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Photosynthesis-nitrogen relationship in evergreen and deciduous tree species at

different altitudes on Mao’er Mountain, Guangxi
BAI Kundong'**, JIANG Debing’, WAN Xianchong™ "

1 Guangxi Institute of Botany, Guangxi Zhuang Autonomous Region and Chinese Acedemy of Sciences, Guilin 541006, China
2 Institute of New Forest Technology, Chinese Academy of Forestry, Beijing 100091, China

3 Bureau of Guangxi Mao'er Mountain Nature Reserve, Guilin 541316, China

Abstract: The present study analyzed the photosynthesis-nitrogen relationship in evergreen and deciduous tree species at
different altitudes on Mao’er Mountain, Guangxi, and explored whether photosynthetic nitrogen use efficiency (PNUE) was
affected by leaf habit and altitude. Deciduous tree species had significanlty higher PNUE than evegreen tree species because

of lower leaf mass per area ( LMA) and higher photosynthetic rate per mass (A, _ ), nitrogen content and stomatal

conductance (g,) in the former. Tree species at high altitude had significantly lower PNUE than those at middle and low
altitudes due to higher LMA and lower A, and g in the former. Principal component analysis for PNUE and its related leaf
traits suggested that the tree species distribution of evergreen-deciduous and low-middle-high altitude were in the process of
natural transition. In addition, PNUE was not related to soil carbon; nitrogen ratio, but significantly positive related to
mean annual temperature, suggesting that temperature climate was the main environmental factor that regulated the

altitudianl changes in PNUE. Therefore, this differential PNUE that was affected by leaf habit and temperature climate was

a mechanism for the bimodal distribution of evergreen tree species along the altitudes on Mao’er Montain.
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bimodal distribution
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LA K Iy RS RS BRI TR G 6 R (A, ) AL S (g) T2 RO BT IR 9:30—11:30 Z
[ FEAT 0 2k A rp ORRR I B PR 58 R i EL AR RRUE o 0 IR I 2008 B Oy 20—25°C, AR ARV i
380pmol m™ 57", SR 1500 wmol m™ 7', T4 S 40 3R W IR S X i A 00 22 BAEL D T 5 AR B A 1
HIFRIHEY RCEVER P RIAE . SRS 2 S8 B85, i S CER R E LMA (M T F/ i
A AN S RS B E AR (A, ) B A, /LMA JH5 i PNUE WiH A, /N 35

F1 BEILLARBRARKMEEHERT 2 BB

Table 1 Habitat traits, Latin name, family, and leaf habit of the study tree species at different altitudes on Mao’er Mountain

A BERHIE R/ LT 4 B4 el
Habitat traits Species/latin name Family Leaf habit

K Low altitude

B IE#% Castanopsis fabri

5¢-}-B} Fagaceae

H 4% Evergreen

<1300m YNELH% Castanopsis carlessi 5T} B Fagaceae HLR
H LR FE K Evergreen broad-leaved forest KA Schima superba 2B} Thaceae HLk
LI £ 4 Montane red soil BN Machilus leptophylla KB} Lauraceae G
11 13T #4710 Montane subtropical climate WA Liquidambar formosana 25 HF} Hamamelidaceae 75 Deciduous
ARG Alniphyllum fortunei 4 APl Styraceae pAuy
B 1EF Diospyros lotus Fit %l Ebenaceae p/any
He Rz e Betula luminifera HEAR B} Betulaceae it
HrfER Middle altitude Tk E X Fagus lucida 7238} Fagaceae ot
1300—1800m T Acer davidii BBE Aceraceae Al
IK T KIS MK Beech mixed forest BN Liquidambar acalycina 425 HF} Hamamelidaceae it
111 75 47339 Montane yellow-brown soil R Bretschneidara sinensis B AR} Bretschneideraceae #t
1Ly M B2 7L HY A% Montane warm-temperate climate BRHERE Castanopsis lamontii 5631-Bl Fagaceae G
235X Cyclobalanopsis oxyodon 523} #} Fagaceae G
FERI A% Manglietia chingii K 22F} Magnoliaceae W
R Schima argentea %%} Thaceae G
AR High altitude BT HAZ Tsuga chinensis FABL Pinaceae G
>1800m M X Cyclobalanopsis stewardiana 563} #} Fagaceae G
BRAZIRACHK Hemlock mixed forest JE 4t BS Rhododendron pachyphyllum — #:ESAEFRE Ericaceae G
e+ Peat soil AR Lithocarpus cleistocarpus F2 3B} Fagaceae W4
11 s H R A S % Montane moderate-temperate climate  FB5# Fraxinus chinensis APEFR} Oleaceae ot
TAERE Acer sinense PRMFL Aceraceae Tt
LT AR IZET Litsea rubescens 1Rl Lauraceae Py

