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Research Paper

Effects of Elevated CO, Concentrations
on the Photosynthetic Traits of Tree Seedlings

with Different Shade-Tolerance Levels

Tzu-Chun Hsu'?  Yau-Lun Kuo*”

[ Summary ]

This research investigated variations of atmospheric CO, concentrations under a plantation
and the responses of photosynthetic traits to CO, enrichment under different light intensities in
seedlings of tree species with various shade-tolerance levels. Naturally regenerated seedlings of 3
broadleaf tree species for each of 5 shade-tolerance levels were chosen to measure photosynthetic
responses. Results showed that CO, concentrations were the highest at the forest floor, reaching
500 ppm on average in all seasons. The closer the leaves were to the forest ground, the more CO,
resources were available. Net photosynthetic rates of seedlings of the 5 shade-tolerance levels all
increased as CO, concentrations were elevated from 400 to 500 ppm. However, the photosynthetic
CO,-use efficiency (CUE) of seedlings among the 5 shade-tolerance levels showed reverse re-
sponses under low and high light intensities. Seedlings of species belonging to the 3 higher shade-
tolerance levels exhibited significantly higher CUE values under low light intensities (of < 60 pmol
photon m™ s™), yet seedlings of shade-intolerant and very intolerant species showed significantly
higher CUE values under high light intensities (of > 250 pumol photon m™ s™). When CO, concen-
trations increased from 400 to 500 ppm, the light compensation point of seedlings significantly
decreased 17~45%, but the dark respiration rate merely decreased 11~17%. The quantum-use effi-
ciencies (QUEs) of seedlings of species belonging to the 3 higher shade-tolerance levels increased
58~92% due to elevated CO, concentrations. However, elevated CO, concentrations did not sig-
nificantly increase QUE values of seedlings of shade-intolerant and very intolerant species. The en-
riched CO, emitted by soil respiration could prompt positive photosynthetic rates of shade-tolerant
seedlings even under lower light conditions; yet, for seedlings of shade-intolerant and very intoler-
ant species, the CO, concentrations needed to be > 500 ppm before their net photosynthetic rates
became positive under low light conditions of < 15 pmol photon m” s™. In conclusion, under low
light environments with elevated CO, concentrations, shade-tolerant species significantly increased
their net photosynthetic rate, CUE, and QUE, showing higher facilitation effects of carbon fixation
than shade-intolerant species; yet, under high light environments, the elevated CO, concentrations
showed more significant effects on increasing CUE values of shade-intolerant species.

Key words: CO,-use efficiency, light compensation point, low light environment, quantum-use ef-
ficiency, shade-tolerance.

Hsu TC, Kuo YL. 2021. Effects of elevated CO, concentrations on the photosynthetic traits of tree
seedlings with different shade-tolerance levels. Taiwan J For Sci 36(4):309-26.
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EFERRKRCOBE R T SRR ER
WAL S St SR - AR - B RTRSRCO R E ()
ARECHYIRE G EHCO RIS - HETEH
8 B A SR C O, 32 8 12 1= M 55 834 =3 (Cernusak
et al. 2013, Kérner 2015) » @7 715 = 0k B TH
A 25 (open-top chamber)y iR » #IHCO,
RELIER KA - EEEAERKEET
gL RESHYIDLEFHREREY R
(Curtis and Wang 1998) - 5E304E K72 A B
fEEARAERERLL " HHZERCO M &L ) (free
air CO, enrichment, FACE)¥1T5 5 - thigH
FERIRHRCO,IREE200 ppm B ARASE & 7EH Kk
A RMAREFR - LHADEEERRTRS
40~50% (Leakey et al. 2009, Bader et al. 2010,
Norby and Zak 2011, DaMatta et al. 2016) °
18 2 KRy CFE Tk I 3 S 19 52 B (substrate)
CO,M% » AIH4ERubisco Ay 1L 1FH
(carboxylation)=R » [F]RF i 5+ PRI AL AF
H(oxylation) » {# YEIF0/E F (photorespiration)
JERAYCO B IR K (Long et al. 2004, Answorth
and Rogers 2007) « K|t + CHHEVIHEETERR
FBECO, I B 12 1 #E 5 12 = YT /7 (Cernusak
et al. 2013) o [L4h - FEECO,IRE AT HEEC,
TEPIHE & 1F 6 & 7 FI ARG (quantum-use
efficiency or quantum yield) » 3f7 [Bf {E g R 0k 35
(dark respiration) jz YGHA{E BE(light compensation
point) (Leakey et al. 2009, Temme et al. 2017) -

