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ABSTRACT

Differences in the photosynthetic performance between pairs
of heat tolerant (HT) and heat sensitive (HS) accessions of tuber-
bearing Solanum species were measured at 40 OC, after treating
plants at 40/30 IC. After 1 to 9 days of heat treatment, both HT
and HS accessions showed progressive inhibitory effects, pn-
marily decreased rates of CO2 fixation, and loss of leaf chloro-
phyll. These effects were most pronounced in the HS accessions.
Stomatal conductivity and intemal CO2 concentrations were lower
for both accessions at 40 OC especially for the HS accessions,
suggesting that at ambient CO2 concentrations, stomatal con-
ductance was limiting CO2 availability at the higher temperature.
In the HT accessions, stomatal limitations were largely attributed
to differences in vapor pressure deficit between 25 0 and 40 °C,
while the HS accessions exhibited significant nonstomatal limi-
tations. The young expanding leaves of the HS accession showed
some HT characteristics, while the oldest leaves showed severe
senescence symptoms after 9 days at 40/30 "C. The data suggest
that differences in heat sensitivity between HT and HS accessions
are the result of accelerated senescence, chlorophyll loss, re-
duced stomatal conductance, and inhibition of dark reactions at
high temperature.

It is one of the challenges of crop scientists to find ways of
improving plant yield in stressful environments. One impor-
tant approach to this work is to identify stress-related phys-
iological processes that impair plant performance so that
screening procedures can be developed to select better adapted
cultivars. It is well established that whole leaf photosynthesis
is inhibited at high temperatures in nonacclimated plants (1).
However, for most crop species it is not known whether
differences in the degree to which photosynthesis is impaired
at elevated temperatures are causally related to differences in
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plant performance. In potato (Solanum tuberosum L.) grown
at high temperatures, tuberization is inhibited (8), elevated
respiratory rates deplete photoassimilates (4), and photosyn-
thetic carbon fixation declines at temperatures above 25°C
(6, 1 1). Nonetheless, there is considerable interest in growing
potatoes in lowland tropical conditions (18) where air tem-
peratures as high as 40 C reduce yields (4, 7). The genetic
potential for more heat tolerant photosynthesis in the many
wild relatives of S. tuberosum has not been investigated sys-
tematically, although correlations between the thermal envi-
ronments of several indigenous Solanum species and their
Chl fluorescence induction under acute temperature stress
have been reported (15).

In heat screening trials of319 accessions of59 tuber-bearing
Solanum species, a wide range of responses to temperature
were found among species and accessions (13). Using these
data, pairs of HT3 and HS accessions were chosen from four
species that showed a range of heat tolerance among acces-
sions. The contrast among accessions in their ability to pro-
duce shoot fresh weight during 4 weeks at 30 to 40 C was a
major factor in assigning their heat tolerance (Table I). After
4 weeks at 14 to 35 °C (controls), the shoot fresh weights were
not significantly different between accessions, except in the
case of Solanum demissum (Table I). At 30 to 40 C, all
accessions showed a decline in fresh weight compared with
controls. However, fresh weights were 30% to 70% lower for
the HS compared with the HT accessions at the higher tem-
perature. The HS accessions also showed more of the follow-
ing visual symptoms of high temperature stress: decreased leaf
size, leaf rolling, more acute leaf angle to the stem, and
senescence symptoms such as chlorosis and necrosis. In heat
screening trials, photoperiods were long in both temperature
regimes to prevent the complicating effects of tuberization on
shoot growth (3). Prolific canopy growth is a prerequisite to
good tuber yield (19); tuberization characteristics were as-
sessed after selection for shoot growth (13).

