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Quercus guyavifolia ( Fagaceae)
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Abstract Undewstand ng the pattem and process goveming the d stribu tion is a central goal of ecology yet form any
species the causes of distrbution linit are unknovn To undemstand the rehtonshp between altitudinal distrbution
of alpne oak and ecophysiological trait leafnitrogen content chlorophyll content leaf mass perunit area and pho-
tosynthetic gas exchange ofQuerat s guyaviolia w ere investigated at four sites along an altitud nal grad ient from 2 650
10 3920m i theH engduan M ountains Q. guyavjolia shoved a significantm dday depressbn i photosynthesis and
transp iration at all sites due to hish vapour pressure deficit and temperanre Both mM ay and August this specis
had hgher lightsatumted photosynthesis water use efficiency maxmum RuBP mte of carboxylatbn light satrated
rate of election transport and photosynthetic nitrogen use effciency at hem dd k altinde than at the w est or h ghest
locatbn Leaf nitrogen content was different nM ay anong altitudes but ranamned relatively constant i August

Leaf thickness increased w ih altitude w hile chlorophyll content and photosyntetic optn un ten perature decreased

The altitud nal rend in phobsynthesis ofQ. guyavjolia could be linked to leaf b bchen ical efficiency and niwgen

content but not leafm ass per uni area The varatbn in tan perature abng the altitud nal gradient mposed a con
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straint on photosynthes 5 and leaf rat The altitud nal range from 3 180m to 3610m would be optm alfor the photo-

synthetic catbon gain and grow th of Q. guyaviolia

Key words Quercus guyavjolia. Photosynthes s Ch bwophyll fliorescence Leaf traits A lpine envromment E co-

logical adaptaton

In troduction

Every species & lin ited both geograph ically and
ecobgically to a range of available habilats Under
standing the pattem and process govern ng the distr+
bution is a central goal of ecobgy yet formany spe-
cies the causes of distrbutbn lmit are unknown
(Angert 2006). This question & particu larly m—
portant today because of the potential sensitwity of
distrbution boundary of tree to clin ate change ( Bre-
dersen et al, 2006 Lenoiret al, 2008). Species/
altindnal range Imitmay i part be due to meta
bolic linitaton on growth that ultmately decreases
survival and Im its reproducton (Angery 2006),
because altitudinal change n environments has an
mportant effect on plant physblogy and morphology
(Hovenden and Brodribh 2000).
showed that leaf thickness leaf nitrogen content and

Prevous stud es

photosynthetic capacities of alpine plants are higher
than those of low land plants (Hultne and M arshal]

1999 Cordelletal, 1999; Qietal, 2007). How
ever the contradictory data provided by several au-
thors (Rada et al, 1998 Cabrera et al, 1998

1999) showed that there is no gen-
eral trend n photosynthesis across altitudes as the

Bowm an et al,

altindinal variation n photosynthesis can be caused
by multple factors such as environmental cond+
ton genetic trait of planf leaf anatomy and physt

ology.

very sensitve to global changes but it is unclear

It is believed that alpine environments are

whether alpine plants are sensitive to global change
Consequently the physiobgical ecology, and partie-
ularly the leaf gas exchange of p hnt at high altiude

has attracted ncreasing attention ( Pelfni et al,

2006). H owever data on the physiological ecology
of plants over altiude of 3000m is lmited (Liet
al, 2006 Zhang et al, 2007),

alpne plants n heH engduan M ountaing  bcated at

especially for the

the eastern end of the H inalayan range (Liet al,
2006). Consequently,
tdmnal patierns in ecophysiological traits of alpine

little is known about he ali+

plants at hgh elevations and how alpine plants
adapt to their envirooments n theH engduanM oun-
tains This nfom ation is essential for understanding
the rich diversity of species n the H engduan M oun-
tains and predictng the response to alpne plants to
clim ate change

