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Research paper

Comparing the Drought Tolerance Abilities of Tree Species
in the Hengchun Coastal Forest and Lienhuachih
Forest with Two Physiological Indices

Yau-Lun Kuo”  Jia-Xiang Jiang” Zhan-Wei Xu"  Shang-Yu Yu"

[ Summary ]

Drought events due to extreme weather have escalated and are occurring more frequently
nowadays, such that it is crucial to understand the drought tolerance abilities of native tree spe-
cies of Taiwan. This research, through long-term drought treatments of seedlings, measured the
predawn leaf water potential when photosynthesis had ceased (¥,,) to indicate the whole-plant
drought tolerance, and used pressure-volume curves to calculate the leaf water potential at the
turgor loss point (m,,) to indicate the leaf drought tolerance of mature trees. The objective of this
research was to compare differences in drought tolerance abilities of tested tree species in the
Hengchun Coastal Forest and the Lienhuachih Forest, and further investigate relationships between
these 2 physiological indices. Results showed that =, values of 22 tested species in the coastal
forest were between -2.56 and -2.86 MPa with small differences (only -0.30 MPa) among species.
Yet, W¥,, values of 20 tested species in the coastal forest were between -2.31 and -7.93 MPa with
large differences (-5.62 MPa) among species. Similar results of small differences in m,, and large
differences in ¥,, values were also found in 19 tested species in the Lienhuachih Forest. Overall,
species in the coastal forest had higher leaf and whole plant drought tolerance than species in the
Lienhuachih Forest. Twelve species (60%) in the coastal forest but only 7 species (37%) in the
Lienhuachih Forest showed ¥,, values of < -6.00 MPa. Compared to well-watered conditions,
most tested species were able to maintain > 10% net photosynthesis and stomatal conductance
when leaf water potentials were < -3.00 MPa during the dry dawn period. However, seedlings of
Pisonia umbellifera, Hernandia nymphiifolia, Saurauia tristyla, and Ficus fistulosa showed stoma-
tal closure under mild water stress, indicating that these species had relatively lower physiological
drought tolerance. Combining results of the 2 forests, it was found that the ‘P, of seedlings and =,
of mature trees had positive and very significant relationships. By classifying each of the 2 drought
tolerance indices into 3 levels, we found 10 and 4 species, respectively, in the Hengchun Coastal
Forest and Lienhuachih Forest that were highly tolerant species, and thus suitable for planting in
drought-prone sites.

Key words: leaf drought tolerance, photosynthesis cessation, stomata closure, water potential at tur-
gor loss point, whole-plant drought tolerance.
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BIARE R EE T E BT E - 5
2 B AC RN R BB S % B B S &
PR o 30T A 2 DRIl bt SR 3 ol Y B2 572 14
AR B E MBI - B2 55 [RAYE K
5 BN fEEMORE R R4 E J](Granier et
al. 2007) » KR FTRE R fif S48 I8 Mol
SEARE FERH G FS £ (Breshears et al. 2009, Bongers
et al. 2017) o [RIJL » 55 18 3 26 5 2R 1 i i 2
HE B 52 M TR POt e - P T U) R B BRI A
RE A T ELATIER, -

PR i 52 5E 77 02 FH AR MR B A G -
EWERE - AR AACRIE - ARG K
SRR BIE bR ~ A~ MM R 2 T e Rk
##(Farooq et al. 2009, Polle et al. 2019) - @ %
W ge A B AT 2 38 77 3k s ol A F IR
(AR ~ S G AR S [ A Y T 5 R
B TTE R E AR AR (1) R E B Bl
(electrolyte leakage technique) : JHIELEF-FEAR
[RIRZ R AR 5% P B AT 7K 1 < 2B B B
ISR - B RZE AR A /K 2T B
HEGHE B - 35 AR E A (R A 35 2 2 e K
HYEEJ7(Kuhans et al. 1993, Kuo and Lee 2003,
Wu and Kuo 2011) » (2)5E45 3250 5 e K i -
TR ZE P A FEAE R sz R R R % MU ZERR SR
OGS (Fv/Fm by T EAHEAR) » 7T & E T
[E i 52 Al P 5 55 9 77 15 (Percival and Sheriffs
2002) o (3)tEKREZ TG © KA AR AR TE AR B
121k #E7k(Kuo 1994, Cregg 2004, Poorter and
Markesteijn 2008, Zhou et al. 2014) » B ZfEK
536 R 72 KA [ BR B AR AE £ 1 (Comita
and Engelbrecht 2009) » $HZHEMRAE R ~ 4 BHTE
B AR SR R A2 52+ A] BRA [ A TR A 2 bk
Mif S0 o (4BIEEGEEEA R 2 (lethal leaf water
potential) : FEHZ 552 H I E 28 o I 2 A E IR
(Tyree et al. 2003) T EZ S0 (Baltzer et al.
2008)AYZEFR /K BY » B350 9% 1 MR BIEHY ZE ER 7k 25
(Kursar et al. 2009) » & {1l A~ [F] R R R 52 i
IKRETTHV BRI FEAR - (5) PR R B ZETL /K B
(g o1 W) = BEFHE T 2 E SEAS /K BAER /K 4 5
KENRDBCER - @R -feRilie-v
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curve) » HIBLEFELE v Z B2 BRI R Oy K 2
AT S 1 E A AV S K (Bartlett et al.
2012b, Blackman 2018) - (6)5&FLEEASCE1E
P IR RF Y SERE KBS+ A2 H AR RS BE A R W2
BB WE MRS - S RFLE
PAEOE & 1F S IR IR R BERT /K B B il e &
FRi S0 4 B 542 (DeLucia and Schlensibger
1991, Farrell et al. 2017, Kuo et al. 2017, Kuo
and Tsai 2018) » (7)#F &L B HIK DR KA
A BB IRV E MY 0 8 AOFEN R
IR BB AR AR LU~ iR IRRE R B
FIEAE TR - DAY AT A2 AR S0% 5E
Fr 555 BSE T IAR 3/k 8%+ R G BRI A
806TH R B I FHRE T B Iy LS iR 0 B
(Niinements and Valladares 2006) -

