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EA P ARG, BITE b AR R Y
PP ZERAR . FARDCIR (VX)) FIAE BT 2 i
MR CIV X ), 2 o P g 0 ) Pk A i S 2
AL 1] 25 ) A3 A S . 403 BE RIS A A A Fry
RIRRET, FEX — R X, B RSP RS
(7] - 25 250 X PRt T AR P L S A A A Al 2t
EAFAE AT, TR DO RIAR Ak,
LR 2 ] PR A T2 SO SR A A~ T e
PR A 2 NPT AL T BT B 42X
PRI A A 17 o BURR B — 24, BE T 4
WS THER R, W THaR REYRIEIN R
RO A S A A PR W SO AL 7] 25 24 B A B B B
o SCIOY I 24 TR S BRAR AR B A Al
THERFEAIBEST, AL RGERS?N, AR )
AW Z RGCRAR T i AWFTS I L3k 3 Fhk
MRTY, PEIGHEIE FZ MR, X4 C,
2N 2 PALSEIT R ETT IS, SRR
P25 ARSI | IERORR R DL R AR 5 S AL
TERFERAEE, ATRAB R A S R G SRR
Bl WX BRI AR A 3 AL A5 S BERL AR s

1 R KB

T 2= TR A T P OB 9 B © A A
(21°55' N, 101°16' E), 4%k 600 m, 2
R Pa R EA, XINAETFRAR RS 22.4 °C,
SEREKEZ 1 557 mm, ZEDTHER, 24055,
W, Fiid:, HHERRU L2 1220 % X
Z= 1 AR B R A R Oy TR ( Terminalia
myriocarpa Vaniot Huerck et Muell.-Arg. ) . &
% IR ( Pometia pinnata (Bl.) Teysm. et Binn. ) .
ZH £ ( Barringtonia pendula Kurz); 21k
S AR 48 ( Mitrephora thorelii Pierre ). /)
4156 ( Knema globularia (Lam.) Warb. ) . =
B A & %% ( Myristica yunnanensis Y. H. Li) . K
iR ( Baccaurea ramiflora Lour. ) %,

FRGHT LL b T ARAE T PO SR R E Rl e i o
X (21°56'~22°16"'N,
g4 1600~ 1 800 m. 32 FAr Ll M 2= KU 2
M, XIS A-EYEEEZ) 16.7 °C, AR REK 2
1738 mm, 2ETRFLHRUE, LI,
IRLTHE Ry PO, % XA L Hl R AR 2 LR

100°24'~100°40' E ),

JELAST ( Schima wallichii (DC.) Korth. ) . JE R
41 J& 58 ( Calophyllum polyanthum Wall. ex
Choisy ). [L#:4E ( Paramichelia baillonii (Pierre)
Hu); T2 EW R a8 K ( Dysoxylum
binectariferum (Roxb.) Hook. f. ex Bedd. ). {4
it 4% ( Linociera insignis C. B. Clarke in Hook.
f.). = & M # ( Xanthophyllum hainanense
Hu). % $A4 ( Nyssa sinensis Oliv. ) %,

FRLR M SR R AR, T o F A s AR B
HARAE 37 X (1 24°00" ~ 24°44" N, 101°29' ~
101°54' E ), 4k 2 400~2 600 m, 3% HLR ) ph
PRSI, DN AR R EE Y 1.3 C,
IR K EZ) 1 841 mm, ETIRESH,
ZE oK R 2 i A1) 85%, IS By
(2 L v SR ITRT 2 e v o v o N W e T
HEFHAS (Schima noronhae Reinw. ex B. Bijdr. ).
& s #% ( Castanopsis wattii (King ex Hook. f.) A.
Camus ). K3 A #: ( Lithocarpus xylocarpus
(kurz) markg. ); FEMBEBFAE.OR ( Machilus
gamblei King ex J. D. Hooker) . &5 % f1 %k
( Lithocarpus jingdongensis Y. C. Hsu et H. J.
Qian ). fMiEZs ( Stewartia pteropetiolat Cheng ) .
£ iR ( Manglietia insignis (Wall.) Bl. Fl. Jav.
Magnol ) %,

