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Abstract

Net photosynthetic rate (P,)) of Miscanthus leaves, with different chlorophyll content (Chl), was measured
at high (natural habitat-grown M. transmorrisonensis and M. sinensis var. formosanus at 3,000 and 2,100 m
a.s.l., respectively) and low (pot-grown M. floridulus at 70 m a.s.l.) elevations through different seasons. In the
winter, even the leaf temperature (T) drops to 6 °C, the P, of M. transmorrisonensis leaves (Chl ranged
0.17-0.46 g m™) that were measured under the photosynthetic photon flux density (PPFD) of 1,200 umol m™
s (denoted as Py,0) could retain 0.4-3.2 pmol CO, m™ s, While in the summer, the Py,o measured at 19°C
could raise to 3.9-19.9 umol CO, m™? s™. At low elevation, M. floridulus could raise its Py, and Payoto the
values about 30 and 40 pmol CO, m™ s, respectively, at both 25 and 30°C. At the same T and PPFD, leaves
with higher Chl always had higher P, and stomatal conductance (gs). Yet, the determination coefficient of P,—gs
relationship always higher than that of P,—Chl, and the slopes of P,—g; relation were closely related to T. Thus,
a significant positive linear regression (P, = 1.147 + 4.222+g.sT) could be fitted by combining the data
measured at different elevation, season and PPFD. The P, estimated from this equation was closely related to
the measured P, (regression line approximate to 1:1 line, r’=0.937, P<0.001). For verifying this equation
furthermore, the g data of the pot-grown M. floridulus at 250 m a.s.l. (from Wong et al., 2014) were conducted
to compute the estimated P,, and the results still showed that the estimated value could still correlate to the
measured strongly (r?=0.856, P<0.001). Due to g, and T could be determined rapidly and easily by small
portable instruments in the field, we concluded this empirical regression model could simulate both the
seasonal and diumnal variations of P, for Miscanthus leaves at different elevations.
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Introduction

Miscanthus is a genus of rhizomatous,
perennial C,4 grass, which could be interbred with
sugarcane to obtain new sugarcane cultivars
(Chen et al. 1993). It recently has been used as a
new energy or fiber crop in Europe and
investigated for its biomass potential (Dohleman
and Long 2009; Zub and Brancourt-Hulmel
2010) with the uniquely cold-tolerant ability
(Beale et al. 1996; Naidu et al. 2003; Naidu and
Long 2004; Wang et al. 2008) , and displays
quite a good combination of radiation-, water-
and nitrogen (N)-use efficiencies for biomass
production (Dohleman and Long 2009; Zub and
Brancourt-Hulmel  2010). Yet, the genus
Miscanthus could achieve dry matter yield in
excess of other C, crops in temperate climates
(Beale et al. 1996; Dohleman and Long 2009).

Photosynthesis, one of the major
determinants to biomass production and
terrestrial carbon budgets, is influenced by many
environmental and physiological factors (e.g.
Berry and Downton 1982). C, plants are usually
more sensitive to the low temperature than Cs;
plants (Berry and Downton 1982; Sage and
Kubien 2007), so there are few C, plants or
non-existent in cooler climates (Berry and
Downton 1982). However, Miscanthus is
distributed from the tropical Pacific islands to
northeastern Siberia, 50° N in the temperate zone
(Clifton-Brown et al. 2008). In Taiwan (21°55
N-25°18" N) it grows from the coastline up to
3,200 m above sea level (a.s.l.), and forming a
pure stand or the dominate species in early

succession stage vegetation. According to the
climate data of the Central Weather Bureau of
Taiwan (1971-2000), mean temperatures of the
warmest and coldest months of Alishan (23° 31'
N, 120° 48' E, 2413 m a.s.l.) were 14.2 and 5.7
°C, respectively; while those of Taichung (24° 09'
N, 120° 41'E, 84 m a.s.l.) were 28.5 and 16.2 °C,
respectively. The atmospheric temperature
decreases about 0.5 °C with the increases in
elevation about 100 m (Weng et al. 2005).
Miscanthus could maintain green leaves during
the cold season from the low land to the
sub-alpine zone in Taiwan. Their photosynthesis
would face various temperature conditions at
different elevations and in different seasons.

