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Research paper

Structural Variation of the Needles of Pinus taiwanensis Hay.
along an Elevational Gradient
Chiou-Rong Sheue,” Yuen-Po Yang,” Ling-Long Kue-Huang®?
{ Summary ]

Twenty-eight morphological and anatomical characters of mature needles of Pinus taiwanensis
Hay. collected from different elevations (700, 1100, 1500, 2500, and 3100 m) were analyzed using
canonical discriminate analysis. Most of the characters were related to elevation changes. All of the
following characters increased in accordance with increasing elevation: the density of stomata, needle
thickness and width, the area of needle transection and nonvascular tissue, the distance between the
vascular bundle and adaxial leaf surface, the intercellular space of mesophyll, the ratio of width over
height of the vascular bundle, transfusion tissue, sclereids, Strasburger cells, cell number of transfu-
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sion parenchyma, the "A" zone of transfusion tissue (surrounding the abaxial side of vascular traces
and consisting of transfusion parenchyma and transfusion tracheids having bordered pits), and abax-
ial sciereids inside the vascular bundle. However, length of needles, cell number of subsidiary cells,
vascular trace, resin duct inside the vascular tissue, and the "B" zone of transfusion tissue (located
between the vascular traces and adaxial sclereids and consisting of only transfusion tracheids without
bordered pits) decreased with increasing elevation. There were several characters with a maximum at
middle elevations, such as the number of resin ducts and their area, the lumen area of 2 major adaxial
resin ducts, and the area of the vascular bundle. This obviously shows that the structures of needles of
P. taiwanensis have peculiar, modified variations to adapt to environments at different elevations.

Key words: Pinus taiwanensis, needles, canonical discriminate analysis, morphology, anatomy, alti-

tude variation.
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Table 1. Collection sites of Pinus taiwanensis
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Collection site Elev.(m) n DBH (cm) Environmental description
Kukuan P. taiwanensis sparsely scattered in
(A89) 700 5 25.5,28.7,25.9,25.9,27.5 broadicaf forests
Chingshan 1100 3 44.3, 44.3, 39.3, 37.5, 35.1, Forest almost completely consisting of
(Fu) 33.3, 24.3, 30.1 P. taiwanensis
Techi 1500 7 29.5, 22.6, 20.3, 31.0, 29.8, P. taiwanensis appeared in broadleaf
() 25.2, 25.4 forests
(£1B) 28.9, 26.0, 27.1, 29.3 ‘ P-:
shrubs
Komskan 10, g 354.207,250,306, 381, £ Al o uans conpris
( THER) 28.9,17.5,19.8,18.7,20.8 "8 P

community
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Table 2. Comparison of characters of needles of Pinus taiwanensis at different elevations. (AAt:
"A" zone of transfusion tissue, ABAs: abaxial sclereid, AC: area of transection, ADAs: adaxial
sclereid, ANonv: area of nonvascular tissue, ARD: area of resin duct, As: sclereid, At: transfu-
sion tissue, AY: area of vascular bundle, BAt: "B" zone of transfusion tissue, Cu: cuticular layer.
D: depth of stomata, Dv: distance of vascular bundle to adaxial surface, En: area of endodermis,
IS: intercellular space, Me: mesophyll, NL: needle length, NRD: number of resin ducts, NRDv:
number of resin ducts inside vascular bundle, NSs: number of subsidiary cells, NTP: number of
transfusion parenchyma, RL: area of resin duct lumen, SC: Sirasburger cell, SD: stomatal
density, SL: lines of stomata, T: thickness of needle, Tv: thickness of vascular bundle, Vt: vascu-
lar trace, W: width of needle, Wv: width of vascular bundle.)