Quercus sect H eterobalanus distributed fran alt
1 700- 4 800m, is the dam inant cam ponent of ever
green sclerophylbus oak forests n the Hengduan
Mountans and plays an mportant role n preventing
soil erosbn and waler loss aswell as h maintaning
ecological stab ility ( Zhou et al, 2003). Their large
ranges of hab itats across different elevatons mply a
strong adaptation to different environments and
would be benefic al for understanding the relat bnsh p
between altinde and ecophysio bgical trait of p lant

Usually evergreen sc krophylbus oaks occur n
the xerothem ic zone of the world but the oaks of
Quercus Sect H eterobalanus are distrbuted n the
cold and moist habitats of e H engduan M ountans
and there still reman obvious xerophytic characters
such as dense hairs and bw stanatal density ( Zhou
etal, 2003). Tenperature is thought to be one of
the prinary detemm nants of species distrbution and
growth along altiudinal gradients ( Cabrera et al,
1998 Klmer 1998). Previous swudies suggested
thatQuercus Sect H eterobalanus can adapt to alpine
envirorm ents due to their xero hem ic characters and
unique genetic stmucture and the altiud nal ranges
fran 2400m to 3 600 m are their optmum distrbu
2003 ).
(2005) shoved hat photosyn hetic capacity of(.

ton zone ( Zhou et al, Zhang et al

pannosa decreases fum 3240m to 4 170 m n the
Hengduan M ountans, whik Liet al  (2006) sug:
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gested hatnear 2800m altiude is the optinum zone
for grow th of Q. aquifoliodes. Obvpusly

ologicalmechan isns conceming the altitud nal dis tr+

the phys+

bution of alpine evergreen sclerophyllous oak n the
Hengduan M ountans have not been sudied suff+
ciently and relevant data are fragm entary.

The photosynthesis and leaf traits of Q. guyavi
folia were studied at four sites of different altitudes
n theHengduan M ountains The ams were (1) lo
characterize the photosynthetic adaptation of alpine
evergreen sclerophyllous oak to envirooment ( ii) to
nvestigate the differences n chbrophyll content
leafN content and leaf mass per unit area affecting
photosynthetic perfom ance abng the altitudinal gra-
dient ( ii1) to understand the relatbnship between
altindnal distrbutbn of Q. guyavifolia and phote-

synthe tic gas exchange and leaf trait

Materials and m ethod s
M aterial and study sites

The research was conducted at four sites along
an altindinal gradient in the H engduan M ountamns of
southwestern China site A (99°26 69'E, 28°07 57’
N), site B (99°34 90'E, 27°57 9'N), siteC (99°
36 81'F, 27°56 03'N) and siteD (99°39 77'F, 27°
53 01'N) at altiudes of 2650 3180 3610 and
3920 m respectivel. As the amospheric pressure
deceases w ith ncreasing elevation the partnl pres
sure of CO, at site A, site B, site C and site D are
25.8 24 2 22 9 and 21 9 Pa respectvel. The
long-tem clmatic data of study sites are unavaila
ble but the clmatc data n Zhongdian weather sta
ton neaiby site B is available The air tanperaures
at study sites were calculated fran the altiudinal
lapse rate of 7 1'C /1000m n ths regon ( Zhang
1998). The annual pattern of temperature was gven
n Fig 1 May to October is the rany season w ith
87% of annual ranfal] while the diy season occurs
fran N ovember to A pril The soil atall four sites are
brown soilsw ith fH values of 6@ 2—- 6 9.

Quercus guyavjolia . vl is an evergreen broa

dleaf tree that occurs n, the mountain oak forests or
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Fig 1 Seasonal variations of air ten perature at four study sies Based
the clinatic data fran Zhongdian weath er station nearby site B, the
arr tanperatures at study siteswere calcu hted from the aliud nal

lapse rate of 7. 1C /1 000m m the H engduan M oun tains

pine-oak m ked forests at altitudes beween 2 500 m
and 4 000m n southw estern China The new leaves
anerge fran AprilioMay and are retained for 2— 3
years The treesbbssan fran ApriltioM ay and heir
fruits ripen betw een Oclober and N ovember Obser
vatons at four open sitesw ere conducted n M ay and
August 2003. Five trees of 4— 5 m height of (.
guyavjolia were selected at each site for measure
men ts
M easuran ent of photosynthesis and chlorophyll
fluorescence

