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ABSTRACT 

A study was conducted at the Santa Rita Experimental 

Range to determine why perennial grasses are more abundant 

under the canopies of mesquite (Prosopis juliflora) trees 

than in open areas. Three shade treatments were estab

lished: natural shade (intact mesquite trees), no shade 

(mesquite trees removed), and artificial shade (mesquite 

trees removed and artificial shade structures placed over 

the stumps). Mulch and no mulch treatments were super

imposed over shade treatments. 

Response to treatments was evaluated by measuring 

the crown cover and production of understory vegetation and 

soil properties on the north and south sides of areas on the 

plot (area covered, or once covered by mesquite canopy) and 

off the plot (away from the influence of the mesquite 

canopy). 

Prior to treatment, crown cover of perennial grasses 

was greater under mesquite canopies (24$) than in open areas 

(4$). Crown cover of halfshrubs was 2# under mesquite and 

8$ in the open. Crown cover of forbs and annual grasses on 

the plot was increased by eliminating moisture use by 

mesquite (no shade treatment), but there was no additional 

increase when shade was replaced (artificial shade treat

ment) , Perennial grasses did not respond to the no shade 

xv 
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treatment, but increased sharply with the artificial shade 

treatment. Crown cover of total vegetation was 19, 24, and 

32$ for natural shade, no shade, and artificial shade, 

respectively, showing the combined response of these three 

classes of vegetation to the shade treatments. Only the 

forbs responded to the shade treatments off the plot. 

Responses of understory vegetation indicated that 

microenvironmental conditions were improved with the no 

shade and artificial shade treatments but no increase in 

soil moisture was detected on or off the plot during the 

growing season. However, soil temperatures and net radia

tion on the plot of the no shade treatment were substan

tially above those of the natural and artificial shade 

treatments indicating that potential evaporation was greater 

and that soil moisture was utilized differentially among 

treatments. Most of the increase in soil moisture with the 

no shade treatment was probably consumed by increased evapo

ration. With the artificial shade treatment, potential 

evaporation was the same as natural shade, and any increase 

in soil moisture was available for perennial grasses. Off 

the plot, forbs must have utilized additional soil moisture 

resulting from the treatments. 

The greater cover of perennial grasses under 

mesquite trees than in open areas appeared to be largely the 

result of improved soil condition and fertility in that 
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location, and the shade tolerance of species found under 

mesquite trees. > 



INTRODUCTION 

The eradication of mesquite [Prosopis ,juliflora 

(Swartz) DC] on desert grassland range has been the object 

of much research oriented to increase forage production, 

reduce soil erosion, and facilitate handling of livestock 

(Parker and Martin, 1952). Mesquite uses from two to three 

times more water than understory forage plants (McGinnies 

and Arnold, 1939) and this water may be made available for 

their use by eradication of mesquite. 

Overall production of perennial grasses and other 

forage plants can be more than doubled by eradication of 

mesquite (Parker and Martin, 1952; Cable and Tschirley, 

1961). In contrast to this, on some areas perennial 

grasses are much denser under mesquite canopies than in the 

surrounding open areas (Humphrey, 1962). Cable and 

Tschirley (1961) found most of the perennial grasses on 

their study area under mesquite canopies or in depressions. 

When the mesquite was removed, these established grasses 

provided for most of the increase in forage production the 

first year. On a longer term basis, perennial grasses 

under canopies and in depressions served as a source of seed 

for barren areas. 

The occurrence of greater cover of perennial grasses 

under mesquite trees than in adjacent open areas and the 

1 
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factors responsible for this difference were examined in 

this study. Differences in cover of perennial grasses 

between the two locations could be the result of several 

factors including: reduced temperature and evaporation in 

shade, differences in physical and chemical properties of 

the soil, subsurface lateral roots of-mesquite which grow 

into the open and compete..with perennial grasses for 

moisture and nutrients, trapping of grass seed by litter 

and mulch under mesquite trees, adaptability of the under-

story plants to shade, and exclusion of grazing. 

Field observations indicated that the effect of the 

mesquite trees could be separated into three components: 

1) the shade provided, 2) action of the roots in removing 

moisture and nutrients, and 3) deposition of litter and 

mulch. This study was conducted primarily at the Santa Rita 

Experimental Range near Tucson, Arizona, and involved an 

evaluation of the influence of these three factors on the 

microenvironment. Shade affects soil temperatures, evapora

tion, and the amount of radiant energy impinging on 

understory vegetation. Roots of a mesquite tree extend 

downward and laterally and may affect soil moisture levels 

under the canopy and in the open. The roots, in turn, may 

affect forage production of both locations. Litter and 

mulch may alter soil temperature, infiltration, and evapora

tion from the soil. Accumulations of litter and mulch may 

eventually alter the physical and chemical properties of the 
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soil which may in turn affect soil temperature, infiltra

tion, and evaporation from the soil. 

This study should yield information on the effect of 

mesquite trees on the microenvironment and understory vege

tation. In addition, comparison of the microenviromnents 

under mesquite trees and in open areas.may indicate why 

perennial grasses are more abundant under mesquite trees 

than in the open. 



OBJECTIVES 

The specific objectives of this study were to: 

1. Determine the effect of shade on crown cover 

of understory vegetation, perennial grass pro

duction, soil moisture, and soil temperature. 

2. Evaluate the influence of mesquite roots 

directly under the canopy and those in the 

open areas on understory crown cover, forage 

production, and soil moisture. 

3. Measure the effect of natural litter and mulch 

on soil moisture and soil temperature. 

4. Compare bulk density, texture, nitrogen 

content, organic matter content, pH value, and 

total soluble salts of soil in areas under 

mesquite trees with open areas. 

5. Relate soil moisture and soil temperature to 

depth of soil at both locations (under the 

canopy or in the open). 

6. Relate soil moisture and temperature differences 

to growth of herbaceous understory vegetation 

and production of perennial grasses. 

4 



REVIEW OF LITERATURE 

Ecological Relationships 

in the Desert Grassland 

Ecological relationships between trees and herba

ceous understory vegetation, have been investigated exten

sively in the desert grassland and other vegetation types. 

In desert grasslands, the encroachment of mesquite into 

areas previously well vegetated by grasses has been the 

central problem. Griffiths (1910) and Thornber (1910) 

viewed the encroachment with alarm and predicted that the 

grass-covered foothills would eventually have brush as dense 

as deserts below them. Griffiths believed that fire was 

the agent responsible for preventing the spread of mesquite 

from its indigenous location in the stream bottoms- to the 

ridges and uplands. Fires supposedly burned repeatedly 

through the grassland before the white-man came. These 

fires killed young mesquite plants without injuring the 

grasses. Reduction in cover of grasses by grazing favored 

the germination and establishment of mesquite plants and 

reduced the spread of fires. 

Brown (1950) found that mesquite increased less 

under 18 years of protection from grazing than with grazing, 

but there was still a 30$ increase during this period of 

time with protection. Brown concluded that the desert 

5 
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grassland is a subcliraax maintained by fire and that 

mesquite is the true climax species of the area. Glendening 

(1952) found greater increases in mesquite with protection 

than with grazing. These studies indicate that protection 

from grazing does not stop the spread, of mesquite. Humphrey 

(1953) conducted a literature review and came to the same 

conclusion as Brown regarding succession in the desert 

grassland. 

According to Hastings and Turner (1965)1 aridity 

caused by increased temperature and reduced rainfall has 

favored the growth of mesquite over the grasses. As 

evidence, they cited the tendency for a given kind of vege

tation to occur at higher elevations now than previously, 

and a regional increase in arroyo cutting. Since the 

increase in arroyo cutting is regional rather than 

restricted to certain localities, they suggested that • 

climatic change is the predominating influence. 

Other factors that may favor spread of mesquite are 

longevity of seed in the soil (Tschirley and Martin, I960), 

scarification of seed in the alimentary canal of grazing 

animals (Glendening and Paulsen, 1950), and the collection 

and caching of seeds by pack rats (Reynolds and Glendening, 

1949). 
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Effect of Trees-and Shrubs 

on Herbaceous Understory Vegetation 

Spacial variations in forage production such as 

those being evaluated in this study have been observed in 

several other tree and shrub vegetation types. In the 

southern California:desert, Went (1942) found that certain 

annuals were usually found under or near Franseria shrubs. 

He attributed the growth of annuals under shrubs to 

dependence on improved microclimate and accumulation of 

seeds by wind and organic litter. Ellison and Houston 

(1958) observed that more understory vegetation was produced 

under canopies of western aspen than in the open. They 

concluded that the potential for production was greater in 

the open, but that aspen roots growing into the open 

competed for moisture, plants in the open were grazed more 

heavily, and that the microenvironment in the open was 

harsher. Compared to canopied areas, openings were sunny, 

warm, and windy, with a lower atmospheric humidity and 

greater evaporation from the soil. Differences in effective 

precipitation between open and canopied areas were offset 

by reduced evaporation under the aspen canopy. 

Effect of Shade on Microenvironmental Factors 

Shreve (1931) measured differences in soil and air 

temperature, soil moisture, and evaporation rate between 

open areas and areas under Parkinsonia canopies. The 
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contrast in soil temperature between open and shade was 

greater at a soil depth of 7.5 cm than at 30.5 cm. Maximum 

temperature and the diurnal range of soil temperature were 

greatest during the summer in the open. Soil moisture was 

significantly higher in the shade only after summer rains or 

light rains during the .winter months. Furthermore; evapo

ration rate was nearly the same in shaded and open areas. 

Shreve concluded that humidity, air temperature, and air 

movement exerted more effect on evaporation than could be 

offset by the slight shade provided by Parkinsonia canopies. 

Specht (1958) observed temperature differences of 

10 C between areas under Acacia canopy and open areas at the 

1-inch soil depth. At a depth of 12 inches, the difference 

between open and shaded was 1 C. Aerial parts of Acacia 

also altered the distribution of precipitation by creating 

areas of rain shadow at the crown edge and concentrated 

precipitation near the trunk. 

Julander (1945) measured soil temperatures at the 

surface, and at l/2-inch, 1-inch, 2-inch, and 8-inch depths 

on overgrazed and protected semi-desert grassland. The 

protected area had a vegetative cover of 65$ as opposed to 

&fo on the overgrazed. In addition, the protected area had 

more litter, organic matter, and topsoil. The maximum 

temperature on the overgrazed area was greater than that on 

the protected area by 9 C at the soil surface, and by 11 C, 

14 C, 13 C, and 3 C at successive depths. High temperatures 
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. extended over a longer period of time on the overgrazed area 

because of faster rise in temperature in the morning. Soil 

temperatures from the surface to 2 inches were greater than 

air temperatures. Maximum soil temperature occurred at 1 or 

2 PM at the surface and at .8 or 9 PM at 8 inches. 

One of the primary beneficial effects of shade is 

conservation of soil moisture (Stewart, 1907; Welton and 

Morris, 1928; Anderson, Swanback, and Street, 1934; Russell, 

' 1939» Daubenmire, 1959; and Humphrey, 1962). 

Effects of Litter and Mulch 

on Microenvironmental Conditions 

Soil Temperature 

MacKinney (1929) noted a 50$ reduction in the 

diurnal range of maximum surface temperatures in the autumn 

and an 85$ reduction in the spring under pine litter 

compared to bare soil. The diurnal change in minimum 

surface temperature was reduced by 75$ in both seasons by 

pine litter. Reduction of the minimum diurnal range of 

temperature occurs because litter acts as a barrier to 

radiation loss from the soil at night. Reduction in the 

diurnal maximum occurs because litter acts as a barrier to 

incoming solar radiation during the day. MacKinney also 

found that litter raised the mean maximum and minimum 

surface soil temperatures in autumn and lowered them in the 
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spring. For depths of 6 to 36 inches, temperatures were 

raised at all study periods by litter. 

Bouyoucos (1913) reported that soil covered with 

mulch or dead vegetation has a higher temperature in autumn 

and winter and a slightly lower temperature in spring than 

one with mulch. He also found the amplitude of diurnal 

temperatures reduced when the soil was covered with litter 

and mulch. In chaparral and oak woodland, Hendricks (1941) 

observed that the daily minimum soil temperature at 3 inches 

was raised by 5 F under litter, and the daily maximum was 

reduced by 7 F compared to bare plots. In addition, the 

daily range for bare soil was 18 F while that for litter 

covered was 6 F. 

A heavy straw mulch reduced temperatures in the 

surface inch of soil by 18 C during the summer in Nebraska 

(McCalla and Duley, 1946). Soil temperature on mulched 

plots lagged behind air temperature. The effect of mulch 

was reduced at 4 inches to a difference of 9 C. During the 

winter, differences between mulched and unmulched were not 

as great, but the soil temperature of mulched plots did not 

change as rapidly as unmulched. 

McCalla (1943) found that one of the most important 

effects of a bright straw mulch was that it reflected two 

times as much direct radiation as partially decayed straw. 
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Soil Moisture 

Litter and mulch also conserve moisture in the soil 

(Harris and Yao, 1923; Russell, 1939; Beutner and Anderson, 

1943; Stephenson and Schuster, 1945; Hopkins, 1953; Lull and 

Fletcher., 1962). Stephenson and Schuster (1945) found that 

straw mulch saved moisture equivalent to 2 or 3 inches of 

rainfall in dry weather in the upper 2 ft of soil. A 20$ 

savings of moisture in litter-covered soil was measured by 

Beutner and Anderson (1943)- They concluded that this could 

increase forage production by 50$. According to Hopkins 

(1953)* a mulch of one-half inch reduced moisture loss by-

59$ compared to bare soil. In addition, moisture penetrated 

to 4 ft with mulch and only to 2 ft without. 

Russell (1939) found that a 4-ton per acre straw 

mulch reduced evaporation 73$ but the effect only lasted for 

eight days. Light applications of straw were almost as 

effective as heavy, indicating that most of the conservation 

of moisture results from protection of a wet soil from solar 

radiation, and not prevention of downward heat transfer or 

obstruction of vapor diffusion. Harris and Yao (1923) 

stressed the importance of maintaining discontinuity between 

soil and mulch. An efficient mulch should not absorb or 

retain moisture and should not form capillary continuity 

with the soil. 

In a study by Lull and Fletcher (1962) comparing 

"litter only" plots with "bare soil", "trees plus litter", 
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and "trees only" plots, it was found that "litter only" 

plots were the most effective in conserving soil moisture. 

Numerous other studies also indicate that litter and 

mulches conserve soil moisture (Penman, 1941; Glendening,-

1942; Mooers, Washko,. and Young, 1948; Goodman, 1952; Jacks, 

Brind, and Smith, 1955; Awan, 1964). 

Effect of Litter and Mulch on Germination 

and Establishment of Herbaceous Vegetation 

Glendening (1942) studied the effect of litter on 

germination and emergence of native grasses in the desert 

grassland. Chopped burroweed, open-mesh gauze, and straw 

increased germination of grass seedlings from four to twenty 

times that of bare ground. Glendening concluded that the 

chances for germination and establishment of perennial 

grasses is poor on bare exposed soil. Emergence of small-

seeded legumes and grasses was benefited by mulching (Moore, 

1943). According to Barkley, Blaser, and Schmidt (1965), 

Kentucky fescue, Kentucky bluegrass, and redtop emerged 

three days sooner when planted under a mulch of straw, 

hardwood sawdust, or artificial mulch than when planted in 

bare soil. Seedling heights were 66fo greater with mulch, 

and seedling weight was doubled under one artificial mulch. 

These differences were related to the improved soil moisture 

and soil temperature conditions under the mulch. Hendricks 

(1941) concluded that conditions for germination, vegetative 
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production, and survival of new plants was better under 

litter-covered soil in chaparral and oak woodland. 

In contrast to the beneficial effects of litter and 

mulch, they may exert an inhibitory effect on germination 

and development of herbaceous vegetation. Sankhla, Baxi, 

and Chatterji (1965) applied aqueous extracts of mesquite 

leaves and fruit to Tephrosia and Andigofera seeds. Doth 

extracts were capable of inhibiting germination, but the 

fruit extract was the stronger of the two. Jameson (1966) 

concluded that litter was the most important factor limiting 

the growth of blue grama under pinyon and juniper trees in 

northern Arizona. Went (1942) observed that no annuals grew 

in the shade of live Encelia shrubs in the southern 

California desert. It has since been found that Encelia 

foliage imparts a toxic compound to the soil, that inhibits 

seed germination (Muller and Muller, 1956). 