In the present study, photosynthetic performance at ele-
vated temperature was examined in four pairs (one HT and
one HS) of accessions selected on the basis of our previous
screening study (13). Plants were acclimated to 40/30 C in

3Abbreviations: HT, heat tolerant; HS, heat sensitive; VPD, vapor
pressure deficit.
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Table I. Fresh Weights of Pairs (HT and HS) of 10-wk-Old
Accessions of Four Solanum Species after 4 wk at 30 to 40°C or 14
to 350C in Greenhouses

Values are means of 3 years of screening data adapted from Table
11 in Reynolds and Ewing (13).

Fresh Weight of Accessiona
Species

14 to 350C 30 to 40°C

glplant
S. bulbocastaunum
HT 24 17
HS 16 10*

S. chacoense
HT 33 32
HS 32 13*

S. demissum
HT 34 23
HS 17* 5*

S. stoloniferum
HT 21 12
HS 25 6*

aAn asterisk denotes a statistically significant (P < 0.05) difference
between a pair of accessions within the same temperature treatment.

growth chambers for up to 9 d, when stress symptoms of
plants were comparable to those seen on plants after 3 weeks
or more of screening at 30 to 40 °C in the greenhouse. Even
before stress symptoms became visible, photosynthetic rates
at 40 °C were lower for the HS accessions than the HT ones.
Our results suggest that Chl loss, reduced stomatal conductiv-
ity and accelerated senescence were the major factors account-
ing for the difference in photosynthetic performance between
HT and HS accessions at high temperature.

MATERIALS AND METHODS

Growing Conditions

The following accessions selected for heat tolerance or

sensitivity in the previous study (13) were used: Solanum
chacoense (PI 209411, PI 275141), Solanum demissum (PI
338618, PI 160230), Solanum stoloniferum (PI 255532, PI
160224), and Solanum bulbocastaunum (PI 347757, PI
275195). The first accession listed in each pair was tolerant,
the second was sensitive. Accession numbers are those of the
Plant Introduction Station, Sturgeon Bay, WI, from which
the seeds were obtained. Plants were raised from seed (not
tubers) in greenhouses at 20 to 30°C, in 14 cm plastic pots.
Six to 9 week old plants were transferred to growth chambers
1 week before each experiment began. The photon flux density
in the chambers at unshaded soil level was 350 qmol m-2 s-'
PAR (about 500 ,umol photons m-2 s-' at the surface of an

average leaf used for photosynthesis measurements), and the
day/night temperature regime was 25/20°C with a 14 h
photoperiod. Photosynthesis was measured on plants that had
not tuberized so as to be comparable to the screening study.
Control rates of photosynthesis were measured at 25 °C prior
to heat treatment. Rates were later measured at 40°C on the
same plants after 1 to 9 d of heat treatment at 40/30 °C day/

night regime. From 3 to 12 leaf samples were measured for
each treatment, with leaves being selected from three to six
plants per accession.

02 Evolution

Oxygen evolution was measured on fresh leaf discs (3 cm2)
at saturating CO2 and humidity using a Hansatech LD-2
electrode (5). Discs were cut from the center ofmature healthy
leaves that were located at least six nodes below node 1, unless
otherwise stated. Node 1 was defined as the node bearing the
youngest leaf that had an area greater than 5 cm2. Full leaf
expansion occurred below approximately the sixth node. Il-
lumination was provided by a quartz-halogen source that was
filtered to remove IR. Light intensity was varied by using
neutral density filters. Discs from control and heat-treated
plants were measured at 25 and 40°C, respectively. Rates of
oxygen evolution were normalized to the total Chl a + b
content of each leaf disc.

Chi

Chl a and b were measured immediately after rates of
oxygen evolution had been recorded, on the same leaf discs.
Pigments were rapidly extracted in 90% acetone, and spectro-
photometric readings were quantified using the equations of
Jeffrey and Humphrey (9).