D urmal gas exchange variations w ere m easured
nMay 2003 Five fully expanded leaves fran the
upper position facng east of five sanpling trees per
site were selecled fran sanpling trees for hourly
measureaments fran 08 00 h to 19 00 h on the clear
days mMay 17— 2Q 2003 Photosynthetic rate (A ),
transp ratbn rate (K ), stanatal conductance (g;)
and mntercellular CO; partial pressure (C;) were re-
corded usng a portable nfrared gas analyser with a
leaf chanber type PLC-B (CIRAS-1, PP Systens
UK) under anbient conditbns M eanw hilg
1400 data logger ( L+Cor NE USA) was used to

record irradiance and air tem perature at lhour inter

a L+

val Leaf and air temperature and relatve hun dity

were used to caleulate leafto-air vapour pressure
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defcit (VPD). W ater use efficiency (WUE) was
calcuhted as the ratb beween A and E

The photosynthetic responses to CO, lght and
temperature w ere measured boh n M ay and August
2003 Photosynthetic responses to photosyn hetic
photon flix density (PPFD) werem easured by using
a CIRAS-1 infrared gas analyser at anb entCO, par
tial pressure and 20C leaf temperaure A fier the
nithl measuranent at 2 000 Bmolm™ *s ', PPFD
was decreased to produce 13 subsequent levels at
which photosynthetic rates w ere recorded. D ataw ere
fit by a non-rectangu br hypeibola ( Proul and Chas
tier 1977). Usng his functobn apparent quantum
efficency (AQE) and light-saturated photosyn hetic
rate (An.x ) were estinaled by Photlosyn A ssistant
softvare (vl 1, Dundee Scientific UK).

Follow ng A—-PPFD cuwes
of photosynthesis were detemm ned wih a range of

-2 -1

CO, partial pressure at PPFD of 1 200 Pmolm s
and 20C. (O, was npcted into the circuit using

the CO, responses

the builtn injection systan of the gas analyser Af
ter the nitialmeasurements at anbient partnl pres-
surg CO, partial pressure was reduced to O Pa and
then increased in steps to poduce CO, response
curves Using A—C; curves themaxmum caiboxyla
ton rate by Rubisco (Vs ) and lghtsaturated e
lectron transport (J,,..) were calculated by Photosyn
A ssilant sofware hat app lied he b bchan icalmod
el of von C aemm erer and Farquhar (1981). The n-
terce llular CO, partial pressures at different altitudes
were calbrated according to the differences in air
pressure R elative stan atal lim itaton (L) of photo-
synthesis an estin ate of proportbn of the reduction
n photosynhess atirbutable to CO, diffusion fran
aimosphere to mntercellnlar space was calculated
fran A-C; curves using he method of Farquhar and
Sharkey ( 1982).

The dependence of photosynthesis on tenpera
ture was exan ned with fve filly expanded leaves
fran fve sampling trees usng an infrared gas analy-
serbetveen 08 00 h and 11: 00 h n the moming

Leaf tamperapzre was ad psted usng the, ntemal

heatng/coolng systam. M easurements were m ade
between 10C and 35C at anbient CO, partial pres-
sure and PPFD 1200 Hmolm™’s " Afier he nitil
measuraments at 20C, leaf temperature was re
duced to 10C and then ncreased to 35C. Each
temperature m aintained Smin A second-order po k-
nan ial equation was used to fit the photosynihetic
optmum temperature (Top ).

Fiwe expanded leaves per site were selected
fran sampling trees for hourly measuran ents fram
08 00 h to 19 00 h Chlorophyll fluorescence w as
measured on dadeacclmated leaf (30min) with a
IMS-2 pulse modulated fluoraneter ( H anstech
Norolk UK). A fier hem inm al fluorescence (F,)
was detem ined by a weak modulated lght A Q 8 s
saturating light of 8 000 Mmolm s ' was used to
detem ne themaxmal fuorescence (¥, ). Then the

leafwas illm inated by an actinic lghtof 1200 Pmol

-2 -1
m S .