Effect of Trees and Shrubs on 

Physical and Chemical Properties of the Soil 

Paulsen (1953) compared surface soil properties of 

open areas within a stand of mesquite trees with those of an 

open grass area. Samples from the open grass area had finer 

soil texture, less bulk density, and higher moisture equiva

lent than samples from the mesquite stand. These differ

ences suggest that soil between mesquite trees has a less 

favorable structure and moisture regime than the soil of the 
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grass stand. Of the chemical properties, pH. value., organic 

matter, nitrogen, exchangeable calcium and exchangeable 

potassium were higher in the grass stand than in the 

mesquite stand. Paulsen concluded that these properties 

were important in maintaining a desirable soil structure and 

high nutrient capital in the grass stand. . - • -

Effect of Mesquite Trees on Soil Moisture 

Parker and Martin (1952) conducted extensive studies 

on the soil moisture regime between dead and live mesquite 

trees from the surface to a depth of 18 inches and at 

distances of 10, 20, and 30 ft from the trees. Where 

mesquite trees were killed, moisture content at 10 and 20 ft 

from the tree was significantly greater than where they were 

left alive. At 30 ft, moisture was significantly greater 

only at the 12- to 18-inch depth. The most significant 

aspect of this study is that moisture was found to be avail

able for a much longer period of the 98-day study where the 

mesquite was killed than where it was alive. The length of 

time moisture was available was increased from seven days to 

as much as 94 days. 

Hughes (1966) compared soil moisture between an 

untreated mesquite stand, a stand of mesquite treated with 

herbicide, and a mesquite area that had been plowed. Soil 
i 

moisture was more available at all depths on the root 

plowed areas than on the untreated or herbicide treated. 
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Measurements of soil moisture under canopies and in the open 

on herbicide treated and untreated areas indicated that 

there was a greater•amount of moisture available under the 

canopies than in the open. As in the study of Parker and 

Martin (1952), the herbicide treated and root plowed areas 

had available soil moisture for a longer period of time than 

the untreated. 



THE STUDY AREA 

Selection of an area suitable for a study of this 

nature was complicated by three requirements. First, it was 

necessary to find an area where perennial grasses exhibited 

greater growth under mesquite trees than in the open. The 

second criterion was that the area be free of grazing or 

other use during the study period so that understory vege

tation and instrumentation would not be disturbed. Finally, 

to facilitate placement of instrumentation and data col

lection, it was essential to have an accessible area. An 

area v/hich meets these requirements was located at the Santa 

Rita Experimental Range south of Tucson, Arizona. 

The study area is an upland desert grassland site 

approximately 40 acres in size at an elevation of approxi

mately 3700 ft (Fig. 1). It is situated in the southeastern 

portion of the experimental range near the upper end of the 

long bajada extending from the foothills of the Santa Rita 

mountains to the Santa Cruz River. The bajada slopes gently 

to the northwest. According to the legal description, the 

study area is in the NE l/4 of the SE 1/4 of Section 36, 

T18S R14E. 

At the location of the study area, the bajada is 

widely dissected by major arroyo channels leaving ridges a 

16 
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Pig. 1. The study area is an upland desert grassland site 
at an elevation of approximately 3700 ft. 
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mile or so in width. These ridges are further dissected by 

smaller shallow washes. 

Soils of the study area are of three series: 

Comoro, Sonoita, and Continental (Pig. 2). The Comoro soils 

are coarse-loamy mixed members of the thermic family of 

Cumulic Haplustolls.These alluvial soils are deep, well-

drained, and dark colored. Soils of the Sonoita series are 

members of the fine-loamy mixed thermic family of Typic 

Haplargids. These well-drained soils have been derived from 

old alluvium of coarse-grained acid igneous rocks. Conti

nental soils are fine mixed members of the thermic family of 

Typic Haplargids. These soils range in depth from 30 to 60 

inches, are well drained, and are derived from mixed 

alluvium of acid or basic igneous rocks. 

The dominant overstory vegetation of' the study area 

is mesquite ["Prosopis .j'uliflora (Swartz) DC]. Mesquite is 

a leguminous tree with-, a well developed taproot and lateral 

root system. The taproot may extend to a depth of 175 ft 

(Phillips, 1963), but more commonly to 60 ft (Kearney and 

Peebles, I960). Lateral roots at a depth of 1 or 2 ft may 

.extend 50 ft from the base of the tree. The lateral root 

1. Personal communication from Mr. Y. Harmon 
Havens, Soil Conservation Service, University of Arizona, 
Tucson, Arizona. 

2. Scientific nomenclature follows Kearney and 
Peebles (I960). 
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Continental 
gravelly 

Comoro 

Sonoita 
gravelly 

Scale: I inch = 300 ft 

-5s 

Fig. 2. Distribution of soils on the study area. 
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system enables, raesquite to make maximum use -of short periods 

of surface moisture and compete with grasses for moisture. 

The taproot enables mesquite to draw upon subsurface water 

supplies and survive long periods of drought when soil -

around the lateral roots is dry; Other large shrubs of the 

study area include desert hackberry (Celtis pallida Torr.), 

catclaw (Acacia greggii Gray), and numerous cacti such as 

prickly pear and cholla (Opuntia spp.), and barrel cactus 

[Ferocactus wislizeni (Engelm.) Britt. and Rose]. 

Of the halfshrubs of the study area, burroweea 

fAplopappus tenuisectus (Greene) Blake] is dominant. 

Burroweed is an early spring-growing poisonous plant with a 

dual root system consisting of a 4- to 6-foot taproot and 

lateral roots extending to 4 to 6 feet (Cannon, 1911; Cable, 

1966). Other halfshrubs found on the study area are: 

snakeweed (Gutierrezia spp.), range ratany (Krameria spp.), 

and zinnia (Zinnia pumila Gray). Porbs most frequently 

encountered on the study area include spiderling (Boerhaavia 

spp.)i trailing-four-o'clock (Allionia incarnata L.), 

Portulaca (Portulaca spp.), pigweed (Amaranthus spp.), and 

cucumber (Cucurbita digitata Gray). Less common on the 

study area are: ragweed (Franseria spp.), ground cherry 

(Physalis spp.), aster (Aster tanacetifolius H. B. K.), 

Indian root (Aristolochea watsoni Woot. and Standi.), buck

wheat (Eriogonum spp.), globemallow (Sphaeralcea spp.), 
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morning glory (Evolvulus arizonicus Gray), and spurge 

(Euphorbia spp.) 

Needle grama (Bouteloua aristidoides H. B. K.) was 

the primary annual grass found on the study area. Other 

annual grasses include: feather finger grass (Chloris 

virgata Swartz), annual panicum (Panicum spp.), and annual 

lovegrass (Eragrostis spp.)* The most abundant perennial 

grasses on the study area were Arizona cottontop [Trichachne 

californica (Benth.) Chase], bush muhly (Muhlenbergia 

porteri Scribn.), plains bristlegrass (Setaria macrostachya 

H. B. K.)» 011(1 black grama (Bouteloua eriopoda Torr.). Less 

abundant grasses include tanglehead [Heteropogon contortus 

(L.) Beauv.], dropseed (Sporobolus spp.), and silver beard-

grass (Andropogon saccharoides Swartz). 

Average annual precipitation at the study area based 

on a 29-year record is 13.15 inches (Table 1). According to 

Sellers (I960), 40$ or more of the annual precipitation 

occurs in July and August as short-duration, high-intensity 

storms over small areas. Moist tropical air from the Gulf 

of Mexico is the source of moisture for late afternoon 

storms during this period. Late summer rains are remnants 

of tropical disturbances moving northward from the Gulf of 

California. Winter precipitation which makes up 60or less 

of the total annual precipitation is from moisture-laden 

storms from the Pacific Ocean. Summer temperatures are mild 

because of elevation and cloudiness. There are usually only 



Table 1. Precipitation at Study Area Number 45 of the Santa Rita Experimental Range 
for 29 years of record, 1967, and part of 1968 (Green and Martin, 1967; 
personal communication from S. Clark Martin, 1968). 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov* Dec., Total 

29 
year 
means 0.98 0.82 0.64 0.38 0.05 0.34 3.13 2.98 1.42 0.74 0.65 1.02 13.15 

1967 0.07 0.22 0.43 0.62 0.29 0.84 2.89 2.65 2.51 1.47 1.29 4-61 17.89 

1968 0.58 1.34 1.42 0.25 : 

ro 
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one or two days when temperatures exceed 100 F from June to 

September with the normal maximum temperature in the high 

80's to the low 90's. Highest temperatures occur late in 

June. Y/inter temperatures are pleasant with temperatures-

reaching upper 30's to 50*s in the morning and 50.'s ."to 60's 

in the afternoon. Seventy degree maxima occur in all winter 

months, and there are only 25 days per year with frost. 

Since 1937» the area has been excluded from grazing 

except for wildlife. In 1936 and 1937 a water spreading 

study was established on the area and several contour 

furrows were installed at intervals of 100 yards or so. 

Figure 3 shows the appearance of the study area at that 

time. The increase in mesquite, halfshrubs, and cactus can 

be noted by comparing Fig. 3 with the 1967 photograph 

(Fig. 4). 
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Pig. 3. View toward the south of the study area in 1937 
from SRER photo station number 39. This photograph 
was supplied by the U. S. Forest Service. 
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Pig. 4 View toward the south from SRER photo station, 
number 39 in 1967 showing the increase in mesquite, 
halfshrubs, and cactus. 



METHOD OP STUDY 

The influence of mesquite trees on microenviron-

mental conditions and herbaceous understory vegetation was ; 

studied by applying three shade and two mulch treatments. 

Each treatment combination was replicated four times. 

Response to treatment was evaluated by measuring soil 

moisture, soil temperature, crown cover of understory vege

tation, and production of perennial grasses. 

The shade treatments were natural shade, artificial 

shade, and no shade. Comparison of the artificial shade 

treatment to natural shade was designed to evaluate the 

effect of removal of mesquite roots on soil moisture and 

understory vegetation. Similarly, the no shade treatment 

was compared to natural shade to determine the effect of 

removal of both shade and roots of mesquite on microenviron

mental conditions and understory vegetation. Comparison of 

the no shade and artificial shade treatments v/as designed to 

indicate the effects of shade only on soil temperature, soil 

moisture, and understory vegetation. 

Litter and mulch were removed from a plot for the no 

mulch treatment and left on for the mulch treatment to 

determine the effect of litter and mulch from mesquite on 

microenvironmental conditions and understory vegetation. 

26 
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Selection of Study Plots 

' Twenty-four mesquite trees within the protected area 

were selected as the study plots. The first criterion for a 

tree to serve as a study plot was isolation. Mesquite trees 

used as study plots were selec.ted only- if they were at least 

100 ft from any other mesquite tree. Treatment responses 

might have been masked by trees growing too close to study 

plots, since the roots of a mesquite tree may extend 30 to 

50 ft from the main stem. Secondly, it was necessary to 

choose trees of the same stature with regard to height, 

crown diameter, number of stems, and general physical 

appearance. Figure 5 shows a mesquite tree typical of those 

chosen for the study. Older trees were avoided because the 

area under the crown was often bare of vegetation. 

Location of 24 trees that met the above requirements 

resulted in the plots being scattered over the entire study 

area. More importance was placed on having uniform trees 

than having them all on the same soil type. Variability of 

soils obviated the possibility of having all of the trees on 

the same soil type. 

Establishing the Treatments 

Following selection of the trees to serve as study 

plots, the shade and mulch treatments were applied randomly. 

Undisturbed mesquite trees served as the natural shade 

treatment. Removal of a few of the lower branches was. 



Pig. 5. Mesquite tree typical of those selected for this 
study. 
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required to facilitate vegetation measurements and instal

lation of instrumentation. Plots for the artificial shade 

treatment were established by cutting mesquite trees at the 

base and removing theni (Pig. 6). Diesel oil was applied-to 

the cut-stumps to kill the crown and prevent sprouting. 

Shade structures of saran shade cloth 12-ft sq were centered 

over the cut stumps at a height of .4 ft.for the artificial 

shade treatment. These structures provided a reduction in 

light intensity of 55$—the approximate amount of shade 

actually provided by a mesquite tree between 10 AM and 2 PM 

on a clear day when the trees were in full-leaf. Before 

deciding on the amount of shade to apply, V/eston light meter 

readings were taken over a 3-ft sq white card at a height of 

3 ft under mesquite trees and in the open at the study area. 

Gastin (1965) found that the light quality under saran shade 

screen was the same as that under oak and maple trees. 

For the no shade treatment, trees were cut and 

killed as with the artificial shade treatment, but the area 

was left unshaded (Fig. 7). 

Natural litter and mulch was removed from half of 

the plots of each shade treatment using a leaf rake. The 

leaf rake minimized disturbance of the understory vegetation 

and soil. 
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Fig. 6 Artificial shade structure showing reduction in 
light intensity beneath the structure compared to 
adjacent open areas. 
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Fig. 7- View of a "no shade" plot, A mesquite tree once 
covered the grassy area directly behind the sign 
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Measurement of Treatment Effects 

The effect of the treatments on herbaceous vege-. 

tation and microenvironmental conditions was evaluated by-

measuring crown cover of herbaceous understory vegetation, 

grass production, soil moisture, and soil temperature "on 

the plot" and "off the plot". Reference to areas "on the 

plot" will hereafter mean that area which is or was under 

the direct influence of mesquite canopy. "Off the plot" 

will refer to those areas away frpm the influence of 

mesquite canopy. 

Vegetation Measurements 

Foliar crown cover and production of all understory 

vegetation was measured at the beginning of the study prior 

to installation of treatments in January 1967 and at the end 

of the summer growing season in September and October 1967 

using belt transects. Belt transects were chosen because 

studies have shown that belt transects are more efficient 

than square or circular quadrats (Brown, 1957; Larson, 1959; 

Ursic and McClurkin, 1959) and that belt transects are more 

efficient than line transects (Hutchings and Pase, 1963). 

To account for the sparser and less uniform nature 

of vegetation off the plot compared to on the plot, 

dimensions of the belt transects were adjusted accordingly. 

For areas on the plot, an 8-ft by 2-ft belt transect was set 

up pointing in each of the four cardinal directions by 
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stretching a steel tape between two steel stakes (Fig. "8). • 

Off the plot, a 16-ft by 1-ft transect was established, 

perpendicular to each transect on the plot at a distance of 

20 ft from the base of the tree. 

A 1-ft^ wire frame divided into 0.5-," 0.25-, 0.15-, 
2 and 0.10-ft sections was used as a reference for foliar 

crown cover measurements of each species along belt tran

sects. Perennial grasses were clipped at 2 inches above the 

ground on every transect for production measurements. All 

foliar material within the dimensions of each transect was 

taken. Grasses were collected by species, oven dried at 

70 F for 48 hr, and weighed. For purposes of analysis, 

vegetation was grouped into five classes: perennial 

grasses, halfshrubs, shrubs, forbs, and annual grasses. 

Crown cover is expressed as percent of ground covered by 

foliage. Perennial grass production is expressed as pounds 

per acre. 

Soil Moisture 
f 

Soil moisture was measured from the surface to a 

depth of 4.5 ft on the plot and off the plot using two 

methods: gravimetric from the surface to 6 inches, and 

neutron thermalization from 1.5 to 4.5 ft. Gravimetric 

sampling was used in the upper 6 inches to evaluate short-

term moisture recharge and depletion in this zone where most 

of the roots of herbaceous plants are concentrated. Neutron 
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N 

Belt transect 

Perimeter of canopy 

Scale: I inch = 10 ft 

Fig. 8. Position of transects for measuring crown cover of 
vegetation and production of perennial grasses under 
mesquite canopies and in the open. 
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therraalization measurements.were not taken in this zone 

because they are not reliable for the upper foot of soil. 

Neutron thermalization wa:s used for greater depths because 

the soil is too rocky to permit gravimetric sampling. 

Access tubes for neutron thermalization were installed at a 

distance of 4.5 ft and 20.0 ft from the base of the tree due 

north and south at each plot. Access tubes were 5-ft long, 

1.5-inch inside diameter, thin-walled steel conduit. They 

were installed by the Southwest Watershed Research Center of 

the Agriculture Research Service using a Houston well-

drilling rig. The drill of this machine fits inside the 

access tube and forces the tube into the ground as the hole 

is drilled, thus assuring a tight fit of the tube with the 

drilled hole. A vacuum pump draws the soil and rock 

fragments out as the hole is drilled. This installation 

procedure was recommended by Gardner (1965). 

A 1.5-inch bucket auger was used to collect gravi

metric samples 24 hr after each precipitation event 

(Pig. 9). The 24-hr delay allowed gravitational water to 

drain from the upper 6 inches before sampling (Baver, 1966). 