Gas Exchange

Carbon fixation was measured with a null-balance steady
state gas exchange system (PACsys 9900, Data Design Group,
CA). All measurements were made on attached mature leaves
at a CO2 concentration of 330 ,uL/L, a relative humidity of
50%, and at a photon flux density of 450,mol m-2 s-' (PAR)
from a sodium discharge lamp. Leaf temperature was deter-
mined by a thermocouple in direct contact with the leaf
surface and was set to either 25°C (control) or 40°C (heat-
treated). In all cases, air temperature varied by less than 2 °C
from the set leaf temperature. Leaves were chosen by the
same criteria described under 02 evolution. The same leaves
were used for control measurements at 25 °C and for meas-
urements at 40 °C after heat treatment.

RESULTS

Oxygen Evolution

Oxygen evolution was measured as a function of light
intensity in S. chacoense control plants and plants which had
been heat treated at 40/30 °C for 2 d (Fig. 1). Both accessions
behaved very similarly in response to light intensity at 25 °C,
and only the data for the HS accession are presented in Figure
1. No significant differences between the HT and HS acces-
sions at 25 °C or 40 °C were detectable at light limiting inten-
sities (<300,mol photons m-2 s-'). However, marked differ-
ences were observed at light intensities approaching saturation
(>500 smol photons m-2 s-'). At 40 C, the HT accession
reached the same light-saturated rate of 02 evolution as the
controls but had higher rates than control plants between 500
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Figure 1. Light intensity dependence of the rate of 02 evolution in
leaf disks (measured at saturating C02 and humidity) at 40 OC, after
2 d of heat treatment of 40/30 0C, and at 25 0C prior to heat
treatment, for HT and HS accessions of S. chacoense. Vertical bars
represent standard errors of the means of four replications. At 25 0C,
the response of the HT accession to light intensity was not signifi-
cantly different from that of the HS accession.

(13) showed the same trends for the species S. chacoense, S.
stoloniferum, and S. bulbocastaunum: that is, HT accessions
showed higher maximal rates of 02 evolution than HS acces-
sions at 40°C (not shown).
During the course of our studies,- we frequently observed

that younger leaves of the HS accession exhibited less pro-
nounced effects of heat treatment than did mature, fully
expanded leaves on the same plant. To investigate the effect
of leaf age on heat tolerance, light saturated rates of 02
evolution were measured on expanding leaves, which were
generally located above the sixth node from the top of the
plant. In contrast to the mature leaves, differences in the
young expanding leaves were not detected between accessions
of S. chacoense (Fig. 4), or S. stoloniferum (not shown) after
1 to 3 d heat treatment at 40/30 'C. The rates of 02 evolution
in these younger HS leaves were equal to the rates found in
the mature leaves of the tolerant accession. Furthermore, the
Chl a to Chl b ratio and Chl content per cm2 leaf area were
not significantly different between the young and mature
leaves. In a separate experiment, there was no apparent effect
of leaf age on light-saturated O2 evolution in control plants
(25 °C) of either accession.

and 1000 umol photons m-2 s-'. In contrast, the HS accession
showed lower rates at all intensities above 500 ,umol photons
m-2 s-' (Fig. 1). In all cases, a light intensity of 2000 ltmol
photons m-2 s- was adequate to saturate rates of02 evolution
without any apparent photoinhibition.

Variations in the rate of 02 evolution measured at 500
,umol photons m-2 s-' during nine days of 40°C heat treat-
ment are shown in Figure 2 for S. chacoense. Similar patterns
were observed in the other three pairs of accessions. An
intensity of 500 ,umol photons m-2 s-I was selected for meas-
urement of 02 evolution because it was within the range
experienced by leaves in growth chambers and under screen-
ing conditions in greenhouses (13), and is also the intensity
where HT and HS plants showed the greatest difference in
rate (Fig. 1). The HT accession exhibited a significant increase
in rate at d 3 while there was no significant change in the HS
rate (Fig. 2). After d 3, the HT and HS accessions showed
parallel declines in O2 evolution with the HS rates about 20%
less than those of the HT accession. Rates measured on
nonacclimated plants under acute stress conditions (10 min
at 40 C) were not significantly different between accessions
(Fig. 2), and not significantly different from control rates
measured at 25°C (Fig. 1). In limiting light (<300 gmol
photons m-2 s-'), rates of 02 evolution did not show a
significant decline in any accession prior to d 5. However,
after d 5 the HS accessions exhibited a significant decrease in
rates at limiting light intensities while the rates of the HT
accessions were the same as controls (not shown).
Maximal rates of 02 evolution measured at 40°C, after 1

