PLANT ECOPHYSIOLOGY LECTURE Topic 6

Photosynthetic Adaptation to Temperature

L General features of photosynthetic carbon assimilation versus temperature

A. Plants can photosynthesize across a broad range (0 to ~50°C) but are limited across this range by

different things (see lecture on overview of photosynthesis):
1. at low temperatures (0-10°), - enzyme limited, phosphate limited at the chloroplasts

2. between 10-35°, - mostly CO2 diffusion limited (e.g. RuBisco is not saturated), RuBP
regeneration limited (e.g. energy from electron transport cannot regenerate RuBP fast enought), or

starch/sucrose utilization limited (e.g. build-up causes photosynthesis to decline)
3. above 35 to 40°, - proteins can denature, membranes can become deformed (deleterious

effects)

B. Optimal temperatures for GROSS photosynthesis in plants are 15-40°C, but above ~10°, dark
respiration goes up and NET photosynthesis goes down (Fig.).

2.5

Photosynthesis and respiration

Temperature range of net photosynthesis (°C)

Figure 5.12 Effects of temperature on photosynthesis, respiration, and net or apparent photosynthesis
of Swiss stone pine seedlings. Solid lines are from actual measurements; broken lines are estimated.
(After Tranquillini, 1955: from Kramer and Kozlowski, 1979, by permission of Academic Press.)

C. Photosynthesis vs. temperature curves are generally bell shaped (Figs.)

1. plants with different photosynthetic pathways (C3, C4, and CAM) differ in their

responses (Fig.)
), As far as photosynthesis is concerned, it is generally thought that:

I LOW temperature (non-freezing) responses are mediated by changes in root membrane
characteristics which in turn influence water and nutrient transport that will effect
photosyn-thesis - INDIRECT EFFECTS
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PLANT ECOPHYSIOLOGY

2.

LECTURE Topic 6

HIGH temperature responses are mediated by changes in leaf-level characteristics

(e.g. leaf water deficits that influence stomatal closure, changes in photosystem
integrity) which in turn influence photosynthesis - DIRECT EFFECTS

II. Photosynthetic temperature response in plants from contrasting thermal
habitats
A. Comparison of Atriplex sabulosa (Cy), A. glabriuscula (C3) and Tidestromia oblongifolia (Cq) over

very warem to hot temperatures

i
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Figure ] Comparison of the temperature dependences of photosynthesis by whole plants of
Tidestromia oblongifolia during the summer in Death Valley, California, and Atriplex glabrius-
cula, grown under a temperature regime simulating that of its native coastal habitat. From

{38). L

A. sabulosa native of Scandinavian maritime habitats (20°C day time max)

T. oblongifolia native of Death Valley floor (45°C day time max)
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FIGURE 10.14. The quantum yield of photosynthetic carbon fixation
in a C3 and a C4 plant as a function of leaf temperature. In normai
air, photorespiration increases with temperature in C3 plants and
the energy cost of net CO, fixation increases accordingly. This
higher energy cost is expressed in lower quantum yields at
higher temperatures. Because of the CO, concentrating
mechanisms of C4 plants, photorespiration is low in these plants,
and the quantum yield does not show a temperature dependence.
Note. however. that at lower temperatures the quantum yield of
C3 plants is higher than that of C4 plants. (From Berry and
Downton, 1982.)

! T T
C Sat CO
008} =2 2

Normal COZ

%’ 0.06)- ~ SN
>
E Ca
2 » gl
£ 004
=]
e}

0.02} .

