times greater than

those found on the Kendall sites in this study.



CHAPTER 6

CONCLUSION

Structural characteristics of the vegetation canopy, as well as

soil surface cover, are important modifiers of hydrologic processes in

rangeland ecosystems. This study evaluated several of these character-

istics on a semiarid grassland watershed and compared two associated

soil-vegetation complexes at intervals during the summer-fall growing

season. Although quite different in aspect, soil, soil cover and

species composition, the two sites appeared similar in regard to foliage

height, foliage mass and leaf area index (LAI). Differences in foliage

cover and plant basal cover reflected the particular growth forms of the

respective plant communities: the sodgrass form on the north aspect

site provided more cover than the clumped form found on the southeast

aspect site.

The study sites were sampled four times during the growing sea-

son. Subsequent analysis revealed little or no change in most measured

characteristics within each site. This was in part due to below-normal

rainfall during the summer, which retarded new foliage growth. Foliage

production may also have been affected by the residual influence of poor

prior-season rainfall, as well as the pressure of prior-season live-

stock grazing. The difficulty with making inferences about these

observed canopy and soil surface characteristics is that it is not known

whether they represent long-term properties of the site or temporary

46
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transitional ones. It is possible that after a period of recovery from

intensive grazing and periods of below-normal rainfall, the two sites

may differ widely in seasonal foliage characteristics. Undoubtedly a

season of abundant rainfall would produce a substantially greater amount

of foliage on both sites compared to what was observed in 1983. How-

ever, the observed foliage production probably does approximate the

long-term average for the sites. This is assumed because both foliage

mass and LAI are within the range of values given for similar grassland

types, the desert grassland and the shortgrass prairie.

Although this study provides initial insight into the canopy

structure and the soil surface cover of the Kendall watershed, addi-

tional seasons of sampling are required to achieve a more reliable

understanding of the dynamic nature of these watershed characteristics.

It is recommended that any additional sampling of the study sites be

undertaken in a more effective manner. This would include increasing

the sample quadrat dimensions and/or the sample size in order to reduce

the sample variance to an acceptable level. If foliage cover is to be

measured, a quicker less-intensive method than the point-quadrat should

be employed. This might involve ocular estimation of the foliage cover

with the aid of a wire grid. Ocular estimation could likewise be used

to measure soil surface cover. Another possible method would be to

establish permanent photoplots on the sites, which could be photographed

and the cover estimated from the prints in the laboratory. This method

has the benefit of providing a permanent record of site conditions.
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Another important part of this study which should be investiga-

ted further is the relationship of leaf area to leaf dry weight, used to

convert foliage mass data to LAI (see Appendix A). It would be useful

to know if the specific leaf and stem areas (SLA and SSA) developed for

this study could be extended to other sites and ecotypes. If so, they

could be used to transform already existing foliage mass data from other

watersheds to LAI values without conducting additional sampling.

The goal of this and any subsequent research on the study sites

is to investigate the fundamental nature of the canopy structure and

soil surface cover of these two soil-vegetation complexes on the Kendall

watershed. This information could then be generalized to the entire

watershed and be used to relate hydrologic phenomena to conditions of

the watershed.



APPENDIX A

CALCULATION OF LEAF AREA INDEX

Leaf area refers to the planar measurement of one side of a leaf

blade. For flat leaves this corresponds to about a half of the total

leaf surface area. However, for cylindrical stems the planar area

represents less than a third of the total stem surface area. In cases

where estimates of total surface area of the foliage are required, total

leaf and stem surface areas can be obtained by multiplying their planar

area by 2 and 3.14, respectively.

Specific Leaf Area.	 Dimensional measurement of the small and

numerous leaves produced by most grassland species is impractical. How-

ever, clipped leaf samples may be easily weighed and the dry weight used

to estimate leaf area. The ratio of leaf area to leaf dry weight has

been termed the specific leaf area (SLA) (Nobel, 1983) and is determined

for a particular species by the equation:

SLA = LA / LW

where SLA is the specific leaf area (m2/g), LA is the leaf area (m 2 ),

and LW is the leaf dry weight (g).

Once the SLA for a species has been determined from a represent-

itive sample of leaves, it may then be used to transform standing leaf

mass values to LAI values using the equation:

LAI = LM X SLA

49
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where LAI is the leaf area Index (m2 /m2 ), LM is the leaf mass or leaf

dry weight per unit ground area (g/m2 ), and SLA is the specific leaf

area. Total stand LAI is obtained by summing the LAI values calculated

for each component species.

SLA for dead leaves and specific stem area (SSA) for live and

dead stems are developed for each species in the same manner as live

SLA. In canopies where stems comprise a significant part of the foli-

age, leaf and stem areas are calculated separately and combined to

determine component LAI. Live and dead LAI components are then summed

to obtain total stand LAI.