Afier5mn the steady-state fliorescence
(F.) was recoded and a second Q 8 s saturating
light of 8 000 Hmolm " s '

he maxinal fhiorescence (F,,') on the lghtacel:

was given to detem ine

mated leaf The fluorescence paraneters were calew
lated as F, o, = (Fn — F,) /F,, and Opsy= 1 -
F.JF,. The second-degree polynan al equation w as
used to assess the relationshp between tem perature
and chlorophyll florescence
Leaf traits

Twenty leaves nearby the leaves used n phote-
synthe ticm easurements w ere harvested fran the up-
per part of sanpling trees In the laboratory leaf ar
eas were measured using a L+3000A leaf aream eter
(L+Cor NE USA),
dried to a constantm ass at 70C for 48 h to measure

and then the leaves were

the dry mass and calculate leaf mass per unit area
(IMA). The nitiogen concentratbn of these leaves
were analysed usng a Leco FP-428 CHN analyser
(Leco Comporation M] USA). Leaf nirogen con
tent per unit area (V,) was calculated by leaf N
concentration per unitm ass mu ltiplyng IMA. Phe-
tosynthetic nitrogen use efficiency (PNUE) was cat

cuhted as the ratio heween A, and N,. Chbro-
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phyll content w as extracted fran 20 leafdisk (0. 38
an’ per disk) on the leaves nearby the the leaves
used in photosynthetic m easuranents in the sam pling
rees with N, N-Dmethylbman de¢ and stored n
the dark at 4C for 5- 7 days Chlorophyll content
was analyzed with a UV-2550 spectrophotometer
(Shinadzy Japan) and calcu hted using them ehod
of Inskeep and B ban (1985).
Statistical ana lysis

Statistical analysis was performed using SPSS
version 13 0 (SPSS Ihe, Chicaga USA). Differ
ences in leaf morphological and physplogical varia
bles anong altindes were detem ned usng one-w ay
analys® of variance (ANOVA) and LSD test for
multiple can parisons and between M ay and A ugust
by independent samples ttest

Results
Diurnal of environm ental factors and gas ex
change

At all sites themaxmum PPFD, temperature
and VPD were observed around 14 00 h ( Fig 2).
There was no statistical difference n average daily
PPFD anong altiudes (F=Q 503 P> Q 05).
However both air tenperature (F'= 11 868 P <
Q0 001) and VPD (F =4 894 P < Q 01) de
creased as altiude ncreased

The maximum g. occurred in the early momng
decreased tow ards midday and mncreased n the afier
noon (Fi 3). The dumal varaton of g was sin ilar
o that of relative hun dity ( data not presented), an
opposite trend o VPD, A lthough the g, values of plants
at the altindes 0of3 180m and 3 610m were higher han
at the altindes of 2650m and 3 920m, there was no
sinificant d ifference (F = 1. 482 P> Q 05).

D urnal variations of E and A of Q. guyavjola
showed a significant m idday depression The m in+
mum vabie of E was observed around noon, and E
decreased with ncreasng altiude The average A of
5 Eaves at all sites peaked rapidly after dawn be
bre substddng n them ddle of the day and reached
maxmum vahies at about 10 00 iy then reached a

second-peak in the late afternoon (Fi 3). The
plants had h her daily mean photosynthetic rate at

he altiudes 0f3 180m and 3 610m than at the ali+
tudes of 2650m and 3920 m (F =3 173 P< 0
05). The dumal variation of WUE was smilar to
A, and the plants at altinde of 3 610 m had the
highestWUE anong altitudes (F'= 8 015, P< Q
001).
Effects of light and tem perature on photosyn thesis

The photosynthesis of Q. guyavjolia was satr
rated around the light ntensity of 1000 Hmolm °
s (Fig 4). There was no sign ificant difference n
light cam pensatbn point anong sites in August (F=Q
574
P> Q 05), but the plants at altiude of 3 610m n
May had lower light sauration ponts than at other
three sites (F =9 934 P < Q 01). The photosyr
thetic

25001 -0 alt2650 m
—A— alt3180 m

—€— alt.3610m
-0~ alt.3920 m

[
<
[l
=]

