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ABSTRACT

In the second year of a study to measure distribution of biomass and nutrients in
shrub ecosystems as a function of shrub age, season and environmental variables, fifteen
shrubs each of mesquite (Prosopis julifiora) and palo verde (Cercidium floridum) were
sampled. Seasonal patterns of change in percentage N of leaves in mesquite and palo
verde were observed and appear real. Additional sampling is needed to confirm these
changes and to determine if suspected concurrent changes in N of small branches reflect-
ing translocation is real. Nitrogen content of mulch of the overstory shrub appears
not to vary spatially under the shrub, but that of understory species does. The
understory species may be acting as a bjoassay of variable soil N content with distance
away from the stem of the shrub.

Although 11 percent of N in the above-ground phytomass of mesquite is contained
in the annual plant parts and is therefore subject to seasonal variation, N in the
above-ground portion of mesquite is highly correlated with phytomass. The opportunity
to extend this relationship and estimate N and C fixed in these ecosystems from mensura-
tional characteristics of the shrubs appears good. Special effort will be devoted to
exploration of these relationships during the third year of the project.
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INTRODUCTION

A study of seasonal and annual changes in the distribution and balance of biomass
and nutrients in mesquite (Prosopis juliflora) ecosystems was initiated in 1971 at the
Santa Rita Experimental Range. The study was expanded in 1972 to include palo verde
(Cercidium floridum) at the Santa Rita site, and to sample mesquite on a limited basis
at the Jornada Experimental Range in New Mexico. Five shrubs each of the two species
were sampled on each of three phenological dates; three shrubs of mesquite were sampled
at the Jornada site in August. Twice as many samples of palo verde were collected
as we had originally expected to collect. Although the field work was accomplished
on schedule and with improved efficiency over the previous year, laboratory work has
been delayed because of the increased number of samples for analysis. In 1973, we
anticipate that information gained during the first 2 years of the study will permit
us to refine our sampling techniques and reduce the Taboratory work.

OBJECTIVES

The objectives of this study are to measure the distribution and balance of
biomass and nutrients (carbon and nitrogen) in the regime of important desert shrub
ecosystems, specifically mesquite (Prosopis juliflora) and palo verde (Cercidium
floridum).

Specific objectives are:

1. To determine the influence of shrub age on distribution of biomass, and on
distribution and baiance of nutrients in individual shrub ecosystems.

2. To measure seasonal changes in biomass, and in distribution and balance of
nutrients in individual shrub ecosystems.

3. To determine the effect of macro-environmental factors (precipitation,
temperature, radiation}, which vary yearly, on increment of biomass and
nutrient distribution.

METHODS

Size data of shrubs (DSCODE A3UKBO1) were accumulated by measurements collected
three times yearly on five randomly-selected shrubs of each species,representing the
population of size classes available. Above-ground biomass of shrubs (DSCODE A3UKBO02)
was determined through collections made three times yearly on five randomly-selected
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shrubs of each species, representing the population of size classes available. Weight
was obtained to determine biomass/shrub. Samples were prepared for laboratory analysis.

Collections of root biomass associated with shrubs (DSCODE A3UKBO3) were made three
times yearly from five randomly-selected shrubs of each species,representing the
population of size classes available. Weight was taken to determine biomass/unit
volume. Samples were prepared for laboratory analysis.

Collections of understory vegetation of shrubs (DSCODE A3UKBO4) were made three
times yearly under five randomly-selected shrubs of each species,representing the
population of size classes available. Standing dead and Tlive material were separated
and weighed to determine weight/unit area, then prepared for laboratory analysis.

Collections of mulch under shrubs (DSCODE A3UKBO5) were made three times yearly
under five randomly-selected shrubs of each shrub,representing the population of size
classes available. Mulch of mesquite and other vegetation was separated and weighed to
determine weight/unit area, then prepared for laboratory analysis.

Analyses for total nitrogen by the Kjeldahl method (Bremmer, 1965) and for organic
carbon by the dry combustion method (Allison, Bollen and Moodie, 1965) using a LECO
high-frequency induction furnace, were run on above-ground biomass (DSCODE A3UKBO6),
understory species (DSCODE A3UKBO7), mulch (DSCODE A3UKBO8) and soil (DSCODE A3UKB09).

RESULTS AND DISCUSSION

Results of second-year sampling for nutrient content of plant parts of mesquite
(Table 1) give us no reason to alter earlier observations (Klemmedson and Smith, 1972)
regarding nitrogen content of plant parts and variations as a function of sampling
period. Seasonal trends in N content of leaves, current branches, and perhaps branches
less than 1 cm diameter, appear to be real and to have biological significance. Bi-
weekly sampling was initiated in May to gain more information on the trend of N content
in leaves and current branches. The data for leaves of mesquite and palo verde (Figure
1) show a fluctuating pattern for percentage leaf N between the periods of leaf initia-
tion in the spring and the summer rainy period, followed by a steady decline into fall
and winter periods. Further analyses are needed to determine if the spring and summer
fluctuations are associated with precipitation patterns. The fall decline is likely a
combination of translocation and losses by Teaching and/or oxidation.

Seasonal differences in N content of larger branches (> 1 em) and dead wood are
difficult to rationalize biologically and must be attributed to sampling variation at
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Table 1. Percentage nitrogen in plant parts of mesquite and palo verde by seasons

Mesquite Palo Verde Significance
+ of

Plant Part 5-71 9-71 2-72 5-72 2~72 5-72 Differences

_______________________ G i e
Flowers 3.67" ----  ~=-- 3.6 ———— 3.35
Fruit mmmm mmee e 470 ———— 3.55
Leaves 3.30 2.83 2.25 3.09 ———— 3.94 *
Current Branches 2.28 1.98 2.15 1.9% 2.56 3.08 *
Branches < 1 cm 1.20 1.5 1.78 1.58 1.61 1.62
Branches > 1 cm 1.09  1.3¢ 1.14 1.12 .76 1.25
Dead Wood .83 1.00 .98  1.15 .90 0.86 *

*
Species difference significant at o
+Except for flowers and fruit, all values are means of five samples.

++Month and year.

= .05; other species differences were non-significant.

Table 2. Distribution of nitrogen in above-ground phytomass of mesquite

Branches
Year & Season Leaves Flowers Fruit Current <lcm >lcm Dead Wood
__________________________________ G e e e
1971 Spring 17.8 0.3 — 0.1 21.4 38.7 21.1
Fall 6.8 ——— ———— 0.6 21.9 45.6 19.4
1972 Winter 1.0 - ———— 1.0 29.5 45.9 22.3
Spring 10.8 0.1 0.4 0.7 13.7 49.4 25.0
Mean 10.6 0.1 <. 01 0.6 21.7 44.9 22.0

this time. Paired t-tests show that leaves and current growth of palo verde were

significantly higher in the spring of the year than those of mesquite (Table 1).
Data in Figure 1 suggest this difference is maintained throughout the year. The sig-
nificant difference in N content of dead wood for the May 1972 sampling period is

highly suspect for reasons given above.

Fruit were produced on both mesquite and palo

verde this year, yié1ding high but extremely variable N content between plants.

Data for 20 shrubs show that N in the above-ground phytomass of mesquite is

largely tied up in woody tissues.
about 11 percent (approximately 60g) of the N in above-ground phytomass was contained

in leaves, flowers and fruit (Table 2).

For the average-size mesquite shrub sampled,

Even so, this is about twice the amount of
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N contained in similar plant parts in 50-year-old pole size ponderosa pine (Welch, 1973).
The relatively high percentage of N contained in these annual plant parts can be attri-
buted both to the amount of tissue, relative to total phytomass, and to the high percent-
age of N content of the tissues.