2 HtR I E

21 BRI R E SRR

AR T 2009 4 8 A (WiZE) MR, 7EVEXL
WRANENE . BhARA Sl AR A L E R Y 3 AR X
Bl KR ZEIN Y, 43 Sl B C 44 >l 600 m,
1600 m F12 500 m M ARMBFRAY, FIE (4D
2RI A A TRl A 4RSS ) (H 710.1—
2014 ) HRARiERS, BEERIERE | O 1) A S b AR 1
BRSO LB, A3 AT By 2T AR, A
HE L AR LR A L v 2 b R 4% 3 e
FYREHLE AN 100 m x 100 m, FE 3K, &4
FEH BRI B ILER 1,

FEAFE, 7 FAFZER (L2 T
2) W EBRBFR, AL B2 1.5
cm () 3~5 iRk, FAER R (B
2 1.3 m) EHR L, RERREE 2~3 k.
SRAEMIRE v I S22, A 75 C fEIRAR hH T
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Table 1 Geophysical characteristics of the investigating plots in each forest type in southern Yunnan
LiEgiE P NI El ik HIB 2 is&kﬁi I E ffgfﬁ HIRAR
Vegetation type Plot No. Agela SEeY Vegetatlop gradient/ SIEED N U127 DBH/ ol
m coverage/% ) aspect samples o category
ey 2= M AR 1 6 589 75.33 22 74t NW 21 1.5 [iaR:
2 6 644 82.65 18 4L NW 21 1.5 [AR:
3 5 621 85.14 26 il NW 21 1.5 T4
Aty Ll Hh Y AR 1 7 1657 77.32 25 #Edb NW 21 15 AR
2 5 1782 72.56 30 4L NW 21 1.5 4%
3 6 1715 65.73 20 il NW 21 1.5 itaR:
oL PR R AR 1 7 2593 80.24 16 AAE NE 21 15 bR
2 6 2522 73.61 20 %4k NE 21 1.5 oy
3 7 2548 78.19 18 %4k NE 21 1.5 ]
ey 2= M AR 6+0.47 A 618+2255A  81+4.16 A  22+327 A
HGHE Lt AR 6+0.82A 1718+51.08B 72:4.76 B  25x4.08 A
o LR A 2 R A 7+0.47 A 2554+29.33C 771277 AB  18+1.63 A

E: ARKEARRAFREEREMA ZEREE (P<0.05), ARNSZEEFRAFRERAZTEE (P<0.05), M.
Notes: Different capital letters indicate that there are significant differences among different forest types, different small letters indicate that
there are significant differences among different tree community; the same below. DBH: Diameter at breast height.

ZElEHJEE, AT C. &N, &P LESHE
M, FEf4 C &1k H vario MACRO cube ik
RO E , 4 N & &R R LG OE /Uk
(LY/T 1269—1999 ) il 7 >4, 4 P & fi R H
H,SO4-H,0, 1 # J5 , >k M ICP-AES J5 i% it 17
e,
22 HIELE

k11 Excel 2013 F1 %X J5t if B4 7R 17 % 21
HESEEE L AER . Ll SPSS 22.0, OriginLab
J Canoco 5 i 43 HI6 JE bk Bt A T L 2R T 22
SHF (one-way ANOVA ), 2253254001 (T 4
45 F1 Duncan ¥z % ) . AH X HE 4 ( Pearson £
%) MITA%r#Hr (Redundancy Analysis, RDA ).

3 HR
34 3HEBERM L TERBHD R FAE
BHSE

B BoR, R HX G AR . S 1L
PR LR S i i MR AN 4B T C L N
Pl it iR 7E i 2 22 5% (P<0.05), 13
Tl 4l BB 42 C & & 43 A b T 455.0~ 486.7
mg-g~" S, B EROR O T R R R RN
#(P<005); & NF ML T 311 ~
7.95 mg-g” U, BEE IR R A TR R R

flta# (P<0.05); 4 P &4 NikF 0.22~
0.57 mg-g™" JE I, 2 BT Z T AR A AR O
1, P L R AR A SR IR, DT I A
T C:INL C:P. N:P ZEHRHT L b RN AR 2 A d5e i o
[EE, PR 3AFh DA B T NP A G 245 s AR o
B SRR AN T 14, 783G L R AR
KT 16,