ST AT 2 B R B U Doy, B A0 T R TR BE S
iR A RO FEASE » P 2R B oK R B e 16 3t 1 A~
[ R A PO i 520+ R AN [ A T A R R
LR T S 1 B AR (Bartlett et al. 2014, 2016b,
Mitchell and O’Grady 2015, Zhu et al. 2018) ° m,
T DA T 2 A Y B SRR AR - 2
KKy (A b 30 R B Fr I R SRR I - RALKF T 58
2RI, - BRAERBEL#YEE(Blackman et
al. 2010, Bartlett et al. 2012b) « {HZ » ;EEEAYER
HIRE 52 IERE 2 McDowell et al. (2008)28 Byt
T E B R AET AR - I HZERHE ey
KEVT - TR MERDEE TEEEZ 2L BIThRE -
Bartlett et al. (2016a)¥&4310fEARATE Y EE -
RBURALRAPAS 0 R Y SR /K B &y = A my, » SRTH
RALBAPAIS o BER K A ME Ay, » BUREZEFT
Z ~ KL - FALEARE 2RI - Farrell
et al. (2017)HIEAR[F £ ERI(life form)FEYIMIR,
B BEA /K B+ BB [E A Ym,, B SR A LI BH
IR Kk B LB AR - (HPCE B AR (=
0.33) » HIEK FHIFEY) - 78, EARHI KBS
RAAGRPH - EIBRGFRIR - FEtgYyE LR
KBRS Ok B n,,) » RALICRTEZREA - %
HERHATREIARAR UL » [KIftFarrell et al. (2017)3%
Fomyp il » ASRER BRI A Bt SR/ b
il SN B 1 R KT 5 I FE AR A B 1 -
HE L CHIFZ MR RBEEA R R - &
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HARZERECEIEA(Brodribb et al. 2003, Dichio et
al. 2005, Hao et al. 2010, Li et al. 2016, 2019) »
HAERER R AT IR - HE LR
AR 1R R BERS K B e (A Homy, (Farrell
etal. 2017) -

AR AR Lt FE DU AR 3 & 1F SR (B3R
FLEE R g )R 0.2 RFAYBEF R B4(W B P gyo)
AR LG AN [F) R AR R R 2B BRI B2 1 - Bl > A2
FEBRINET IR HR (Pinus radiata) < SRSFLBHFARISE
B /KBS (W g)1E-2.0~-2.5 MPa, [fifif FHIA RS
T Callitris rhomboideaf)¥ g, f% 2 -6.0~-7.0 MPa
(Brodribb and McAdam 2013) - JEINPY R ERHZ4E
BRIEMRER (Eucalyptus striaticalyx) » EW i
#-5.88 MPa » fi Fyifit 5+ 17 5 Y R AR A2 A
LY BB EA-3.25 MPa (Zhou et al. 2014) - John
et al. (2018) it + EE0AF TS AL I
A 1L RFRYBEST /K B8 » W R Y 4 B it S RE
TIRYFRRE o R - DU Y RERE R IE R ]
B AR ZE A /K B » SREETRIE YT S RE ST - JE
e EL A B PR R SR R R A

£ 1% v Y S e Y R S R Y AU RE S B B Y
W2~ NZEZ453 o R B A5 iR 038 38 o AR AR AR 4
#20.8°C » FRENNE2409 mm » fNEEFF4~9
H(85.8%) (Lu et al. 2018) o sHIE W AR EER
E b3 (et » B ST 3 0 B e I B R A
R B AR (Kuo et al. 2020) » ZE{E R
T B M T A 198 1~201 04 3 04 HA M A 4E 3238 By
25.1°C - RN E 2020 mm - 11 EHESH
PEEEEEL LR RN E
VAN EERFEI10% (Kuo et al. 2017) « RAE
TR FEARRYARR » N HEE T S 7k B 3
MARRIEZ TR » & ZR AR gy B g B SRy
AT A (1 LR )R EER - RSREZIRE IS R
7K 5 TR 1 A B PO th 221 5 R S o) e
FRERFE Y 4 BRI » R IR A  EpA
S BRI - AU AN R K
SHE 3t AR PR B B R e R AR H R A BRI - FE
F B 7K B B b E R VTG S R TSR ROR AL
AR 0 7R MRS M D R B R AL o £R
JH I 5 36 T SR A e A AR R LK A A
WA FEPRAEBE | SRk 0 BT B e S TE

SO — ST B A R

AFERT AR - E MBS R R A
E PRI P S EAVTEEE - AWTFEIR H R Y IE
I« (DIERG R R ERE S - [ — &R
MRA R A Ay 2R B i AR T2 3 2 () IR
FEARA M - RKGH SR R S B vt W
A% I T MR AR R s i 1 2 S R
A S ot Lt R AR PR P A 2 (3) W R AR R () —
TR R E P iy BB A AW o BB AR W 2
(HEEEY o Jomy, B2 B - HRE BRI RERY
it - SRR (A e oy 2

M¥ BT A

ARV R R B Syt R A L B st A

R AR AR B2 A0 2 P EA B R FE -
FERL %8 (Aglaia formosana) ~ 1EE & (Allophylus
timorensis) ~ Wit (Broussonetia papyrifera) >
WEWEH (Calophyllum inophyllum) ~ 1
BR(Cerbera manghas) ~ Effi(Diospyros
blancoi) ~ & (Drypetes littoralis) ~ T &
(Excoecaria agallocha) ~ FH7KAR(Heliotropium
foertherianum) ~ $REER} (Heritiera littoralis) >
SEEEN (Hernandia nymphiifolia) ~ =M
(Hibiscus tiliaceus) > /K& JFZ (Millettia
pinnata) ~ A& (Murraya paniculata) ~ FFHAK
(Pisonia umbellifera) ~ 21 G (Pittosporum
pentandrum) ~ & (Planchonella obovata) »
ELIRY-(Premna serratifolia) ~ ¥ (Scaevola
taccada) ~ $t5(Thespesia populnea)ZE20FH »
R WAV IR R R E BT (Kuo et al.
2014, 2017) » HATE BERYEEE M (leaf habit)
O HE Ak T (Kuo et al. 2021) » fh4h - fH3E
HIER (Acacia confusa) KNt eE(Casuarina
equisetifolia) BRI B3R ES » AT HL227E -
FEEBBE R 2 LT A R bR A E TR R
PR RN RE A K KisEiIES IR AN
PREE » H T AIEL 0% = (Wang et al. 2008) »
A B T AR 3 AR AR O T S AR B -
17K AR B B A IR B B E AR R 2 it &
PRI 521 28 B - 0 AR 2 O 16 78 40 3 17 2 R it
SR o R MTE pEBE AR R B EE
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1t 3R 15 SHL 7Y 38 o Mg MR B 3 SO IR -
ik A ki 51 BB R RS T 2 2k B bk 2 Sk P 1R
BWFE AL - TALLE ~ Wk - IR - st -
B 2EERALATES  MERBAEER
B o 2 PRI G BB AR IR A AR = 5y 20~39
em i B AREFEE BB « B I -
- SREERS - ARG > B S RIEAES0~110 em
FOFERE A AE TS ~ AR~ RIEEE - A -
HLERMITE = B TE40~79 emi[E] -

