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Photosynthetic characteristics and site conditions of 50 native
trees inhabited in low-elevation of Taiwan.
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[ Summary]}

The objective of this project was to classify 50 native tree species in low
elevation of southern Taiwan with regards to the shade tolerant abilities of these
species, and establish a shade tolerance list for native tree species of Taiwan. We
measured the photosynthetic characteristics of saplings or seedlings of each
species at the nursery in National Pingtung University of Science and
Technology. Using both photosynthetic capacity as physiological index and the
light environment in the habitats for natural regeneration seedlings of each
species, we could determine the shade tolerance type for each tested tree species.
Results showed that the photosynthetic capacity of the 50 species were within the
range of 34.3~7.7 pmol CO, m™ s™ with their light saturation points between
950~720 pmol photon m™ s™'. According to levels of their shade tolerant abilities,
we classified the species into 5 groups, namely pioneer shade-intolerant species,
shade-intolerant species, mid shade-tolerant sun species, mid shade-tolerant
species, and shade-tolerant species. Pioneer shade-intolerant species had
photosynthetic capacity above 26.0 pmol CO, m™ s™', including Hibiscus
tiliaceus, Hibiscus taiwanensis, Broussonetia papyrifera, Broussonetia
papyrifera, Melia azedarach, Firmiana simplex, Macaranga tanarius.
Shade-intolerant species had photosynthetic capacity within the range of
22.6~24.6 pmol CO, m? s, including Gleditsia rolfei, Thespesia populnea,
Terminalia catappa, Scaevola sericea, Kleinhovia hospital, Ehretia resinosa,
Ficus septica, Ficus superba var. japonica, Bischofia javanica, and Excoecaria
agallocha. Mid shade-tolerant sun species had photosynthetic capacity within the
range of 17.0~21.9 pmol CO, m? s”, including Cinnamomum camphora,
Calophyllum inophyllum, Pittosporum pentandrum, Sapindus mukorossii,
Cerbera manghas, Allophylus timorensis, Koelreuteria henryi, Eriobotrya
deflexa, Rhaphiolepis indica var. Shilanensis, Machilus zuihoensis, Heritiera
littoralis, Murraya paniculata, Palaquium formosanum, Lindera akoensis, and
Planchonella obovata. Mid shade-tolerant species had photosynthetic capacity

within the range of 14.0~16.9 pmol CO, m™ s™', including Machilus obovatifolia,



Barringtonia asiatica, Machilus japonica var. kusanoi, Aglaia formosana,
Hernandia nymphiifolia, and Cinnamomum reticulatum. Shade-tolerant species
had photosynthetic capacity below 14 umol CO, m™ s, including Gelonium
aequoreum, Diospyros philippensis, Neolitsea parvigemma, Diospyros maritime,
Gonocaryum  calleryanum, Reevesia formosana, Diospyros ferrea,
Goniothalamus amuyon, Ormosia hengchuniana, Drypetes littoralis, Liodendron
formosanum, and Euonymus pallidifolia. We had also reviewed literatures about
shade tolerance of each species, described habitat light environment for natural
regeneration seedlings of each species, and provided pictures of the seedlings as

well.

Keywords: Native tree species in Taiwan, shade tolerance types, photosynthetic

capacity, natural regeneration seedlings, habitat light environment
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1,000~1,200 pmol photon m™ s™ SOpHE o w AT B TR § 60~80% gL