In the researches of Miscanthus x
giganteus, it displayed a notable ability to
maintain  high photosynthetic rate at low
temperatures of 14 °C or 10 °C (Beale et al.
1996; Naidu et al. 2003; Naidu and Long 2004;
Farage et al. 2006; Wang et al. 2008; Dohleman
et al. 2009), and remained ca. 1/5 of maximum
photosynthetic rate (P) even at 5 °C (Naidu et al.
2003). We (Weng and Ueng 1997) and Kao et al.
(1998) also found that, in Taiwan, Miscanthus
showed the cold-tolerant abilities too; and the
clones collected from high altitude showed better
low-temperature adaptation in photosynthesis
than those collected from low altitude. However,
these studies were investigated in the laboratory
at low elevation, and could not reflect the
seasonal variation of photosynthesis at different
elevation habitats.

For understanding the biomass production
of vegetation grown at different habitats and
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conditions, it is necessary to monitor the spatial
and temporal variations of photosynthetic
capacity. However, the measurement of
photosynthetic capacities in the field using
traditional manners, such as gas analysis, is not
an easy task due to the requirements of highly
expensive equipment and intensive labor. In
many species including C; plants and
Miscanthus, the leaf chlorophyll content (Chl)
and net photosynthetic rate (P,) always closely
related (Verhoeven et al. 1997; Weng and Hsu
2001; Zhao et al. 2005). Stomatal conductance
(gs) is another important limiting factor for
photosynthesis. Not only water or moisture
deficits, low-temperature and N-deficient stresses
as well as low light intensity may also to enhance
the closure of stomata (Beale et al. 1996;
Dohleman et al. 2009; Wong, et al. 2014).
Because Chl and stomatal conductance could be
determined rapidly and easily by small portable
instruments. Thus, the aim of the present study
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was to understand the photosynthetic capacity of
Miscanthus leaves, with different Chl at high and
low elevations of sub-tropical Taiwan through
different seasons; and to elucidate the
relationships of P, to Chland gs.

Materials and methods

The top 2 fully expanded leaves of 3
Miscanthus species, with different Chl, were
measured at 3 elevation sites in central Taiwan
(Table 1). Among them, natural habitat-grown M.
transmorrisonensis (natural distribution from
2,200 m to 3,100 m a.s.l.) and M. sinensis var.
formosanus (1,000-2,400 m as.l) were
measured at 3,000 m a.s.l. (24° 11° N) site and at
2,100 m as.l. site (24° 02’ N), respectively.
While pot-grown M. floridulus (0-1,200 m a.s.l.)
was measured on the campus of National
Chung-Hsing University (24° 09’ N, 70 m a.s.l.)
(Table 1).
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Table 1. Determination coefficient of regressions between net photosynthetic rate (P,) and leaf chlorophyll
content (Chl), and between P, and stomatal conductance (gs) of Miscanthus species at high and low elevations
under different seasonal temperature and 1,200 pmol m™ s™ photosynthetic photon flux density (PPFD).

F 1 AERPE BRI 2 BB IR » [ RRIZRETZERE L 1,200 pmol m™ 5™ Z LA 1EH
D B L (PPFD)HIE At {Hdt & 1 FTE R (Py) 1 25k SR IR L (ChI) b 158 FLIE L (g,) Z (R iR
T RESREY -

Temperature  Determination coefficient (r?) Tested Tested .
. Tested species

(°C) P,-Chl Po-0s elevation (m)  month
6 (6.0)# 0.498** 0.003™ 3,000 Dec.
10 (8.9) 0.362* 0.019™ 3,000 Mar.
13(10.7)  0.628" 0.627 3,000 Apr.  Miscanthus transmorrisonensis
16 (11.8) 0.152"™ 0.730*** 3,000 Nov.
19 (15.8) 0.368* 0.829*** 3,000 Jul.
23 (19.8) 0.571** 0.892*** 2,100 Jul. M. sinensis var. ~ formosanus
30 (28.7) 0.461* 0.888*** 70 Jul. .

M. floridulus

37 (28.6) 0.411* 0.985*** 70 Aug.