1.3 Kdsabrg

R Y R RS S AT R TT 2255 1, B AT 7 AR AL SO0 BOE 2K (log,g ) o SR FIBUIRL 2R J7 22 23 #7 ((two-way

ANOVA) I F S PRI XTI BRI, J R4 S0 (PCA) I A B 22 656056 , I 59007 220
(MANOVA ) ¥ 56 fe 91 W A 2 5 R o B0 45 32 Bt S MEsl B T 3R 52, R R ARE 3250 (SMA) [lJH 2y
B R AE 22 18] A 56 28 DL BOAS ) e >3 P RS ) g4 =2 ) [ 051 96 R b A i 22 5 . LA, PNUE 5453
TN R - AL OC R SMA [BUH 34, A Bulis 19 ge it o B AR IR R T SPSS12. 0 SMART 2.0 F
SigmaPlot10. 0 ZEH M 5E L,
2 HERMSW

6 AN 5 REAE 6 T B o 22 ) ) A8 AR 32 Ry 2—8 £, T L X SRR AF AN [ A B A2 ) ey ) P R 4K 1)
(22 F1E3) , LMA FIMH 113 g/m?, JEHLE 52—227g/m? ; i S RS VW Rl 0 3548 i 1 LMA
N [ FH41H 2. 43% JuFIE 1.70% —3. 48% ; v MR R 10 & 8 m 1Y N (HJE A R Z (B A N IR B 35 22
5o A, MAF{E 123 nmol g_1 s, Y FHE 29—234 nmol g_l s YRR AR TR SRR AP B R Y Ao
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A, PEI{E 11, 8pumol m™2 57", JEEIE 6.6—16. 9pmol m ™ ™' ; TEMRI Rl A WA E 1 A, (B EAFEHEIK
ZIREA,,, A REER . g B 184mmol m™ s™, JEFEE 66—292mmol m™ s~ ; & SRAR i 11 i ME S AR
FhAT 5K g, . PNUE SFEX{E 69 umol mol ™' s7', YE & 66—292 wmol mol ™" s~ 5 & A Fl RN 5 6 H4 4% Fh
A B R PNUE,

F2 HILLAREBERESFRMEHRFIFHFENEHEAREE (n=3—"5) METHEFNER
Table 2 Mean+SD (n=3—75) of leaf traits and the results of the multivariate analysis of variance (MANOVA) for evergreen and deciduous tree

