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Abstract

Light and temperature dependencies for net photosynthesis and
stomatal conductance were generally very similar between foliage
on crested wheatgrass (4gropyron desertorum (Fisch. ex Link)
Schuit.) plants and that on bluebunch wheatgrass (4. spicatum
(Pursh) Scribn. and Smith) plants. The similarity of these gas
exchange characteristics between the 2 bunchgrass species was true
for foliage on unclipped plants as well as on partially defoliated
plants. However, light and temperature dependencies of senescing
leaf blades that were exserted in late-spring were significantly
different for unclipped plants of these 2 species. Photosynthetic
rates and stomatal conductances of senescent late-season blades on
bluebunch wheatgrass plants were greater than those on crested
wheatgrass plants at light intensities greater than 0.8 mmol pho-
tons m 2 s™* (photosynthetic photon flux density) and at all foliage
temperatures between 18° C and 41° C. These greater photosyn-
thetic rates and stomatal conductances do not mean that blue-
bunch wheatgrass tillers gained substantially more carbon or lost
substantially more water than crested wheatgrass tillers. If both the
photosynthetic area composition of tillers and the environmental
conditions of the northern Utah study site were considered, carbon
gain and water loss for individual bluebunch wheatgrass tillers
would be very similar to those for individual crested wheatgrass
tillers despite the significantly different responses to light and
temperature during mid-summer.

Crested wheatgrass (Agropyron desertorum (Fisch. ex Link)
Schult.) and bluebunch wheatgrass (4. spicatum! (Pursh) Scribn.
and Smith) are 2 rangeland species with diverse evolutionary
histories (see Caldwell et al. 1981). There are important ecological
differences between the 2 species, such as their abilities to tolerate
grazing (Hyder 1974, Caldwell et al. 1981) and their tussock density
(Caldwell et al. 1983). However, they also have some very similar
characteristics. Phenological patterns of foliage initiation, growth,
and senescence are almost identical (Nowak and Caldwell 1984a,
1984b). Furthermore, net photosynthetic rates and optimal tempera-
ture and irradiance conditions are also very similar.

Photosynthetic rates at optimal environmental conditions may
not accurately reflect the ability of a plant to fix carbon under
natural conditions. Environmental conditions for optimal photo-
synthesis rarely occur. For example, Schulze and Hall (1982)
found that the average photosynthetic rates of 3 species during the
day were 309% to 70% less than the photosynthetic rates measured
under optimal conditions. Furthermore, maximum photosyn-
thetic rates were never observed in the field for 2 of the species. The
amount of photosynthetic surface area can also be an important
factor that affects the ability of plants to gain carbon (Caldwell et
al. 1977, Potvin and Werner 1983, Wilson and Ludlow 1983).
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1Taxonomic revisions of the Triticeae (Barkworth et al. 1983) suggest that the nomen-
clature for bluebunch wheatgrass be changed to Pseud. gneria spi (Pursh) A.
Love.

a sp
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Therefore, photosynthetic rates at a range of natural environmen-
tal conditions and a measurement of photosynthetic surface area
would have to be considered before an ecologically meaningful
inference can be drawn from gas exchange data.

The purpose of our study was to determine if the dependence of
net photosynthesis and stomatal conductance on irradiance and
foliage temperature differs between crested wheatgrass and blue-
bunch wheatgrass. If there were differences, then the ecological
significance of those differences was considered with respect to the
environmental conditions that occur in the field and also to the
amount of photosynthetic surface area on tillers. Photosynthetic
surface area and light and temperature dependencies of photosyn-
thesis and conductance were measured on undefoliated, intact
plants of both species throughout the growing season. These mea-
surements were also obtained from partially defoliated plants.

Methods

Gas exchange of crested wheatgrass and bluebunch wheatgrass
foliage elements was measured on plants that were growing at a
field study site near Logan, Utah. This study site is on a bencharea
(1,460 m elevation) that was formerly occupied by bluebunch
wheatgrass and is also typical of areas seeded to crested wheat-
grass. A complete description of the study site is found in Caldwell
et al. (1981). A pool of 20-25 plants was used for the gas exchange
measurements of each species-treatment combination.

