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Abstract; Facultative epiphytes is an important component of epiphytic flora of montane forest ecosystems, it refers to a
special plant that can both grow in epiphytic and terrestrial habitats. Epiphytic and terrestrial individuals of the same species
are different ecotypes that present on different substrates. Studying the stoichiometric characteristics of facultative epiphytes
in different habitats is helpful to understand the response of facultative epiphytes to habitat shift and nutrient utilization
strategies. Briggsia longifolia is a dominant species of facultative epiphytes in montane moist evergreen broad-leaved forest
of the Ailao Mountains, Yunnan Province. This species belongs to Gesneriaceae, which not only has important medicinal ,

horticultural and ornamental values, but also has high value in the research of taxonomy, evolutionary systematics and
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phytogeography. In this study, C, N, and P concentrations and their stoichiometric ratios in substrates, leaf and root of B.
longifolia among different habitats were analyzed. The results showed that there were differences in the stoichiometric
characteristics of the substrate and the different organs of B. longifolia among different habitats. The C, N, P concentrations
and C:N, C:P, N:P ratios in the soil of forest floor were lower than those of epiphytic substrate in trunk. The C, N, P
stoichiometry in substrate of the trunk base was intermediate the two. The B. longifolia individuals in the epiphytic habitat
showed higher N and P concentrations, but lower C :N, C:P and N :P ratios than those in the terrestrial habitat, which
indicated that the epiphytic individuals of B. longifolia showed low nutrient use efficiency. In the three habitats, the N
concentration and N:P ratio in leaves of B. longifolia were significantly lower than those of the roots, while C :N ratio was
higher than that of the roots. The homeostasis values of N, P and N :P in leaves of B. longifolia were stronger than root, and
decreased in the order of H,,,> H,> H,. The weak stoichiometric homeostasis of root indicated that B. longifolia maintained
relatively stable metabolic activities of leaf by adjusting the absorption and elemental composition of roots. In conclusion,
facultative epiphytes adapt to habitat shifts by adjusting their nutrient uptake and utilization strategies among different
habitats and stoichiometric homeostasis between leaves and roots. These findings enrich the theory of plant ecological
stoichiometry, and also provide a scientific basis for understanding the formation and maintenance mechanism of biodiversity

in montane forest ecosystems, as well as the protection and management of montane forest resources.

Key Words: ecological stoichiometry; homeostasis; facultative epiphyte; Briggsia longifolia; montane moist evergreen

broad-leaved forest; Ailao Mountains
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Table 1 Influence of habitat, organ, and their interaction on the stoichiometric characteristics of Briggsia longifolia

TLE H: 5% Habitat % Organ HEXARE Habitat X Organ
Element F I F P F I

C 2.27 0.10 1.04 0.31 1.07 0.38
N 0.79 0.51 22.77 0.00 0.22 0.88
p 3.11 0.04* 0.58 0.45 0.02 1.00
C:N 0.27 0.85 22.24 0.00** 0.50 0.69
C:P 2.51 0.07 0.05 0.83 0.13 0.94
N:P 4.45 0.01** 22.55 0.00* 0.13 0.94
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Fig.1 Stoichiometric characteristics of C, N, and P in substrate of Briggsia longifolia among different habitats
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Fig.2 Stoichiometric characteristics of C, N, and P in leaf and root of Briggsia longifolia in different habitats
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*2 KHHAGEEHRMRERE C NP UFITENRBERGITSRRMEER(H)
Table 2 The statistics of homeostasis model and stoichiometric homeostasis ( H) values of N, P, and N :P ratio in leaf and root of

Briggsia longifolia

JLE M} Leaf R Root

Element H R? P H R? P

N 7.25 0.363 0.017* 5.85 0.569 0.001**
P 1.18 0.342 0.022" 1.25 0.490 0.004 "
N:P 28.57 0.013 0.699 23.81 0.023 0.601

“ow VORI s PER IR R RY AL AR BE K 3] W 3 KT (P<0.05, P<0.01)

3 itig

3.1 ANFAESE T etk B A 0 A S A R R
ARG RF KB EE B CN P B8 5000 445.81 ¢/kg 15 o/kg Tl 1.59 g/kg,
Hor ¢ &R T Bk 492 Fhlk AN i C P& it (464 g/kg) , WAR T A F8 IR 22 LU AR AR 7 10 34

http ; //www.ecologica.cn



15 1 e A AR LR SR AR DL B A A A B A TR R 6271

ARG C SR T EEFEAR RS 213 AP C FH & (438 o/kg) 7L N A RAE T 2 BkES
AR AR E Rl A A A TP S R B AR A A 0k R I I ST X Y R R AR K AT RESZ N
JC BRI,