1500 1

1000

PPFD ( #mol m?2 s1)

500+

T, (C)

VPD (kPa)
(98]

Time of day (h)

Fig 2 D umal variations of phoosynthetic photon fhx density ( PPFD),

air tem perature (7)) and leafte-air vapor pressure deficit (VPD)

on the clear day nM ay 2003 Dat aremeans T I1SE (n= 5)
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E
= 3t Fig 4 Photosynthetic reponses of Q. guyaviolia to phoosynthetic
E photon flux density (PPFD) atanbient CO, partial pressure and
m 2T leaf tem perature of 20C in May (‘a) and August (b). Vertical
1k bars indicate standard emors ofmeans br five m easuram ents
1 . . o, o, .
(5) I at all sites nM ay, and beween 20C and 23C n
~ 4l August T, decreased with the ncreasing altitude
g both in May and August (Fig 5). The T, ofQ.
3 -
5 e . .
5,0 guyavjolu n August were higher than nM ay at all
= sites The temperauire range attaning above 90%
w1 F . . .
§ Anax was reduced w ith ncreasng altiude Therewas
0r a drastic decrease n photosynthesis when leaf tem—
-1 1

Time of day (h)

Fig 3 Dumal pattems of stan atal condu ctance (g.), transpiration
rate (E'), net photosynthesis (A) and water use efficiency (WUE)
of Q. guyawjolia atanbient tanperature light mtensity and
CO, partial pressure in May 2003. Ead point is amean

of Smeasuren ents Bars represent® 1 SE

lght saturation pont at altiude 0f 3920 m was h gh-
er than at other three sites mMay (F=19. 954 P
< 0 001) orAugust (F=26 489 P<Q 05).

The optinum temperatures for photosynhesis
(Toi) ofQ. guyavjoln were beween 18C and 2°C

perature w as greater han 25C. The data of ch bre-
phyll fluorescence of Q. guyavyolia at all sites was
analysed together usng a second-degree polynan hl
equation to address the relatbnship beween ch bro-
phyll fliorescence and temperature (Fig 6). Be
ween 18C and 22C, (. guyavjolia had hihest
F. F. and @y values
Altitud inal changes in photosyn thetic capacity
The lghtsaturated photosynhesis (A ) ofQ.
guyavjola at hem iddle attitudes (alt 3 180m and
alt 3610m) was higher at the upper altiude (alt
3920m) and bwer altitude (alt 2650m) in both

May and August (Table1). Fran May to August
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Fig 5 Effects of leaf tanperature on photosynthes s of Q. guyavjolia

atanbient CO, partil presure and photosyn thetic photon flux

density of 1200Mmolm™2s ' nMay (a) and August (b). Vertical

bars indicate standard errors of m eans for fivem easuram ents

Fig 6 Effects of tan perature on maxmun phowochen ical

efficiency (F, /F, ) and quantm yield of PSII
(Ppgyy) of Q. guyaviolia across all he

trees and all the sites

Table 1 Comparison of photosynthetic paran eters of Queravs guyavjfolia at different altindes and seasons
A ltitude (m)
2650m ( site A) 3180m ( siteB) 3610m (siteC) 3920m ( sie D) p
M ay 10. 93t0 43¢ 13 27 *0. 55" 13 77%0 58" 10 13 *0. 43¢ o
A max August 11. 70£0Q 45° 14. 77£0Q 55 15 63£0 75" 13 47 £0. 66* o
P ns ns ns *
M ay 0. 031+0 003* 0. 0350 001 0. 0410 002" 0 0270. 002° ok
AQE August 0. 033t0 001° 0 045 0. 002" 0.051t0 03" 0 0380, 002° ok
p ns * ns w3
M ay 34.23%1 53¢ 39. 03£2 40P 44, 57%1 0P 34 73 £1. 36° o
Vomax August 36. 731 30° 41 77%1. 87a 51. 73+2 8§7° 36 37 F2 12¢ ok
Sig: ns ns ns ns
M ay 103. 07£4 33¢ 111 07%4 27 121 07%4 22° 89 33 &5, 60° ok
S August 119. 33+5 18° 130 67 3. 71° 150 67x7 97° 120 33 £5. 55° *
14 ns * * *
M ay 3.01%0q o01° 2 85%0. 07" 2 710 P 2 56X0. 06¢ ok
T Ve August 3.25%0 07° 3 1430 11° 2 910 02¢ 3 3220 10° ns
p ns ns * w3
M ay 305111 62¢ 19. 55 £a 70 23, 88+1 33¢ 24 29 10, 24¢ ok
L, August 18 43£0 24® 21. 07 =0 93® 14. 693 18° 22 51 2. 19° *
p HE ns ns ns