to 3 d of heat treatment at 40/30 C, averaged 45% lower for
the HS accession of S. chacoense and 10 to 17% lower for the
other species (Fig. 3) compared to their respective HT acces-
sions. An experiment conducted with plants acclimated for 4
d to greenhouse conditions identical to those used to screen
plants for high temperature (30-40 °C, and 18-h photoperiod)

Gas Exchange

After 2 to 3 d of heat treatment at 40/30 °C, carbon fixation
rates per leaf area, measured at 40 °C and 50% RH, were 45%
lower for the HS accessions of S. chacoense than for the
tolerant accession (Table II). There was a similar but smaller
difference (27%) between the HT and HS accessions of S.
stoloniferum (Table II). Stomatal conductances at 40°C
(Table II) were lower in the HS than in the HT accessions of
both species. All accessions showed lower stomatal conduct-
ances at 40°C than for controls at 25 °C (Table II). The
internal CO2 data were variable but seemed to be lower for
HS accessions at 40 C, and lower for all accessions at 40°C
in comparison to controls at 25°C (Table II). The values of
stomatal conductance and internal CO2 concentration were
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Figure 2. Rates of 02 evolution from leaf discs (measured at satu-
rating C02 and humidity) at 40 0C and a light intensity of 500 4mol
photons m-2 s-1, prior to heat treatment and after 3, 5, and 9 d at
40/30 0C, for HT and HS accessions of S. chacoense. Vertical bars
represent the standard error of the means of four to eight replications.
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Figure 3. Light-saturated rates of 02 evolution from leaf disks (meas-
ured at saturating C02 and humidity) at 40 0C after 1 to 3 d of heat
treatment at 40/30 0C, for HT and HS accessions of four Solanum
species. The difference between HT and HS accessions were signif-
icant at the 5% level or greater, except for S. bulbocastaunum which
was significant at the 14% level. Values represent means of eight
replications.

not significantly different after 5 d at 40/30 °C in S. chacoense
from those recorded after 2 to 3 d heat treatment for either
accession. During the same period of treatment, the rate of
CO2 fixation remained constant for the HT accession but
declined by 60% in the sensitive plants. Beyond d 5, declines
in CO2 fixation rates at 40°C generally paralleled the loss of
leaf Chl (see below). At 25 °C and 50% RH, there were no

apparent differences between accessions in any ofthe variables
measured, but values were generally higher than those at
40 °C for either accession (Table II).

In order to evaluate the direct effect of VPD on stomatal
conductance and CO2 fixation between control and heat
treated plants, experiments with S. chacoense were repeated
with the RH of the leafchamber was adjusted to 30% at 25 °C
and to 70% at 40°C so that the VPD from air to leaf was
comparable between temperature treatments. In both acces-

sions, this reduced the differences in stomatal conductance
between 25 and 40°C. Under these conditions, the rate of
CO2 fixation for the HT accession at 40°C was comparable
to both accessions at 25 'C and had a value of 13.5 Jtmol C02
m-2 s-'. In contrast, the HS accession had a rate of 9.0 gmol
CO2 m-2 s-', showing a 33% inhibition at 40 'C compared to
the other treatments.