species at different altitudes on Mao’er Mountain

LAY FAL I TR

itk i ot Bt o s GerE ERERECR
Altitude Species LMA/ (g/m?) N/% Apass Area & P PNUE,I =
/(nmol g™ s7")  /(umol m™s7") /(mmol m™ 570) - /{ puanol mol ™" 577)
957 B 14145 2.27+0.11 7243 10.1+0.6 106+7 4454
Low altitude X 12743 2.07+0.11 71+6 9.0+0.7 11546 4849
N 112+4 1.97+0.10 11345 12.7+1.1 1389 80+7
BN i 1326 2.11+0.09 883 11.6+0.5 12947 586
W 72+4 2.390.04 151+8 10.9+0.6 157+14 89+4
YN 87+2 2.63+0.07 19447 16.9+0.3 253412 1038
HiE¥ 88+2 3.48+0.16 179+8 15.7+0.4 239+10 726
R HE 78+3 2.84+0.09 186+5 14.5+0.8 199+8 9247
W 128+12 2.11£0.12 8620 10.9+1.6 122415 5816
A s| 81+8 2.84+0.47 178+19 14.5+2.6 21243 89=+13
HIRR S KE X 52+3 2.57+0.12 23412 12.1+0.5 292411 12711
Middle HIE 69+5 2.44+0.15 120+7 8.2+0.4 20313 69+10
altitude (S A 5942 2.46+0.08 179411 10.5+0.8 23349 10248
LRV 75+4 2.68+0.13 216+15 16.1+1.1 25315 1136
RS 145+12 2.14+0.08 82+7 11.9+0.9 196+12 54+6
2H X 98+9 2.23+0.07 129+6 12.7+0.5 13545 81+4
A 1166 2.1120.16 10449 12.1+0.8 17247 6927
N 110+4 2.07+0.11 915 10.0+0.6 177£10 626
W 11720 2.1420.07 10220 11.6£1.2 170+25 6612
Py 63+10 2.54x0.11 187+50 11.743.3 245+37 103+25
Fe AR MR R 227+14 1.70+0.08 29+3 6.6+0.2 6626 2422
High altitude #8075 X 167=12 2.16+0.21 635 10.5+0.5 11247 4122
JEL IR 19213 2.23+0.10 45+4 8.7+1.3 11546 2814
[apeyy s 1818 2.02+0.12 56+5 10.1+1.1 9244 3923
A 110£9 3.16=0.08 1299 14.2+1.2 28516 676
BREFY 79+8 3.2420.09 15429 12.2+1.5 228+12 57+7
LM REF 92+6 2.91+0.07 140+7 12.8+0.8 25418 69+3
eSSl 192426 2.03+0.24 48+15 9.0+1.8 9623 3348
s 94+16 3.10£0.17 15121 14.0+1.8 25628 64+13

£3 BILLARBREFMEMHMH R HENRNERTESTER

Table 3  Results of two-way ANOVA for leaf traits of evergreen and deciduous tree species at different altitudes on Mao'er Mountain

- F>J 4 Leaf habit WK Altitude 22 HAEH Interaction
I F451E Leaf traits
F P F P F P
FM-E LMA 106.0 < 0.001 19.1 <0.001 1.7 0.205
AFHN 58.4 < 0.001 1.1 0.346 3.6 0.050
A EDEEEF A, 69.3 < 0.001 9.8 0.001 2.4 0.125
PR G R A, 7.7 0.013 1.1 0.351 2.5 0.113
ST g, 71.2 < 0.001 5.2 0.017 6.0 0.011
St A IR PNUE 33.0 < 0.001 14.1 < 0.001 0.8 0.461
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PCA FHHEMI P E R AR T3X 6 AT H4FE 90. 1% A S Hodh 45 1 (PCL) f#RE T 79.3%
MBS 2(PC2) f#RE T 10.8% (R 4) . MANOVA FHIM: i > P AIGEERXT PCL Al PC2 A W E M (£ 4)
TXREIR TG S RN R T 22 (1) 58 35 A (R AAOR o 2z i) 1) 222 5310 AT LA 3E 1 B b 73 007 PC1 R PC2 1 4R 1A 1 IX.
Gani e et S RLE s S o il e 2 O N 2 1 YR 95 ol W S R < S = . i S > S2
P o s P A - T A - v VAR R A ) AT e — i AL AR A (1T 1)

F4 EFAHSTEBEOFEESLNBUEANERSNETHEST(MANOVA) 1

Table 4 Factor loading, eigenvalues, and the percentage of variance explained, and the multivariate analysis of variance (MANOVA) tests of