Data are means* 1SE. Significance ns no significant differencg * P< Q 03 ** P< Q 0 *** P <0 00L The sane letlers in a rov nd+

cate no significant difference A light-satrated photosynthetic rate (Emolm~2 s '); AQFE, apparentquanum efficiency (molCO, mol !

m ax*
phoon); V., ., maxinum RuBP surated rate of catboxylation (Fmolm~2 s 1); J = light saturated rate of electon transport (Hmolm ™2

s71); L, rehtive stanatal lin itation (% )

B



2 ZHANG ShiBao et al:

Effects of A Itiude on Photosynthetic Gas Exchange and the Associated Leaf ... 221

An. increased at all sites but the ncrement at the
upper altitude was the highest anong four sites The
altindnal trend n AQE of Q. guyavjolia was s ilar
to that of Ay u

Photosynthetic paraneters fran he A-C; curves
also suggested that the photosynthetic capacity of().
guyavjola at the middle altindes were higher than
at he upper and lower altiude (Fig 7 and Table
1). Except for the plants at the bwest altinde (alt
2650m), Juax of the plants atother three siteswere
lower inM ay than n August but therewere no sta
tistical d ifferences n Veyay between mMay and A uw-
gust at all sites The ratio of Ju» 10 Ve decreased
wih ncreasng altiude n M ay but they were not
senificantly different anong altiudes i A ugust
The plants inM ay had lower Jux /Vas ratb han n
August
Altitudinal and seasonal trends i leaf traits

H igh-altitude Q. gwyavifolia had lower chbre-
phyll content than those at bwer altiudes (Table
2). The chbwophyll contents of phnts inM ay were
lower than those in August LMA of(Q. guyavjolu
leafN
content per unit area (V,) ataltitude of 3610m was

ncreased w ith increasing altinde However

higher than at oher sites nM ay, but here was no
senificant difference among altitudes mn A ugust

Quercus guyavifolia at lower altiudes had higher
PNUE that those at the upper and lower altitude

30r A
25 ¢
~ 20}
T IS5t
°
£ 10} a alt2650 m
~ A alt3180m
< 35 ¢ alt3610m
o alt3920m

A (pmol m2s1)

C; (Pa)

Fig 7 Phowosynthetic responses of Q. guyavjfolia to ntercellnlar
CO, partial pressure (C;) at phoiosynthetic phoion flux density
of 1200Mmolm~2 § ! and leaf tam perature of 20C M ay
(A) andAugust (B). Vertical bars indicate sandard ermors

ofmeans for five m easuram ents

Tablk 2 Canparson of leaf traits of Queracs guyavijfolia at diferent alitudes and seasons i theH engduan M ounta ins

A liitude (m)

2650m ( site A) 3180m ( site B) 3610m ( site C) 3920m ( sie D) p
M ay 40. 480 83* 35 45 £1. 47" 31 03E1 41 27 18 £1. 02¢ ok
Chl August 44, 58+3 96 40 96 %2 36° 36 4411 98P 33 77 12 54P ns
p ns ns ns ns
M ay 215 5%6 4 218 2 %9, 9° 250 87 7° 253 3+12 9 *
IMA August 207 5%4 5° 202 55, 2° 239 67 9 243 6 £11. 5" *
p ns ns ns *K
M ay 2.533%0 1170 2 687 X0 167 2. 89310 348" 2 62810, 207 *
N, August 2. 467%0 120 2. 8830 136" 2.997%0 268" 2 863 0. 077" ns
p ns ns ns ns
M ay 4. 32010 143® 4. 9600 168" 4. 80310 366 3 887%0. 195 *
PNUE August 4 77340 349° 5 127 2a 052 52600 619" 4 701 0. 127¢ *
p ns ns ns *