S B AR OPK AR 2 A A R AR B R A
BEIURERAE B3~ Rl TR Ay AR M A
(Kuo et al. 2020)4:197# « FHERERAE LY
BEEE H & (Podocarpus nakaii) ~ £ RREE
f(Castanopsis cuspidata var. carlesii) >~ K]
# (Euonymus laxiflorus) ~ KEEAR(Gordonia
axillaris) ~ ZE LG8 (Ormosia formosana)
FESHE o RPN /NEBIC (4rdisia
quinquegona) ~ HRIEHHE(Lithocarpus
harlandii) ~ #:3(Elaeocarpus sylvestris) ~ 7\
KA (Lithocarpus konishii) ~ FLAE(Machilus
thunbergii) ~ JLEIAR(Psychotria rubra) ~ K1
(Schima superba)ZE T ; FER T Uy QG 1
fo(Ardisia sieboldii) ~ F A (Cinnamomum
osmophloeum) ~ JK[EIAR(Ficus fistulosa) ~ KZE
Wi (Machilus japonica var. kusanoi) ~ (M.
zuihoensis var. zuihoensis) ~ /K% K (Saurauia
tristyla var. oldhamii) ~ {L ¥ (Schefflera
octophylla) % THE - WiARTEMRARIEE =& » thE
BHHE ~ /DMEKRAHE - RT3 ZETH -
RERLEERE - WRIEAH - AL ~ KFEAK -
JUBIAR ~ JTIEE 105 - 2 B b 3 e i s 1
iFgE L 5 AR AT~ KTERE - FRE AL
B~ /NEERHT ~ KBERF TR BTSSR - A
REEFEWS - PRI B EEY - ki
FEEABRBAAAIE RUEAS ~ RTERE ~ ARTT ~ /NI
BHCEIETEfE) » @ HE20~39 cm 5 HhE
B H#E RKEAREREGEAES0~110 em » H AR
B AR EAE40~T9 emifi[#] -

TERRI kA BE T vk
TR 75 9 2 A B 2 St 2 1 X e Py R A
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[A201846~10 H YR Z= MR » LR 20184F 11
A ZEFEE3 A/ - 53 50 AE bf sR R A
Mg R R E B - Bk R B EE =R % KL
B o BFRHUER 23 Bl E 3~ 48 - BT HY A —
T 3wk e o B b A — /N BE R - T
[ AR /KA P BT B N AR B2 cm R - EELL
REOEBMBE - B KIFR0T:000E AT iR AL
R+ EEHE R B AAEE S Fr (FH RS B AR il 3
A3/ - R BER AR TR A e e
7 B DL T B SR R ) /K B35 (Model 3005,
Soilmoisture Equipment, Goleta, CA, USA)&
(Model 1505D, PMS Instrument, Albany, OR,
USA)HIEZER 46K » HHEER-0.10
MPaZ R E A Bk » 5 AGE L BAEAIA A -
CHKNERBENRE ESHEBHEK - P
/IR B AT R K B E - HISE 4R AE
RER/NFHE— R - EEEEE R A iR kg
BAELR-3.0 MPa - & H [F]— 55 Fr 7 H1E 7k 2%
14~16[A] « SERARLER LATO CHERZ B[R & » 7]
BEIERZE - HAKEREBAYEE e ERE
WA E 0 BV EE K E - AR B EE ok
HRDAWIIA/KE - WA RELTE P B B
BIKREBRWC,) » LL1003K 2 % & BERW C Y B4
(100-RWC,)H {FETH - 25 B A ZEHR 7k S48
(L/,) B e - A LAk A b i SR BR AR+ Itk
Bl & A AR BB HYP-V curve (Sobrado 2015) -
FH G i T B RS R AR ZE Fr g om0 BT
JiiANKuo et al. (2020)F7R - e ol A 2
9\1Z%E/‘Jnoigz“upiq]:figﬁyg\{aiiﬁ » H#EAR
BCTES D LA T HISERUIE » IR BNy 3k
T 1 B 7K IRF 122 SRR () B M7 JBE 2 B B 0 7k 34
(ap) * T, BE A IGE R R AT E R SR RLRE -
AT 5 S 2 s R A 1 O R B e R A Y B
B Kuo et al. (2020)8 % -

ki kA B R R A BHE T ik
AHTFEAE B RPHEOK B MR B - 8
Ao A U B T T RN P ABg - B
T 2 1 O~ 1 2B A B - 0 IR AELAE B Y
B A - AR NE R AR
ik~ E45 emAYBEE BB VIR E60 cm
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(YRR » 8 R i 8 o B 2 IR Y DA A BT [l o
AR BE EFOEI8 em o JE4S cm Y
W MERMEAEHMENEDEE L - B8
AL KT E E 822 em /KR - BAE
1% Y e L P S A - S B A B EREE
PR ERET - S B A 2 I B AR A B A ARAR
o BRRCERIR - QI AEERTBAHN
A - T BEK BRI EHK - EITRIE
KEEHE o BLIHR ARG RS HRRRRE
45 cmiFE o TERSRE 1 HK > A A B AR
FELAR T RE P S EH M N BR (ABA) B Rk - £ 3
Fr @ FLBEEEJk /N (Chaves et al. 2002, Polle et al.
2019) » JRABEER SR &+ FE DU 8 e = M K I
M 8RR AR R R ARE - AR
R 2 MR AR BRI R B8 0T BOmT e B - REILE
LA 1E R R0 B IIRIZER A3 I -

TR B RS A B A A - K 12.0
m > 532 m > 52.6 m - EIEAHEWATEIIR
M T 5 R 2 s T A ) S SIS O R R B
HE® - IWERERERERESE70 cmiy
BWEBBA - PRI FRIRFBCNBT LR
KIT AR - HEBAAMERRERE -
FIE - 5% MY it R SR 2 BB - HA
#r NBEARKE - HiBEE3 em TR TR
IRF 1 P IR U 2 2 JES S L o AN [ A A 4 i
MEITETKEEEL - H2 R AR E20184E7 H B %A
FE20194E3 H R