#The numeral inside and outside the parentheses is ambient temperature at 1000 h and leaf temperature
throughout measurement, respectively. *** ** * and ns: P <0.001, 0.01, 0.05 and > 0.05, respectively.
#ESRN 2 B2 E H H 10 15 00 73 Z 5t > FE5RIE 2 B SRR B T E I 2 BE R TR -
ks xk xfons SRl R EER AT P AEASESE 0.001 ~ 0.01 ~ 0.05 KK 0.05

Sampling and measurements at 3,000 m and
2,100 m a.s.l. site
Due to Chl of natural habitat-grown

concentration of chlorophyll were determined by a
spectrophotometer (U-2000, Hitachi, Japan) using
the absorbance at 440.5, 645 and 663 nm by the

Miscanthus may vary with soil properties, the top
2 fully expanded leaves with different Chl were
select as materials. Leaves were sampled from a
southeast-facing open stand. Chl was determined
by SPAD 502 chlorophyll meter (Minolta, Japan),
and 12-16 leaves with different leaf color (Chl
ranged about 0.1-0.5 g m™) were select for the
measurements in each measuring period (Fig. 1).
To calibrate the relationship between Chl and
SPAD value, 3 fresh leaf disks (0.84 cm?) from
each leaf were extracted with 80% acetone and

equations of Arnon (1949).

All the leaf samples were collected before
sunrise at 0530-0600 h and immediately recut
under water, then the detached leaves were
exposed to 600 pmol m™ s photosynthetic
photon flux density (PPFD) by a halogen lamp,
and maintained moist by spraying water until
photosynthesis measurements were taken. Net
photosynthetic rate (P,) and stomatal conductance
(gs) were measured with a portable, open-flow gas
exchange system (LI-6400, LI-COR Inc, USA),
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connected to a leaf chamber (6400-02B, LI-COR
Inc, USA) and LED light source (6400-02,
LI-COR Inc, USA). Measurements were made
during 1000-1500 h under 1,200 pmol m™ s
PPFD, and the leaf temperature (T) was

Photosynthetic capacity of Miscanthus species

maintained constant, ca. 2 °C higher than ambient
temperature at 1000 h which was 6 °C (Dec.), 10
°C (Mar.), 13 °C (Apr.), 16 °C (Nov.) and 19 °C
(Jul.) at 3,000 m as.l. site, and 23 °C (Jul.) at
2,100 m a.s.l. site.(Fig. 1).

0.0 01
Chlorophyll (g m™)

02 03 04 05000 005 010 0.15 0.20
Stomatal conductance (mol m?s™)

Fig. 1. The relationships of net photosynthetic rate to chlorophyll content and to stomatal conductance of
Miscanthus leaves measured under 1,200 pmol m= s photosynthetic photon flux density (PPFD) and
different leaf temperature. m: 6 °C, @: 10 °C, 4: 13 °C, A: 16 °C and V¥: 19 °C at 3,000 m site; &: 23
°C at 2,100 m site; and o: 30 °C and o: 37 °C at 70 m site.

1. P2 EHBEER A ARIZER A T LL 1,200 umol m™ s Z AR e Tl 2% 4 (PPFD)HI
TE TG E 1R R AR (Py) ¥ SERK R IR L (ChI) B SR LS (g6) 2 B - I BBk 3,000 AR
m:6°C~e:10°C~ 9:13°C~ A:16°C K V:19°C ; ¥ 2,000 A RJE » ©:23°C s iEH 70 AR

Ji& » 0:30 °C J¢o:37°C o

Cultivation and measurements at 70 m a.s.l. site
M. floridulus collected from lowlands in
central Taiwan was potted (38 cm-diameter) in a
: sand = 1:1:1, and
placed outdoors to receive regular water and full

mix of soil : vermiculite
sunlight on the campus of National Chung-Hsing
University (24° 10° N, 70 m as.l.), Taichung,
Taiwan. In order to obtain leaf samples with
different Chl, 0, 1 and 2 g N fertilizer per pot
were applied at 4 and 2 weeks before

measurement, respectively. The P, and gs were
measured by two methods. The first method was
similar to measured at high elevation sites, i.e. P,
and g; of 12 attached leaves were measured
under 1,200 umol m™ s™ PPFD, and maintained
T at 30°C (Jul.) and 37 °C (Aug.). The second
method was P, of 3-5 attached leaves with
different Chl was measured under 4-5 levels of
PPFD, and maintained T at 20 °C (Jan.), 25 °C
(Mar.) and 30 °C (Jul,), respectively (Fig. 2).
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Initially, the leaves were exposed to 800 or 1,200
umol m~ s PPFD, then PPFD was raised to
2,000 mol m™ s, and stepwise from high to low
levels of PPFD, i.e., 800, 400 and 200 umol m™
st. Under each level of PPFD, P, and g, were
taken every 5 min until it reaches to steady. The
same equipment as measured at high elevation

sites was used in both methods.