Chi

Changes in leaf Chl content and Chl a to Chl b ratios also
contributed significantly to the decline of photosynthetic per-
formance in S. chacoense during 9 d of heat treatment at 40/
30 'C (Fig. 5). In the HS accession, leaf Chl content declined
slightly during the first 3 d of treatment and subsequently fell
by more than 50% after 9 d. Over the same period, the Chl a

to Chl b ratio increased from 4.5 to 7.7. In contrast, the leaf
Chl content of the HT accession dropped by only 14% after
9 d at 40/30 -C without significant changes in the Chl a to
Chl b ratio.

DISCUSSION

The four pairs of HT and HS accessions used in our

experiments were chosen from a previous screening of 59
species (13). In some of the species not selected for the present
study, all accessions died within a few days of exposure to
high temperatures, while in still other species all accessions
grew into healthy plants under heat stress. In general, the HS
accessions selected for the present study responded to high
temperatures by showing progressive senescence symptoms
and reduced growth rates over the 4 weeks of screening.
During the same period, the HT accessions showed significant
shoot growth and fewer stress symptoms. By comparing re-

lated accessions within the same species, we hoped to deter-
mine whether differences in photosynthesis could account for
the widely varying responses of shoot growth to high temper-
ature.
The apparent heat tolerance of young leaves in HS acces-

sions, as evidenced by their light saturated rates of 02 evolu-
tion (Fig. 4), suggests that heat sensitivity may to some extent
be a manifestation of accelerated senescence. Though not
fully expanded, leaves between nodes 1 and 6 exhibited iden-
tical rates of light-saturated 02 evolution at 25 °C (per cm2
leaf area and per Chl), total Chl a + b per cm2 leaf area, and
Chl a to Chl b ratios, suggesting that these leaves are photo-
synthetically competent. Leaves of S. tuberosum show loss of
photosynthetic capacity with age (20), which is accelerated by
high temperature (4). Although the young leaves of HS acces-

sions showed characteristics of heat tolerance, we estimated
that they accounted for less than one third of the plant's total
leaf area.
A progression of effects was observed in S. chacoense as

plants responded to 40/30°C over the 9-d study period.
Although no accessions showed visible manifestations of stress
during the first 4 d of heat treatment, there were clear differ-
ences between accessions in photosynthetic performance.
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Figure 4. Effect of leaf age on the light saturated rate 02 evolution
from leaf disks (measured at saturating CO2 and humidity) at 40 0C,
for HT and HS accessions of S. chacoense after 1 to 3 d of heat
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Table II. Net Photosynthesis, Stomatal Conductance, and Internal
C02 Concentration of Intact Leaves of HT and HS Accessions of S.
Chacoense and S. Stoloniferum at 25°C, and at 400C after 2 to 3 d
at 40/300C.

For S. chacoense the protected LSD (PLSD) is given for compari-
sons between treatment means.

Net Stomatal Internal
Species Photosynthesis Conductance [C021

AMoI C02 m-2 mms' L1

S. chacoense
250C HT 14.4a 2.4 180
250C HS 14.6 2.1 160
400C HT 10.3 0.9 51b
400C HS 5.7 0.4 25b
PLSD 1.8 0.4 35

S. stoloniferum
250C HT 14.7 (0.3) 3.2 (0.8) 205(29)
250C HS 17.3(0.3) 3.0 (0.5) 184(23)
400C HT 16.0 (0.4) 1.9 (0.1) 120 (10)
400C HS 11.5 (1.6) 0.5 (0.2) 18 (1 8)b

a Values represent means of 12 replications. For S. stoloniferum
the standard error is given in parentheses after each mean, as
replications (three to six) were not always equal between treat-
ments. b Calculated values of internal CO2 concentration were in
some cases near or below expected compensation points, probably
because of lack of sensitivity of the gas exchange system to small
fluxes of gases at relatively low rates of C02 fixation.