Elevation (m)

[tem Character n Pr > F
700 1100 1500 2500 3100
NL NL (em) 80 18.14+2.45a1Y 16.77+ 2.100 14.37+2.21c  13.614+ 1.50c 8.72::0.88d 0.0001**
18 I1S/Me (%) 20 20.96%=1.82a 22.31% 3.1la  24.41+3.99ab 24.07% 3.91bc 27.3013.59¢ 0.0001**
SL (line) 25 10.6 #+1.4 15.2 £ 1.1 14.7 £1.7 8.8 £ 1.7 18,4 £1.8 0.0001**
Stomatal SO {afmn®) 25 53.9 +10.2 75.1 £14.9 72.2 £9.1 97.1 £15.9 93.4 +19.2 0.0001**
complex  NSs 25 5.8 +1.4 5.0+ 0.8 4.8 +0.6 4.3+ 0.6 4.2 £ 0.8 0.0001**
D (pm) 25 25.72+£2.94 23.12+ 1.86 19.881+1.64 15.78+ 1.86 14.91+ 1.56 0.0001**
W {mm) 30 0.89x0.11 0.35+ 0.10 0.9910.04 1.00+ 0.12  1.0tx 0.10 0.0001**
T (mm) N 0.59+0.05 0.63+ 0.07 0.6610.05 0.66+ 0.07 0.66% 0.05 0.002**
AC (mm?) 30 0.43+0.09 0.50+ 0.10 0.541+0.05 0.544+ 0.13  0.54% 0.08 0.0004**
aNonv (mm2) 30 0.31+0.06 0.354& 0.07 0.37£0.07 0.394& 0.09 0.404 0.06 0.0005**

ANov/AC (%) 30 71.45+2.19 71.06+ 2.63 70.631:1.46 73.18% 2.18  73.76+ 2.11 0.0114*
Dv (fm) 30 16.10£2.78 17.55% 2.86 19.85+2.27 20,61+ 2.21  21.03% 4.42 0.0001**

NRD 0 3.6 £1.0 5.5+ 1.1 5.7 £0.9 57+ 1.7 4.9+ 1.3 0.0001**
RL (mm?) 30 20684967 30231585 1633726 20744+ 869 2221+ 817  0.0003**
Anatomy  App/AC (%) 30 3.18+0.73 4,20+ 1.31 3.16+0.61 3.03+ 0.69  2.84% 0.61 0.0001**
:')[:edle AV {mn?) 30 0.1240.03 0.14% 0.03 0.17£0.05 0.15+ 0.04  0.14+ 0.03 0.0032**
AV/AC (%) 30 28.554+2.19 28.63+ 2.72  29.37+1.46  26.84% 2.15 26.25+ 2.11 ¢.0001**
We/Tv 30 1.36+0.14 1.454 0.14 1.5610.16 1.54+ 0.14  1.58+ 0.18 0.0001°*
En/AY (%) 30 20.65+1.85 20,09+ 1.90  19.03+1.75  20.35+ 3.20 18.91% 1.92 0.0053°*
At/AV (%) 30 45.4943.28 49.014 4.75  52.28+3.14  48.41+ 3.35 52.45+ 3.45 0.0001°*
As/AV (%) 28 5.88+1.06 6.97+ 2.20 6.95+1.98 5.80+ 0.74 8.44+ 1.29 -1)
Vi/av (%) 30 26.23%3.12 23.43+ 2.39  23.2241.96  23.99% 2.66 22.66+ 2.36 0.0001**
SC/AV (%) 30 5.64%+1.26 5.4+ 1.78 5.5141.30  7.974 2.10 10.30+ 1.356 0.0001°*
NRDv 0 0.86+0.58. 0.77+ 0.72 0.73+£0.69  0.43+ 0.56  0.00+ 0.00 0.0001**
NTP 10 22.5 +6.2 30.2 +11.2 27.2 +8.0 31.00£10.0 43.8 + 6.6 0.0004**
Traps-  MUAY (5) 10 9.63+3.13 41.47+ 5,41 43.01+3.8¢  41.40% 3.31 48.78k 3.i8 0.0001**
fusion  BAL/AV (%) 10 35.06+3.72 7.68+ 1.96 9.27+2.46  6.89% 1.35  3.684 0.91 0.0001**
tissue  Jpis/av (%) 10 3.90+0.52 4.25% 0.83 4.3840.95 422+ 0.64 5.55+ 0.59 0.0001**
© ADAs/AV (%} 10 1.98£0.90 2.68+ 1.47 2.57+1.711 1.59+ 0.56  2.90:+ 0.84 0.0257*
Cotiole ST {rem) 60 5.96+41.54 13.864 1.24  11.54+1.59  11.10% 0.86 11.73% 3.99 N3
Cunin {pn) 60 2.16%0.64 2.85+ 0.08 3.0240.37  3.54+ 073 2.28+ 0.24 N