R S B AR R R A SR A 3 7
BRI ERME - REZHTFE
MROZBHUE R EJ5S sy 7 n TE AR
fTHRREEEEE30 min - FFEIERRREOGE (Mini-
PAM 2000 » Heinz-Walz, Effeltrich, Germany)
HIEF K F, » AWEHHF,/FLBUE - S EREN
F,/F i e B> 0.80/ 2 58 Fr 7 LU -
HERR H 6 & 1F R (P,) R e A B i 8l ]
E © QNILERAFIIE AR e AT R S R - [R—
R AR S B R ROLF/FLENER - 5P,
WEEE (Ko 2017) « HIE kR RGERKIE
H?07:30~10:30 » DLHER 206 & 1F R #E(LL-
6400XT, LI-COR, Lincoln, NE, USA)HIE %k
BEtER CARE 28 ZE Fr iy P, - I 3CSke S 2K AR

SO — ST B A R

o KRR BRI A 2 T A R -
HISEP I+ BEERHYCORE R EAE400 ppm » I
BMIRE26°C » fHENRE60~80% » HRGIEEE I
IR BRI AR BE (Kuo et al. 2021) 3% -
Jebl - BB 1E - RS - TR - MR R A A
FOLED R EFE1600, 1500, 1400, 1200, 1000
wmol m™ ™' o R 4z 2 I Bh I 5 £ 9 K T IR
(05:30~6:30 h)[A H il » KT HIZEERZKP FYEE
FOiT - B ERIHRT A KB (Y, o BERT/KES
HIE R HE 25 (pressure chamber)HRIAL - 4350 %y
HIE HiE> -4.0 MPaRYIEY) 7k Z43T(Model 3005,
Soilmoisture Equipment) » B¢ E &iE> -10.0
MPaffy7k #53(Model 1505D, PMS Instrument) e

A B g KED T BR BE A B ik B
(W, BITE o Fy ok G [F) — MR Aot P T AEE
AT L [ R 1O~ 12 MR e AR 23 e 3 » 4[] S5
I3 ~4 R HEHIE - [A] —FECok FE o W [0 A 2 P 40
B o el E B 58 —EHE H N Sk
FEEMEA BT RAZER - DISETEEESO
min R E R - I E H R R R OEF/F E
SR I v B v ) W 4 e BB H PR E o
B RIHR(05:30~06:30 h) &R HUE R
HHHIEP, Z SE AT SE Fr o ST, H1E
AFAE 2 B E 5 i R F AR BRI - R
07:30 hFAEHETT HAEMRAYP, g JIE - DI=#1
HEETERI R A I 1T » B E 3~ 4 A
TGRE3~4RR - AR IE 208 5 5 (19 A BE &) -
HEATIRF 6] — M RS e 2 e A R - T
A 229 300 56 2 bk A% P R W O TR BR O R AR o A
1Pk 2 T U A ik i S AR 0 SR G AU A S A R 2R B
KELAYZ A < WIE P IF i Aol A A i B 1k S
AR B FTIOR IR 5 (AN Bt /K A PR IE 2 Ot =
)+ BEI AT 2R EE EAE25~28°C » (H A
CO R EHERFAE400 ppm » FEAERAYP 5 E
OB HC By B fEINF » 3%k BN 58 B TR R RZ 2 310
e BT EK - B H Ak ZE S
HE FH R S R /K B IR AR & - B ER — i
R M A 7 7K B B PR A Y S B - DR IR 1R 1
KBS R -

Fnz B ek BT A28 P FE 220
Y BUE (DAY R » USRI RN ARZ
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EVRABE P o 7T TR DU R R 2R HE
A B[R] — R S B AR B K R 1R I > ARG F
Bz B B AR 1R 2 T E H B JE R IIP, Y T H 8
5 KGRP -, A E ARG - FHRP, (v
i) By O Z RPN g (X BRME - BERITRAEARIAY Y o
{H o HF[E] — R 1 0~ 1 241 BLARAT Y oo BUEHEFF
IV E A (more negative) By SEHIA T -
1S RLBIREAYY  BUME - AU R Ve AR PRI
P B EBRE B R K S HOL A EH
AgiFik - HABN SRS - i - thits
[Fi) — 2§ e e AN AE B /KR REIRF Y P B g SR (LA B
EmASELVPIERR) - AR
R [ — faf % B MR BT A B P Bl B ML B % K
BUEAALL - SR BRHEEE 2 R (P, gy,
FHHEBIP - Bl o ST AT E - TS bl B
FRAVEER S - FIEF R — B AP 0, Bg o
EAFE 7 LR R RTEE AR K S5 (Y 0 BUH -
A FERT SR R e Al R L R RS B - SRR
ARG HEL > P o Bgo AMERE B/K AR RE I
109 #H{E (Li et al. 2019) » Z3BILLY 5,00, 2
P oo o KR8 & BF [F] — R AT PR AR A B
?@%@%Pn%'q]mﬁgs%'wwﬁﬁ » FT DA R X
ﬁé{‘ljmo%gzl{"gslo%ﬁ1a °

Hatsrir

ARG A2 25 B e R, Blim JARZ ~ RVTRZE
(72 BB VE - DU ARG B R AR Y i,
IR o AR - tesEITHE (p < 0.05) -
S AR AR R 67 28 5 M R A R W P 22 2
DB K738 S5 873 M (one-way analysis of variance,
ANOVA)ETTHE » GRHEEEBEEZR(p <
0.05) » FFLUScheffé’s testiE{THEZITE  HLLEH
T AT ARE (AT MR 22 (A B R st [l — ==
B, B, ~ WZ= R, SR 2= A AR R 1 -
DA i i A R T A A A i AR P 2RI SR P (W a0
B SR ZRE I 5 (WO AHRR T (p < 0.05) ©