Data arem eans T1SE. Significance ns no significant difference * P< Q 0§ ** P < Q 0L, *** P< Q 00l The sane ktters in a row indicate

no significant difference ChJl chbrophyll content perunit area (Mg an~2); TMA, lkafmass per uni area (gn™2); N leafN content per unit

area (gm™2); PNUE photosynthetic N use efficency (Mmol CO, ¢! s ' N)
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D iscussion
Diurnal variation in photosyn thesis

In the present study Quercus guyavifolia expert
enced a pronounced m ddday depression in photosyr-
thesis This was sinilar to the responses reported for
M editerranean oaks (). suber and (). dex ('Tenhunen et
al, 1984). The photosynthetic rate ofQ. guyavyo-
lia did not substantnlly decrease under high PPFD
conditions provided temperature was favourable
(Fig 4). When leaf tamperature went over 25C,
which typically occurred fran 11 00 h to 15 00 h
the photosynthesis of Q. guyavjolia decreased dra
matically The mactwation of photosynthesis can be
nduced by high tenperature (Berty and B Jrkman
1980). Present study also poviled evidence for the
m portant role of high tenperature on photosyn hetic
depresson of Q. guyavjolia atm idday
Seasonal variation in photosyn thesis

In this study, the Ty, of Q. guyavfolia notonly
shifted by about 1'C — 3C higher fran M ay to Au-
gust but also decreased with increasing altitude i
respectve of seasons The varatbn n gowth tem-
perature can cause a shifi in the optinum tempera
ture of photosynthesis (7o), which allws plants to
perfom more efficiently at new grow th tem peratures
( Battaglia et al, 1996). Ths change n optmnal
temperature wou ld be related to the change n the
tanperature dependence of Rubisco activity asRuBP
carboxylatbn and RuBP regeneration have different
temperature dependence ( Ishkawa et al, 2007).

Seasonal changes in environm ental factors had a
sgnificant effect on photosynthetic capacity At all
sites the parameters descrbng photosynthetic ca
pacity n Augustw ere hgher than those nMay (T &
ble 1). Previous study suggested that the change n
the ratio of Juu /Veanax woull be responsble for same
parts of seasonal changes n photosynthesis H owew
er the response of the Juax /Vana ratio to tem perature
was different anong species (Onoda et al, 2005).
The Jua /Venax rato of Q. guyavjolia ncreased w ith
growth tem perature which indicated the relative pro-
porton of J... i the photosynthetic protens de

creased under low—temperaure conditions The re-
ductbn n J,, ndicated that he photosynthetic elee-
tron transport of (). guyavfola in M ay and at the
high-altiude sites would be lim ited by col stress
A ltitndinal pattems in photosynthesis and leaf traits
This study showed that Q. guyavjolia grow ing
at altitudes 0f3 180m and 3 610m disp layed higher
photosynthetic capacity (An..) than at altiudes of
3920m and 2650m. A ngert (2006) suggested that
wo M imulus species aittain the greatest biamass
photosynthetic rate and effectve quantum yield of
PSIIwhen grown under tem perature characteristics of
he altiud nal range centre The highestA . of Pt
nus sylvesiris is found n them tdle parts of the dis-
trbution and decreased towards both ends of the
transect ( Luang 1997). Prevbus studies showed
that leafN content (N,) M etrostderos pobmopha
ncreased fum sea level to treelne (Cordell et al,
1999),

popu lations of F rasera speciosa did not change w ith

but leaf N content per unit area n seven

altinde along a 1 700 m gradient ( Bowm an et al,
1999). ForQ. guyavifolia, the plants had higherV.,
at them ddle altitude than at the lower and upper at
titude mMay but/V, remained relatively constant n
August The photosyntheticN use efficiencies at the
m iddle altiudes were higher han at the upper and
lower altinde A ltindinal variation of N, appeared
to be largely atwributable to variation n LMA
(Kbmer and Diemer 1987), but the IMA of(.
guyavjoliz was not correlated w ih NV , and A, A m
other reason was that p hnts w ith h gher IMA i ited
the supply of CO, to chbmwoplast site because the dif
faswe path n thicker leaf becane longer (Kao and
Chang 2001).