Results

to Piygo and P,—Chl and Piy0—gs Were increased
with the increase of T (Figs. 1 and 3), and the
latter correlation always showed higher
determination coefficient (r?) than the former,
especially at high T (Table 1). Even at 6°C, M.
transmorrisonensis leaves (Chl ranged 0.17-0.46
g m™) could retain 0.4-3.2 pmol CO, m? s™ of
Pi2g0. While in the summer, Piyo could raise to
3.9-19.9 pmol CO, m™ s, when measured at 19
°C. At low elevation, M. floridulus could raise its

P1200 and Pageo (P, measured under 2,000 pmol
m~ s PPFD) to about 30 and 40 umol CO, m™
s, at both 25 and 30 °C, respectively (Figs. 1
and 2). For the measurements under 1,200 umol and 3).

At the same T and PPFD, the leaves with
higher Chl always had higher P, and g, (Figs. 1

-2 S—l

m PPFD, the slopes of the regression lines

o 35 8
© 30 S
g:._\ o5 0.46 c:){;
2. 20 Sq
€E 5 0.39 8 E
23 0.30 =0
S g€ 10 0.29 = E
o = IS
c <= 5 5
o | | ‘ | 0.09 2
0 n
0 20 40 60 80 O
Time (min)

Fig. 2. The variation of net photosynthetic rate and stomatal conductance of 5 Miscanthus floridulus
leaves with different chlorophyll content, under 20 °C and variant photosynthetic photon flux density
(PPFD) (m: 200, A: 400 °C, @: 800, /\: 1,200 and o: 2,000 umol m™ s™). Each line represents the
results of a leaf, numeral before each line is the chlorophyll content (g m™) of a tested leaf.

2. PAIFERRIRRE 2 FUEfT (Miscanthus floridulus)3EF 5 FHAEIE#E K 20 & » REPEGTER
R (PPFD)(m: 200, A: 400, €:800, A: 1,200 and o: 2,000 pmol m= s7Y) F i A 1EH#HZR
(Po) B SRALEE (go) 2B © (BT 2 IR IO 1R BEaREE v B > Fradedhss < B oz e fr
ZERFRIRE (G m?) ©
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Fig. 3. Relationship between net photosynthetic rate and stomatal conductance of Miscanthus floridulus
leaves with different chlorophyll content, measured under variant photosynthetic photon flux density
(PPFD) and different leaf temperature. The same symbol in each panel represents the same leaf measured
under different photosynthetic photon flux density. ***: P<0.001. n=3-5
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PPFD T HriHIf3 2 &} o *** : P<0.001 ° n=3-5 °
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For the variation of P, and gs under varied
PPFD, measured at 20 °C was selected as
example shows in Fig. 2. Both P, and g varied
closely with the variation of PPFD, and the
leaves with higher Chl always showed higher P,
and g, under a the same level of PPFD. Even data
obtained from leaves with different Chl and at
different PPFD were pooled together for
analysis, P, was closely related to g.. Yet, the
slope of the regression equation to P,—gs was
increasing with T increased (Fig. 3). Fig. 4 also
shows that, when merging data measured at
different elevation and season, the slopes of the
regression equations to P—g; still showed very
high positive linear correlation with T.

Due to P,—gs relationship always showed
higher r?than P,—Chl relationship (Table 1), and
the slopes of P—gs relationships closely related
to T (Fig. 4). For obtaining the "best-fit"
combination of P, with gs and T, we combined
these two relationships to analysis. In other
words, the resulting regression equation to P,
and g; could be fitted as equation (1) (Figs. 1b, 3
and Table 1), and the regression equation to slope
(b) and T could be fitted as equation (2) (Fig. 4).
Subsequently, equation (3) was obtained by

combining equations (1) to (2).