A COz-compensation gas exchange system (Bingham and Coyne
1977) and an infrared gas analyzer (Analytical Designs Corp.,
Ltd.) were used to measure COz and water vapor fluxes of individ-
ual foliage elements, our unit of reference and replication. In this
paper, we use the term “blade” for leaf blade or lamina, “sheath”
for leaf sheath, “stem” for the stem of a grass tiller, and “foliage” or
“foliage element” as generic terms for all 3 plant parts (see Thomas
1980, Nowak and Caldwell 1984a). Net photosynthetic rates and
stomatal conductances were calculated with equations that were
expanded from those of Caemmerer and Farquhar (1981) and are
reported as molar fluxes per unit surface area. Area of a blade was
the projected area of one side of the blade. An equivalent “one side”
area of a sheath or stem was computed by multiplying the projected
area of sheaths and stems by pi/2; this calculation yields one-half
of the cylindrical surface area of sheaths and stems. Projected area
was measured with an area meter (LiCor Corp. Model LI-3000).

Light and temperature dependencies of net photosynthesis and
stomatal conductance were measured on individual foliage ele-
ments from April through July, 1980 and 1981. The basic protocol
for determination of the dependencies was to measure gas exchange
at a series of light and temperature steps. Light intensity was
manipulated by shading the cuvette with neutral density filters.
Different temperatures were achieved by varying the cuvette air
temperature, which caused a change in foliage temperature. Selec-
tion of the light and temperature levels was based on typical Cs
light and temperature dependencies (e.g., Larcher 1980). Gas
exchange measurements were made at high and low levels of light
or temperature plus more intensive sampling at levels where photo-
synthesis changed most rapidly. For example, a light dependency
consisted of measurements at photosynthetic photon flux densities
(PPFD) of 2.0 (full sunlight), 1.5, 1.0, 0.8, 0.4, and 0.15 mmol
photons m2s™., A typical temperature dependency during the first
part of the spring was measurements at 14, 18, 21,25,28,and 35° C
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foliage temperature; during the second half of the spring, the 14° C
temperature step was replaced with a 41° C temperature. After
initial characterization of the light and temperature dependencies
of the 2 species, the number of sample points per dependency was
reduced. This was done in order to increase the number of foliage
elements that could be sampled in a given time period, and there-
fore allow a more complete characterization of all foliage elements
and a statistical comparison among the species and treatments.
Almost two thirds of the dependencies consisted of measurements
at 5 light or temperature levels; 4-, 6-, and 7-point dependencies
made up approximately 15%, 15%, and 5% of the total number of
dependencies, respectively.

Except for the foliage-to-air water vapor gradient, other envi-
ronmental parameters were held relatively constant during deter-
mination of each dependency. The temperature of the foliage
element was maintained near 22° C during the determination of
light dependencies. (For an individual light dependency, foliage
temperature varied less than 4° C; for all dependencies, the foliage
temperature was between 20° C and 28° C). Temperature depen-
dencies of gas exchange parameters were measured at PPFD levels
above saturating irradiance. The water vapor gradient from the
foliage to the air was kept constant during determination of light
dependencies. (For an individual light dependency, the variation of
the water vapor gradient was usually less than 4 mb; for all depen-
dencies, the water vapor gradient was between 17 and 35 mb.)
However, the water vapor gradient was allowed to increase as
foliage temperature was increased because a concomitant increase
in the water vapor gradient naturally occurs as air and foliage
temperature increase during the daytime. The COz concentration
of the gas exchange cuvette was maintained near ambient levels as
both PFFD and foliage temperature were varied. (For an individ-
ual dependency, cuvette CO; concentration typically varied by 4 ul
1% forall dependencies, cuvette COz concentrations were between
0.315and 0.349 ml 1)

