Leaf conductance and transpiration of winterfat associated
with 2 species of wheatgrass on disturbed sites
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Abstract

Competitive relations between a half-shrub and 2 wheatgrasses
were determined on 2 disturbed sites in northwestern Colorado.
Leaf conductance and transpiration of winterfat [Eurotia lanata
(Pursh) Moq., also known as Ceratoides lanata] were measured in
association with a neighboring plant of either winterfat, beardless
bluebunch wheatgrass [ Pseudoroegneria spicata subsp. inermis
(Scribn. and Smith A. Love], or western wheatgrass [ Pascopyrum
smithii Rydb.) A. Lve] and as affected by a shallow disturbance of
soil to a depth of 30 cm or a deep disturbance of soil to a depth of 1
m. Reduced leaf conductance was associated with advancing phe-
nology and plant water stress as soil water was depleted during the
growing season. Leaf conductance and transpiration of winterfat
was often lower when it was associated with the 2 grasses than
when growing adjacent to another winterfat plant. Lowest transpi-
ration rates of winterfat were found when it was growing adjacent
to beardless bluebunch wheatgrass. Thus, the intensity of competi-
tion for soil water may be greater for winterfat when associated
with wheatgrasses than when growing adjacent to another winter-
fat plant.
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Measurements of leaf conductance to water vapor and carbon
dioxide exchange have been used to determine plant responses to
water stress and disturbance (DePuit and Caldwell 1973, White
1976, Eissenstat and Caldwell 1988, Trlica and Biondini 1990).
Stomatal aperture affects photosynthetic carbon dioxide flux
when photosynthesis is limited by carbon dioxide diffusion. Furth-
ermore, reduced photosynthesis during water stress has been corre-
lated with stomatal closure in some plants (El-Sharkawy and Hes-
keth 1964, Van den Driessche et al. 1971, Larcher 1980).

Net photosynthesis has been observed to vary seasonally in big
sagebrush [ Artemisia tridentata (Nutt.)] (DePuit and Caldwell
1973). Air temperature, vapor pressure deficit, soil water, and
phenological status of the plant also affect photosynthetic and
transpiration rates (Larcher 1980, Trlica and Biondini 1990). For
example, Moore et al. (1972) found that under field and laboratory
conditions, vapor pressure deficit (VPD) and water stress were
significant factors influencing transpiration in winterfat [ Eurotia
lanata (Pursh) Moq., also known as Ceratoides lanata] and shad-
scale [Atriplex confertifolia (Torr. and Frem.)]. However, little
work has focused on the effects of neighboring plants on individual
plant responses.

The objectives of this study were to test the effects of soil distur-
bance and competition on leaf conductance and transpiration of
winterfat in associations with beardless bluegrass wheatgrass
[(Pseudoroegneria spicata subsp. Inermis (Scribn. and Smith) A.
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Love] and western wheatgrass [ Pascopyrum smithii (Rydb.) A.
Love].

Materials and Methods

This study was conducted in the Piceance Basin in northwest
Colorado at an elevation of 2,020 m. Average annual precipitation
at this site is between 250 and 300 mm with approximately half of
the amount received as snow. Soils were formed in alluvium
derived from shale and are moderately deep and well drained. They
were medium-textured loams (Cumulic cryoborolla) on the sur-
face, underlain by moderately fine to fine textures to a depth of 60
cm (BLM 1984). The study site is gently sloping and has a northeast
exposure.

Two plots designed to investigate secondary succession were
disturbed and seeded in 1976. The present study used these 2 plots
that had been modified by excavation and mixing of the top 1 m of
soil to represent deep disturbance and shallow disturbance where
the site was scraped and then soil mixed to a depth of 30 cm (Doerr
and Redente 1983). Both disturbed sites were seeded with the same
mixture of native and introduced species of grasses, forbs, and
shrubs (Redente et al. 1984). Only winterfat, beardless bluebunch
wheatgrass, and western wheatgrass were selected for the present
study. Plants were selected in subplots that received no supplemen-
tal fertilizer or irrigation.