6
5
LEAF 4 T R
NITROGEN, pala warle
% 3 .\“\ bt ”l.‘““‘--.. I
M- . .-——h-'"'_‘""-——..._. ______
2 mesquite
]
0 | 1 1 | 1 | |
may jun jul aug sep oct nov
TIME

Figure 1. Percenta?e nitrogen in leaves of mesquite and palo verde as a function
of time (DSCODE A3UKBO6).

Because of the annual and seasonal differences in percentage N of plant parts
which appear to be showing up (Table 1), the percentage distribution of N can be ex-
pected to vary also with season. Real trends in distribution of N are suggested
for leaves, current branches, and perhaps for branches less than 1 cm diameter (Table
2), even if we account for the fact that these data are not adjusted for differences
in shrub size. Because each value in the table is the mean of only five shrubs sampled
at random within size class, part of the variation must be attributed to sampling
variation.

Despite the fact that concentration of N in plant parts varies from shrub to
shrub and at least 11 percent of the N in above-ground phytomass may be subject to
seasonal fluctuations,the quantity of N in the phytomass is highly correlated with
above-ground phytomass as shown by the regression in Figure 2. This suggests that
good estimates of N in the phytomass can be made if the above-ground phytomass is
known. A similar regression equation (Y = -.109 + 0.413 X, where Y is kilograms of
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carbon and X is kilograms of phytomass) can be used to estimate the amount of carbon
fixed in mesquite shrubs. Since carbon in plant tissues is quite stable, it is not
surprising that the correlation coefficient is near 1.0 (r = .99). If a regression
between some mensurational characteristic of shrubs and their phytomass could be
developed with high predictability, much of the tedium of field and laboratory

work could be eliminated in determining the quantity of N and C tied up in shrub

ecosystems.
3..

PHYTOMASS 3 .

NITROGEN,
kg > :
1+ ' Y=-.,006 +.0124 X
r=.988
] . ;

00 ) 100 200

PHYTOMASS, kg

Figure 2. Quantity of nitrogen in the above-ground phytomass of mesquite as a
function of phytomass (DSCODE A3UKBO6).



2.3.1.1.-7

The depth function of percentage soil N for the mean of ten mesquite shrubs (Figure
3) is expected from data presented last year showing decreasing amount of N in mulch with
distance away from the shrub center (i.e. impact of mulch chemistry should be expressed
in the soil). The trend for soil carbon is similar. The influence of canopy position
is greatest in the surface 5 cm and decreases with depth. With distance away from the
center of the shrub, the decline in percentage N with depth deminishes. The signifi-
cance of difference between canopy positions, particularly at the 30-60 cm depth,
is uncertain. As this pool of data increases, analyses will be performed to determine
the effect of shrub size on shape and position of the depth function for each canopy
position. An hypothesis for current investigations is that depth function for N and
C may be predictable from shrub size and mulch characteristics. If this hypothesis is
true, we should be able to greatly simplify soil sampling during 1973.

SOIL NITROGEN, %

00 .02 .04 .Op ,Op
20}
DEPTH,
cm
40+
bOr

Figure 3. Soil nitrogen as a function of depth and canopy position (i.e. distance
from stem to canopy edge). DSCODE A3UKBO9.
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Table 3. Percentage nitrogen in mulch of mesquite and palo verde ecosystems as a
function of species of mulch and canopy position

Species of mulch Distance from Stem to Canopy Edge
1/3 2/3 3/3 4/3
Mesquite 1.61 1.59 1.55 1.58
other spp. 1.31 1.28 1.13 0.87
Palo verde 1.13 1.27 1.22 1.33
other spp. 1.18 1.07 1.05 0.84

Limited data in last year's progress report suggested a possible trend in percentage
N of mulch (both for mesquite and other species) as a function of canopy position.
Additional data, although not subjected to statistical analysis as yet, suggest that
canopy position has no effect on percentage N of mulch from the shrub (either mesquite
or palo verde), but that mulch of other species (understory shrubs, herbs and succulents)
is higher in nitrogen near the shrub center and declines with distance away from the
shrub (Table 3). This effect is apparent for both mesquite and palo verde. It suggests
that understory vegetation is acting as a biocassay of soil N conditions under the shrubs,
and that the effect is still measurable in the mulch. If so, it confirms the observation
of higher soil N under mesquite noted here and elsewhere (Tiedemann and Klemmedson, 1973a)
and it's higher availability to plants (Tiedemann and Klemmedson, 1973b). Although species
dififerences have not been tested, the data suggest that mulch associated with mesquite is
higher in percentage N than that associated with palo verde; a surprising though uncon-
firmed result in view of data in Table 1 and Figure 1.

EXPECTATIONS

Work during the calendar year 1973 will proceed with approximately the same sampling
objectives as those for the past year. However, we recognize the need to lighten the
Toad of Taboratory work which we encountered the past year by adding palo verde to the
study. We feel there are good opportunities to reduce the field and Taboratory work
without sacrificing the Tntensity of sampling appreciably. There is a good possibility
of reducing the soil sampling if depth functions for N and C can be developed with
sufficient precision that we can predict with reliability the nutrient content of
Tower soil layers from the 5-15 cm value. The opportunity for this appears promising.
Similar techniques will be examined to refine the determination of biomass. Development
of these relations will not only improve the efficiency of this project, but provide
methodology for estimating distribution of nutrients and biomass on an areal basis.

If these economies in sampling and analysis can be achieved, we stand a chance to
include in the 1973 program the chemical analysis of mesquite and palo verde on the
Silverbell site and perhaps other species of interest to the Biome project.
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ABSTRACT

Rates of shoot growth and litter fall were qualitatively and quantitatively
related to phenological development of Artemisia tridentata, Atriplex confertifolia
and Burotia lanata and climatic patterns in Curlew Valley, Utah. A dry spring and
summer caused a truncation of the growth periods and twig dimension increases with
most of the populations not completing the reproductive cycle in 1972. Shedding of
the large spring leaves was earlier and greater than observed in previous years.
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INTRODUCTION

Previous Desert Biome studies by Caldwell and West obtained information on nutrient
pools in vegetation and soils (West, 1972) and photosynthesis and transpiration (Caldwel]
et al., 1972} by major species of cool desert areas. This earlier research suggested
that shoot and leaf growth and litter fall patterns of dominants should be better
known to explain the primary production, transpiration, and nutrient cycling processes
in these ecosystems. Accordingly, phenology and Titter production studies were con-
tinued from 1971. An attempt to measure stem and twig growth was added during 1972.

OBJECTIVES

To qualitatively and quantitatively interrelate the rates of shoot growth and
Titter fall with phenological development of Artemisia tridentata, Atriplex confer-
tifolia and Burotia lanata in Curlew Valley, Utah.

METHODS

Three sites were chosen on the west side of Curlew Valley. These Jocations all
occur within the same square mile (Section 15, T. 13N., R. 11 W.) of the valley
bottom with less than 2 m elevation difference between sites (Fig. 1). These sites
were chosen because of prior data being available on soil physical and chemical
characteristics (Gates et al., 1956; Mitchell et al., 1966; Bjerregaard, 1971),
climate, soil moisture, plant phenology (Gasto, 1969) and plant-water relations
{Moore, 1971; Love and West, 1972).

Phenology and twig growth were measured on a random set of ten tagged plants
in nearly pure stands of each species. On each selected plant a set of four twigs
was located in randomly-selected portions of the crown hemisphere. Not only was
direction randomized but also height and depth into the crown figured into the pos-
sibilities for selection. Phenology was scored by methods developed by West and Wein
(1971) (DSCODES A3UW104 and A3UW120). Dimensions were schematically recorded monthly
(Fig. 2). Herbarium specimens of twigs in various phenological phases were collected
to serve as references for our numerical ratings. Selected photographs of twigs
were taken.
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Wood increments over past seasons were to be estimated from growth rings,

examined from a set of two Artemisia and Atriplex individuals with well-developed

trunks sampled in the same locality of our other studies. An attempt was made to

assess the progression of current stem growth by inserting insect mounting pins into

the cambium monthly and observing the depth to scar tissue (Wolter, 1971). The
irregular form of the stem precluded plans to use vernier band dendrometers (Ferguson,

1964).