K 2 o, TERGHLIX PG R L . TR
IR C. N, PALEIT AR IF A & 257
(P<0.05). LZE{L#FMM T CEE. NF
HEERTFE, PEREEESTFZ (P<0.05),
M RS CN B EE T F)Z, CP.
N:P BT TE (P<0.05), [EH, $H#Mk
FIRREFRRT NP /N 14, F 20 3F
N:P KT 16,

3.2 HEZMARBEREBMHBRFULFEITE
$FAE[E A5

K 3 W, TE AR RS 2 b 4
C &, & N & 5iHors AR b 2 B3 B
KFR (P<0.05), &P &m SR MELEE
REAR 5 B A #a %4 ( P<0.01); MM C:N 5ifEdk
MR AL 2 B R EE R (P<0.05), CP,
N:P 55 96 4k 2 1) D) 52 e (. 3 384 00 Ji5 R A1 %) 3
(P<0.01).
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Fig.1 Stoichiometric characteristics of C, N and P in sapling stems of dominant species in
three tropical forests
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Fig. 2 Stoichiometric characteristics of C, N and P in sapling stems of dominant species in
different tree community
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The regression analysis between stoichiometric characteristics of sapling stems and elevation gradient
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Fig. 4 The regression analysis between stoichiometric characteristics of sapling stems and elevation gradient

of lower canopy in southern Yunnan
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Fig. 5 The correlation between each element in sapling stems of dominant species in three tropical forests
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Fig. 6 The correlation between each element in sapling stems of dominant species in different tree community
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K, XTAEPIFR 5 3 AR . WSCRIAR B sk
FHAEEZ 2 R RoR, il
LR AR F L T4 C SR AR, A
W IARA N S AR, A ZE T AR
A R PEF SRR AR A P S, Bl
IR, RIS SR X R RE A £
WEZW Couk, HMEEFRY R KR, Mk
WIXEIR RS, ERE, fEETAMERE
A AR AR TE D, AT N A IR A BE 77 4 27,
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R B R, P I AR 28 T40 4 ke
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C i P ik N (ICE S FCA JRRHE

ABFFE A, ERE H X A RO B G T
4 C, &NMEP&E (4258 469.49 mg-g™".
455 mg-g”'. 0.40 mg-g™") BRI ST
Hg R RR I ARTS (450 k . 387.5 mgg™" . 3.98
mg-g™. 0.32mg-g™), {HEFMTE DL
FRARUS (435K . 487.49 mg-g”'. 6.52 mg-g'.
0.53 mg-g™), IXAR AT AEAE K Ry 5 M 0E T R H X
MR, A 2R A EE, YRt
PR Is . WOBSCRR R RE 3K, HAHRSR &%
YIRS TR, f76if . BB )5 RE
AHA AR 55, T FR 53 e A — XU
FEXTEAS . A, AP L, S B
PR T4 C & it T ER Y R F3KEE)
(459.1 mg-g™"), & N, 42 P &l Z L Tix
K (4351 18.0 mg-g™. 2.3 mg-g™"), FHAHE
YA RIER BT FR50  A R . WBSORIR] R K
HeM5Ype A H B ER . FHEYEHE T, 22
THAARTCR R R, T2 IOE 2 Rk 4k
FASGHAEKEEY, FET, WT2emeMms
YR EZAE, WM R AR R K R E
FEAMA, TFEARWHEH TR O R SR A B IE
ALK, WM N, P &g gi>,
42 EEATEHHREBEMLHB T CN.PLET
EhEE