Pn = @ + beg 1)
b =c + deT 2
P, =a + cegs + degseT (3)

P, =1.147 + 4222+ geT (4)

Based on multiple regression analysis, the
regression coefficient of equation (3) could be
further fitted (2=1.919, c=-35.592 and d=5.474).
It showed high determination coefficient
(r’=0.950, P<0.001), with partial correlation
coefficients of gs and gsT to P, were —0.308
(20%) and 1.255 (80%), respectively. Due to ¢
showed negative value and low partial
correlation coefficients to P, (20%), thus, we
used P, = a + degsT to fit the relationship
between P, and g, at varied level of T and
PPFD. Obtained result [equation (4)] indicated
that P, showed a very high positive linear
correlation with geT (r?=0.937, P<0.001, Fig. 5).
Fig. 6 shows that P, estimated from equation (4)
was closely related to measured P, (regression
line approximate to 1:1 line, r>=0.937, P<0.001).
This relationship existed when data were
obtained by using leaves with yellow-green to
dark-green colors of 3 Miscanthus species grown
at high and low elevations, and measured at
1,200 or 200-2,000 pumol m s PPFD through
different season.
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Fig. 4. The relationship of the slope of the regression between net photosynthetic rate and leaf stomatal
conductance (P,-g, slope) to leaf temperature of Miscanthus leaves.

e, @ and o: Measured under 1,200 pmol m™ s™ photosynthetic photon flux density (PPFD) at 3,000 ,
2,100 and 70 m a.s.l. site, respectively (data from Fig. 1b). /\: Measured under variant PPFD at 70 m
a.s.l. site (data from Fig. 3). ***: P<0.001

4. BEACRIER 23O SRR R FLUE A B RHSER TR TS Py g RIEREIIE R TR 2
8L o o~ @ o FFHRIKFE 7 BRI 3,000 ~ 2,100 Kz 70 22 R Z i » [ XA TER D EEE
J& (PPFD) 1,200 umol m~ s & Ml 2 2 B (E BRI HIE 1) © A : R 70 AR Z % » R[FE
1 PPFD fe& 4 T M5 Z g (BRI R [ 3) o *** @ P<0.001 °
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Fig. 5. Relationship between net photosynthesis rate (P,) and the product of leaf stomatal conductance
and leaf temperature (gsT). ®, @ and o: Measured under 1,200umol m™ s™ photosynthetic photon flux
density (PPFD) at 3,000, 2,100 and 70 m a.s.l. site, respectively (data from Fig. 1b). /A : Measured under
varietal PPFD and temperature at 70 m a.s.l. site (data from Fig. 3). ***: P<0.001.

5. 1F A 1EREZS (P,) BLEE v 5@ FLAEL L BOR 2 TAHE (9o T) Z [FIHIRALR © @ ~ @ Jeo @ FFGRIKT 5>
BUFAYEHK 3,000 ~ 2,100 K 70 A Rz i » [E %€ S &G E L+l & % & (PPFD) 1,200 umol m™2 s {i%
M E ZBIRERPKEE 1b) o« A« AR 70 AR .28 - AERY PPRD A MG 2 BiE (&
B B 3) o *** : P<0.001 °
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Fig. 6. Relationship between the measured and estimated net photosynthetic rate (P,), from the equation
of P, =1.147+4.222+ gT. g and T: Stomatal conductance and leaf temperature, respectively. o, & and

-2 S—l

o: Measured under 1,200umol m photosynthetic photon flux density at 3,000 , 2,100 and 70 m a.s.l.

site, respectively (data from Fig. 1b). A: Measured under 20-30 °C leaf temperature and 800-2,000
umol m= s photosynthetic photon flux density at 70 m a.s.l. site (data from Fig. 3). ***: P<0.001.

6. Bl A d AR BN GR /T FE K (P, =1.147+4.2220 9o T)HEIFOL S TERLEAR ZBifR o g S T 57
P RSLUERE REEREL - o ~ @ Jeo  FFRRIRFF 7 Bl 3,000 ~ 2,100 Kt 70 23 RZ M » [H%E
KAVERDE BB (PPFD) 1,200 umol m™ s~ EE{F T I & 2 B (B R E 8 1b) o A 2
VR 70 20 K2 B » 3 FyRLEE 20-30 °C 2 800-2,000 pmol m2 st PPFD Z {5t NS & g (&l
AEE 3) o *** 1 P<0.001 e
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Discussion

Unlike the lowlands at high latitudes,
tropical alpine shows lower seasonal variation of
temperature (Smith and Young, 1987). As a result
that the summer is cooler and the winter is
warmer than in lowlands of temperate region. At
3,000 m as.l. site, the monthly mean air
temperature of the coldest month (Jan.) is ca. 2
°C, thus, leaves of Miscanthus often subject to
freezing  temperature.  Nevertheless, M.
transmorrisonensis could maintain a lot of
activity green leaves through winter at here
(Table 1 and Fig. 1), indicating that M.
transmorrisonensis is uniquely cold-tolerant
among C, plants.

