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ABSTRACT
An investigation of shrub-induced spatial distribu
tion of nutrients was conducted in the Sonoran Desert 32 km
south of Tucson, Arizona.

Samples of shrub phytomass,

understory phytomass, litter, and soil were collected from
mesquite (Prosopis juliflora) and from palo verde (Cercidium
floridum) shrubs during the spring, fall, and winter for
three consecutive years.

All samples were analyzed for

total nitrogen and for organic carbon.
Distribution of nitrogen in palo verde and in
mesquite ecosystems emphasized the role of soil as a
nitrogen reservoir.

Over 77% of ecosystem nitrogen was

contained in the soil, 20% was contained in shrub phytomass,
and the remaining 3% was contained in understory phytomass
and in litter.

Ecosystem carbon was almost equally dis^

tributed between soil and phytomass.

Total ecosystem

nitrogen averaged 319 g/m 2 and total ecosystem carbon
2

averaged 4.5 kg/m .

Total nitrogen and total carbon in the

ecosystem could be predicted with reasonable reliability
using linear regression equations with shrub phytomass or
with shrub height as the independent variable.
Total ecosystem phytomasses for the two shrub
2

species were similar and averaged 5.8 kg/m ,

Linear

regression equations developed to predict total ecosystem
x

xi

phytomass from shrub height had a correlation coefficient
of 0.70.
Palo verde and mesquite shrubs were found to form
centers from which properties changed in a generally con
sistent manner with distance.

Surface soil nitrogen values

ranged from 0.070% at the shrub center to 0,035% at points
approximately one meter beyond the canopy edge.

Nitrogen

in subsurface soil horizons displayed similar decreases with
distance from shrub centers.

Soil carbon in surface and

subsurface horizons likewise decreased with distance from
shrub centers.

Both standing understory phytomass and

shrub litter for the two shrub species decreased as distance
from the center of shrubs increased.

At a point approxi

mately one meter beyond the canopy edge, shrub litter was
less than 10% and understory phytomass was less than 50% of
those values found under shrub canopies.

Vertical gradients

in soil nutrients were abrupt; soil nitrogen in the surface
5 cm averaged 0.053% while the 5-15 cm depth contained
0.034% nitrogen.

Carbon gradients were also abrupt.

Such

gradients typically develop in soil under woody vegetation
and in arid environments.
Seasonal and annual changes in nitrogen and in
carbon were found for many components of the two ecosystems.
Seasonal nutrient change in some shrub parts (leaves,
current growth, branches) appeared to be caused by trans
locations, by leaching due to precipitation, and by

xii

senescence.

Annual nitrogen changes in leaves, flowers,

current growth, and branches were associated with fluctua
tions in precipitation which presumably relieved water and
nitrogen stresses in the shrubs.

Nitrogen of understory

phytomass changed on a seasonal and on an annual basis,
probably because of variations in species composition and
in nitrogen availability.

Leaf fall from mesquite shrubs

was apparently responsible for higher nitrogen concentra
tions in shrub litter during winter.

Reduced carbon

concentrations in both shrub litter and understory litter
during the early fall were possibly associated with
accelerated microbial activity during the warm summer rainy
period.

Seasonal and annual differences in soil nitrogen

and in soil carbon were not detected but differences were
observed for soil pH.

Soil pH was higher during winter and

during dry years, probably a reflection of lower soil
moisture and of reduced biotic activity.
Sampling was also conducted in the Chihuahuan
Desert in New Mexico.

Spatial distribution patterns of

phytomass and of nitrogen for honey mesquite (Prosopis
juliflora var glandulosa) closely paralleled those patterns
found in the Sonoran Desert.

Carbon distribution was

irregular and apparently was caused by the young stratified
soils found in the study area.

CHAPTER 1
INTRODUCTION
Living organisms and their environment form a thin
shell around the surface of the earth.

This shell, the

biosphere, is characterized by complex interrelationships
involving living organisms and their environment.
biosphere is the environment of man.

The

History has shown that

man, because of his imperfect knowledge of natural systems
and short-range economics, has altered the biosphere in ways
not always advantageous to himself.

As the human population

increases and technology becomes more powerful, the rate of
change in biosphere properties is accelerating.

Moreover,

many alterations of the biosphere occur without planning,
control, or foresight (Whittaker, 1970).
to find his place in the biosphere.

Man must strive

Much of the information

needed for a more complete knowledge of natural systems can
come from detailed analyses of individual ecosystems that
make up the biosphere.
One part of the biosphere—deserts—occupies
approximately 15% of the land area of continental United
States.

Although great variation exists, these arid areas

are less productive than most other land areas and they are
delicately balanced, fragile, and quite vulnerable to
1

2

indiscriminate manipulation (Hastings and Turner, 1965;
Batisse, 1969).

The abundance of sunshine, the warm dry

climate, and the expanses of vacant land have made some
desert areas the center of population explosions.

Without a

thorough understanding of desert ecosystems, the expanding
population may create problems too massive and diverse for
any solution.
The history of use and development of arid lands
emphasizes the precariousness of desert civilizations and
the fact that man has yet to come to grips with aridity.

A

striking example of man's lack of knowledge concerning the
functioning of arid areas is the deserts of the Southwest.
York and Dick-Peddie (1969), Griffiths (1910), Humphrey
(1953) and others have shown that during the past century
the deserts of the Southwest have changed from a desert
grassland to a desert shrub-grass association.

According to

Hastings and Turner (1965) and York and Dick-Peddie (1969),
the tremendous influx of cattle in the 1880's and a severe
drought a decade later left the grassland denuded and open
for invasion and erosion.

Shrubs quickly gained dominance,

streams flowed less regularly, marshes disappeared, and
valleys that were once moist and open were now channeled and
dry.

Other factors contributing to the increase in shrubs

were the reduction of fires after the arrival of the white
man (Griffiths, 1910; Humphrey, 1953) and a climatic shift

3

toward a slightly more arid and warmer environment (Hastings
and Turner, 1965).
Prior to 1880, velvet mesquite or simply mesquite
[Prosopis julif lora (Swartz) DC]
adjacent areas.

was limited to arroyos and

However, once the grassland had been

denuded, mesquite quickly gained dominance in many areas and
today is a major component of the desert vegetation.
Longevity of the seed in soil, scarification of seed in the
alimentary canal of grazing animals, and its extensive root
system are some of the factors that may have fostered the
spread of mesquite in the arid environment (Glendening and
Paulsen, 1955).

Blue palo verde (Cercidium floridum

Benth.) was also limited to arroyos prior to the 1880's.
Events that affected mesquite distribution have had little
observable effect on palo verde other than a slight
increase in density in the upper part of its range and a
decrease in the lower part (Hastings and Turner, 1965).
Today these two shrubs are a major component of southern
Arizona desert vegetation and as such were of direct
interest in this study.
Because of the encroachment of mesquite into areas
previously dominated by grass, considerable research has
been directed at mesquite control.

Some attempts to restore

the original grassland have been successful; some have met
1, Scientific nomenclature follows Kearney and
Peebles (1960).

with failure.

Research directed at understanding the role

of mesquite and other shrubs in the desert ecosystem has
been limited.

Nutrient and phytomass accumulation is one

important function of shrubs in arid environments and this
function is not understood for mesquite and palo verde.
Specific objectives of the study were to:
1.

Determine the spatial distribution of phytomass,
nitrogen, and carbon in mesquite and palo verde
ecosystems.

2.

Determine the seasonal and annual changes in
phytomass and in nitrogen and carbon contents in
these ecosystems.

3.

Endeavor to develop functional relationships between
dependent variables of phytomass and nitrogen and
carbon contents and independent variables of shrub
size, shrub height, and other ecosystem properties.

CHAPTER 2
REVIEW OF LITERATURE
Spatial Distribution of Phytomass and Nutrients
Phytomass
Studies of the spatial distribution of phytomass in
arid areas are somewhat limited.

Working in the Mojave

Desert, Garcia-Moya and McKell (1970) found Acacia gregii
accumulated 55% of its weight in roots, 42% in stems, and
3% in leaves.

In contrast, they found Opuntia echinocarpa

concentrated 89% of its phytomass into stem tissue and only
11% into roots.

Moore, Russell, and Coaldrake (1967)

investigated Acacia harpiphylla in Australia and found that
leaves accounted for 2% of the phytomass, stems 84%, and
roots 14% of the total phytomass.

Ovington (1965) presented

similar information for tree species growing in mesic
environments.

Other studies have been conducted in the

field of phytomass distribution and all such studies
demonstrated that the distribution of vegetative phytomass
was highly dependent on the species sampled, its environ
ment, and the sampling techniques used.
Quantitative information on the spatial distribution
of litter is sparse,

Holmgren and Brewster (1972) and

Tiedemann (1970) both found litter weight decreased with
5
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distance from desert shrubs.

Zinke (1962) related differ

ences in soil properties to variations in the amount and
composition of litter but presented no quantitative data on
its weight and distribution.
Spatial distribution of understory phytomass has
received some attention in recent years.

Clary and Morrison

(1973), Muller (1953), Martin (1964), and Tiedemann and
Klemmedson (1973a, 1973b) observed greater herbaceous
density under the canopy of desert shrubs than in adjacent
open areas,

Tiedemann and Klemmedson (1973a) related this

increased herbaceous density to more favorable chemical and
physical properties of soil under the canopy of shrubs.
Variations in phytomass distribution within the shrub canopy
projection have not been investigated.
Nutrients
Although information exists on the nutrient dis^
tribution in phytomass, it is difficult to attach a
meaningful interpretation to individual values because of
differences in species, time of year sampled, environment,
and other factors.
made.

However, some generalizations can be

Root and stem tissues generally have low amounts of

nitrogen; leaves, fruit, and flowers vary considerably but
have a higher nitrogen concentration than roots and stems.
Working with desert shrubs, Garcia-Moya and McKell (1970)
averaged data from 13 different species and found the

7

following mean nitrogen concentrations: roots 0.8%, stems
0.9%, and leaves 1.3%.

In desert zones of Russia, nitrogen

content of shrub leaves ranged from 1.74 to 4.29% and
averaged 2.61%, aboveground perennial parts averaged 1.23%
nitrogen, and roots had an average value of 1.38% nitrogen
(Rodin and Bazilevich, 1967).

Acacia harpophylla, a

component of Australian subtropical, semiarid forests, was
reported to have the following nitrogen distribution:
leaves and twigs 1.66%, branches 0.88%, bole 0.46%, and
roots 0,88%.

The concentration of nitrogen decreased as

bole size increased due to decreasing proportions of bark
(Moore et al,, 1967).

Carbon values have been reported

for Pinus ponderosa by Welch (1973) and Klemmedson (1975,
in press) and with few exceptions, carbon was constant in
all components.

Westlake (1963) concluded that vegetative

material averages 46-48% carbon; Olson

(.1970)

cited 45%

carbon as a widely used nominal value.
Data for litter nitrogen show that components having
a high nitrogen concentration when alive also have a
relatively high concentration in the litter.

Thus, leaves

generally have the highest values and bole wood the lowest
nitrogen content.

However, some components of the litter

have a higher nitrogen concentration than these same
components in the living material.

This nitrogen enrichment

has been observed by Bocock (1963) and Klemmedson (1975, in
press) in diverse ecosystems and may reflect differential

8

loss of carbon and nitrogen or accrual of nitrogen from the
environment during initial decomposition.
Working with pines Zinke (1962) found surface soil
nitrogen lowest near the tree bole, increasing to a maximum
4 to 6 feet from the bole, and then increasing or decreasing
beyond the edge of the tree crown depending on the nature of
the adjacent vegetation.

In the case of Pinus contorta

growing on a sand dune, soil nitrogen was highest (0.029%)
under the tree canopy and lowest (0.003%) beyond the edge
of the crown.

Zinke explained that bark was generally

concentrated around the bole of the tree and bark litter was
acidic, low in bases, nitrogen, and carbon; soils around the
bole took on the traits of the aboveground litter.

Leaf

litter was found from the bole to the edge of the crown.
This material was high in bases and nitrogen; the soil in
this area was also high in bases, nitrogen, and pH.
Adjacent open areas were essentially free of litter and the
soil was lower in bases and nitrogen.

In addition, stemflow

and throughfall added nitrogen and bases to the soil under
trees.

Zinke concluded that a general, predictable surface

soil pattern develops around individual trees.
Garcia-Moya and McKell (1970) recognized a pattern
similar to that described above; surface-soil nitrogen
decreased significantly as a function of the lateral dis->
tance away from the center of shrubs.

Under Acacia gregii

the soil nitrogen content was 0.054% at the base of the

9

shrub, 0.021% at the edge of the crown, and 0.020% at a
distance of two radii from the center of the plant.

The

distribution of nitrogen in the soil surface under Cassia
armata was as follows: 0.027% at the shrub base, 0.023% at
the crown edge, and 0.013% at two crown radii from the shrub
center.

At a depth of 45 and 90 cm this pattern of decrease

with distance still existed for some species.

The authors

cited root distribution as an important factor in different
nitrogen patterns between species.
In investigations with mesquite, Tiedemann (1970)
found that total nitrogen in the surface 5 cm of soil
decreased from 0.07 5% under the shrub canopy to 0,027% 20
feet north of the shrub.

Total soluble salts and per

centage carbon were three times greater under the shrub
canopy than beyond the shrub canopy.
Fireman and Hayward (1952) and Sharma (1973) have
also investigated shrub induced spatial variation in soil
properties.

A general conclusion seems to be that shrubs

form a center from which soil properties vary in a pre
dictable manner.
Seasonal and Annual Changes in Phytomass
and Nutrient Content
Phytomass
Frankland, Ovington, and Macrae (1963) presented one
of the few papers on seasonal variation in phytomass.

10

Working with oak ecosystems in England, these authors found
understory vegetation was characterized by irregular
fluctuations during the year but that phytomass increased
during the summer growing season (June-August).

Litter

showed almost no change in phytomass during the year although
the weight of litter did increase slightly in the autumn in
response to leaf fall.

In deciduous and coniferous eco

systems in the Northwest, Tarrant et al. (1969) noted that
litterfall was lowest in the spring and highest in the fall
or winter,

For deciduous species, litterfall was very

consistent from year to year, but coniferous species dis
played accelerated needlefall during periods of extremes
in temperature and moisture and thus showed annual varia
tions in litterfall,

Ovington, Heitkamp, and Lawrence

(1963) reported phytomass in both herbaceous and shrub
layers of ecosystems sampled in Minnesota increased from
April to September then decreased from October to March,
Phytomass of roots and litter did not change throughout the
year.

Using a theoretical approach, Jenny, Gessel, and

Bingham (1949) suggest that litter phytomass changes on an
annual basis but as steady-state conditions are approached,
litter phytomass is essentially constant from year to year.
Nutrient Content
Investigations of seasonal variations in the
nutrient content of ecosystem components have centered on

vegetative material.

Miller (1963) and McHargue and Roy

(1933) stated that nitrogen is very high in young leaf
tissue and decreases with leaf age.

Concurring with the

above, Tamm (1951) observed a rapid decrease in leaf
nitrogen soon after emergence, a steady content from July to
October, and then a gradual decrease.

The nitrogen content

just prior to leaf fall represented a five-fold decrease
from the initial emergence value.

Protein hydrolysis and

subsequent translocation of these breakdown products to
other plant parts appeared to be the reason for the decrease
in leaf nitrogen with age (McKee, 1962),

Cook (1972) con

cluded that nutrients in most forage plants are high during
early growth but decline markedly as the plant matures.
During a one-year period, Frankland et al. (1963)
noted nitrogen in the understory vegetation changed little
during the year but litter nitrogen was at a minimum during
the winter and reached a maximum in October.

The authors

suggested that this fall maximum reflected an increase in
litter nitrogen during initial breakdown by microorganisms.
In a similar study, Tarrant et al. (1969) showed seasonal
variations in percentage nitrogen of litterfall.

For

deciduous species, the nitrogen content was highest in the
spring and fall and lowest in the winter; coniferous species
displayed lowest leaf nitrogen in the summer and highest in
the spring.

Cyclic migration of nitrogen within trees

appeared to be responsible for this observation,

Tarrant
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et al. also noted differences between years; this was
attributed to slight shifts in the physical composition of
litterfall caused by wind intensity and temperatures.
Seasonal changes in surface (0-13 cm) soil nitrogen
were reported by Frankland et al. (1963) as follows: 0.58%
nitrogen in January, 0.43% in April, 0.48% in July, 0.49% in
October, and 0.57% in December.

However, the authors were

not able to make any conclusions from these soil data due to
high variation within replications.