Seasonality and amount of Titter fall was determined from collections made in
nylon mesh enclosures (Fig. 3) following suggestions from Mack (1971) (DSCODE A3UW105).
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Figure 1. Sketch map of. Curlew Valley sampling points. Site #1 - Atriplex confertifolia;
Site #2 - Eurotia lanata; Site #3 - irtemisia tridentata.
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Curlew Valley Shoot Growth Measurement Date 9-1-72
Species: Artr Atco Eula Plant # 10
tag: R B Lat. spine (s)

Flower (s)
F1. bud (s)

Fruit

Surface

Anomalous dev.
Shoot length 7.0 cm.

Nodes

Leaves

15

Rosettes

Lat. shoot
Term. bud (
Lat. bud (s
Term spine

s)
)

(
S
)
(s)

Repr.

shoots 2

SYM

Figure 2.

BOL CODE
Node

oo
Meristem =

Spine

Bud (vegetative) O

Gall )
&

Exudate

Example of the recordin

Flower bud
Flower

Fruit

Leaf

Rosette

Dead structure

L preceded by no.
R preceded by no.
(over part)

g scheme used for quantifying morphological development

of the three shrubs. Modified from Wallace and Romney (1972).
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Figure 3. An example of a litter trap around an Eurotia lanata plant in Curlew
Valley, Utah.

RESULTS

Figure 4 summarizes the phenological patterns for 1972 (DSCODE A3UWI04). Table
1 summarizes shoot growth rates (DSCODE A3UW120). Litter production {on a shrub
volume basis) is given in Table 2 (DSCODE A3UWI05). To get the full response from
stem growth rings, we had to wait until well after the end of the growing season
to cut down the plants marked with pins. The analysis of growth rings and scar tissue
was in progress at the time of report submission. The results will be reported in
the 1973 annual report.
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Artemisia tridentata

100

50

1

Atriplex confertifolia

100

3
Q

@]

Eurotia lanata

Percent of the Population

100

50r

Mar.  Apr May

Phenological Stages Atriplex confertifolia and Eurotia lanata

Artemisia tridentata
winter dormancy

Stage
#
regreening of Teaves and apical Teaf buds swelling

post dormancy quiescence

2 = swelling leaf buds m = twig elongation
3 = emergent leage new leaves on vegetative branches; vegetative stem
and leaf growth % = floral buds developing
4 = reproductive shoots initiated
= flowers opening
5 = reproductive shoots and bud growth; ephemeral leaves on reproductive :
shoots; spring leaves shed
. K . :} = fruit developing (male flowers dying)
6 = reproductive shoots full size; flower buds developing; 1ittle
vegetative growth ~ .
\\Q&\% = showing first summer dormancy; spring leaves shedding
7 = winter dormancy; death of reproductive shoots (no fruits formed) N
CLrs s o § 5 .
2222222 fruit disseminating

Figure 4. Proportion of Curlew Valley shrub population in a given phenological
stage during 1972,
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Table 1. Shoot growth data, Curlew Valley, 1972 {A3UW120)
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Artemisia tridentata Avg. # of

Avg. # of live live repr.

Avg. shoot Avg. # veg. lateral lateral Sample

length (cm)  nodes/shoot branches/shoot branches/shoot size
Mar. 6.3 9.8 0.4 0.0 36
Apr. 6.4 10.2 0.6 0.0 36
May 8.1 11.9 2.8 0.4 35
June 8.5 13.1 3.2 0.9 33
July 8.6 13.1 4.1 1.0 31
Aug. 8.8 14.3 5.6 1.1 31
Sept. 8.8 17.1 5.8 1.0 29
Oct. 8.7 17.0 5.7 1.0 27
Nov. 8.6 14.2 4.5 0.2 26

Eurotia lanata
Mar. 8.6 13.1 0.0 0.0 37
Apr. 8.6 13.1 0.0 0.0 37
May 9.5 13.4 0.8 1.7 35
June 9.5 13.4 0.8 1.8 34
July 9.5 13.4 0.8 1.8 34
Aug. 8.7 18.4 1.4 2.5 25
Sept. 7.7 16.8 2.2 2.4 18
Oct. 7.2 16.2 2.0 2.1 16
Nov. 8.3 16.3 1.9 2.3 14
Atriplex confertifolia

Mar. 7.7 3.4 0.1 0.0 40
Apr. 7.5 3.4 0.2 0.0 39
May 7.9 4.0 0.9 0.3 35
June 7.8 4.6 1.7 0.5 31
July 8.0 6.9 2.1 0.1 29
Aug. 7.8 8.3 2.1 0.1 27
Sept. 7.7 8.1 3.1 0.0 25
Oct. 7.6 6.6 2.7 0.0 24
Nov. 7.6 6.6 2.4 0.0 24
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DISCUSSTION

A11 of the processes studied were markedly affected by the prevailing climatic
patterns of the year (Fig. 5). A dry spring and summer caused earlier and greater
total leaf shedding than has been observed in previous years.

In all three species maximum shoot length was attained in late dJune to early
July. In Artemisia tridentata maximum sheot length occurred at the time when flower
buds were developing on reproductive shoots. Similarly, Eurotia lanata reached
its maximum mean shoot length during the period of floral bud development. In
contrast, Atriplex sonfertifolia veachad its maximum shoot length later during
the fruit development stage. '

The subsequent reduction of shoot length and total nodes during August for
Atriplex confertifolia and Burotia lanata and during October for Artemisia tridentata
is due to breakage of twigs and browsing by rabbits, particularly on EBurotia.
Considerable evidence of webworm activity was noted during both litter sample and shoot
growth observations in 1972. Flowering of all three species was less and seed pro-
duction was lower than observed previously. Big sagebrush showed very little repro-
ductive activity with few flowers and fruits and much twig and some plant mortality.
The site studied is on the xeric Timits the species will tolerate in Curlew Valley.
The volume of standing dead material in the stand reflects the high mortality the
community periodically sustains.

High standard deviation values occurred for data of the stem and floral structure
litter of all three species. This is a reflection of the low amount of reproductive
activity during the 1972 season. The high standard deviation values for the leaf
Titter of Purotia,. especially during May and June, correspond with the timing of
peak rabbit populations in adjoining areas in Curlew Valley (C. Stoddart, personal
communication). Rabbit activity was noted inside the Eurotia Titter traps and it
is Tikely that their movements within the traps would enhance stem breakage and thus
litter accumulation.

The unseasonably snowy and cold winter filled the Titter traps with snow and ice.
The traps could not ba cleaned out until March T without damage to the traps and
plants. A partial thaw in February caused overland flow of water on the frozen
surface. This is the first time investigators have observed this phenomenon on these
sites. The effectiveness of the snow melt on soil moisture was not as great as was
expected (Caldwell, 1973).
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Graphing of phenological indices (West and Wein, 1971) was also done. However,
small sample size coupled with only a small percentage of the plants compieting the
reproductive cycle gave unreasonable trendsto such graphs. Since the phenological
index technique is based on the mean phenolegical stage of all plants on a given
date, the values for the 1972 season would have been unrepresentative of either
that portion of the population remaining vegetative or the small portion which

was reproductive.

A1l of these idiosyncrasies of the data due to climate causes us to question
the extrapolation of these data. Phenology, growth and Titter studies will be carried
out again in 1973 in hopes of getting a longer set of these data contributing to
better averages and determinations of climatic influences. Means for recording the
data into computer compatible form have been developed.
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ABSTRACT

Gas exchange, assimilate partitioning and fate in several species of desert shrubs
were measured as a function of season and environmental variables at the Nevada Test
Site in the northern Mohave Desert.