Subsequent measurements were made at intervals of 3 to 5 

days in the summer and 1 to 3 weeks during the rest of the 

year. Location of gravimetric samples at each plot was 

referenced to the neutron probe access tubes by distance and 

direction. Gravimetric samples were collected no closer 

than 1.0 ft, nor more than 2.5 ft from an access tube. 
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Pig. 9. Moisture content of the soil from 0 to 6 inches was 
measured gravimetrically using a 1.5-inch bucket 
auger. 
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Percent moisture on a .weight basis was multiplied by bulk. . 

density to convert to percent moisture by volume. 

Soil moisture at 1.5, 2.5, 3.5, and 4.5 ft was 

measured at 5 to 6 week intervals using a Troxler depth-

moisture probe and scaler. The source of fast' neutrons was 

a sealed radium-beryllium pellet. 

Percent moisture by volume was determined for each 

soil depth by relating counts per minute (CPM) at that depth 

to the CPM in a polyethylene standard. From the count ratio 

(cPM^standard)' the Percent moisture by volume was taken 

directly from the manufacturer's calibration curve. 

According to Gardner (1965), this curve is applicable to a 

wide range of soils. Results are expressed as total inches 

of water in the profile from 1.0 ft to 5.0 ft at 1-ft 

intervals. 

Soil Temperature 

Copper-constantan thermocouples coated with epoxy 

resin to prevent deterioration were used to measure soil 

temperatures during the course of the study (Pig. 10). 

Taylor and Jackson (1965) and Eggert (1946) described the 

use of thermocouples and list several advantages. Thermo

couples are adaptable to automatic recording, have an almost 

instantaneous response to temperature change, and may be 

precisely placed in the soil. Thermocouples were installed 

in undisturbed soil at depths of 1, 3, 6, and 12 inches on 
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Fig. 10. Soil temperature profile installation and neutron 
probe access hole. 
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the plot 4.5 ft north and south of. the "base of the tree and 

off the plot 22.0 ft from the base of the tree due north and 

south. Temperature profiles on. the plot were lo-cated 18 

inches due east of the neutron probe access tube on the 

north and 18 inches due west of the access tube on the 

south. 

Readings were made every 4 to 6 weeks from May 1967 

through January 1968 using a Leeds & Northrup portable 

potentiometer with built-in correction for temperature of 

the reference junction. To account for the increase in soil 

temperature during the day while readings were taken, the 

plots were blocked, so that one plot of each treatment 

combination was measured within a period of 1 1/2 hr. 

Temperature readings required 15 rain per plot—an entire 

replication required 1 1/2 hr. Readings were started at 

10 AM and completed by 4 PM. 

Meteorological Measurements 

Air Temperature . . 

Temperature was recorded during the course of the 

study with hygrothermographs located near the northeast and 

southwest ends of the study area. The hygrothermograph was 

set inside a radiation screen (Pig. 11) which placed it 10 

to 12 inches above the ground. Screens of this type were 

compared to a standard weather bureau shelter by MacHattie 
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Pig. 11. The hygrothermograph. was placed inside a radiation 
screen. 
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(1965) and found to compare favorably. The -chart recorded 

temperatures for an 8-day period. 

Precipitation 

Precipitation was measured with 8-inch recording 

rain gages located at the northeast and southwest ends of 

the study area. An 8-day chart was used to record precipi

tation. In addition to the recording gages, the Rocky 

Mountain Forest-Range Experiment Station operates a standard 

8-inch gage at the northwest end of the study area. 

Net Radiation 

To evaluate differences in net radiation among the 

three shade treatments and two mulch treatments, net 

radiation was measured at every plot on a clear day in 

August. Readings were made on the plot and off the plot 

using a Thornthwaite net radiometer connected to an 

Esterline-Angus millivolt recorder with an amplifier 

circuit. The instrument recorded directly in Langleys per 

minute. Because of irregularities of natural shade, it was 

necessary to sweep the net radiometer under the tree to 

integrate bright and shaded spots. 
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Comparison of Physical 

and Chemical Properties of the Soil 

under Mesquite Trees and in the Open 

The long-term effect of mesquite trees on properties 

of the soil other than moisture and temperature was studied 

by comparing areas under the north and-south sides of 

mesquite trees with areas in the open. The properties 

examined were bulk density, total N, organic matter, pH 

value, total soluble salts, and texture. 

For purposes of this phase of the study, three trees 

were selected in each part of the study area: northeast, 

northwest, southeast, southwest, lower middle, and upper 

middle. These trees were different from those used for 

shade and- mulch treatments because of the disturbance 

created around the latter while installing instruments. One 

of the three trees was then randomly selected for sampling 

in each part of the study area. Samples were collected 3 ft 

due north and south of the trunk of each tree and 20 ft due 

north of the trunk of each tree in the open. At each 

location, samples were collected at depths of 0 to 1 3/4 

inches, 3 to 4 3/4 inches, and 6 to 7 3/4 inches. 

Soils were analyzed for physical and chemical 

properties- according to laboratory procedures outlined by 

Black et al. (1965a, 1965b). Analyses were conducted in 

duplicate except for soil texture where every fifth sample 

was analyzed in duplicate. 
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Bulk density was determined by collecting three 

cores of undisturbed soil at each depth of each sampling 

location using brass cylinders 5-37 cm in diameter by 

4.50 cm deep. 

Total N, exclusive of nitrate and nitrite N, was 

determined for each depth of every sampling location using 

the macro-Kjeldahl method described by Bremner in Black 

et al. (1965b). Results are reported as percent N. 

Organic C was determined using the dry combustion 

procedure with a high-frequency induction furnace. Results 

are expressed as percent organic matter. 

Hydrogen ion activity of the soil was determined 

with a glass-electrode pH meter on a 1:1 soil weight to 

water volume suspension. Results are reported as pH in 

water at a ratio of 1:1. 

Total soluble salts were measured using a *olu-

bridge soil tester on a 1:5 soil weight to water volume 

saturation extract. Results are expressed as milligrams of 

soluble salts per liter. 

Texture was determined using Day's modification of 

the hydrometer method. Percentage of particles larger than 

2 mm were determined by sieving with a 2 mm sieve prior to 

the hydrometer analysis. 
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Analysis of Data 

Design of the main field study is completely random 

for the factorial combination of two mulch and three shade 

treatments over the four replications. Side and sample 

locations were treated as subplots in a split-plot analysis 

(Table 2). The effect of shade and mulch treatments on 

vegetation, soil moisture, and soil temperature was evalu

ated using the analysis of variance. The analysis was 

modified for vegetation measurements to account for the fact 

that vegetation was measured on four sides of the plot. The 

analysis was further modified for evaluating areas on the 

plot and off the plot separately. 

The study of physical and chemical properties of the 

soil under mesquite trees and in the open was designed as a 

randomized complete block analysis (Table 3). This analysis 

was modified to account for subsamples in the study of bulk 

density differences. 

Analyses were conducted by the Statistics Laboratory 

of the Arizona Agricultural Experiment Station at The 

University of Arizona. 



45 

Table 2. Analysis of variance for- comparison of vegetation 
crown cover, perennial grass production, soil 
moisture, and soil temperature by shade.and inulch 
treatments, sides of plot, and location. 

Source df 

Shade (H) 2 
Mulch (M)' 1 
H x M 2 
Error A 18 

Replications (R) 3 
R x H 6 
R x M 3 
R x H x 11 6 

Side *. 
S x H * 
S x M * 
S x H x M * 
Error B * 

* 

* 

* 

x M * 

Locations (L) 1 
L x H 2 
L x M 1 
L x S * 

R x S 
R X S X H 
R X S X M 
R X S X H 

L x M X H 2 
L x M X S * 

L x H X S * 

L x H X M X S * 

Error C * 

L X R 3 
L X R X H 6 
L X R X M 3 
L X R X M X H 6 
L X S X R * 

L X S X R X H X 
I. X S X R X M * 

L X S X R X H x M X 

^Variable degrees of freedom depending on 
characteristic being tested. 



46 

Table 3- Analysis of variance for comparing physical and 
chemical properties of the soil under mesquite 

• • trees with soil between'mesquite trees. 

Source df 

Blocks (trees) 5 
Locations 2 
B x L (Error A) 10 

Depths 2 
D x B 10 
D x L 4 

D x B x L (Error B) 20 

Total 53 



BESULTS AND DISCUSSION 

Crown Cover of Understory Vegetation 

Prior to Treatment 

Prior to treatment, crown cover of perennial grasses 

•under mesquite trees was 24# compared to 4# in the open 

(Fig. 12). Crown cover of halfshrubs under mesquite trees 

was only 2fo compared to 8$ in the open. For these two 

classes of vegetation, differences between locations were 

highly significant. A statistical comparison could not be 

made for shrubs and forbs because they did not occur on 

enough plots for a valid analysis. Annual grasses were not 

measured because most of them had dried up and blown away. 

Total crown cover of understory vegetation was greater under 

mesquite than in the open by a highly significant amount (27$ 

compared to 14$). These results support the observation 

that herbaceous understory vegetation was more abundant 

under mesquite canopies than in the open and that perennial 

grasses account for most of the difference. 

Treatments were assigned prior to making the first 

vegetation measurements so that uniformity of herbaceous 

vegetation crown cover between plots could be tested. 

F-tests of the differences between shade and mulch treat

ments for crown cover of perennial grasses, halfshrubs, and 

total vegetation were not significant. This indicated that 

47 
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Fig. 12. Crown cover of understory vegetation under mesquite 
canopies and in surrounding open areas prior to 
treatment. 
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the crown cover of herbaceous vegetation was uniform among 

plots (for the classes tested) and that it would not be 

necessary to adjust treatment effects for pretreatraent 

differences in crown cover. 

Total crown cover of perennial grasses on the plot 

exhibited an interesting relationship among sides of the 

plot—crown cover was 18, 28, 30, and 20fo on the south, 

north, east, and west sides, respectively (Fig. 13). A 

Duncan multiple range test showed that crown cover of 

perennial grasses was the same on the north and east and the 

same on the south and west, but that both north and east 

quadrants were different from south and west quadrants by a 

highly significant amount. Differences in crown cover among 

sides of areas on the plot could not be attributed to any 

individual species. Arizona cottontop was the only species 

occurring on enough plots for a valid statistical analysis 

and differences among sides were not significant. 

Greater crown cover of total perennial grasses on 

the north and east quadrants on the plot appears to repre

sent an amplification of conditions which cause differences 

in perennial grass crown cover between areas on the plot and 

off the plot. This aspect of the study will be examined in 

greater detail in the section dealing with soil moisture and 

soil temperature results. 



Fig. 13. Crown cover of perennial grasses under four 
quadrants of mesquite trees and adjacent open 
areas prior to treatment. 
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Perennial Grass Production-

Prior to Treatment 

Results of pretreatment measurements of perennial 

grass production were similar to those for crown cover 

measurements. Accumulated production of Arizona cottontop 

was 594 lb./acre on the plot and 107 lb./acre off the plot 

(Pig. 14). Total grass production was 1023 and 204 lb./acre 

on the plot and off the plot, respectively. Differences in 

production between areas on the plot and off the plot were 

highly significant for both Arizona cottontop and total 

perennial grasses, thus supporting the conclusion that there 

was greater abundance of perennial grasses under mesquite 

canopies (on the plot) than in the open (off the plot). 

There were no significant differences in production between 

the shade or mulch treatments indicating that the plots 

selected for the study were uniform from the standpoint of 

perennial grass production. 

Production of perennial grasses under mesquite 

canopies prior to treatment (1023 lb./acre) approaches 

maximum production for desert grassland range (1154 

lb./acre) when all mesquite is killed as measured by 

Parker and Martin (1952). The latter figure represents 

production in a highly favorable year rather than the 

accumulated production of several years as in the present 

study. In addition, two of the species under study, Arizona 

cottontop and bush muhly, have culms which remain alive for 



Fig. 14. Production of perennial grasses under mesquite 
canopies and adjacent open areas prior to 
treatment. 
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more than one year, and the area has been protected from 

grazing for 30 years. Post-treatment measurements will 

probably be a better indicator of true yearly production 

capability of areas under mesquite canopies. 

Effect of Shade and Mulch Treatments 

on Crown Cover of Understory Vegetation 

Perennial grasses and forbs were the only classes of 

vegetation affected by the shade treatments according to 

F-tests of crown cover measurements. Annual grass was the 

only class of vegetation influenced by the mulch treatment. 

Crown cover of total perennial grasses for areas on 

the plot was 16, 16, and 23$ for natural shade, no shade, 

and artificial shade, respectively (Fig. 15). Off the plot, 

the crown cover for the same treatments was 4, 6, and 6$. 

The Duncan multiple range test for crown cover of total 

perennial grasses on the plot showed that the artificial 

shade treatment differed from the natural and no shade 

treatments by a highly significant amount. There was, 

however, no significant difference between natural shade and 

no shade. Shade treatments had no effect on crown cover of 

total perennial grasses off the plot. These results 

indicate that any response of perennial grasses on the plot 

to removal of mesquite root competition is offset by the 

harsher microenvironment created. Differences in crown 

cover of total perennial grasses between shade treatments 



Fig- 15. Effect of shade treatments on five classes of 
vegetation on the plot and off the plot. 
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could not be attributed to any single species and were 

apparently the accumulated response of all perennial grass 

species. 

Crown cover of forbs on the plot with natural shade 

was 1 compared to 4 and 6$ for no shade and artificial 

shade, respectively. Off the plot, crown cover of forbs was 

1, 4, and 2$ with natural shade, no shade, and artificial 

shade treatments, respectively. In both locations, the 

crown cover of forbs was significantly greater with the no 

shade and artificial shade treatments than with the natural 

shade treatment, but there was no significant difference 

between no shade and artificial shade treatments. Two of 

the responses of forbs seem worthy of emphasis. First, most 

of the response of forbs to the treatments on the plot 

occurred between "the natural shade and no shade treatments, 

whereas with perennial grasses, the only response was 

between no shade and artificial shade. Perhaps forbs are 

less sensitive than grasses to the harsher microenvironment 

created with the no shade treatment. Forbs may also utilize 

moisture more efficiently than the perennial grasses. 

Second, only the forbs responded to the treatments off the 

plot. There may have been some improvement in soil moisture 

off the plot, and because most of the forbs were annuals 

they were better adapted to respond more rapidly than the 

scattered perennial grasses. 
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Shade treatments had no effect on halfshrubs in 

either location. The response of shrubs could not be tested 

because they occurred on too few plots. 

Average crown cover of annual grasses off the plot 

was 4$ compared to 2$ on the plot. This difference was 

highly significant. There was no significant difference 

between shade treatments on the plot or off the plot for 

annual grasses, but the response on the plot seems to be 

similar to that of the forbs. Crown cover of annual grasses 

was higher with the no shade and artificial shade treatments 

than with natural shade. Annual grass was the only class of 

vegetation that was affected by the mulch treatment. Crown 

cover on the plot with mulch was 2$ compared to 1 fo without 

mulch. This difference was significant at the 10$ level, 

and was expected since some seed of annual grass would have 

been raked from the plot when the no mulch treatment was 

established. Removal of seed with the mulch probably 

explains in part the greater cover of annual grass off the 

plot than on the plot. 

Crown cover of total vegetation on the plot was 

indicative of the response of perennial grasses and forbs 

to the shade treatments. Crown cover on the plot was 

increased significantly from 19fa with natural shade to 24# 

with no shade. With artificial shade, there was then a 

highly significant increase to 32$. Shade treatments had no 

effect on crown cover of total vegetation off the plot. 
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From the response of total vegetation on the plot, it 

appears that removal of competition by mesquite roots gives 

some benefit to understory vegetation, although it is offset 

to a large degree by a harsher microenvironment. When shade 

is replaced, the microenvironment is less severe and growth 

of understory vegetation is further enhanced. 

There were promounced differences in crown cover of 

total vegetation between sides of areas on the plot. Crown 

cover was significantly greater on the north and east sides 

(26 and 29$f respectively) than on the south and west (22 

and 2yfo, respectively. 

Effect of Shade Treatments 

on Perennial Grass Production 

The shade treatments had the same effect on produc

tion of perennial grasses as on crown cover of perennial 

grasses (Pig. 16). Production of perennial grasses off the 

plot was 57 lb./acre compared to 600 lb./acre on the plot. 

This difference was highly significant. 

Production of perennial grasses on the plot was 461, 

559» and 811 lb./acre for natural shade, no shade, and 

artificial shade treatments, respectively. The artificial 

shade treatment differed from the other two by a highly 

significant amount, but perennial grass production was the 

same with the natural shade and no shade treatment. There 

was no difference among shade treatments for the production 



Fig. 16. Effect of shade treatments on perennial grass 
production on and off the plot. Plants were 
harvested in October, 196?. 
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of perennial grasses off the plot. The mulch treatment had 

no effect on the production of perennial grasses. 