Light and temperature dependencies for leaf blades on undefol-
iated plants were sorted into groups that were based on the pheno-
logical stage and season of blade initiation. Blades were divided
into 2 phenological groups, mature and senescent, because large
changes in the light and temperature dependencies only occurred
as blades became senescent (see Results). The mature group con-
sisted of fully expanded blades and the senescent group consisted
of blades that had a senescent distal portion (20 mm or more in
length) but a green basal portion (0.1 m or more in length) (see
Nowak and Caldwell 1984a). We also grouped blades according to
the season of initiation: blades that were initiated early in the
spring growing season (early-season) and those initiated later in the
spring (late-season). The early-season blades were initiated from
mid-February through early-April, and the late-season blades were
initiated from mid-April through late-May. This sorting resulted in
4 groups of leaf blades on undefoliated plants of each species:
mature early-season blades, senescent early-season blades, mature
late-season blades, and senescent late-season blades.

The light and temperature dependencies for blades on partially
defoliated plants were sorted into seasonal-phenological groups
comparable to those on unclipped plants. Data for foliage on
clipped plants were not as extensive as those for control plants,
Light dependencies of foliage on partially defoliated plants were
measured for mature early-season blades, senescent early-season
blades, and mature late-season blades. Temperature dependencies
were measured only for mature late-season blades on partially
defoliated plants. Data from foliage on clipped plants were col-
lected in 1980, when plants were severely defoliated 2 times (50-mm
stubble height, see Caldwell et al. 1981), and in 1981, when plants
were moderately defoliated 3 times (removed 50% of the standing
crop, see Nowak and Caldwell 1984a).

Light and temperature dependencies for sheaths and stems were
measured in June and July, after these foliage elements were fully
expanded. Gas exchange measurements of sheaths and stems were
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impossible before June because the sheath and stem segments were
too short to fit in the cuvette. On undefoliated plants, both light
and temperature dependencies for sheaths and stems were deter-
mined. However, only light dependencies for sheaths and stems
were measured on partially defoliated plants.

The light and temperature dependencies of net photosynthesis
were considered as significantly different between the 2 species
only if 3 sequential statistical tests indicated significant differences.
Before the first test, second-order polynomial regressions of net
photosynthesis versus PPFD and net photosynthesis versus foliage
temperature were determined for data sets from each phenological-
seasonal group of foliage elements. The first statistical test deter-
mined if the regression equation of 1 species was significantly
different from that of the other species for each foliage group
(Neter and Wasserman 1974). If there were significant differences
between species for the second-order regressions, then a Student’s
‘t’ test was used to compare net photosynthetic rates within discrete
ranges of PPFD and foliage temperature. This test indicated that
ranges of irradiance and temperature over which the photosyn-
thetic rates of 1 species were significantly different from those of
the other species. The final statistical test determined if certain
characteristics of the light and temperature dependencies for net
photosynthesis were significantly different between species. Before
the third statistical test, net photosynthetic rates from each indi-
vidual series of temperature steps were fit to a second-order regres-
sion and rates from each individuai series of PPFD steps were fit to
the Smith equation (Smith 1937). The characteristics of the
temperature dependency considered particularily meaningful were
the optimum temperature for net photosynthesis, the high temper-
ature compensation point for photosynthesis, and photosynthetic
rate at the temperature optimum. These were calculated from each
individual regression equation. For the light dependency, the
initial slope of the light curve and the photosynthetic rate at
saturating irradiance were the characteristics calculated from each
individual Smith equation. Values for a given characteristic from
individual equations were grouped into sample populations that
corresponded to each phenological-seasonal group of foliage ele-
ments. A Student’s ‘t’ test determined if the characteristic from one
species was significantly different from the other species. Results of
the statistical tests were considered significant if p<<0.05.

Statistical analysis of the light and temperature dependencies for
stomatal conductance utilized only the first and second statistical
tests that were used for the net photosynthetic data. Also, linear
regressions of stomatal conductance versus temperature were
determined before the first test rather than second-order regres-
sions. Further discussion of the statistical procedures is found in
Nowak (1984).