FER CO, IR g CHE IR S 1
R TR AR S AR 05 R R Sl
fE 2+ AP T BB PRI A R DL 2
TR E CO IR R = I BB S — 2 ? 928
BICORER A SHYPLEERIN I - &
AT e b L f2 1 1717 52 (Cuurtis and Wang 1998,
Kerstiens 2001, Springer and Thomas 2007) °
FHEH I R - AR A E B R
B EHIG G 8 ) R BRI Rubiscoif 4 (Coste
et al. 2005) » LA ISR BB HERTEIE S
E B CO I B R 4 v 1 [ JE & v A T e
fH(Rochefort and Bazzaz 1992) » {HHG 5L
M R A ES B (Kubiske and Pregitzer 1996,
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Kerstiens 1998, Naumburg and Ellsworth 2000) »
SN[ e 1 A A ) 5 N e 72 5% (DeLucia
and Thomas 2000, Hattenschwiler 2001, Sefcik
et al. 2006) < [LAh » AN[E] PR BRI R G 1F
FMARKICOIRE TR K IE - fE =t s G5
N E R TRE & A E - 1651 R
(IR PRI ZE - B A R Ry /N S A &
< 10 pmol photon m™ s ' T » KICO RS
1360 ppmig=E[420 ppm - HFE AR
P BB A R TR 5 AR B MR R /)N i I
RREICO SRR E M EE G - TOLaE
A Fs B fH(Cheng 2001) » HABMZE th S AR
GBI BRI - i R R R B AR OE S 1
FIFRECOMRE IR =Y E » S A Bt R Y
tHR(Hittenschwiler 2001, Granados and Korner
2002, Leakey et al. 2002, Sefcik et al. 2006) °
Teskey and Shrestha (1985)% 25 jfif & 1 il 55 R
FEARSE Bt N BB = B & 7F I COLF AT R
(photosynthetic CO,-use efficiency, CUE) » [fj-~
i B2 A Y CUE BT, © BX M98 E B CUE Ry B8
Frig ot & 18 3R BE K 58 C O 5 B a4 1) T A5
fRl BER - AR IR BB - TG
N E KRR COMRESE =40 ppm » i fx R /1N
B CUE By 5 P A e /N 93 6% (Cheng and Kuo
2004) - fERE T REEEREE - MR e m R i
KR A mrICUE » WHERFSERT il g AR
KBh#%(Teskey and Shrestha 1985) -
PR AIER TG BR 5T B (R i B 1 et
HII R R R AEAFE B » bl IR (soil
respiration) B i I R I CO, B - Bt i
RIRR M S BB L E Bk (Bazzaz 1990, Osborne
et al. 1997) « - 3EREIR R A0 B ARGR B8 TR TR
e - EBEY RE VTRV EE S S 0 BRI
ER B CO B EIMR IR _E 5 K5 (Bazzaz and
Williams 1991) = |- 300 B SRR g mi B Y
CO,r HEHENMELUMMKRRE RS - EES
JEE B8 T B ek + G A R e A K I LA T R
HEETER » (015 COJRE f K (Buchmann et
al. 1996, Cheng and Kuo 2004) o L& FE 25 HL
M HIREIMIK 17710 cm » HSYEIRECOIRE
F5389~485 ppm ; FFE H AR L E 1 CO, IR 1 i
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REMAE S EFBRTRE - (B2 DI
RN HREIFOEE {E 3R (Holton and Winter
2001) » EFEEERRAMIK /750 em » FRCO,
TR A= R PRI KR CO, T 5HHE + fERZR08:00
RFHICO, B F5460 ppm > §275 5480 ppm -
53 BIEES3 mis e 28 i (emergent layer) & HY
5173 ppm (de Araujo et al. 2008) o FE{_[LIFF
MRMRIR £ 752 ~ 10~ 20 emf - HREIKFECO,
IR Sy Bl st JE 62 ~ 30 ~ 20 ppm
(Cheng and Kuo 2004) « KRy #RAkTE B 22 A%
FFAECORE RIS » TER—FR AR ST Z Bt ~ HE
B R EE R A RS B BILR - R —FF
Fi] € T S (R RS B C O M 1 » T[] — A v
AR B 2 E P i R B SR S5 A IR R A Y
CO, & (Bazzaz and Williams 1991) o {1 j& Zxfk
i T RO 0 B AR AT DA A SRR
B SRR CO, (Elids et al. 1989, Bazzaz and
Williams 1991, Riddoch et al. 1991) o
EREHRMTEEENEER - BREES
TERRG B IEEBAMENR ? Him EIRE SRR
HEFEN LA ERDEHHEE(LCP) - HEHE
GIERRA BB IEE - AW - BE@PAr &
MR EE TR Ry 32 [R + AN B ER R 55 2K A R I
BESE (sunfleck)RF AR N Y6 & F53~13 pumol photon
m? s (Chu and Sheu 2005) ; 3% T &5 i HHRI At
FRARA L BRI B 5~15 pmol photon m™ s™ (Kuo
and Wu 1997, Wang et al. 1997) » ARG KZRA
WHEAHEALS » %5 BRI FTRE R
HERFHCT 7 » (HEDE R E A N ERILCP
o A TEHRES R R IEE - BRI
HE AT BH 3 12 S B Y IR MR8 (Way and Pearcy
2012) o fiif f& P e B B A AR | A R AR Y OB
flifE B (Kuo et al. 2021) » HEFF iy i i
ARIEM M ESLERSE » HLCPH] KB B E 2
< 5.0 pmol photon m”s™ (Kuo and Wu 1997,
Wiirth et al. 1998, Chu and Sheu 2005, Kuo and
Lai 2008) » {H 2 (5 4t fl A i R Rl E R LCP
it 218 K (Kuo and Lai 2008)  jiid et f Yy v
ARER T R EIMLAREER ST M FEKLCP AL » COR
[ E A R ELCP (Cheng and Kuo 2004,
Tomimatsu et al. 2014, Kitao et al 2016) o

Wk TE £ Bt L A R R - W ERR RS ARE
T Fr B AR R R AL 09/ i S B S M IR
HICO, & - MR B 2 BNt Bos g B
HLCP - AFHIMEER CO, & A ] I LCPRERS:
FEAL » WA BT S U SR IE E R R R
KA IEAE R BORE R H B - S v R AR A7 Rk
EeEHREABZE(Osborne et al. 1997) « £ RAE
RPN i AT B s i - PTRE T IR e R AR R
R CO, & IR AR SR Mg A TE RIS -
BT 1 2 S A g O 2 S e ] i ) PR A
(Bazzaz 1990)  [AIt » FREHERAEM MMEOEER
R - [KICO,IRE HARTR & HOLATERIN
B B EENAERER(Sefcik et al. 2006,
Tomimatsu et al. 2014)
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REFTE - AEANFEDE RGBT - SBEFHMER
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G - EIEEETOLEEMN R 2 R0
BB ST - TARRMA TR g V- mT IS 0k =
» I P Y A v HL C O 1] SR B v R
AN AR B - FIRGER PSR 5 R R
AT E AR G COR I HiE - N PR R v 1
G eF i F & VE RIS W Ry IEME - TR
i B AR T Ry B+ AIMRER IR AT S -
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BT NI E S N N e e
B CO, 8 B 22 [ S IR L 388 A ThRpk
A AR IMNRIER » T KR CO, IR L « FRY
YRR CO IR e - AT R B A8 E
(] B S A At O S EF COL S FER » COL IR
IR E L 2% - N TR ERE3 R S AHEE2
mPL B B RYMRER 5 AR A1 RIES HI R R
PR#%1.5 m - VB KRS - ERISE
T g B RIS o Ry T MERE L E ARIR
ETAREEE  HAECHRNEREI30 cmAY
B RS cm P4 A 18 REEREE T
I M4 O fI i vy /N S A+ P HETRE AR E R 2RO
255510208100 cmit6ff & E - BN /KIE
IS TR P B 17 ol i — A SR R B 1 8 AR 3% » Ak
AT ST S5 U 58 ) 5 — A SRR A A [ g e 7 3 i T 5
B @) - #ET O G ERRHM(LI-6400XT, LI-
COR, Lincoln, NE, USA)JHIE KR COJEEHF -
D2 mBEREBBER s B R ER D 53
— ity FULREC P R S8R 2 E AR R = B T 58 =
RS AR AT COR s & » NE R T
LACE R R FEARENRE RN < 30%4K
RE o TE[A—illE H & MEGA07:00~14:00 - 127
1 Wil E —[El6pR m YK RCOJRE - HBIRER
HIBGAM2 mpR » WA BIFIR BB KR
COJREBUE - [F—JBE 1520 cmfilfh - 2 1
B EEEE 60 sEZ R ERYCOIRE » 8k
HARICO IR R R ERAE - WIE H A R201949H
28H ~ 12H28H ~ 20203 H28H k6 H24H -
SPHIRKE - £2F - BF - EFNHEE - &
HIBLA R —HIE H o fE61E & & 73 Bl 716 I B
HIRRCO IR R - ATFIEHE3 5 TG R —FF
B~ [F— = B R COIR A T » BRI
TR HARBE I COLEAR IR 71 mA R B RE
R -