<}

WHTET L F Ak ok 5 800~900 pmol photon m™ s BT 1 T A
14 % B 50~60% iR IE % T o
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AT REE S50 A sk & TE kAT i gL & 25.0 pmol photon m? s’ 1
%o £ 4 648 & 20.0~24.9 pmol photon m™ ™! = F1¥ F 18 &> & 15.0~19.9
umol photon m™ s™ F7 1248 & 10.0~14.9 pmol photon m? s cfE G 13
fod RS E G Rl RhE 2P i A kAT 8K 3 6.4 umol photon m”
ST (#3)c A FRTR A DR B LOEF L ERI PARAE > 22
k& TEH K g EF o F 5 B0 F TRB %k B A 33.1 pmol photon m™ s
P B TR Tk B SRR R SR COy g S0 K E
AR FeE e (T Bl CO, chui o FIPL I E Sk & (v FENE
FREL RSB PE R AL CO,y g F ¢ Mt COp e F 0 Byt PFif
BPTEZESOEREET F e E o kA HREEJE sk £ IEY f k2
- B30 Em RS A AR F B TS A A AR o A 0 &
HERERESRFF LI XA FERAPEE FAFRARS ey €5
FoORBRA AL F AR IS Gl Bk fe A 1 g
Mg F AR B S TER kg AP e T AR -

1EY

LR G 0 R B E A 0 AT Y 49 AAHER E oo e s

£ 2.00 pmol CO, m™ s 12+ = » 3= § 10 48 > 2 #4290 pmol CO, m” 5™
B (% 3) o Bt & 1.50~1.99 pmol CO, m™?s™ % 17 48> & 1.00~1.49
umol CO, m™? s ¥ § 18 48+ ¥ § 4 f&hms of 5 5 427 1.00 pmol CO; m™ 5!
(2 3) FHEAFIRFEYRSTAREDIHEET > 75 wie 50 I
4 hneFEeEa T (RN CO R o Brrex F A L A # i
Gk AL BB DR M LA RIS AR RE o e FleE e (T £ Rg
BREA R IR I A - BPHRITARETNALLAR A &y (Tatlaid

and m .

AL PG IEG AR R &I R R T L A IE e
dptho A AR LRI LD AM R G TR PR o R RS S d B BE
COyif Finb it 4 » Bfidcnd A4 5 2 84pM > 7§ (FfEF {17 i 4l
BROKT & B o Tl B dp o AR RIS AER & o2 i ik o A
ERERRAMIE R K LS KA H R F T L A Bk ITE A
Blodd 23 AL &S chilfdp k5o e LR H R F R 0

BB AT Bl AR et A Bh e AR iR 0 Dk A R BT
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R AR ATW NIk TR 0 e bk A Bdp( 3) 0 £ dds ko (7
iy B Bt H BT 0 AFT Y MR S0 BT RTIS A LT B
S u] G A SRS R ¢ s B AR ¢ At e R
ARSI A - TR LRSS R R R R By
KAk A X AR R FTA Y %;%‘Xm&m,bb/gw Wi BAE L R
TR E R A B 2 R R RHE T S 5 R 2 A & Rt
o AR L FH S LEFE A EH AL LR G o T
g0 k&4 126.0 umol COy m™ ™ hlHfB 397 §F & ot ST atIE 1254 L 3 -
Fdr w0 LB SR X AL AT 0 5 A ARG 2) H R A E
4 5263 pmol CO; m™” s » B 77 it HFF > soi-2 5] 5 0t 7 i HaE
2. — o Bk SR AHE chk 47 {8 & 1,600~1,950 pmol photon m™ s 2. B > sk
# 1 2L R & 23~33 pmol photon m? s jpv%] g eF e A A 2.0~3.0 umol CO,
m?s! 2 (% 5) e

2
g

CH L LR T = A Fri,;—w;giﬁéy H R #ry 2 Lk
FHEBEE DHIRF G R ARy 0 B T ARAE R & B -
KFT G gt PG H ek £ B4 T, 375 22,0 pmol CO, mP s 4B
AR B BB R 2 e JUORT HAM) BT ais 0 B bk
ARB AT AR O R ATY O Btk B A BN R AL B
PR T e AT BB £ 3 10/ fdal g 8 B s
AR A F A RIS i Sk (O S SN EE I R =
B chk £+ A 22.6~24.6 pmol CO; m” s -l > k4 frBt 5 &
1,350~1,600 pmol photon m> s'lg%‘vl_?] IR WER - B FRE® kA 13
FEAERE] 0 B 22~25 umol photon m2s' 2 ¥ @ w9 A 1.7~2.2
pumol CO, m™>s™ 2_ f¥ (% 5) o