In addition to the gas exchange data, measurements of air
temperature and PPFD were also collected at the study site. Air
temperature was measured with a fine-wire thermocouple, and
PPFD was determined with a quantum sensor (LiCor Corp.,
Model LI-10SB). Dew point temperature of the air was available
from data collected at an official weather station that was within 2
km of the study site.

The green surface area per tiller of foliage elements was periodi-
cally measured from late-February to late-July, 1981, by destruc-
tive harvest (see Nowak and Caldwell 1984a). The growing season
was divided into 4 time spans: 27 February to 10 April, 11 April to
17 May, 18 May to 22 June, and 23 June to 20 July. These
particular dates correspond to dates of destructive harvests, but the
time spans correspond to periods of growth or senescence for
groups of foliage elements. During the period of 27 Febuary to 10
April, early-season blades finished expanding and late-season
blades were initiated. During the period of 11 April to 17 May,
early-season blades were fully expanded, late-season blades fin-
ished expanding, and culm elongation was initiated. Culm elonga-
tion continued during the time periods of 18 May to 22 June and 23
June to 20 July. Senescence of early-season blades occurred during
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the time period of 18 May to 22 June, and late-season blades
senesced during the period of 23 June to 20 July.

Results

Mature Late-season Leaf Blades

Light dependencies of net photosynthesis and stomatai conduc-
tance are shown in Figure 1 for leaf blades that were initiated
between mid-April and late-May. For both species, stomatal
response to a decrease in light intensity was not proportional to the
photosynthetic response. Although photosynthetic rates at satu-
rating irradiance of bluebunch wheatgrass blades tended to be
slightly higher than those of crested wheatgrass blades, the differ-
ence was not significant. Photosynthetic rates at low irradiance
levels were very similar between species for mature late-season
blades.

Temperature dependencies of gas exchange parameters for
mature late-season blades are given in Figure 2. There was a curvili-
near photosynthetic response to an increase in blade temperature,
but stomatal conductance decreased almost linearly as blade tempera-
ture increased. Concomitant with the increase in temperature, the
water vapor gradient from foliage to air also increased. At blade
temperatures less than 24° C, the stomatal conductance of mature
late-season blades on bluebunch wheatgrass plants was signifi-

cantly greater than that on crested wheatgrass plants. However,
stomatal conductances of the 2 snecies were not sionificantlv dif-
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ferent at higher blade temperatures Net photosynthetic rates were
not significantly different between species at any blade tempera-
ture. Finally, the optimal temperature for net photosynthesis and

Crested wheatgrass

the high temperature compensation point for photosynthesis were
nearly identical for both bunchgrass species.

Senescent Late-season Leaf Blades

When late-season blades were senescent, responses of gas
exchange parameters to changes in irradiance were reduced (Fig.
3), relative to mature late-season blades. For both species, net
photosynthetic rates of senescent late-season blades were consid-
erably lower than those of mature late-season blades at saturating
light intensities. At all irradiance levels, stomatal conductance of
senescent blades on bluebunch wheatgrass plants was significantly
greater than those on crested wheatgrass plants. Net photosyn-
thetic rates of senescent bluebunch wheatgrass blades were signifi-
cantly greater than those of crested wheatgrass only at light intensi-
ties greater than 0.8 mmol photons m2s™ PPFD.

Net photosynthesis and stomatal conductance of senescent blue-
bunch wheatgrass blades were significantly greater than those of
senescent crested wheatgrass blades at all blade temperatures (Fig.
4). The high temperature compensation point for net photosynthe-
sis of senescent bluebunch wheatgrass blades was significantly
greater than that of senescent crested wheatgrass blades. The high
temperature compensation point of senescent bluebunch wheat-
grass blades was also higher than that of mature bluebunch wheat-

grass blades, but an increase in the high temperature compensation
noint was not observed as crested whpatm-nce blades aced. The
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optnmal temperature for photosynthesis was not significantly dif-
ferent between species for senescent late-season blades, but the
optimal temperature of senescent blades was about 3° C greater