Gas exchange rates were determined using a Siemens null-point gas exchange apparatus
(Part I) and assimilate partitioning by incorporation of ]4602 and subsequent whole
shrub excavation (see Parts II, III, IV). Tests were done on plants in Rock Valley
under natural field conditions and at Mercury under natural and manipulated conditions.

Species specific differences in gas exchange rates in relation to temperature and
moisture regimes were measured. Drought-deciduous species, Ambrosia dumosa {Gray) Payne,
Iyciun andersonii Gray and Lyeiunm pallidum Miers had higher maximum rates and greater
water loss than the evergreen, Larrea divaricata (Ses. & Moc. ex DC.) Cov., and summer
green, Krameria parvifolia Benth., species. Moisture status was the most critical factor
determining gas exchange rates and affected temperature optimums and acclimation as the
season progressed. Due to a dry spring season, the drought-deciduous species became
dormant in late May-early June; the other two species by mid-June exhibited a small
positive 602 uptake during the morning period.

With adequate moisture, 4. dumosa, K. parvifolia, and L. divaricata continued active
photosynthesis throughout the summer. 4. dwnosa and L. divaricata plants not watered
after June 1 did not show any large differences by mid-August in photosynthesis or
transpiration compared with watered plants, although there was a greater increase in
tissue water potential.

In terms of modelling either photosynthesis or productivity, our data for the past
two years indicate a system which is highly responsive to moisture, time of year, and
temperature regimes. Desert plant species, with few exceptions, are extremely labile and
exhibit large variability and different adaptive strategies.

Abstracts for Parts II, III and IV can be found as follows:
Part Il.eincroinnerinennnenincannanns Page 2.3.1.3.-29

Part IlT.. . ieriiin e iiiinen e icnnnnns Page 2.3.1.3.-34
Part IV, oo einneinneiineniennnnnnns Page 2.3.1.3.-42
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INTRODUCTION

This project is a continuation of a study started in 1971 of gas exchange rates
and assimilate transport in Mohave Desert shrubs. These rates are being determined
for relationships to net photosynthesis, productivity, and partitioning and subsequent
utilization of assimilate. This study is a combination of two previous studies. We
are peasuring rates for a second year on undisturbed plants under natural field con-
ditions of moisture, temperature and radiation, and on plants with manipulated condi-
tions of moisture. In 1973 we expect to continue measuring gas exchange rates, but
will devote more effort to below-ground processes as affected by above-ground activities.

Information generated in this study will provide material for equations of rate
processes in developing models of net photosynthesis and productivity in desert eco-
systems and for input in a generalized model of the plant productivity component. Due
to the great differences measured in the last two years, we expect a minimum of several
years necessary to document changes. Our study is being coordinated with that of M.
Caldwell on Great Basin shrubs and with the work on cacti by I. Ting in California and
D. Patten in Arizona.

OBJECTIVES

During 1972 our primary objectives of measuring rate changes in various physio-
logical processes were carried out and continued from 1971. During 1972 our specific
objectives were:

1. To continue determining rates of net photosynthesis and transpiration water
loss of undisturbed plants under field conditions with natural and manipulated
conditions throughout the season.

2. To determine assimilate transport and subsequent utilization by desert shrubs
on a seasonal basis.

3. To determine nutrient status of the important perennials in relation to season.

In connection with the objective on assimilate transport, additional information
was developed on root biomass on a vertical incremental basis and on the relationship
of root biomass to total shrub biomass.

Several objectives proposed in 1972 were postponed or deleted due to weather con-
ditions or changes in the experimental design. Studies on annuals were not initiated
in 1972 due to late germination and poor growth and survival of the scanty annuals.
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Only the manipulated effects of water status on gas exchange at Mercury was initiated
during 1972, since the number of tests which could be accomplished in the Siemens
chamber is Timited.

METHODS

Gas exchange determinations were done on five desert shrubs under natural field
conditions at Rock Valley, Nevada Test Site. This area is a Desert Biome Validation
Site and its characteristics are given in the Rock Valley Validation Site Report
(Turner, 1972). Location of the area where plants were tested is 120 m southwest of
the weather station on the validation site and abiotic data from both the U.S. Weather
Bureau Station and IBP Station I are applicable to the test area (Data Sets A3UTJO1,
A3UTJ02, A3UTJ07).

Plant species tested were dmbrosia dumosa, Krameria parvifolia, Larrea divaricata,
Lyeiun andersonii, and Lycium pallidum. These five species make up 91% of the biomass
on the validation site (A3UTJ25). A. dumosa and L. divarieata form the most widespread
plant association in the Mohave Desert and characterize the majority of the Rock Valley
vegetation.

Gas exchange was measured using a modified null-point Siemens chamber (Koller, 1970).
Use and description of this system are given in the 1971 Progress Report (Bamberg and
Wallace, 1972). The system simultaneously measures CO2 exchange and transpiration of
enclosed plants while maintaining constant conditions of temperature, humidity and 002
concentration of circulating air in the chamber. The chamber also can be set to approxi-
mate ambient conditions. Transpiration is given in g Hzﬂ/g dry wt/hr and photosynthesis
and respiration in mg 602/9 dry wt/hr (A3UBDOT, A3UBDO2).

Water status and temperature of soil were measured using thermocouple psychrometers
at 15 cm and 30 cm depths (A3UTJO8, A3UTJ09). Radiation was measured in g cal/ cmzfmin
using a Belfast recording pyrheliometer. Other measurements at the meteorological station
used for this study were precipitation and air temperature (A3UTJ12, A3UTJ06).

Plant water tissue potential was determined after May 1 with a pressure bomb
(Scholander et al., 1965; Boyer, 1969). Phenology of the species was recorded at two
areas on the validation site (A3UTJ22 - tentative).
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In Mercury two series of 4. dumosa and L. divaricata plants were set up in an
artificial plot in March, 1971. Plants started from cuttings in the glasshouse were
transplanted to an outdoor garden in Mercury in March, 1972. For estab]isﬁment, all
transplants were watered until May 1, at which time the two moisture series were started.
One series was Teft under normal soil moisture conditions after the first week in May.
The second series was watered once a week so that soil moisture stayed at a relatively
high level throughout the summer. These plants were tested from mid-July through August
for gas exchange, temperature acclimation and water use efficiency during the summer
season. Radiation and soil and plant tissue water potentials were measured as in Rock
Valley.

Computation has been completed on all the 1972 data for the gas exchange rates
for individual tests, but at present the analysis in terms of determining correlation
and/or regression of the gas exchange rates with the appropriate environmental factors
is not complete. Mineral analysis, including nitrogen, of plants has been completed,
but was not analyzed in time for inclusion in this report. The results presented
here are those available at the time of this report.

RESULTS AND DISCUSSION

ROCK VALLEY (A3UTJ02, A3UTLO8, A3UTJO9, A3UTJ12)

Abiotic

Air temperatures in Rock Valley for the first seven months of 1972 are illus-
trated in Figure 1. Soil moisture and temperature at two depths and precipitation are
shown in Figure 2. 1In contrast to 1971, Rock Valley did not receive an effective rain
from January through July. The drying trend is exhibited by soil moisture. Light
rains in early June did not have a significant effect on the water status of the soil,

nor was there a measureable decrease in plant tissue water potential.