=

S

<l
=

=

BZAEEEE L EAE S TP RS BRI o S AR R
a7 a3 RakgEs o R X AR ¥ v TREBORE bldo
TR G2 A & Rt - 7 5 B PR SRR aTRE > )Y
Moo AFTF AT R 5 0 £} 155;@_’ S AEAA ol B E 4
AR ERT CAIER LR AAEE - EE Lk g Erh - 4
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17.0~21.9 umol CO, m™ s 2. /¥ » k46 frB:4 A 1,200~1,450 pmol photon m™
s'qujﬁv@ B G EF AR kAT B A 17~22 umolphoton m?s’ #F
BEF LB m et o] A 1.2~1.8 pmol CO, m™ 87 20 B (% 5) o pL#F 15
Y Ef Lt 2 EF BsA VR AR AT LR
KRR ™ R BRI R AT DR RLATY F AN RSB E R 2
KB NI AL R RAE o

EEH R E e gL TP SRR > cREST R HEw - <
Eip s o - EF W2 2R3040 AR R{ATY ¥ @fls o 3107
BiRpE R o e ARCEREG I HIRE ARG RS2 X AL AT R o
MRSk £ B4 & 14.0~169 pmol CO; m” s” #F > k& frB §
1,000~1,300 pmol photon m™> s™ » k4 tF 8L 5 & 15~17 pmol photon m? s 2
BN ¥y - R gl R e 1.0~1.3 pmol CO, m™ s 2_ f¥ (% 5) o

FIagAE s TR o MRS H50 BTE - LA
TRTAEF RS FEFRO-L2FREA-2IH-ELFR A
Lo B LR BERPEIASEF X2 128 BEHADIRLR
W REEF DR, PG TAAFF L HFREREACES
Bl w4 F AIVIEE IR @ oo fHE { FTa anml iR 0 ki 2 R0
T2 o pEE A HEAMHE R £ B L0 43 7.7~12.9 pmol CO, m” s
2 ¥ > k47 fcBk & 700~1150 pmol photon m™ s 4 [Fl > AT i 2 7 6~14 pmol

4 4
N — N
f‘f{ [‘u‘i —

i3
feys

photon m” s & Bl » & ## v F P] & 0.5~1.2 pmol CO, m? s §# FI(% 5) = 47
TR P RS E R AR AR H I D B ARG I 4 o T o £ FR T
E R EBEREEFR R R L EREHENY S p e THE
BAAE2e A PR LR SR AT VETPREBIZEBESDLS
(A e

'?\_

LR Mﬂ;gj famfte it s dgend i 2 W ikyy > 12 L AT
#

Sk AT

=<

By ESERAORE S L
Voo XEAF R ATl X F A A e A gt
Foog Sk enffd g ik NI A A AR o IR B B R 0 2

FoA AR MERB X AL RN R

bl ﬂh& —
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% 4. AFF R 50 fARHE chwt A A B

LA B A
P52 Rt FHO LR A F R AR LB B S
B S Bg e % geif M-~ K LR 5 g B A

BEER AR At S g

R IR CI R r e i B SR B gah A A S NI

TS B Ll By ek A BEH

J\ﬁiv’}ﬁ-\ P\ ;r—:i’— ‘*ﬁ"ﬂi

¢ % RS B g - g S E o g EER 2B
it 1A AR BAEHE AR S cd P TATAR S CFERRD
THERES RO EFEFRE CEF 2 MY

dy

TR BEFT Y RS EFES

2 5. 7 P aflE st FEAHE R & 1T PR § R

. k& S kbpfrgh kAT F gk g vk e
(umol CO, m™s™) (umol photon m™s™) (umol CO, m™s™)