Bluebunch wheatgrass
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Fig. 1. Light dependencies of net photosynthesis and stomatal conductance for mature (fully expanded) late-season leaf blades. Gas exchange was
determined for 12 crested wheatgrass and 15 bluebunch wheatgrass blades between late-April and mid-June. Light dependencies were measured as
irradiance was decreased. Blade temperature was maintained near 22° C, and cuvette COz concentration and water vapor gradient conditions are
described in the Methods. All regressions are significant at p<0.01. For crested wheatgrass photosynthesis, 12=0.64; for bluebunch wheatgrass
photosynthesis, 12=0.69; for crested wheatgrass conductance, 12=0.31; and for bluebunch wheatgrass conductance, 12=0.14.

JOURNAL OF RANGE MANAGEMENT 39(5), September 1986

445



Crested wheatgrass Bluebunch wheatgrass
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Fig. 2. Temperature dependencies of gas exchange parameters for mature late-season leaf blades. Net photosynthesis and stomatal conductance were
measured for 5 crested wheatgrass and 7 bluebunch wheatgrass blades between late-April and mid-June. Gas exchange was measured as foliage
temperature and water vapor gradient were increased concomitantly. Irradiance was maintained above saturating intensities, and other cuvette
conditions are described in the Methods. All regressions are significant at p<0.01. For crested wheatgrass photosynthesis, 12=0.71; Jor bluebunch
wheatgrass photosynthesis, 12=0.81; for crested wheatgrass conductance, 12=0.64; and for bluebunch wheatgrass conductance, 12=0.42,

Crested wheatgrass Bluebunch wheatgrass

20

(umol m-2 9-1)
.
+
*
*
*
*
>
. \\
04;.
+

40 e + + + + —
W

Stomatal conductance (m0l % s-1) Net photosynthesis

0.61 1 .+
ot + +
+ +
+ * + *
+ +
< o M + +
0.4 a
+*
.
+
+ + +
+ + +
+
o + +
0.2¢ . b gt} + 4t
— :’ +
+
0.0
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0 2.5

Photosynthetic photon flux density (mmol m-2 s-1)

Fig.3. Light dependencies of gas exchange parameters for senescent late-season leaf blades. Gas exchange was determined for 5 crested wheatgrass and 6
bluebunch wheatgrass blades between mid-June and late-July. Chamber and foliage environmental conditions are described in Methods. Regressions
Jfor biuebunch wheatgrass photosynthesis and crested wheatgrass conductance are significant at p<0.05; the other 2 regressions are not significant. For
bluebunch wheatgrass photosynthesis, 12=0.44; and for crested wheatgrass conductance, 1>=0.16.
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wheatgrass conductance, 12=0.59; and for bluebunch wheatgrass conductance, r*=0.98.
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bluebunch wheatgrass conductance, 12=0.90. For temperature dependencies: crested wheatgrass photosynthesis, 12=0.56; bluebunch wheatgrass
Pphotosynthesis, r2=0.50; crested wheatgrass conductance, 1=0.37; and bluebunch wheatgrass conductance, r=0.38.
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Fig. 6. Percent of time when irradiance exceeded 0.8 mmol photonsm™ s™
that the air temperature fell in temperature ranges. Percentages were
calculated from concomitant measurements of air temperature and irra-
diance at the field study site between 22 June and 31 July, in each of the 3
years 1980, 1981, and 1982.

than that of mature blades.

Sheaths and Stems

Green sheath and stem foliage elements are photosynthetically
active. The light and temperature dependencies for mature sheaths
and stems are shown in Figure 5. The light dependencies of all gas
exchange parameters were not significantly different between spe-
cies. Stomatal conductances at all foliage temperatures and net
photosynthetic rates at temperatures below 30° C were also not

Crested wheatgrass

significantly different between species. However, the high tempera-
ture compensation point for net photosynthesis of mature blue-
bunch wheatgrass sheaths and stems was significantly greater than
that of mature crested wheatgrass sheaths and stems.