HIPIEINE R N P A E— 2 FR R A R AW A KRB P 8 N P JCR A Z BRARGL Y . A  A h 4H
YInt A N :P<14 B R AR BB N GRS 2 N P>16 B AP0 E K 22 P oo RIS Y 14<
N:P<16 W MY A K2 N CE M P e ZILFEIRRE7 1 Giisewell 253 12t X 112 A 490 14 it A SR 06 & L,
PIUE F N P BN T 10 3R T 20 05 m Hod K3z N e R el P OeZE BREID . A1 BT SR xt s 421 BR MR
o 3 PR IATE ARG AR IR 25 R I, A AR K A2 PRI A SR SR A e AR A B
(A K AT BEE 5 32 B 3540 BRI 2 L ASBFST 4SS W M T AR AR T 7, B R B A0 B A A iR LA 8
IR NP A, UEIAHA K32 N TR, teAh, K LT 158 10 o0 3 52 PR 2SR i A 55 A [ 1 77 7 22 5
Horp AR AR RS N :P>10,H <20, S HAE K N AP Se K AR IR, A ARMRPRAL S 1.3m B b i B
AAERRIT R N 2P B1<10, BEBHAE K 22052 N ST R BRI, 32 P BREIF/N 35 05 AT Al X i A= A 4 1)
W gE el A —2, HE R T g R AR R R 0 R AT 2R LA B 37 431 FE s AS ], DA 26 B RS TR) A 37 43 2 B
T BEA KT E S R B C NP A E AR R A B AR AR — 52 B A SEARAE 6 I T R IR A s 450k P Al
st C NP U4 e SR W A I AS [, 36 32 2 5 R[] A 358 2 0 (I3 3 35 0 AR, DA BT BE | 7K 43 3t 10 5 )
HRP,

I R C N FIC P HE B R/ INE— B FE L RE S W s X N P e & A FRCR A R IG5 A
T C N FR5rHE AT LABE AN B0 324349 C A i, RIASS A C N AT C :P HAR R A X N A P A BERILA S i,
Pang ZFI\ R EF TG € N R C <P LA R A s U1 i B AT B A N P SRR FHACR DY | FE R AR
A g SRR AT B HRFRE , KA AR Z, 2 B A A 55 37 43 7 R s BRE A R R 1 %o 3324328 48 R AL, -
W Z TR AFAEALLP , LA XoF PR A 24 15 v 14 3% 3 Bl R 3 43 (A g 3gk 2012 20 bk it 398 5% 16 7
BTN, IS K AR R 28, AR AR R 20 R ARG DR | 3235 43 FK S0 i 260 198 52 1 AL X 58 B2 v
BN, FEATRSE A R I BB AR AR T R PR TR AR, B Y P A R TR R T A
SR 0 A K R 5 R AR AR Y C N R G P I T A AR R | B M AR R AR N P T
R HECREAL,

H T AR R 25 B S F S AR L R IR AR TR A R R B B e R S BAAE—EE R
VER Z R AR BRONRE (WDGAVE R ZEIB M IR MR D) AT B, 5 22 10 N HL P ok 58 )l b A= 1k it
FEPOT D XF 3 FR R OIS R R R AR N P SRR T B T S B A B
FIN.PICESEETRADY ) A, ARAS FRHHEES A S5RAZE C NP tE &=t
BT FU Y 22 5 AR — 3, SUR 2R Ty 2240 HT A 45 SRl 3 W A 5 R85 B 190 28 A G 40 B9 A 27 R A A 5
i) AS 5585 3k U A B AR A XA A e SR 2R 22 18] AR 0 2 40 e A S i e /N0 R 1 A S A A A
BRI A N SR NP BB MCTREA M C:N B EHTREA, A PEMKN N & SN E YR
FEAEA K R T A o6 TR = 1 € N AT BE i R AR N & 8 S8 MY P ¢ TR SRR
FE,C N WAL FE A2 N GZE ™ b, AP IX N K EE AR K %2 P G E IRFIA IR, A A
WET P LR G EMNZEFARE, R RN N & ESEOL NP BEILTHE,