Perhaps it is for this

reason that seasonal and annual variation of soil nitrogen
in steady-state conditions is rarely found in the litera
ture.

CHAPTER 3
METHODS
The Study Area
The study area was located approximately 3 2 km
south of Tucson, Arizona at the Santa Rita Experimental
Range.

Within this area a site was chosen that typifies the

grass-shrub Sonoran Desert vegetation.

Recorded use of the

study site began in 1915 when domestic livestock in moderate
numbers grazed the area yearlong.

From 1957 to 1968

grazing was confined to the May to October period.

The area

was not grazed from November 1968 to March 197 3 and grazed
from April to October in 197 3.

This pattern of moderate to

light grazing is typical for the entire Experimental Range.
Other than grazing, the area has been relatively undisturbed.
The legal description of the study site was as follows:
NW 1/4 Section 11, R18S, R14E, Salt River Base and Meridian,
The 32-hectare study site was part of an alluvial
plain with a slope less than 5% and a northwest aspect,
Numerous arroyo channels and small, shallow washes dissected
the plain.

Elevation at the study site was 975 meters.

The Sonoita and Anthony series were the dominant
soils in the study area.

The Sonoita was found on upland

sites while the Anthony was generally limited to arroyos and
13
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adjacent areas of recently mixed alluvial deposits.
study sampling was limited to the Sonoita soil.

In this

The

Sonoita series is in a loamy, mixed, thermic family of
typic halpargids formed in moderately coarse textured
alluvium.

The ochric epipedon was sandy loam in texture and

up to 13-cm deep; the argillic horizon was also a sandy loam
and was found down to a depth of 71 cm (Soil Conservation
Service, 1970).
Mesquite was the dominant shrub on upland sites and
along arroyos.

On the latter site mesquite was more like a

tree and had a well defined trunk; it commonly reached a
height of 12 meters.

Trees (or shrubs) on upland sites

averaged about 3 meters in height and had from 1 to 3 main
stems.

Cannon (1911) found that this leguminous shrub

characteristically developed a strong tap root in addition
to an extensive lateral system.

The lateral spread may be

15 meters or more and taproots commonly extend to a depth of
15 meters (Little, 1950).
Palo verde was another dominant in the area although
it was more abundant along arroyos than on upland sites.
Two interesting features of this legume were its smooth
green photosynthesizing bark and the small leaves that were
shed during dry periods,

Kearney and Peebles

(.I960)

reported that this large shrub or small tree attained a
height of 8 meters; individuals on upland sites were
generally smaller.

The root system of palo verde appeared
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similar to that of mesquite although perhaps not as
extensive.
Representatives of both shrubs were found in the
study area in all size classes with no one class dominating.
Shrubs appeared to be neither increasing nor decreasing in
vigor and in density although mesquite may be increasing
slightly in density.

Most shrubs were free from pests

although mistletoe (probably Phoradendron californicum
Nutt.) and twig girdling insects were present on some
mesquite shrubs.
Numerous shrubs, cacti, and herbaceous species
comprised the remainder of the vegetation.

Common repre

sentatives of the herbaceous vegetation were Arizona
cottontop [Trichachne californica (Benth,) Chase], needle
grama (Bouteloua aristidoides H. B. K.), and bush muhly
(Muhlenbergia porteri Scribn.).

The dominant cacti were

prickly pear and cholla (Opuntia spp,) and barrel cactus
[Ferocactus wislizenia (Englem. Britt. and Rose)].

The

remainder of the shrub element was dominated by burroweed
[Aplopappus tenuisectus (Green) Blake], catclaw (Acacia
gergii Gray), and Morman-tea (Ephedra spp.).
Temperature records for Tucson (about 300 m lower
than the study area) showed the mean July temperature was
30.0 C; the mean January temperature was 10,1 C.

Diurnal

temperature variation was large and averaged 17 C,

The dry

atmosphere plus generally clear skies permitted intense
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surface heating during the day and active radiational
cooling at night (U. S. Dept. of Commerce, 1973).

According

to Green and Martin (1967) average annual precipitation for
the study area was 33.5 cm.

Approximately 50% of this fell

between July 1 and September 15 during intense convective
thunderstorms.

Another wet period occurred from December

through March when more prolonged rainstorms provided over
20% of the yearly total.

Relative humidity was generally

low and surface winds were usually light with no important
seasonal changes in velocity or direction.
Experimental Procedures
Theoretical Approach
Equations by Jenny (1958, 1961) and Major (1951)
provided a basis for development of conceptual models for
this study.

The equations stated that any ecosystem

property (1) was functionally related to climate (cl), the
biotic factor (o), topography (r), the initial state of the
soil system (i), and time (t).

This functional, factorial

relationship has been expressed as follows:
1 = f(cl, or r, i, and t),

To evaluate the effect of any independent factor on any
dependent factor, the former was allowed to vary with the
remaining factors held constant or varied within narrow

Cl)

limits such that their variation did not significantly
affect the dependent variable (Jenny, 1958).In this study, climate was kept constant by
limiting the sampling to a 32-ha upland area.

The species

sampled and their age (or phytomass) were allowed to vary
as sub-factors of the biotic factor.

The functional rela

tions were expressed as follows:
1 , 1 , 1 = f(o
• ) n
•
n
c
p
species cl, r, i, t

(2)

1 , 1 , 1 = f ( o
) ,
.
n' c' p
age'cl, r, x, t

(v 3 )
'

where ln represented the ecosystem nitrogen, 1
the ecosystem carbon, and.1
phytomass.

represented

represented the ecosystem

The species variable in Equation (2) consisted

of mesquite and palo verde shrubs that were selected
randomly from a pool of shrubs.

This pool contained shrubs

that were free of diseases and serious insect attack, grow
ing vigorously, and free from severe competition from other
shrubs and cacti.

In Equation (3) size of the shrub was

used as an indication of age.

The entire range of sizes

available was sampled.
The r variable (topography) was kept constant by
restricting sampling to well drained, nearly flat (0-5%
slope) upland sites.

Samples were not taken near arroyos

or any other topographic feature that may have introduced
extraneous variation,

In the context of this study, the factor i was the
initial state of the soil system with respect to the
dependent variables ln, lc, and 1 .

The magnitude of these

dependent variables, as influenced by the initial state of
the soil system, was assumed to be constant throughout the
study area.

To assure this within a reasonable degree of

error, sampling was restricted to sites with the Sonoita
soil series.
There were numerous aspects to the time (t) factor,
In this study the length of time a shrub had occupied a
particular ecosystem (measured in terms of shrub phytomass)
was of direct interest.

This aspect of time was evaluated

by Equation (3), since age of a shrub (time of occupancy on
a site) was properly a part of the biotic factor.

Major

(1951) stated that time changes on a seasonal level; this
aspect of time was evaluated by the following equation:
1 , 1 , 1 = f(t
).
..
n' c' p
seasons cl, o, r, i

(4

Sampling was timed to capture three distinct seasons or
phenological growth periods as follows:
1,

Full bloom and the period of rapid growth (.spring),

2,

Cessation of most shrub growth and maximum develops
ment of herbaceous understory (fall).

3,

Dormant condition (winter).

Time also changed on an annual level; the following
tion was used to evaluate this relationship:

equa

1 , 1 , 1 = f(t
) i
..
n
c' p
years cl, o, r, i

(5)
v '

Shrub ecosystems were sampled for three consecutive years.
However, because of logistical problems sampling was
accomplished in only two winter periods.

To evaluate

Equation (5) the winter period was not included; annual
differences in ecosystem properties were evaluated in terms
of the spring plus fall sampling periods.

Other aspects

of the time variable were successional, historical, and
genetic levels (Major, 1951).

These factors may vary

slightly in the study area but their effect on the above
mentioned dependent variables was considered to be
negligible,
Field Methods
Table 1 presents a summary of the sampling schedule
with the number and species of shrubs sampled.

Palo verde

was added as a second species in 1972 at the request of the
funding agency and with additional financial support.
After a shrub was randomly selected from a pool of
approximately 50 shrubs, its height, diameter, and basal
area were measured and understory vegetation plots established,
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Square foot (.093 m ) plots were located on a

north-south line running through the center of the shrub
(Figure 1) at the following points:
1,

At 1/3, 2/3, and 3/3 the north and south canopy
radii (CR),
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Table 1,

Sampling dates, number of shrubs sampled, and
species sampled during the study period.

Date

No. Shrubs of Each
Species Sampled

Species

May 1971

5

Mesquite

Sept.-Oct. 1971

5

Mesquite

Feb. 1972

5

Mesquite and Palo Verde

April-May 1972

5

Mesquite and Palo Verde

Sept.-Oct. 1972

5

Mesquite and Palo Verde

Jan. 1973

3

Mesquite and Palo Verde

May 1973

3

Mesquite and Palo Verde

Sept. 1973

3

Mesquite and Palo Verde
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SHRUB

Figure 1,

CANOPY

Aerial view of understory vegetal and litter
plot locations.
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2.

At 4/3 the north and south canopy radii, but at
least one meter beyond the edge of the crown.

At each of the above points both live and dead standing
understory vegetation was harvested within the plot by
clipping it at ground level.
from each plot.

All litter was also collected

Material collected from north and south

plots at the same canopy position was combined into one
sample, thus making the plot .186 m

2

in size.

The shrub was harvested to ground level and
separated into leaves, flowers, fruit, current growth (woody
growth less than .1 year old), branches less than 1 cm in
diameter, branches greater than 1 cm in diameter, and
deadwood.

Branches and deadwood were weighed to the nearest

0.5 kg; other components were weighed to the nearest gram.
Random samples were taken of all shrub components for
laboratory analysis.
Soil columns were collected from each of the ,093
m

2

plot locations and at the approximate center of the shrub

(Figure 2),

Surface dimensions of the columns were 8 by 10

cm; the columns were separated into four depths; 0-5 cm,
5-15 cm, 15-30 cm, and 30-60 cm.

All soil, rocks, and shrub

roots in the soil column were removed; samples taken at the
same depth and crown position for any given shrub were
combined into one sample.
The shrub with its above- and below-ground
components, the understory yegetation, litter, and soil to
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Figure 2,

Locations of soil and root samples.
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a depth of 60 cm was defined as a shrub ecosystem.
Photographs of typical ecosystems of the species sampled
are shown in Figures 3 and 4.
Laboratory Methods
The understorv vegetation was separated into live
and dead herbs, shrubs, and succulents.

Litter was

separated into litter from the overstory shrub (shrub
litter) and litter from the understory vegetation
(understory litter).

All organic samples were oven dried

at 70 C, weighed, and ground in a Wiley mill to pass a
40-mesh sieve.
Soil samples were passed through a 2-mm sieve; the
fine earth fraction was corrected for fine earth adhering
to the coarse fraction.

This correction was made by

washing the coarse fraction with a 10% Calgon solution, thus
removing the fines.

During the sieving process roots were

removed from the soil and handled in the same manner as
other organic samples.

Samples of fine earth for laboratory

analysis were ground in a Spex Mixer/Mill to pass a 100-mesh
sieve,
Total nitrogen was determined by the macro-Kjeldahl
method described by Bremner (1965).

Total carbon was

determined by the dry combustion method (Allison, Bollen,
and Moodie, 1965) using a LECO high frequency induction
furnace.

Chemical standards were analyzed periodically to

Figure 3.

Typical mesquite ecosystem.

,rM4 -

Figure 4.

Typical palo verde ecosystem.

check recovery of nitrogen and carbon.

Two determinations

were made on each sample and the results accepted if the
error was less than 3%.
carbonates.

Soil carbon was corrected for

The carbonate content was determined following

the procedure of Bundy and Bremner (1972).

Soil pH was

read in a distilled water suspension (1:1) using a Beckman
pH meter.
Statistical Methods
Standard statistical methods were used throughout
the study.

Duncan's new multiple range test was used to

separate means.
For purposes of comparing properties of the shrub
ecosystem with that of the adjacent non-shrub system,
data from the 0/2-3/3 positions were used to represent the
shrub ecosystem, while that from the 4/3 position was used
to represent the adjacent ecosystem.

The area involved for

these estimates was determined by calculating the area of
concentric rings based on plot locations.

Figure 5 gives a

graphical explanation of these rings and their location.
Each sample was multiplied by the area of the ring in which
it occurred.

The area of the adjacent ecosystem was set

equal to the total area of the shrub ecosystem.
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RING
RING

SHRUB

RING

ECOSYSTEM

RING

ADJACENTE
RING
ECOSYSTM

Figure 5.

Diagram of the areas used to determine shrub
ecosystem and adjacent ecosystem parameters.

CHAPTER 4
RESULTS AND DISCUSSION
Distribution of Phytomass
Shrub Phytomass
Spatial Distribution.

The two shrub species were

almost identical in total phytomass (Table 2); the average
size shrub of each species weighed slightly over 6 kg oven
dry.

Over half of this phytomass was contained in large

branches and bole material.

For mesquite, deadwood made

up the next largest portion of phytomass.

While numerous

factors were responsible for branch mortality, insects
(especially Oneideres rhodosticta) seemed to play a signifi
cant role in branch mortality.

Dead mesquite branches may

be retained on the shrub for a long time,

Palo verde was

relatively free of insect pests and the percentage of dead~
wood was half of that found on mesquite.

Small branches

and current growth accounted for considerably more phytomass
in palo verde than in mesquite.

In light of the very low

leaf phytomass on palo verde it appeared that the small
green branches carry on a substantial portion of the photo
synthesis (Peattie, 1953).

Root phytomass was greater for

mesquite than for palo verde.

However, plot size was not
28
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Table 2.

Distribution of shrub phytomass in ecosystems of
average size mesquite and palo verde shrubs.

Mesquite Ecosystem
Component

kg/m^

o.
o

Palo Verde Ecosystem
kg/m^

%

Leaves

.142

2.8

.016

0.3

Flowers

.002

<0.1

.007

0.1

Fruit

.003

0.1

.004

0.1

Current Growth

.014

0.3

.123

2.4

Branches < 1 cm

.374

7.5

1.065

21.2

Branches > 1 cm

2.725

54.4

2.914

58.0

Deadwood

1.072

21.4

.539

10.7

Roots

.680

13.6

.360

7.2

Total

5.012

5.028

considered to be of adequate size to accurately determine
root phytomass.

In addition, sampling was limited both in

depth (60 cm) and in lateral distance.

Phillips (1963)

found mesquite roots at a depth of 175 feet below the
surface; thus the sampling methods used here exposed only
a small portion of an extensive root system.
The above discussion cited data for average size
shrubs (mesquite shrubs averaged 3.3 m in height and 21.2 m
in canopy projection while palo verde averaged 3.5 m in
height and 15,1 m 2 in canopy projection).

Distribution of

2
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shrub components may vary with size or age of shrubs.

To

evaluate this, the percentage distribution of shrub
components was determined for each shrub and regressed
against shrub height, shrub phytomass and canopy projection
as independent variables.

When site and environmental

conditions were invariate these parameters were assumed to
correlate well with shrub age.

Age determination was not

attempted for all shrubs since it is extremely difficult for
mesquite and often subject to considerable error.

However,

observations indicated that the oldest mesquite shrub was
approximately 60 years old and the youngest shrub about
5 years old (Ferguson, 1974).
As mesquite shrubs increased in height, the per
centage of phytomass in leaves, current growth, and small
branches decreased; that of large branches increased, and
deadwood remained unchanged (Figure 6).

This reflects

accumulation of woody bole material as shrub height
increases.

Similar distributions probably exist for most

trees and shrubs,

Aboveground shrub phytomass and canopy

projection showed similar correlations with the dependent
variables.

Regression statistics for palo verde were quite

similar to those presented for mesquite.
Seasonal Distribution,

As expected, some changes in

phytomass of shrub components (and in percentage distribu
tion of phytomass) occurred with seasons but in almost all

Deadwood
30-

20-

03
Shrub Height, m
Figure 6.

Percentage distribution of shrub components as a
function of shrub height.

cases, these changes were small and not statistically
significant.

Flowers were present only during the spring

sampling season although both species flowered sporadically
throughout the summer.

Mesquite leaves were found during

all seasons but the winter samples contained only a fraction
of the leaves found in samples taken at other seasons,
Palo verde was leafless during the winter and sometimes
leafless on the spring and fall sampling dates.

According

to Shreve and Wiggins (1964) palo verde leaves develop after
wet periods and persist for only 6 to 10 weeks.

While

immature fruits were found occasionally during spring
sampling, the bulk of the fruits were collected in the fall
and by the winter sampling date all fruits had been shed,
Phytomass of current growth was lowest in the spring and
increased throughout the summer and fall; it appeared that
the bulk of this woody growth occurred during summer.
Annual Distribution.