Pair-wise combinations of individuals of winterfat (EULA),
beardless bluebunch wheatgrass (PSIN), and western wheatgrass
(PASM) were selected and identified in May 1985. An individual
of a species and its nearest neighbor, made up of another winterfat
plant (EULA/EULA) or 1 of the western wheatgrass plants (e.g.,
EULA/PASM), were randomly selected in pairs to specifically test
the effects of competition with winterfat. Two plants of the same
species were identified as a pure-stand pair for each of the 3 species.
Plants identified as nearest neighbors were within 20 cm of each
other. Other plants were removed if they occurred within a radius
of 20 cm of the selected pair. Each combination pair for each of the
2 levels of soil disturbance was repeated 6 times.

Leaf conductance and transpiration rates were measured 7 times
during the 1985 growing season: 7 June, 27 June, 9 July, 27 July, 15
August, 9 September, and 3 October. Measurements of ambient air
and leaf temperature (C°), conductance (mmolem™2es™), and
transpiration (mmole mZes™?) were taken with a steady-state
porometer (Licor Model L1-1600) 5 times during the day on each
sample date for each species. Diurnal porometer measurements
were taken at 7a.m., 10 a.m., 1 p.m., 4 p.m.,and 7 p.m. MST on
pure-stand pairs of winterfat, beardless bluebunch wheatgrass, and
western wheatgrass. No significant variations in conductance and
transpiration were observed between 10:00 a.m. and 4:00 p.m.
MST during a day; therefore, measurements were made through-
out this time period. The 2 uppermost, fully expanded leaves from
each plant were sampled. Both leaf surfaces (upper and lower) were
measured independently, and an average value for conductance
and transpiration rate for each leaf was calculated.

Gravimetric soil moisture (%) was determined for 3 depths (0-20
¢m, 20-40 cm, and 40-60 cm) at each sample date for each pair of
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Table 1. Soil moisture (% by wt.) on shallow disturbance and deep disturbance in the Piceance Basin, Colorado 1985.

Date

Treatment Depth 6 June 27 June 9 July 27 July 15 August 6 September 3 October Avg.
(cm) = seeeeeeeecccciecaemeneeceeo (% by weight) ~- - --c-ccecomm e

Shallow Disturbance 0-20 21 8 6 10 7 6 9 10
20-40 32 11 7 9 7 8 7 12
40-60 30 13 8 8 7 7 * 12
Avg. 27 11 7 9 7 7 8

Deep Disturbance 0-20 18 8 9 12 7 6 8 10
20-40 22 10 12 10 7 6 7 11
40-60 25 13 12 12 6 7 * 12
Avg. 22 10 11 11 7 6 8

*Data unavailable.

plants (6). This information was used to determine soil moisture
depletion during the growing season for the 2 levels of soil
disturbance.

Stem or leaf xylem potential for each plant species was measured
(MPa) with a Scholander-type pressure chamber (Waring and
Cleary 1967) on 9 July, 27 July, 15 August, 6 September, and 3
October. The pressure chamber was unavailable for making mea-
surements on°7 and 27 June. Stem or leaf xylem potential was
measured between 11:00 a.m. and 2:00 p.m. MST. One stem from
each winterfat plant and 1 leaf from each wheatgrass plant was
measured. Measurements were made on 6 plants for each species
combination on each level of soil disturbance.

Leaf conductance, transpiration, and plant water potential data
were subjected to a factorial analysis of variance procedure. Dif-
ferences in all variables were tested for date effect, and then, within
each date, differences were tested for significance according to
species combination, soil disturbance level, and an interaction of
the main effects. Differences among means were considered signif-
icant if F-tests were significant at < 0.05. Significant differences
among means were then tested using the Student-Newman-Keuls
procedure at P =.05.

Results

Soil Moisture

Precipitation was above average (57 mm) during April and May,
and soil moisture was near field capacity of all depths and on both
sites on 6 June; 27 and 22%, respectively, for shallow and deep
disturbance of soil (Table 1). Rapid depletion of this moisture
occurred between 6 June and 27 June when plants were rapidly
growing. Soil moisture on 27 June ranged from 6 to 12% at all 3
depths for the remainder of the growing season. Only small differ-
ences in soil moisture between the 2 types of disturbances were
noted throughout the growing season. However, a lower soil mois-
ture for all 3 depths on 6 June on the deep disturbance site may be
related to a greater aboveground biomass production in winterfat
as compared with winterfat on the shallow disturbance (Mack
1986, Bonham and Mack 1987).