Early-season Leaf Blades

The light and temperature dependencies of gas exchange
parameters were also measured for blades that were exserted early
in the spring. Data for these early-season blades are not shown, but
the light and temperature dependencies for mature and senescent
blades of both species were equivalent to those for late-season
blades on bluebunch wheatgrass plants at the respective phenolog-
ical stage. Light and temperature dependencies of all gas exchange
parameters were not significantly different between species for
mature early-season blades as well as for senescent early-season
blades. Changes in light and temperature dependencies that
occurred as late-season blades became senescent, such as flattened
light dependencies and lower net photosynthetic rates at saturating
irradiance, were also observed as the early-season blades became
senescent.

Foliage on Clipped Plants

Partial defoliation did not change the relative differences
between species for light and temperature dependencies (data not
shown). For example, the light dependencies of all gas exchange
parameters were not significantly different between species for
both mature and senescent early-season blades on partially defol-
iated plants. For mature late-season blades on clipped plants,
stomatal conductances of bluebunch wheatgrass blades were sig-
nificantly higher than those of crested wheatgrass blades at low
blade temperatures and all light intensities, which was also
observed for mature late-season blades on unclipped plants (Figs. 1
and 2). Light and temperature dependencies of photosynthesis
were not significantly different between species for mature late-
season blades on clipped plants. Finally, the light dependencies of

Bluebunch wheatgrass
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gas exchange parameters for mature sheaths and stems on partially
defoliated plants were not significantly different between species,
which was also observed for sheaths and stems on undefoliated
plants (Fig. 5).

Ambient Air Temperature

Meteorological data, which were collected at or near the study
site, were analyzed for the time period when gas exchange differen-
ces between species were the largest. This time period was a 40-day
period from 22 June to 31 July when late-season blades were
senescing. Because photosynthetic rates and stomatal conductan-
ces of senescent late-season blades on bluebunch wheatgrass plants
were significantly greater than those on crested wheatgrass plants
atirradiances greater than 0.8 mmol m2s™ PPFD (Fig. 3), meteor-
ological data were summarized only during these periods of the day
(Fig. 6). For 30% of the time when PPFD exceeded 0.8, air temper-
ature was between 25 and 29° C; for over 75% of the time that
PPFD was greater than 0.8, air temperature was between 23 and
33° C. The dew point temperature did not change appreciably
during this 40-day period; the average dew point was 8° C, as
determined from 5 years of data at an official weather station
within 2 km of the study site.

Green Surface Area

The total green surface area per tiller on unclipped crested
wheatgrass plants was 30% to 409 greater than that on unclipped
bluebunch wheatgrass plants during the time periods of 27 Febru-
ary to 10 April and 23 June to 20 July (Fig. 7). However, the total
green surface area per tiller on unclipped bluebunch wheatgrass
plants was 15% to 20% greater than that on unclipped crested
wheatgrass plants during the 2 time periods between 11 April and
22 June. During the period of 27 February and 10 April, early-
season blades accounted for almost 90% of the total green surface
per tiller on unclipped plants of both species; and the average green
surface area per tiller for these early-season blades on unclipped
crested wheatgrass plants was about 409 greater than that on
unclipped bluebunch wheatgrass plants. However, during the
remainder of the growing season, the average green surface area
per tiller for early-season blades was very similar between the 2
species. The average green surface area per tiller for late-season
blades and sheaths and stems on unclipped bluebunch wheatgrass
plants was 20% to 35% greater than those on unclipped crested
wheatgrass plants during the 2 periods between 11 April and 22
June. During the final time period, the average green surface area
per tiller for late-season blades and for sheaths and stems on
unclipped crested wheatgrass plants were 75% and 5% greater,
respectively, than those on unclipped bluebunch wheatgrass
plants. For each of the 3 groups of plant parts on partially defol-
iated plants, the average green surface area per tiller on clipped
crested wheatgrass plants was consistently greater than that on
clipped bluebunch wheatgrass plants.