With the exception of mesquite

fruit, annual changes in the phytomass of shrub components
were not statistically significant.

Mesquite fruit produc

tion in 1972 was significantly greater than in either 1971
or 1973,

More precipitation was received during the period

of May to September in 1972 than in either 1971 or 1973.
This is the season of fruit development and growth; the
additional precipitation in 1972 probably allowed more
mesquite fruit to develop and grow.
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Understory Phytomass
Spatial Distribution.

Both categories of understory

phytomass (all species and herbaceous species) decreased
as the distance from the center of mesquite and palo verde
shrubs increased (Table 3).

Tiedemann and Klemmedson

(1973b) found that increased herbaceous growth under shrub
canopies was associated with more favorable chemical and
physical properties of the soil.

Other authors have pro

posed other explanations for this occurrence.

Soil nitrogen

was higher under the shrub canopy than beyond the edge of
the canopy; this higher soil nitrogen may have been a
factor in the greater amount of herbaceous phytomass found
under the shrub canopy.

However, attempts to statistically

correlate changes in understory phytomass with various soil
properties (soil nitrogen, carbon, and pH), shrub phytomass,
and other ecosystem properties failed to establish any
significant relationships.

Understory phytomass showed wide

fluctuations within individual shrub understories and
between shrub understories.

These fluctuations may be

partially responsible for the lack of statistical signifi'cance.
As previously mentioned, the study area has been
moderately grazed by domestic livestock for the past 50
years.

The specific effect of this grazing on the distribu

tion of herbaceous plants is unknown but under moderate
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Table 3.

Spatial distribution of understory phytomass.

Canopy Position
Understory Component

1/3 CR

3/3 CR

2/3 CR

4/3 CR

-g/m2Mesquite
All Species

221.2 a

141.0 ab

Herbaceous Species

138.9 a

83.4 ab

127.0 ab

70.0 b

44.1 b

43.1 b

Palo Verde
All Species

234.9 ab

359.4 a

144.8 b

127.0 b

Herbaceous Species

154.0 a

133.9 a

59.8 b

28.2 b

Within any given row, figures that lack one or more
common letters are significantly different at the 95% level.

grazing the area beyond the edge of the shrub crown may have
been utilized more fully than the area under the shrub
canopy.
Seasonal Distribution.

Understory phytomass for

both species showed no change from season to season (Table
4).

However, the herbaceous component of the understory

phytomass for mesquite shrubs was significantly higher in
the winter than in the spring,

Weight of understory herbs

(both alive and dead) during the winter was over three
times that in the spring.

Based on research conducted by
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Table 4.

Seasonal changes in understory phytomass.

Season
Understory Component

Spring

Fall
g/m

Winter
-

Mesquite
All Species

147.5 a

Herbaceous Species

44.1 a

118.9 a
73.2 ab

161.5 a
138.9 b

Palo Verde
All Species

307.7 a

187.6 a

154.3 a

56.7 a

105.1 a

120.1 a

Herbaceous Species

Within any given row, figures that lack one or more
common letters are significantly different at the 95% level.

Martin (1964), perennial herbs make most of their growth
during the summer rainy season.

A second growing period may

occur in winter if sufficient precipitation is received.
The high understory herbaceous phytomass for mesquite shrubs
for the winter sampling period may reflect production for
both summer and winter growing periods.

Spring is charac

teristically dry and most perennial herbaceous species are
dormant.

However, shrubs, succulents, and annual herbs

initiate growth in the spring, thus maintaining a rather
constant understory phytomass throughput the year.
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The herbaceous components of the understory phytomass of palo verde ecosystems showed the same seasonal trend
as mesquite, but the differences were not significant.

A

significant relationship might have been established if the
sample size for palo verde had been larger.
Annual Distribution.

No significant differences

were found in the annual distribution of understory phytomass or in any component of the understory phytomass.
Precipitation during the three year study period showed
great fluctuations and a response by the understory phyto
mass was expected.

The spring of 1971 and 197 2 were drier

than normal while the spring of 1973 was more moist than
normal.

Summer precipitation was near average for 1971 and

197 2 but considerably below average for 1973.

While this

precipitation pattern undoubtedly had a strong effect on the
understory phytomass, a wet period apparently compensated
for an earlier dry period, thus keeping the annual under
story phytomass fairly constant.
Litter Phytomass
Spatial Distribution,

A sharp gradient in shrub

litter for both species was quite evident; the 4/3 CR
position contained approximately 1/20 of the litter found at
the 1/3 CR position (Table 5),

It seems reasonable that the

amount of shrub litter at any point should be dependent on

Table 5.

Spatial distribution of shrub and understory
litter.

Canopy Position
Component

1/3 CR

2/3 CR

3/3 CR

4/3 CR

-g/m2Mesquite
Mesquite Litter

581.3 a

451.0 a

121.1 b

29.1 b

Understory Litter

160,4 a

161.5 a

116.3 a

155.5 a

Palo Verde Litter

394.6 a

179.9 b

Understory Litter

436.6 a

253.4 a

Palo Verde
86.8 be
158.7 a

23.2 c
277.3 a

Within any given row, figures that lack one or more
common letters are significantly different at the 95% level.

amount of shrub litter at any point should be dependent on
the thickness or phytomass of the shrub canopy above that
point.

Shrub height gave a rough measurement of the

phytomass above a given point.

Thus, the 1/3 CR position

had the greatest shrub phytomass above it and the 3/3 CR
point the least.

Accumulation of shrub litter at 4/3 CR

position was primarily dependent on wind.

Linear regres

sions were developed to show the relation between shrub
height and weight of shrub litter at the various canopy
locations.

These equations showed a positive relationship
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for all positions for both species (Table 6) and that shrub
height was a good predictor of weight of shrub litter at the
1/3 and 2/3 CR positions (i.e., correlation coefficients
averaged 0.60).

At the canopy edge and beyond (3/3 and 4/3

CR positions) shrub height had little influence on litter
phytomass, particularly for palo verde since correlations
were non-significant at these positions.

Presumably wind

was quite important in shrub litter dispersal at the
perifery of the shrub.
Understory litter showed no significant variation
with distance from the center of the shrub (Table 5).

This

was somewhat difficult to explain when the spatial pattern
of understory phytomass was considered.

One would expect

understory litter to follow the pattern set by understory
vegetation.

High variation within each position may have

been an important factor in the lack of significant spatial
pattern.

Different rates of decomposition may also play a

role here.

Lower temperatures (Lowe and Hinds, 1971), more

moisture, and a more favorable nutrient status under the
canopy of the shrub may have increased the rate of litter
decomposition.

Conditions beyond the edge of the crown may

have been less favorable for decomposition.

The combined

effect of differential rates of decomposition on differen
tial amounts of herbage could result in the lack of spatial
change in understory litter.

Table 6.

Linear regression equations for predicting weight of shrub litter from
shrub height.

Variables
Independent

r2

Log litter (g/m ) at 1/3 CR

Shrub Height (m)

.63*

y =

Log litter (g/m 2 ) at 2/3 CR

Shrub Height (m)

.62*

y =

Log litter (g/m2) at 3/3 CR

Shrub Height (m)

.42*

y =

Log litter (g/m2) at 4/3 CR

Shrub Height (m)

.29*

y = -3.83 + 2.89x

Log litter (g/m2) at 1/3 CR

Shrub Height (m)

.60*

y =

Log litter (g/m2) at 2/3 CR

Shrub Height (m)

.57*

y = -2.64 + 5.38x

Log litter (g/m2) at 3/3 CR

Shrub Height (m)

.14

y =

Log litter (g/m2) at 4/3 CR

Shrub Height (m)

.04

y = -4.99 + 1. 50x

Dependent

Equation

Mesquite Litter
3.72 + 5.34x
•

32 + 5.55x
59 + 4. Olx

Palo Verde Litter

*Significant at the 95% level.

4.12 + 4.84x

81 + 3.12x
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Seasonal Distribution.

Neither shrub litter nor

understory litter showed a significant seasonal pattern.
Yet, the fall of leaves and fruit was definitely seasonal.
Evidently, addition of small dead branches to the litter
(these are shed at all seasons of the year) tended to mask
the small seasonal additions of leaves and fruit.

Under

story vegetation contributed to the understory litter
throughout the year.

In the spring dead herbaceous material

was added to the litter while in the fall and winter shrubs
and succulents made substantial contributions to the under
story litter.
Annual Distribution.

No significant differences

were found in either shrub litter or understory litter on an
annual basis.

This was expected since the source of the

litters, i.e., shrub phytomass and understory phytomass,
showed essentially no annual variation.

In addition, litter

collected at any particular date evidently represented
litter that had accumulated for more than one year.

This

would tend to mask annual differences in litter phytomass,
Phytomass Distribution in Shrub Ecosystems
and in Adjacent Ecosystems
In order to compare the distribution of phytomass
in shrub ecosystems with that in adjacent ecosystems,
comparable calculations based on methods described on
page 26 were used.

Each canopy position was adjusted by the
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area it occupied; thus the 1/3 CR position, typically high
in ecosystem components such as litter, only made a
relatively minor contribution (areawise) to shrub ecosystem
litter.

The 4/3 CR position is now termed the adjacent

ecosystem.
The bulk of the accurately measured phytomass in
shrub ecosystems was in the aboveground shrub phytomass
(Table 7).

Shrub roots made up the next largest portion;

understory phytomass and litter combined to make up slightly
more than 12% of total ecosystem phytomass for both mesquite
and palo verde shrubs.

This phytomass distribution agreed

with data presented for a subtropical semiarid forest in
Australia by Moore et al. (1967).

Phytomass distribution

in ponderosa pine (Pinus ponderosa Laws.) ecosystems
(Welch, 1973) was also quite similar to the desert shrub
ecosystem shown here.

However, in pine ecosystems litter

accounted for 16% of the phytomass; in these desert shrub
ecosystems understory litter and shrub litter combined
accounted for less than 10% of the total phytomass.

The

accumulation of pine litter is well documented in the
literature and reflects a slower rate of decomposition than
found in desert shrub ecosystems.

Root phytomass of palo

verde and mesquite were slightly greater (percentage wise)
for the same volume of soil than that reported for ponderosa
pine.

However, the small plot size used in this study for

root determination may have introduced error into the
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Table 7.

Distribution of phytomass in shrub ecosystems and
in their adjacent ecosystems.

Shrub Ecosystem
Component

kg/m^

o.o

Adjacent Ecosystem
"OQ.

kg/m^

Mesquite
Aboveground Mesquite
Phytomass

4.33

76.0

—

Mesquite Roots
(0-60 cm)

0.68 a

11.9

0.10 b

27.8

Understory Phytomass

0.16 a

2.8

0.07 b

19.4

Mesquite Litter

0.38 a

6.7

0.03 b

8.3

Understory Litter

0.15 a

2.6

0.16 a

44.4

Total Ecosystem
Phytomass

5.70 a

—

0.36 b

- -

80.2

—

—

Palo Verde
Aboveground Palo Verde
Phytomass

4.67

Palo Verde Roots
(0-60 cm)

0.36 a

6.2

0.12 a

21.8

Understory Phytomass

0. 2 6 a

5.3

0.13 a

23.6

Palo Verde Litter

0.21 a

3.6

0.02 b

3.6

Understory Litter

0.27 a

4.6

0.28

Total Ecosystem
Phytomass

5.82 a

50.9

0.55 b

Within any giyen row, phytomass figures that lack
one or more common letters are significantly different at
the 95% level,

estimate of root phytomass.

Based on studies of desert

shrubs by Holmgren and Brewster (1972), Bjerregaard (1971),
and Garcia-Moya and McKell (1970) it appears that root
phytomass may have been underestimated for the first 60 cm
of soil.

However, differences in species, environment,

sampling methods, and other factors make comparisons of root
phytomass difficult and tenuous at best.
When the mesquite ecosystem and its adjacent
ecosystem were compared, significant differences occurred in
root phytomass, understory phytomass, shrub litter, and
total ecosystem phytomass (Table 7).

In view of previously

discussed spatial patterns of ecosystem components, these
differences were expected.

Root phytomass in the adjacent

ecosystem was only 15% of that found in the mesquite eco
system.

Although this suggested that most mesquite roots

were located under the mesquite canopy at the depth sampled,
it is hazardous to interpret these data in this way without
more extensive sampling of roots in both systems.

Martin

(1964) stated that mesquite shrubs obtain a substantial
portion of their nutrients and water from areas beyond the
canopy edge.

Undoubtedly, distribution of mesquite roots

was highly dependent on the nature of the substratum on
which the shrub is growing and this may account for some of
the differences noted in distribution of mesquite roots.
Palo verde ecosystems and their associated adjacent.
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ecosystems showed a pattern of phytomass distribution
similar to that for mesquite and were not discussed
separately.
Significant differences between palo verde and
mesquite shrub ecosystems were limited to shrub litter;
weight of mesquite shrub litter was significantly higher
than that of palo verde.

This was understandable in light

of differences in phytomass of leaves and deadwood which
made up the bulk of shrub litter.
shrubs averaged 1.24 kg/m

2

Deadwood on mesquite
2

and leaves averaged 0.15 kg/m .

In contrast, palo verde averaged 0.63 kg/m
0.01 kg/m

2

of leaf phytomass.

2

of deadwood and

It was assumed that shrub

litter reflected these differences.

For all other ecosystem

components, both shrub ecosystems distributed phytomass in a
similar manner.

However, combining the two shrub species

into one sample did not aid in the statistic analysis,

A

great amount of variation within each species may have been
the reason for this observation.

No significant differences

were found between the two adjacent shrub ecosystems, as
expected.
Table 8 presents linear regression equations for
predicting total phytomass of shrub ecosystems.

Of the two

independent variables used, shrub height was correlated
best with ecosystem phytomass,

Thus, estimates of shrub

ecosystem phytomass can be obtained from shrub height alone
and thereby simplify the process of estimating phytomass in
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Table 8.

Linear regression equations for predicting shrub
ecosystem phytomass.

Variables
Dependent
(kg/m2)

Independent

r2

Equation

Shrub Height (m)

y =

Phytomass

Canopy Projection (m 2 )

.38*

y =

3.10 + 0.12x

Phytomass

Shrub Height (m)

.70*

y =

0.34 + 1.67x

Phytomass

Canopy Projection (m 2 )

.64*

y =

3.36 + 0.16x

+
ro

Phytomass

CO
*

1
o
KO

Mesquite
OOx

Palo Verde

*Significant at the 95% level.

these desert ecosystems.

Such phytomass estimates would be

of value in managing desert areas, especially if shrub
phytomass becomes economically important.

These equations

may also be useful in defining the role of shrubs in desert
environments.
Percentage distribution of individual shrub eco
system components was regressed against shrub height,
canopy projection, and aboveground phytomass to evaluate
how distribution of components changed with shrub size.
Ecosystem components of shrub root and shrub litter
phytomass increased as variables indicative of age

increased; understory litter and understory phytomass
decreased as the above independent variables increased.
Figure 7 gives a graphical representation of some of these
relationships.

Although curvilinear regressions were

evaluated for these data, linear regressions gave an equal
or better fit in all cases.

The decrease in understory

phytomass and understory litter suggested that as shrub
height (and age) increased the understory environment became
less favorable for understory species.

Accumulation of

shrub mulch and reduction of light reaching understory
vegetation were probably the important factors responsible
for this decrease in understory phytomass and mulch.
Increased grazing under larger shrubs, as suggested by
Tiedemann, Klemmedson, and Ogden (1971), may also help
account for the decrease in understory phytomass; however,
field observations gave no indication of this effect.
Nutrient Concentration in Phytomass and Soil
Shrub Phytomass
Components.

Plant tissues (i.e., leaves, flowers,

fruit, and current growth) consisting of relatively young
growing cells had the highest percentage nitrogen (Table 9).
This was expected since most plant nitrogen exists as
proteins and amino acids.

These chemical constituents

contain from 12 to 19% nitrogen (Salisbury and Ross, 1969),
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30

Understory Phytomass
y = 18.6
4.lx
2
r = .41

25
20-

10-

I—I

2 5-

Mesquite Litter

20-

28

15-

10-

25-

20-

Understory Litter
y = 11.4
2.3x
2
r = .43

10-

Shrub Height, m
Figure 7.

Percentage distribution of some ecosystem
components in mesquite shrub ecosystems as a
function of shrub height.

Table 9.

Average nutrient concentration and C:N ratios of shrub components
sampled in the spring, fall, and winter.