After 2 d at 40 °C, C02-saturated rates of 02 evolution were
significantly lower for HS accessions in comparison to HT
accessions at light intensities above 300 ,umol photons m-2
s . Rates of CO2 fixation measured at 550umol photons m-2
s-Iwere also inhibited in HS accessions in comparison with
HT accessions. After 4 to 5 d at 40/30 C, visible stress
symptoms started to appear in HS accessions, and leaf Chl
content began to drop. At the same time, there was a coinci-
dent decline in Chl a to Chl b ratios and in rates of light-
limited 02 evolution (in addition to a continued difference in
light-saturated rates). A further decrease in rates of CO2
fixation per cm2 leaf area for the HS accession between 5 and
9 d paralleled the loss of total leaf Chl. By the end of 9 d in
the hot growth chamber, HS accessions exhibited visible stress
symptoms equivalent to those observed after 3 weeks or more
of heat screening in the greenhouse (13).

In general, the rate of photosynthesis is expected to rise
with increasing temperature as a result of the Qlo effect
(increase in reaction rate accompanying a 10°C temperature
increase) (1). We observed in S. chacoense that the maximal
rates of 02 evolution at 40°C after 1 to 3 d heat treatment
were lower for the HS accession in comparison to rates for
control plants at 25 °C, while rates were comparable or only
slightly increased in the HT accession (Fig. 1). Similarly, the
rates at 500 ,umol photons m-2 s51 measured after acute
temperature stress (40 °C for 10 min) were only slightly higher
than the control rates (25 °C) for both HT and HS accessions
of S. chacoense (Figs. 1 and 2). The fact that increased rates
were not observed at 40°C indicates that key reactions of

photosynthesis were inhibited in both HT and HS accessions.
However, this inhibition was clearly more pronounced in the
HS accessions of all four species. Although Chl loss was a
major contribution to decreases in leaf photosynthesis (per
leaf area), measurements normalized to Chl also indicate
effects that are independent of leaf Chl content (Fig. 2).

Metabolic adaptation may have contributed to the superior
performance of the HT accession after heat treatment at 40/
30 'C. Evidence for this comes from the fact that rates of 02
evolution (measured near ambient light at 500,umol photons
m-2 s-') at 40 'C were higher after heat treatment at 40/30 'C
than the rates measured after acute exposure to temperature
stress (Fig. 2). In bean, acquired heat tolerance has been shown
to accompany changes in thylakoid lipid composition after a
few days exposure to high temperature (17).
At 500 ,imol photons m-2 s-', rates of 02 evolution in

saturating CO2 were the same or higher for both accessions at
40 'C compared to 25 'C controls (Fig. 1). In contrast, rates
of CO2 fixation at ambient CO2 were inhibited in both acces-
sions at 40 'C (Table II). These data suggest that CO2 availa-
bility, rather than the capacity for electron transport (16) or
Calvin cycle turnover, appeared to be the major factor directly
determining the difference in photosynthesis between HT and
HS accessions at 40 'C. This hypothesis is also supported by
the observation that rates of electron transport, calculated
from CO2 fixation at ambient CO2 (Table II), were approxi-
mately a factor of 2 lower than rates calculated from O2
evolution at saturating CO2 (Fig. 2) for all treatments. The
lower values for stomatal conductivity and internal CO2 at
40 'C in comparison to 25 'C (Table II) also suggest that
differences in the stomatal response between HT and HS
accessions accounted for the differences in CO2 fixation rates.
The HS accessions were also observed to require less water in
the growth chambers at 40/30 'C.