Response of Soil Moisture 

to Shade and Mulch Treatments 

Soil Moisture in the Surface 6 Inches 

During the period of study, soil moisture in the 

surface 6 inches fluctuated between 1.5 and 11.6# (Fig. 17)-

Using 4.6^ as the lower limit of available moisture for 

these soils (Cable, 1966), there was available moisture for 

plants on 16 of the 28 sampling dates. During the summer 

and fall when plants were growing actively, available 

moisture (between 4.6 and 11.2#) was depleted within a week 

or 10 days of replenishment. The rate of depletion was so 

slow during the late fall and winter that soil moisture was 

in the available range from December 1967 to March 1968. 

Soil moisture in the surface 6 inches off the plot 

averaged 5.9# compared to 5.8# on the plot for the 28 

sampling dates (Table 4). More important was the fact that 

soil moisture off the plot was greater than or equal to 

that on the plot on 19 of the 28 dates, even though it was 

significantly greater on only six dates. Lower soil 

moisture percentages on the plot were probably the result of 
/* 

greater interception of precipitation by mesquite trees, 

artificial shade structures, and understory vegetation, and 

greater use of moisture on the plot by understory vegetation. 



Fig. 17. Soil moisture changes in the surface 6 inches on 
the plot and off the plot during the period of 
study. 
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Table 4. Soil moisture on the plot and off the plot in. the surface 6 inches for 
three shade treatments. 

On the plot 

Date 
Off 

the plot 
F-test for 
locations 

Natural 
shade 

No Artificial 
shade shade 

F-test 
for shade 

Soil moisture percent by volume-

4-17-67 5.1 * 4.8 4.4 4.5 

5-11-67 1.5 1.6 1.3 1.8 * 

•5-26-67 2.3 ** 1.5 1.8 1.4 * 

6-20-67 1-9 ** 1.5 1.8 1.8 

6-27-67 6.7 ** 5.2 5.5 5.7 

7-01-67 2.8 2.3 2.7 3.1 

7-05-67 5.0 4.5 5.8 5.5 

7-08-67 ' 6.3 5.3 6.6 6.6 ** 

7-10-67 7.0 6.3 7.3 7.9 * 

7-18-67 9.2 9.0 9.3 9.2 

7-28-67 6.0 5.5 5.6 6.0 

8-10-67 6.0 ** 4.6 5.3 4.8 

8-14-67 9.1 8.0 8.6 9.6 

8-24-67 7.7 7.0 6.1 7.4 

8-31-67 2.1 2.1 1.9 2.0 



7-18-67 9.2 9.0 

7-28-67 6.0 5.5 

8-10-67 6.0 K* 4.6 

8-14-67 9.1 8„0 

8-24-67 7.7 7.0 

8-31-67 2.1 2.1 

9-06-67 • 7.0 8.7 

9-12-67 9.1 ** 10.9 

9-23-67 2.2 2.4 

10-07-67 7.4 7.1 

10-22-67 2.3 2.0 

11-18-67 1.5 1.4 

12-02-67 10.1 10.2 

12-09-67 8.1 7.1 

12-27-67 10.1 10.2 

1-25-68 7.5 6.5 

2-17-68 11.6 *K 10.9 

3-22-68 6.6 6.4 

4-09-68 3.7 2.9 

Average 5.9 5.6 

aAverage soil moisture of all three shade 

*Significant at 0.05 level. 

**Significant at 0.01 level. 

9.3 9.2 

5.6 6.0 

5.3 4.8 

8.6 9.6 

6.1 7.4 

1.9 2.0 

7.8 9.1 

9.6 11.1 

2.0 2.7 ** 

7.7 9.2 ** 

2.1 3.0 ** 

1.3 1.8 

9.8 10.8 

8.1 8.7 ** 

9.6 10.2 

7.8 7.4 

10.4 11.1 

6.3 7.0 * 

3.1 3.4 

5.7 6.2 

treatments in this location. 

cn 
H 
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When locations were analyzed separately, there were 

no significant differences in soil moisture among shade 

treatments or between sides off the plot. Lack of soil 

moisture response to the shade treatments in this location 

is contrary to the results of Parker and Martin (1952) who 

found significant increases in soil moisture at distances of 

20 ft from the base of killed mesquite trees compared to 

live mesquite trees. In the present study, lateral roots of 

nearby mesquite trees may have overshadowed treatment 

effects off the plot. There were, however, differences in 

soil moisture among shade treatments on the plot. Soil 

moisture averaged 5.6, 5.7» and 6.2$ for natural shade, no 

shade, and artificial shade, respectively. The difference 

among shade treatments was significant on nine dates. 

Duncan multiple range tests showed that on eight of the nine 

dates, soil moisture was significantly higher with arti

ficial shade than with the natural shade or no shade treat

ments. There was no such consistent difference between 

natural shade and rio shade treatments. 

There were no significant differences among shade 

treatments on the plot during the major part of the growing 

season (mid-July through mid-September). From this, it 

appears that the effect of low humidity and high temperature 

of the air on evaporation rate was too great to be reduced 

by shading of the soil by natural and artificial shade. 

This would agree with Shreve's (1931) conclusion that the 
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sparse shade of Parkinsonia, a tree similar to mesquite, was 

not sufficient to reduce the evaporative power of the air 

during the summer. It is also possible that the sampling 

procedure was inadequate to detect soil moisture differences 

in the surface 6 inchesp or that moisture was differentially-

utilized among the treatments. 

Soil moisture was higher with mulch than without 

mulch on all dates sampled. Average soil moisture with 

mulch was 6.1 compared to 5.5# without mulch (Table 5). 

However, the difference in soil moisture between mulch and 

no mulch was great enough to be significant on only five of 

28 individual dates. Differences were significant for five 

additional dates at the 10fo level. Since soil moisture was 

greater with mulch than without at times immediately 

following rains and at times when soil moisture was very 

low, it was not possible to determine whether mulch affected 

infiltration, evaporation, or both. 

Soil moisture with mulch averaged 5.9, 6.0, and 6.4# 

for natural shade, no shade, and artificial shade, 

respectively. Average soil moisture without mulch for the 

same three treatments was 5.2, 5.4, and 5-9The mulch x 

shade interaction was not significant on any date, indicat

ing that the mulch treatment had the same effect for each 

shade treatment. 

When soil moisture differences between the north and 

south sides of areas on the plot were analyzed, it was foiand 



Table 5. Soil moisture in the surface 6 inches on the 
plot for the mulch treatment (average of the 
shade treatments). 

No 
Date Mulch mulch F-test 

—Soil moisture percent by volume— 

4-17-67 4.9 4.3 

5-11-67 1.7 1.4 

5-26-67 1.6 1.5 

6-20-67 1.9 1.4 + 

6-27-67 6.0 5.0 * 

7-01-67 3.0 2.5 

7-05-67 5.6 4.9 

7-08-67 6.5 5.9 + 

7-10-67 . 7.5 6.7 • + 

7-18-67 9-3 9.0 - — 

7-28-67 5.9 5.4 + 

8-10-67 5.0 4.8 

8-14-67 9.1 8.5 
• 

8-24-67 7.0 6.8 

8-31-67 2.1 T . Q 



7-18-67 9.3 9.0 

7-28-67 5.9 5.4 + 

8-10-67 5.0 4.8 

8-14-67 9.1 8.5 -

8-24-67 7.0 6.8 

8-31-67 2.1 1.9 

9-06-67 9.0 8.1 

9-12-67 11.2 10.0 * 

9-23-67 2.5 2.2 . * 

10-07-67 8.4 7.6 * 

10-22-67 2.5 2.2 

11-18-67 1.6 1.4 

12-02-67 10.8 9.7 + 

12-09-67 8.2 7.8 

12-27-67 10.4 9.6 * 

1-25-68 7.6 6.8 

2-17-68 11.0 10.5 

3-22-68 6.8 6.4 

4-09-68 3.2 3.0 

Average 6.1 5.5 

*Significarit at the 0.05 level. 

•Significant at the 0.10 level. 
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that soil moisture on the north was greater than on the 

south by a highly significant amount on seven dates and by 

a significant amount on one date (Table 6). Differences 

between sides were not pronounced until early fall. This 

result adds support for the earlier conclusion that shade 

during the summer is not sufficient to reduce the vapor 

pressure deficit between air and soil during the summer. 

Evidently, differences between sides were greatest for the 

natural shade treatment. 

Soil Moisture Between 1 and 5 ft 

Soil moisture remained constant throughout the 

entire profile with no evidence of depletion from March 

through July (Pig.18). In August, there was an increase in 

soil moisture throughout the entire profile. The change was 

greatest in the upper 3 ft and coincided with the occurrence 

of summer rains. By.November, soil moisture was depleted to 

the level prior to summer rains—2.5 inches of moisture in 

the entire profile. Rains in December doubled this, and 

rains in January caused a further increase. These rains 

affected all depths sampled. 

There were no significant differences in soil 

moisture among shade or mulch treatments at any sampling 

depth or date. Soil moisture was slightly higher on the 

plot than off, but differences were significant only at 



Table 6. Soil moisture in the surface 6 inches on the north and south sides of 
areas on the plot for three shade treatments. 

Natural No Artificial 
shade shade shade 

F-test 
Date S N S N S N for sides 

•Soil moisture percent by volume 

4-17-67 4.2 • 5.5 4.3 4.6 6.1 3.0 

5-11-67 1.5 1.6 1.2 1.4 2.2 1.5 

5-26-67 1.5 1.5 1.8 2.0 1.2 1.5 

6-20-67 1.2 1.8 .1-9 1.6 2.1 1.4 

6-27-67 4.9 5.4 6.0 5.1 6.4 5.0 

7-01-67 2.5 2.1 2.8 2.6 3-4 2.9 

7-05-67 4.8 4.2 5.4 6.0 5.8 5.2 

7-08-67 5.4 5.1 6.7 6.6 7.1 6.1 

7-10-67 6.1 6.5 6.6 8.0 7.9 7.8 

7-18-67 8.3 9.7 9.3 9.2 9.1 9.3 

7-28-67 5.0 6.0 5.6 5.6 5.9 6.0 

8-10-67 5.2 4.1 5.4 5.3 4.1 5.5 

8-14-67 7.3 8.8 8.1 9.2 10.2 9.0 

8-24-67 7.5 
i a 

6.5 
O -> 

6.5 
T 0 

5.7 
o r\ 

" 7.1 
A l 

00 
c c 



7-28-67 5.0 6.0 5. 

8-10-67 5.2 4.1 5. 

8-14-67 7.3 8.8 8. 

8-24-67 7.5 6.5 6. 

8-31-67 1.9 2.3 1. 

9-06-67 9.1 8.4 8. 

9-12-67 10.5 11.4 9. 

9-23-67 2.2 2.7 2. 

10-07-67 6.6 7.6 7. 

10-22-67 1.9 2.2 1. 

11-18-67 1.3 1.5 1. 

12-02-67 9.6 10.8 9. 

12-09-67 6.4 7.7 ; 8. 

12-27-67 9.6 10.8 9. 

1-25-68 5.6 7.4 7. 

2-17-68 10.6 11.0 10. 

3-22-68 5.7 7.0 6. 

4-09-68 2.6 3.2 2. 

Average 5.3 5.8 5. 
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*Significant at the 0.05 level. 

**Significant at the 0.01 level. 

5.6 5.9 6.0 
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9.2 10.2 9.0 
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• 7.1 
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7.7 9.4 8.8 

9.6 11.7 10.6 
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Fig. 18. Accumulated inches of moisture in the soil 
between 1 and 5 ft for areas on the plot and off 
the plot. 
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1.5 ft for 3 sampling dates. Other comparisons were too 

erratic to draw any conclusions. 

The most important result of this phase of the study 

was that soil moisture at 4 ft was replenished to some 

extent during the .summer, depleted by November, and 

recharged again in December and January, Winter rains 

resulted in substantial recharge at all depths. 

Soil Temperature Studies 

Soil temprature at the 1- and 3-inch depths rose 

sharply from May to a peak in. June both off and on the plot 

(Pig. 19). At the 6- and 12-inch depths, the maximum 

temperature was observed in July. Soil temperature was not 

sampled often enough to evaluate the seasonal lag in soil 

temperature maxima with increasing depth in the soil. A 

pronounced temperature depression was observed at the 1-inch 

depth off the plot in July coinciding with the onset of 

summer rains. This was followed by a second peak tempera

ture in August. The same response was observed on the plot 

for the natural shade and no shade treatments but not for 

the artificial shade treatment. 

Average air temperature between 9 AM and 4 PM was 

calculated for the days measurements of soil temperature 

were taken. Air temperature was lower than soil temperature 

at 1 inch off the plot, and lower than soil temperature of 

the no shade treatment on the plot until November, when soil 



Fig. 19- Effect of three shade treatments on soil 
temperature (temperatures on the plot are 
compared to those off the plot). 
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On the the plot no shade 
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temperature at 1 inch became greater than air temperature. 

Air temperature was greater than soil temperature at 1 inch 

on the plot with natural and artificial shade treatments 

after July. 

Effect of Shade Treatments 

The maximum soil temperature observed was 117 F off 

the plot at 1 inch in June (Table 7)* The corresponding 

temperature on the plot (average of shade treatments) was 

101 F—a difference of 16 P. By January, the temperature 

at 1 inch had declined to 67 F off the plot and 61 P on the 

plot. At 12 inches, the greatest depth sampled, a maximum 

soil temperature off the plot of 85 F was observed in July. 

The comparable soil temperature on the plot was 3 degrees 

lower. By. January, soil temperature off the plot and on 

the plot were the same—51 F. Soil temperature at 1 and 3 

inches was significantly higher off the plot than on the 

plot for all dates. At 6 and 12 inches, soil temperature 

was significantly greater off the plot than on the plot from 

May through October. 

F-tests of soil temperatures by individual locations 

showed no significant differences among shade treatments off 

the plot at any depth or date. This result is reasonable, 

since shade treatments did not affect soil moisture or crown 

cover of understory vegetation off the plot. When soil 

temperatures off the plot (average of the shade treatments) 



Table 7. Soil temperature on the plot for three shade treatments compared to off the 
plot at 1, 3» 6, and 12 inches. 

On the plot 

Date 
Off On 

the plot the plot 

F-test 
for loca
tions 

Natural 
shade 

No 
shade 

Artificial 
shade 

F-test 
for 
shade 

1 inch 

5-04-67 100 

6-07-67 117 

7-07-67 100 
8-16-67 106 

9-13-67 99 
10-20-67 97 
11-24-67 71 
1-25-68 67 
Average 94 

3 inches 

5-04-67 80 

6-07-67 97 
7-07-67 95 
8-16-67 96 

9-13-67 92 

10-20-67 83 
11-24-67 64 

-Temperature in degrees fahrenheit-

85 

101 

90 

92 
88 

85 
65 
66 
84 

73 
87 
87 

86 
83 

77 
61 

** 

** 

K* 

** 

** 

** 

** 

** 

** 

** 

** 

** 

84 

97 
87 
90 
84 

86 
65 
6 2  
82 

72 

84 

85 

84 

81 

77 

62 

92 
110 

98 
101 

96 

90 
68 

62 

90 

77 
92 

93 

93 

89 

79 

62 

81 

97 
86 
86 
82 
80 
63 

59 

79 

71 
85 
83 

82 

79 

75 

fin 

** 

**  

**  

*  

** 

** 

an 
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9-13-67 92 83 ** 

10-20-67 83 77 ** 

11-24-67 64 61 ** 

1-25-68 59 56 ** 

Average 83 76 

6 inches 

5-04-67 72 69 ** 

6-07-67 85 80 *w 

7-07-67 90 84 ** 

8-16-67 88 82 ** 

9-13-67 85 79 K* 

10-20-67 76 73 ** 

11-24-67 60 60 

1-25-68 53 51 

Average 76 72 

12. inches .... .... .—— 

5-04-67 70 68 ** 

6-07-67 81 78 ** 

7-07-67 85 82 X* 

8-16-67 82 80 ** 

9-13-67 79 77 ** 

10-20-67 73 72 * 

11-24-67 61 62 ** 

1-25-68 51 52 

Average 73 71 

aAverage of the three shade treatments 

Ŝignificant at 0.05 level. 

iwi -Pi ô : f\ m 1 Qirol -

81 89 79 ** 

77 79 75 

62 62 60 

56 56 55 

75 80 74 

68 70 68 

79 82 78 * 
82 88 81 ** 

80 86 79 ** 

78 82 76 ** 

73 73 72 
• 61 59 60 

" 52 52 52 

72 74 71 

68 69 67 ** 

77 80 77 ** 
80 84 80 ** 

79 82 79 . ** 
76 78 76 ** 

73 72 72 

63 62 63 

52 51 52 

71 72 71 

in this location. 
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were compared to the temperatures on the plot for the 

individual shade treatments, there were some striking 

differences. Soil temperature off the plot at the 1- and 

3-inch depths was significantly greater than soil tempera

ture- on the plot for all three shade treatments from May-

through January (Table 7). At 6 inches, soil temperature 

off the plot was significantly greater than on the plot for 

all three shade treatments from May through October. At the 

12-inch depth, soil temperature off the plot was signifi

cantly higher than on the plot with natural shade and 
* 

artificial shade from May through November and with the no 

shade treatment for May, June, and July. Reductions in soil 

temperature on the plot compared to off the plot as a result 

of natural shade and artificial shade treatments correspond 

to the reduction in net radiation of nearly one-half in 

August under these two treatments (Table 8). 