3.2 SfetkRHE R A AR R E

AR Ty e e ok A B A 2 AR A [ SRR R T &R I iz H A R RO, DAAS [R) 9 A 250
O SR A 7 L% 1 B BRI 07 5 I L I o 4 04 AR [ 8 o %o B35 2 0 P9 3 R 177 3 B0 1 S [) ) PR e A
fENY R A AN R T BERE RS R 28 B Bk R R PR AR rl BEF A — 2 22 5 . TE R FUE S RS, 3
PrFhE R A0 N P LUK N =P N AR R 5034 8 T 4 T 000, Jod i N AR MR AR A b 58 4 U AE 3R 4%
DAIESD_E3R A A R4 s 0 B AR R AR MERR B B S R 2R AR E  HE Fm T =

http ; //www.ecologica.cn



6272 A E = 2%

R BRARRE LS TRAL E  FIAR R N JTR B N PEFE R 1 3 4.71 2,58 2 FEARBF S, Kt
FEE &M N TR ARG H o 7.25, RTHMRR H (O 5. 85) , P 458 T [m] — R paEvE ML 3T KR %)
1o KR B AR R R T AR PESR B, L R RS E SR BOR TR | 3R W HON 2278 ) PR 058 166 N 4
5 TR AT S R R AR AR A TR SOk A AR S A X R | LUK IE R AE BT A AR

NP 7ERYIR R KR B R AT ORI S RE, S B & B RN R MERHE R —E 225, &
PR E B TR AR AR TR, N AR T PYY L SRR Y N T
ZNARRMER ST P TR AR Y N TR AR P Y RS KR E S NP
TCRWARMERE BRI ZSRU A+ R N ST R IR RE F B, AR R4 BRI e, BAE
Wyt 5y 32 BRI TC 2R B RE ) B0, kR AE AR 42NN N JC R B0 A RE Wit A K 532 N
JCERRE Y AN, KA E S R AR RN NP B ERYE Hy, 28T N P GER, X 5P NP
TER S A BOR AP DI TR A S RN

4 it

eV B A AR A R 15 5 R BB AR /i Bz L, SCRBARAE Tpk L3 b B e e R G N RE . 5
HuAAEARAR L, B A AR R NP S iR, T C:N L C P Fl N <P HG (BRI, T3 WG 3% 20 ) 3R AL 5
Frf NP RLEN P HOA AR PSR B0 TR o A PR 5 1 e e 80 o A A [) A 353 (1) 1 37 20 e 5 )
SR, LMK W AR SRR . DRI SR ek B AR AR A AN TR 2R BT B Al it R B HG A 250 7 SR, 2
B Y E S AT ART T A B E R , O IR A SRR AL 25 R G A ) 2 BT LS AR R AL | LA
Lol s ARG IR A O30 545 BRIt T B2 4K

Brigh: Bl AR A Aok PR OE AT Bl S VSR AN PR HE ) el L I o S L ER A~ SR S AR A OGRS R
Hreh s by By,

5% 3Lk ( References) :

[ 1] Lowman M D. Plants in the forest canopy: some reflections on current research and future direction. Plant Ecology, 2001, 153(1/2) : 39-50.

[ 2] Derzhavina N M. Ecological morphology of proto-epiphyte fern Lemmaphyllum microphyllum C. presl and its relation to the adaptogenesis.
Contemporary Problems of Ecology, 2020, 13(3) . 205-213.

[3] WuY,LuWY, LuHZ, LS, Shen Y X, Liu W G, Song L. Stoichiometric and isotopic flexibility; facultative epiphytes exploit rock and bark
interchangeably. Environmental and Experimental Botany, 2020, 179 104208.

[ 4] Sterner R W, Elser J J. Ecological Stoichiometry; the Biology of Elements From Molecules to the Biosphere. Princeton; Princeton University
Press, 2003.

[ 5] Giisewell S. NP ratios in terrestrial plants; variation and functional significance. New Phytologist, 2004, 164(2) ; 243-266.
Ma W J, LiJ, Jimoh S O, Zhang Y J, Guo F H, Ding Y, Li X L, Hou X Y. Stoichiometric ratios support plant adaption to grazing moderated by
soil nutrients and root enzymes. Peer], 2019, 7. €7047.

[ 7] Koerselman W, Meuleman A F M. The vegetation NP ratio; a new tool to detect the nature of nutrient limitation. Journal of Applied Ecology,
1996, 33(6) . 1441-1450.

[ 8] SunY, Liao J H, Zou X M, Xu X, Yang J Y, Chen H' Y H, Ruan H H. Coherent responses of terrestrial C;N stoichiometry to drought across
plants, soil, and microorganisms in forests and grasslands. Agricultural and Forest Meteorology, 2020, 292-293: 108104.

[ 9] Koojiman S A L. M. The stoichiometry of animal energetics. Journal of Theoretical Biology, 1995, 177(2) : 139-149.