Effect of Site Disturbance

Transpiration rates for all species for both shallow and deep
disturbances were directly related to leaf conductance and xylem
water potential. Both xylem water potential and leaf conductance
generally declined during the growing season as did transpiration
rates (Table 2). Early season transpiration rates were highest in
western wheatgrass, and transpiration rates of all 3 species were
very low after 15 August. Very little soil water (6 to 8%) remained
at any rooting depth, and xylem water potential of all species
declined throughout the remainder of the growing season (Tables 2
and 3).

Growth of winterfat was rapid early in the season when soil
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Table 2. Leaf conductance (mmol ¢ m” e s™'), transpiration (mmol ¢
m~ ¢ 5'), and xylem potential (MPa) of winterfat, beardless bluebunch
wheatgrass, and western wheatgrass on shallow disturbance and deep
disturbance in the Piceance Basin, Colorado, 1985.

Leaf Conductance Transpiration Xylem Potential
Species Site Disturbance  Site Disturbance  Site Disturbance
and Date Shallow Deep Shallow Deep Shallow Deep
«mmol s m?e57)- (mmolemZes™)- ----(MPa)----

Winterfat

7 June 69.9a! 64.3a 49a 3.6b —_— — 2
27 June 14.7b 26.0a 1.5a 1.5a —— —_—

9 July 20.1b 26.3a 2.0a 23a -3.6a -3.0b
27 July 25.9a 21.3a 1.2b 1.6a -2.5a -2.4a
15 Aug. 10.2a 11.5a l.1a 1.2a -3.9a -3.7a

9 Sept. 11.6a 12.8a 0.7b 1.0a -3.7a —4.0a

3 Oct. 13.4a 4.7d 0.6a 0.5b -4.5a -4.8a
Beardless Bluebunch Wheatgrass

7 June 48.1b 69.0a 3.7a 33a —— —_——
27 June 13.9b 28.9a 1.3b 1.6a _— —_—

9 July 15.7a 15.2a 1.9a 1.6a -2.3b -29a
27 July 24.6a 20.6a 1.5a 1.6a -24a -2.0b
15 Aug. 12.4a 12.3a 1.3b 1.5a -5.2a -4.4b

9 Sept. 17.7a 18.0a 0.8a 1.5a -5.4b -6.5a

3 Oct. 11.6a 8.5a 0.7a 0.7a ~4.5a -4.6a
Western Wheatgrass

7 June 133.2b  180.2a 6.0a 6.2a - ——
27 June 30.8b 57.0a 2.1a 2.2a —_— ——

9 July 32.6b 42.5a 2.0b 2.5a 4.1a -4.8b
27 July 43.3b 52.0a 1.3b 2.1a -2.7b -2.la
15 Aug. 15.6b 21.3a 1.2b 1.5a -4.1b -3.4a

9 Sept. 22.1b 35.7a 0.7b 1.6a -6.4b -5.3a

3 Oct. 12.5b 14.4a 0.5b 0.7a -3.9a -4.8b

1For shallow and deep disturbance, leaf conductance, transpiration, and xylem poten-
tial values followed by the same letter on each date are not significantly different
(P<0.05). )

2Equipment not available for measurements.

moisture was high (Mack and Bonham 1988). Leaf conductance in
winterfat plants differed significantly between deep and shallow
disturbances of soil on 27 June and 9 July (Table 2). Leaf conduc-
tance was greater early in the season in winterfat plants grown on
the deep disturbance than on the shallow disturbance. Conduc-
tance was 77% and 319 greater on the deep disturbance than on the
shallow disturbance site (26.0 mmolemZes™ and 14.7
mmol e m 2 e 57}, respectively) on 27 June and 9 July, respectively.
However, by 3 October leaf conductance was 285% greater on the
shallow disturbance than on the deep disturbance (Table 2). Soil
moisture was depleted earlier in the deep disturbance compared to
the shallow disturbance site (Table 1).