B M L SR 26.0~34.5 1600~1950 23~33 2.0~3.0

EXE®: 22.0~25.9 1350~1600 22~25 1.7~2.2

PR IE R A 17.0~21.9 1200~1450 17~22 1.2~1.8

L ey 14.0~16.9 1000~1300 15~17 1.0~1.3

i e A <14.0 700~1150 6~14 0.3~1.2

A 37 50 iRt AR e IF Sk & e Mk gt B EnRE T o A IR m SRR gt
285 14T F(P<0.001)E A 4pRE (] 1) > £ H B & HHfd ok £ 4 » ujgr L fe
BLo~ kAT EEZE dy et 5 2 SRR 0 B B E SRR GF enih % d(r )E8 % £ 0.90 1
G0 kAt Bh e et FOR B AL Y i s AL 0.89 0 BT 0 itk
EiEr MM RS B 0 B G R ol g et B ok g T o X
(F=0.7912) > fe H Ap b1 io BiBAT F L AR M o 1 ifiw fF A 45 chie 307 # &
Hov Fplepfaack &8 Pk m R L piRH Y - 38 S8 PF %%f:'lf—f@tf
iz’ﬂi&&ﬁf;‘-ﬁ FERH v 2k EIFR MRk
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< 2000}
gl y=0020x-10251 e * L2
rs; r’ = 0.9036*** # £ 15000
- 2
s 200 & 2 1000f .
© * y = 46.187x + 444.35
g 10 . g 500 2
g El 1’ = 0.8379%#x
~ 1 1 1 1 1 1 1
% 500 1000 1500 2000 % 10 20 30 40
%k 4% {v 2L(1umol photon m° s'l) & 4 1§ 2k (umol photon m° sh
40 ~
R R 1.1254x - 2.4899 @ Lo 20001 v
i [ r?=0.9236% o B E 1500F
- 3
S 20r & 2 1000
% " * = y = 467.66x + 593.65
g . g 500 r’=0.7912%+
~ | | | ~ | | |
% 10 20 30 40 % 1 2 3 4
& 4 1§ 2k (umol photon m’s’) &+ % ¥ (umol CO, m>s")
40 ~ 40
N s o .
q;) 30} 5 E 30
= g
8 20f 2 S 20¢
~ V=1l618x+07973 | F = ¥ = 9.8287x + 3.6999
S ok y=11.618x +0. 5 o) y = 9.8287x + 3.
£ . r? = 0.9065%** El 2 =0.8897
~ 0 | | | O | | |
0 1 2 3 4 0 1 2 3 4
% w3 5 (pmol CO, m™” s™) % o ¥ 5 (umol CO, m” ™)

Bl 1. &34 50 ﬁé:{}_,—?}%‘! 4 ﬁfﬁé%b,ﬁgﬁ’; N Jo’éf‘f\?’f'l‘!’—. kAT HBLE B viv;»_, 4 18

KL e MR R koo

ARTY R AR £ EF PR SR FIRITP - 2 XA TE T

R iuToad tE o Hé%fp#,lot i mz\ﬁuy ok B o Gl de

2012 # 8 % 17 pipl 2k § A Bl % A A ER G LS5mmo

ppltE 2 % &4 % 11~15 pmol CO, m™ s'1 s B e K -1.9 ~ 2.5 umol CO,

m?s'ez 5234 A ‘%L,ﬁrﬁ»fé_;é 91.5mm > 78 % 20 p = p|{F % &

43 1 18~19 umol CO, m? s> w et w3 % -1.4 umol CO, m™> s o d 47 2 >
p

-2 HEMARAEAR SR R EBPRLHS iR o

FRIEP m- X G PAEA AR P AR B EFEES
B ¥ i 300 mmol m?2 st 2 b > H % 4z 1000 mmol m?2 s o At Tk B GE 2
TRl @b ek L4 o A p ERE S A 1000 pmol mP st b o A
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10:30 14 4 8 ¢ = FI 35C 1t o AREHRA ) € % T S0%1 T 0 fpt Ak
BESXFMBRMFLBET o FnFERY €% 3 100 mmol m”
sTr T s E Mt 80mmol m?sT 0 AR E B hF I RER o R kS (T
FRORE O G h E 10:30 TR R LRI RIP B AIER 0 PLRI LK
EiEd Mok T UL D 11300 AR A G SRl RARA G S A 0 (2
i ¥ R A e e T B Sk T BE o IR IR R TS5k 0 BOIRE L 2 A i &R
FREIEY 28 R i B3P 4o o

