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ABSTRACT

Net photosynthetic rate (Pn) of Quercus mongolica leaves was determined under the controlled
O; concentrations of 0, 20, 30, 40, 50 or 60 ppb at every 10 min for 7 hr. Under the fumigation of
the different O3 concentrations the relative net photosynthetic rate (RNPR) of the leaves
decreased rapidly until 1 hr and thereafter decreased slowly. At below 20 ppb O; the decrease of
the RNPR was scarce but at above 20 ppb O3 the RNPR was inversely proportional to Os; concen-
tration on a logarithmic curve, The RNPR at 60 ppb O;, for example, was reduced 30% less than
that without O;. Under the different O; concentrations fumigated for the short period of time the
Pn dependent upon PPFD was depicted as saturation equation and Pn dependent upon tempera-
ture as quadratic equation, Results of this study suggest that short-term low O; of less than 60
ppb concentration may lead to reductions of Pn in Q. mongolica leaves.
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INTRODUCTION

Increase of ambient O, is particularly significant because of the phytotoxic con-
centrations over broad geographic regions (Swank and Vose 1990 /1991). In both Europe
and North America, O, pollution has brought about extensive damage to vegetation
(Reich and Lassoie 1985).

Leaves exposed to large doses of O; display the typical symptoms of mottling with
decreasing photosynthesis and increasing dark respiration, which may lead to reduction of
tree growth (Olszik and Tibbits 1981, Pell 1987, Lehnherr et al. 1987, Lange et al. 1987, Lee
et al. 1990, Lee 1993).

In Seoul, Korea, the ambient O; has been monitored in high concentrations since 1990,
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For example, during the summer of 1993, the maximum 1-hour mean concentration was
recorded as high as over 300 ppb due to increased number of automobiles (Korean Minis-
try of Environment 1993).

Recent research found out the evidence of the ambient O; as the primary-causal agent
affecting foliar symptoms related to chronic damage of plant leaves (Kim 1995, Reich and
Amundson 1984, Reich et al. 1984).

The purpose of this study is to develope the simulation model based on the practical
measurements of net photosynthetic rate of Q. mongolica leaves under different levels of O;
concentrations, photosynthetic photon flux density (PPFD) and air temperature for a

short term.

MATERIAL AND METHODS

One-year old seedlings of Quercus mongolica were used in this study. Each seed was sown
in a polystyrene pot filled with about 150 mL of soil (clay: humus = 5: 1 by vol.) and
germinated in greenhouse. Seedlings with stem about 5 cm long were transplanted into
plastic pots (18 cm d., 13 cm h.) filled with 3 kg of soil (clay: humus = 4: 1 by vol.), and
irrigated with tap water 3 times a week and with half-strength Hoagland’s solution once a
month.

Fumigations were conducted in Os; fumigation chamber in National Environmental Re-
search Institute in Seoul. Plants were exposed to 0, 20, 30, 40, 50 or 60 ppb Os; under the
condition of 25 ~ 27%C, 60 ~ 70% of relative humidity and 2.5 mmol m~%sec~! of PPFD. O,
was generated by a ozonator (UV-Ozonizer, KIMOTO, Japan), monitored by chemi-
luminescent O; analyzer (Model-813, KIMOTO, Japan) and maintained within + 2 ppb of
the desired concentration. Net photosynthetic rate of the mature leaves was recorded at
10 min intervals for 7 hr by data logger (LI-COR 1000, NE) connected to an infrared gas
analyzer (Model LCA-2, ADC, UK.).

RESULTS AND DISCUSSION

Response in net photosynthetic rate to O; fumigation

The relative net photosynthetic rate (RNPR), the ratio of net photosynthetic rate
under O; fumigation to net photosynthetic rate without O; fumigation (P,), was expressed
by two relationships: one was the relationship between the RNPN and the O; fumigation
period of time (P,s¢) and the other was the relationship between the RNPN and the O;
concentration fumigated (P.c).