It is well established that high VPD, which is likely to occur
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Figure 5. Leaf Chl a + b content prior to heat treatment and after 3,
5, and 9 d at 40/30 OC for HT and HS accessions of S. chacoense.
Vertical bars represent the standard errors of the means of four to
eight replications. The ratios of Chl a to Chl b are shown next to the
standard error bars.
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at elevated temperature, can reduce stomatal conductance,
although there are also reports of a loss of sensitivity of
stomatal movement at high temperature (21). When relative
humidities were adjusted to maintain a similar VPD at 25 °C
and 40 °C, the rates ofCO2 fixation were the same for the HT
accession of S. chacoense at both temperatures, indicating
that increased VPD may be a primary factor in reduced CO2
fixation at 40°C for the HT accession. Inhibition of photo-
synthesis due to high vapor pressure deficits at elevated tem-
perature has also been reported in ryegrass (23). In the HS
accession, even after correction for VPD differences, the rate
of CO2 fixation at 40 °C was more than 30% lower than the
HT accession, indicating that factors other than stomatal
conductance were contributing to depressed photosynthesis
in the HS accession. Several studies have demonstrated inhi-
bition of Calvin cycle activity resulting from inactivation of
ribulose- 1 ,5-bisphosphate carboxylase/oxygenase at high tem-
perature (10, 22) that could account for the VPD-insensitive
inhibition of CO2 fixation we observe. However, the conclu-
sion that stomatal factors contribute to decreased photosyn-
thesis at elevated temperature is contrary to previous work in
potato (6) and other species (1, 12, 14). If stomatal limitations
are present, an obvious consequence of reduced internal CO2
concentration at high temperature would be an increase in
the rate of photorespiration, especially as the compensation
point of ribulose- 1 ,5-bisphosphate carboxylase/oxygenase has
been shown to increase with temperature (24).
Chl loss, which was significant in S. chacoense after 5 d at

40/30°C (Fig. 5), undoubtedly had a major impact on bio-
mass accumulation. Loss of total Chl a + b probably accounts
for most of the decreased CO2 fixation observed after d 5 (Fig.
5). However, the species S. stoloniferum did not show the
same propensity for Chl loss after 10 d in the growth chamber
40/30°C (not shown). Visual observations of 319 accessions
of 59 Solanum species screened for heat tolerance (13) indi-
cated considerable variation in the degree of chlorosis devel-
oping as a stress response at high temperature. The choice of
chlorosis alone as a screening criterion would not be an
effective way of removing all of the HS genotypes from a
population of wild potato species.

After 5 d or more at 40/30°C, differences in rates of 02
evolution between HT and HS accessions were detectable at
both saturating and limiting light intensities. The latter sug-
gests a decrease in the quantum yield of photosynthesis which
could result from a decrease in functional light-harvesting
antenna size. The decline in total Chl a + b per cm2 leaf area
and a preferential loss of Chl b in the HS accession supports
a heat-induced loss of light-harvesting complexes. In addition,
decreased quantum yield would also result from heat-induced
dissociation of PSII light-harvesting complexes (2).
Comparison of the results between the 4-week screening

study (13) and the measured photosynthetic parameters of
the present study were not direct. For example, the CO2
fixation rates for HT accessions at 40 °C relative to the control
rates (Table II) indicated an inhibition for S. chacoense, but
there was no difference between temperature treatments for
S. stoloniferum (Table II). The difference was not reflected by
the response oftheir shoot weights to high temperature (Table
I). This may be due in part to the differences of temperature

and light environment between the screening treatments and
the conditions under which photosynthetic parameters were
measured. The temperature optimum for each accession is
unknown, so a true control was not possible; it therefore
seemed reasonable to measure photosynthesis at temperatures
representing both ends of the day time temperature range at
which plants were screened (13) in order to establish the
potential differences in photosynthesis.

These data establish that photosynthetic response to high
temperature can vary significantly within a species. A causal
link between decreases in photosynthetic performance and
and shoot growth at high temperature is inferred most strongly
by the Chl loss seen in the HS accession of S. chacoense, and
by the reduced CO2 fixation rates seen in the HS accessions
of S. chacoense and S. stoloniferum, in comparison to their
respective HT accessions. The kinds of measurements de-
scribed in this paper are time consuming and clearly not
suitable to screening germplasm for photosynthetic character-
istics on a large scale. Nonetheless they help to establish
mechanisms that contribute to reduced plant performance at
high temperature.
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