0 1 | 1
10 20 30

IB 151 --2

Leaf temperature, ©C



;IOO"

S e s s
o
O
T

—o0—0— A.qglabriuscula(C3a)

--@- -o-- A.sabuloso(C4)

—H— T.oblangn[o“o (Ca)
1 i ! . !

vum da

AT
(o]

20

30
Doy temperature, °C

40

T - r T T T T T.
6| 1
BN " T 05‘0"9""",0-00‘
a ~~ o "
E S| K 7
~ A. sobulosa
£ T
E 4
@ (S
Td 1
X X3
@ _{ =
3 >
3 32
ST
) S? &)
=
o |
* K
< B i 5 . L

15 20 2‘5 30 as
Leof temperature, °C

i 2. erature dependence of light-saturated net CO, uptake inArr_iple.x
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~ Figure 15.3. Comparison of the heat sensitivity in vivo of light- and CO,-saturated

photosynthetic rate, dark resniration, and ion leakage in 'eaves of Atriplex sabulosa
(@—®@) and Tidestromiu oblongifolia (O--0). “*Control rates’* of photosynthesis
were measured at a standard noninhibitory temperature (30°C): the attached, illumi-
nated leaves were subsequently treated for 15 min at the temperature indicated on the
abscissa, then quickly retumed to the standard noninhibitory temperature, an.! the
photosynthetic rate measurcd again. Data from Ref. 2. The procedure tor the respi-
ration measurements was similar to that used for photosynthesis, except i the
leaves were kept in the dark. Ion leakage was measured by the increase in conductiv-

_i*'v of the medium in which lcaf slices were submerged. Unpublished cata ¢ O.

Bjorkman. The solid and oper arrows and solid and dashed veriical lines Jdenoie the
temperatures at which time-dependent inactivation of photosynthesis set: in in .

.Jabu(usa and 7. oblongifolia, respectively.
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Fig. 6.29a—c. Arrhenius diagrams
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PLANT ECOPHYSIOLOGY LECTURE Topic 6

3. growth response is maximized at daytirhe temperatures similar to native habitat
(Fig.)
4. temperature dependence of light saturated photosynthesis shows distinct differences in

optimum temperature and upper temperature lethal limits (Fig.); Tidestromia and A. sabulosa are C4
plants, thus photosynthesis is not CO2 limited very (if ever) often

5. dark respiration and/ or ion leakage do not account for upper temperature lethal limits
(Fig.)

6. quantum yield, fluorescence, and PSII systems decline in activity at same temperature as
light saturated photosynthesis; PSI activity does not decline until much higher temperatures (Fig.)

7. some photosynthetic enzymes drop off at upper limit lethal temperature; these are
usually light activated enzymes (Fig.) :
B. Intra- and inter-specific comparisons of species responses to cold - LOW TEMPERATURES

ik Root permeability and phase transitions in the root membrane is very important (Fig.)

2 This causes a change in total plant resistance and transpirational flux (Fig.)

3. Photosynthesis is depressed because of changes in plant water status (Fig.)

IIl.  Adaptive possibilities to a change in thermal environment (Fig.)

seasonally fluctuating thermal environment Adaptive possibilities

A
gz o wzzz7773 wz7A,

\ A. short leaf duration

7~ T N

leaves present during a narrow temperature range only
- ~

e 7 \ \
/ \ \ ,/ \

' \-'/ Srzzes) \\

thermal optimum of photosynthesis changes seasonally B. acclimation

/\/\/
o

leaf temperature stays close to a particular thermal optimum C. “homeostasis”
for photosynthesis
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PLANT ECOPHYSIOLOGY LECTURE Topic 6

A. Short leaf duration
1. leaves present for narrow temperature range only (some annuals and perennial herbs)
2. no photosynthetic activity during other temperatures (as above)

B. Photosynthetic acclimation
1. physiological and biochemical changes occur in leaf so that temperature optimum and

upper temperature lethal limit change in concert with air temperatures

2. leaves can be active year round if conditions permit
8. Pinus taeda (loblolly pine of s.e. U.S.) has an evergreen leaf; C3 photosynthesis (Fig.)
4. Hammada scoparia (Negev Desert, Israel) with C4 photosynthesis 12-15°C (Fig.)
(@ "Homeostasis"
1: physiological and biochemical changes do not occur so that temperature optimum and

upper limit lethal temperature remain constant

2. morphological and/ or transpiration changes occur in leaves so that energy balance is
modified and leaf temperature remains both constant and close to the thermal optimum of
photosynthesis

3. Encelia farinosa (Sonoran Desert) with C3 photosynthesis changes leaf spectral
characteristics and can achieve temperatures 10°C below air temperature (Fig.)

a. pubescence is responsible for reduced absorptance; changes in pubescence levels
are induced by temperature drought (Figs.)
IV.  What changes are associated with photosynthetic acclimation?