Within the period of the first 1 hr the RNPR of leaves under over 20 ppb O; was rapidly
reduced and thereafter decreased slowly as fumigation period of time elapsed (Fig. 1). In
Fig. 1 the data of over 120 min were omitted because they were kept constant within
about = 2%. The relationship between the RNPR and the O; fumigation period of time
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Fig. 1. Relative net photosynthetic rate of Q. mongolica leaves dependent upon the periods of fumi-
gation time under each Qs concentration fumigated.

(Posy, %) was fitted by Eq. (1):

Pozy
 — o

Poyy =
where Pos, ¢ and b, are the RNPR with fumigation period of time under different Os
concentrations, O; fumigation time, and inhibition coefficient of P, related to the fumi-
gation time, respectively.

The RNPR was lowest under 60 ppb Os; fumigation, the value of which was 30% less
than that without O; (Fig. 1).

The RNPR with O; fumigation was exponentially reduced as O; concentration increased
(Fig. 2). Therefore, the relationship between the RNPR and O; concentration fumigated
(Pysicy) was fitted by Eq, (2):

P c
Poscy = _";ﬂ T TR OPPUTRRRPOY ¢ |
o

where Py, C and b, are the RNPR with increase of O; concentration fumigated in re-
spective O, fumigation time, O; concentration fumigated (ppb), and inhibition coefficient
of P, related to O; concentration fumigated, respectively.

Below 20 ppb Os fumigation the RNPR was kept almost constant but above 20 ppb O; fu-
migation the RNPR decreased logarithmically (Fig. 2).

The value of b, in Eq. (1) increased abruptly as Os concentration increased (Table 1) and
the value of b. in Eq. (2) increased gradually as the fumigation time elapsed (Table 2).
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Fig. 2. Relative net photosynthetic rate of Q. mongolica leaves dependent upon Qs concentration for all
data of over 60 min.

Table 1. Inhibition coefficient (&) of Py of Q. mongolica leaves with fumigation time under each Os con-
centration fumigated. b, represents the inhibition coefficient of P, derived from the relation-
ship between Oz fumigation time and Pos (Poswy = at™%). r is correlation coefficient. t ranges
from 0 to 120 min,

05 concentration (ppb) b, r

0 0.00000 -
20 0.01195 0.903*=
30 0.02972 0.955*=*
40 0.04375 0.963*=
50 0.09334 0.987**
60 0.09722 0.991*

=P < 0.001

The foregoing results showed that the relationship between P, of the leaves and O; con-
centration fumigated was well fitted by logarithmic function. Heck et al. (1966) already
found out that the relationship between leaf injury and dose of O; concentration fumigated
for a short period of time, i.e. the product of concentration and time, was nonlinear. This
relationship was developed as a model using logarithmic scales (Larson and Heck 1976,
Nouchi and Aoki 1979). Dose-effect relation between O; concentration and yield of crops
fumigated with O; during the growing season was estimated using nonlinear Webull model
(Somerville et al. 1990). However, growth of plant organ fumigated with Os; for a
long-term was reduced linearly (Reich and Lossoie 1985, Reich and Amundson 1984).
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Table 2. Inhibition coefficient of P, of Q. mongolica leaves (4,) with different O3 concentration
fumigated for each fumigation period of time. &, represents the inhibition coefficient of photo-
synthesis derived from relationship between Py and Os; concentration (Poycy = aC ). r is
correlation coefficient,

Fumigation Fumigation
b, r . A b, r
time (min) time (min)
0 0.0000 - 100 0.2668 0.955*
10 0.0428 0.655"* 110 0.2779 0.945=
20 0.1000 0.927* 120 0.2790 0.950*
30 0.1317 0.972* 130 0.2736 0.947*
40 0.1551 0.983 140 0.2670 0.946*
50 0.1867 0.954™ 150 0.2686 0.952"
60 0.2145 0.940* 160 0.2725 0.968***
70 0.2414 0.948" 170 0.2713 0.961*
80 0.2606 0.940™ 180 0.2595 0.959*
90 0.2636 0.969*