NEDE R BT A B SRS EA
COFI FHBCERATHIE

AN TE R B B R A TR i B S A R SE A R
RIEARFEEBEET » KEIEHCOFAR
HF(CUB)RY 2L - BB k¥ Kuo and Yeh
(2015) 8 1Y 15 18 e 55 8 1 g B 1 53 #) 4
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B o R R E R QBRI (Mallotus
japonicus) ~ Wit (Broussonetia papyrifera) >
LI (Trema orientalis) 5 Mt SERRIT (5514 ) 2
EN%(Bischofia javanica) ~ T %8 (Bridelia
tomentosa) > TR (Cinnamomum camphora var.
camphora) ;5 iR SE AT (S5 i e ) A A e Ry
15 ER (Cerbera manghas) ~ $REER (Heritiera
littoralis) >~ TG (Machilus zuihoensis var.
zuihoensis) 5 MBIV (ifFe 6 A 38 FI Al EL
¥ (Antidesma pentandrum var. barbatum) ~ §X
FEAMi(Diospyros eriantha) ~ JLEiIAR(Psychotria
rubra) ; iR SRRV (R B2 ) 6 s R R R 6
fi(Diospyros blancoi) ~ JEETEAR(Garcinia
subelliptica) R WiTEZRZE B (Gonocaryum
calleryanum) » 331 SHHERYET AL (Table
1) o P38 R B B PR R AR PR 1 [F] R AR
RO - FEE9~15 emii [ 5 SLEE K51/ N
HI e e i a T Ry LR AR » RS B2 i AR Al B Ry 1~2
AR - i R Bt e At i B e i A A O i e 2~3
Fe3~54E 4 (Table 1) o 32 FIAY 55 6 B (5 4 ) 7
ARG B R AR 22 e bR i - FE Ot = AT (LI-
190SA, LI-COR)RL & & R k2 (L1-250) » f*
08:00~12:008115 H 4= B AR HHOE = 53 11K Ry 90
e 78% o it e i v 4 R AT FHE B 2 A48%
HYE H IR - Mike ~ R R iy i 5 AR R AE A
Ot E S AT R 2%HIBE G T 7 0 SRR
SERSM 40+ 132104 pmol photon m™s™
PG ST 2R G MR AR - TR E 37 3T
LR IRPREAERRE -

AR CUERR20194E9 H #20204E1 H
HIMEITHIE - BER M ALI-640051EA %
A8+ 0 B o AR i B T R SRR B A R 26 5L
28°C » FERERIAEE RS HERIAET0~80% » LAFS
12 giy/MEFEHECO RS » HIER LKL &
FEAE10 pmol photon m™ ™+ HIE R
T BITETEOH CO MR AR (400 ~ 420 ~ 440 ~
460 ~ 480 ~ 500 ppm)HJFEETEER o 2K
SrleE B E R ER - WE SRR T
B TEOECO R BRI INF LS EAR - &
FIE AR5 ~ 50~ 60 ~ 70 ~ 75~ 80~ 90 »
100 ~ 250 ~ 500 ~ 800 pmol photon m” s » [
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Table 1. List of the photosynthetic capacity (A,,,, pmol CO, m™s™), in situ relative light
intensity, height of individuals, and estimated age (mean £ standard deviation, n = 3) of

tested species

Species A Light (%)  Height (cm) Est. age (yr)

Very intolerant

Broussonetia papyrifera (Fksh) 34.1" 89+5 13£3 1

Mallotus japonicus (EFHE) 34.4 90+2 15+£2 1

Trema orientalis (| 1[E= i) 27.7 90+6 12+2 1
Intolerant

Bischofia javanica (%) 22.7 80+4 13£2 1

Bridelia tomentosa (%) 22.9 76+7 1343 1

Cinnamomum camphora var. camphora (F1g}) 21.4 77+4 15+2 1
Moderately tolerant

Cerbera manghas (IHE5) 20.3 49+3 1442 1~2

Heritiera littoralis ($REERE}) 17.7 47+3 13+2 1~2

Machilus zuihoensis var. zuihoensis (ZY1) 19.7 49+8 15+1 1~2
Tolerant

Antidesma pentandrum var. barbatum (F5H¥2) 14.1 7+2 11+1 2~3

Diospyros eriantha (fRTEHT) 12.7 7+3 11+2 2~3

Psychotria rubra (JLEIAR) 13.8 7+2 11+1 2~3
Very tolerant

Diospyros blancoi (FEFii) 12.3 2+1 10£1 3~5

Garcinia subelliptica (JEESTRA) 10.2 2+1 9+1 3~5

Gonocaryum calleryanum (FiZEZSZEH) 11.8 2+1 9+2 3~5

YA, values reported by Kuo and Yeh (2015).