Elser %" AW 7E A AR B Y BA 23878
WRI A C Ifie )1, TERiHA S REAY R
P ASZERGEN, HCHEMH N, PJT
KRS, B C:N. C:P il it a: K

HOR LA R AR N F52 5 70 ORI FHECR . Ko
R, HMEEE T, N:P<14 8, W] By 7E
AREE SR EEZ NITERS, N:P>16 i,
FHEZ PoUEMREH, T 14<N:P<16 i), W5z 3|
N JCZE A P TR AL RIBRGIERT, ApForgs R
WoR, v R g AR SR L T CIN
C:P ¥y 3 5 T 1 MR L R AR, 3%
BHTE R PR L IX AR PR A2 FE 08 A % A 11 52 T 5
FHOHARK R R, T EIOSOR] FH K 1 IR
KRS B A K = R, R
ARG LR AR N:P (4050028 : 11.23 mg-g™" .
13.29 mg-g™") H/NT 14, T IR gk i
K (18.52 mg-g™") KT 16, 2B P FRAK
W, BRI R X R K R F EEZFI NG
RINRMIVER, M &R X8 E £ 72 5] P IR
HPEF o 3 0] At — 254 7 KRS X S A 7%
A AR AR B R

ATFFE T, T b X AT AR S L AR R T
S35 C:N. C:P (4 %1% : 103.18 mg-g”. 1
173.72 mg-g™" ) BEMCTE LA FRISHRD (4351
J9: 339.9mg-g™". 5164.5mg-g™"), {ENEETIEHTE
ELARAR (4358 74.77mg-g™". 919.79mg-g™"),
2 WV R b XA B Tl ) C Rl ik, M
X . WA RS RGN N, P &k
B, ForboE A RARBR M IR T R A
B, WORAEHE TR IE B AR K A B AR A S R
ES ORI =i I [ /1% 7o) O e B
N:P (14.43mg-g”") T 14 516 Z[a], VLIHE
A X RS R G AZ BN, P ocR YRR
HIVER
4.3 HEEMEHRRBEMOWFESKIZITEE
1E B IE RN

PFRER TR, HEHaE Ak, SR X
TP T 4 C A s, RIS X
4N, & P S EERR e, Hgwoe ARt
4 C. &P FEHAREYmW, WiiC:N, C:P. N:P
W VA B B B T I 3 . X 5 Kerkhoff 2617
TR R AR, nREEth TEY
FIAMAIKT b, ARFEREE RS R IR 50T R
(TSR], AWFIEXT G s, X8 RS ARk
HLA o BERURAE, DR VR R B B AR AR 5 R
FEA R, YRS S IR BT ZRIET L,
Garkoti A5 Ak + 49857 B SRR 2 () 2
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Sapling Stem Stoichiometry of Dominant Species in Three
Types of Tropical Forests in Southern Yunnan

TU Jing, LI Zhong-fei, SUN Jing, ZHAO Xiao-peng
(School of Ecology and Environment, Southwest Forestry University, Kunming 650224, China)

Abstract: [Objective] The aim this study was to explore the distribution patterns and limitation of nutrient
elements in subtropical forest species in southern Yunnan, for revealing the adaptive mechanism of tree
species under a changing environment. [Method] The dominant species in three types of tropical forests,
i.e., tropical seasonal rain forests, tropical montane rain forests and montane moist evergreen broad-
leaved forests, were sampled in southern Yunnan to analyze C, N, P and their stoichiometric ratios in sap-
ling stems. [Result] 1) The total C of sapling stems of dominant species in the three types of tropical
forests generally increased, but total N and P decreased with increasing elevation. 2) The ratios of stem
C:N and C:P in montane moist evergreen broad-leaved forests were relatively high compared to other two
types of forests. The ratio of stem N:P both in tropical seasonal rain forests and tropical montane rain
forests were less than 14, while this value in montane moist evergreen broad-leaved forests was higher
than 16. 3) The stem C and N of dominant species in upper canopy were smaller than lower canopy.
However, total P contents in upper canopy was higher than those in lower canopy. The value of N:P in up-
per canopy was less than 14, whereas it was higher than 16 in lower canopy. These results suggested that
the growth of dominant species in upper canopy was mainly limited by N. 4) The results of Redundancy
analysis revealed that elevation and community had a great effect on C, N and P contents and their stoi-
chiometric ratios in sapling stems of dominant species. [Conclusion] Montane moist evergreen broad-
leaved forest has a relatively high nutrient efficiency, and the forest ecosystems in southern Yunnan are
mainly limited by N and P contents. The difference of ecological stoichiometric characteristics in trees un-
der different environments can reveal the coping mechanisms of species adaptating to changing environ-
ments.

Keywords: tropical forest; stoichiometry; elevation gradient; tree community; tree stems
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