Transpiration rates for winterfat on the shallow disturbance
were, on the average, 40% greater on 7 June than for plants on the
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Table 3. Leaf conductance (mmol e mZ e s), transpiration (mmol ¢ m?Zes?), and stem xylem potential (MPa) of winterfat growing near another
winterfat (EULA/EULA), a beardless bluebunch wheatgrass (PSIN), or a western wheatgrass (PASM) plant for site disturbance-x-species association

interactions in 198S.

Shallow Disturbance

Deep Disturbance

Variable and Date EULA/EULA EULA/PSIN EULA/PASM EULA/EULA EULA/PSIN EULA/PASM
Leaf Conductance =  ----ecccmmmmmiie e tcea e mmol emZes ! - e L......
7 June 79.5a! 52.2a 78.1a 72.2a 57.2a 64.7a
27 June 14.2b 13.9b 16.1b 46.6a 14.9b 18.3b
9 July 22.2a 17.1a 20.3a 25.5a 27.9a 25.6a
27 July 29.0a 22.1a 25.5a 20.7a 20.0a 23.2a
15 Aug. 10.8a 11.4a 8.5a 10.4a 12.5a 11.7a
9 Sept. 12.5a 9.5a 13.3a 9.2a 12.4a 16.8a
3 Oct. 17.5a 13.0a 9.6b 4.7c 3.2 6.1c
Transpiration =~ - - - e e ee i e e mmolemZes? e ...
7 June 6.5a 39a 5.2a 3.4a 3.2a 3.5a
27 June 1.3b 1.7a 1.5a 2.1a 1.2b 1.3b
9 July 2.1a 2.2a 1.8a 2.8a 1.9a 2.3a
27 July 1.2a 1.3a l.1a 1.5a 1.6a 1.7a
15 Aug. 1.3a 1.3a 0.8b 1.0b 1.3a 1.3a
9 Sept. 0.9a 0.6b 0.6bc 1.0a 0.9a 1.2a
3 Oct. 0.8a 0.6a 0.5b 0.6b 0.3c 0.5b
Stem Xylem Potential - - -« ----mmm e eiiiiiaaaaas (MPa) - c-sccmmsce e e e
9 July -2.8b -2.9b -2.3¢ -2.7b -2.8b -3.5a
27 July -2.5a -2.5a -24a -2.4a -2.4a -2.3a
15 Aug. -3.9a —4.0a -3.7a -3.7a -3.7a -3.8a
9 Sept. -3.6a -4.0a -3.6a -4.4a —4.2a -3.5a
3 Oct. —4.0a -4.2a -5.3a -4.6a -4.3a -4.7a

!Values on each sampling date followed by the same letter are not significantly different (P<0.05).

deep disturbance (Table 2). However, leaf conductances for plants
on the shallow disturbance were not significantly different during
the same time period. Transpiration rates for winterfat were signif-
icantly greater on the deep disturbance for both July dates. Trans-
piration rates were 15, 35, and 459% greater for winterfat from the
deep disturbance than from the shallow disturbance on 9 July, 27
July, and 9 September, respectively.

Winterfat was physiologically more active in October on the
shallow disturbance compared to the deep disturbance site. Trans-
piration was 40% greater for plants from the shallow disturbance
than from the deep disturbance (Table 2). However, transpiration
rates were at a minimum for the growing season at this time for
both soil disturbances.

Stem xylem potential was significantly lower for winterfat on the
shallow disturbance on 9 July as compared to the deep disturbance
(Table 2). Stem xylem potentials reached a minimum on 3 October.
Stem xylem potentials did not differ between soil disturbances
during most of the growing season.

Species Combination-Site Disturbance Interactions

Leaf conductance and transpiration in winterfat had a signifi-
cant disturbance-x-species combination interaction by 27 June
(Table 3). Leaf conductance on 27 June was greater on the deep
disturbance in the winterfat-winterfat combination than in the
winterfat-beardless bluebunch wheatgrass and winterfat-western
wheatgrass combinations. This resulted in a greater transpiration
rate for winterfat in the winterfat-winterfat combination. Only
small differences in either leaf conductance or transpiration were
noted between 27 June and 15 August.