Discussion

Although bluebunch wheatgrass and crested wheatgrass have
different evolutionary histories, there are only a few differences
between these species in their light and temperature dependencies
of net photosynthesis and stomatal conductance. These dependen-
cies for mature early-season blades, senescent early-season blades,
mature late-season blades, and sheaths and stems on unclipped
plants were very similar between the 2 bunchgrass species (Results;
Figs. 1, 2, and 5). Light and temperature dependencies for foliage
on partially defoliated plants were only available for these same 4
groups of foliage, and the dependencies on clipped plants paral-
leled those on unclipped plants.

Even though senescent late-season blades on unclipped plants
were the only plant parts to have large differences between species
for light and temperature dependencies of gas exchange parame-
ters (Figs. 3 and 4), the ecological significance of higher net photo-
synthetic rates and stomatal conductances on unclipped bluebunch
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wheatgrass plants is not very great at this northern Utah location.
Between blade temperatures of 15 and 35° C, the photosynthetic
rates of senescent late-season blades on bluebunch wheatgrass
plants averaged almost 1.5 times greater than those on crested
wheatgrass plants (Fig. 4). Stomatal conductances of the same
blades on bluebunch wheatgrass plants averaged 66% greater than
those on crested wheatgrass plants. However, the gas exchange
differences between species for senescent late-season blades were
smaller between 20 and 30° C than at low or high blade tempera-
tures, and these are the most common temperatures between 22
June and 31 July (Fig. 6). Furthermore, net photosynthetic rates
for senescent late-season blades on unclipped bluebunch wheat-
grass plants were not significantly different from those on unclipped
crested wheatgrass plants below 0.8 mmol photons m? s PPFD
(Fig. 3). On a typical clear day, during late-June or July, approxi-
mately one third of the daylight hours were below 0.8 mmol
photons ms™}, and foliage elements within the bunchgrass canopy
would be shaded during many portions of the daylight when PPFD
above the canopy exceeded 0.8. Finally, during this time period
after 22 June, surface area for late-season blades on unclipped
bluebunch wheatgrass plants averaged 43% less than that on
unclipped crested wheatgrass plants, and these blades comprised
only 35% of the total green surface area per tiller on unclipped
bluebunch wheatgrass plants and 47% of the total on unclipped
crested wheatgrass plants (Fig. 7). Thus, when environmental con-
ditions and photosynthetic surface areas at this northern Utah site
are considered, the ecological significance of higher photosynthetic
rates and stomatal conductances of senescent late-season blades on
unclipped bluebunch wheatgrass plants is small. If the parallel of
light and temperature dependencies on undefoliated plants with
those on partially defoliated plants is extended to senescent late-
season blades, then a similar analysis of gas exchange and green
surface area data for partially defoliated plants would yield the
same conclusion.

Carbon gain and water loss of tillers on partially defoliated
plants would be lower than those of tillers on undefoliated plants.
Although net photosynthetic rates at optimal temperature and
irradiance conditions for foliage on partially defoliated plants
averaged 279 greater than those for foliage on undefoliated plants
(Nowak and Caldwell 1984a), the total green surface area per tiller
on partially defoliated plants was 50% to 75% less than that on
undefoliated plants (Fig. 7). Thus, the greater photosynthetic rates
of foliage on partially defoliated plants did not completely com-
pensate for the loss in photosynthetic tissue.

Conclusions

At a northern Utah study site, light and temperature depen-
dencies of net photosynthesis and stomatal conductance were usu-
ally very similar between foliage from crested wheatgrass plants
and foliage from bluebunch wheatgrass plants. When these two gas
exchange characteristics were not similar between the 2 species, an
assessment of prevailing environmental conditions and photosyn-
thetic surface area composition of tillers indicates that the gas
exchange differences between species would not result in large
differences in carbon gain and water loss for individual tillers.
Partial defoliation of plants did not appear to change the relative
differences between the light and temperature dependencies of
photosynthesis and stomatal conductance for the 2 wheatgrass
species. Thus, the carbon gain and water loss rates of crested
wheatgrass and bluebunch wheatgrass foliage do not account for
their differences in grazing tolerance, and other factors such as
production and maintenance of photosynthetic tissue are much
more important.
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