VAR AR & » FETF 12 R - TRk
EHRE T EBY CUEMNGTHE ik © SREEH T
FEEE 3R B8 68 C O, IR i i B Ty CAUA Y 30 s B
R HE AR X ry BRI R R B 5 AE
B A CUE (Teskey and Shrestha 1985,
Cheng and Kuo 2004) - CUEMH.{i7 Fyumol CO,
m” ppm’ s o B [E RT3 bR BE AR RO R
BREFRICUEBE 1 - R B RL O & Ik
RIRFRYCUE ;5 1Rl — T B S AR 3 M R AR B = ek
B CUESE Y35 » ] (3R B 5 4 il R A
B BRIFRFICUE »

RIRICO, M HEBEFE T Ti AT RS SR R S 251
I DI R B R O 1
s

220199212 3 20204 1 H 47 4
ALCP  BIFIER (R ) B &TH K (QUE)

HOETE o A A A R i AR B | 3t CUEHISE HYAH
PRFHE - FUEETT R SRR A 3MHE - A3k
e BRIE —E R A R R A TEH
JEIRME « HEAFRIBRBE FILI-6400 % A FI R4 -
TERNAMRIB SR E AR 26°C » FHENR SR
70~80% » LAZS 812 g/ MEFRHECO, %l - Ot
A F I SOE I IR 56 K C O, i B 3 TE A 400
ppm » HIE BB 3 HIFE0 ~ 5~ 10~ 15~ 20 »
25 umol photon m™ s JL6{ S BB IR
GYERIE » (L2 5E0E ~ 50 R S5 i fes Al A K]
BLCPHRE » AWML ES umol photon m™ ™'y
HIE o Z B COMREE T HIHE R EE420 ~ 440 ~
460 ~ 480 ~ 500 ppm - FH[FFIEEHI400 ppm »
A OfH CO, IR pR B N HIE S B B S EA
G - HILETRLCP ~ Ry~ QUE=TH 2 -
LCPHYEHE JT R EHECOLIREFREE T » SKEIL
T 6 7E P 8 I 25 5 B0 18 Y s A% {4 1 B g 5



SR 36(4): 309-26, 2021

BREGR - G EAEER - HEFREEOLEE
MR BB ZRHEE - BRI R IERTECO,
IR RR B AYLCP 5 3% B AR R =G R EDL
BREBZRFIFCEIEMR - R T
R, ; FEAEEXHRIER - BUREZIER 1ER%CO,
IR B AR EIQUE » BLA7 Fy(umol CO, (pmol
photon)™) (Teskey and Shrestha 1985) o ¥f[&]—
R SR A P A SO BRI L CPERE 3 A
SRR RIFIILCP ; J A — TR 543
BIEAEEOE BB LCPEUE Y » ATREH
TR P 57 1 e A 5200 BIRFRYLCP o [A] — R i B
7] — i o 5 A A ) - PR e QUE AL A -t 5
EETH -

AT S TR B2 55 2 G 3 18 e i B R AT
ELAE400 ~ 420 ~ 440 ~ 460 ~ 480 ~ 500 ppmif
6fECO, LR » LARAELO ~ 15~ 20 ~ 25 pmol
photon m™ s FH4{E Y & B FHIGHIFEEE
FISR > AT RIS PR ET 25t R S AR R R A PR -
TR & ELCOIRERIMHA BRI T » HiFhG
TERRA G e s hIEE -

HEt oA

Bt 72 sE — A B DU - tes GE AT AR R B 7K
JeHAE [F]— 12 R SR COL I S 1Y 72 B B ok LR
(p < 0.05) o [Al—RZIMRIR_ET5TA R EEFICO, i
FERY L - DURAEMRER L7518 — R P ZRfE CO,
TR ZE S - I LR IRAT 2 DURE K] -3 S )
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HT(one-way analysis of variance, ANOVA)YETT »
i P H# R E 5(p < 0.05) » FLAScheffe’s
test i 1] B 3 4 LA 22 SRR - 28 T
i Z&FEone-way ANOVA K Scheffe’s test » FL#g
[E]— YR B F T FUHI B SE AR A T T - CUE %
JE A E FI R BE C O B b iy AR i o2 R
By 722 RERE M - B TR E - BE AR
[FICORERIHILCPZ A5 ~ [Al—if2 A el
RAERECO, R E B R BQUEZ # 5 ~ 11
AR R COL IR AR & B 4 T o8 s B B
FREFHRZEREENE - FEZEFEANOVA
K Scheffe’s test#ETT/0HT o AT H t-test ¢
ANOVAZR 2 AISPSSEELEHR R AETT /34T -

RS

FRA0~100 em A [F]E EE YA SRCO P
BRI R R E 3207:30 - ASCO, %
JE T #E3E500 ppm » B = Y Lt = 1 2R

Ieim o AFHERE - HEWK V520 cmi
Y CO, I BE R DU S SR A2 S (Fig. 1) -
SR AR St A 25 M R B YR SRLC O,
IR - B RN K IE RS T (Fig. 2) - BIA04E
07:308%11:30 » AMRIRFELEO cmpE Y214 CO,
BRI 73 il Ry 500 52447 ppm » K JE i A 3l IR
BtCO,f#77 Ry438 5397 ppm » {if Ak st i

525 + a

500

475 +

450 +

425 |

CO, concentration ( ppm)

400

0 10

O Spring Summer Autumn B Winter

Height above ground (cm)

Fig. 1. Comparisons of atmospheric CO, concentrations measured at 07:30 of different seasons
at various heights above the forest floor. Different letters among seasons for each height denote

a significant difference by Scheffe’s test at p < 0.05.
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H C O L EER AT SR IR A 7K 8 % T 73 11 6.2 PR COL IR & =440 ppm (Table 2) o b3t

ppm (Fig. 2) « RETTIRIR J7100 emE P > KECORERE
FEMR AN [ 73 JEE C O3 FEE 2 L L /7 1) & H = R WHE N - ELERTE REITh R COL IR

IR £ T7PHZE SRR CO, 3 E R 07:00~14:00 . Z WAL, -

2 IR B Yo Sy B 25 v B S TR R 0 E I MRR B

I B = (Table 2)  LL0S:30 ksl » #kHK 755 AEDEE BT FUEM R R O & 1EH
B220 empfE » KRCO RS HI#L100 emE & COFI| RN Lk

H40k228 ppm o fERFREAYENREREA(L 51 - MRA 16t 5 10~800 pmol photon m™ s Ay {E
RACOMEERTE B (0T:30) 87 » BEHIRE (4 F M COME 400 ppmEHHEE %500
RRETFT - COMMRMEHE - BUA1 - MARKE  ppm + FMARHE SRS 0L & (IR A
207:30 2 CO,E3500 ppm » FE10:30/F 2467 BAREFEERIEEI o FIA07EEE25 pmol photon
ppm » % 13:300IFHEAI6 ppm (Table 2) « 1Y m? s WEEEEEET - BRHRBTEIES AN
10:00F7AkER _F /< 20 em#i[E » AR CO,IEE & A E R0 8832 %3.24 pmol CO, m™? 5™ »
=460 ppm 5 A12:008[ A EES 5 cmi[E T 252 i R A R VA S 0.6 7HE ] 1.98 umol
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Fig. 2. Comparisons of atmospheric CO, concentrations at various heights of the forest
understory or above a cement floor near the forest. Measured at 07:30 (a) or 11:30 (b). Different
letters between the forest understory and cement floor at each height denote a significant
difference according to a z-test at p < 0.05.