i TR R

~—Bﬁ§9$mﬁ410mmuiﬁ@@,Miﬂ%%iié%%’ 12

ﬁﬁ BIZ 10:30 0 AARHET R D 9:30 & 10:00 - Pl p F = SEpE s 2
PSS o BB ERHET R D 11:30 > @A AHET BT 10:30
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(1) Blep 5% 8% - pF TR 72 7R EFRFESTaRERES
R R A B By o
(2) F 32 RER > RHPLP F XX GRITAoR I G E R LTS
EETEHR R > FIo A FBRR LM FI-gP M -
(B) X2 F R T REE FIPIRHFHK o
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AFED LSS0 LR RERE 0 HET ROAILEF > kG
FEF M AP EAE AR L G ARHER L TR D A
S REAT o R a2 R 13480 deT AT

2 Z5%EE (20100 FFo 22 MiR I RELSHREP T LR BT A

2. 2ApE -~ EEY SRR (1994) BT SRS EFEF RIS FIF LES
RERRBHRATEF 2 T hmE > 64 F o

3. Bk S 4R & 1996 0 A AT 2 A 2 A $2 ¢ MEIAID) o 7
R XL B ¢ - 163 F

4. FABR ~ WA~ E £ (2000) £ M AER ISP o AR BEELR €0
DN R I

5. 2 1 % (2010) THFAEL o TP EL R EHRarhE 70349 F

6. thv &l (1992) £ 8 Lo AR o ¢ Z4REE 71926 5. 99 F

7. (1976) A% ¥ LB AL THEMN 4 o BAR L AHEHF 0 F 18
2 33~43 F o

8. ¥R F & (1989) ¥ k&E L3k o W2 S dinx » 503 F o

9. M1 % (1984) 4g 8 4 S FEd 2t o BT MROFF Badw > 122 F

10. x4 (1985) £~ W7o B TmEL - BT A7 FA s - £7 K
R B R Tt R 263 B

1L 3443 (2007) BRAABRY B B2 U208 447 F -

12, #0046~ 2% ~ 2% (1990) 48R4 07 Bl bt~ TR ok
AL > 441 F o

13. #g o (1987) £ 4 h 4 BEAAES TP o LINPELH IR > 204 F -
LRl O S D BRI RS SRS S L R PSR SEE L 3

j\,gzrﬂ TP LR R :z,;aﬁémtfg Mz A EER % 1 [ﬂ\;amﬁ».] B2 F L
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1. HH+
[~ peeeit]
ANAETHIE TR o nF3EY FEg ~p A~ Fh S TEFEE o
(P)FE? A FHAEN2LBHB00m T o @M G
(8 11)» 4 %> % 1,500 m 12T 2§ agiRiER > 5 - F LS o
(I3)E H - Aisg it 2 £ Uik o Jah 4 5 0 75 4 5 o
[~ g %]

% & 4+ 32.8 umol CO;m”s™ » k47 -2k 1660 pmol photon m™” s™' = # £
MR LARAT TR B JOR RS B A A2 Rk he
EECR L > ARM ARE B kX BRUATE R o A8 ) R R Bk BB
LEMHE > W T WG F B

2. HER

[~ preei]
(¥ & F > FATH I 600m2 s AEE - Z 2o 05 p BRI -
(43)A L #2E TH 2 LEER AT AT SR ~oisho 4 £ Pid o
O)] &~ Tr a4k FAM AR, 0 5 3 AIEAHE o B4 F U A

HIGEEF 2 denT 5 3 MAKRLEET 5 A

(1) = tRF 5 P P > (2% PRAFAfIE o
(13 At At > 2 L% > Fih 4 % > ddip > i 5 4 5 o

[~ 1 E%]