R

1 AR R TR O ZE I 1
WA FM22 B R 2~ 52
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TR - BEELHY B K B B B (o) 3 {E 73 1
F5-1.98+0.05 ~ -2.21+0.04 MPa » [ZRE5E 4 B
BEFR KBS (1) 73 1y -2.44 £0.04 ~ -2.7240.02
MPa » §ZZRF Y m Bim,,, B (AR - RF (Table
1) o PR 2246 6 2 i ey B 1 22 EL V- 29 90 1)
{#7%-0.23 ~ -0.28 MPa » BURFHi 1 2E R
TREEERA K « R - RLSE ~ SREEH - BOHAT
FRARAE I A =50 1 i, BB (-2.67~-
2.74 MPa) - H i 18 5% B R A& kN
(-0.07~-0.18 MPa) » {HFEHZ IR A] & HEE 7 7E
AR K B8 & TR R (my, -2.75~-2.86 MPa)
(Table 1) o Efifi ~ 1= W AR T 7y, 75 18 53 1)
FEiE-0.55 ~ -0.51 MPa » Hr, M FEITE 2
A A B e Hh f =

{1 3k 2 2 i T ol 7% 52 3 0T P A e, RS TR
£-2.86~-2.56 MPaft] » i [n,, (E A= FH{E-0.30
MPa » HrhE « e~ RLSC ~ SREER - B
filzmy, < -2.80 MPa » 53 IR n, E-2.79~
-2.70 MPa#ifE - Jtb14f6 8 GE A AR -
WU TESEN « BARK - 19BER MR, > -2.60 MPa
(Table 1) o ¥/ PR22 3 B Rl Ao B B 17 2 2> BN
ZF o Hom,,, B, 83 BB IEMHR - (B2 AR
PEEBA BT MBS H50.33 ~ 0.20 (Fig. 1A,
B) © ifg A2 246 F Bl A8 T 2 T Y e B 93 1 4L
LR TEARR » DAR 2R AR B 5 (O =
0.78) (Fig. 1C, D) «

i A A P A Y 2 R T S 1

S TRl - N R I = DS ==y Y SV 1 ]
R EE R B 02 B BE L /K B4 (WP o) 53
AATE-7.93~-2.31 MPaft] » HFHR]Y ,,fH 5 54
K+ ZEPET]#-5.62 MPa (Table 2) - iR
EammE R E AR - DUBE - i - MR 2
BRI S 1 i 1 W o fE-7.93~-7.50 MPaff] ; H
&~ RLSE ~ i ~ BEINE - 1l B S
B ARRY R AR > WafE-7.05~-6.65
MPaft] ; Kliisg ~ BEWEHE « =8~ LU0
BURT ~ KE B~ # ~ SREERNEE SR R R
HIW o TE-6.45~-5.46 MPafi ; H&fst - VoIESE -
FZ AR~ SHEEER B ORAY 2RI R AR Wao
1£-4.20~-2.30 MPafj(Table 2) « [ 7 R A K
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Table 1. Leaf water potential at the turgor loss point (r,,), and osmotic potential at saturation
(m,) during the dry and the rainy seasons for 22 tested species in the Hengchun Coastal Forest

(meanzstandard error, n =5)

n,, (MPa)

7, (MPa)

Species

Dry Rainy

Amy, Dry Rainy Am,

Hibiscus tiliaceus
Broussonetia papyrifera
Aglaia formosana
Heritiera littoralis
Scaevola taccada
Pittosporum pentandrum
Acacia confusa
Calophyllum inophyllum
Planchonella obovata
Heliotropium foertherianum
Casuarina equisetifolia
Drypetes littoralis
Diospyros blancoi
Allophylus timorensis
Millettia pinnata
Murraya paniculata
Excoecaria agallocha
Thespesia populnea
Premna serratifolia
Hernandia nymphiifolia
Pisonia umbellifera

Cerbera manghas

2.86+0.04 -240+0.02"" -0.46
2.86+0.01 -2.70£0.05  -0.16
285+0.01 -2.67+0.04  -0.18
2.83+0.01 -2.67+0.03  -0.16
2814002 -2.74+0.01"  -0.07
2794002 -237+£0.01° -042
2774003  -2.50+£0.04" -0.27
2.76+0.03 -2.52+0.03  -0.24
27542002 -234+0.03° -0.41
2754001 -2.67+0.02°  -0.08
2724002 -246+0.03°  -0.26
2724002 -2.53+£0.02°  -0.19
2.70+0.03  -2.19£0.03°  -0.51
2.70+£0.02 -2.15+0.01"  -0.55
2.68+0.02 -22940.03  -0.39
2.67+0.02 -251+0.04 -0.16
2.67+0.01  -2.32+0.05  -0.35
2641003 -224+0.02° -0.40
2.61+0.02 -230+0.02° -031
2574001 -236+0.03°  -0.21
2.57+£0.03 -220+0.04  -0.37
2.56+0.02  -247+0.05  -0.09
Mean 2724002 -2.441+0.04° -0.28

229+0.02 -2.09+0.02" -0.20
2424005 -231+£0.04" -0.11
2454009 -225+0.05  -0.20
2.46+0.06 -2.43+0.07  -0.03
-1.984+0.06 -1.94+0.03  -0.04
2.07£0.03 -1.71£0.02" -0.36
23940.04 -221+0.03" -0.18
2294006 -1.93+0.04" -0.36
2344007 -2.16+£0.03" -0.18
-1.984+0.04 -1.79+0.04" -0.19
2254003 -1.91+0.03" -0.34
2.4940.05 -2.35+0.05" -0.14
2.1440.04 -2.00£0.07" -0.14
22040.04 -1.87+£0.04" -0.33
2.2840.06 -2.09+0.03" -0.19
-2.10+0.05 -1.93+0.05" -0.17
2374008 -2.11+0.03" -0.26
2254004 -1.94+0.02° -0.31
2.084+0.04 -1.87+0.06" -0.21
-1.75+£0.07 -1.55+0.04" -0.20
-1.964+0.05 -1.37+£0.03"  -0.59
-1.974+0.07 -1.80+0.03" -0.17
-221%0.04 -1.98+0.05 -0.23

" Indicates a significant difference between seasons (z-test, p < 0.05).