Winterfat exhibited very low rates of transpiration for plants
grown in combination with western wheatgrass on the shallow
disturbance site on both 15 August and 9 September. Soil moisture
had declined to 7% by this time (Table 1) and stem xylem potential
was -3.7 MPa.

On 3 October, leaf conductance had a significant site dis-
turbance-x-species combination interaction. No differences in spe-
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cies combinations were noted for the deep disturbance. The highest
leaf conductance (17.5 mmol e m™ o s™') was observed on this date
for winterfat grown in combination with another winterfat plant
on the shallow disturbance (Table 3). This rate was 5-fold greater
than the lowest rate of conductance in winterfat grown in combina-
tion with beardless bluebunch wheatgrass on the deep disturbance
site. Leaf conductances did not differ significantly in pure-stand
pairs of winterfat on the shallow disturbance and winterfat asso-
ciated with beardless bluebunch wheatgrass from the same site.
However, conductances were lower for the winterfat-western
wheatgrass combination on this site.

Transpiration rates for winterfat declined markedly by 3 October
(Table 3). The highest transpiration rates for this day were
observed for winterfat growing in pure-stand pairs on either the
deep or shallow disturbances. The lowest transpiration rates on
this date (0.3 mmol » m™ o s™*) were observed in winterfat growing
in combination with beardless bluebunch wheatgrass on the deep
disturbance site.

Stem xylem potential of winterfat declined throughout the grow-
ing season as soil water became less available (Table 3). The highest
stem xylem potential of winterfat was observed on 9 July in winter-
fat growing in combination with western wheatgrass on the shal-
low disturbance (-2.3 MPa). In contrast, the lowest xylem poten-
tial was found for this same species combination on 3 October (-5.3
MPa).

Effect of Intra- and Interspecific Competition

Leaf conductance in winterfat was 40% and 1009 greater on 7
June and 27 June, respectively, for the winterfat-winterfat combi-
nation (pure-stand pair) compared to the winterfat-beardless blue-
bunch wheatgrass combination (Table 4). Species combination did
not affect leaf conductance in winterfat from 9 July until 9 Sep-
tember. However, on 9 September, when winterfat was associated
with western wheatgrass, significantly greater conductance in win-
terfat was observed. That is, winterfat associated with western
wheatgrass had a leaf conductance of 15.1 mmol e m™? e 5™%; where-
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Tabled4. Leaf conductance (mmol ® m* ¢ 5), transpiration (mmol ¢ m? ¢ s'), and stem xylem potential (MPa) of winterfat grown in combination with
another winterfat (EULA), beardless bluebunch wheatgrass (PSIN), or western wheatgrass (PASM) plant in the Piceance Basin, Colorado in 1985,

Leaf Conductance Transpiration Stem Xylem Potential
EULA/ EULA/ EULA/ EULA/ EULA/ EULA/ EULA/ EULA/ EULA/
Date EULA PSIN PASM EULA PSIN PASM EULA PSIN PASM
------------------------- mmolem2es ! mcmmeo o aeaaae cces-cee-c(MPa)-----ccanaa-

7 June 75.8a! 54.9b 71.4a 4.4a 3.5b 4.4a —— —_— ——1
27 June 30.4a 14.4b 17.2b 1.7a 1.4b 1.4b —_—— _— —_—
9 July 23.9a 23.0a 22.9a 2.4a 2.0a 2.1a -2.8a -2.9a -2.9a
27 July 25.1a 21.0a 24.4a l1.4a 1.5a l.4a -2.4a -2.4a -2.4a
15 Aug. 10.6a 11.9a 10.1a l.la 1.3a 1.1a -3.8a ~-3.9a -3.7a
9 Sept. 11.0b 11.2b 15.1a 0.9a 0.8a 0.9a -4.0a -4.1a -3.5b
3 Oct. 1l.1a 8.1a 7.9a 0.7a 0.5b 0.5b —4.3b -4.3b -5.0a

'Leaf conductance, transpiration, or stem xylem potential values within the same date followed by the same letter are not significantly different ( P<0.05).