N,%
Component

C, %

C:N

Mesquite

Palo Verde

Mesquite

Palo Verde

Mesquite

Palo Verde

Leaves

2.95 a

3.89 b

46.6 a

42.5 a

16.4 a

11.0 b

Flowers

3.81 a

3.59 a

43.8 a

44.3 a

11.9 a

12.7 a

Fruit

2.32 a

2.84 a

43.9 a

45.2 a

17.1 a

17.1 a

Current Growth

2.01 a

2.61 a

45.1 a

43.4 a

23.4 a

17.7 b

Branches < 1 cm

1.51 a

1.58 a

43.2 a

42.2 a

29.2 a

28.2 a

Branches > 1 cm

1.13 a

1.12 a

42,7 a

43.0 a

39.4 a

40.1 a

Deadwood

1.01 a

0.93 a

40.9 a

40.5 a

43.1 a

46.6 a

Roots

1.55 a

1.17 a

45.7 a

44.1 a

29.5 a

40.3 b

For any given nutrient and within any given row, figures that lack one
or more common letters are significantly different at the 95% level.
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Synthesis of such compounds was normally highest in young
growing cells, lower in mature cells, and lowest in old
cells (Webster, 1959).

Of the living components, Table 9

shows that large branches (including boles which were nondistinct in these shrubs) were lowest in nitrogen.

Most

phytomass in large branches was the dead cell wall material
of fiber tracheids and vessels.

This structural material

was inherently low in nitrogen.

The bulk of the nitrogen in

stem tissue appeared to be contained in the vascular cambium
region (Ozeral and Titus, 1968).
Palo verde leaves contained considerably more
nitrogen than mesquite leaves.

Palo verde leaves generally

developed in response to precipitation and were shed within
6 to 8 weeks (Shreve and Wiggins, 1964).

Nitrogen values

for palo verde leaves probably reflected reduced losses
through translocation during senescence and leaching by
precipitation.

Mesquite leaves remained attached throughout

the year and probably lost substantial nitrogen through
senescence and leaching.

Current growth was the only other

shrub component showing a significant difference in
nitrogen between species.

The green current growth branches

of palo verde carried on phytosynthesis while mesquite
branches appeared unable to carry on this process (Peattie,
1953).

The photosynthetic process may have been associated

with an increase in the nitrogen content of current growth.
Small and large branches of the two species did not differ
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significantly in nitrogen content.

Apparently palo verde

branches contained mainly structural tissue low in nitrogen
and any increase in nitrogen associated with photosynthesis
was too small to be of any consequence.
Nitrogen concentrations for other desert trees and
shrubs have been reported by Moore et al. (1967), Egunjobi
(1969), Garcia-Moya and McKell (1970), and Bjerregaard
(1971).

Working in mesic environments, Klemmedson (1975,

in press), Miller (1963), Duvigneaud and Denaeyer-DeSmet
(.1970) , and others measured nitrogen concentrations in
deciduous and coniferous species.

In most cases, nitrogen

values for mesquite and palo verde were at least two times
greater than values reported by the above authors.

Factors

responsible for the high nitrogen concentration in these
two desert shrubs were not determined.
Carbon concentration was less variable in shrub
components than nitrogen but not as constant as Klemmedson
(1975, in press) found in ponderosa pine ecosystems.

Young

growing tissues for mesquite and palo verde generally had
higher carbon concentrations than older tissues.

Protein

has a high carbon content (Westlake, 1963) and as mentioned
above, proteins were an important constituent of growing
tissues.

The decrease of carbon in older and dead components

may have represented a net loss of carbon due to transloca
tion, volatilization, and leaching by precipitation
(Steelink, 1974; Tukey, Wittwer, and Tukey, 1957).

The
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average carbon value for all shrub components combined was
42.8% for palo verde and mesquite.

This figure was somewhat

lower than the nominal value of 45% carbon given by Olson
(1970).
The lowest carbon:nitrogen (C:N) ratios were
associated with actively growing tissues, a reflection of
the high nitrogen concentration in these tissues.

C:N

ratios have implications in microbial decomposition of plant
material.

When leaves, flowers, and fruit (components with

low C:N values) are shed from shrubs and utilized by soil
microorganisms, rapid decomposition and release of plant
available nitrogen can be anticipated.

Current growth and

branches ordinarily are converted to deadwood before they
are shed from the shrub.

Decomposition of deadwood is

ordinarily slow because of the high C:N ratio and presence
of compounds resistant to decay.

Because of its high C:N

ratio, most nitrogen in deadwood is immobilized by micros
organisms and becomes available to plants only after death
of the microorganism.

For ponderosa pine, Klemmedson

(1975, in press) found substantially higher C:N ratios for
all components,

For example, deadwood had a C:N of 170 for

pine compared to 43 for mesquite.

Values for other

components were equally as striking.

These ratios alone

suggest slower decomposition of plant material in pine
ecosystems than in desert shrub ecosystems.
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Seasonal Changes.

Seasonal changes in nutrients

are presented for mesquite and palo verde in Tables 10 and
11, respectively.

Both species showed statistically sig

nificant differences in leaf nitrogen for all seasons
sampled.

McKee (1962) stated that protein was hydrolized

in older leaves and products of this reaction translocated
to other plant parts, thus reducing leaf nitrogen.

The

data indicated nitrogen loss began sometime after the spring
flush of growth and continued into winter dormancy.

Losses

of leaf nitrogen through leaching by precipitation may also
contribute to this pattern (Tukey et al., 1957).

The

seasonal decrease of nitrogen in current growth may have
been partially caused by growth and maturity.

In the

spring when new growing tips were short and immature, a
high nitrogen content would be expected.

In the fall

growing tips presumably were still high in nitrogen but
woody material had developed and matured behind the growing
tips.

This older wood contained less nitrogen and thus

overall nitrogen content of current growth decreased from
spring to fall as shown.

Small and large mesquite branches

had low nitrogen in the spring and higher amounts in the
fall and winter,

During the spring it appeared that nitrogen

in these components may have been translocated to growing
regions,

In the fall and winter, products of photosynthesis

were being stored in these woody tissues, thus increasing
their nitrogen concentration.

This pattern was not evident
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Table 10.

Seasonal change in nutrients for mesquite shrubs.

Season
Component

Spring

Fall

Winter

Nitrogen, %
Leaves

3.51 a

2.82 b

2.25 c

Current Growth

2.27 a

1.77 b

2.00 ab

Branches < 1 cm

1.36 a

1.52 b

1.74 c

Branches > 1 cm

1.03 a

1.16 ab

1.26 b

Roots

1.56 a

1.55 a

1.52 a

Carbon, %
Leaves

46.7 a

47.3 a

45.3 b

Current Growth

44.7 a

45.9 b

44.9 ab

Branches < 1 cm

43.3 a

43.3 a

42.9 a

Branches > 1 cm

42.8 a

43.3 a

41.7 b

Roots

45.9 a

46.0 a

45.3 a

C:N Ratio
Leaves

13.7 a

16.8 b

20.3 c

Current Growth

20.4 a

26.6 b

22,9 ab

Branches < 1 cm

32.4 a

28.8 b

24,8 c

Branches > 1 cm

43.2 a

38.8 ab

34,1 b

Roots

31.1 a

31.0 a

31.9 a

Within any given row, figures that lack one or more
common letters are significantly different at the 95% level.
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Table 11.

Seasonal change in nutrients for palo verde
shrubs.

Season
Component

Spring

Fall

Winter

Nitrogen, %
Leaves

4.18 a

3.48 b

Current Growth

3. 20 a

2.15 b

2.48 b

Branches < 1 cm

1.63 a

1.48 a

1.63 a

Branches > 1 cm

1.15 a

1.19 a

1.02 a

Roots

1.28 a

1.18 a

1.04 a

—

Carbon, %
Leaves

43.2 a

41.6 b

—

Current Growth

43.5 a

43.3 a

43.4 a

Branches < 1 cm

42.1 a

42.6 a

42.2 a

Branches > 1 cm

42.9 a

43.7 a

42.7 a

Roots

44.2 a

44.1 a

44.0 a

C:N Ratio
Leaves

10.4 a

12.0 b

Current Growth

14.1 a

21.2 b

18.0 b

Branches < 1 cm

26,7 a

30.6 a

27,4 a

Branches > 1 cm

39.1 a

37.9 a

43.5 a

Roots

35,1 a

42,0 a

43.9 a

—

Within any given row, figures that lack one or more
common letters are significantly different at the 95% level.
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in palo verde; perhaps the higher nitrogen content
associated with photosynthesizing bark obscured seasonal
translocations of nitrogen rich compounds.

In contrast to

most aboveground components, roots of both species showed
no seasonal change in nitrogen.
Mesquite leaves were lowest in carbon content in
winter; palo verde leaves were lowest in the fall.

Both

may have reflected a small loss of volatile fats and oils as
leaves approached senescence (Steelink, 1974).

However,

there are many other possibilities for this pattern which
cannot be evaluated due to the gross nature of carbon data.
In addition, the biological significance, if any, of small
changes in plant carbon has not been investigated.
The C:N ratios showed seasonal changes for many
shrub components.

In most cases the change in nitrogen was

responsible for the change in the ratio.
Annual Changes.

Mesquite leaves, flowers, and

current growth were higher in nitrogen in 1973 than in
1972; nitrogen in large branches was quite low in 1973
(Table 12).

Some of these same differences also occurred

in palo verde.

It appeared that the spring nitrogen

content was causing most of these differences.

Table 13

gives spring nitrogen percentages on an annual basis;
differences between years are quite striking for mesquite
and may relate to precipitation.

Precipitation was
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Table 12.

Annual change in shrub nutrients.

Nitrogen,
Component

o.
o

Carbon,

o.
"o

1971

1972

1973

1971

1972

1973

Leaves

3.06 ab

2.96 a

3.69 b

47.1 a

46.7 a

47.6 a

Flowers

3.67 a

3.16 a

4.88 b

45.3 a

43.6 b

42.0 b

Fruit

2.33 a

2.45 a

1.75 a

44.9 a

43.6 a

44.3 a

Current
Growth

2.11 ab

1.76 a

2.28 b

46.0 a

44.9 b

44.8 ab

Branches
< 1 cm

1.38 a

1,51 a

1,43 a

43,2 a

43.2 a

43,6 a

Branches
> 1 cm

1.21 a

1.11 a

0.87 b

42.6 a

43.0 a

44.1 a

Roots

1.47 a

1.48 a

1.82 a

44.3 a

46.4 b

47.6 c

Mesquite

Palo Verde
Leaves

—

3.69 a

4. 51 b

—

42.1 a

43.9 b

Flowers

—

3.35 a

3.91 b

—

45.8 a

44.9 a

Fruit

—

3.07 a

2.55 a

—

44.5 a

44.7 a

Current
Growth

- -

2.61 a

2,78 a

- -

43,4 a

43.4 a

Branches
< 1 cm

—

1.50 a

1.65 a

- -

42.3 a

42.4 a

Branches
> 1 cm

—

1.27 a

1.01 b

—

43.1 a

43.5 a

Roots

—

1.19 a

1.31 a

—

44,1 a

44.1 a

Means of spring and fall values.
Within any given row and for a particular nutrient,
figures that lack one or more common letters are signifi
cantly different at the 95% level.
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Table 13,

Percentage nitrogen for shrub components sampled
in the spring.

Spring 1971-72
N, %

Spring 1973
N, %

Leaves

3.19 a

4.58 b

Flowers

3.41 a

4.88 b

Current Growth

1.89 a

2.79 b

Branches < 1 cm

1.39 a

1.25 a

Branches > 1 cm

1.11 a

0.79 b

Roots

1.49 a

1.88 a

Leaves

3.94 a

4.51 a

Flowers

3.35 a

3.91 b

Current Growth

3.08 a

3.40 a

Branches < 1 cm

1.62 a

1.63 a

Branches > 1 cm

1.25 a

0.99 a

Roots

1.29 a

1.28 a

Component
Mesquite

Palo Verde

Within any given row, figures that lack one or more
common letters are significantly different at the 95% level.

unusually heavy for the February through April, 1973 period
(9.7 cm) compared to the 1971-7 2 averaged value (1.3 cm) for
this same period.

In addition, this period in 1973 was

slightly cooler than in either 1971 or 1972.

Mineralization

and movement of nitrate in the soil could have been related
to these differences.

During the spring of 1971-72 the soil

may have been dry enough to limit mineralization and
mobility of nitrate.

In 1973 the additional spring moisture

probably increased both processes.

Additional nitrogen

uptake by the plant did not increase the phytomass but
instead resulted in higher concentrations of nitrogen in
leaves, flowers, current growth, and roots.

According to

Turner (1963) mesquite has maximum growth potential at
fairly high temperatures (30 C day temperature); the cooler
weather during 197 3 may have restricted growth that might
have taken place with the increased moisture and nitrogen
supply.

Large branch nitrogen was significantly lower in

1973 perhaps indicating that greater amounts of nitrogen
were translocated during the wet spring.

Finally, it might

be speculated that additional nitrogen in shrub components
in 1973 represents an abundance of nitrogen (i.e., luxury
consumption) that was not needed for growth (Tucker, 1974),
While palo verde showed the same pattern as mesquite, only
one component showed a significant difference.

Small

sample size may have been responsible for the lack of
significance.

59

Although a few statistical differences do occur,
Table 12 does not show any distinct annual pattern in carbon
values.

It appeared that carbon is not as responsive to

annual changes in temperature and precipitation as plant
nitrogen.
Understory Phytomass
Components.

Nitrogen concentrations for understory

components were very similar for both mesquite and palo
verde shrubs (Table 14).

As expected, the living herb

component of understory vegetation had the highest nitrogen
concentration.

Herbs lack perennial aboveground woody

tissues that are typically low in nitrogen.

Live succulents

(particularly those in the mesquite ecosystem) were
especially low in nitrogen; dead succulents contained more
nitrogen than live succulents.

Factors responsible for this

were not known.
The presence of lignin in woody tissue may have been
responsible for relatively high carbon contents of under
story shrubs that were found.

Succulents were lower in

carbon than other understory species.

Apparently they lack

appreciable amounts of lignin, fats, proteins, and other
substances high in carbon.

Westlake (1963) stated that if

sucrose was high, the carbon content was low; perhaps
succulents have more sucrose than mesquite and palo verde.
In most cases, there was little difference between the
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Table 14.

Nutrient content of understory vegetation.

Component

N, %

C, %

C:N

Herbs, Live

1.43

40.3

28.2

Herbs, Dead

1.07

39.7

37.1

Shrubs, Live

1.23

42.2

34.3

Shrubs, Dead

0.83

44.8

53.9

Succulents, Live

0.73

38.6

52.9

Succulents, Dead

1.05

34,5

32.8

Herbs, Live

1,45

40.9

28.1

Herbs, Dead

1.03

40,7

39.7

Shrubs, Live

1.22

44.7

36.6

Shrubs, Dead

0.75

44.3

59.3

Succulents, Live

1.10

36.9

33.6

Succulents, Dead

0.87

34,1

39.0

Mesquite

Palo Verde
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carbon content in living tissue and that in corresponding
dead tissue.
vegetation.

Dead components were harvested as standing
Without the accelerated decomposition charac

teristic of mulch, carbon changed little from standing live
to standing dead components.

The C:N ratios were generally

higher for dead understory components thus reflecting a loss
of nitrogen and a retention of carbon (or at least a
differential loss of nitrogen and carbon) in standing dead
vegetation.
Spatial Distribution.

Understory phytomass for both

shrub species was examined for differences in nitrogen and
carbon on the basis of canopy position.

Nutrient concentra

tions generally decreased from the 1/3 to 4/3 CR positions
but at no place were the differences statistically signifi
cant.
Seasonal Changes.

In the understory of mesquite

shrubs, all components were lower in nitrogen in the spring
than in the fall or winter (Table 15),

Palo verde showed

this'same trend but differences were not significant.

The

smaller sample size for palo verde may have been
responsible for the non-significance,

Timeliness of

nitrogen availability and differences in seasonal species
composition may have been important factors in the low
nitrogen content of understory phytomass at the spring
sampling period,

Uptake of nitrogen by understory
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Table 15.

Seasonal change in percentage nitrogen of understory vegetation.

Season
Spring

Fall

Winter

Total Understory

1.08 a

1.21 b

1.20 b

Live Herbs

1.28 a

1.54 b

1.44 ab

Dead Herbs

0.99 a

1.16 b

1.04 ab

Total Understory

1.07 a

1.21 a

1.14 a

Live Herbs

1.35 a

1.54 a

1.47 a

Dead Herbs

0.96 a

1,10 a

1.02 a

Component
Mesquite

Palo Verde

Within any given row, figures that lack one or more
common letters are significantly different at the 95% level,

vegetation can be expected to be higher during late summer
and winter when the soil is occasionally moist than in the
spring when precipitation is ordinarily deficient,

A

difference in the proportions of various components of
understory vegetation with their variable nitrogen content
may be another factor contributing to low spring nitrogen
percentages.

