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Heat Tolerance of Alpine Plants – Methodical, Physiological & Ultrastructural Aspects

HEAT TOLERANCE TESTING SYSTEM (HTTS)

BACKGROUND
A

High temperature is a significant abiotic stress factor for plant recruitment and survival in alpine life zones.
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While the mean global surface temperature increase was +0.6 ± 0.2°C during the 20th century, in alpine

D
⑪

⑩

habitats the temperature increase was found to be more than twice of that. Reversible and irreversible heat
effects on plants will have great impacts on plant distributional ranges and entire ecosystems.
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Any damage to plants that currently securely protect the soil surface in alpine sites has in the worst case
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scenario the potential to initiate erosion and landslides with devastating consequences.
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For the assessment of the risk of heat damage of plants the knowledge of the species - specific maximum

Fig. 1 Major components of the Heat Tolerance Testing System. A. Mobile supply unit. (1) Main

heat tolerance is of great interest. As until now sufficiently appropriate measurement systems were

switch, (2) power supply cable, (3) ventilation hole with fan, (4) connection panel for the eight exposure

missing, we designed and constructed a field portable Heat Tolerance Testing System (HTTS) that allows

chambers, (5) RJ45 network port for connecting the notebook from which the complete system can be

determining heat tolerance of plants directly in the field (in situ) and under natural solar irradiation (Fig. 1).

controlled, (6) venting hole. B. Two exposure chambers during a controlled heat exposure of a small Pinus

Heat exposure takes place within a water vapor saturated air to prevent transpirational cooling.

cembra L. seedling (7) in dark - mode (8) and under natural solar irradiation (10). The handle (10)

Now, recuperation and repair processes of different plant organs can be monitored over extended time

contains a hose pump and an electronic interface. C. Side view of an exposure chamber. (11) Sunscreen,

spans in the presence of interacting external abiotic and biotic factors under natural environmental

(12) external fan for cooling purposes, (13) transparent bottom with opening slit, (14) heating wires

conditions. Furthermore, effects of natural solar irradiation during and subsequent to heat stress on heat

preventing condensation inside the chamber. D. View into the inside of the heat exposure chamber. The

tolerance, recuperation capacity of photosynthetic gas - exchange and cellular ultrastructure can be

main fan (15) transports air from the exposure room to the heating and humidifying system behind the

studied.

separating plate (16) from where it is delivered back by 12 small fans (17). (18) Mobile temperature
sensor, (19) humidity sensor (heated), (20) stationary temperature sensor.

METHODICAL ASPECTS

AIMS AND HYPOTHESIZES

Fig. 2 Leaf heat tolerance of Loiseleuria procumbens.
Heat tolerance1 (LT50) determined on detached leaves
(ex situ) using the electrolyte leakage test (ELT, dotted box)
did not differ from heat tolerance as determined on detached
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c

The first aim was the design and construction of the HTTS as we hypothesize (1) that the presence of

(VAC, hatched box). When heat exposure was conducted

natural solar irradiation during short - term heat stress principally may affect heat tolerance of leaves and
(2) that heat tolerance determined on excised leaves (ex situ) may significantly differ from results derived

Furthermore, we hypothesise that in high alpine vegetation even under current climate conditions
significant restrictions of photosynthetic gas - exchange will be detectable due to short - term and just
sub - lethal heat stress episodes, which in future possibly will occur more frequently.
Our work includes physiological aspects, e.g. the determination of pool sizes of factors being involved in

in situ by the HTTS, heat tolerance values (fine dotted box)
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LT50 [°C]

from attached leaves at the natural growing site (in situ).

leaves using the computer based visual assessment method

b

were significantly higher than that determined on detached
leaves. Additionally, when the heat treatment was conducted

a

in situ and under the presence of natural solar irradiation
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(white box) heat tolerance was significantly higher than

a

compared to the heat tolerance as being determined from the
same treatment but in darkness. For both the visual
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detoxifying oxygen radicals like glutathione, α - tocopherole and ascorbic acid, but also of ultrastructural

estimation method (VEM) was applied. Boxes: median, upper

aspects, with a special focus on the occurrence of chloroplast protrusions under natural environmental

and lower quartile. Whiskers: maximum, minimum. Statistics:

conditions and under simulated abiotic stress.
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ANOVA, Bonferroni - test (P < 0.05).
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Fig. 2 Heat stress in Vaccinium gaultherioides
50

A. Assimilation rate at 2000 µmol Photonsm-2s-1
(PPFD) in percent of control measured subsequently
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to short - term heat stress (30 min) that was applied
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in situ by the HTTS. Depending on the exposure

Days after heat - stress

temperature it took several days until 100% recover.
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B. Relative frequency of daily maximum leaf
temperatures (Mt. Patscherkofel, 1950 m a.s.l.)
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Fig. 3 Chloroplast protrusions (CPs) in leaf mesophyll cells of Ranunculus glacialis
A. Flowering Ranunculus glacialis at 2600 m a.s.l (Ötztal Alps). B. Leaf cross section showing a typical
dorsiventral structure of the leaf mesophyll. C. Upper epidermis and first palisade layer. D. Individual
chloroplasts with typical CPs (arrows).

Sep 2012). On 18% of the days leaf temperatures

CPs are dynamically occurring, stroma - filled areas which do not contain any thylakoids. Although some

exceeded 40°C (44°C: 4%, 47°C: 2%). The vertical

research2,3,4,5 has been done on CPs in the past until now the function of CPs and - possibly - their role

red line indicates the heat threshold upon which

in stress management, is not completely understood. We investigate the occurrence of CPs in situ under

initial lethal damages to the leaf tissue can occur.

natural environmental conditions and in relation to various, artificially induced, abiotic stress scenarios.

Leaf temperature (daily maximum) [°C]

SUMMARY
First results derived with the HTTS clearly showed, that classical test procedures, the necessity of detachment, the absence of natural solar irradiation during heat stress and the impossibility of the inclusion of recuperation and
repair subsequently to the heat stress event may in fact significantly influence the results and, for example, lead to a substantial underestimation of heat tolerance by several degrees Celsius.
On alpine dwarf shrubs it could be demonstrated that even short heat stress episodes that already occur under present climate conditions and which do not cause visible damage to leaves may, however, lead to a long lasting and
significant reduction in actual photosynthetic capacity and hence can severely depress plant productivity. Taken into account that in future such heat induced restrictions of photosynthesis may increase, especially at high altitudes
where the snow free period may last only a few weeks or months, each additional limitation of carbon uptake may have important effects on carbon balance, and finally on the survival of particularly endangered plant species.
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