?Equipment not available for measurements.

as, winterfat associated with beardless bluebunch wheatgrass had a
leaf conductance of 11.2 mmol e mZe 57,

Transpiration rates of winterfat were significantly different for
species combinations on 7 June and 27 June and followed a trend
similar to that of leaf conductance (Table 4). Transpiration rates
were greatest in winterfat for all combinations of species on 7 June
as compared with transpiration rates on other dates. Transpiration
rates, however, were 25% greater in winterfat grown in pure stands
compared to when winterfat was growing in combination with
beardless bluebunch wheatgrass. On 27 June transpiration rates
were 209 greater in winterfat in pure stands than in the winterfat
beardless bluebunch wheatgrass or western wheatgrass combina-
tions. Transpiration rates for winterfat were then not affected by
species combination until 3 October. On this date transpiration
rates of winterfat were again greater in pure stands than when
winterfat was associated with either beardless bluebunch wheat-
grass or western wheatgrass.

Stem xylem potential for winterfat was not significantly affected
by species combination until 9 September (Table 4). At this time,
stem xylem potential was 15 to 209% greater when winterfat was
growing in combination with western wheatgrass (-3.5 MPa) than
when it was growing in combination with beardless bluebunch
wheatgrass (-4.1 MPa) or in pure stands (4.0 MPa). However, soil
water was depleted rapidly so that by 3 October winterfat in
combination with western wheatgrass had a stem xylem potential
that was 15% lower (-5.0 MPa) than when it was growing in
combination with another winterfat plant (-4.3 MPa) or beardless
bluebunch wheatgrass (-4.3 MPa).

Discussion

Seasonal growth, phenological development, and soil moisture
depletion had major influences on leaf conductance and transpira-
tion in all 3 species. That is, leaf conductance in winterfat was
nearly 7 times greater in June than in October, and leaf conduc-
tance of western wheatgrass was nearly 16 times greater in June
than in October. This change was probably related to soil moisture
depletion and ambient temperature changes throughout the grow-
ing season. Soil water content is known to influence stomatal
conductance (Schulze et al. 1987). Because high stomatal conduc-
tance generally indicates high rates of photosynthesis, data from
the current study suggest that photosynthetic rates were probably
highest in the spring when soil moisture was greatest.

White (1976) determined that the optimum temperature for
photosynthesis in winterfat was between 10 and 20° C. He also
found that photosynthetic rates declined rapidly at temperatures
above 20° C, and no shift in optimum temperature for photosyn-
thesis occurred with changes in phenological status. Average, mid-
day ambient air temperature in July and August in our study was
above 20° C, which should account for reduced leaf conductance
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and photosynthetic rates. White (1976) also found that plant phe-
nological status, plant moisture stress, and vapor pressure deficit
significantly affected photosynthetic rates in winterfat. These fac-
tors were probably also important in the overall decline in physio-
logical activity of plants through the growing season in our study.

Other workers have documented the importance of water stress
and air temperature in other species. For example, DePuit and
Caldwell (1973) found that when water stress was minimal, daily
variation in the rate of photosynthesis of big sagebrush could be
attributed to irradiance and air temperature. The effects of water
stress and temperature on the physiological activity of winterfat
are also important. White (1976) observed that photosynthetic
rates of winterfat decreased at plant water potentials below -3
MPa. Stem xylem potential of winterfat in our study did not go
below -3 MPa until August. Therefore, the decrease in leaf con-
ductance in June may have been caused largely by increased air
temperatures.

Love and West (1972) observed that the highest water stress in
winterfat occurred in July and early August, and the lowest in May
and late August. Maximum water stress, in their study, was
observed about noon, but was not significantly different from 9:00
a.m. to 2:00 p.m. Water stress of winterfat increased throughout
the growing season in our study and had not diminished by early
October. The greatest water stress for winterfat (-5.0 MPa)
occurred on 3 October when associated with western wheatgrass
on the shallow disturbance site,

Winterfat also changes leaf morphology through the growing
season; and this, in turn, affects leaf conductance. Winterfat leaves
are smaller and covered with more lanate pubescence later in the
season (Moore et al. 1972). The overall effect of this increase in
pubescence should be a reduction in water loss from the leaves.
Lower transpiration rates and leaf conductance during the latter
part of the growing season were observed; however, other envi-
ronmental factors also contributed to decreased rates of conduc-
tance and transpiration.