™% not significant ** P < 0,001

P. dependent upon PPFD or air temperature under different O; concentrations

The P, of Q. mongolica leaves (Pyy)) with increasing photosynthetic photon flux density
(PPFD) (mmol m~%~!) as shown in Fig. 3 was fitted by the equation of Tenhunen et al.
(1976) (Eq. (3)) :

aPPFD Pml D LR L) MR
P.* + (« PPFD)?

P.,/@) = (3)

where P,, (=20.272) (mg CO, dm~*hr~!) is P, under saturated PPFD and « (=35.655) is
initial slope of Pn response to PPFD (mg /mmol).

The relationship of P, (P.p, mg CO; dm=?hr™!) of Q. mongolica leaves to air tempera-
ture (7') under saturated PPFD as shown in Fig. 4 was fitted by the equation of quadratic
function (Suh 1992):

The b. increased rapidly until 60 min and thereafter was kept almost constant (Table 2).
Thus, we fitted the relationship between Pu, and O; concentration fumigated to the fol-
lowing equation using all the data of over 60 min instead of Eq. (2) (Fig. 2):

POB(/t)

> = A3 T N R P P €53
4

Pyyey =
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Therefore, under the optimum temprature or the saturated PPFD, P, dependent upon
PPFD (P (Q, €)) or P, dependent upon temperature (P (7, €)) under different Os
concentrations can be estimated by the following equatijons:

P (Q. C) == Pugy Pogicy +=-+rrtoreereemeemvummensintinniicintiis et teinne s snesesseeees (§)
P (T, C) = Poir) Pogicy +eerrrerersorersnrsemimmimiiiiiemiiiiniee e (7)

The P, of Q. mongolica leaves to PPFD under different O, concentrations was depicted
by Eq. (6) (Fig. 3). The maximum P, of the leaves at saturated PPFD was 19.9, 17.8,
16.5, 15.4, and 14.7 mg CO, dm~2hr™! (100: 90: 83: 78: 74) under 0, 30, 40, 50 and 60 ppb
O; fumigation, respectively. The maximum P, of Q. mongolica leaves without Os; fumigation
was less than those of Q. lobata (26.6 mg CO. dm~?hr™!) (Hollinger 1992), and poplar
species (22~38 mg CO, dm~?hr~!) under the saturated irradiance at 25°C (Roden and
Pearcy 1993).

The P, of Q. mongolica leaves to air temperature was depicted under different O; concen-
tration by Eq. (7) (Fig. 4). The optimum temperature for P, of Q. mongolica leaves was
30°C and was lower than those of Q. rubra (23°C) (Jurik ef al. 1988), Q. pubescens (24°C) and
evergreen Q. glauca (26°C) (Larcher 1969).

The P, of Q. mongolica leaves at the optimum temperature was 20.2, 18.1, 16.7, 15.7 and
14.9 mg CO, dm~?hr~! under 0, 30, 40, 50 and 60 ppb O; fumigation, respectively. Carbon
dioxide uptake of vegetative bean shoots with 80~350 ppb O; fumigation was progress-
ively reduced (Moldau et al. 1991). One ppm O; for the short-term fumigation (2~8hr)
brought about the visible leaf injury, which was recovered 1 month later (Jensen and
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Fig. 3. P, of Q. mongolica leaves dependent upon PPFD under different O3 concentrations,
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Fig. 4. P,, of Q. mongolica leaves dependent upon temperature under different O; concentrations,

Dochinger 1974). In the case of Q. mongolica leaves, while 60 ppb O; fumigation for the
short-term (7hr) did not bring about the visible leaf injury, only P, was reduced and
recovered by next day.
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