Nutrient dynamics of understory vegetation

defy simple explanation; the small plot size used to sample
this vegetation further complicates things.
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Annual Change.

Understory vegetation for both

shrubs contained more nitrogen in 1973 than in 1971 or 1972
(Table 16).

Apparently the increased moisture during the

late winter-early spring period of 1973 increased soil
nitrogen availability and uptake of nitrogen by plants.
Annuals also were more abundant in 1973 than in either of
the preceding years; annuals often have a relatively high
nitrogen content.

Carbon values also showed annual

variation; however, no explanation for the change can be
made.

Seasonal differences in carbon were small (despite

their statistical significance) and may not be biologically
significant.

Table 16.

Effect of year on nutrient content of understory
vegetation,3
Year

Component

1971

1972

1973

Mesquite
Understory Nitrogen, %
Understory Carbon, %

1.07 a
42.4 a

1.17 ab
38.9 b

1.23 b
41.1 a

Palo Verde
Understory Nitrogen, %

—

Understory Carbon, %

—

aMeans

1.02 a
42.1 a

1.36 b
41.0 b

of spring and fall values.

Within any given row, figures that lack one or more
common letters are significantly different at the 95% level.
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Litter Phytomass
Spatial Distribution.

No statistical differences

were found for either species in nitrogen content of shrub
litter with distance from the center of the shrub (Table
17).

Carbon values showed only a few significant differ

ences; the C;N ratio was almost constant.

It appeared that

shrub litter had the same concentration of nitrogen and
carbon irrespective of location.
Mesquite litter was consistently higher in nitrogen
than palo verde; litter component composition of the litter
was probably responsible for this difference.

Annual leaf

production for mesquite ecosystems was approximately 150 g
per m

2

2

while palo verde produced only about 12 g of leaves

per m .

Thus, mesquite litter contained substantial

amounts of nitrogen rich leaves while palo verde litter
consisted almost entirely of woody material much lower in
nitrogen,
Understory litter associated with mesquite and palo
verde shrubs was significantly lower in nitrogen at the 4/3
CR position than at any of the other positions (Table 17),
Under the protection of the shrub canopy, nitrogen rich
components of understory litter (such as seeds) may not have
been dispersed by wind and water to the same extent they
were beyond the protection of the canopy.

Thus, at the

4/3 CR position, litter contained more of the nitrogen poor

Table 17.

Spatial change in nutrients and C:N ratio in shrub and understory
litter.

Canopy Position
Component

1/3 CR

2/3 CR

3/3 CR

4/3 CR

1.61 a
39.2 ab
25.4 a
1.41 a
38.0 a
28.9 a

1.57 a
38.8 a
26.2 a
1.36 a
38.2 a
30.3 a

1.62 a
39.8 ab
25.8 a
1.24 a
36.6 a
31.5 a

1.64 a
40.5 b
26.6 a
0.99 b
36.7 a
41.8 b

1.26 a
37.5 a
32.0 a
1.37 a
37.5 a
31.5 a

1.39 a
37.8 a
29.1 a
1.34 a
37.7 a
32.3 a

1.39 a
38.5 a
31.2 a
1.20 a
37.4 a
34.1 a

1.38 a
39.7 a
31.4 a
0.93 b
37.4 a
44.0 b

Mesquite
Mesquite Litter N, *oo.
Mesquite Litter C, %
Mesquite Litter C/N
Understory Litter N,%
Understory Litter C, %
Understory Litter C/N
Palo Verde
Palo Verde
Palo Verde
Palo Verde
Understory
Understory
Understory

Litter
Litter
Litter
Litter
Litter
Litter

N, %
C, %
C/N
N, %
C, %
C/N

Within any given row, figures that lack one or more common letters are
significantly different at the 95% level.

66

components of understory litter.

Differences in species

composition and fertility status of plants contributing to
understory litter may also have had an imput on the above
pattern (Tiedemann and Klemmedson, 1973a, 1973b).
Carbon in understory litter did not change with
position but the C:N ratio was significantly higher for both
species at the 4/3 CR position than at the other positions
(Table 17).

The C:N ratios under the shrub canopy averaged

31.4 while the 4/3 CR position averaged 42.9 indicating a
more favorable C:N ratio under the canopy for decomposition
and nutrient release.
Seasonal Changes.

Nitrogen content of mesquite

litter was higher in winter than in fall (Table 18); this
may have reflected the differential shedding of plant
components by seasons.

In winter most leaves were shed

which increased the litter nitrogen content.

At the fall

sampling date, shrub components were not being added to the
litter except for scattered seed pods which were rare in
litter samples.

Tarrant et al. (1969) found seasonal

changes in nitrogen content of red alder (Alnus rubra Bong,)
litter and attributed the differences to phenological
events of the overstory vegetation.

Phytomass of palo verde

leaves was so small that shedding of leaves was not
reflected in the litter nitrogen content; thus nitrogen in
palo verde litter did not change from season to season,
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Table 18.

Seasonal change in nutrients and C:N ratio in
shrub and understory litter.

Season
Component

Spring

Fall

Winter

1.50 a

1.73 b

Mesquite
Mesquite Litter N t *6o.

1.64 ab

Mesquite Litter C / Q.o

40.0 a

38.6 b

40.6 a

Mesquite Litter C/N

25.2 a

27.5 a

24.4 a

Understory Litter N, %

1.17 a

1.30 a

1.29 a

Understory Litter C, %

38.4 a

36.6 b

36.9 ab

Understory Litter C/N

36,6 a

31.6 a

29.9 a

Palo Verde
Palo Verde Litter N, %

1.44 a

1.31 a

1.31 a

Palo Verde Litter C, %

38.8 a

37.2 b

38.9 a

Palo Verde Litter C/N

29.8 a

29.5 a

33.4 a

Understory Litter N, %

1.24 a

1.25 a

1.13 a

Understory Litter C, %

37.7 ab

36,2 a

38.6 b

Understory Litter C/N

33.8 a

3 3.3 a

39.3 a

Within any given row, figures that lack one or more
common letters are significantly different at the 95% level.
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The carbon content of litter of both shrubs was
significantly lower in fall than in spring and winter.
Accelerated decomposition during the hot summer rainy
season and consequently greater conversion of organic carbon
to CC>2 was a logical explanation for this pattern.

Winter

rains may have been conducive for microbial activity but
temperatures were not as favorable at this time of year.
The fact that mesquite leaves, high in carbon, were added
to the litter during winter is also noteworthy.
Nitrogen in understory litter did not change from
season to season but carbon showed the same pattern of low
fall values noted above for shrub litter.

Accelerated

decomposition during the summer rainy period may have caused
these low fall values in understory litter.
Annual Changes.

Nutrient content of shrub litter

showed little change from year to year (Table 19),

Nitrogen

content of palo verde litter was significantly higher in
1973 than in 1972; the higher nitrogen concentration in
leaves and flowers in 1973 (Table 12) may have been partially
responsible for this observation.

The C:N ratio signifi

cantly decreased over the study period and reached its
lowest point for both shrubs in 1973.

This change appeared

to be caused by a higher litter nitrogen content in 1973 and
should have resulted in more favorable substrate conditions
for microbial decomposition.
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Table 19.

Annual change in nutrients and C:N ratio in
shrub and understory litter.a

Year
Component

1971

1972

1973

1.49 a

1.58 a

1.68 a

Mesquite
Mesquite Litter N f "6o.
Mesquite Litter C t O.o

40.2 a

38.9 a

38.4 a

Mesquite Litter C/N

29.2 a

25.5 b

23.8 b

Understory Litter N, %

1.14 a

1.14 a

1.56 b

Understory Litter C, %

36.3 a

39.3 b

36.7 a

Understory Litter C/N

36.8 a

37.2 a

24.5 b

Palo Verde
Palo Verde Litter N, %

—

Palo Verde Litter C, %

—

38.4 a

37.5 a

Palo Verde Litter C/N

—

32.1 a

25.9 b

Understory Litter N, %

—

Understory Litter C, %

—

Understory Litter C/N
aMeans

1.31 a

1.10 a

1.49 b

1.50 b

37.6 a

35.8 a

34.2 a

23,2 b

of spring and fall values.

Within any given row, figures that lack one or more
common letters are significantly different at the 95% level.
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For both shrubs, nitrogen concentration of understory litter was significantly higher during 1973 than in
preceding years.

This probably reflected the wet spring of

1973 which may have resulted in a greater contribution of
herbaceous phytomass, especially annuals, high in nitrogen
to the understory litter.

This appeared reasonable in light

of the higher nitrogen content of understory phytomass in
1973 (Table 16).

The C:N ratio reflected the increased

nitrogen content of understory litter; the 1973 ratio was
considerably more favorable to microbial decomposition and
nutrient release than that of preceding years.
From the annual change in C:N ratios for both shrub
and understory litter it appeared that decomposition and
subsequent nutrient enrichment of the underlying soil was
not constant from year to year.

These data suggest that

rates of decomposition and nutrient release to the soil may
fluctuate considerably as environmental factors combine to
make conditions more or less favorable for decomposition.
Soil
Horizontal Distribution of Soil Nutrients.

The

spatial distribution of soil nitrogen under desert shrubs
followed a definite pattern dependent on distance from the
center of the shrub (Tables 20 and 21).

This tendency of

shrubs to form a center from which soil properties vary in a
consistent manner with distance also has been reported by

Table 20.

Spatial distribution of some soil properties for
mesquite shrubs.

Position
Depth in cm

0/3 CR

1/3 CR

2/3 CR

Nitrogen
0-5
5-15
15-30
30-60

.072
.050
.038
.028

a
a
a
a

.060
.038
.032
.026

b
b
b
ac

3/3 CR

4/3 CR

,%
.052
.033
.029
.025

b
be
be
c

.040
.030
.028
.024

c
c
c
be

.035
.028
.026
.022

c
c
c
b

b
be
c
be

.370
.241
.227
.187

c
c
c
b

.304
.227
.213
.177

c
c
c
b

Carbon, "oo.
0-5
5-15
15-30
30-60

.769
.489
.339
.234

a
a
a
a

.569
.321
.283
.215

b
b
b
ac

.487
.278
.238
.191

C:N Ratio
0-5
5-15
15-30
30-60

10.61
9.55
8.77
8.27

a
a
a
a

9.52
8.40
8.77
8.12

b
b
a
a

9.25
8.34
8.28
7.70

be
:b
a
a

9.25
8.08
8.01
7.91

b
b
a
a

8.63
8.18
8.10
8.85

c
b
a
a

£«
0-5
5-15
15-30
30-60

6.5
6.7
6.8
7,1

a
a
a
a

6.8
7.1
7 ,2
7.3

b
b
b
a

6.8
7.1
7.2
7.2

b
b
b
a

6.8
7.0
7.2
7 ,3

b
b
b
a

6.9
7.0
7.1
7.3

b
b
b
a

Within any given row, figures that lack one or more
common letters are significantly different at the 95% level.
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Table 21.

Spatial distribution of some soil properties for
palo verde shrubs,

Position
Depth in cm

0/3 CR

2/3 CR

1/3 CR

.069
.038
.032
.027

a
a
a
a

.065
.037
.030
.025

a
a
ab
a

.055 b
.033 a
. 0 2 9 abc
.026 a

Carbon,
0-5
5-15
15-30
30-60

.689
.307
.252
.232

a
a
a
a

.581
.266
.231
.200

b
abc
a
a

4/3 CR

.045
.028
.027
.024

c
b
be
a

.036
.027
.026
.023

c
b
c
a

.419
.243
.225
.19 5

c
be
a
a

.306
.219
.213
.181

d
c
a
a

o.
o

Nitrogen t
0-•5
5-•15
15-30
30-60

3/3 CR

o.
"o

.494
.286
.243
.194

be
ab
a
a

C:N Ratio
0-5
5-15
15-30
30-60

9.84
8.12
7.77
7.43

a
a
a
a

9.04
7.91
7.75
7.39

be
a
a
a

8.82
8.46
8.27
7.38

be
a
a
a

9.20
8.39
8.15
7.32

ab
a
a
a

8.50
8.00
8.10
7.34

c
a
a
a

7.10
7.23
7.30
7.38

a
a
a
a

6.91
7.12
7.25
7.32

a
a
a
a

7.00 a
7.11 a
1,22 a
7.34 a

£1
0-5
5-15
15-30
30-60

7.21
7.29
7.37
7.43

a
a
a
a

7.20
7.26
7.37
7.39

a
a
a
a

Within any given row, figures that lack one or more
common letters are significantly different at the 95% level.
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Zinke (1962), Fireman and Hayward (1952), Garcia-Moya and
McKell (1970) and others.

At all depths, soil nitrogen was

highest at the 0/3 CR position where the influence of the
shrub was greatest and continually decreases as distance
increases.

For both shrub species, soil nitrogen declined

by 50% from the 0/3 to the 4/3 CR position in the surface
horizon but by only 15% in the 30-60 cm horizon.

This

agrees with observations of Sharma and Tongway (1973) that
shrub induced horizontal differences in soil properties were
most evident in the surface horizon.

Soil carbon follows

the same consistent pattern with distance as reported for
nitrogen above.
In coniferous ecosystems, Zinke (1962) noted soil
nitrogen was lowest at the tree bole and increased to a
maximum 1 to 2 m from the bole.

Low nitrogen values near

the bole were attributed to accumulation of nitrogen-poor
bark.

In contrast to Zinke's findings, Tables 20 and 21

show the highest soil nitrogen value near the shrub bole,
In general, mesquite and palo verde shrubs did not have a
central stem but were branched at the ground or within a
few feet of the ground.

Without the tall straight stem

typical of conifers, bark litter was not concentrated
around the bole in these desert shrubs.

It also appeared

that little bark was shed from desert shrubs under normal
conditions,
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Numerous processes were at work in developing the
above spatial patterns.

The extensive root system of both

desert shrub species draws nutrients from a large area and
concentrates then into a relatively small area.

Nutrients

were incorporated into shrub biomass and transferred to the
soil through leaves, fruit, flowers, and deadwood.

De

composition released nutrients contained in this plant
material and enriched the underlying soil.

This transfer

of shrub phytomass to the soil surface was greatest near the
center of the shrub and decreased as distance from the
center of the shrub increased.

Indirectly, the shrub added

nitrogen to the soil by creating an environment more
favorable for herbaceous species under the shrub canopy than
beyond the canopy (Tiedemann and Klemmedson, 1973a; Martin,
1964; Tiedemann et al., 1971).

These understory plants

maintain nutrients in the cycling pool and thus decreased
the amount of nitrogen lost through leaching and soil move-r
ment.

However, such nitrogen losses may not be significant

in Sonoran Desert soils,
Both phytomass and percentage nitrogen of understory
vegetation and litter decreased, with distance from the
shrub.

Soil nitrogen derived from these components evi^

dently responded to this gradient.

Root phytomass was

another source of soil nitrogen (Garcia-Moya and McKell,
1970); its contribution to soil nitrogen was centered at the
0/3 CR position.

Also noteworthy was nitrogen accured via

throughfall and stemflow (Tukey et al., 1957).

Stemflow

contributions would be limited to the center position;
throughfall nitrogen would be highest at the shrub center
because of the shape of the shrub.
Microbial activity may have shown a gradient related
to distance.

Activity may have been highest well under the

canopy (0/3 to 2/3 CR positions) where shade mitigates
diurnal temperature variation (Lowe and Hinds, 1971), where
the C:N ratio of the litter was lower, and where moisture
conditions may have been more favorable for their
activities.

Overall effect of the higher microbial popular

tion was to increase nitrogen mineralization.

Another

possible factor contributing to the soil nitrogen gradient
was the tendency of some shrubs to collect wind blown
material beneath their canopies (Miller, 1963).

This fine

textured soil material undoubtedly contained nitrogen and
may have increased soil nitrogen where it accumulated.
While the loss of nitrogen by volatilization may have been
low in undisturbed conditions, this source of loss would be
even less under shrub canopies where pH, temperatures, and
moisture conditions were less favorable for volatilization.
Most of the above factors were also active in creating the
horizontal gradients of soil carbon.
Although not as pronounced or as regular as soil
carbon and nitrogen, C:N ratios showed a pattern of
decreasing values as distance increased from the shrub
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center.

As previously shown, litter weight displayed a

strong horizontal gradient.