Transpiration rates in our study generally declined for all 3
species as the season progressed. Moore et al. (1972) observed that
transpiration rates of winterfat decreased markedly in the latter
part of summer and suggested that such a decrease was largely
caused by an increase in plant water stress. Plant water stress of
winterfat and the wheatgrasses also played a significant role in
reduced transpiration rates in our study.

Leaf conductance in winterfat was not greatly different through-
out the growing season on the deep disturbance as compared with
plants on the shallow disturbance. In addition, transpiration rates
were often not significantly different among plants from the 2 sites.
Plant water stress did not differ for winterfat on either of the 2 soil
disturbances. Welden and Slauson (1986) pointed out that the
intensity of competition is not necessarily correlated with the
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intensity of disturbance. However, others have observed greater
physiological activity in winterfat on disturbed sites. In fact, Love
and West (1972) observed increased potential photosynthetic rates
on winterfat on disturbed soils and suggested that the present-day
distribution of winterfat was largely a reflection of disturbance. In
our study, type of disturbance was not a major determinant of
physiological activity in winterfat. However, western wheatgrass
was more active throughout the growing season on the shallow
disturbance site.

Leaf conductance was greater early and late in the season in
winterfat associated with western wheatgrass than winterfat asso-
ciated with beardless bluebunch wheatgrass or in monospecific
stands. Mack and Bonham (1988) found a reduction in biomass of
winterfat when grown in combination with beardless bluebunch
wheatgrass that had an extensive root system. This latter species, in
fact, had a greater rooting density at shallow depths and produced
more root biomass than did winterfat (Bonham and Mack 1987).
Beardless bluebunch wheatgrass probably depleted soil water
resources more rapidly than winterfat and was, thus, an effective
competitor with neighboring winterfat plants (Caldwell and Rich-
ards 1986). Love and West (1972) proposed that more variation
(stress) was observed in monospecific stands of winterfat than in
mixed stands. However, in our study, winterfat had higher transpi-
ration rates in monospecific pairs of winterfat compared to pairs
where winterfat was growing in association with the wheatgrasses.

Summary and Conclusions

Physiological activity, as indicated by leaf conductance and
transpiration rates, declined in winterfat as the growing season
progressed. This reduction was associated with higher ambient air
temperatures and increased plant water stress. Soil disturbance
also had an interactive effect on the physiological activity of win-
terfat. Soil water on the deep disturbance site was utilized by plants
earlier in the spring as compared with water depletion on the
shallow disturbance. Winterfat had greater root mass in the 040
cm depth in the deep disturbance (8.8 g/individual) as compared
with root mass in the shallow disturbance (5.2/ g individual) (Mack
and Bonham 1987). This was probably why water use by winterfat
was greater in late June and early July on the deep disturbance site.

Species combination also had some influence on stomatal activ-
ity in all 3 species. This was related to different biomass allocation
patterns of the different growth forms represented by winterfat
versus the 2 grasses. The more shallowly rooted western wheat-
grass produced more roots in the surface soil (0-20 cm) than at
deeper depths (Bonham and Mack 1987) and had very high rates of
transpiration during the early part of the growing season. Western
wheatgrass also produced greater root mass at the 0-20 cm depth
when growing adjacent to winterfat than when growing adjacent to
another western wheatgrass plant.

Leaf conductance and transpiration of winterfat was often lower
when winterfat was associated with the 2 wheatgrasses than when
growing adjacent to another winterfat plant. Beardless bluebunch
wheatgrass may be a greater competitor with winterfat than is
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western wheatgrass because of its large root mass in the 0-20 cm
depth of the soil (Bonham and Mack 1987) and effective use of soil
water. Lowest transpiration rates of winterfat were often found
when winterfat was growing adjacent to beardless bluebunch
wheatgrass. Thus, the intensity of competition (Welden and
Slausen 1986) for soil water resources may be greater for winterfat
when associated with wheatgrasses than when associated with
another winterfat plant.
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