992 exchange (A3UBDO1, A3UBDOZ)

The basic pattern of diel 002 exchange of 4. dwmosa is illustrated in Figure 3 as
a representative example. Uptake of 002 started at a relatively high rate and peaked
between 0800 and 1200 hours. The rate of CO2 uptake then tapered off until dusk. No
midday depressions and subsequent late afternoon peaks, as reported by other workers
(Strain, 1970; Lange et al., 1969), were observed. Respiration remained low throughout
the night. The highest rates of CO2 loss as respiration occurred in early evening and
decreased gradually throughout the night.
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Interspecific differences in net diurnal photosynthesis were noted within the same
season (Table 1). Actual periods of time for daily CO2 uptake or release are given in
Table 2. Deciduous plant species (4. dumosa, L. andersonii and L. pallidum) had
higher rates early in the season and maintained a higher rate than evergreen species
until Teaf abscission. Evergreen species under the field conditions of this season
never attained high rates and by mid-June had only a small net photosynthesis. We
assume no significant photosynthetic activity until rains in mid-August of 1972.
Seasonal variation in net diurnal photosynthesis was exhibited by all species (Figures
4-8).

Table 1. Gas exchange rates of desert shrubs at different seasons in the Rock Valley
DSCODE—-A3UBDOT, BDO2

March April April May May June  June
Species 15-31 1-14  15-30 1-14  15-31 1-14  15-31
Larrea divaricata day 10.1% 5.3 1.2 0.4
night -2.3 -1.5 - -
Krameria parvifolia day 5.7 6.4 3.0 8.9 4.1 1.3
night - - 1.1 - -0.5 -0.6
Ambrosia dumosa day 36.2 17.0 dormant
night 2.2 -1.6
Lycium andersonit day 44.4 14.5 9.3 dormant
night -3.9 - -1.6
Lyeium pallidum day 26.9 3.3 dormant
night ~2.3 -1.3

*mg COZ/g dry wt/hr

Table 2. Temporal breakdown of gas exchange activities of shrubs in Rock Valley

DSCODE—A3UBDOT*
Time (hr)

Net Night
Date Photosynthesis Respiration
3-15-72 11.5 12.5
4-01-72 12 12
4-25-72 13 11
5-02-72 13 11
5-12-72 14 10
6-05-72 14 10

*in mg C02/g dry wt/hr uptake or release.
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are as in Figure 4.

Figure 9 illustrates the effect of temperature on the CO2 exchange of L. andersonii
at three times during the spring. The responses of all plants subjected to temperature
manipulation at various times during the season are shown in Table 3.

During the study period, soil moisture as well as temperature affected the net
photosynthesis of desert shrubs. Fig. 10 illustrates the effect of these factors on
the CO2 exchange of K. parvifolia. It exhibits a changing temperature optimum for maxi-
mum uptake and thermal compensation and a lowered net CO2 exchange as soil moisture
tensions increase in late season.
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Figure 9. Effect of chamber temperature on daytime gas exchange (COp uptake) of Lyciwm
andersonii at different seasons in Rock Valley.

Table 3. Effect of chamber temperature on gas exchange of desert shrubs in Rock
Valley, 1972. DSCODE—- A3UBDO1, BD02

Temperature ( €) 15 20 25 30 35 40 45
Species Date mg COz/g dry wt/hr
Larreq 3-21 - 11.0 10.8 10.5 - 3.3 0.0
divaricata 5-10 7.7 7.0 5.0 2.6 -- 0.0 -~
6-02 -- -~ 1.9 1.2 0.6 0.0 -1.0
Ambrosia 3-23 32.3 -- 38.8 33.1 - 8.4 --
dumosa 4-28 19.2 - 20.6 15.8 5.4 0.5 --
Krameria 5-12 -- 10.0 5.1 2.7 0.0 ~4.5 --
parvifolia 5-31 -- - -- 8.9 4.0 0.9 -3.2
6-06 -- 3.0 3.1 3.7 3.1 1.8 0.0
6-15 - 3.6 3.6 2.2 2.0 0.0 --
Lycium 3-15 34.0 53.2 40.5 39.4 - 10.7 0.0
andersonii 3-31 -~ - 11.5 11.5 - 4.5 -12.2
4-26 12.2 9.3 7.9 4.3 0.0 0.0 -
Lyciun 3-17 34.8 33.5 32.8 30.2 - 12.0 -~
pallidum 5-03 -— - 10.3 3.9 -- 0.0 -~
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Krameria parvifolia

Gas exchange of Krareria parvifolia as related to soil moisture and cham-
ber temperature. Krameriq exhibits a definite shift in optimum CO2 uptake
toward a higher temperature in Tate spring as Tong as soil moisture is
adequate (Tess than -50 bars). At higher soil moisture tensions the op-
timum net CO» uptake again shifts to below 25 C.
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Water use (A3UBDOT, A3UBD0?)

Seasonal fluctuations in transpiration and water use effeciency for desert shrubs
(Ps/Tr), in relationship to phenology, are shown in Figures 4 - 8. A1l species except
K. parvifolia show both a decreasing transpiration rate and water use efficiency as
drought increases. k. parvifolia is the last plant species to flower and retains leaves
throughout the summer. Although seasonal differences in rates are measured, relation-
ships to phenology are not clear in this season when there was a severe late drought
(Caldwell et al., 1972).

Of the plants tested, the three deciduous species had linear relationship between
temperature and transpiration rate when moisture was adequate. Transpiration increased
as temperatures of the chamber were increased to the point where CO2 uptake ceased.
However, both I. divaricata and X. parvifolia (Table 4) restricted transpiration between
35 C and 45 C and transpired at slower rates than below 30 C or above 45 C. This is
an evident adaptation to efficient gas exchange and water use at high summer temperatures.

The drying trend for the first 6 months of 1972 was reflected by the plant tissue
water potentials (Table 5). Both L. divaricata and X. parvifolia exhibited a strong
tolerance for high tissue water potentials.

Table 4. Effect of chamber temperature on transpiration rates of desert shrubs
in Rock Valley, 1972  DSCODE——A3UBDO1, BDO2

Temperature {(c) 15 20 25 30 35 40 45
Species Date g HZO/g dry wt/hr

Larrea 3-21 0.0 -~ 1.4 2.5 -~ 3.1 2.8
divaricata 5-10 0.0 0.5 0.6 0.6 -- 1.0 --

6-02 -~ -- 0.2 0.3 0.3 0.3 0.3
Krameria 5-12 -- 0.1 1.1 1.5 1.6 1.5 --
parvifolia 5-31 -~ -- -~ 1.1 1.0 0.7 0.5

6~-06 -- 0.0 0.3 0.8 1.3 1.0 0.8

6-15 -— 0.0 0.4 0.8 0.8 0.7 --
Lycium 3-15 0.2 5.3 3.7 4.8 -- 8.3 9.4
andersonii 4-26 -- -- 3.5 2.4 2.7 1.7 -
Lycium 3-17 -- 2.2 4.0 5.2 -- 6.8 --
pallidum 5-03 -- -- 1.1 2 -~ 1.8 --
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Table 5. Plant tissue water potentials for desert shrubs in Rock Valley and
Mercury, 1972 DSCODE— A3UBDO1, BDO2

Krameria Ambrosia Larrea Lyeium Lyetum
Site/Date parvifolia dumosa divaricata andersonii pallidum
Rock Valley negative bars
5-01-72 48 39 51 41 44
5-09-72 51 40 54 47 44
5-31-72 63 56
6-01-72 62 47 63 52 51
6-06-72 65 dormant dormant
6-12-72 66 dormant 63 dormant dormant
6-19-72 12 dormant 65 dormant dormant

*

Mercury w] um-.r2 wWoounw
7-14-72 48
7-18-72 42
7-19-72 43
7-20-72 35
7-24-72 27
7-25-72 43
7-26-72 43
8-02-72 43
8-04-72 57
8-21-72 35

* 1 = watered, 2 = unwatered

MERCURY (A3UBDO1)

Abjotic

Soil moisture and temperature conditions for watered and unwatered soil
underneath shrubs in Mercury Valley are presented in Figures 11-12. Data from the un-

watered plot show the effect of a 3 cm rain on August 12, 1972.