According to Beadle and Tchan

(1954) when the supply of organic carbon was reduced, such
as at the 4/3 CR positions, the tendency of microbes to
respire CC^ and accumulate nitrogen was accentuated, thus
resulting in nitrogen enrichment of soil organic matter and
a lowering of the C:N ratio.

No doubt many other factors

also contributed to this pattern,
For mesquite shrubs, soil pH was consistently low
at the 0/3 CR position and became significantly higher at
other positions.

Apparently the concentration of phytomass

near the shrub center and the acidifying effect of this
organic matter as it decomposes produced this pH pattern,
Tiedemann and Klemmedson (1973b) reported a pH of 5.3 in the
leachate from a sample of dried mesquite leaves.
No spatial pattern in soil pH was observed under
palo verde.

This may be related to the low leaf phytomass

trait of this species.

As noted previously, palo verde

produced less than 1/10 the leaf phytomass produced by
mesquite.

Even though palo verde leaves may have had a

similar pH value to that of mesquite, the considerably
diminished acidifying effect of the small leaf phytomass
would presumably have only a slight effect on soil pH,
Zinke (1962) found pine bark had a strong acidifying effect
on soil.

Bark accumulation may have been greater under
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mesquite than under palo verde.

Most palo verde stems had

smooth bark that did not slough off.
Vertical Distribution of Soil Nutrients.

Table 22

presents the vertical distribution of soil nutrients in
mesquite and palo verde ecosystems.

These data were

obtained by combining values from all 5 canopy positions.
Individual canopy positions showed, without exception, a
decrease in carbon and nitrogen and an increase in pH with
depth.

Magnitude of change was greatest at the center

position but because all positions showed the same trend,
they were combined into a mean value for the ecosystem.
For both species, soil nitrogen was reduced by
approximately 50% and soil carbon by 60% from the surface
horizon to the 30-60 cm horizon.

Abruptness of the vertical

gradient in the upper soil horizons may have reflected the
vegetation type and the arid environment.

Charley and

Cowing (1968) noted that biological activity in most arid
climates was confined to the first few centimeters of soil
due to low and unpredictable precipitation; thus biologically
induced vertical gradients became sharper with increasing
aridity.

Roots also had an input on vertical gradients;

Beadle and Tchan (1954) speculate that most subsurface
organic matter was derived from roots,
Soil pH increased with depth in these ecosystems.
This was a function of soil genesis and the distribution of
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Table 22.

Depth function for soil nutrients (all canopy
positions averaged).

N, %

C, %

0-5

.052 a

.500 a

9,45 a

6.77 a

5-15

.036 b

.311 b

8.51 b

6.97 b

15-30

.031 c

.260 c

8.38 b

7.11 b

30-60

.025 d

.201 d

7.97 c

7.28 c

0-5

.054 a

.498 a

9.08 a

7.08 a

5-15

.033 b

.264 b

8.18 b

7,20 b

15-30

.029 c

.233 be

8.01 b

7.30 be

30-60

.025 d

,200 c

8 ,01 b

7,37 c

Depth in cm.

C:N

PH

Mesquite

Palo Verde

Within any given column, figures that lack one or
more common letters are significantly different at the 95%
level.

organic matter,

Soil carbonates were leached from the upper

soil horizons and precipitated at lower soil depths thus
accumulating and raising the pH.

The addition of organic

matter and its decomposition had an acidifying effect on the
soil (Buckman and Brady, 1969),

This effect was greatest

at the soil surface, particularly under shrubs where litter
accumulated, and decreased with depth.
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The C:N ratio also decreased with depth; this
gradient is well established in the literature for most
soils (Buckman and Brady, 1969).

The increased mobility of

soil nitrogen (as nitrate) over colloidal carbon caused the
ratio to narrow with depth.

In addition, subsurface organic

matter was more refined by microorganisms and therefore was
lower in lignin and higher in microbial tissue.
Seasonal Changes.

With only two exceptions, soil

nitrogen and carbon did not change with seasons.

These

nutrients were at or close to steady state conditions and
as such were not expected to be influenced by short term
seasonal changes unless the effect was great.

The excep

tions occurred in the 30-60 cm horizon for both species.
Mesquite had a high fall value and palo verde a high winter
value.

No explanation can be given for this observation.
The depth function for soil pH showed a strong

seasonal pattern (Table 23).

At all depths, pH was higher

during winter than during fall or spring.

During the spring

when plants were actively metabolizing, soil pH usually
decreased (Buckman and Brady, 1969).

In the fall plant

activity was presumably slower but microbial decomposition
may still have been high and acids produced by this process
may have accounted for low fall values.

During winter soils

were colder and biotic activities were reduced; hence, pH
values tended to rise.
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Table 23.

Seasonal changes in soil pH.

Season
Depth

Spring

Fall

Winter

0-5

6.7 a

6.6 a

7.1 b

5-15

6.9 a

6.9 a

7.3 b

15-30

7.0 a

7.0 a

7.4 b

30-60

7.2 a

7.2 a

7.4 b

0-5

7.1 ab

6.9 a

7.2 b

5-15

7.2 ab

7.1 a

7.3 b

15-30

7.3 ab

7.1 a

7.5 b

30-60

7.3 a

7,3 a

7.5 b

Mesquite

Palo Verde

Within any given row, figures that lack one or more
common letters are significantly different at the 95% level.

Annual Changes.

Except in one case, soil nitrogen

and carbon did not show annual changes; this lack of change
was expected for soils in steady-state conditions.

One

significant difference was found in the surface horizon and
contamination appeared to be the likely explanation,

The

desert soil surface was loose making it difficult to
separate unincorporated organic matter and soil.

Several
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high carbon and nitrogen values for 1972 indicated the
separation procedure was not as thorough as it might have
been.
Soil pH was consistently higher in 1973 than in
either 1971 or 1972 for both palo verde and mesquite
(Table 24).

The especially high fall values in 1973 may

have been related to the lack of precipitation in the summer
of 1973.

Dry conditions may have lowered microbial

decomposition, leaching of acidic products of decomposition,
and nutrient absorption by plants thus permitting accumula
tion of soluble salts with a resultant pH increase.
Measurements of pH are difficult to interpret; undoubtedly
there are other explanations for pH change.

Microbial

action after samples were extracted and before laboratory
processing may have contributed to the above pattern.
Amount of Nutrients in the Ecosystem
Spatial Distribution of Nitrogen
Spatial distribution of nitrogen in various
components of the shrub ecosystem is shown graphically in
Figure 8.

Only the data for mesquite ecosystems are shown

since the spatial distribution of nitrogen in palo verde
ecosystems was almost identical to that for mesquite,

As

expected from previously presented phytomass and percentage
nitrogen data, as distance from the center of the shrub
increased, weight of nitrogen in various ecosystem
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Annual changes in soil pH.a

Table 24.

Year
1971

1972

1973

0-5

6.7 a

6.4 a

7.0 b

5-15

6.9 a

6.7 a

7.1 b

15-30

7.0 a

6.8 a

7.3 b

30-60

7.3 a

7.0 b

7.5 c

Depth
Mesquite

Palo Verde
0-5

—

6.8 a

7.4 b

5-15

—

7.0 a

7.4 b

15-30

—

7.0 a

7.5 b

30-60

—

7.1a

7.6 b

Means of spring and fall values.
Within any given row, figures that lack one or more
common letters are significantly different at the 95% level.
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SOIL
ROOTS
MESQUITE

LITTER

UNDERSTORY
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Figure 8.

POSITION

Nitrogen distribution in the mesquite ecosystem
(shrub phytomass excluded).
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components decreased.

The only significant contributor to

ecosystem nitrogen at the 4/3 CR position was soil; all
other components contributed almost equal but small amounts
of nitrogen.
Distribution by Components
In this analysis, calculations were performed using
the method described on page 26.

Note that data for each

canopy position was adjusted by the area it occupied.

For

the purpose of this analysis, the 4/3 CR position was termed
the adjacent ecosystem and was equal in area to the shrub
ecosystem.
In both mesquite and palo verde ecosystems, over 77%
of ecosystem nitrogen was found in the soil, about 18% was
contained in shrub phytomass, and less than 4% was in
understory vegetation and litter (Table 25).

The importance

of the soil as a large reservoir of nitrogen was obvious.
In the adjacent ecosystem for both shrubs, shrub
roots and understory litter were the largest contributors
to the scant phytomass nitrogen pool.

The lack of substan

tial amounts of phytomass in the adjacent ecosystem resulted
in the soil containing essentially all the nitrogen.
When shrub ecosystems and their respective adjacent
ecosystems were compared, significant differences existed
for all components except understory litter and, in the case
of palo verde, shrub roots.

The lack of significance in

(
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Table 25.

Distribution of nitrogen in shrub ecosystems and
in their adjacent ecosystems.

Shrub Ecosystem
Components

(g/m2)

o.o

Adjacent Ecosystem
(g/m2)

15o.

Mesquite
Aboveground Mesquite
Phytomass

53.2

16.5

—

—

Mesquite Roots
(.0-60 cm)

9.4 a

2.9

1.6 b

0.7

Understory Phytomass

1.7 a

0.6

0.6 b

0.3

Mesquite Litter

5.8 a

1.8

0.4 b

0.2

Understory Litter

1.9 a

0.6

1.3 a

0 .6

Soil (0-60 cm)

249.5 a

77.6

213.2 b

98.2

Total Ecosystem

321.8 a

—

217.1 b

—

Palo Verde
Aboveground Palo Verde
Phytomass

59.8

18.9

—

—

Palo Verde Roots
(0-60 cm)

3.9 a

1.2

1.3 a

0 .6

Understory Phytomass

2.5 a

0.8

1.0 b

0.5

Palo Verde Litter

2,6 a

0.8

0.2 b

0 .1

Understory Litter

2.9 a

0 .9

2.2 a

1.0

Soil (0-60 cm)

244.8 a

77.3

216.1 b

97.8

Total Ecosystem

316.6 a

—

221,0 b

—

Within any given row, figures tfyat lack one or more
common letter are significantly different at the 95% level.
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understory litter reflected the absence of spatial patterns
in phytomass and percentage nitrogen for understory
phytomass noted in previous sections.
The distribution of carbon in ecosystems is shown in
Table 26.

Here the distribution shifted so that aboveground

shrub phytomass and soil contained similar amounts of
carbon.

Shrub roots, understory phytomass, and litter

combined to account for less than 12% of the total carbon.
In contrast to nitrogen, carbon accumulated in vegetative
matter and was relatively less mobile in soil.
Carbon distribution in adjacent ecosystems was
similar for both shrub species.

In these systems carbon was

concentrated in the soil because there was no appreciable
above- and belowground accumulation of woody phytomass.
The contrast between shrub ecosystems and adjacent
ecosystems was similar to that for nitrogen.

For most

components the adjacent ecosystem contained only a small
fraction of the carbon found in the shrub ecosystem.

For

the total ecosystem, shrub ecosystems contained more than
2.5 times the carbon found in adjacent ecosystems.
Although data are not presented, the two shrub
ecosystems were compared to determine if shrub species
influenced the amounts and distribution of ecosystem
nitrogen and carbon.

At the 95% level, significant differ

ences were found only in roots and shrub litter in the shrub
ecosystem.

The amount of root nitrogen was significantly
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Table 26.

Distribution of carbon in shrub ecosystems and in
their adjacent ecosystems.

Shrub Ecosystem
Components

(g/m2)

o,
"o

Adjacent Ecosystem
(g/m2)

o.
"o

Mesquite
Aboveground Mesquite
Phytomass
Mesquite Roots
(0-60 cm)

1845.0

40.8

—

—

313.1 a.

6.9

43.9 b

2.3

66.9 a

1.5

29.8 b

1.6

145.5 a

3.2

11.5 b

0.6

55.7 a

1.2

60.0 a

3.2

Soil (0-60 cm)

2096.9 a

46.4

1740.3 b

92.3

Total Ecosystem

4523.1 a

—

1855.5 b

—

Understory Phytomass
Mesquite Litter
Understory Litter

Palo Verde
Aboveground Palo Verde
Phytomass

1985.3

44.4

—

—

Palo Verde Roots

158.9 a

3.6

50,3 a

2.6

Understory Phytomass

106.0 a

2,4

55,2 a

2,8

Palo Verde Litter

76.8 a

1.7

9.5 b

0.5

Understory Litter

101.1 a

2.3

102.0 a

5.2

Soil (0-60 cm)

2043,9 a

45.7

1747.0 b

88.9

Total Ecosystem

4472.0 a

—

1964.0 b

IfakM

Within any given row, figures that lack one or more
common letters are significantly different at the 95% level.
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higher for mesquite than for palo verde shrub ecosystems, a
difference that may have reflected a less extensive palo
verde root system.

Shrub litter nitrogen and carbon were

higher for mesquite ecosystems.

Shedding of large quantities

of leaves and deadwood by mesquite shrubs may have produced
this difference,

Mesquite and palo verde ecosystems

accumulated and distributed nitrogen and carbon in
essentially the same manner.

Comparisons of adjacent

ecosystems for the two species showed no statistically
significant differences.
Using similar sampling methods, Welch C1973)
determined carbon and nitrogen distribution for a dense
sapling and small pole sized ponderosa pine ecosystem and
for adjacent grass dominated ecosystems.

Welch's data,

along with those for this study (note that mesquite and
palo verde shrubs were combined into one value), are
presented in Table 27.

It was not surprising that standing

phytomass in the two woody ecosystems accounted for a much
larger portion of the total nitrogen than in the non-woody
ecosystems.

Nitrogen becomes immobilized in woody tissue

thus decreasing the rate of return of nitrogen to the soil.
Desert shrub ecosystems had more nitrogen in standing
vegetation than the 50 year old ponderosa pine ecosystem.
Two factors accounted for this difference; the large amount
of bole material in the pine ecosystem and the low concen
tration of nitrogen in the bole.

Desert shrubs had a higher
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Table 27.

Percentage distribution of nitrogen and carbon in
desert shrub and pine-bunchgrass ecosystems —
Data for pine-bunchgrass ecosystems is from
Welch (1973).

Desert Shrub
Adjacent
Ecosystem

Ponderosa
Ecosystem

Grass
Ecosystem

18

1

10

1

Litter

2

1

9

3

Roots

2

1

1

1

78

97

80

95

45

2

56

1

Litter

4

5

8

4

Roots

5

2

4

5

46

91

32

90

Component

Shrub
Ecosystem

Pine-Bunchgrass

Nitrogen
Standing Phytomass

Soil
Carbon
Standing Phytomass

Soil

concentration of nitrogen in all components than ponderosa
pine.

Desert shrubs may have evolved to store more nitrogen

in plant tissue than pines growing in a more mesic environ
ment,

Perhaps this increased plant nitrogen is translocated

during growth periods when dry soil conditions make soil
nitrogen somewhat unavailable.
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Litter in desert shrub ecosystems made a relatively
small contribution to the nitrogen distribution compared to
that of the ponderosa pine.

Less litter production and

faster rates of decomposition appeared to be the main
factors responsible for this pattern.

The previously

mentioned differences in C:N ratios lended support to this
hypothesis.

Contribution of roots to ecosystem nitrogen was

slightly greater for desert shrubs than for ponderosa pine,
Desert shrubs may have more extensive root development in
the first 60 cm of soil than pine but in both studies the
plot size for root determination was not large, thus
increasing the chance for error.
Standing vegetation in desert shrub ecosystems had
less carbon than in ponderosa pine ecosystems, probably a
product of the low carbon percentage in desert vegetation.
A higher percentage of ecosystem carbon was found in the
soil of desert shrubs than in that of pine ecosystems.

This

may have reflected a more rapid return of organic matter to
the soil in desert environments.
The adjacent ecosystem and the grass ecosystem were
quite similar in their distribution of nitrogen and carbon.
Without the accumulation of woody tissue, the soil contained
the bulk of the nutrients.
Predicting amounts of nutrients in shrub ecosystems
from ecosystem properties gave mixed results (Table 28).
For mesquite, shrub height was a better indicator of

Table 28.

Linear regression equations where the dependent variable was weight of
nitrogen or carbon in the shrub ecosystem.

Variables
Dependent

Independent

r2

Equation

Mesquite
Ecosystem
Ecosystem
Ecosystem
Ecosystem

g/m
g/rn^
g/mj
g/m

Shrub
Shrub
Shrub
Shrub

Phytomass (kg)
Phytomass (kg)
Height (m)
Height (m)

.53*
.61*
.58*
.72*

y
y
y
y

= 270.0 +
0.45x
= 3246.4 + 11.18x
= 195.8 + 37.72x
= 1297.3 + 965.44x

N,
C, g/m?
N, 9/n;
C, g/m

Shrub
Shrub
Shrub
Shrub

Phytomass (kg)
Phytomass (kg)
Height (m)
Height (m)

,23*
.59*
.27*
.57*

y
y
y
y

= 286.5 +
0.36x
= 3461.6 + 12.19x
= 236.5 + 25.36x
= 1864.2 + 800.32x

N,
C,
N,
C,

Palo Verde
Ecosystem
Ecosystem
Ecosystem
Ecosystem

*Significant at the 95% level.