Pigments in leaves are integrally related to
photosynthesis, and can be non-destructively
estimated through optical methods. Among them,
chlorophyll was considered as a short-term
indicator for photosynthetic capacity (Zhao et al.,
2005). The results of the present study showed
that the leaves with higher Chl always had higher
P., when compared at the same T and PPFD
(Figs 1 and 2). These results were consistent with
the previous papers (Weng and Hsu, 2001; Zhao
et al., 2005; Wong et al., 2014). However, as the
presents in Table 1, r? of Py0—-Chl regressions
always lower than those of the P05
regressions. This result might be due to Chl fail
to detect dynamic variations of P, like those
occurring during the day or under certain stress
conditions (Nichol et al., 2000; Evain et al.,
2004).

Previously, we compared the photosynthetic
capacity of 17 Miscanthus clones at 3 levels of N
application. Results indicated that the saturated
P, was closely related to leaf conductance, even
data from all tested clones and N levels were
merged to analysis (Weng and Hsu, 2001).
Moreover, decreased leaf P, due to N deficiency
was mainly associated with lower g, rather than
carboxylation capacity of leaf chemistry (Zhao et
al., 2005). The physiological role of stomata is to
prevent water loss and to facilitate CO, diffusion
to mesophyll cells. To optimize the water use
efficiency, guard cells could monitor the plant
water status and the CO, demand from the
mesophyll. Reports have been point out that
guard cells respond to the intercellular CO,
concentration, which is determined by
atmospheric CO, and by the mesophyll
assimilation rate (Vavasseur and Raghavendra,
2005), allowing a tight coupling between g, and
P in many conditions, included changing light
intensity (D’ambrosio et al., 2003; Huxman and
Monson, 2003), temperature (Pittermann and
Sage, 2000, 2001), leaf N status (Weng and Hsu,
2001; Mohotti and Lawlor, 2002) as well as
changing conditions due to the diurnal (Hirasawa
and Hsiao, 1999; Mohotti and Lawlor, 2002,
Cuevas et al., 2006; Ding et al., 2006; Leakey et
al., 2006), seasonal (Hirasawa and Hsiao, 1999;
Leakey et al., 2006) and genotypical (Ding et al.,
2006; Dohleman et al., 2009; Dohleman and
Long, 2009) variations.

In the present study, we found that the slope
of P,—gs regression was increasing with T
increased (Figs. 1b and 3). What is the reason for
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this phenomenon? Reports have pointed out that
both gs and P always decreased with decreasing
temperature. In many C, plants, the decreasing
amplitude of P following the temperature
decrease was higher than that of gs (Pittermann
and Sage, 2000, 2001; Kubien et al., 2003;
Koscielniak and Biesaga-Koscielniak, 2006). As
a result, the sensitivity of P, to variation in gs
generally decreases at colder temperatures, and
this was due to the biochemical controls over P,
at low temperature was less sensitive to changes
in intercellular CO, concentration. Thus,
temperature change may disproportionately alter
gs relative to P,, and stomatal limitations to C,
photosynthesis are generally smaller at low
temperature (Sage and Kubien, 2007). This
reason may lead to the decline of slope for P—g,
regression line (Figs. 1b, 3 and 4).

We combined the P,—g; relationships under
different T, and found that P, showed a
significant positive regression with gseT. Based
on the close correlation (regression line
approximate to 1:1 line, r?=0.937, P<0.001)
between the P, estimated from the single
regression equation (4) and the P, measured in
field, when data obtained from different
illumination and seasonal temperature conditions
were pooled together for statistical analysis (Fig.
6). Moreover, we used another published data
(Wong et al., 2014), with a broad range of P,
caused by different light, humidity, seasonal
temperature, phenological stage and N
fertilization, to estimated P, from equation (4).
The results showed that the estimated P, still
correlated linearly with the measured P,

Photosynthetic capacity of Miscanthus species

(r?=0.856, P<0.001, Figure omitted). We, thus,
concluded this empirical regression model could
simulate both the seasonal and diurnal variations
of P, for Miscanthus leaves grown at high and
low elevations with different Chl. Because g and
T could be determined rapidly and easily by
small portable instruments in the field, this
empirical regression model might be of benefit in
eco-physiological research and monitoring.
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