the first two principal components

A5+ Variable F 5431 PCl FEir2 PC2
HoE LMA -0.896 0.375
RAEEN 0.794 0.490
PN AR AL 0.989 -0.118
RN AR AR R A, 0.804 0.364
SILTE g, 0.930 0.088
oA BFHRCE PNUE 0.916 0.340
FFAE(E Eigenvalues 4.76 0.65
R TT ZE EH 0 L% of variance/ % 79.3 10.8
2143t Cumulative/ % 79.3 90. 1
X R 220077 220 BT K36 MANOVA tests for leaf habits F P
Wilk's Lambda 20.4 <0.001
YR Z 70T 220 HT KL 52 MANOVA tests for altitudes F P
Wilk's Lambda 4.8 0.003
3 : 3 .
o HEk ! a o k¥R | b
< o ¥t ! 2| e il 1 .
5 2 L oo « B Lo
(=) | |
= | 1 * } %
1L . | o N i *
% g ° } ° * o ® } 0°
= S I — v ’T""T""’;ﬁ ************ 0 LT U"j ******* D
HE 0F | o o o
§ . * '} -1t * Oi
= ° . }' le © .
S - A4 | .
£ I o 2t 1
ﬂ‘: } o o ° i
-2 | | | 1 1 -3 |
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3

5 ix
1 Principal component 1 (79.3%)

E1 MNEZMEHMMHN3 MERNERVBENERIPERST S
Fig.1 Principal component analysis for evergreen species ( closed circles) and deciduous species (open circles) and the three altitudes for

the first two components

SMA [543 4r 22 B ,6 A~ R RRIE Z [A] 2 i BEAH DGR (R 5) o TAWFIAY A, 5 LMA fAHCHT S N
Ayeang FIPNUE IEAHG, T A, = A, /LMA (HU2 A AU 052 T HL 32 8] it R 20 M 0052 ) 55
Ao, L A TRIESSZ B0 R 2 P RITRE B 14t 25 52 ) 5 A2 21 LMA A TR, R H SR R A s o R eI
M)A, S HE G LMA AEVRR (K3 MES) . AN XRRERAEIES 5 3. 01 10,91, 44
T R R A AL Y A, N RRBER(P=0.012) X EWRE M A, BITEOLT ST ERAE 2
N, M 350k SR FRE 5K A9 PNUE (1 2) o i sm Fpa B &K1 A, -N R ( P<0.001) , X &
BRETEMAR] N AT B0 T F s M 5 A, TS BOT I R G 38 m 1) PNUE (81 2) . PNUE-LMA
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B TR PNUE-g, BYIEAHSE R R E—E 10 PNUE 52 3] 1 M - 250 A FLATR Y (32 5 MK 3) , itkak,
PNUE 535 FAZ VIR, PNUE 540 B35 MG (5 506k . &L E B E MM (F 4)

£5 BHILLAEEERAEHRMHEEHE(IMA) BEHENREER(,, ) BEE(N) BEMHERALEER(A,,,) SLSE (g, )
XA RFARE(PNUE) Z B RARE £ E 3547

Table 5 Standardized major axis regression analysis among leaf mass per area ( LMA), nitrogen content (N ), photosynthetic rate per mass
(A,.) , photosynthetic rate per area (A,

area

) , stomatal conductance (g, ) and photosynthetic nitrogen use efficiency (PNUE) across tree species
at different altitudes on Mao’er Mountain

log( LMA) log(A ) log(N) log(A,.0) log(g,) log( PNUE)
log( LMA) -0.72;3.49 -2.17; 2.85 -1.70; 3.83 -0.96; 4.16 -0.91;3.66
log(A,,) 0.86**" 3.01;0.91 2.36;3. 14 1.33;-0.92 1.26;-0.24
log(N) 0.38*** 0.52%** 0.79;-0.45 0.44;-0.61 0.42;-0.38
log(A ) 0.24 = 0.60 """ 0.44 = = 0.56;-0.19 0.53;0.10
log( g,) 0.65*** 0.77*** 0.62*** 0.49 *** 0.95;0.52
log( PNUE) 0.81%** 0.91*"* 0.24 * 0.50 *** 0.62***

oy 2l ] A A SRR (REE R ) B AR RE B A TR 43 (DS TR D 1, /R HERAT 1), e RAL () AL EMEKF-( + + = P<0.001,
# % P<0.01, * P<0.05) FI7EHE R4 19 2211343 Standardized major axis regression slopes and intercepts (slope; intercept) are given in the upper right

section of the matrix (y variable is column 1, x variable in row 1). Coefficients of determination (?) and significant level ( * % # P<0.001, #* * P<0.
01, * P<0.05) are given in the lower leaf section of the matrix
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