Y Bach data point is the mean = s.d., and different letters represent different groups.
D The dash (-) refers to missing data because of failed analysis.
3 N means quantitative data only witout analysis.
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Fig. 1. Anatomical characters of needles of
Pinus faiwanensis. a: transection of needle,
b: vascular trace, c: stomatal complex. AB:
abaxial surface, ADD: adaxial surface, As:
sclereid, At: transfusion tissue, Cu: cuticu-
lar layer, D: depth of stomata, Dv: distance
of vascular bundle to adaxial surface, E:
epidermis, GC: guard cell, H: hypodermis,
Me: mesophyll, P: phicem, RD: resin duct,
RL: area of resin duct lumen, SC: Stras-
burger cell, Ss: subsidiary cell, T: thickness
of needle, Tv: thickness of vascular bundle,
Vt: vascular bundle trace, W: width of
needle, Wv: width of vascular bundle, X:
xylem.

341

AYBERE (Dv) ~ EE#A# (transfusion tissue)

E & (A1) ~ #EE HIF (vascular trace) EF

(Vt) ~ &% % &% M@ (Strasburger cells, albu-

minous cell) Hif (SC) ~ BEERER (As)
~ HEE TR NRIRARS S @S (NRDv) ©

= TRV fESESE . SRS i
Y F RS SUEREHS 10X ST
BHCEENIRR MRk (1S) E5 M@ -

LR SRR R R 0 B
SAS HFHEEE 6.04 AR BUPIBIS4F (canoni-
cal discriminate analysis) 01— % f5{8: # 7 5
?}ﬁ‘ o

EEES .

B _ERCHERH (BEZ) —
R RS » BERER o« RILAT TR
BT » SR EHIIHENES » £
W RAFRAIEE (Fig. 2a-d) ° RIVE TRER -
F 4-6 18 A RSB BN E TS A R4 i [ 4 i 7R bR
B (Fig. 2e-f) » REMEBESHTELENER
K o .

IR 24 HE (Fig. 3a,c, ) » 3%

Fig. 2. Stomata (8) distribution on the needles of Pinus taiwanensis at different elevations. a-d:
SEM photomicrographs of needle surfaces, a: abaxial of 700 m, b: adaxial of 700 m, c¢: abaxial
of 3100 m, d: adaxial of 3100 m, e, f: epidermis peel made by maceration showing stomata (),
subsidiary cells (Ss), and epidermal cells (E), e: 700 m, f: 3100 m elev. (Bar = 100 zm).
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Fig. 3. a-I: Transection of needles of Pinus taiwanensis at different elevations. Resin ducts are
indicated by arrows. a, b: 700 m, ¢, d: 1500 m, e, f: 3100 m, g, h: para-veined sections of needles,

g: 700 m, h: 3100 m elev. (Bar = 100 pm).