€0,_exchange

Diel CO exchange for watered and unwatered I. divaricata and A. dumosa plants was
determined (F1gs 13 - 14), and daily CO, uptake patterns were similar to those found
in Rock Valley.

No consistent differences in net diurnal photosynthesis were noted between watered
and unwatered plants (Table 6). Small differences in gas exchange rates in the two
series of plants are related to the earlier watering regime for plant establishment and
the effects of the rain in early June as mentioned above. The effects of this watering
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and the natural precipitation were to keep moisture conditions favorable for both

L. divaricata and A, dumosa, as both soil potential and tissue water potential measure-
ments indicate. Plants were under only slight moisture stress by mid-August when a

3 cm rain again lowered soil moisture potentials (Table 5). The results of the
temperature compensation experiments on watered and unwatered plants are listed in
Table 7. 1In general, 4. dumosa exhibited higher rates of CO2 uptake than did L.

divaricata.
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Figure 11. Soil temperature and moisture at 15 cm and 30 cm under shrubs in artificial

watered plots in Mercury for July and August, 1972, Graphic representations
as in Figure 2.
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Figure 12. Soil temperature and moisture at 15 cm and 30 cm under shrubs in naturally
watered plots in Mercury for July and August, 1972. Graphic representations
as in Figure 2.
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Table 6. Photosynthesis, transpiration and Ps/Tr ratios for Iarreq and dmbrosia
from watered and unwatered plots in Mercury, 1972 DSCODE—-A3UBDO1

Photosynthesis Transpiration

Species/Date mg C02/g dry wt/hr g H20/g dry wt/hr Ps/Tr

W 1* 2

ater status W unw W unw w unw
Larrea

divaricata

7-17-72 2.0 1.5 1.3

7-18-72 2.3 1.5 1.5

7-19-72 3.9 1.9 2
7-25-72 5.0 1.9 2.6
7-27-72 4.6 1.2 3.8

8-04-72 1.5 0.7 2.2
8-08-72 5.8 1.5 3.9
8-16-72 4.9 3.0 1.6

8-21-72 6.7 2.9 2.3

8-22-72 7.6 4.4 1.7
Ambrosia

dumosa

7-20-72 9.6 4.2 2.3
7-24-72 1.2 5.8 1.9
8-03-72 2.3 0.8 2.8
8-09-72 8.0 6.9 1.2
8-17-72 4.3 3.7 1.2

8-23-72 4.6 4.0 1.1

*1 = watered, 2 = unwatered

Water use

Table 6 lists transpiration and Ps/Tr values for watered and unwatered plants.
Differences may be due to individual variation and do not seem to be related to the
treatments, since moisture stress did not develop. Table 5 shows the plant tissue
water potentials of both watered and unwatered plants. Fluctuations in tissue water
potentials seem to follow changes in soil moisture.

4. dumosa and L. divaricata in the plots at Mercury again showed the difference in
transpiration between a drought-deciduous and an evergreen species when both are not
under water stress at high summer temperatures (Fig. 15). L. divaricata had the same
transpiration depression in the temperature range of 35 C to 45 C whereas 4. dumosa had
a linear relationship and rates of 4 to 11 g HZO/g dry wt/hr transpired compared to 2 to
34 HZO for L. divaricata at temperatures above 45 C.
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Table 7. Effect of chamber temperature on gas exchange of Larrea and Ambrosia
from watered and unwatered plots in Mercury, 1972 DSCODE—A3UBDO1

Temperature ( C ) 10 20 25 30 35 40 45 50
Species/
water status Date mg C0,/g dry wt/hr

Larrea divaricata

watered 7-18 - - -- 5.0 2.3 1.1 - --
8-16 6.8 6.1 -- 5.1 4.7 2.2 0.0 -1.7
8-22 - 10.5 10.6 9.1 5.1 2.8 0.3 --

unwatered 7-25 - - 8.1 7.0 3.2 0.4 -0.7 --
8-04 - - 2.9 2.0 1.3 0.5 0.1 --
8-08 -- - 6.0 6.0 5.1 4.2 3.3 2.4

Ambrosia dumosa

watered 7-24 - -- -- 13.0 9.7 9.4 -- --
8-17 11.8 12.5 5.6 4.6 3.0 0.1 -- --
8-23 - 6.4 6.0 6.0 6.2 4.0 1.8 --

unwatered 7-21 - 4.3 6.2 6.7 4.6 1.9 0.0 --
8-03 - 3.0 2.7 2.0 -1.3 -- -- -~
8-10 -- -— 7.7 7.9 8.0 7.2 6.7 --
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Figure 15. Effect of chamber temperature on transpiration of dmbrosia and Larrea in
Mercury. Graphic representations: 0—o0 = 4. dumosa watered; 0--0 =
A. dumosa unwatered; [T'-—71 = L, divaricata watered;.[!--[ = L. divaricata
unwatered.



2.3.1.3.-22

Photosynthesis

Seasonal: Photosynthetic rates for the five shrub species exhibit seasonal differences
which are characteristic for each species. The deciduous species, 4. dumosa, L. andersonii
and L. pallidum, which shed leaves in response to summer drought and winter cold, have
high rates of net photosynthesis of up to 52 mg 002 fixed per g dry weight per hr in the
morning, and a daily average of 40 mg Coz/g dry wt/hr in early spring and decreasing
until Teaves are shed later in the season. K. parvifolia begins at a Tow rate in early
spring and reaches its maximum rate in late spring or early summer. Since leaves are
retained on K. parvifolia throughout the summer, presumably this species responds to
moisture at any time from late spring until leaf fall in late October (Ackerman and
Bamberg, 1972). L. divaricata and X. parvifolia had lower overall CO2 uptake rates
{only 10.71 mg C02/g dry wt/hr for 1. divaricata and 8.9 mg CO2 measured for XK. parvifolia)
than the three drought-deciduous species, but retained the ability to fix CO2 tonger at
much higher soil moisture tensions through the early summer. These Tower rates for
leaf-retaining species may be anatomically related to their drought resistance in terms
of diffusive resistance : (E1-Sharkawy and Hesketh, 1964). N

In the watered plots at Mercury, 4. dumosa retained leaves and both 4. dumosa and
L. divaricata photosynthesized throughout the whole summer. A comparison of A. dwmosa
and L. divaricata in the watered and unwatered plots at Mercury shows that under high
temperatures of mid to late summer both species had Tow rates of up to 11.2 and 5.8 mg
CO2 fixed per hr, respectively, although earlier in the year at Rock Valley 4. dwmosa
had rates of almost four times that of L. divarieata. L. divaricata had similar rates
in the spring at Rock Valley and in the summer at Mercury.

Daily cyele of gas exchange: Gas exchange rates in all species climb during the
early morning to high values between 8:00 and 9:00 and reach a maximum between 10:00
and 12:00. The rates then slowly decrease during the afternoon. These rates early
in the season approximate the curve of incoming radiation over the day and net positive
002 uptake is dependent on direct sunlight, i.e., starting as soon as the sunlight hits
the leaves and ceasing when the sun sets (Cunningham and Strain, 1969). At no time was
a midday depression measured in either of the series tested at Rock Valley or Mercury.
In Rock Valley, . divaricata and K. parvifolia had, by mid-June, positive CO2 uptake
in the morning, decreasing to near zero in early afterncon as air temperature rose, but
no second period of uptake in the late afternoon.

At Mercury, under both artificially watered and "natural” moisture conditions,
A. dumosa and L. divaricata maintained the same daily cycle in the summer with the
maximum rate shifted to early morning due to high midday temperatures of 40 C to 42 C.
The rates and timing of the daily cycles are dependent on temperatures, moisture status,
and acclimation as discussed in the next sections (Adams and Strain, 1968; Strain, 1969).
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Effects of moisture and temperature: Moisture is the most critical factor affecting
photosynthetic and transpiration rates in these desert shrubs. Three species, 4. dumosa,
L. andersonii and L. pallidum, have high photosynthetic rates in spring when there is
adequate moisture and rates decline as both soil water potential and tissue water
potentials increase. Activity ceases and leaves are shed when tissue water potentials
approach -50 bars in the two Lycium species and at -55 bars in A. dwmosa. In 1972
these values were reached in mid-May, and in 1971 not until the first of July.