Table 2. Comparisons of seasonal mean CO, concentrations (ppm) at different heights above
ground (HT) during various periods of time at the study site (mean *standard error, n = 4)

HT Time of day
(cm) 07:30 08:30 09:30 10:30 11:30 12:30 13:30
0 50043 495+3° 485+4° 46743 447+4 425+3° 416+2°
2 49742° 48943 480+4° 46543 445+4° 42342° 414%2°
5 495+2° 486 2" 4754 4613 441 +4 41942 409 +2°
10 490 +2° 482 +2" 470+3%® 452+2° 4334 407 +3° 398+3°
20 482+1° 474+ 1° 460+2° 437 £2° 417+2° 395+3° 385+3°
100 456+ 3¢ 446 +3¢ 431 £4° 413 +3¢ 397+2° 383+3° 374+2¢

" Different letters among heights at the same period of time denote a significant difference according to Scheffe’s
test at p < 0.05.
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0.36 A #2E%0.61 pmol CO, m™ s™ (Fig. 3) « ¢ -3kt
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TERR 2RI - EEE R RROLE
fEHCO,FFZERCUE) 43 Al £50.022 ~ 0.0167
0.0128 + 0.0035 ~ 0.0025 wmol CO, m” ppm’’ 5™ »
BRI 2R B B A R S HYCUE (Fig. 3) © kb
i HFE Akkfﬁ&ﬁEElTCOzY&%f?“OO ~500 ppm >
J£10~800 pmol photon m™ s™' 4124k 5% & FCUE
M7 - BEGNE - Wl kry = 8w < 60
umol photon m” s MUK T » HCUEGEEZ
{E AR R 9 — 2R i (Table 3) < 7E10 pmol
photon m” s R HMF - i A I CUE By
i e e i B R v P 262 - HOR 5 M e 7 ke A
BiI5~6f% 3 7E5E 525 pmol photon m™ s™'i%F + ffi
MR A B 9 CUBBERE = i vh i s i - 1RE 1Y
CUE X S35 S M ey Mg 5 AR
75880 pmol photon m™ s » LKA RS
B CUEN AR BB 72 5 5 LR F908100
umol photon m™ s”'[R§ » FUA it A8 i CUERH
E (K (Table 3) o fHZH) » £F> 250 pmol photon
m” sEEEDEREEG T o JelE B M B CUE
Al B SN R R =R 5 B R SR
800 pmol photon m™ s » To KA &S AR s 19

317

CUERTEBS T RE » (H USRI B8 i 09 CUE R
% (Table 3) o BLAh » B RERVR TR BRI
HEIFHCUERBZ R A » AR R CUEE
e A{ET 560 pmol photon m™ s » [iff& Kz
i e 43 B ks 100 52250 pmol photon m™ s™
S Rz 4fc B A1 2 IS 5 500 umol photon m” s
(Table 3) - SRCUEM A{E(CUE,, )M E @ Witk
IR L CUE, ,, AR » iR ~ ke ~ Hh<Em
B = JER I CUE,, 53 311 50.025 ~ 0.029 ~ 0.031
umol CO, m™ ppm™ s™ ; R{fij » B B S Bl iy
El’\jCUEmaX, 1143 B ] E5#0.058 ~ 0.059 pmol CO,
m”? ppm” s (Table 3)  Jhig R &R HE &
B AR R AR ERCUE » HEE SR
CUE,, e fE G o A S B -

1

NECO, R R T FUAEIN B SR e & E
FISEHEAEERG ~ WSk =R R O & 7 FI F R 1Y
Lk

B CO,IREE 400 ppmZF A 2= E|S00 ppm
WRF o TR e <5 A 3 1 SHE A i Y % 5 1 T OB
fEEE(LCP) S G B R » H b B2 JE s i
AR+ ST R SR EE R R [ M AR AR - COL R
JE R 20 ppm  BR3FERS B HILCPRIE M3 %
Y S (Table 4) o i B2 g 38 At i /5 C O %
400 ppmfF - SEHELCPEAK210.0 umol photon

5
y5 = 0.0220x - 7.9667
2 y4=0.0167x - 6.0452
S ~ 4 y3=00128x-45019
- y2 =0.0035x - 1.0018
< g 3 =0.0025x - 0.6293 A (5)
=N ——
Fe) e
g0 —& o @
28 27 = (3)
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Fig. 3. Relationship between the net photosynthetic rate and CO, concentration among 5 tree
seedlings with different shade-tolerance levels measured under a light intensity of 25 pmol

photon m’s’.

(1) Trema orientalis, (2) Cinnamomum camphora var. camphora, (3) Cerbera

manghas, (4) Antidesma pentandrum var. barbatum, (5) Garcinia subelliptica.
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Table 3. Comparisons of photosynthetic CO,-use efficiencies (umol CO, m” ppm™ s™)
among species with different shade-tolerance levels under varying light intensities (PPFD,
pumol photon m” s™). These were measured under CO, concentrations of 400~500 ppm
(mean *standard error, n = 3)

PPFD  Very tolerant Tolerant Moderately tolerant Intolerant Very intolerant
10 0.01440.002*" 0.00740.001° 0.007£0.000° 0.002 +0.000° 0.003£0.001°¢
25 0.01940.002° 0.015+0.001* 0.01440.000° 0.004 #0.000° 0.004£0.001°
50 0.024£0.001° 0.022£0.001° 0.022+0.001° 0.01340.000° 0.011+0.001°
60 0.025+0.001" 0.023+0.000" 0.023+0.001" 0.015+0.000 0.01340.001°
70 0.0240.001" 0.026+0.001" 0.0254+0.001" 0.02240.001" 0.018+0.002°
75 0.02440.001° 0.02740.001° 0.028 =0.000" 0.026 +0.000" 0.022£0.003"
80 0.0254+0.001° 0.028+0.001° 0.028 +£0.001° 0.030+0.001° 0.025+0.003"
90 0.024+0.001° 0.028+0.001" 0.028 +0.000™ 0.0334+0.001° 0.031£0.001"