SHGEAR » A 1 SRR AR W L BB P B AR R 25
E R A Y BR E (Table 2) -

S 3 R R 1 9 Al i A R o o 3 1T
EAE-7.41~-2.37 MPaf] » DU/NEIRAHE ~ BRE
BHHE «~ KTH -« GEiE B AR 2
M E » HWY, fE-7.41~-6.62 MPafli] ; RE4&
BERE ~ FRTE - RLAE - KEEZR ~ HEEGE - L
HiAR ~ LS TR\ fE-6.14~-5.33 MPa
[l A OBITEAY Y\ 1E-4.92~-4.32 MPaft] - fii
pi SN N il N R 7 S = S o I O 2 0
Fy-2.402-2.37 MPa (Table 3) o SETEM M1
T P AR o SR A 25 1 R A S P 3
fH °

b W DR AR R AR B A A G OR 2 R i R
MRS FINREM2OBEEARY,, (F
$9-5.88+0.36 MPa) Bl 5 3 i 1116 1 9 ff A i K
IV . (FH59-5.24+0.33 MPa)ifi 8= R (p
=0.051) < 4Kifi » & LLERRIR Y o HHE PR = (B
EIRA) AR 1SRRI R A R P AR W BT
HEIFZ AR (p = 0.026) 5 5 HLIRRIFRY o fE HE
WL eI 1 O AE - FUT i B R A RO o BRI LA
BHE 2R (p = 0.004) » 1 BRI B RRY 24k
it 5P e S v 7 S o | LI 25 (W 0 M 2
B-6.5840.19 + -5.74+0.23 MPa) - L3—HTg »
Gy AT AR AR A (5HE) ~ gk (7HE) R
We(7TFE) Z R A B B - H ORI,
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Fig. 1. Relationships between the leaf water potential at the turgor loss point (r,,) and the
osmotic potential at saturation (m,) in the dry (A) and rainy seasons (B), m,, between the 2
seasons (C), and w0 between the 2 seasons (D) for adult trees of the 22 tested species of the
Lienhuachih Forest. * p <0.05, ** p <0.01, *** p <0.001.

Table 2. Leaf water potential at photosynthesis cessation ('¥,,), at the turgor loss point (m,),
the water-saturated net photosynthetic rate (A_,) and stomatal conductance (g,), the
predawn leaf water potential at 10% of A , (¥ ) and g ., (¥g10%), the mean duration of
drought treatment (Du), and the mean survival rate (Sv) 1 mo after rewatering of seedlings
of 20 tested species in the Hengchun Coastal Forest (mean*standard error, n = 5)

. Yo Ty Agi &t Paiw Waion Du Sv

# Species -

(MPa) (umo m”> s'l) (MPa) wk) (%)
1 Planchonella obovata (f5155) 27934026 -2.75+0.02 105 019 662 615 7 92
2 Drypetes littoralis (§5171) 27754007 2724002 58 003 -660 -632 9 100
3 Acacia confusa (FHIERE) -7.504£0.19 -2.77+0.03 324 066 -502 -521 5 100
4 Murraya paniculata (J3 %) -7.05£0.14 -2.67£0.02 108 052 -471 -3.64 4 100
5 Aglaia formosana (F152) -6.97+0.09 -2.85+0.01 109 0.11 -529 -558 4 100
6 Diospyros blancoi (FEifi) -6.96+0.11 -2.70+0.03 92 021 -425 -356 15 83
7 Pittosporum pentandrum (Z{HiEH)  -6.80£0.10 -2.794+0.02 148 048 -572 -426 12 83
8 Allophylus timorensis (1F 55} -6.65+£0.19 -270+£0.02 179 0.65 -464 -423 9 100
9 Casuarina equisetifolia (FKJifiz2) -6.45+0.21 -2.72+0.02 175 054 -3.89 431 5 75
10 Calophyllum inophyllum GEEEWEH)  -630+021  -2.76+0.03 159 022 -334 -320 14 100
11 Hibiscus tiliaceus (#f&) -6.124+0.18 -2.86+0.04 258 148 -389 286 5 100
12 Excoecaria agallocha (+)17) 6.024+020 -2.67+0.01 241 074 -429 -449 8 100

13 Premna serratifolia (FIR-F) -598£0.06 -2.61£0.02 184 031 -3.86 -336 & 100
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con’t

14 Millettia pinnata (/K% K7) -5.80+0.13  -2.68+0.02 17.1 043 418 -3.80 92
15 Thespesia populnea (#15) -5.56+0.18 -2.64+0.03 21.8 056 -3.76 -3.63 6 100
16 Heritiera littoralis ($REER) -546+0.17 -2.83+£0.01 125 022 -3.84 299 12 100
17 Broussonetia papyrifera (F&15) -4.124+0.06 -2.86+£0.01 235 097 -250 230 5 100
18 Cerbera manghas (JEf55%) -3.46+0.13 -256+0.02 183 119 -222 -200 13 100
19 Pisonia umbellifera (SZFAA) 2474005 -2.57+£0.03 103 0.8 -190 -1.68 7 100
20 Hernandia nymphiifolia GEZEH) 231£0.07 -2.57+£0.01 103 033 -145 -139 16 83
Mean -5.88+0.36  -2.71+0.02 410 -375 86 95

Table 3. Leaf water potential at photosynthesis cessation ('¥,,), at the turgor loss point (7,,),
the water-saturated net photosynthetic rate (A _,) and stomatal conductance (g,), the
predawn leaf water potential at 10% of A , (¥ ) and g, ., (¥g10%), the mean duration of

drought treatment (Du), and the mean survival rate (Sv) 1 mo after rewatering of seedlings

of 19 tested species in the Lienhuachih Forest (meantstandard error, n = 5)

. Yo Ty Ag  Zw  Yaow Yeiw Du Sv

# Species 5 4 —

(MPa) (umom™s™) (MPa) wk) (%)
21 Lithocarpus konishii (/NP5 A HE) 7414032 2744004 77 012 -511 352 12 100
22 Podocarpus nakaii (BKEH H5) -6.98+0.30 -2.79+0.02 50 008 -450 -3.03 12 56
23 Euonymus laxiflorus (K] 25) -6.83+0.18 -2.98+0.10 75 011 -471 -524 26 67
24 Ormosia formosana (B4 T &) -6.620.04 -2.87+0.04 55 037 -523 -388 25 33
25 Castanopsis cuspidata (FFERTERE) -6.14+0.18 -2.59+0.04 6.9 023 448 -436 15 33
26 Elaeocarpus sylvestris (F12&) -6.09£0.22 -2.57%£0.02 123 0.14 -4.03 -394 15 45
27 Machilus thunbergii (KT4%) -6.07+0.18 2544003 107 032 405 -3.62 13 73
28 Gordonia axillaris (KIEAY) -5914£0.19 -2.69+0.03 102 032 -339 -493 12 0
29 Lithocarpus harlandii GEREEEAE)  -5.78+0.08 -249+0.01 112 022 -356 -472 9 0
30 Psychotria rubra (JLEIZR) -5.43+0.10 -2.35+0.03 100 022 417 -3.55 100
31 Cinnamomum osmophloeum (£JAfE) -5.33+0.16 -2.42+0.02 1.1 0.15 -399 -4.65 24 58
32 Ardisia quinquegona (/NEERHT) -4.92+021 -2.23+0.06 41 006 -351 -352 15 55
33 Schima superba (ARfif) -476+0.17 2574003 101 012 -3.52 -346 11 0
34 Machilus japonica (KEEKE) 4.60+0.08 -236+0.01 126 061 -335 -3.13 13 100
35 Machilus zuihoensis (51) -449+0.10 -225+0.03 133 027 -258 -323 8 75
36 Schefflera octophylla (TT35) 4434007 -221+003 11.0 052 -239 -210 9 100
37 Ardisia sieboldii (F5H7) 4324013 -2.03£0.04 100 099 -353 254 10 100
38 Saurauia tristyla (7K JR) -2.4040.04 -2.231+0.02 84 026 -191 -156 6 38
39 Ficus fistulosa (ZKEIA) 2374007 -2.07£0.02 129 044 -1.74 -150 4 60
Mean -524+0.33 -2.43%0.06 -3.67 345 131 58

