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Using photochemical reflectance index to estimate
photosynthetic light-use efficiency of Pinus taiwanensis in
high and low elevation in different seasons
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Abstract

We investigated the relationship between photosynthetic light-use efficiency [LUE, =
(photosynthetic rate) / (photosynthetic photon flux density, PPFD)] and the photochemical reflectance
index [PRI, = (R531 - R570)/(R531- R570)] of pine needles (Pinus taiwanensis Hay.) under different
PPFD at high (2,600 m a.s.l) and low-elevation (800 m a.s.l) sites through different seasons. Results
indicate that both PRI and LUE decreased with the increasing of PPFD and the decreasing of temperature.
When data obtained at different elevations and seasons were pooled for analysis, at a given level of
illumination, LUE always showed a significant positive correlation with PRI. Because both the intercept
and slope of LUE-PRI equation showed a negative regression with PPFD, an empirical regression model,
ie. LUE = 6.505 — 1.470<In(PPFD) + 0.084¢[In(PPFD)]*> + 70.606*PRI — 16.696+In(PPFD)*PRI +
0.996¢[In(PPFD)]%PRI, can be appropriate for multiple regression analysis (r* = 0.910, P<0.001). Based
on the close correlation between the estimated and measured LUE (Y = 1.001-X - 0.002, r2 = 0.912,
P<0001), we conclude this empirical regression model can be used to simulate the seasonal and diurnal
variations of LUE for P. taiwanensis under varied PPFD grown at high- and low-elevation sites.
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Fig. 1. Mean (A and A) and minimum (> and 4) daily temperatures of each measuring day at high-
(open symbols) and low-elevation (closed symbols) sites, seasonal variations in photosynthetic rate and
photochemical reflectance index under 2,000 pmol m™2 s™ PPFD (P00 and PR1,gg0) as well as chlorophyli

content of Pinus taiwanensis (o and e). Values are means + SE; n = 4.
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Fig. 2. Typical light-response curves of
photosynthetic rate, photosynthetic light-use
efficiency (LUE, photosynthetic rate/PPFD) and
photochemical reflectance index (PRI) of Pinus
taiwanensis at high- and low-elevation sites in
different seasons. PPFD: photosynthetic photon
flux density. Symbols: @ = measured on Apr. 30
2004 at low-elevation site (minimum air
temperature of measuring day was 18.7 °C,), A
= measured on Dec. 22 2003 at low-elevation
site (10.2 °C), A = measured on Dec. 23 2005 at
high-elevation site (2.2 °C). Values are means *
SE;n=4.
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Fig. 3. Typical relationship between photosynthetic light-use efficiency (LUE, photosynthetic rate/PPFD)

and photochemical reflectance index (PRI) of Pinus taiwanensis measured under 5 levels of

photosynthetic photon flux density (PPFD) at high- and low-elevation sites in different seasons. Symbols:

e = measured on Apr. 30 2004 at low-elevation site (minimum air temperature of measuring day was 18.7
°C), A = measured on Dec. 22 2003 at low-elevation site (10.2 °C), A = measured on Dec. 23 2005 at
high-elevation site (2.2 °C). * and ** = P < 0.05 and 0.01, respectively.
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LUE = a + bePRI
a =c + deIn(PPFD) + e+[In(PPFD)?
b = f + geIn(PPFD) + h¢[In(PPFD)]?
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Fig. 4. Relationships between photosynthetic light-
use efficiency (LUE, photosynthetic rate/PPFD)
and photochemical reflectance index (PRI) of
Pinus taiwanensis measured under 5 levels of
photosynthetic photon flux density (PPFD) at high-
(O) and low-elevation (@) sites across many
seasons. Daily minimum temperatures of measuring
days and needle chlorophyll concentration
ranged -1.6-22.2 °C and 1.4-4.5 mg gDW™* mg,
respectively. Each point represents the mean
value of 4 replications. *** = P < 0.001.
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Fig. 5. Intercepts and slopes of regression equations
between photosynthetic light-use efficiency and
photochemical reflectance index of Pinus
taiwanensis in response to photosynthetic photon
flux density (PPFD). *** = P < 0.001.
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Fig. 6. Relationship between measured and
estimated photosynthetic light-use efficiency
(LUE) of Pinus taiwanensis from the equation
of LUE = 6.505 — 1.470In(PPFD) + 0.084+[In

(PPFD)]? + 70.606°PRI — 16.696+In(PPFD)s
PRI + 0.996+[In(PPFD)]?*PRI. Symbols indicate
measured under different PPFD. ( @ = 200 pumol
m? s’ A =400 pmol m? s, A = 800 pmol
m?s’; o= 1200 umol m? s*; o = 2000 pmol
m? s1); PPFD: Photosynthetic photon flux; PRI:
Photochemical reflectance index; and *** = P <
0.001.
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e O A R B PRI EL s FE AR -

AN PRI B 52 215 2 3R T R (R
g 2 B [AIIRFL e RN MR R A =
Z YU A2 £/ 45 (Nakaji et al. 2006; Weng et
al. 2010, 2012) o HHA AN 92 2 BB HIEK
2,600 m.ZE5 55 B R4k 800 moZ L #R KIS > AE
FHIF ZE AT IR 2240 F 10°C » 45 HLi 3R kS
Z B B N4 22 2 W 72 B ] =3 25°C LA
L (E1A > B) o M HAEMERT A R Z 518 5
A HEERR & &8 2 TR LR K AT of (1
1G » H) ° A LA R ~ ZRE A FDEEE T
ATl {52 EREE 0 iR > LUEBEPRIfE] Z AH
BATEARAK (& 3) - BEARAI L » T M H BT
FERHIRIRE > AR S 2= HI A 2 B RS
TFEETT o34 BITAT 5 S5 25 1 4R 1 AH B (1
4) o FRAIEFRIEE KRk & ¥ LUE-PRI
MHIRATRZ B o PLhl R B S e AT R
INE 1 (DPSID-PRIMHIRA R Z b 5245 5 (Weng et
al. 2010, 2012)—E§ o AW FEfE Rt vl EIEE S n]
JeHTE 2 M F OPSII-PRIEX LUE-PRIMIBH %2
igeH > #n B R < e R R IR TE
JEFERHRT Z 6844 T Airfl{5 (Nichol et al. 2000;
Strachan et al. 2002; Stylinski et al. 2002; Filella
et al. 2004)

o2 S5 s B e TR ~ 8 ~ 75
{8~ UEREVE = B IRV 1B - IR R
fEERE > DL T i) 5 FARY AR SR » HLRT LA
A ETERMNE B E ~ SR ROoEiE 2
lRES > FITEREIRE A S RN E B IR 35 2
AEPIRRE - BIREY) A REAE PR ST > R K IHIEAE

FAC RS S HRBAHE R, 1 — TN O A TR AR

B2 A RERS I E A Bh4s (Grace et al. 2007) © [fi
AT 9 P e H 2 AR i 5 AR U PTIE BR
TR Re SR R BT LUE-PRIBAIR.Z T8 » Htts|
i 77 A2 2CHE 15 T 15 2 LUE{E B2 8 I i 2 FiT A
{H 2 w5 P A AHE o 1 ELHE A B B i th
1: 10 bR R 2fEIEE Ao # R
24 > BIPRIELPPFDFHERY > # )7 {EIEH © [H]
I5F » B ZEMA AT (L 5 {1 4 750 m £ 3,000 m
S EEHEE A 0 1 A S E R I R -
AR EeAs RAS A B 58 R RIHARE
ISR ELER ] o

518 SRR
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