A. one of the best studied examples is with the desert shrub from Arabia and Iran,Nerium oleander;
with C3 photosynthesis and evergreen leaves

B changes in stomatal conductance are not associated with acclimation (Fig.)

C acclimation process is completed in about 10 days (Fig.)

D. changes in weight, chlorophyll, and protein content do not account for acclimation (Table)
E changes in electron transport do not account for acclimation

F. some changes in RuP carboxylase and FruP2 phosphatase (Table)

while there are not changes in enzyme capacity, there are increases in enzyme stability (Fig.)

B there are changes in membrane transition temperatures
growth temperature transition temperature
°C °C
20/15 4
45/32 +7

IB 151 -- 4
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PLANT ECOPHYSIOLOGY

LECTURE Topic 6

V. Photosynthetic acclimation vs. adaptation - the study of thermal ecotypes

Photosynthetic acclimation responses are common in many species from thermally variable

environments (Fig.)

T T T

A glabriuscula
sl

T T T T

A. sabulosa

T

Cool |

T T T T T
T. oblongifoha ,° qq
’

/ q

d o

Hot / v

’ '
Q
4 .

Photosynthesis rate, nmol cm™ séc"

1 1 i

l
1

i 1

(¢)
0 20 3

40 5010

20 30 40 5Q10

20 30 40 50

contrasting thermal regimes. The vertical broken lines indicate the daytime temperatures of

light-saturated photosynthesis in normal air for a number of species native to habitats with
the “cool” and “hot” growth regimes for each species.

Figure 2 Effect of growth temperature regime on the rate and temperature dependence of

Leaf temperature, °C
B. Temperature optimum for photosynthesis can shift (Fig.) - example - Eucalyptus pauciflora
C. Photosynthesis and dark respiration optima can both shift - genetically fixed within

population of Arctic or Alpine origin (e.g. Oxyria digyna) - (Fig.)

D; Populations can respond quite differently in their acclimation ability; e.g. Atriplex lentiformis
with its desert and coastal clones (Figs.)

E. Adaptive response can be due to shifts in enzyme activity, sensitivity, Q10 (the increase in
reaction rate that results from a 10° change (usually increased) in temperature - e.g. a Q10 of 2

means that the reaction increased two-fold with a temperature increase of 10°

1. Malate dehydrogenase ecotypes in Typha latifolia (Fig.)

2 Q10 of dark respiration in genotypes of ryegrass, Lolium perenne (Fig.)
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Table 1. Genotypic and allelic frequencies of all plants used in the experiment

Locus Genotypic Frequencies N F(1)+S.E. F(2)£S.E. F(3)+S.E. F(4)+S.E. X2

11 12 22 13 23 33 24 34 44

Pgm - - 33 - 23 4 - - - 60 = 0.74+0.040 0.26+0.040 - 0.00
Per 2 22 36 - - - - - - 60 0.22+0.038  0.78+0.038 - . - 0.15
6PRd < 3T, 18 815 = = = - . . 60 0.7740.039 - 0.23+0.039 - - 0.65
Udp 0 7 39 1 12 1 - - - 60 0.38+0.044 0.1840.035 0444+0.045 - ; 0.00
Pgi - - - - 6 33 5 15 1 60 - 0.33+0.043 0.26+0.040 0.42+0.045 0.32

Note: X? tests the fit of observed to expected frequencies. A1), (2), F(3) and F(4) refer to allelic frequencies 1 through 4. SE = standard
error :

: soﬁen
Giucone |- phosphate % BENTEAE PHOSPUATE
']l PGM PATHWAY

Glucose 6-phosphate ——» 6-phaosphogiuconate

GLYCOLYSIS

ﬁm, /?a/'/?e)l oal.
1981. Oecologia
74: 335-338

Fig. 3. A summary of the glycolytic and oxidative pchtosc phos-
phate pathways showing the positions of PGM and 6PGD
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