Y Reported by Kuo et al. (2021).

A Ey-6.504£0.23 ~ -5.78 £0.34 ~ -3.994+0.43
MPa » |4 s 35 o T v ARH P 00 FHE B 2 2
S (HSEERR T RITE(p < 0.01) - oA
e NIVE /SRR B3 i

A — 2 53T I i R e e AN S i 1 B

R EE IR SRR B £ » BRI AR 208 fE
B ARAYW oo BEL IR e [T ELEE S TEAHRBA (p < 0.05,
7 =0.25) (Fig. 2A) » TR AR SR TR 2%
o T A T A L B IEAH R (p < 0.001,
r* =0.70) (Fig. 2B) « & PFMIFRIE30BE » HA
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Fig. 2. Relationships between the leaf water
potential at the turgor loss point (m,,) of adult
trees and the predawn leaf water potential at
photosynthesis cessation (¥,,) of seedlings for
tested species of the Hengchun Coastal Forest
(A), the Lienhuachih Forest (B), and for both
forests combined (C). * p <0.05, *** p < 0.001.

W oo B A, it EL A S 3 TEARBA (p < 0.001,
= 0.40) (Fig. 2C) -

E 5 TR 7k SR 4% 1 A B R AR SR &
TEFERP,,) » FIHEE R AT K B (Y o) I
DA (Fig. 3) » &R B QLS R
(2o WAL (BRI RBUR)  HABTEAIP .-
B, Vo BB 2 BT RS R A MR A KR
RE10% 5 1F F R AL B R Y, B (E (431
Fo¥aron ~ Wesron) © BIANTE 3 1 2 PRAY R 28
PRI« R ERARAIY 400,23 B J5-5.29 ~ -3.84 »
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-1.90 MPa (Fig. 3A~C) » [ff 3# 3 i ZR AR A /)N
PERAH  REEHE ~ ALY 40020 1
F5-5.11~-4.50~ -4.03 MPa (Fig. 3D~F) o
WA REW20 M h - &5 8o
i~ RLERATY a109 WP 100 BF < -5.00 MPa » 2X
S AR AR LR R P I b F R IR
MRS @R~ L= 2R Z Y
B go100, BRAE-4.00~-5. 8O FI & - ] 3 %E it 7R
MR T H R RRERERBAL 5 BEMK
ET*EE/‘JEZ%* N %%mﬁ\ymo%&\ygslo%%g
> -2.00 MPa - [ EHE T ARARAY KA ~ K FEIA
M (Table 2, 3) -

Lk A A B 7 R S S R PR AR L AR B R R AR
e

TR B R B 2 ARG B
S E RS b 2 Bk i B B - 2083
8.6 wk » H g 14FEEE< 10 wk » T LUHEER
16 wkiz /A (Table 2) o 5# 3t fR bR 1O & B
7K i B ST o B Ry 4~26 wk AN [ £ AR ] iR B
HEHAERER > VY RI13.1 wk s BikEE< 10
wki B U 6FE - i L EE ~ BIERL G
KT HWFEEE Y A EE24 ~ 25~ 26 wk
(Table 3) - RHAHZ RAABEFE A - B HEMRIKIE
K1 moZ g » HEERFEMEAFERREE
Ry RiE » (A HARERPEETS% » A 148
TRV AR B BETS » 20BH s B R A IE 3R K95 %
(Table 2) o St AR 1 RS 58 REAY B R TE IS
RE58% » TFER> 15% B R E6HE - ik
B ~ FHRIEGHE ~ R AT A RS R R
WRERBRYRREKELR  FIEEYR%
(Table 3) o i & A Tl AR HY RIS 14 (W ) BEL
Bk PR A BURE SR BRINFEE R - A
HEFEHR(p < 0.05) o [FERAY » R B2 1 1 K
R BE B 2 1 (o) BEL VT AR BT /K R B S > B
WA HE R B AR TR 3R - AR A H B M
(p <0.05) -

&7 &

L T SR S R ARIT 104 (2012202 1) 8
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B EMEENEFTR2110 mm o 11THE
BHEAHGFIAR R R 168 mm » 46
WEMI8% - RIABKWERD » 1ERAAR
HI7K 7345 R0 (water availability)JRER & B EEAL
AR - FIAERAETRE R - T HEREH
F16~32 co IR A RS G 2R E B it -
TSR T B KR R530% (wiw) » (HEZTR
7 s 7~8% (Wang et al. 2012) - [AEEAE _Lalba
BRYGIE - OGRS R HERS S RN = R 20
W, fE-0.43~-0.68 MPaffi[E » (HHY JrHZTHA
(% 2-0.92~-2.39 MPa » HFH B N Z=HE
B SR =R F2 2 (Kuo et al. 2017) = E5if)
THUR 6 A& 7R 2 A R MO TR R RS 7K
FIREARIEZIR - A E A e o B N5 1R
FERYBRK SR - RIILTE R A A I R
St - REFEAHRNFEH B ERFAGE -
AR 2250 FE ARG B A B - 42 - N
Fn W FHIERETE D101 MPa%s » HUEEREE
ff ~ EEHE2AE - T, T E A R0.1 MPads
HEREEHE ~ AR ~ 9 RE3f#(Table 1) »
FLER K 2 B B i A A R K AR B Y o B 38
B o bt B R EUR A T3 5 AR A (] 3t B
i > FERZ AR S A K o W BEGANE] o B
i~ AR ER BT EAELE » SRR
BIKERER> 80% CREFREIE) » B MG R
MRS MEEREREE AT - 7T
RERIIL 2 38 3 A R R R R W = B /K 43 H X
M BOBEREFET R -