92

ecosystem nitrogen and carbon than shrub phytomass; for palo
verde both independent variables were of approximately equal
value in predicting ecosystem nutrients.

In all cases,

ecosystem carbon was more accurately predicted than nitrogen.
Over 50% of ecosystem carbon was found in aboveground phyto
mass, and shrub phytomass and height were closely related to
aboveground phytomass.

Most of the ecosystem nitrogen was

in the soil and soil properties could not be accurately
predicted using shrub parameters.

Correlation coefficients

for mesquite shrub ecosystems were considerably higher than
those for palo verde shrub ecosystems; the smaller sample
size of the latter shrub ecosystems appeared to be an
important factor in the lower correlation.

Although the

regression equations are not presented, nutrients in
adjacent ecosystems could not be predicted using parameters
of shrub ecosystems.

Equations such as those in Table 28

provide a fast method to assess the approximate nitrogen and
carbon status of desert shrub ecosystems.

It is not known

how accurate the equations are when variables such as soil
and climate change.
Many individuals are interested in estimating
nitrogen, carbon, and other parameters for large areas of
the earth.

In part, these data are used to monitor the

the status of nutrient cycles and to assess the impact of
man on altering these cycles, especially the CC^ cycle.
Regression equations based on easily obtained parameters

93

such as shrub height would simplify the process of
estimating the nutrient status of large areas.
In an area adjacent to the study area, Fish and
Smith (1973) calculated per cent cover of shrubs using
aerial photographs and found cover for mesquite and palo
verde was 8.3 and 0.8% respectively.

Using these figures,

nitrogen and carbon per hectare were determined where the
adjacent ecosystem represented the area not occupied by
these two shrubs.

On this basis, 2,281 kg/ha of nitrogen

and 21,563 kg/ha of carbon were estimated for the study
area.

Approximately 95% of the nitrogen and 82% of the

carbon were in the soil.

However, these estimates are

probably slightly low since the sampling of adjacent eco
systems was quite limited.

The literature contains numerous

examples of nitrogen and carbon on an aeral basis; these
estimates ranged both higher and lower than the above
figures.

Differences in sampling methods, environment, and

other factors may have been responsible for the lack of
agreement,
As age of mesquite ecosystems increased (measured in
terms of shrub height, aboveground shrub phytomass, and
canopy projection) nitrogen contained in aboveground
components increased as shown in Figure 9,

Nitrogen con

tained in the soil decreased as age increased.

Mesquite

ecosystem carbon and palo verde ecosystem nitrogen and
carbon follow the above pattern.
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Figure 9.

Relationship of percentage aboveground mesquite
ecosystem nitrogen to variables indicative of
age,

CHAPTER 5
CONCLUSIONS
The accumulation and distribution of nitrogen,
carbon, and phytomass were investigated for ecosystems of
individual mesquite and palo verde shrubs in the Sonoran
Desert.

Both species displayed very similar patterns in

accumulation and distribution of nutrients and phytomass.
Distribution of nitrogen in shrub ecosystems
emphasized the role of soil as a nitrogen reservoir.

Over

77% of the ecosystem nitrogen was in the soil; approximately
20% was contained in shrub phytomass and less than 3% was in
understory vegetation and litter.

The distribution pattern

for carbon was different; shrub phytomass and soil contained
similar amounts of carbon, about 45%.

Carbon became im

mobile as it accumulated in the perennial phytomass of
shrubs and hence had a major influence on this pattern.
Adjacent ecosystems with scant vegetation were characterized
by essentially all the nitrogen and carbon being contained
in the soil.
Total nitrogen for the shrub ecosystem averaged 319
g/m

2

2

compared to the adjacent ecosystem total of 219 g/m .
2

Comparable values for carbon were 4.5 and 1.9 kg/m ,
respectively.

Regression equations were presented for
95
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predicting shrub ecosystem carbon and nitrogen from shrub
phytomass or shrub height.

Correlation coefficients for

most equations were greater than 0.5.
Percentage nitrogen in shrub components of these
species was higher than that reported in the literature for
most other species.

As expected, nitrogen was highest in

young actively growing tissues and lowest in structural
material.

Carbon also changed with component but the

magnitude of change was considerably less than for nitrogen.
Seasonal changes in nutrient concentration were quite
evident in some components and may have been associated with
physiological activities of translocation and senescence,
and leaching by precipitation (Appendix B).

Annual in

creases in percentage nitrogen were associated with pre
cipitation which presumably relieved water and nitrogen
stresses.
Understory phytomass displayed both seasonal and
annual changes in percentage nitrogen.

Nitrogen avail

ability and variation in species composition of understory
vegetation may have caused these differences.
Spatial, seasonal, and annual patterns of nutrient
concentration were found in litter contributed by the shrub
and in litter contributed by the understory vegetation.

For

understory litter, the 4/3 CR position had significantly
less nitrogen than positions under the shrub canopy.

Dif

ferences in litter composition may have been an important

factor in this pattern.

Seasonal changes in nitrogen

content of shrub litter reflected the shedding of nitrogen
rich leaves during winter.

Carbon in shrub and understory

litter was lowest in the fall and perhaps was caused by
accelerated decomposition during the warm, late summer
rainy season.

Annual changes in nitrogen were observed for

understory litter.

Nitrogen concentration of understory

litter in 1973 was significantly higher than in the pre
ceding years.

The wet spring of 1973 and the unusually

abundant phytomass of spring annuals that followed may have
increased the nitrogen concentration of understory litter.
Both palo verde and mesquite shrubs form a center
from which soil properties change in a consistent manner
with distance.

Highest soil nitrogen and carbon values were

found at the 0/3 CR position and lowest values were in
variably at the 4/3 CR position.

Spatial arrangements of

understory phytomass, litter, and roots appeared particu
larly important among the numerous factors contributing to
this spatial pattern of nutrients.

Mesquite shrubs had a

lower pH value at the 0/3 CR position than at any other
position, probably a reflection of the acidifying effect of
shrub litter.
The vertical gradient of soil nutrients was abrupt,
a trend reflecting the arid environment and type of vege
tation.

The C:N ratios displayed a typical decrease with

depth as did pH.

Seasonal and annual differences in soil
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properties were essentially limited to pH; it was highest in
winter, probably a reflection of diminished biotic activity
and drier soils.

Annual differences in pH may have been

related to the same factors noted for seasonal changes.
The pattern of phytomass accumulation and distribu
tion in shrub ecosystems was also of interest in this study.
In mesquite and palo verde ecosystems, 78% of the shrub
ecosystem phytomass was concentrated in aboveground shrub
components.

Shrub roots made up 9% of the shrub ecosystem

phytomass; understory phytomass and litter accounted for
approximately 13% of the ecosystem phytomass.

Mean total

•ecosystem phytomass for both species was slightly less than
2

6 kg/m .

Adjacent ecosystems totaled less than 10% of the

phytomass noted in shrub ecosystems.

Understory phytomass

made up about 50% of the adjacent ecosystem phytomass.
Linear regression equations using shrub height as
the independent variable were the best predictors of ecosystem phytomass (r 2 = approximately .70 for both species).
As variables indicative of shrub age (shrub height, phyto
mass, and canopy projection) increased, understory litter
and understory vegetation (as a percentage of ecosystem
phytomass) decreased.

This suggested that older shrub

ecosystems have environments increasingly less favorable for
understory vegetation because of accumulations of large
amounts of litter and a reduction of light reaching under
story vegetation.
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Desert shrubs act as a center for phytomass distri
bution.

Standing understory phytomass decreased as distance

from the center of mesquite and palo verde shrubs increased,
an observation well documented in the literature.

Points

beyond the shrub canopy had approximately 1/3 the phytomass
found under the shrub canopy.

This same decrease in phyto

mass with distance was also evident in shrub litter.

The

quantity of shrub litter under shrub canopies appeared to
be directly proportional to the amount of shrub canopy
(expressed as shrub height) above that point.

Linear re

gression equations were presented expressing this relation
ship.

No detectable spatial patterns in understory litter

were found.

In most cases seasonal and annual differences

in components of ecosystem phytomass were not significant.
Results of sampling honey mesquite near Las Cruces,
New Mexico (presented in Appendix A) showed similar patterns
in phytomass and nitrogen distribution.

Carbon was markedly

different from the expected pattern; this difference appeared
to be caused by soils too young to have developed carbon
gradients.

APPENDIX A
SHRUB-INDUCED NUTRIENT PATTERNS IN
THE CHIHUAHUAN DESERT
Introduction
In the foregoing study, investigation of shrub
induced nutrient patterns was limited to a small area in
the Sonoran Desert where such variables as soil, climate,
and vegetation were kept constant.

In this study a very

restricted number of mesquite ecosystems were sampled in
the Chihuahuan Desert of southern New Mexico to permit a
limited assessment of nutrient distribution where soil,
climate, vegetation, and other environmental factors
differed from the Sonoran Desert.
Methods
The Study Area
The study area was located at the Jornada Experi
mental Range 30 km east of Las Cruces, New Mexico.

The

area chosen for sampling appeared to typify honey mesquite
(Prosopis julifora var. glandulosa [Torr.]) environments in
the northern Chihuahuan Desert.

Light grazing had occurred

on the area for many years but human disturbances had not
been significant otherwise.

Legal description of the study
100
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area was as follows:

Section 16, T20S, R2E, New Mexico

Base and Meridian.
Honey mesquite growing in the study area was less
than 3 m high and of the multi-stem variety.

Many shrubs

were growing on slight mounds, an apparent result of
accumulating aeolian material that partially covers the
plant base.

A typical landscape is shown in Figure A.l.

Associated vegetation includes soaptree yucca (Yucca elata
Engelm.), snakeweed (Gutierrezia spp.), and sandbur
(Cenchrus spp.).

Grasses were scarce but individuals of

bristlegrass (Setaria spp.) and dropseed (Sporobolus spp.)
could be found.
Soils appeared to be structureless with very limited
vertical differentiation; texture throughout the profile
was loamy sand.
as Torrifluvents.

These soils would probably be classified
In many places the soil was being

actively transported by wind.
Climate of the Chihuahuan Desert was somewhat cooler
and drier than the Sonoran Desert.

Mean temperatures were

4.0 C for January and 26.0 C for July.

Precipitation

averaged 22.5 cm annually; 50% of the total was received
from June to August.
evaporation and wind.

Spring was typically dry with high
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v'T?t

Figure A.l.

Study area in the Chihuahuan Desert.

Field and Laboratory Methods
Three shrubs, representing the available size range
were selected at random and harvested during late August,
1972.

Shrubs averaged 1.4 m in height and 3.8 sq m in

canopy projection.

Field and laboratory methods were the

same as previously described.

Because of the small sample

size, a limited statistical analysis seemed appropriate.
Results and Discussion
Distribution of Phytomass
Shrub phytomass was not concentrated in any one
component but dispersed over branches, deadwood, and roots
(Table A.l).

About 19% of the phytomass was in deadwood;

apparently branch mortality was rather common.

Rapidly

growing components (leaves, fruit, and current growth)
accounted for slightly over 13% of the total phytomass.
Approximately 19% of the shrub phytomass was large branches
In contrast, shrub phytomass distribution in the Sonoran
Desert reflected the presence of one or a few central stems
and large branch phytomass accounted for over 50% of shrub
phytomass.

Although distribution was different, both

species of mesquite contribute equal amounts of leaf phyto
mass per unit area.

Root phytomass was about the same for

all three shrub species.
Honey mesquite apparently altered the environment
under its canopy in a manner favorable to the establishment
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Table A.l.

Distribution of shrub phytomass and nutrients
in honey mesquite ecosystems of average size.
Phytomass

Component

kg/m2

Nutrients
o.
"o

N, %

c, %

.178

8.0

3.01

46.7

Fruit

.021

9.9

3.08

43.4

Current Growth

.104

4.7

1.56

45.4

Branches < 1 cm

.486

21.8

1.40

45.3

Branches > 1 cm

.421

18.9

1.29

43.9

Deadwood

.430

19.3

1.35

43.8

Roots

.590

26.5

i—i

45.2

•

Leaves

Total Phytomass

of other vegetation.

2.230

Phytomass of understory plants was

considerably heavier under the shrub canopy than beyond the
canopy edge (Table A.2).

This agreed with observations of

the two shrub ecosystems at the Santa Rita site and probably
reflected slight alterations of numerous micro-environmental
factors.
Litter of both shrub and understory species decreased
dramatically as distance from the shrub increased.

Shrub

litter at the 4/3 CR position contained only 0.5% of the
shrub litter found at the 1/3 CR position.

Wind may have
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Table A. 2.

Spatial distribution of litter phytomass,
understory phytomass, and nutrients.
Position

Component

1/3 CR

2/3 CR

3/3 CR

4/3 CR

Phytomass (g/m2)
Understory Phytomass

81.4

122.7

115.7

Shrub Litter

302.0

260.8

31.7

1.

Understory Litter

720.0

335.9

66.0

54.7

74

1.94

-6o
1.36

24

0.86

0.84

Nitrogen
Shrub Litter

1.

Understory Litter

1.

Carbon,

9

29.6
4

1.

1.

55

04

o.
"o

Shrub Litter

39.41

39.01

41.93

43.22

Understory Litter

37.15

40.16

37.90

39.29

been an important factor in establishing this pattern.
Litter material located under less protected portions of the
shrub (3/3 and 4/3 CR positions) may have been removed by
wind and partially accumulated at the 1/3 and 2/3 CR
positions.

The low growing multi-stemmed nature of honey

mesquite would favor such accumulation of windblown organic
debris.
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Distribution of phytomass for the shrub ecosystem
and adjacent ecosystem is presented in Table A.3.

These

data were calculated in the same manner as those presented
for the Sonoran Desert.

In the shrub ecosystem the bulk of

phytomass was contained in aboveground portions of honey
mesquite.

When roots were added, honey mesquite accounted

for about 7 5% of the total phytomass for the shrub eco
system.

Note the substantial contribution made by under-

story litter (Table A.3).

By comparison, in the Sonoran

Desert more phytomass was distributed in shrub components
and considerably less in understory litter.

Distribution of

phytomass in adjacent ecosystems differed little from
Sonoran to Chihuahuan Deserts; in both areas understory
litter accounted for approximately 50% of the phytomass.
Mean phytomass for the total ecosystem for both shrub and
adjacent ecosystems in the Chihuahuan Desert was less than
half of that found in the Sonoran Desert.

Less precipita

tion, greater wind velocity, and unstable soil conditions
may combine to make the honey mesquite environment less
productive in terms of phytomass accumulation.
Nutrient Concentration in Phytomass and Soil
Nutrient distribution in shrub phytomass was
characterized by the expected high nitrogen concentration in
young growing components and lower nitrogen in deadwood and
branches (Table A.l).

Carbon was fairly constant; no
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Table A.3.

Distribution of phytomass in honey mesquite
ecosystems and in their adjacent ecosystems.
Mesquite Ecosystem

Component

o.
t>

(kg/m2)

Ad jacent Ecosystem
"Oo.

(kg/m2)

Aboveground Mesquite
Phytomass
1.64

56.8

—

—

Mesquite Roots
(0-60 cm)

0.59

20.3

0.02

21.1

Understory Phytomass 0.11

3.8

0.03

27.5

Mesquite Litter

0. 20

7.0

—

Understory Litter

0.35

12.1

0.06

50.5

Total Ecosystem

2.89

—

0.11

—

noteworthy trends were evident.

0.9

In general, honey mesquite

contained slightly less nitrogen than similar components in
velvet mesquite and palo verde.

Data presented in Appendix

B indicate differences in sampling dates would not likely
account for these changes in nitrogen concentration.

Pre

viously mentioned species and environmental differences may
be important here.
Understory vegetation averaged 2.0% nitrogen and
38.5% carbon; spatial differences in concentration of these
nutrients were not apparent.

Nitrogen concentration in

understory vegetation was higher in the Chihuahuan Desert
and carbon concentration slightly lower compared with the
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Sonoran Desert.

Part of this difference may be reflected

in the higher contribution of herbaceous species, typically
high in nitrogen, to the honey mesquite understory than that
observed under velvet mesquite.