The g of Q. guyavifolia at altiudes of 3 180 m
and 3 650 m were higher than those at altiudes of
2650m and 3 920 m. However Kumar et al
(2005) found hat the stom atal conductance ncrea
ses with altitude A ccording to the data fran A-C;
response curves photosynthetic rate of Q. guyavyo-
lia was lmited likely by stamatal I itaton snce

he tenperatures at. different elevatbns dramatically
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affects CO, diffisbn and the ratio of ch broplast CO»
partial pressure to anbient CO, partal pressure ( Shi
etal, 2006).

Several authors suggested that temperature is
lkely to be critical for the lm itatbn on growth car
bon balance
(KLmeI; 1998 Cavieres et al, 2000). Zhou et
al (2003) suggested that sclerophyllous oaks have
he highest species richness n the altiud nal range
fran 2 400 and 3600m. Q. aqujolioides has higher
genetic varability at altiudes 0f2400- 3300m (Li
et al, 1998). In this study, the plants of Q.
guyavjoliu at the m ddle altitndes had higher CO,
assin llatbn rate than at lower altinde and h gher at

resource usage and reproduction

tiude In he optinum distrbutbn range alpine
oaks have higher resource use efficiency ( Zhang et
al, 2007). By contrary the unfavourable environ-
ments at the low or high altiudes woull lin it catbon
assi ilatbn, growth and survival of plants (Zu et
al, 1998).
Can parison of ecophysiological traits ofQ. guyaw
folia w ith M editerranean oaks

Usually sclerophyllous oaks are discrbuted n
the xewthem ic regons but(). guyavjolia occurs n
he relatvely cold habitats n the Hengduan M oun-
tains M ophologral and genetic evilences sugges-
ted that alpine evergreen sclerophyllous oaks n the
Hengduan M ountams have closely phylogenetic re la
tonship wih Medierranean oaks ( Zhou et al,
2003). Present study showed that the photosyn hetic
capacity and WUE of Q. guyavifolia were smilar to
those of M editerranean oaks but the latter had a
lowerLMA (Gratani et al, 2000). IMA of Q). dex
was higher n the colder sites (Ogaya and Pe uelas
2007). W e speculated that lover temperature in the
Hengduan M ountains reduced leaf extension of (.
guyavjolin and resulted in hicker leaves

Campared with the result of Gratani et al
(2000), theT . of(Q. guyavjolia was lower than that
ofM editerranean oak (18°C — 23C vs 25°C — 3(0C).
Q. sanicarpifolia, another alp ne oak in the H engduan

Mountais - can resist temperature down, to, — 15C

(Sakaj 1981). The photosynthetic adaptatbn of Q.

guyavifolia 1o low temperature coull be confimed by
as F'\ /[F,, and Ppsy can be
used as he sensitive indicators of plant photosynthet
performances (M axwell and Johnson 2000). Both
F./F, and @y of Q. guyavfolia were higher be
ween 18C and 22C, and deceased above 25C rap-
dl This indicated that Q. guyavfolia is well adap-
ted to low temperauire rather than hgh tenperature

florescence analysis

In conclision altiude had an mportant effect
on leafmorphology and physiology of(). guyavifolia.
IMA mncreased with altinde while chlorophyll con
tent decreased The hghestA, .. were found at m id-
dle altitude This altitud nal trend n photosynthesis
may be lnked to b bchen ical efficiency andN .. The
altiudnal range fran 3 180 to 3610m wou ld be op-
tmal for the photosynthetic carbon gan and growth
of Q. guyavjoln. These results would be benefichl
for understanding the relationsh p betw een altitudinal
distrbution of ab ne oak and ecophysblogical traits
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