100 0.023+0.001° 0.029+0.002* 0.030+0.000® 0.035+0.001° 0.035+0.001°
250 0.02340.001° 0.026+0.001° 0.03140.000 0.051+0.001" 0.053+0.003"
500 0.02140.001° 0.02240.001° 0.02610.001" 0.058+0.001" 0.059+0.003"
800 0.007 +0.002° 0.016+0.003" 0.018+0.000° 0.04940.001° 0.051£0.004"

" Different letters among shade-tolerance levels denote a significant difference according to Scheffe’s test at p < 0.05.

m”s" » 7£500 ppmiFLCPH][#%7.0 pmol photon
m” s 5 REAIRHE A COLIEEE 460 ppmlRf » P15
LCPH AT /A10.0 pmol photon m™ s™ ; H&i
P P COL IR 2R 22500 ppmlRF » LCPH]
RE{X%510.6 pmol photon m™s™ ; 51k K St Bafst
i COLREEES00 ppmlkf » HLCPYII{E 5
RITE3%18.9 ~ 20.1 pmol photon m™ s™ (Table 4) -
it F B Hr S A FECO, IRES500 ppmliRFfY
LCPZ3 7] EEAE400 ppmlilE(E41 ~ 45% - Hitiin
PR T R 28 % » i (5 1 R S B A T 43 1 IR ALK
17~20% -

TR it e 18 1 COL IR B FH 40042 /= $1460
ppmlRF » HEIFIR (R ) B € 8 A » 53088
B CO,FHEEFIS00 ppmlly » R A S BAE FE(K
(Table 5) » FRFRTT T HIR B COIRE R &
AT IR 8 S FE B LBt © AR+ COL IR 40042
FEI500 ppmbF o T KA B AR R T HYR 2
BEAK11~17% - TR0 2T FIF % (QUE) fihi
HCOLREH400 ppmig ZE]|500 ppmlFF » it
Be ke > S e = A I QUE S A R 88
FHE92 ~ 58~ 71% » H 25T R JeBat i iy
QUEME /3 427 ~ 11% » HEL400 ppmlRFrY
QUERH #1372 5(Table 5) -

TR R S5 Rt P 0 8 & 1 T SR A e At
R BRI EECOIRE

To AT e SRR B I A — OB BT - 43
BB AR FIRICO, 8 B A RE O Ho gtk & F 38
(P,)FH B B #A8 By TEAE o N RARAYYEE (10 pmol
photon m™ s™)BURE I CO, (400 ppm) » I
R 2 4 B T A IE(E P, (0.07 £0.03 pumol CO,
m” ") HERVUERNE P 900 B A lE(Fig. 4) -
1E_ESREARSE R RN » MR P (£ C O, IR EE440
ppm » R A FEAES00 ppm » HP A EL
FyIE(E (Fig. 4) < ELERESES umol photon
m” s7 o fiRFBE B P S B R R G 3 B E C O, 38
400 %420 ppm R HIRP, & RHLIE - M1k
e 5t B W KA e A CO R EE < 500 ppmli§P {5 Ky
Z{H(Fig. 4) » EXEEEF20 umol photon m”
S SR EAE400 ppm » [BHE R 7480
ppm + JeBEREES00 ppm - FHP & R IEH
(Fig. 4) < B EHEEF25 umol photon m™ s »
FIt A T2 8T fe S AR 1 R COL IR 400 ppm iR
oo Hp TR Ry EE(Fig. 4) » HRBLE
PFF AR E R AR P G R = L BRItk
AN BT B ELCO,IRE R & et » #2 DUK
MR et v B B R =P, (Fig. 4) »
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B FUARGRR I R B B3 A ) o M ' T o I
B R HAYCOE E (flux) e i B #R & iR
= (Daniel et al. 1999, Schlesinger and Andrews
2000) - KIMELAEFED) A RIEREHYZET - BIA0R
BROKEYE F o 1P IRRE A9 C O th i
o ARBFFER MR 1 B 10 cmsz HIFF YK SR

Table 4. Comparisons of light compensation points (umol photon m” s™') among different
CO, concentrations in species with varying shade-tolerance levels (mean *standard error,

CO, concentration (ppm)

440 460 480 500

n=3)
Species”
400 420
Very tolerant
Diospyros b. 89+0.37 8.6+02°
Garcinia 9.4+0.1"  84=+0.1°
Gonocaryum 107403 9.8+0.2°
Mean 9.7+0.5"  8.9+0.4"
Tolerant
Antidesma 147402 13.7+£02"
Diospyros e. 11.5+0.3"  11.0+04"
Psychotria 143+03"  129+04
Mean 13.5+1.0°  12.5+0.8"
Moderately tolerant
Cerbera 202+04"  18240.1%
Heritiera 17.6+02"  16.3+02°
Machilus 19.94+0.6" 17.8+0.7"
Mean 19.2+0.8" 17.4+0.6"
Intolerant
Bischofia 2324070 21.940.1%
Bridelia 232+02°  22.6+02"
Cinnamomum 223+0.1° 21.8+0.1"
Mean 22.9+0.3"  22.1+03"
Very intolerant
Broussonetia 24.6+0.5" 23.6+0.3"
Mallotus 248+12" 239+12°
Trema 26115 24.0%05
Mean 252405 23.8+0.1"

8.6+0.2" 8240.1" 7.740.1" 6.940.3°
7.8+0.2% 74+0.1¢ 69401  6.6+0.1°
9.00.2" 8.6+0.1° 82+0.1¢  7.5+0.1
8.5+0.4" 8.1+0.2"  7.6+04" 7.0+0.3¢

1214£03" 102401  9.1+0.3¢ 8.1+0.2¢
10.3£0.5™ 9.7403™  9.1+0.3"™ 8.4+0.2¢
1124+0.5° 9.2+0.4° 83+0.5¢  73+04
11.2+0.5" 9.7+0.3""  88+0.3"  7.9+0.3"

16705  1524+02°  13.0+£03°  11.6%+0.5°
142+0.2° 12.5+0.1°  11.3%0.1° 9240.1°
17.1£0.6™  14740.6™ 12.7+£0.6° 11.1%£0.5°
16.0+0.9  14.1+0.8" 12305 10.6+0.7"