Shrubs were rarely a part

of understory phytomass of honey mesquite and succulents
were absent.
Shrub litter had average values for nitrogen and
carbon of 1.85 and 40.9%, respectively, whereas understory
litter averaged 0.99 and 38.3% for nitrogen and carbon,
respectively.

Table A.2 shows no distinct spatial pattern

for nitrogen and carbon in these litters.

Carbon and

nitrogen values for honey mesquite litter were very similar
to those found in litter of velvet mesquite and slightly
higher than those found in litter of palo verde.

Understory

litter for honey mesquite was considerably lower in nitrogen
than values presented for Sonoran Desert shrubs.

This was

surprising in view of the high nitrogen concentration of
understory vegetation.

The organic debris that honey

mesquite appeared to accumulate may have had a low nitrogen
concentration.

In addition, the C:N ratio for understory

litter was 39.0, a value higher than that found in the
Sonoran Desert, indicating a slower rate of decomposition.
Slower rates of decomposition would allow more nitrogen to
be lost through leaching and consequently less nitrogen
retained in microbial tissue.
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A consistent decrease in soil nitrogen occured as
distance from the shrub center increased (Table A.4).

For

the surface horizon, soil nitrogen decreased by over 60%
from 1/3 to 4/3 CR positions.

Horizons deeper in the

profile show the same decrease with distance although the
magnitude of change between positions lessened as depth
increased.

Valentine (1941) also noted increased amounts

of nitrogen under honey mesquite in the same area and
attributed this to soil enrichment from decaying mesquite
leaves and fruit.

This shrub induced soil nitrogen pattern

was very similar to that found for palo verde and velvet
mesquite near Tucson.

However, nitrogen was higher in the

Chihuahuan Desert in the surface horizon under shrub
canopies.

This may have reflected greater incorporation of

organic residue in the surface soil, an apparent result of
wind action.

Subsurface nitrogen values averaged approxi

mately 10% higher in honey mesquite ecosystems than in
velvet mesquite and palo verde ecosystems.

Carbon in the

surface horizon showed an expected decrease with distance
but an irregular pattern was noted below the surface.
did not occur in Sonoran Desert soils.

This

Apparently soil

carbon patterns induced by honey mesquite in the Chihuahuan
Desert occurred only in the upper few cm of soil.

Unlike

velvent mesquite, honey mesquite did not have a noticeable
effect on soil pH.

The apparent periodic addition of

aeolian soil material to the shrub ecosystem and the smaller

110

Table A.4.

Spatial distribution of some soil properties for
honey mesquite shrubs.

Position
Depth in cm

0/3 CR

1/3 CR

2/3 CR

3/3 CR

4/3 CR

Nitrogen t o.O
0-5

.083

.090

.061

.045

.033

5-15

.042

.040

.031

.028

.029

15-30

.038

.034

.032

.032

.030

30-60

.029

.028

.029

.026

.027

Carbon,

o,
"O

0-5

.99

1.06

.85

.66

.59

5-15

.61

.61

.41

.40

,48

15-30

.55

.49

.41

.44

.45

30-60

.64

.59

.59

.68

.67

C:N Ratio
0-5

11.93

11.78

13.93

14.67

17.88

5-15

14.53

15.25

13.23

14,29

16,55

15-30

14,47

14.41

12.81

13,75

15.00

30-60

22.07

21,07

20,34

26,15

24,81

0-5

8.1

8.0

8.2

8,3

8,3

5-15

8.2

8.1

8.3

8,4

8.4

15-30

8.1

8.1

8.3

8,4

8,2

30-60

8.1

8.1

8. 2

8,3

8.2

Ill

shrub size (and possibly younger shrubs) may have been
important factors in the lack of a horizontal pH gradient.
Distribution of soil nitrogen with depth (Table A.5)
showed an abrupt decrease in nitrogen from the surface
horizon to the 5-15 cm depth and no significant change below
to 60 cm.

This pattern was very similar to that found in

the Sonoran Desert; the magnitude of values were only
slightly higher for the Chihuahuan Desert.

Soil carbon

showed no significant change with depth, a pattern unlike
that found for palo verde and velvet mesquite.

One honey

mesquite shrub showed the expected decrease of carbon with
depth; the remaining two did not.

Thus, high variation and

a small sample size may have been responsible for the lack
of significant vertical patterns.
may have been involved.

However, other factors

As previously mentioned, the soil

seemed to be a Fluvent and thus associated with recent
geomorphic surfaces.

In the study area it appeared as if

new soil material was periodically added to the older
material.

This aeolian material may have been high in

carbon (as evidenced by visible fragments of organic matter
in the light colored soil samples) due to the mixing of soil
and litter by the wind.

It takes approximately 100 to 200

years for subsurface organic matter to decompose and this
stratified carbonaceous material could mask soil carbon
patterns induced by shrubs (Hendricks, 1974).

The nitrogen

content of this aeolian material was probably low, perhaps
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Table A.5.

Depth

Distribution of soil nutrients with depth
(means for five positions),
Nitrogen, %

Carbon, %

C/N

pH

0-5

.062 a

,831 a

13.40 a

8 ,2 a

5-15

.034 b

.502 a

14,76 a

8,3 a

15-30

.033 b

,469 a

14,21 a

8,2 a

30-60

.028 b

.632 a

22,57 a

8.2 a

Within any given column, figures lacking one or more
common letters are significantly different at the 95% level.

due in part to the previously mentioned low nitrogen content
in understory mulch.

The mobile nature of some forms of

soil nitrogen would allow nitrogen gradients to develop
sooner than carbon gradients.

The pH value also did not

show a pattern with depth and was another indication of a
recent soil where weathering has not yet leached carbonates
to lower depths.
Amount of Nutrients in the Ecosystem
Shrub phytomass accounted for just under 11% of the
nitrogen found in honey mesquite ecosystems; litter and
understory phytomass accounted for less than 3% while soil
made up the bulk (86%) of ecosystem nitrogen.

This distri

bution pattern was quite similar to that noted for Sonoran
Desert shrubs.

However, because of greater accumulations
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of shrub phytomass in the Sonoran Desert ecosystems, more
nitrogen was found aboveground in the shrub phytomass and
less was found in soil.

Total ecosystem nitrogen was

essentially the same for all three ecosystems.

In the

ecosystem adjacent to that of honey mesquite, soil contained
most of the nitrogen.

A similar pattern was noted for

adjacent ecosystems of palo verde and velvet mesquite al
though slightly more nitrogen was distributed in phytomass
in those ecosystems.

Total nitrogen in the adjacent eco

system was higher in the Chihuahuan Desert and appeared to
result from slightly higher nitrogen concentrations in
lower soil horizons.
Distribution of carbon in honey mesquite ecosystems
was similar to that for nitrogen except that the aboveground
shrub phytomass accounted for slightly more of the total
carbon (Table A.6) than in the case of nitrogen.

This

distribution pattern contrasts with that found in the
Sonoran Desert where shrub phytomass accounted for almost
half of the carbon in the shrub ecosystem.

It appeared that

lack of phytomass accumulation in the Chihuahuan Desert plus
high contents of soil carbon caused this shift in distribu
tion of ecosystem carbon.

Total carbon for the shrub eco

system was higher for honey mesquite than for Sonoran Desert
species despite smaller shrub size.

High concentration of

soil carbon was evidently the controlling factor.

Since the

amount of soil carbon in the shrub ecosystem and in the
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Table A.6,

Distribution of nitrogen and carbon in honey
mesquite ecosystems and in their adjacent
ecosystems,

Components

Mesquite Ecosystem

Adjacent Ecosystem

(g/m2)

(g/m2)

Nitrogen
Aboveground Mesquite
Phytomass

25.48

7.8

Mesquite Roots
(.0-60 cm)

10.05

3.1

0,40

0.2

Understory Phytomass

1.97

0.6

0,71

0.3

Mesquite Litter

3.70

1.1

0.02

<0.1

Understory Litter

3.42

1.0

0.55

0.2

Soil (0-60 cm)

281.35

86.3

252,94

99.3

Total Ecosystem

325,97

254,62

Carbon
Aboveground Mesquite
Phytomass

731.7

11.5

Mesquite Roots
(0-60 cm)

264,3

4,1

10,4

0,2

Understory Phytomass

40,7

0.6

10, 8

0.2

Mesquite Litter

12,2

1.1

0.6

<0.1

136.6

2.1

20,7

0.4

SO.5 5160,7

99.2

Understory Litter
Soil (0-60 cm)

5132.9

Total Ecosystem

6378,4

—

5203,2
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adjacent ecosystem was essentially the same, honey mesquite
apparently had little influence on the distribution pattern
of soil carbon.
Conclusions
Honey mesquite sampled in the Chihuahuan Desert
showed spatial patterns of phytomass and nitrogen very
similar to velvet mesquite and palo verde sampled in the
Sonoran Desert.

Accumulation of understory phytomass and

litter was quite pronounced under honey mesquite.

Collec

tion of windblown organic debris may have been a factor in
this pattern.

Total phytomass for shrub ecosystems was half

of that found for palo verde and velvet mesquite; species
differences or environmental conditions in the Chihuahuan
Desert unfavorable for accumulation of phytomass may have
been responsible.

Nitrogen and carbon concentrations of

shrub components, understory phytomass, and litter were
similar for both environments although minor differences did
occur.

Soil in honey mesquite ecosystems contained about

10% more nitrogen than that of the Sonoran Desert, but the
horizontal vertical distribution patterns were similar.
Shrub induced patterns of soil carbon were apparent only in
the surface horizon and carbon showed no significant de
crease as soil depth increased.

Soils appeared to be of

recent aeolian origin and stratified with respect to carbon.
Evidently sufficient time had not elapsed for shrub induced
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carbon gradients to develop.
spatial patterns.

Soil pH likewise showed no

Distribution of nitrogen in the shrub

ecosystem and associated adjacent ecosystems were similar
in both deserts.

Ecosystem carbon differed from the pattern

of the Sonoran Desert ecosystems in that soil contained over
80% of the carbon in both shrub and adjacent ecosystems.

APPENDIX B
EFFECT OF PHENOLOGY ON PLANT NITROGEN
Introduction
Nitrogen in rapidly growing plant components may
change significantly from season to season.

However, pre

viously presented data gave few details of nitrogen change
on a phenological basis and allowed little correlation
between nitrogen change and climatic variables.

The fol

lowing study was made to determine nitrogen changes in plant
parts over short periods of time and to relate these changes
to phenological events and climatic variables.
Methods
Samples of leaves, flowers, fruits, and current
growth were taken from mesquite shrubs and leaf samples
taken from palo verde shrubs at approximately two week
intervals in 1972.

Sampling began when leaves first appeared

on the shrubs and continued through December.

At each

sampling data, 10 shrubs were selected randomly within the
boundaries of the study area and a sample collected from
each shrub.

All samples were prepared for analysis and

analyzed for nitrogen using the previously discussed
methods.
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Results and Discussion
Components
Developing leaves of both palo verde and mesquite
showed a March nitrogen value greater than 5% (Figures B.l)
This value represented two-week-old leaves that had reached
approximately 70% of their mature size.

Based on in

formation in the literature, this initial nitrogen value
was quite high.

McHargue and Roy (1933) sampled half grown

leaves from 39 different shrubs and trees and found an
average nitrogen content of 3.8%.

The highest values were

reported for legumes; they were only slightly higher than
the values shown here.

Developing birch leaves contained

3.2% nitrogen (Tamm, 1951) while Miller (1963) reported 2.0
for beech leaves.

Newly developed tree and shrub leaves

showed a wide spectrum of nitrogen values with palo verde
and mesquite occupying the higher end of the spectrum.
The nitrogen content for other components was
generally higher than most values reported in the litera
ture.

Cameron and Appleman (1934) found 4.6% nitrogen in

green citrus flowers and 3.4% in the fruit; both mesquite
fruit and flowers contained 5.5% nitrogen (Figure B.l).
Differences in nitrogen content of emerging plant
components appeared to be a species trait acting inde
pendently of environmental conditions.

Although desert

soils were generally low in nitrogen, availability per unit
of nitrogen was high (Klemmedson, 1959).

In addition,
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2
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2
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MESQUITE CURRENT GROWTH

J UNE

Figure B.l.

Change in plant nitrogen and precipitation for
a 10-month period in 197 2.
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soils were very dry during the spring growing period.

Pre

sumably soil nitrogen was least available during this spring
period but even with this unfavorable environment, nitrogen
in growing parts of mesquite and palo verde was higher than
that found in most other species reported in the literature.
It appeared that nitrogen was translocated from perennial
plant parts (such as large branches) to the growing regions.
Change with Maturity
All components showed a rapid decrease in nitrogen
early in the growing season followed by a period in which
little change took place.

This pattern has been recorded

in many other studies (McHargue and Roy, 1933; Miller, 1963;
Webster, 1959; Khare, Chokhey, and Ratnaparkhe, 1970; and
others).

Webster (1959) and McKee (1962) noticed that as

leaves mature protein was hydrolyzed and transferred out of
the leaf resulting in a lower nitrogen concentration of the
leaf.

In addition to protein hydrolysis, leaves produced

more cellulose and lignin (both low in nitrogen) as they
matured (Cook, Stoddart, and Harris, 1959).

Nitrogen stress

(Webster, 1959) and water stress (Gates, 1957) could both
cause a reduction of leaf nitrogen.

The lack of significant

amounts of precipitation in spring and early summer may
have created water stress in palo verde and mesquite.
During this dry period plant roots may not have been able
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to absorb adequate nitrogen.

When this situation developed

nitrogen may have been translocated out of the leaves.
Mesquite flowers displayed a consistent decrease in
nitrogen from emergence to abscission (Figure B.l).

This

trend agreed with McKee1s (1962) observations that the
maximum protein content in flowers occurred just prior to
flower opening.

Protein synthesis stopped and hydrolysis

began when flowers opened.

Fruit likewise decreased in

nitrogen but the decrease lagged behind the nitrogen de
crease noted for other plant components because of the
phenology of fruit.

Khare et al. (1970) found that leaf

nitrogen was translocated to developing fruit.

It appeared

that other plant parts also supply fruit with nitrogen.
Change with Climatic Variables
There appeared to be some relationship between
change in plant nitrogen and precipitation.

Leaf nitrogen

of mesquite showed a small increase during June when 1.7 cm
of rain fell (Figure B.l).

Leaf nitrogen concentration on

July 12 was lower and may have been related to a dry period
between mid-June and mid-July.

Almost 9.0 cm of rain was

received during the last half of July and the August 4 leaf
sample showed an increase in nitrogen.

This apparent

response to precipitation may have been a combination of
nitrogen added through new growth of leaves, less water
stress, and increased availability of soil nitrogen.

Both
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leaf nitrogen and precipitation gradually decreased after
August.

In October, storms brought 11.4 cm of precipitation

but leaf nitrogen did not respond; perhaps leaves were
senescent at that time.
Fruit, flowers, and current growth also showed
response to precipitation.

For all these components there

was an increase in nitrogen during August; this appeared to
correlate with summer precipitation.

These components dis

played new growth at that time, presumably in response to
relief from water and nitrogen stresses.
Palo verde shrubs reacted in a different way to
precipitation.

Leaves developed during wet periods and

were shed with the onset of dry periods.

Some leaves were

produced with spring flowering but most leaves did not
develop until the summer rainy season.

High nitrogen values

recorded in late August for palo verde leaves seemed to
represent new leaves that developed in response to the
summer rains.
While temperature and solar radiation were important
controllers of numerous physiological processes in plants,
these two variables were not closely related to shrub
nitrogen content.

Mean temperature was at a maximum during

July, thus yielding no definite relationship to nitrogen
concentration in the plant components under study.

Hemi

spheric solar radiation on a horizontal surface reached a
maximum value in May and slowly decreased throughout the
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summer and fall.

This corresponded to the general pattern

of nitrogen decrease from spring to fall.

From May to

August solar radiation decreased at a steady rate of
approximately 4% per month.

However, for the same period

nitrogen decreased by almost 50% for most components.

It

appeared that when various phenologically related physio
logical processes were initiated, variation in solar radia
tion had only a small effect on the nitrogen concentration
in plant parts.

Although no direct effect of temperature

was measured, it could have had an important indirect effect
in that it affected soil moisture stress.
Conclusions
Nitrogen concentration of plant components of
mesquite and palo verde displayed an unusually high value
during emergence and throughout the growing season.

As

these plant parts matured, nitrogen decreased rapidly at
first and then maintained a relatively steady concentration
throughout the summer and fall.

Minor variations in nitro

gen content during the summer appeared to be related to
precipitation which may have initiated new growth or de
creased nitrogen and water stresses.
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