HEHEREER 15(3):337-49, 2000

FOERERA | TH5H 3100 m 5B BE)
S48 (Fig. 2f)  FORILESREITSE
AR » ER TR RIS - RS
B ~ PR MRS B R E TR R
Hg7E 0.01 FUBRE 2 (Table 2) o {RIGHA |
A THEHEE (Fig. 4) » WIS S=8 15
#:700 m (B) BRALAY—FE - {UlE/ © 110070
1500 m firfA Bz EFIT ;3100 m (A) &1
2500 m (B) (it R A » METEESE o

=~ REMRER A s
Y AT R B S T - SR
RITE (W) ~ BE (T) FITE R (AC) &k
BRI o FEMEEHAHIRER S » BiERE ~ F
FERTERSARS - PIEZ RERTERS SR
FAR EIFEHE B HUHETETE (ANonv) Rk »
(BELEFr SIEEETE A4 HE (Anonv/AC)
LB » BIEISH 1500 m BB E S 5/
(70.63 £ 1.46%) » ¥4 2500 FI 3100 m Y
BB K (73.18 £ 2.18 % F173.76 + 2.11 %)
(Table 2) - HEERFTEHEEERETEERE (Dy)
» BEE S ERERISHS » A
B TN A I B B M S B ST T Ui

CaNz i

~ FS
+

=3

)
~
T e e A e
m
=
-~

l
-

R
CANY
AJIKm  B:25S0m  C1M0m Dl m E: 700m
Fig. 4. Canonical plot made by the charac-
ters of stomatal complex. A: 3100 m, B:
2500 m, C: 1500 m, D: 1100 m, E: 700 m

elev.
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Fig. 5. Canonical plot made by the charac-
ters of transfusion tissue, sclereids, and
Strasburger cells. A: 3100 m, B: 2500 m, C:
1500 m, D: 1100 m, E: 700 m elev.
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(XS IRATSEER - MEE R IMAEE HI R ER B (A
BOYmK (Table 2) ©

BE
RN R S e N
R TREREFHAZRAEEZR » wAE
RETRYERREREE 50 » Hat3EEsH
HFREEE RS L - REEETRNET
iR » HEREREIgER NSRRI
SIEERTRE - BT S IASER » T
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HENEAEERERE IS A S TE
8 RTEE BB LECTIREE o AR
Fh o HEB _ERHERENERSS
8-11 c¢m B 5-13 cm (Liu 1990, Li and Keng
1994) » tHER AT IEHIS 8-18cm » H 4t
EREHEGE FRETES - £REEEE
MEE _ENHEISE RS » HIRSER
R E R AT (Li 1976) - e
N - BESHRENVEY > FEERSK
(Ying 1976, Paker et al. 1981, Paker and Maze
1984, Pan 1988, Maley and Paker 1993) o fff
RHEREIBERER » (M EERE
BERNBEHIEHN » A SRS » SEHER
PefER A/ ATRE RS A RS
PGITES
FEBIUEYERERP BN EEED
BRESHNEE » DEHIEADEE (Ying
1976, Pan 1988) » M AGFEH » B3
R IEREER T AR EE - & MBI T &2
W » FEAEVE R R EEBEEN L » R =g
THRZEREEE) « HERIHREERGK
RS TN » ATRER ISR EEEBaRS 1k Ak
AEGER  HERCEEAEBEE -
PRERAEENIEEEREAL » g S
RORBIR I ANEEEE » W TRE B EZ S A B S R T
FREEHBH - BN EaNeBEaEENRT
LEH (Hallam 1970, Reicosky and Hanover
1976) ~ YyERERHESME (Hull et al. 1975) ~ +
BEH IR (Chiu et al. 1992) FIZe K58 (Munt-
ing 1989, Turunen and Huttunen 1991) & o g
VI AT BN (670 m) B ENE A RE
BEERS/  TREMEERN -5z —
TR 1100 m BEEERIS A » & Elm
/N EEREEEIREAR  HTEEMRER4EE
oL s INRTATR 2 SR TR 2R o
Beerling 52 Chaloner (1993b) LB R ARTY
PSR (Olea europaca) B4 » HiZesE
18 1327 BCE 1991 AD Z 4] » EREILEE
AR ERBRA R T = S LB Yo 5
IR A S bRRE » SiteEER
MR EERHEN THRR - TNERZE
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LB ESIEE TR » AIfBS AR - SILER
B {k 2 $81Z (Radoglou and Jarvis 1990a, b,
Beerling and Chaloner 1993a, b) ° 4 =&k