One of the most important aspects of these compari

sons was that soil temperature on the plot with the no shade 

treatment was lower than soil temperature off the plot— 

despite the fact that soil moisture tended to be greater off 

the plot (Table 4). This phase of the study shows the 

importance of understory vegetation in reducing soil 

temperatures. Julander (1945) found soil temperatures 

increased by 14 C at 1 inch and 3 C at 8 inches with a 

reduction in cover of understory vegetation from 65$ to 6$ 

in the desert grassland. In the present study, the crown 
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Table 8. Net radiation between 10 AM and 3 PM on August '28, 
1967 for shade and mulch treatments. 

Mulch No Mulch 

• Off On • Off On 

-Langleys/min— 

Natural shade .49 .20 .53 .22 

No shade .53 .54 .51 .50 . 

Artificial shade .48 .24 .54 .26 
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cover of understory vegetation on the plot with the no shade 

treatment was 247° compared to 18$ off the plot. 

Comparison of soil temperatures among the three 

shade treatments on the plot showed that differences among 

treatments were significant from June through September at 

all depths (F-test for shade, Table 7). At each depth, soil 

temperature of the natural and artificial shade treatments 

was the same during this period. However, temperatures of 

both were significantly below the soil temperature of the no 

shade treatment. At the 1- and 3-inch depths in June and 

October, soil temperature for the no shade treatment was 

higher than for the natural shade or artificial shade 

treatment, but differences were not great enough to be 

significant. Soil temperatures became fairly uniform among 

the three shade treatments in November and January, regard

less of the depth. 

Even though soil temperatures among the shade 

treatments on the plot became uniform in November and 

January, temperatures at the 1- and 3-inch depths were 

significantly below temperatures off the plot at this time. 

At the 6- and 12-inch depths, soil temperatures were about 

the same in the two locations in November and January. 

According to Baver (1966) vegetative cover lowers soil 

temperature in the spring and summer and causes an increase 

in soil temperature during the winter compared to bare 

areas. The increase in soil temperature under vegetative 
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cover in the winter did not occur in the present study. 

Shade provided during the fall and winter by mesquite stems 

and branches, understory vegetation, and artificial shade 

structures may be too sparse to affect re-radiation from the 

soil. 

Soil temperature differences between north and south 

sides were significant only on the plot. The P-test for 

sides off the plot was not significant on any day for any 

depth. Average soil temperature for the three shade treat

ments was greater on the south side of the plot than on the 

north from September through January at every depth (F-test 

for sides, Table 9). Duncan multiple range tests showed 

that natural shade and artificial shade treatments were 

mainly responsible for differences in soil temperature 

between the north and south sides of the plot. Soil 

temperature on the south side of no shade plots was signifi

cantly greater than on the north occasionally, but no 

pattern was established. 

Soil temperature differences between sides of the 

plot were probably the result of the low angle of the sun in 

fall and winter, the greater cover of understory vegetation 

on the north side of the plot, and greater soil moisture on 

the north side of the plot. Soil moisture in the upper 6 

inches on the plot was greater on the north than on the 

south side for natural shade and artificial shade treatments 



Table 9. Soil temperalnire on the plot for north and south sides for three shade 
treatments. 

Natural Wo Artificial 
shade shade shade P-test 

—, for 
Bate S N S N S N sides 

Temperature in degrees fahrenheit 

1 inch 

5-04-67 86 81 91 92 81 81 

6-07-67 99 94 108 111 96 98 

7-07-67 87 86 97 98 86 66 

3-16-67 92 87 100 102 86 85 

9-13-67 88 80 96 96 83 81 ** 

10-20-67 93 78 93 88 85 76 ** 

11-24-67 69 61 70 65 66 60 ** 

1-25-68 67 56 64 60 63 55 *K 

Average 85 78 90 89 81 78 

3 inches 

5-04-67 73 71 77 77 71 72 

6-07-67 84 84 92 92 84 86 

7-07-67 85 84 93 92 83 83 

8-16-67 85 83 93 93 82 81 

9-13-67 83 78 90 88 80 78 ** 

10-20-67 80 73 81 77 78 72 ** 

11-24-67 64 59 64 61 63 58 ** 



8-16-67 85 83 93 

9-13-67 83 78 90 

10-20-67 80 73 81 
11-24-67 64 59 64 

1-25-68 60. 52 58 

Average 77 73 81 

6 inches 

5-04-67 69 67 70 
6-07-67 79 78 82 
7-07-67 82 82 88 

8-16-67 80 80 '86 

9-13-67 79 76 83 

10-20-67 76 70 75 

11-24-67 62 59 60 

1-25-68 56 49 53 

Average 73 70 74 

12 inches 

5-04-67 69 66 69 

6-07-67 78 77 80 

7-07-67 81 80 84 

8-16-67 80 78 84 
9-13-67 77 75 79 
10-20-67 75 71 73 

11-24-67 64 62 61 

1-25-68 54 50 52 

Average 72 70 72 

Ŝignificant at the 0.01 level 
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on dates when there were significant soil temperature 

differences. 

Effect of Mulch on Soil Temperature 

Mulch had an effect on soil temperature on only-

one date. Therefore, shade and understory vegetation must 

account for most of the reduction in solar radiation, and 

hence, most of the reduction in soil temperature. 

Effect of Mesquite Trees on 

Physical and Chemical Properties of the Soil 

Bulk density of the soil under mesquite trees 

increased with depth—from 1.35 g/cm^ in the 0- to 1 3/4-

inch depth to 1.54 g/cm^ in the 6- to 7 3/4-inch depth 

(Table 10). There was no such increase in hulk density with 

depth in the open. The Duncan multiple range test showed 

that the bulk density increase between the 0- to 1 3/4-inch 

depth and the 3- to 4 3/4-inch depth was highly significant 

on both the north and south sides under mesquite trees. 

There was no difference between the 3- to 4 3/4- and the 6-

to 7 3/4-inch depths. 

When the individual depths were compared across 

locations, there was no significant difference among loca

tions at the 3- to 4 3/4-inch and 6- to 7 3/4-inch depths. 

However, at the 0- to 1 3/4-inch depth, bulk density of the 

north and south sides v/as significantly lower than the same 

depth in the open. 



Table 10. Physical and chemical properties of the soil at three depths on the north 
and south locations under mesquite trees and adjacent open areas. 

Depth in 
inches 

Locations 

Soil property 
Depth in 
inches North South Open 

Bulk density 

(g/cm3) 

0 to 1 3/4 

3 to 4 3/4 

6 to 7 3/4 

1.35 
1.54 
1.54 

1.36 

1.48 

1.53 

1.57 
1.54 
1.54 

Total nitrogen 

(percent) 

0 to 1 3/4 

3 to 4 3/4 

6 to 7 3/4 

0.076 

0.033 

0.027 

0.074 

0.032 

0.026 

0.027 

0.024 

0.022 

0 to 1 3/4 5.7 6.0 6.0 

3 to 4 3/4 6.8 6.7 6.8 

6 to 7 3/4 7.1 6.8 7.0 

Soil reaction 

(pH) 

Total soluble salts 

(mg/liter) 

0 to 1 3/4 

3 to 4 3/4 

6 to 7 3/4 

Organic matter 
(percent) 

0 to 1 3/4 
3 to 4 3/4 
6 to 7 3/4 

320 

143 

140 

192 

139 
163 

106 

110 

114 

1.30 
0.52 

0.42  

1.22 

0.50 
0.38 

0.43 
0.36 
0.39 



320 

143 

140 

T92~ 

139 
163 

lUb 

110 

114 

1.30 
0 . 5 2  
0.42 

1.22 

0.50 

0.38 

0.43 
0.36 
0.39 

76 

77 
76 

78 
82 

78 

80 

79 
79 

Total soluble salts 

(mg/liter) 

0 to 1 3/4 

3 to 4 3/4 

6 to 7 3/4 

Organic matter 

(percent) 

0 to 1 3/4 

3 to 4 3/4 
6 to 7 3/4 

Sand 

(percent) 

0 to 1 3/4 

3 to 4 3/4 

6 to 7 3/4 

Silt 0 to 1 3/4 11 13 8 

(percent) 3 to 4 3/4 9 10 9 

6 to 7 3/4 9 10 9 

Clay 0 to 1 3/4 13 10 12 

(percent) 3 to 4 3/4 14 10 12 
(percent) 

6 to 7 3/4 16 11 12 

Gravel 0 to 1 

1 1 

6 9 10 

(percent) 3 to 4 3/4 11 13 13 (percent) 
6 to 7 3/4 14 13 14 
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Total N in the 0- to 1 3/4-inch depth under mesquite 

trees was three times greater than total N of the 6- to 

7 3/4-inch depth, and three times greater than the total 

N of the 0- to 1 3/4-inch depth in the open. When 

individual locations were analyzed using the Duncan test, 

the decrease in total N between the 0- to 1 3/4-inch depth 

and the 3- to 4 3/4-inch depth for north and south sides was 

highly significant, but there was no difference between the 

3- to 4 3/4- and 6- to 7 3/4-inch depths. In the open, 

there was no significant difference among the three depths. 

When individual depths were analyzed across the three 

locations, there were no significant differences among 

locations for the 3- to 4 3/4- or 6- to 7 3/4-inch depths. 

F-tests of pH value indicate that there was a highly 

significant difference among blocks and depths, but that 

the difference among locations and the locations x depths 

interaction were not significant. These results indicate 

that pH was more a function of the soil type and depth than 

the presence or absence of a mesquite tree. Duncan multiple 

range tests showed that the increase in. pH between the 0- to 

1 3/4-inch depth and the 3- to 4 3/4-inch depth was highly 

significant and the increase from the 3- to 4 3/4-inch depth 

to the 6- to 7 3/4-inch depth was significant in all three 

locations. 

Total soluble salts in the north and south locations 

were highest in the surface layer and decreased in the 
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3- to 4 3/4-inch and 6- to 7 3/4-inch depths. In the open 

location, total soluble salts appeared to be uniform 

throughout the profile. The concentration in the surface 

0 to 1 3/4 inches on the north was greater by a highly 

significant amount than the two lower depths, but on the 

south, and in the open, there were no significant differ

ences among depths. In the 0- to 1 3/4-inch depth, total 

soluble salts on the north was greater than that in the same 

depth on both the south and open locations by a highly 

significant amount. The difference in total soluble salts 

between the south and open location at the 0- to 1 3/4-inch 

depth was significant. No other depth comparisons among 

locations were significant. 

Organic matter content in soil under mesquite trees 

showed a two- to three-fold decrease from the 0- to 1 3/4-

inch depth and the two successive depths. This difference 

was significant. In the open, organic matter was only 

slightly higher in the 0- to 1 3/4-inch depth than the lower 

two depths. There was approximately three times as much 

organic matter in the 0- to 1 3/4-inch layer under mesquite 

trees as in the same depth in the open. This difference was 

significant. None of the other depth comparisons among 

locations were significant. 

The textural composition of samples collected for 

this study was approximately 76 to 82$ sand, 9 to 13$ silt, 

and 10 to 16$ clay. There was no significant difference 
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among blocks, locations, or depths for any of these textural 

classes. For gravel, there was no significant difference 

among blocks or locations, but a highly significant differ-
\ 

ence among depths. The Duncan multiple range test showed 

that the increase in gravel on the north side from 6$ in the 

0- to 1 3/4-inch depth to 14$ at 6 to 7 3/4 inches was the 

only depth comparison that was significant. 

Prom the increase in total N under mesquite trees 

compared to the open location, it appears that mesquite 

extracts H and other nutrients from open areas where lateral 

roots extend. When leaves fall, nutrients are released to 

the soil directly under the mesquite canopy. Similarly, the 

greater concentration of total soluble salts under mesquite 

canopies than in the open was possibly the result of 

deposition and accumulation of mesquite leaves under 

canopies. The greater accumulation of leaves on the north 

side of the mesquite tree (Table 11) may account for the 

higher total soluble salt concentration on the north side 

compared to the south side. 

Since there were no significant differences in soil 

pH between areas under canopies and open areas, mesquite 

trees apparently have little influence on this soil 

property. There was, however, a trend toward lower pH 

values on the north side of the tree in the surface layer. 

This may be the result of greater accumulation of litter and 

mulch there. Soil pH has a major effect on the availability 
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Table 11. Litter and mulch accumulation under the north and 
south sides of mesquite trees. 

Distance from trunk in feet 

Side 0-3 3-6 6-9 Total 

g/ft2 ' 

North 7 7 6 20 

South 5 5 2 12 
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of nutrients, but the values found were well within the 

range for optimum availability of nutrients that are most 

commonly deficient. The increase in pH values with depth at 

both locations reflects the leaching and erosional loss of 

carbonates from the surface horizons and deposition lower in 

the profile common in desert soils. The variability of 

soils in the study area was evident from the difference in 

pH among trees (blocks). 

Organic matter and bulk density differences 

indicated that soil under mesquite trees was more favorable 

for germination and establishment of understory vegetation 

than open soil. However, this was not tested. Organic 

matter improves soil condition by: 1) providing nutrients 

for plants, 2) binding soil particles together, 3) improving 

the moisture regime, and 4) serving as an exchange site for 

cations. The three- to four-fold difference in organic 

matter between areas under mesquite canopies and open areas 

was much greater than that observed by Paulsen (1953) 

between a mesquite site and a grassland site. 



CONCLUSIONS 

The response on the plot of forbs and annual grasses 

to the no shade treatment and the response of perennial 

grasses to the artificial shade treatment indicated that the 

microenvironment had been improved by these treatments 

compared to the natural shade treatment. However, shade 

treatments had no consistent effect on the level of soil 

moisture on the plot in the surface 6 inches during the 

major part of the growing season (mid-July through mid-

September). It is possible that soil moisture differences 

between treatments were not detected by the sampling 

procedure because of the method of measurement or the 

frequency of sampling. A more reasonable explanation, 

perhaps, is that soil moisture was differentially utilized 

among treatments, but that consumption was equivalent. This 

hypothesis can be supported. 

With the natural shade treatment, soil moisture 

consumption was by evaporation, and transpiration by 

mesquite and understory vegetation. With the no shade 

treatment, transpiration by mesquite was eliminated so that 

soil moisture consumption was by evaporation and transpira

tion of understory vegetation. Soil temperatures of the no 

shade treatment were substantially above those of the 

natural shade treatment indicating that the potential 

84 
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evaporation rate was increased over that of the natural 

shade treatment, and was perhaps equal to evaporation and 

transpiration by mesquite with the natural shade treatment. 

Using Dalton's formula (Geiger, 1965), potential evaporation 

rate of the no shade treatment was estimated to be twice 

that of the natural shade treatment. Net radiation differ

ences between the two treatments support this conclusion. 

Differences in residual soil moisture were not observed 

because any increase in moisture resulting from removal of 

the mesquite tree was utilized by the increased evaporation 

and the growth of forbs and annual grasses. Perennial 

grasses may have failed to respond to the no shade treatment 

because the sudden removal of the mesquite canopy and 

defoliation was too much of a shock for the plants to over

come in one season. Forbs and annual grasses grew from seed 

in one season so mature plants were not subjected to the 

sudden removal of shade and clipping. 

Response of perennial grasses on the plot to the 

artificial shade treatment suggests increased utilization of 

moisture by perennial grasses compared to the no shade 

treatment. With the artificial shade treatment, moisture 

use by mesquite was eliminated as with the no shade treat

ment, but soil temperatures and net radiation were the same 

as for the natural shade treatment. Therefore, the 

potential evaporation rate with artificial shade should have 

been about the same as with natural shade. To evaluate the 
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increase in utilizable moisture with the artificial shade 

treatment, the moisture required to produce the perennial 

grasses with the three shade treatments was calculated 

using a water requirement of 500 g per g dry weight of 

tissue produced (McGinnies and Arnold, 1939). According to 

this, there was an increase in soil moisture available for 

perennial grasses of approximately 35f* with the artificial 

shade treatment compared to the natural shade or no shade 

treatment. Apparently, increased soil moisture resulting 

from the elimination of mesquite was available for perennial 

grasses with the artificial shade treatment. With the no 

shade treatment, this moisture v/as consumed by evaporation. 