Several investigators have employed foliage mass to estimate

some portion of grassland LAI (Johns and Lazenby, 1973; Knight, 1973;

Ripley and Redmann, 1975). Usually, each species or functional group of

species is considered to have a characteristic SLA which is constant

over time and within a particular locale. In at least one modeling

effort, where one species contributed most of the foliage at the site, a

single SLA value was assumed for all species (Parton, 1978).

SLA and SSA Coefficients. Specific leaf area (SLA) and specific

stem area (SSA) coefficients were determined for the live and dead com-

ponents of the major species found on the two study sites. Tables A.1

and A.2 present the respective SLA and SSA coefficients (m2/g) for each

species, as determined by linear regression through the origin. In

almost every case, both leaf and stem areas were highly correlated with

dry weight, and coefficients of determination (R 2 ) typically exceeded

0.9.
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Annual and perennial forb coefficients were each developed from

a single species (annual buckwheat and leatherweed croton, respectively)

which were considered representative of the entire species group. Foli-

age components for which SLA or SSA were not calculated were assigned

either the coefficient of the associated component (e.g. dead leaves

assigned the SLA of live leaves of that species) or the arbitrary values

of 0.0100 for leaves and 0.0050 for stems.

The SLA of perennial grass species ranged from 0.0074 to 0.0107

for live leaves and from 0.0078 to 0.0170 for dead leaves. The SSA of

grasses ranged from 0.0036 to 0.0068 for live stems and from 0.0045 to

0.0071 for dead stems. SLA and SSA coefficients for annual forbs, per-

ennial forbs, falsemesquite and burroweed fell within the range of val-

ues given for grasses.

SLA coefficients determined for the Kendall vegetation were

within the range reported for other grassland types. Bluebunch and

crested wheatgrasses grown in Utah were found to have SLAs ranging

0.0080-0.0100 and 0.0100-0.0170 for the two species, respectively (Cald-

well et al., 1981). Ripley and Redmann (1975) reported average SLAs of

0.0090 and 0.0080 for live and dead foliage in the mixed grass prairie

of Saskatchewan. Similarly, Parton (1978) gave an average SLA of 0.0100

for all foliage in the shortgrass prairie of Colorado. SSA coefficients

for bluebunch and crested wheatgrasses studied by Caldwell et al. (1981)

ranged 0.0023-0.0048 and 0.0026-0.0056 for the two species, respec-

tively.

Testing the Relationships.	 Additional sampling of the study

sites was conducted in late August, 1984 to test the predictive adequacy
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of the SLA and SSA coefficients developed in 1983. Nine quadrats were

sampled on each site, one randomly selected from each block (see Experi-

mental Design and Sampling Technique). Harvested foliage was divided

according to species into live and dead, leaves and stems. Area mea-

surements were made of all the material, which was then dried and

weighed. Species foliage mass data for the sample quadrats were trans-

formed to LAI values using the SLA and SSA coefficients listed in Tables

A.1 and A.2. Figure A.1 compares the calculated live LAI to actual live

LAI for each sample quadrat. Live LAI was effectively predicted on the

Site 1 (R2=0.97) using this method, but was greatly overestimated within

two quadrats on Site 2 resulting in a poorer fit of the regression

(R 2=0.64). The presence of mature burroweed plants in these quadrats

was largely responsible for this error. When these two data points were

omitted the relationship improved for Site 2 (R2=0.95). This additional

study indicated that foliage mass can be used to accurately estimate LAI

given the appropriate SLA and SSA coefficients.

Also in August, 1984, additional leaf samples were collected

from several sites within 40 km of Tombstone in order to test the con-

sistancy of the SLA relationships developed for the Kendall site in 1983

(Tables A.1 and A.2). No noticeable differences existed among the 1984

site data, so they were combined and a single SLA coefficient was

derived for each species. SLA relationships for sprucetop, sideoats and

blue gramas, and curly mesquite compared favorably between the 1983 and

1984 samples. However, SLA coefficients developed for black and hairy

gramas, and slim tridens were higher in 1984 than in 1983. False
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Table A.1. Specific leaf area (SLA) coefficients, R2 values, and range
of measured dry weights of live and dead components for
species sampled on the Kendall study sites.