21.6£0.1"  21.0%£0.1" 20.0+0.1° 18.6%0.1°
22.54+0.7°  21.1+£02™  20.1%£02°  19.5+0.1°
21.5+0.1"  20.8+0.1° 19.8+0.1 18.7%+0.1°
21.9+0.3"  21.0%+0.1* 20.0*+0.1° 18.9+0.3°

229+0.1"°  21.8+0.1% 20.7£03°  19.1+0.1°
228+13"  214+14° 203*£1.5 19.6+1.3°
234406 229407 223+07° 21.5+08°
23.0+0.2"  22.0+0.4"" 21.1+0.6° 20.1*+0.7"

" Species are indicated by their generic name except for Diospyros blancoi (b.) and Diospyros —eriantha (e.):

Garcinia, G. subelliptica; Gonocaryum, G. calleryanum; Antidesma, A. pentandrum var. barbatum; Psychotria,

P. rubra; Cerbera, C. manghas; Heritiera, H. littoralis; Machilus, M. zuihoensis var. zuihoensis; Bischofia, B.

Jjavanica; Bridelia, B. tomentosa; Cinnamomum, C. camphora var. camphora; Broussonetia, B. papyrifera;

Mallotus, M. japonicus; Trema, T. orientalis.

? Different letters among CO, concentrations denote a significant difference according to Scheffe’s test at

p <0.05.
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Table 5. Comparisons of dark respiration rates and quantum-use efficiencies at various CO,
concentrations in species with varying shade-tolerance levels. V-tol, very tolerant; Mod-tol,
moderately tolerant; V-intol, very intolerant (mean *standard error, n = 3)

Speci CO, concentration (ppm)
pecies

400 420 440 460 480 500
Dark respiration rate (umol CO, m”s™)
V-tol 0.71£0.01""  0.69%0.01" 0.67+0.02" 0.65+0.01"  0.64%0.01" 0.61%0.01°
Tolerant 1.06+0.13° 1.02+£0.11° 1.00£0.12" 0.96+0.12°  0.92+0.11" 0.8940.10°
Mod-tol 1.6940.09" 1.654+0.10™ 1.60+0.10® 1.5440.08" 1.4940.08™ 1.40+0.07°
Intolerant ~ 1.94+0.07° 1.8640.10™ 1.8240.09® 1.7940.08® 1.75+0.09® 1.7240.10°
V-intol 2.11+0.11° 2.014+0.07" 1.95+0.06™ 1.914+0.05® 1.88+0.07" 1.85+0.07°
Quantum-use efficiency (umol CO, (umol photon) )
V-tol 0.078 £0.008°  0.08620.005  0.0980.005*  0.108+0.004" 0.125+0.002" 0.150=0.004"
Tolerant  0.084=0.003*  0.0884-0.003* 0.0970.003% 0.11120.001 0.1180.002°  0.13340.004
Mod-tol ~ 0.078+0.001°  0.09340.002*  0.100+0.002%  0.107+£0.002° 0.1180.001"  0.13340.003"
Intolerant  0.085+0.003°  0.08440.004"  0.083+0.004*  0.085+0.005° 0.088+0.005"  0.0910.004°
V-intol 0.084+0.003"  0.084+0.003*  0.085+0.003*  0.0870.003* 0.090+0.005*  0.093+0.006

" Different letters among CO, concentrations denote a significant difference according to Scheffe’s test at P < 0.05.
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S RUB ARS8 ~ 26 ~ 21~ 13% » HURETR
A Z38E44% 2/ NEIIEE R S EAES 10 cm >
FREEEARIR R0 » AW Z2 (L3l 1 St fE SL 4 Sk i
Ao fEbRE B A AE9~15 cmiii[E - ZEF AL
BEEERIME  HEFARETEZBEIIAA
FEEAICO AR - Bhoh - HIFFLIR HIMARALE
H1ERCO,BEFIEE % 52900 ppm (Cernusak et
al. 2013, Ren et al. 2018) » [ AHZZHIEHILS
TE 3 17 .2 COLBHFIELAE900~1300 ppmii[E (Hsu
2020) - FREFHAMI(20194E9 H 2202046 H )bk
F7710 cmAY KR CO,IRE L AR #E#E500 ppm
2K B 1 STER W Y COL ARG - KIPLIE 26
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Fig. 4. Comparisons of net photosynthetic rates among tree seedlings with different shade-
tolerance levels under various combinations of light intensity (PPFD) and CO, concentration
treatments. Different letters among shade-tolerance levels for each CO, concentration denote a

significant difference by Scheffe’s test at p < 0.05.

Cheng and Kuo 2004 ) -

FERS BB AR BT S F R EGRKICO IR
FEEIMGA - WHREREHFF % U ERE (Long et
al. 2004, Ainsworth and Rogers 2007, Leakey et
al. 2009)  ZARFF24E25 pmol photon m™ s &%
BRI TR R S AR % B A9 AR T 5E B il

A HHEE - ER - BRI - ECO8
FEH1400 ppm$gE 500 ppmlls » FHEGTEHE
SYRITTHEE2.36 ~ 1.56 ~ 1.31 ~ 0.36 ~ 0.25 pmol
CO, m™ s (Fig. 3) » B&ifi Bry i K COL IR 2
TN p RS v (S S =/ N S & N ] =3
FIRIES - ARIMAEE BT » AT BRI
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HEFHICUE (Table 3) - [ FEHB A1
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RAIRLRE - SRR BRI R R i -

A 1B COM IR (CUE) il SR 5 i
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ZHERRIT AR B (Table 3) < JESEIRAFARSHEA
(] 2 P O R B A 1 PSR R R T CO
JEHI312 ppmig S EI776 ppm » BE 5 BRI 2 14
e CUEEE RS » (HIESDE# N CUE
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I BB A IROR W i =t =R RE - AR &
ERTE & 1F SRR 1 0.2 IR EIRIE . » I

P 3% R M C O, A SR =R S5 1 (RT3 £ ) P ke £ P
HCOHYEE » LCPR YL AF R —HE
PEAR + ELE B2 1 v AR A HE ) B R
LCP (Kuo et al. 2021) » W] B4} 8 i E (O
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Hi LCPREARAZ EE R (43 Bl Fed 1~ 45%) » 55 =
KA B S5 AR A B TR AEC17~28 % (Table 4) < A
TEYII I 3R (R o)t 81 (KK S8 C O, IR B 2 /= T
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(Drake et al. 1997, Winter and Virgo 1998,
Hamilton et al. 2001) » H#ERMEEAEFEERI
i A HHEE(Hamilton et al. 2001, Springer and
Thomas 2007) « AWF5¢ A EAMT 2 FE M CO,
IREEH1400 ppmigiEE|S00 ppm » R MR
11~17% » BEAHERFSery 25 BUEDL -