Also, with the artificial shade treatment, perennial grasses 

were not subjected to sudden increases in light intensity 

and soil temperature they received with the no shade treat

ment. This may have enabled them to utilize soil moisture 

more efficiently. 

Differences in crown cover of forbs among treatments 

off the plot can probably be explained on the same basis as 

the responses observed on the plot. Utilizable soil 

moisture in the surface 6 inches was probably increased by 

eliminating moisture use by mesquite, but forbs likely used 

the additional moisture so that no differences in soil 

moisture among treatments were detected. Again, there is 

the possibility that the sampling procedure used was not 

adequate for detecting soil moisture responses to the 
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treatments. The failure of perennial grasses to respond off 

the plot the first season agrees with the results of Cable 

and Tschirley (1961). They found that when mesquite trees 

were killed, most of the increase in perennial grasses the 

first year was on areas under mesquite trees. One can 

probably expect increased cover of perennial grasses over 

longer periods of time. 

There were pronounced differences in microenviron-

mental conditions between areas under mesquite trees 

(natural shade on the plot) and open areas (off the plot) 

which may explain the observed differences in crown cover 

and production of perennial grasses between the two loca

tions. First, net radiation and soil temperatures were 

markedly reduced with natural shade on the plot compared to 

off the plot, thus suggesting lower potential evaporation 

(calculations show a reduction of more than 50fo). However, 

soil moisture measurements in the surface 6 inches showed 

that soil moisture was generally higher off the plot than 

on the plot. Considering the high potential evaporation 

rate off the plot, this result was surprising. However, 

because of interception, areas on the plot probably received 

less precipitation than areas off the plot. Also, crown 

cover of understory vegetation was greater on the plot than 

off the plot, suggesting greater consumption of moisture by 

transpiration than off the plot. 
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The most pronounced differences in microenvironment 

between the two locations were in the physical and chemical 

properties of the soil. Soil under mesquite was more 

favorable for germination and establishment of understory 

vegetation than open soil. Higher organic matter and lower 

bulk density of mesquite soil would tend to reduce the rate 

of soil heating during the day and rate of cooling at night, 

thereby improving conditions for germination of seeds of 

perennial grasses (although this was not.tested). Higher N 

and total soluble salts were indicators of improved 

fertility in mesquite soil. A pot test (Appendix A) using 

Arizona cottontop, plains bristlegrass, and bush muhly 

showed that N and K were more available in mesquite soil 

than in open soil for Arizona cottontop and plains bristle-

grass. Phosphorus was more available in mesquite soil but 

only for Arizona cottontop. Available N in open soil was 

so low that it is doubtful that plants would become 

established even if the seeds germinated. In fact, plants 

of Arizona cottontop grown in open soil were stunted, 

chlorotic, and did not produce seedheads. Those grown in 

mesquite soil were vigorous, healthy, and produced seed-

stalks within 13 weeks. The pot test results indicated that 

much of the increased herbage production under mesquite was 

the result of improved fertility of the soil. Perhaps the 

problem of moisture in the desert grassland has been 

emphasized to the point that the importance of soil 
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nutrients has been overlooked. Results of this study 

indicate that any mesquite eradication might be followed to 

advantage by a fertilization program. There is even a 

possibility that mesquite need not be removed in some areas 

where the stand is fairly open if fertilizers are applied. 

The effect of litter and mulch on soil moisture was 

an additional indication of improved conditions for germina

tion under mesquite trees. Although seed germination was 

not studied, Glendening's (1942) results are indicative of 

the importance of litter and mulch in this respect. With 

chopped burroweed, open mesh gauze, and straw he found that 

chances for germination were increased by four to twenty 

times compared to bare, exposed soils. 

Improved fertility of the soil under mesquite trees 

would hardly explain the greater cover of perennial grasses 

in that location if the plants could not tolerate shaded 

conditions. The responses of Arizona cottontop, plains 

bristlegrass, and bush muhly to shade (Appendix B) indicated 

that they were shade tolerant (faculative skiophytes). 

However, since all made their best growth in full sunlight, 

it is doubtful that any of them required shaded conditions. 

Black grama, despite improved soil fertility, was seldom 

found under mesquite trees. This plant responded in a 

manner indicative of intolerance to shade. Although the 

study in Appendix B was conducted under conditions of 

optimum moisture and nutrients, the results indicate that 



9° 

plant adaptability is an important factor affecting crovm 

cover differences between locations. 



A P P E N D I C E S  



APPENDIX A 

COMPARISON OP NUTRIENT SUPPLY IN SOILS UNDER 

MESQUITE TREES AND SOILS IN OPEN AREAS FOR THREE GRASSES 

Introduction. 

Measurements of nitrogen and total soluble salts 

indicated that the soil under mesquite trees was more 

fertile than soil in open areas between mesquite trees. 

However, from the field study, it was not possible to relate 

improved growth of individual species of grasses to higher 

content and availability of soil nutrients in the mesquite 

soil. To determine if such a relationship exists, a pot 

study was conducted using the method of Jenny, Vlamis, and 

Martin (1950). 

Methods 

Soil collected from the surface 3 inches under 

mesquite trees and open areas between mesquite trees on the 

study area was air-dried and passed through a 2 mm sieve to 

remove gravel particles. Individual plants of Arizona 

cottontop, plains bristlegrass, and bush muhly were grown 

from seed in one-quart plastic pots containing 800 g of soil 

to which five nutrient treatments were applied. Nutrient 

treatments consisted of combinations of N, P, and K (Table 

A-l) applied as ammonium nitrate, monocalcium phosphate, and 

91 
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Table A-l. Nutrient treatments applied to 
mesquite trees and open areas. 

soil from under 

Treatment Description N P2°5 K2° 

•mg/pot 

Wo Check 0 0 0 

Wi Full treatment 80 120 40 

N0P3K1 No nitrogen 0 120 40 

K2P0K1 No phosphorus 80 0 40 

Wo No potassium 80 120 0 
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potassium sulfate, respectively. Amounts corresponded to 

200 lb./acre of nitrogen, 300 lb./acre of P2°5» 51x4 100 

lb./acre of K2O. Plants were grown in a growth chamber at 

temperatures of 82 F day and 72 F night and watered as 

necessary with distilled water. After 13 weeks, plants were 

harvested, oven-dried, and weighed. 

Data were analyzed for differences among soils, 

species, and nutrient treatments using the analysis of 

variance (Table A-2) and Duncan multiple range tests. 

Although yields of the nutrient treatments were included in 

these analyses, differences among nutrient treatments 

(except check and full treatment) were evaluated using 

relative yields (Table A—3). 

Results and Discussion 

Check Yields 

Yields of the three species with the check treatment 

(NqPqKq) gave an indication of the native fertility level of 

the two soils. Average yield was higher in mesquite soil 

(0.71 g) than in the open soil (0.16 g)—a highly signifi

cant difference. The greatest difference in yield was for 

Arizona cottontop: yield in mesquite soil was 11 times that 

in open soil (Fig. A-l). This difference was highly 

significant. Check yields for the other two species in 

mesquite soil were nearly double those in the open soil. 

This difference was significant at the 10$ level for plains 



94 

Table A-2. Analysis of variance for evaluating the response 
of three grasses to five, nutrient treatments in 
mesquite and open soil. 

Source df 

Species (S) 2 
Soil (L) 1 
SXL 2 
Treatments (T) 4 
TXS 8 
TXL 4 
TXSXL 8 

Error 60 

Total 89 
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Table A-3* Analysis of variance for evaluating relative 
yields of each grass species in mesquite soil 
and open soil. 

Source df 

Soil (L) 1 
Treatments (T) 2 
TXL 2 

Error 12 

Total 17 



Pig. A-l. Yield of three grasses in mesquite soil and open 
soil without added nutrients and with the full 
nutrient treatment. 
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bristlegrass, but not significant even at 50ft for bush. 

muhly. Apparently, the native fertility of raesquite soil 

was significantly greater than that of the open soil for 

both Arizona cottontop and plains bristlegrass, but not for 

bush muhly. 

Arizona cottontop plants grown- in mesquite soil with 

the check treatment were vigorous, healthy-appearing, and 

produced seedstalks within 13 weeks (Pig. A-2). In 

contrast, those grown in open soil were stunted, chlorotic, 

and produced no seedstalks. Plains bristlegrass plants 

grown in mesquite soil with the check treatment were more 

vigorous and healthy than those in open soil, but very few 

seedstalks were produced in either soil (Fig. A-3). Growth 

of bush muhly was about the same in both soils (Pig. A-4). 

Pull Treatment Yields 

Pull treatment yields of all three species 

were substantially above check yields in both soils (Pig. 

A-l). Yields were about the same in both soils with the 

full treatment for Arizona cottontop and plains bristle

grass, but yields of bush muhly in open soil were nearly 

double those in mesquite soil. The difference between soils 

was highly significant for bush muhly. A possible explana

tion is that mesquite soil contained some inhibitory 

compound for the growth of bush muhly. 
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Fig. A-2 Growth of Arizona 
and mesquite soil 
treatments. 

cottontop in open soil (top) 
(bottom) with five nutrient 
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Pig. A-3. Growth of plains bristlegrass in open soil (top) 
and mesquite soil (bottom) with five nutrient 
treatments. 



Fig. A-4. Growth of bush muhly in open soil (top) and 
mesquite soil (bottom) with five nutrient 
treatments. 
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Relative Yields 

Analysis of the check and full treatment yields 

reveals obvious differences among species with respect to 

nutrient availability in the two soils. However, neither 

check yield nor full treatment yield comparisons indicated 

which nutrients were responsible for yield differences among 

species between the two soils. Relative yields were used to 

test the availability of individual nutrients in the two 

soils for each species. Relative yield (RY) is an expres

sion of the capacity of the soil to supply a given nutrient 

element under the experimental conditions employed (Jenny 

et al., 1950). The relative yield of a nutrient is calcu

lated by dividing the partial treatment yield by the full 
N P K 

treatment yield: RY for N (RY N) = ° ̂  x 100. The 
2r3 1 

higher the relative yield, the greater is the supply of the 

nutrient native to the soil. 

Although relative yields of all three nutrients were 

higher in mesquite soil than in open soil, N showed the 

greatest difference in RY between the two soils (Table A-4). 

For Arizona cottontop, RY N in mesquite soil was 15 times 

that in open soil. This difference was highly significant. 

The RY N for plains bristlegrass in mesquite soil was only 

half that of the other two species, but was still three 

times greater than in open soil. This difference v/as 

significant at the 10$ level. The difference in RY N 

between the two soils seems large for bush muhly, but was 
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Table A-4. Relative yields of N, F, and K for three 
perennial grasses in mesquite soil and open 
soil. 

Arizona 
cottontop 

Plains 
bristlegrass 

Bush 
rauhly • 

Nutrient Mesquite Open Mesquite Open Mesquite Open 

N0 66 4 32 10 71 8 

P0 110 82 96 84 136 66 

Ko 114 36 105 56 92 49 

4 
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not significant—even at the 50fo level. Variability among 

replications was very high for this species and is the 

reason differences were not significant. Relative yields 

for N were extremely low in open soil for all three 

species, indicating low availability of N in that location. 

Relative yields of P were higher in both soils than 

the relative yields of N indicating that availability of P 

was higher in both soils than availability of N. The 

difference in RY P between the two soils was significant for 

only Arizona cottontop. Apparently, the fertility level of 

P in mesquite soil was greater than in' open soil only with 

Arizona cottontop. Even though the RY P for bush muhly in 

mesquite soil was nearly double that in open soil, the 

difference was not significant at any level of testing. 

The RY K for Arizona cottontop in mesquite soil was 

three times that in open soil. This difference was highly 

significant. For plains bristlegrass, the RY K in mesquite 

soil was nearly double that in open soil—a significant 

difference. The difference in RY K between the two soils 

was not significant for bush muhly. Mesquite soil evidently 

had a higher availability of K than open soil for Arizona 

cottontop and plains bristlegrass. 

Conclusions 

Results of this study indicate that there is a 

definite relationship between the high nutrient content of 
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mesquite soil and availability of these nutrients. Relative 

yield data showed that the higher native fertility of 

mesquite soil compared to open soil for Arizona cottontop 

and plains bristlegrass was mainly.the result of a differ

ence in available N and K. Difference in relative yields 

were particularly noticeable for N. Compared to mesquite 

soil, the availability of N in open soil was extremely low. 

Differences in availability of K between the two soils were 

not as great as for N, but were still substantial for 

Arizona cottontop and plains bristlegrass. Phosphorus 

probably accounted for only a small part of the difference 

in fertility between the two soils—and then only for 

Arizona cottontop. . * . 

This study suggests that the concern for moisture 

competition between mesquite trees and understory forage 

plants has been emphasized to the exclusion of the 

importance of soil nutrients. At least part of the forage 

production problem in the desert grassland appears to result 

from a lack of N, P, and K. The stunted, chlorotic appear

ance of plants grown in open soil v/ith the check treatment 

indicates that even if seeds did germinate in open areas 

between mesquite trees, they may have difficulty becoming 

established. Arizona cottontop and plains bristlegrass 

seeds that germinate in mesquite soil should have a much 

better chance of becoming established than those germinating 

in the open. 
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It is even possible that mesquite need not "be 

removed in an area where the stand is fairly open if the 

area were fertilized withjl, P, and K. Confirmation of this 

point will require field research to determine the response 

of different species to fertilizers in a variety of 

situations. 



APPENDIX B 

RESPONSE OF FOUR PERENNIAL 

GRASSES TO SHADE AND DEFOLIATION 

Introduction 

Differences in production of perennial grasses 

between areas under mesquite and adjacent open areas in the 

field study prompted this study on the shade response of 

four grasses. Three of these, Arizona cottontop, plains 

bristlegrass, and bush muhly, have a greater cover and 

density under mesquite canopies than in the open. Black 

grama, showing the opposite response, is more abundant in 

the open. • The basic hypothesis of this study is that three 

of these grasses have an inherent requirement for or 

tolerance of shade, whereas black grama is intolerant of 

shade. 

Objectives 

The primary goals were to evaluate the response of 

four perennial grasses to shade, determine the level of 

shade for optimum growth, and to determine the effect of 

defoliation on growth at various levels of shade. 

The objectives were: 

1. To determine the effect of shade on morpho

logical characteristics of each species. 

106 
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Characteristics of interest are number of 

inflorescences, width of leaf blades, and 

length, of seedstalks, inflorescences, inter-

nodes, and leaf blades. 

2. To determine the effect of shade and defoliation 

on herbage production, weight of stubble clipped 

to a 3-inch height, root weight, and total 

available carbohydrates in the roots. 

3. To measure moisture content of herbage under 

different levels of shade. 

Methods 

Plants of the four species were excavated from the-

north end of the area used for the main field study at the 

Santa Rita Experimental Range. All four species were found 

in this area on the same soil type in sufficient numbers to 

meet the needs of the study. Plants selected for uniformity 

within each species were excavated, placed in pots, and 

watered immediately. The plants were later transplanted to 

field plots at the Tucson Plant Materials Center (T.P.M.C.). 

Ten 6- by 8-ft plots were established in a 25- by 

l60-ft border with fine sandy loam soil at the T.P.M.C. Two 

replications of five levels of shade (0, 20, 40, 60, and 

8O5S) were randomly assigned to the 10 plots. Location of 

four subsamples of each species within each plot was 

randomly assigned. Since there were four subsamples of 
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four species on each plot, there were 16 plants in each 

plot. 

Plants were transferred from the pots to pre-

designated plot locations on March 15, 1967 and allowed to 

become established until April 16, at which time shade 

structures were placed over the plots (Fig. B-l). Shade 

was provided by saran shade cloth stretched over 6- by 8-ft 

wooden frames 2 l/2 ft high. Both top and sides of the 

frames were covered. The shade cloth used was rated at 20, 

43, 63, and 8O5S light reduction by the manufacturer.̂ " 

The entire border conta ..ning the plots was flood-

irrigated weekly, thus assuring that all plots received 

adequate moisture. On May 1, 1967 the entire border was 

fertilized with the equivalent of 300 lb./acre of 30-10-0 

fertilizer broadcast by hand. Plots were weeded weekly. 

Morphological Observations 

The effect of different levels of shade on plant 

morphology was evaluated by measuring several character

istics of the herbage. Measurements were taken when the 

majority of the heads were mature. This corresponded to 

the last week in June for Arizona cottontop and plains 

bristlegrass and the last week in July for bush muhly and 

black grama. 