Species

Foliage
Compo-
nent

SLA
Coeffi-
cient
(m2/g) R2

Range of
dry weights
measured

(9)

Threeawn live 0.0074 0.963 0.19-1.92
dead 0.0078 0.876 0.09-1.18

Sprucetop grama live 0.0122 0.986 0.09-2.00
dead 0.0133 0.984 0.09-1.01

Sideoats grama live 0.0142 0.965 0.22-3.39
dead 0.0134 0.988 0.07-1.67

Black grama live 0.0104 0.899 0.03-0.68
dead 0.0113 0.981 0.05-1.32

Blue grama live 0.0122 0.986 0.06-5.66
dead 0.0127 0.960 0.10-2.45

Hairy grama live 0.0107 0.893 0.12-0.69
dead 0.0119 0.884 0.08-0.38

Curley mesquite live 0.0167 0.995 0.05-4.57
dead 0.0170 0.978 0.07-3.96

Sand muhly live 0.0099 0.928 0.09-1.03
dead 0.0098 0.967 0.09-1.27

Sand dropseed live 0.0097 0.825 0.12-1.21
dead 0.0097 0.929 0.15-1.41

Slim tridens live 0.0093 0.947 0.09-2.50
dead 0.0091 0.980 0.10-2.97

Fluffgrass live [0 • 0100]a
dead [0.0100]
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Table A.1.	 Continued.

Species

Foliage
Compo-
nent

SLA
Coeffi-
cient
(m2/g) R2

Range of
dry weights
measured

(9)

Other perennial live [0.0100] - -

grasses dead [0.0100] - -

Annual forbs live 0.0088 0.957 0.16-0.84
dead [0.0088] -

Perennial forbs live 0.0105 0.922 0.06-0.80
dead [0.0105]

False mesquite live 0.0100 0.993 0.04-1.19
dead [0.0100]

Burroweed live 0.0122 0.950 0.11-0.31
dead [0.0122] -

a Values in brackets [] were not measured but were estimated from other
foliage components. All R 2 values significant at P<0.05.
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Table A.2. Specific stem area (SSA) coefficients, R2 values, and range
of measured dry weights of live and dead components for
species sampled on the Kendall study sites.

Species

Foliage
Compo-
nent

SSA
Coeffi-
cient
(m2/g) R2

Range of
dry weights
measured

(g)

Threeawn live 0.0050 0.338* 0.07-0.50
dead 0.0059 0.860 0.04-0.98

Sprucetop grama live 0.0059 0.981 0.08-0.88
dead [0.0059]a - -

Sideoats grama live 0.0047 0.976 0.21-2.39
dead 0.0054 0.999 0.03-0.80

Black grama live 0.0042 0.971 0.24-4.07
dead 0.0045 0.911 0.06-1.20

Blue grama live 0.0045 0.737 0.06-1.27
dead [0.0045] -

Hairy grama live 0.0050 0.965 0.08-0.63
dead [0.0050] -

Curley mesquite live 0.0053 0.847 0.04-0.55
dead 0.0071 0.923 0.02-0.48

Sand muhly live 0.0053 0.943* 0.06-0.32
dead [0.0053] -

Sand dropseed live 0.0036 0.881 0.27-1.34
dead 0.0046 0.976 0.15-0.60

Slim tridens live 0.0068 0.878 0.22-0.89
dead [0.0068]

Fluffgrass live [0.0050]
dead [0.0050]
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Table A.2.	 Continued.

Species

Foliage
Compo-
nent

SSA
Coeffi-
cipt
(ffK/g) R2

Range of
dry weights
measured

(g)

Other perennial live [0.0050]
grasses dead [0.0050] - -

Annual forbs live [0.0050] -

dead [0.0050] -

Perennial forbs live 0.0037 0.673* 0.15-1.33
dead [0.0037]

False mesquite live [0.0050] -

dead [0.0050] - -

Burroweed live [0.0050] - -

dead [0.0050] -

a Values in brackets [] were not measured but were estimated from other
foliage components. * Not significant at P<0.05.
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mesquite SLA was also higher in 1984, while burroweed SLA was consider-

ably lower.

Leaf shape affected SLA calculations in some instances: the

folding, rolling, and overlapping nature of leaves of some species made

accurate measurement with the leaf area meter almost impossible. This

was at least in part responsible for the low SLA coefficients determined

for threeawns, sand muhly, sand dropseed, and slim tridens. No doubt

the phenological stage of development (Caldwell et al., 1981) and local

site conditions (Charles-Edwards, 1982) influenced to some degree the

variation found in SLA. However, most of the variation, it is specu-

lated, was due to experimental error, i.e. the difficulty in maintaining

flatness in some leaves being measured, which could be reduced with more

rigorous measurement techniques and larger sample sizes.



APPENDIX B

SUMMARY OF CLIMATOLOGICAL DATA

Daily climatological data from Tombstone and the Kendall study

area were summarized and the monthly values presented in Figures B.1-

B.6.	 Long-term (20-year) averages are provided as references to the

1983 values.	 Figure B.7 shows the distribution of rainfall over the

1983 growing season on the Kendall study area, providing evidence that

the reduction of plant growth in late summer corresponded to the

decrease in precipitation during that time. Potential insolation curves

calculated for the approximate latitude of the Kendall area (Fig. B.8)

indicate that the amount of sunlight received by the two study sites is

roughly equivalent during the summer growing season.
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