The other two species, XK. parvifolia and L. divaricata, retain their leaves throughout
the summer and also have net photosynthesis at higher plant tissue potentials. In 1972
K. parvifolia had a small positive CO2 uptake at -72 bars and L. divaricata at -65 bars,
under field conditions. At soil moisture potentials above -40 bars, L. divaricata and
K. parvifolia maintain a tissue water potential -10 to -15 bars higher than the other
three species. In Mercury, even on the plots with adequate soil moisture of less than
-10 bars, L. divaricata had plant tissue potentials of not less than -35 bars. Again,
these high tissue potentials, even when soil moisture is high, are probably an adaptive
response to high temperature; many such adaptive features of arid plants have been
described or inferred in the literature (Bjorkman et al., 1972; Cunningham and Strain, 1969;
Harrison et al., 1971; Wallace and Romney, 1972).

Effects of temperature on photosynthesis under natural conditions are more difficult
to assess. In 1972 by mid-March, temperatures of 10 C to 30 C were favorable for CO2
uptake. Plants responded to the combined effects of temperature and moisture as the
season progressed. In 1972 a drying cycle and gradually increasing temperatures stopped
plant activity in Rock Valley by mid-June, when maximum temperatures were around 35 C and
soil moisture tensions exceeded -65 bars. In contrast, during May and June, 1971, with
temperatures not exceeding 32 € and soil moisture of around -30 bars, plants continued
active CO2 uptake until early July.

With adequate moisture both L. divaricata and 4. dumosa continued active CO2 uptake
with ajr temperatures approaching 49 C in July 1972. In the manipulated moisture plots
at Mercury, as previously mentioned, the attempts to develop moisture stress in plants
in the unwatered plot were interrupted by an early June rain of 2.1 cm. This rain pro-
vided adequate moisture for both L. divaricata and 4. dumosa throughout the period of
June, July and early August, so that tissue water potentials were increasing but there
was no measurable effect on gas exchange. These results indicate that for moisture
stress to affect gas exchange in these two plant species in the summer, a Tonger period
of drought is needed.
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Temperature has a direct effect on respiration rates during the dark periods.
There was a high rate of respiration immediately after sunset and in the early evening
hours, which gradually decreased in all tests during the night as temperatures cooled.
We assume this decreasing respiration rate is temperature-dependent although the mag-
nitude may also be somewhat controlled by a circadian rhythm.

Pemperature acclimation: Measurements of the optimum temperatures for maximum
photosynthesis have not yet revealed any consistent results. In most of the tests so
far, all species except XK. parvifolia show declining rates as temperatures increase
from 15 C to 40 C. K. parvifolia showed a slight increase in temperature optimum as
the daily temperatures increased in late spring.

In contrast to the temperature optima, upper thermal compensation points showed two
trends related to moisture. If moisture was adequate, i.e., less than -40 bars, plants
continued to acclimatize to higher temperatures with the upper 1imit depending on the
species and the previous temperature regime. [. divaricata still showed a small net
CO2 uptake at 50 C (the limit of our control) when maximum temperatures the previous
two weeks were 40 C to 50 C. If moisture tensions increase, then all species except
K. parvifolia show decreasing upper thermal compensation points. K. parvifolia was
able to acclimatize to higher temperatures even though plant tissue potentials were
increasing. The three drought-deciduous species lose their leaves as previously dis-
cussed, but also have been observed to abscise some leaves in hot, dry winds even if
soil moisture is adequate {Wallace and Romney, 1972). Lower thermal compensation could
not be determined in summer since the heat loads prevented taking the chamber tempera-
ture below 10 C. Relatively high rates of CO2 uptake were observed at Tow temperatures
(10 C) even in late summer {Table 7). Plants are rarely subjected to daytime tempera-
tures below 15 C from April through October. Further tests earlier in the season will
help determine if lower thermal compensation points are seasonally different.

Water use

Transpiration: Transpiration rates show the same seasonal and daily trends for the
different species as the photosynthetic rates discussed above. One difference noted was
that the transpiration rate sometimes did not decline in the afternoon as did the photo-
synthesis rate, but remained at a fairly constant rate until sunset. There was no
transpiration after sunset in the spring season; however, in summer with high night
temperatures of 25 C and above, there was transpiration at 10 to 50% that of daytime
rates. Below temperatures of about 15 C, plants transpire at very Tow rates during the
day and not at all at night.
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After a rain of 2 cm or more, plants respond within 3 days to a week by either a
flush of new leaves or an increased CD2 uptake. Our observations at Mercury indicate
that the length of time necessary for desert plants to exhibit signs of water stress
may be over 2 months after a substantial rain and subsequent lowering of transpiration
and photosynthesis, even under severe summer conditions, and that even newly established
plants are able to withstand high temperature. The length of time a rain is effective
depends on the amount and season. In spring and fall this is up to 5 to 6 months and
in summer for perhaps 2 to 3 months.

Water use efficiency: In 1972 water use efficiency (Ps/Tr) decreased in all species
as the soil became drier. The reverse of this situation occurred in 1972 when water
use efficiency increased in early summer after a May 2 rain of 2 cm.

Water use efficiency responds to plant moisture status and temperature both during

the day and seasonally. Preliminary analysis of the Ps/Tr of each species shows that
the relationship was linear at temperatures of 23 C to 35 C, and was flattened below
23 C so than below 20 C Tittle transpiration occurred and Ps/Tr increased. Above 35 C
the curve steepens and plants become less efficient, and above 40 C efficiency becomes
negative in some tests in that transpiration still occurs but net 602 is given off.
In the summer L. divaricata and A. dumosa acclimatized to higher temperatures and at
45 C to 50 C still were able to have positive 002 uptake, although efficiencies were
low. Late in the spring and in the summer the Ps/Tr was lower and decreased rapidly
with rising temperatures.

When under water stress, all of the species tested were less efficient in water use
at all temperatures except X. parvifolia which had the highest water efficiency value
at any temperature. We expect to develop regression equations for Ps/Tr for each species
for a particular water status and temperature range.

Plant tissue water potential: Plant tissue water potentials as measured with a
pressure bomb give a good comparative index of plant water status (Scholander et al.,
1965). In the plant species tested at similar soil moisture conditions, a difference
of -10 to -15 bars was observed, as previously mentioned. The relationship of tissue
potentials to soil moisture potentials cannot yet be determined except in a general
way. Studies of the effects of plant tissue water stress on photosynthesis rates on a
diurnal and seasonal basis were initiated in 1972, but again only preliminary results
were obtained. Most of these results are discussed in detail in previous sections.

Phenology and acelimation: There was a lack of clear-cut phenology phases which
could be related to changes in gas exchange rates. During 1972 at Rock Valley the
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spring and summer season was notable for a lack of effective precipitation from early
January through the middle of August. Although soil moisture was excellent early in the
season following a rain of 5.3 cm in December, 1971, the effects of a late season dry
period obscured phenophases in that several species produced a few flowers and fruit,
and plants went dormant a month and a half earlier than in 1971. Becreasing moisture and
increasing temperatures are overriding factors for gas exchange rates and in part
determine phenology of the test species. While the dry season was mainly responsible
for the Tow net photosynthesis in late spring and early summer, the presence of fruit

on the plants tested may lower the net amount of CO2 taken up. The green fruit of

L. andersonii exhibited respiration rates of between 1 and 3 mg COZ/g dry wt/hr at
temperatures of 20 to 35 C.

In general, additional moisture during the growth period from February through
October results in an increase in photosynthesis and transpiration. If the rain is of
sufficient amount, renewed growth, flowering, and fruiting occur. With such an ex-
tremely labile system, phenology, as such, is not an important consideration for gas
exchange in those species Tisted, although Caldwell et al. (1972) found a closer
relationship in Great Basin plant species.