Rt 5 SE 3 3t R Ak 1 9 A B et A A Y
T, BT ARAEKuo et al. (2020)F K8 - Hil
[EfE-2.74~-2.03 MPaZ [t » ¥-#9)5-2.43 MPa
(Table 3) - BLEUE#AE S (RER/NREE
W20 R n,, (SE-2.71 MPa, Table 2)
(p < 0.001) » BN AR G o A G AT 1Y
TR 1 B I SHE S Ot A RS A B R
fif - Bartlett et al. (2014)ZFIR 283 iH V1% ik
HZEWE o g KZ H UMY - (A3 B RRRETE
AR Vg H-0.44 MPa » UE§Z R &,
FYT16% o 533t AR S 2 R B Rt 32 o, O R T
#5-0.39 MPa » t{552Zn,, FI{E-2.49
MPafj16% (Kuo et al. 2020) o ZRHFFE1H 5 15

SO — ST B A R

FR2 276 e Bt R N 2 B8 e, B B 7T 2 S35
H-0.28 MPa » HfhEzZEr,, V- {E-2.72 MPaly
10% » BERRFEIRE TR S - BURBE R
PEA& ISR AR BRI S A =R K -
AHF4E e Farrell et al. (2017)& 2R L34
TR, BL Y e L B R AR - (H B AR 58
U o m, MY A B R 2R R BE AR IR R ER A Ik - &
HARTE AR AR R O /KES - BLIFZERT
HEME LR B HE(Lenz et al. 2006) » A RAE + 3
KoyFee - A EEZ R E BEER B » EH
TEiE B (BB N R BERT K B R R RIE Hony, 5 4H
B EREEFHME R AT B
EALER BN - FERARRYZE S K B A & ok
£l EE(Bartlett et al. 2016b, Zhu et al. 2018) -
HB—JiH K AR - YR
PREGAERGR ~ HEEE ~ TEAER e B Rk W8 - 7
[Pk SRR 2 R P RE & A R /K 23 an S R M 2R
RALBEEEBD ~ e A TE RIHE A 32 185 5 T R A%
G EERENEESLRE T EERIE
B9V B« RIL » EARI 50 U2 ik 1%
() —H8 53 o A FERe Bz AR AL 3 Ot Fe e R (Y
AAAE-2.07~-2.98 MPalFR#iE » Z{H{#-0.91
MPa » T A F 52 1 AR 2 AR M 572 14 9 R I Pk 7
B E AT BRI SRR ST Y, A AE-2.31~
-7.93 MPaE il » 25{HE3E-5.62 MPa -
WFSEEEUR A AR E R (biomes)fHY)
7, B A R BRI 1) o R 5 B AR 1 ELERE A
B (Mitchell and O’Grady 2015, Zhu et al. 2018) >
[R] L HE i R Y BE BN 52 () B A RE BB 2 AR
i St 8y L BESE AR (Maréchux et al. 2018) ©
Bartlett et al. (2012b)5HH » m,, fE/K 53 (L FE T THI
U R BEEE T B ARk 53 B {R (water relations)H7
B —fEK - - TERLEE DT ATRESS A R) S E 2
HHEIENHELERT - RELRE @ n, 20
AR TR - E AR R L SR LT R
WEARESE B REEE G ZEHEN - EREk
SrHI TR  SER ARG - SRR AL
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AE TR £ DIRER RATFRAE (Bartlett et al.
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grandiflora) SEERM S5+ HIREy 2R ki<
H MR F(Scoffoni et al. 2011) « ¥ » F
#Pt(Lantana camara)BEHAN S » HK B R
M HERSE  TREAE IR EH e B 5 AR A it
VZ(Castillo et al. 2007) - Z PITHPIRIBELT HHZ 5
FURK » fH 2 BRIt 524 5 (Scoffoni et al. 2011) » &%
FERE YR AR AR BRI S 0 O R P B B 2L
(Chaves et al. 2002) °

R R T A Y A B 5 e o B[] A Y ol A
A—ARUG 7 B SUH IR A PREH AR A - v SR
YIHE % - Maréchaux et al. (2016) Lz 2045
SR AR T (< HE RS B A T S 50 () HY 72
o BYLFUE VRHE R 09 28 5 5 B
JAFER » {H 53 3% RIf i 28U B A R 1 e, 107 JI S 3
7225 HSE A — R R T K/ N R R R R
Hom AR /N RS ] A B8 B o [RT R RS AR
TAShER TR » AREEIRFENRR - ATiE
MAVERE R K ETR » RS REiE 2
R R B R R RE ST B AR R o A
AR R 7R A RRYIEEY o R MR BT 5
M AEEE IR /K B (Volaire 2018) » AJRFIA] 13
K53 A RE AR T < MHHE ~ RELRR M 7K 1 R P 422
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Fig. 3. Relative net photosynthetic rates as a function of the predawn leaf water
potential for 3 representative species each of the Hengchun Coastal Forest (A~C) and the
Lienhuachih Forest (D~F). ¥,,,., denotes the predawn leaf water potential at the 10% net
photosynthetic rate compared to water-saturated conditions. *** p < 0.001.

G 4 IEAHRE (Bartlett et al. 2012a) »
K] G 35 0 E B 5 (9B E B (osmometer)
HWERE R n, » I LB AFEP-V curve
BRI B, B AR 0 T RBCRA R R
% R (N, BB (Maréchux et al. 2015, Zhu
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Table 4. Drought tolerance classification of tested species according to the leaf water potential
at photosynthesis cessation (¥,,) and at the turgor loss point (,,). Numbers 1~20 are 20 tested
species in the Hengchun Coastal Forest of Table 2, and numbers 21~39 are 19 tested species in

the Lienhuachih Forest in Table 3

W0 (MPa)
my, (MPa)
I: <-6.00 II: -5.99 ~ -3.00 1I: >-3.00

a:<-2.70 #1,2,3,5,6,7,8,9,10, 11 #16, 17

#21,22,23,24
b: -2.69 ~-2.50 #4,12 #13, 14,15, 18 #19,20

#25, 26,27 #28, 33
c:>-2.50 #29, 30, 31, 32, 34, 35, 36, 37 #38, 39
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