| BEARAAIBET0.033% > HEEEHESE

B HEHBEDSEY - EEEHSE
(partial pressure) #IFHEETE &Stk
SENWE > RREEHYERETEESE
HHIE T (Woodward and Bazzaz 1988) ° Ifj
B LRTUES R — S LIRS S SRiE S
# (< 10 ppmV) FEESRERM LA (Beer-
ling and Chaloner 1993a) o HIATTERIREZEM
BT MM IENRILEE - EEAE
BIRIEHTHESS » TTSB7E 1500 70 3100 m AITHE
T - MR EELS - SLiO B
BEFTEE (Woodward and Bazzaz 1988) o 4:
RIPIGH 3100 m BB MR FLEER
2500 m#ZFY » RERTERMEIRTISEIL -
BERFIAR BRI L — SR (EREE
8 5000 mm) (Chi 1969) * FERKSYH »
HHEFME SRS BIEN (Wilson 1948)
» [ILEEEN TR » EE—SRT o THEE
HBE (181K 1500 m) Y EFTE S 2000 mm >
BHMEHRES » BRREMEREZEE (Su
1984a, b) » HJEEENEH ERILEEELSE
A o EE " IEMIIRILE TIER » HEFBO
L ERICERE » HTAEREEERHRN
RIRES YIRS A Esa—EiEe -
RETHES R AR E - fEiE
WA ETMFEENES » SR EMIRIEIE
M3~ ZWERRE -
AR B R E R R B T
HABEP AR TR B, Dl s - HEs
A BRR AR T RS EEE
£ THESENE S ENBREREEK it
S WAL ~ SHRER RS R Y 1
B MUBRRERERK - BEHiimanimd
MERGSHEZRE  HYECE2E8EH
(Strasburger 1891) ° Canny (1993) A& e
TSEEEAE - IR B R B mER e
BORAHEHE » WG & SR R R R0 S 3 »
BRI B BRI R AR - TSRS
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Tz —85 » IR E RS FEY < 44
fe (companion cell) {Alfieri and Evert 1968,
Sauter et al. 1976, Canny 1993) o #ikZ &K
B » RRBINBKEERE - REFEE
N » FEFTEE 2000-4000 mm * HREAK I THE
ERHRT » MRErREZE _End RS
HHIFREIE F (Liv and Su 1978) ~ FEIEHE
EHEMARERZEER  —RNEERH
(warmth index) FRETH o IRIPEHHEE TS
B EEARERY = 210.3666-0.0543X (Y =
BT, X = HHSE > m) (Kuo 1978) »
AWz AEEREE » bEEHESERN
BEISEUAFE 172,36 ~ 150.63 ~ 128.97 ~
74.62 F142.04 » AJHIBEHZE - HFKRER
(938 SEEHEREX » RIS (700 m) §Y
BERHBREEH (3100 m) B4 % - 28
TEMRMZERRS - EEIRSMERERER
SR EERA . THRIES TERENER
FH o FREE LSRR ~ ERESENE
DI RRIR BIRERE » TR -
TEE SR B AR O B S RE AN AR
B TISBE | EREEHEREN > S
ETeE iR A EAEERERA B RAIRA o
HHEHEHEHHEERENLENCSEER
(Esau 1977, Gambles and Dengler 1982a, b)
{BABHEATTME P. resinosa AJ53 B IE © FAZ
W « BEEERIRAEHE R SIBERER
B EISHEE R B RIERE - ER
HIH -5 I B R AR B Y I BREE » TT4n
EREIEHER » B BEREHEESATHAIRK -
RS EHEE RS ERIE  MEEERESE
FEHERYIRE R o
HERMNEIMEfERES T —HE
BEAAE » HREE A E R R e R
WERS | AT [EEEHIAT - HE(LR
BHRR » TR SR (3100 m) KI#1EE
ERL BRI o HATRESESE I LB S SR
BENARESRERHGREGEHEEA »
REEWNEEREGH » ERPHENZER
TEHEE TR BN BB o IEEEHANE » LUSHIE
SRRSO o ERERERRNEEE