Precipitation for the period of August 13 to November 18, 1972, totaled 10 cm in
Rock Valley. Although gas exchange was not measured during this period, all of the five
plant species responded with new leaves and growth for this fall period. The response of
K. parvifolia has been minimal and L. pallidwm had only a few leaves except in drainage

areas.

Acclimation to heat and low moisture was not evident for any plant species in
transpiration rates, although acclimation does occur in photosynthesis rates throughout
the season. K. parvifolia and L. divaricata show some acclimation of photosynthesis
to moisture stress; however, at the same time moisture stress is increasing, temperatures
are also rising. I. divaricata and 4. dumosa in watered plots at Mercury acclimated to
high temperatures in the upper thermal compensation points, but not in optima for
photosynthetic rates. There was considerable variation between the plants of any one
species in the response of both photosynthesis and transpiration to tests in which a
series of increasing temperature was set.

Mode1ling

Various models have been proposed for photosynthesis or productivity and most
productivity models incorporate photosynthesis (Duncan et al., 1967; Miller, 1972).
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Photosynthesis models are generally based on single leaf or canopy determinations for
energy budgets, leaf temperatures, radiation, wind, and diffusive resistance. Most
photosynthesis models treat moisture status as a constant rather than a variable and do
not deal adequately with either mesophyll resistance or biochemical resistance to CO2
diffusion, or rather again treat them as a constant value (Hall, 1971). Helms (1972)
treats the effects of radiation, temperature, and CO2 concentration effects on photo-
synthesis.

Our results indicate that for modelling either photosynthesis or productivity
on a daily or seasonal basis in deserts, one should deal with water deficit effects
on resistances in the leaf, and the combined effects of moisture and temperature on
acclimation during the season. Brittain (1972) in a preliminary model does consider
plant water potential and phenology, in addition to other factors, as important in
photosynthesis for plants with noncrassulacean acid metabolism. 0ther environmental
stresses used in models which effect photosynthesis, such as radiation and wind, were
not sufficiently tested to determine their effects on our species. Although these
conditions may be extreme in deserts, plants have adapted to them (Bjorkman, 1972).

Several adaptive strategies are apparent from the five species tested and indicate

the need of several alternate schemes for photosynthesis models. These strategies are:

1. L. divaricata -- evergreen with low photosynthetic rates and ability to depress
transpiration loss during moisture and temperature stress; will photosynthesize
during any favorable period.

2. K. parvifolia -- summer green, low photosynthetic rates and also can depress
photosynthetic and transpiration rates and can withstand higher temperature and
moisture stress in summer; winter-deciduous.

3. 4. dumosa -- drought-deciduous with high photosynthetic and transpiration rates
during favorable conditions. Some ability to withstand temperature stress and
will retain Teaves in summer with sufficient moisture; winter-deciduous.

4. Lyctium spp. -- drought-deciduous with higher photosynthetic and transpiration
rates for short periods during favorable conditions in spring or fall. Slight
ability to withstand temperature and moisture stress with leaf abscission in
summer; winter-deciduous.

In measuring rates in the field, all the environmental factors vary simultaneously so
that a series of multiple regression equations may best express actual conditions.
Attempts should be made using equations for nth dimensional hyperspace, such as multiple
regression or principal component analysis. Plotting rates as points on a two or even
three dimensional graph may account for, at most, 50 to 75% of the variation observed.
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Productivity models of desert ecosystems will need to reflect the great variability
in environmental factors, particularly moisture, and the facultative response of plants
to them. Threshold values of factors for various physiological processes leading to
new growth, flowering, and fruiting need to be determined.
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ABSTRACT

Root and stem weights were obtained from field samples of ten species of perennial
plants in the northern Mohave Desert. The specific purpose was to develop methods for
determining below-ground biomass in connection with a general study on assimilate
distribution. Root and stem weights for all species were highly correlated and linear
regression in most cases adequately expressed the relationship between root weight and
stem weight. Root weight for the total of all plants considered was about 45% of the
sum of stem and root weights. There were species differences. The proportion that was
root was generally independent of whether the plant was Targe or small. It was concluded
that root biomass can be estimated from stem weights for a population of some species,
at Teast within a possible error of = 10 to 20%.
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INTRODUCTION

For many reasons it is necessary to know the amount of standing biomass of perennial
plants for below ground as well as above ground. This need was the motivating force
for a study of the distribution of root systems of several species of perennial desert
plants. Some data of this nature are available in the literature for some desert plant
species (dJones and Hodgkinson,1970). It is, of course, recognized that shoot-root
ratios of plants do vary with environmental conditions (Harris, 1914). Conventional
methods for measurement of root biomass are poorly adapted to desert conditions because
of the sparse and irregular nature of vegetation in deserts such as the northern Mohave.
If small cores of samples were taken to obtain root samples, some 80 to 90% of them would
contain no roots under the conditions which prevail in the Mohave Desert. Those samples
having roots would vary several-fold, Instead, individual plants were excavated to deter-
mine root-shoot relationships.

OBJECTIVES
(See Part I, page 2.3.1.3.-3)

METHODS

The sampling location was the Rock Valley area of the Nevada Test Site. The species
were Atriplex canescens (Pursh) Nutt., A¢riplex confertifolia (Torr. and Frem.) Wats.,
Ambrosia dumosa, Larrea divaricata, Lycium andersownit, Lycium pallidum, Grayia spinosa
(Hook) Moq., Krameria parvifolia, Ephedra nevadensis Wats., and Acamptopappus shockleyt
Gray.

The dry weights of stems and roots of 113 individual plants were determined.
The soil was carefully excavated for each plant and often 1 to 3 m3 of soil was removed.
Excavation of such plants involved movement of soil often for one or more m in each
direction from the base of the plant (Wallace and Romney, 1972). The soil was not
screened to remove fine roots, but sufficient soil was removed with each plant to obtain
the Targe majority of the root system. We have estimated that no more than 15% of
the root system was missed, and this mostly because of very fine roots. Plants were
selected which had a minimum of interference from adjoining shrubs. This, of course,
would probably give some bias when results were extrapolated to a unit area of desert.
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Calculations were made with these data to give correlations, standard deviations, and
Tinear regressions.

RESULTS AND DISCUSSION

The data (Table 8) indicate that standing biomass of roots may be reasonably
estimated from stem-weight measurements. Standard deviations for root/voot + stem
varied between 20 to 30% of the mean (coefficient of variation). Variability is under-
standable because of pruning of stems which occurs by wind and animal action,because of
die-back of stems, of die-back of roots, of age of plants, of differential water
availability due to microterrain, and because of a host of other factors. The standard
errors for root/root + stem were generally between 5 to 10% of the means. With these
statistics, standing-root biomass for a single plant cannot be estimated from weight of
stems with 95% confidence within + 40 to 70% (twice the coefficient of variation),
but the estimates for a population with 95% confidence as a whole can be within 10 to
20% (twice the standard error). The values for weights of root x stem were highly

positively correlated.

If one were looking for the estimate of root weight from the stem weight within
one standard deviation of the real value with a 95% percent confidence level for a
population, only four root/root + stem ratios need to be taken (Snedecor, 1946); 16
would be needed for within one-half standard deviation at the same level of precision.
Since the standard deviations of the root/root + stem of plants were around 25%, it
would appear that a 16-plant sample per species would express the root biomass under
field conditions to a precision of 10 to 15%. Obtaining the samples, however, involves
considerable careful effort.
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