& &4 233 umol CO, m? s > % &7 {8k 1480 umol photon mZst e T
LATo 7 B RkRBEE Y REBFPRITE AL T 45 4 &P 9
GELE o BIEURHE o6 FIT w R R EL

3. k1

[~ el
(DFE~F+> £BTHE~1000m 2 BEHE L 40 @300 p RIES
GNAEH2ETRELE -~ FEg s p A -mIdelo
NEEBAFEA> - E7H ST A HBHRF R -
(1) B8 22 ELZ PR 24F > 2 atis o
(122 EXHEF 4 HE R4eeBEH 7R LRER
(13)5 1l > o it > 4 £ Beid > b o @hip > @fls o
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[~#= 3B %]

% & &4 22.7 pmol CO; m™s™ » % 47 fr 8k 1490 pmol photon m™ ™ « 3§76
PO R T AR P BATEE R B AR BTE L A H U R B
LA A SIS R RARRE . LG A s F A
WRRERE O ks hm X FRAA 0 27 A LK Mk e RN R
TR AT o BHUAE T A FEL -

4. BEFP B4

[~ peeeit]

G-D)AtEEF - bE B FEAT o AT R R ML §ER - KT
MG o Bt ] A BT R G AT 2 RE S UEA AR BN
250 th 0 T MR Az B BB A Y 50 ko

@D A | FhoABEEF > FLBEL L2842 604 -

[~#= 3B %]

% £ #+ 9.9 umol CO; m™ s » k4 fcBL 950 pmol photon m™> s = # £ +*
FESED AN ZEFHLLSAF RPN > L L5 ER RS RIFE
WETE 10em #BFE Tm SHEHS S B4 L F A RN G S 2
CEARLAT EFT A FEYT
Bk E R o B v 1T W 2ARRE R A kS 40% AP TR T -

5. Mt

[~ peeeit]

GDESE-FA  AFAELEH1,800m T2 LFATH o

G)iF £ 24 %4 1,500m 2T 0 AA L B

(6)F S atliht > #wdrXh 2 AW dED P o

(NE LR M “HRE 2 AR » 2 AREHB L -

(8)2 & 300~2,000m BEH > HEERERAE > ARSI B -

(11> 13)7 PA > #hiksa it & &£ > mfpdhss > a4 % #ligs >
o ARTIBIE S B4 RIET 5 2 AR

[~#= 3B %]

%k & 4 21.4 umol CO, m™> s » % £ 8k 1460 pmol photon m™ s™ < 3§ F_
Mg Le EVFRARE S0 BT A RERAEET 0 & > LSRR
TARLAT G AR T A EFTRBEERBEAE L B AL £ £

ﬂ\*ﬁ—fé’%xviﬂ ]"/ ) 7’%’]‘1/\_1,{; g—s;\
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Foo XA ABKPE RFIPEIERY > 2abkize B EahhBl
BHE > TE AT FETIREE 10 om T Sy RE T il kF 60%:4
T 2 (SRR L EIE e

6. 4
[~ peeeit]

G-DEBFF B LEL T3 AN M s BBLY 2R LS
LHEZAQ o BT o Pl a TR RS LREE S A Fm2 S
OB S 20 10,000 R0 P RREAEZ S R T oE B A 2T 1,000 $k -

@GDFSE ) FA ZLFFF R LA INEF L 2 M 80 gL Y o
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(D2 & EF2 G e ERI XERTRE > 7f L~ Bl 5 b o

[~ % B%]

% & #A4 14.7 pmol CO, m2s! s % &7 {-2k 1040 umol photon m2s!e 4 K

B itESAAENY T ATIEREHRSER L LEATT N 4 E

e T TR S A A N BRI 5 A A K S Mﬁtﬁ#m‘ff B kIR E

AR AT B B 1T w2 ARRE R Ak K 60% I T T o
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% & #4 17.6 umol CO, m™s™ » k£ 4r2k 1350 pmol photon m™> s = A5
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[ feef)
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