FEARSE THEECONREE » W CoRAEY)
H96 &7 FI AR (QUE) f & » HEH F 22
[KIRubiscoly A1 FIAHE Y S AL 7E FIRY LR i 5
K BRI AER] - AT#2=QUE (Herrick
and Thomas 1999) - FACEZREE B CO,L IR E
570 ppmEH T AARFEYHIQUET #2513 %
(Long et al. 2004) o H 745 A [ b2 14 RE BE RS
FEAE10%HEDE R T » COLIREHI380 ppmiE
= E720 ppm - iifkE ~ AEwEE B =R
FEAYQUEZ A FE =38 ~ 44 » 48% (Kitao et al.
2016) » AHFFEE CO, IR HI400 ppmiE=ES00
ppmiF - AR RS - MRS ~ PR = AR
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HQUEZ I EHE 121592 ~ 58 ~ 71% » HER
T e SeBaks B I QUEE /3 Bt =7 ke 1% » H B
400 ppmfiFHYQUEA H = 7 #(Table 5) » FE{K
SEWRAETT - B R B A 1 TR C O 05 i 412 v 7 68
HQUENKIEN & » REWRE 1 M [F L e 4 Bl
AHEREOEEERR - wiEE— H iR
& HAHERIERE KFACOMRE » AR
R AT HERF IE(E YRR Py (Kubiske and Pregitzer
1996, Valladares et al. 2016) °
HECO,MEH S H A EGIERHE
U A RACKE N R/ B HER RS2 IR RO
HFEAR s MR R REE - N
BHEEEFEHAZRRARCO,EFERE
e A 28 G 19 OE & 7E T JJ (Cernusak et al.
2013, Korner 2015) o AWF521E 58 10~25 pmol
photon m™ s fzCO,EEE400~500 ppm 1 fEEf:
N [ i R S AR B AE [ —Ob R - B CO,
IR HEOE A E AR E A - HE—
SRR ER —COMREE M » Eob Bt m HE
S ETERRME G A (Fig. 4) » FIERR %S
B EAH RS o RS RBUREAR TR
BB $EEEE IR R CO, B JHHR vl (e e B
A EER R - R - £ EaDE B #E - &
TR 2 6 A e ELIFOL & 1 HIERIKICO R EE FR =i 112
HERRE » SR BB o BIATRR T 2
10525 pmol photon m™ s SEE#K » & CO,
IR 40082 = E]500 ppm » HFHOEEERR Y
AT HEAN1.46 52 1.84 umol CO, m™ s 5 Fr&i
Wex it i 43 B 10.84 K2 1.37 pmol CO, m™ s™"
111 51 Bl R A St W O B AR £ 2 i) L 14 4033
J0.50 pmol CO, m™ 8™ o[- 3t il 5t I JEE A FF
ge T P A e A AR R HI L &I COLF]
RE - B SN R v (U388 (Table
3) o BhAh » FEA B PR ARAR I A G 2 {8
B53~15 pmol photon m” s (Kuo and Wu 1997,
Chu and Sheu 2005) » FRIERRHEIBEE - A1
HEREEEERD  HER - MR EFE L
SR T 2 e K SR C O, 3% 8 HI 2 35 R ) A RE B
43 (Schlesinger and Andrews 2000, de Araujo et
al. 2008) » EHEIEN/IME T S G 2R AT
MIRE I - SR H TSR - Hin—H
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TSR R A B2 (Winter and Virgo 1998,
Sefcik et al. 2006) °

Cheng (200 ) {ERI = IR BLA % Fe i
Be MRS/ N AE DG &< 10 pmol photon m™ s™
HIfEAE TS RICO,IREEHI360 ppmigmE[420
ppm »+ HFOE G F 3R] i & A Ly B
SRMAEAHRI O B S COJRBERRIE T » B Rt
/INEITFOL A 1E IR R &M - AR BRI
it B Cheng (2001)A[F] - HAFRERECO,
R Fy420 ppmlRf - K ZER T B o B R R A v
AL ESE25 umol photon m” s » HIFLE
ERRA G20 HEFig. 4) - K FyiE kb
TEARSE T I COLF I RRARAR - AHEIRY - Bt
R O Rt i AR AR R R BT 2 AR Rl E Y
COFIHZEER » I b CO,IREEF2 i th v] A 03
HOB TR AR - W R RS - £
G =EAFIER » ] < B e i e AR
HYE & TRV 2BLEEFOEEEHE - KA
e R R (et B BURRYER ST » CO,IREE £2 = ¥
R EDE & 1F RSB = (Hattenschwiler
2001, Leakey et al. 2002, Sefcik et al. 2006) °
A RAEDRM T E M B - WTREC B
FI MR = CO, B IR LARR ot & 1 Rt
W - AR E S S M R IR R
= — HiSE i (Wiirth et al. 1998) -

+ =4
e af

ok PR 2% T A - S P 08 T 48 11 9 KSR C O, 5%
JER[5£500 ppm > FEAZE K AT F I CO,
R B o AR TR R S R B O A
TEFRI=RE AT CO R F M A TR
i 22 £ = JECRSF 5 S B Y C O M TR
AELTE 153 G R 9 AN I e A 55 17 e o T A AL 2 1R
AN WY B2 A v = » H COLJREE 400 ppm
HR R ES00 ppm » To KRN i 2 S B A v O O il
i B ] B A 1 7~45% » (ELIR P 3R {45 g I
1~17% » RIMAEOLERE T - RA KRN =
FR O E TR HSCR A BEE A - T
W H AT MR BE KSR CO I » R BB B ot
v AE SR AL B EIE IEE AT O S EHR -
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AR — H P - HC B RE T AT E
fEm o Btk RSB B AR &< 15 pmol
photon m™ s » COJEREFEE> 500 ppm » H:
TG TEH A SRR E - HILRECDH
TP REFR LAY COREE « ARWISEAE R Y
TIEMR ARG IR B IR i £ S Y C O,
B o B R 2 B RO S R R HE K
JE » T R R AR 2 BT L HORER -

# &

WIRGR 5 EAHEE L~ BB A 1 S i
FEEZRRMBER BB - TRV
AE B E AR BAE - th— PRS-
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