1. Shade cloth was kindly donated by the Chicopee 
Manufacturing Company, Cornelia, Georgia. 
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Fig. B-l. Shade structures and plot layout at the Tucson 
Plant Material Center. 
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All visible inflorescences were counted on each 

plant of every plot. Since some inflorescences were 

confined to the boot under higher levels of shade, these 

were also counted. 

Total length of the seedstalks (stems) was measured 

from the base of the plant. Where possible, 20 measurements 

of this characteristic were taken to the nearest 1 cm on 

each plant. At higher levels of shade where less than 20 

stems were present, all stems were measured. Because of the 

twining and tangled nature of bush muhly growth, it was not 

possible to measure length of seedstalks. 

The length of 20 inflorescences was measured to the 

nearest 1 cm on each plant except bush muhly. Where less 

than 20 inflorescences were found per plant, all present 

were measured. 

The length of 20 random mature leaf blades was 

measured to the nearest 1 cm on each plant. The width of 

10 randomly selected leaves was measured on each plant. 

Width was measured near the center of the leaf blade to the 

nearest 1 mm. 

Distance between nodes on 20 randomly selected stems 

was measured to the nearest 1 cm on each plant. For Arizona 

cottontop and plains bristlegrass, a separate set of 

measurements was taken for upper and lower internodes. The 

upper internode measured was the uppermost on a stem. The 
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lower internode measured was the second internode above the 

base of the plant. 

Following measurement of morphological features, a 

sample of herbage was collected from two randomly selected 

plants of each species on each plot for analysis of moisture 

content. Samples were placed in plastic sacks and sealed. 

Plants were weighed, dried in an oven at 55 C for 24 hr, 

and reweighed. Moisture loss was expressed as milligrams 

per gram of dry weight of tissue. All plants were then 

harvested to a 3-inch stubble height. Samples were air 

dried for 2 months in a dry atmosphere with approximately 

20$ relative humidity. 

Two randomly selected plants of each species on each 

plot were excavated immediately after harvesting for 

measurement of root weight, stubble weight, and total avail

able carbohydrates. Two plants were allowed to regrow until 

the first week in September to evaluate the response of 

plants to clipping under different levels of shade. 

Measurements of herbage weight, root weight, stubble weight, 

and total available carbohydrates were made as prescribed 

for the first growing period. Morphological characteristics 

were not re-examined. 

Root systems were collected in an 8-inch soil cube 

from each plot. Soil was washed from the roots immediately. 

Plants were then brought to the laboratory for killing and 

drying. A forced draft oven at 105 C was used to kill the 
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tissue and stop enzyme activity. This procedure prevents 

conversion of starch to glucose, which is subsequently used 

in respiration (National Academy of Sciences, 1962). Plants 

were left in the oven until temperature of the tissue 

reached 100 C, usually about 1 hr. Killing was followed by 

drying at 55 C for 24 hr. After drying, the plants were 

separated into stubble and roots. These were then weighed 

separately. Roots were stored in glass jars for carbo

hydrate analyses. 

Root samples were ground in a Wiley mill with a 40 

mesh screen and stored in plastic containers. Total avail

able carbohydrates were then determined in these finely 

ground samples by the method described by Weinmann (1947) 

as modified by Ambrosio (1968). A duplicate was run for 

every fifth sample as a check on the method. Duplicate 

determinations agreed within 10JS. Also, the colorimetric 

method used by Ambrosio was checked against determination 

of total available carbohydrates by titration with eerie 

sulfate. Results agreed within 10$. Results are expressed 

as milligrams of glucose equivalent per gram of tissue. 

Analysis of Data 

Analyses of variance (Table B-l) were used to 

evaluate the responses of each species to the shade treat

ments and the differences among species in their responses 

to the treatments (Table B-2) at both intervals. The 
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Table B-l. Analysis of variance for the response of 
individual species of perennial grasses to five 
levels of shade. 

Source df 

Shade (H) 4 
Error A 5 

Replications (R) 1 
R x H 4 

Error B * 

V̂ariable degrees of freedom depending on the 
characteristic tested. 
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Table B-2. Analysis of variance for evaluating the effect 
of shade on four species of grass. 

Source df 

Shade (H) 4 
Error A 5 

Replications (R) 1 
R x H 4 

Species (Sp) * 

Sp x H K 
Error B * 

Sp x R 
Sp x R x H 

Error C * 

*Degrees of freedom are variable depending on the. 
number of species and characteristic tested. 
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analyses were modified to account for the fewer number of 

subsamples used for root weight, stubble, weight, moisture 

loss, and total available carbohydrates. Analyses were 

conducted by the Statistics Laboratory of the Arizona 

Agricultural Experiment Station of The University of 

Arizona. 

Results and Discussion 

Plants of all species grown on the no shade plots 

were more vigorous than those grown under 60 and 80fo shade. 

As the level of shade increased from 0 to 80$, stems became 

thinner and less rigid. Although some lodging was noted on 

the no shade plots (Fig. B-2), it was far more evident with 

the 60 and 80i<> levels of shade (Figs. B-3 and B~4), Lodging 

became so pronounced at these levels of shade that stems of 

Arizona cottontop and plains bristlegrass grew along the 

ground in a zig-zag fashion rather than growing upright and 

straight (Figs. B-5 and B-6). 

Production of seedstalks was noticeably reduced with 

increasing amounts of shade for all species. At 60 and 80̂  

shade, flowering lagged behind the other levels of shade by 

a week or more. Many of the inflorescences of Arizona 

cottontop did not develop beyond the boot stage under 60 and 

80j6 shade. 



Fig. B-2. Growth of four perennial grasses with no shade 



117 

Fig, B-3. Growth of four perennial grasses with. 60# shade. 



118 

Pig. B-4. Growth of four perennial grasses with 80fo shade. 
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Pig. B-5. At each node of Arizona cottontop under 80# shade, 
an angle of 20 to 30 deg was formed. 
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Pig. B-6. Zig-zag growth of plains bristlegrass under 80?S 
shade. 
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Morphological Responses 

Shade exerted a more pronounced effect on the 

production of inflorescences of bush muhly than any other 

species: there was approximately a 400-fold reduction with 

increasing shade from 0 to 8Oft (Table B-3). Although 

reductions in the number of inflorescences with increasing 

shade for the other three species were evident, differences 

among shade treatments were significant only for bush muhly. 

Apparently, coefficients of variation were too great to 

enable detection of differences. In the combined analysis, 

the response of bush muhly is probably responsible for the 

highly significant species x shade interaction. 

F-tests were made of the experimental error terms 

using the sampling error in an attempt to determine why the 

coefficients of variation were so high for three of the 

species. These tests showed that the variation within plots 

was probably responsible for the high coefficient of varia

tion of black grama. Variation among plots appears to 

account for the high coefficients of variation for Arizona 

cottontop and plains bristlegrass. 

Responses of the number of inflorescences to shade 

observed in this study concur with the results of Watkins 

(1940), Benedict (1941), and Shain (I960). However, two of 

the species studied by Benedict, Agropyron cristatum and A. 

smithii, produced more inflorescences under light shade 

(43$) than in the open. McGinnies (1966) found that shading 



Table B-3* Effect of shade on the number of inflorescences (n = 160). 

Species 0 20 

-Percent shade 

40 60 80 X CV • P 

Arizona cottontop 114 66 61 23 9 55 134 NS 

Bush muhly 1131 308 173 66- 3 336 42 X* 

Black grama 85 62 65 23 7 48 136 NS 

Plains bristlegrass 242 206 161 111 46 153 135 NS 

Species x shade interaction for the combined analysis 148 83 ** 

NS ='Not significant. 

* = Significant at the 0.05 level. 

** = Significant at the 0.01 level. 

ro ro 
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had no effect on the production of inflorescences in A. 

cristatum. 

F-tests of the length of seedstalks indicated that 

there was no significant difference among shade treatments 

for any species. Even so, there were some trends in the 

data which seem worthy of mention. Seedstalks of Arizona 

cottontop increased in length with increasing shade from 

0 to 60$, then decreased (Table B-4). With black grama, 

there was a sharp increase in length between 0 and 40$ shade 

followed by an equally sharp decline at 80$ shade.• Watkins 

(1940), Benedict (1941), Pritchett and Nelson (1951)» 

McGinnies (1966), and McBee and Holt (1966) observed 

increases in the length of seedstalks of various grasses 

with increasing amounts of shade. 

The effect of shade on length of inflorescences was 

apparent for only black grama (Table B-5). But the effect 

was not consistent with increasing shade—length increased 

from 24 cm with no shade to 29 cm with 20$ shade, then 

declined to 18 cm with 80$ shade. The species x shade 

interaction was significant (Table B-5) because black grama 

responded differently than the other species. The effect of 

shade on length of inflorescences has not been studied 

extensively, but the response of black grama was different 

from that of winter wheat observed by Pendleton and V/eibel 

(1965). Their studies showed that increasing shade caused 



Table B-4. Effect of shade on length of seedstalks (n = 120). 

Species 0 20 

-Percent shade-

40 60 80 X CV F 

Arizona cottontop 83 83 87 90 77 84 12 NS 

Bush muhly — — — — — — — 

Black grama 85 99 115 93 83 95 19 NS 

Plains bristlegrass 74 89 79 87 75 81 33 NS 

Species x shade interaction for the combined analysis 87 22 NS 

NS = Wot significant. 

ro 
4* 



Table B-5. Effect of shade on length of inflorescences (n « 120) 

Percent shade 

Species 0 20 40 60 80 x CV. F 

Arizona cottontop 17 16 18 17 16 17 13 NS 

Bush muhly — — — — — — — 

Black grama 24 29 28 23 18 24 8 ** 

Plains bristlegrass 12 13 11 14 11 12 46 NS 

Species x shade interaction for the combined analysis 18 20 * 

NS = Not significant. 

'* = Significant at the 0.05 level. 

** =» Significant at the 0.01 level. 

l\3 VJI 
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a consistent reduction in the length of inflorescences of 

winter wheat. 

Length .of leaf blades of all species except black 

grama was increased by shade (Table B-6). Length of leaf 

blades was more than doubled for bush muhly, increased by 

2/3 for plains bristlegrass, and increased by 1/3 for 

Arizona cottontop with increasing shade from 0 to 80?5. A 

further indication of the different response of black grama 

compared to the other three species was the significant 

species x shade interaction. Increased leaf length for the 

three species was similar to the response observed by 

Mitchell (1955) for perennial ryegrass, cocksfoot, and 

Dallis grass. 

Increasing shade caused a reduction in the leaf 

width of black grama only (Table B—7)• No supporting 

information was found on the effect of shade on leaf width 

of grasses. 

Shade influenced the internode length of the stems 

of only two of the four species: Arizona cottontop and 

bush muhly. For Arizona cottontop, the lower internode 

length increased from 5 cm with no shade to 7 cm with 40fi 

shade, then declined to 5 cm with 80$ shade (Table B-8). 

The upper internode of Arizona cottontop did not respond to 

the shade treatments. Pendleton and Weibel (1965) observed 

a similar response for winter wheat: the lowest internode 

was the only one that increased in length with increasing 



Table B-6. Influence of shade on length of mature leaf blades (n = 160) 

Species 0 20 

-Percent shade-

40 60 80 X CV • F 

Arizona cottontop 13 13 17 18 18 16 13 ** 

Bush muhly 4 6 6 8 9 7 21 ** 

Black grama 14 14 16 16 15 15 23 NS 

Plains bristlegrasa 21 25 25 35 36 • 28 25 * 

Species x shade interaction for the combined analysis 17 26 * 

NS 

* 

** 

= Not significant. 

= Significant at the 0.05 level. 

= Significant at the 0.01 level. 



Table B-7. Response of leaf width, to shade (n » 160). 

Percent shade 

Species 0 20 40 60 80 x CV P 

•mm-

Arizona cottontop 5.8 5.2 5.5 5.2 4.6 5.3 13 NS 

Bush muhly 2.2 2.1 2.5 2.3 2.4 2.3 19 NS 

Black grama 2.1 2.1 2.0 1.9 1.8 2.0 9 * 

Plains bristlegrass 6.2 6.0 5.8 5.9 5.6 • 5.9 25 NS 

Species x shade interaction for the combined analysis ' 3.9 20 NS 

NS = Not significant. 

* = Significant at the 0.05 level. 

H ro CO 



Table B-8. Effect of shade on intemode length of stems (n = 160) 

Species 0 20 

-Percent shade-

40 60 80 X CV F 

Arizona cottontop 
lower 5 6 7 6 5 6 15 * 

Bush muhly 4 5 5 5 5 5 9 * 

Black grama 10 12 13 12 12 12 15 NS 

Plains bristlegrass 
8 

• 

lower 9 10 10 10 8 9 20 NS 

Species x shade interaction for the combined analysis 8 18 NS 

Arizona cottontop 
8 upper 8 8 8 8 8 8 23 NS 

Plains bristlegrass 
upper 13 16 14 15 . 12 . . 14 43 NS 

N5 = Not significant. 

* = Significant at the 0.05 level. 

H ro 
VJD 
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shade, but the increase was consistent fromO to 90# shade. 

With bush muhly, internode length increased from 4 cm with 

no shade to 5 era with 20fi shade, then remained unchanged 

with further increases in shade. A shade-tolerant Bermuda-

grass showed a similar response, except that internode 

length increased as shade increased from 0 to 65$, then 

levelled off (McBee and Holt, 1966), 

Yield Responses 

Shade caused large reductions in herbage yield for 

two of the species and insignificant reductions for the 

other two (Table B-9). Herbage yield of black grama was 

reduced by nine times, and that of Arizona cottontop by five 

times when shade was increased from 0 to QOfo. The same 

trends were apparent for bush muhly and plains bristlegrass, 

but coefficients of variation were evidently too high to 

enable detection of differences between treatments. 

Variability among plots was mainly responsible for the high 

coefficients of variation for bush muhly and plains bristle-

grass according to the F-tests of experimental error. The 

species x shade interaction indicates that all species 

responded the same to the treatments. 

Studies on the effect of shade on herbage yield of 

grasses have indicated that yield is reduced with greater 

amounts of shade (Watkins, 1940; Pendleton and Weibel, 1965; 

and Shain, I960). McGinnies (1966) concluded that the 



Table B-9. Influence of shade on herbage weight (n = 160). 

Percent shade-

Species 0 20 40 60 80 x CV • F 

g/plant 

Arizona cottontop 114.5 68.5 82.6 39.0 23.6 65.6 20 ** 

Bush muhly 172.3 174.8 64.2 96.7 65.4 114.7 99 NS 

Black grama 90.1 64.2 49.4 23.3 10.7 47.5 72 * 

Plains bristlegrass 195.6 226.3 131.9 142.2 60.6 151.3 97 NS 

Species x shade interaction for the < combined analysis 94.8 ' 105 NS 

NS = Not significant. 

* = Significant at the 0.05 level. 

** = Significant at the 0.01 level. 

H u> 
H 
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effect of shade on herbage yields of crested wheatgrass 

seedlings depended on the favorability of the season. When 

moisture was plentiful, shade had an" adverse effect on the 

herbage yield, but in a drought year when moisture was 

limiting, herbage yields were increased by intermediate 

levels (40 and 6o°/o) of shade. Since the plots of the 

present study were irrigated, results agree with those of 

McGinnies for the situation when moisture was not limiting. 

Shade caused a pronounced reduction in root weight 

for three of the species (Table B-10 and Fig. B-7). Root 

weight decreased by about 2/3 for Arizona cottontop, bush 

muhly, and black grama between 0 and 80̂  shade. Even though 

the effect of shade on plains bristlegrass was non

significant, it showed the same trend expressed by the other 

three species. The non-significant species x shade inter

action indicates that the response to shade was similar for 

each species. The coefficient of variation of plains 

bristlegrass was nearly the same as the coefficients of 

variation for the other species and did not explain the lack 

of significant response to the treatments. 

Decreasing root weight with increasing shade is one 

of the most consistent and marked effects of shade on plants . 

(Reid, 1933; Watkins, 1940; Pritchett and Nelson, 1951; 

Troughton, 1957; Burton, Jackson, and Knox, 1959; Butler, 

Greenwood, and Soper, 1959; Pendleton and V/eibel, 1965). 



Table B-10. Effect of shade on. root weight (n = 80). 

Percent shade 

Species 0 20 40 60 80 x CV P 

g/planta 

Arizona cottontop 6.77 5. 88 4.49 2.60 2.21 4.39 .20 ** 

Bush muhly 14.19 11. 23 6.67 7.59 4.60 8.85 42 * 

Black grama 9.90 7. 48 6.47 3.84 2.42 6.02 24 * 

Plains bristlegrass 7.96 7. 26 6.14 5.61 3.52 6.09 35 NS 

Species x shade interaction for the combined analysis 6.34 46 NS 

Excavated from an 8-inch cube of soil. 