PRk — I S I L U

THkEsH AR TEM  RE—SHET -

T8 — FEMNEE AR R B 2-10 AN
—HIRIEE o DA RTE ¥R (1100-2500 m)
IS ER - BRIEENTEREESS o —ikiT
5 BESEEHENRRIEESRRA » B
EEERNRERIEE 2 ERK - S EEsn
IeE A g R o 0F ILIHE (1100 m) 5138
RERETHEHSAEERTZE=FE
(HEFERERITE R » BMEEERN
RIETERSSEHLE - BiEAT SN
EHBENRTESH + Helmers (1943) {8 HH
% AHY P. ponderosa B % IAREE ; Harlow
(1931) SRR B FkE A R R L -
HEEERNRRSHMIEE | e LEastEE
TREBZ WSS (White and Beals 1963) ©
B4t BRI EHEMIBERNEE (Fahn and
Benayoun 1976) o A&F{7EH » $tEHREH
& 2-5 m BRAYIGE AL » T3 & 5 P8 mERE
T » OSSR IR R RR R T
B TTHEESFZERTL—  HRENS » &
BRI EIRET - BIEEN
HERS » REBRLT LT - REEER
TEEGNFEMIEERE N  EREHRTERT
HELATNEIRER » IS EERERT o HIREH
TR B EERERTARIEE - EREENK
RAERENHERE » {BIFH 3100 m RAIZHEE
PRI RERZET) o Liu (1990) EAAEMEMTER
ez thgh » WARMSRIEH _SEREIETE
RARRIEE » THEEAXRRAMETEEE
(ly » HAS AR IEARRT o HAEHEETRINAY
s E s B AR AT » R R H R EE AR
BARIRE ZRREM  XEMEREEHIR
e » BERME—FWE -

AWFEEh » ¥ 1100 ~ 1500 12500 m
FEIRGE Toa S OB B LRk - B
BB ST BNER » FEBERERRE
4 o Su (1984a,b) IRHEXFEIES 1400
2300 m Z M » FEEEMERE - BIHER
BERBSBITEFESZME  BEFRBRERS
WA BTG ERARERREREHR » HEE
£t AEHBEREE - ERENANEE
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TERCETRHEB CERETER - st
BB EIRITESENER » FnEE - —
AILIRST B ~ BT T B - ATRS
RTRE -

Chiang 1 Chou (1984) RIS B E
HETENHARNEER - EERE TR
&~ ANTER » BEREA B TREERRE
HEFEER - MAWSEHIE RN SRETER
HYEREE - A —T 5 Y2 S el B ey
BENEIREE R > RltES LR EE
RAGBERFZEE » FTLREEERS
W o

I IR BRI SR
(Liand Qian 1993) » HEEMIEZE 2 FE 4
MM ARSI R EE R (Liv 1990, Kim
etal. 1999) o WRESHRFRAEETRR
FERTHUE & (Chiang 1970) o % HoEApizogs
A0 Liv AT ek R 1L 15 B B s B 1S
B ARSI A I — SRR B
ERR B RETTES » AR
PR B RIS SIS 584 ] (Fus
etal. 1999) » MEHEE K 2B EM - il
SRETMIBEFEREAER « A » KAWL
B EERMRTEREERIS AT 2
W BROETEFRE -

sHi5b

FHRERSERNSEN SRR S8
SIS SRS - BB - A
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