NS = Not significant. 

* = Significant at the 0.05 level. 

** = Significant at the 0.01 level. 
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Shade had a significant effect on the weight of 

stubble clipped to a height of 3 inches for only Arizona 

cottontop (Table B-ll). Stubble weight showed more than a 

four-fold reduction between 0 and 80i° shade. Although the 

other three species exhibited the same trends, responses 

were not significant. Coefficients of variation were three 

to five times greater than the coefficient of variation for 

Arizona cottontop. Therefore, it was not possible to detect 

differences among treatments for the other three species. 

F-tests of the experimental error showed that the high 

coefficients of variation probably resulted from variation 

among plots for all three species. The non-significant 

species x shade interaction was a further indication that 

all species responded the same to the treatments. 

Physiological Responses 

The effect of shade on the moisture content (grams 

of water per gram dry weight of tissue) varied between 

species (Table B-12J. Moisture content of Arizona cottontop 

increased from 2.04 to 2.43 g with increasing shade from 0 

to 80̂ . The response of plains bristlegrass was even more 

pronounced; moisture content increased from 2.20 to 3.36 g. 

In contrast, moisture content of black grama declined from 

1.21 to 0.73 g with increasing shade from 0 to 80$. 

Moisture content of bush muhly was not affected by the shade 

treatments. The differential response of the four species 



Table B-ll. Effect of shade on weight of stubble clipped at a height of 3 inches 
(n = 80). 

Percent shade 

Species 0 20 40 60 80 x CV F 

g/plant 

Arizona cottontop 36.5 24.3 18.6 9.0 8.0 19.3 15 ** 

Bush muhly 22.0 18.3 10.8 11.2 8.0 13.6 61 NS 

Black grama 13.7 10.3 8.8 6.8 3-5 8.6 48 NS 

Plains bristlegrass 43.7 22.4 18.4 16.3 6.5 21.5 87 NS 

Species x shade interaction for the combined analysis 15.7 68 NS 

NS - Not significant. 

** = Significant at the 0.01 level. 

H 
Lu 
ON 



Table B-12. Response of moisture content of herbage to shade (n - 80). 

Percent shade 

Species 0 20 40 60 80 x CV F 

g raoisture/g dry weight of tissue 

Arizona cottontop 2.04 2.03 2.33 2.38 2.43 2.24 8 * 

Bush muhly 1.62 1.55 1.73 1.75 1.68 1.66 6 NS 

Black grama 1.21 1.32 1.19 1.19 0.73 1.13 7 ** 

Plains bristlegrass 2.20 2.82 2.82 2.94 3-36 2.82 13 * 

Species x shade interaction for the i combined analysis 1.96 14 * 

NS = Not significant. 

* - Significant at the 0.05 level. 

** = Significant at the 0.01 level. 

H 
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was expected because of the significant species x shade 

interaction. The response of Arizona cottontop and plains 

bristlegrass was the same as that observed by Pritchett and 

Nelson (1951), Burton et al. (1959), and McGinnies (1966) 

for various grasses. However, no reference was found 

indicating that moisture content declined with increasing 

shade as was observed with black grama. 

There was no significant difference in total 

available carbohydrates of the roots of any species among 

shade treatments (Table B-13). Most of the studies on the 

effect of shade on carbohydrate levels in plants have been 

conducted on the herbage and stubble. All of these studies 

indicate that there is a reduction in carbohydrates with 

increasing shade (Watkins, 1940; Blackman and Templeman, 

1940; Burton et al., 1959; Auda, Blaser, and Brown, 1966; 

Nowakowski and Cunningham, 1966; Mcllroy, 1967). One study 

on root reserves by Burton and Jackson (1964) indicated that 

shading lowered carbohydrate reserves. 

Results from the Second Harvest 

The combined treatments of defoliation plus shading 

had essentially the same effect on herbage weight, root 

weight, stubble weight, and total available carbohydrates as 

the shading treatment alone. Herbage weights were signifi

cantly reduced for only Arizona cottontop: there was an 

11-fold reduction between 0 and 8($ shade (Table B—14). 



Table B-13. Response of total available carbohydrates in roots to shade (n = 40). 

Percent shade 

Species 0 20 40 60 80 x CV F 

mg glucose equivalent/g tissue 

Arizona cottontop 22. 86 22. ,44 16. .00 19. ,20 27. ,04 21. .51 28 NS 

Bush muhly 8. 70 9. ,33 6. .80 6. ,94 6, -43 7-,63 19 NS 

Black grama 7. 47 6, ,43 6, .65 6. ,72 7, .57 6. .95 16 NS 

Plains bristlegrass 16. 85 12, .49 13, ,18 14. .81 10, .43 13-.55 42 NS 

Species x shade interaction for the combined analysis 12.41 29 NS 

NS = Not significant. 

Oj 
VO 



Table B-14. Effect of defoliation followed by shade on herbage yield (n = 80) 

Percent shade 

Species 0 20 40 60 80 x CV F 

: g/plant 

Arizona cottontop 230.1 140.2 188.6 57.7 20.2 127.4 .17 ** 

Bush muhly 81.4 83.8 26.4 79-1 21.0 58.6 113 NS 

Black grama 12.5 2.3 24.4 18.4 5.2 11.6 210 NS 

Plains bristlegrass 260.9 387.0 174.1 183.1 23.8 205.8 84 NS 

Species x shade interaction for the combined analysis ' 100.8 97 NS 

NS 

** 

= Not significant. 

= Significant at the 0.01 level. 
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Shade alone only caused a five-fold reduction in herbage 

yield. Note that the other species showed the same trend, 

but coefficients of variation are very high. F-tests of 

experimental error showed that variation among plots was 

primarily responsible for the high coefficients of variation 

of bush muhly and plains bristlegrass,•whereas variation 

within plots accounted for the high coefficient of variation 

of black grama. 

Root weight (Table B-15) showed a five-fold 

reduction for Arizona cottontop and bush muhly, and a four

fold reduction for plains bristlegrass with increasing shade 

from 0 to 80$. The response of black grama.was similar to 

the other three species, but was non-significant. Although 

the coefficient of variation was only slightly higher for 

black grama than the other species, the magnitude of 

reduction in root weight was substantially less. Host of 

the variability occurred within plots for black grama. 

Stubble weight of Arizona cottontop and black grama 

was significantly reduced by the combined treatments 

(Table B-16). Stubble weight of bush muhly and plains 

bristlegrass appear to have been similarly affected by the 

treatments, but the coefficients of variation are high. 

Variation within plots accounts for the high coefficient of 

variation for bush muhly, but variation among plots was 

responsible for the high coefficient of variation for plains 

bristlegrass. The significant species x shade interaction 



Table B-15. Effect of defoliation followed by shade on root weight (n = 80). 

Percent shade 

Species 0 20 40 60' 80 x CV F 

g/planta 

Arizona cottontop 15.81 9-20 10.30 5.92 2. 94 8. 83 13 w* 

Bush muhly 24.15 14.74 16.81 10.16 4. 99 14. 17 30 ** 

Black grama 9.50 7.53 6.46 7.46 3. 50 6. 89 34 NS 

Plains bristlegrass 17.78 12.02 9.90 9.12 4. 84. 10. 73 20 ** 

Species x shade interaction for the i combined analysis 10. 16 30 NS 

Excavated from an 8-inch cube of soil. 

NS = Not significant. 

** => Significant at the 0.01 level. 



Table B-16. Effect of defoliation followed by shade on weight of stubble clipped at 
a 3 inch height (n = 80). 

Percent shade 

Species 0 20 40 60 80 x CV F 

_ g/plant 

Arizona cottontop 78.2 39.3 52.6 15.6 7.4 38.6 20 K* 

Bush muhly 46.0 15.1 15.0 13.2 8.5 19-6 89 NS 

Black grama 18.0 8.2 8.2 5.5 5.9 9.2 30 ** 

Plains bristlegrass 46.0 48.1 35.5 25.6 12.7 33.6 65 NS 

Species x shade interaction for the combined analysis 25.2 57 * 

NS = Not significant. 

* = Significant at the 0.05 level. 

** = Significant at the 0.01 level. 

H 
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was probably the result of the response of black grama. 

Magnitude of the difference in stubble weight was not as 

great as for the other three species. Total available 

carbohydrates in the roots were not affected by the combined 

treatments for any species (Table B-17). 

Comparison of Results of the First and Second Harvests 

Comparison of herbage yield, root weight, and 

stubble weight between the first and second harvest gives an 

indication of the effect of defoliation plus shading 

compared to shading only. Herbage yields of Arizona cotton-

top and plains bristlegrass were apparently little affected 

by the combined treatments until 80$ shade was reached 

(Tables B-9 and B-14). Yields of the second harvest for 

both species with 0, 20, 40, and 60$ shade were considerably 

above yields of the first harvest. With 80$ shade, yields 

were about the same for both harvests with Arizona cotton-

top, but considerably reduced at the second harvest for 

plains bristlegrass. Herbage yields of both bush muhly and 

black grama for the second harvest were considerably below 

those of the first harvest for all shade treatments, but 

black grama appeared to be the species most adversely 

affected by the combined treatments. 

The combined treatments had little effect on the 

root weight of any species: root weights were greater at 

the second harvest at all shade levels for Arizona 



Table B-17. Effect of defoliation followed by shade on total available carbohydrates 
in roots (n = 40). 

Percent shade 

Species 0 20 40 60 80 x CV F 

mg glucose equivalent/g tissue 

Arizona cottontop 23. .87 20. .75 19-.24 15-.00 19. .75 19. .73 21 NS 

Bush muhly 10. .02 7. .15 7. .35 6. .50 5. .91 7. .39 18 NS 

Black grama 11. ,40 11. .21 7. ,88 8. .14 4. .60 8, .65 34 NS 

Plains bristlegrass 21. .21 14. • 09 14-.35 16. .70 14. .43 16. .16 26 NS 

Species x shade interaction for the combined analysis 12.98 23 NS 

NS = Not significant. 
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cottontop, bush muhly, and plains bristlegrass (Tables B-10 

and B-15). Root weights of black grama were the same or 

only slightly greater with the second harvest than the first 

indicating that this species was more severely affected by 

the combined treatments than the other three species. 

Stubble weight (Tables B-ll and B-16) was generally 

greater for the second harvest than the first for Arizona 

cottontop, bush muhly, and plains bristlegrass for treat

ments of 0 to 60fo shade. With 80fo shade, stubble weights 

were nearly the same at both harvests for these three 

species. Again, black grama was more strongly affected 

than the other three species: stubble weights were about 

the same at both harvests, regardless of the shade level. 

Total available carbohydrate levels in the roots were about 

the same between harvests for all four species (Tables B-13 

and B-17). 

Herbage yield, root weight, stubble weight, and 

total available carbohydrates following the defoliation and 

shading treatment were unexpectedly high for Arizona 

cottontop, bush muhly, and plains bristlegrass. The 

results are a distinct contrast to Mitchell*s (1954) work. 

He studied the weight increment of tops and roots of Lolium 

spp. under combinations of shade and defoliation treatments. 

With undefoliated plants in full sun, 43f° of the total 

increment occurred in the leaves. This rose to 59f> where 

plants were shaded only, 70f° where defoliated only, and 



147 

857° with the two treatments combined. This means that a 

successively smaller portion of the weight increment of the 

plant was in the roots. Mitchell and Coles (1955) found 

that defoliation of short rotation ryegrass followed by 

shading reduced tissue formation of herbage by 50# compared 

to those plants defoliated and left in full sunlight. 

Alberda (1957) studied the effect of a 50i* reduction of 

light intensity on perennial ryegrass after defoliation— 

stubble weight declined continuously. 

Effect of the combined treatments on carbohydrates 

was also different from that previously observed. Sullivan 

and Sprague (1943) and Ward and Blaser (1961) found carbo

hydrate reserves reduced almost to exhaustion by combining 

defoliation and shading treatments. 

Conclusions 

Even though herbage yield, root weight, stubble 

weight, and number of inflorescences of all four species 

appeared to be adversely affected by the shade treatments, 

other responses indicated that Arizona cottontop, bush 

muhly, and plains bristlegrass adapted to the shaded condi

tions. However, few of the previous studies have related 

observed responses to the ability of the plants to adapt to 

or to tolerate shaded conditions. The system of Blackman 

and Wilson (1951a and 1951b) is an exception—they relate 

morphological responses of plants to shade tolerance or 
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adaption. According to their system, relative growth rate 

(RGR) is the increase in dry weight of a plant in grams/ 

gram/day, and is composed of two measurable components: 

net assimilation rate (NAR) and leaf area ratio (LAR). Net 

assimilation rate is the increase in plant weight per unit 

leaf area and is a measure of the balance between assimila

tion gains and respiration losses. Leaf area ratio is the 

ratio of total leaf area of a plant to total plant weight. 

Hence, RGR = NAR x LAR. As light intensity decreases, the 

NAR of most plants has been observed to decrease. But if a 

plant is shade tolerant, this decrease in WAR is offset by 

an increase in LAR to maintain growth rate (RGR) at a near 

constant level. Plants classified as shade plants have a 

low LAR initially in full sunlight which increases rapidly 

with reductions in light intensity. A sun plant has a high 

LAR initially in full sunlight which changes little with 

reductions in light intensity (Blackman and Wilson, 1951a). 

Because the number of leaves were not counted, it 

is not possible to categorize the four species precisely as 

to the LAR response with increasing shade. However, the 

striking increase in leaf length for Arizona cottontop, bush 

muhly, and plains bristlegrass indicates they may be classed 

as faculative skiophytes: plants which are heliophytes, but 

are able to adapt to shade conditions. Black grama, on the 

other hand, probably has a higher LAR than the other three 

species initially because herbage yields were low, and 
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leaves were relatively long. With increasing shade, length 

of black graraa leaf blades did not increase but width 

decreased. Based on this evidence, black grama did not 

adapt to shade, and may be classed as an obligate helio-

phyte. • 

The response of internode lengths of Arizona cotton-

top and bush muhly to shade may be another indication of 

adaptability to shade. According to McBee and Holt (1966), 

a variety of Bermudagrass known to be shade tolerant 

exhibited an increase in internode length with increasing 

shade to 65$. Based on the response of internode length, 

they referred to 65$ shade as the optimal level for the 

growth of this species. Using this criterion, the optimal 

shade level would be 20$ for bush muhly and 40$ for Arizona 

cottontop. 

Comparison of herbage yields, root weight, and 

stubble weight of the first harvest (shading only) with the 

second harvest (defoliation plus shading) also indicates the 

shade tolerance of Arizona cottontop, bush muhly, and plains 

bristlegrass. Except for herbage yield, bush muhly did not 

appear to be severely affected by the combined treatments. 

Black grama, on the other hand, was adversely affected by 

the combined treatments. 

The differential response of moisture content of the 

herbage between species may be another indicator of shade 

tolerant species. Moisture content of herbage increased 
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with increasing shade for Arizona cottontop-and plains 

bristlegrass—two species which appear to be shade tolerant. 

Moisture content of black grama, a species which does not 

appear to be tolerant of shade, decreased with increasing 

shade. Even though other responses indicated that bush 

muhly is shade tolerant, moisture content did not respond 

to the shade treatments. 

The lack of response of total available carbohy

drates in the roots to shade is misleading unless considered 

in terms of the response of root weight to shade. Even 

though total available carbohydrate concentration remained 

constant, the total amount was sharply reduced by the 

reduction in root weight. This in turn affects the ability 

of the plants to take up moisture and nutrients, and produce 

foliage regrowth after defoliation (Pritchett and Nelson, 

1951). 

Assessment of the patterns of variability for two of 

the species may be helpful for designing future studies of 

this nature. For those characteristics where trends were 

evident in the data but differences were not significant, 

F-tests were made of the experimental error to determine 

where most of the variability occurred. With black grama, 

the bulk of the variation was consistently between plants 

(within plots). Variation for plains bristlegrass was 

consistently among plots. Two factors probably account for 

the high plant to plant variation for black grama. First, 
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the specimens excavated from the field may not have been 

sufficiently uniform. Second, shading within plots because 

of the location of plants was probably a factor leading to 

variability in all species, but may be expected to affect 

shade intolerant species more severely. In future studies, 

it would be advisable to allow more space for the plants, or 

include plants of only one species in a plot. 

Variation among plots with plains bristlegrass must 

have resulted from soil moisture or soil fertility differ

ences within the border. Where such conditions are likely, 

it may be advisable to use a randomized block design. 
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