[10] YuQ, Elser J J, He N P, Wu H H, Chen Q S, Zhang G M, Han X G. Stoichiometric homeostasis of vascular plants in the Inner Mongolia
grassland. Oecologia, 2011, 166(1) . 1-10.

[11] Schreeg L. A, Santiago L. S, Wright S J, Turner B L. Stem, root, and older leaf N ;P ratios are more responsive indicators of soil nutrient availability
than new foliage. Ecology, 2014, 95(8) : 2062-2068.

[12] K4, B zEEELMFEY. B, pRHE SR, 2009.

[13]  #RiGHE, XISCRE. == pa 22 1 by 5 o i AR B A R 0 2R AN 2 A B 2R, 2005, 13(2) : 137-147.

[14]  APBEFT, 227 Mg, XaFE. WESPHEYIT R, hEB24E, 2003, 12(4) ; 261-263.

[15] “EFLe, fPe &, 2467, IR hERFE SR K R G DT AR b—OR LR 23R & 4% R R IB Ay 2 5 B R o i ic

SEREBUAHE. TR, 2019, 26(1) : 102-117.

http ; //www.ecologica.cn



15 1 e A AR LR SR AR DL B A A A B A TR R 6273

[16]
[17]
[18]
[19]
[20]

[21]

[22]
[23]

[24]
[25]

[26]
[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

FRW, phBLE, SCRBE. T V0 B A RHEA X R AA SRR, Z T IE, 2004, 26(2) : 173-182.

IR, A, W E B PR Gesneriaceae ) fE I IF 5T 0E . [ BF A= AHH 02K, 2006, 25(1) : 1-6.

Il AR ERMAE R RGO, B s R L, 1998.

Li S, Liu WY, Wang LS, Ma W Z, Song L. Biomass, diversity and composition of epiphytic macrolichens in primary and secondary forests in the
subtropical Ailao Mountains, SW China. Forest Ecology and Management, 2011, 261(11) . 1760-1770.

Zhang T T, Liu WY, HuT, Tang D D, Mo Y X, Wu Y. Divergent adaptation strategies of vascular facultative epiphytes to bark and soil habitats :
insights from stoichiometry. Forests, 2021, 12(1) . 16.

Huang J B, Liu W Y, Li S, Song L, Lu HZ, Shi X M, Chen X, Hu T, Liu S, Liu T. Ecological stoichiometry of the epiphyte community in a
subtropical forest canopy. Ecology and Evolution, 2019, 9(24) : 14394-14406.

ZEPEPE. R 3 5 S MO B B R i SR A0 R W A s R AE [ D] PEXURAN ;P R B SR A AE Y B | 2012.
Sardans J, Rivas-Ubach A, Pefuelas J. The C:N:P stoichiometry of organisms and ecosystems in a changing world: a review and perspectives.
Perspectives in Plant Ecology, Evolution and Systematics, 2012, 14(1) . 33-47.

Zotz G. Plants on Plants - The Biology of Vascular Epiphytes. Switzerland; Springer Nature Press, 2016.

Persson J, Fink P, Goto A, Hood J] M, Jonas J, Kato S. To be or not to be what you eat; regulation of stoichiometric homeostasis among autotrophs
and heterotrophs. Oikos, 2010, 119(5) . 741-751.

SRR, PR, RISCHE, KBAE. AL LRI AR C N P ARSI AR, ZRAUMOl RS2, 2013, 41(4) : 22-26.

He J S, Fang ] Y, Wang Z H, Guo D L, Flynn D F B, Geng Z. Stoichiometry and large-scale patterns of leaf carbon and nitrogen in the grassland
biomes of China. Oecologia, 2006, 149(1) . 115-122.

Elser J J, Fagan W F, Denno R F, Dobberfuhl D R, Folarin A, Huberty A, Interlandi S, Kilham S S, Mccauley E, Schulz K L, Siemann E H,
Sterner R W. Nutritional constraints in terrestrial and freshwater food webs. Nature, 2000, 408(6812) . 578-580.

Han W X, Fang J Y, Guo D L, Zhang Y. Leaf nitrogen and phosphorus stoichiometry across 753 terrestrial plant species in China. New Phytologist ,
2005, 168(2) : 377-385

ABEHT, AT, R, XISOR, BRI, 295, SRIE, BRI T LR R AR PTREAL T C N P A T R S T
N GUREIG w7, A HE 4274, 2015, 39(10) : 962-970.

Pang Y, Tian J, Zhao X, Chao Z, Wang Y C, Zhang X, Wang D X. The linkages of plant, litter and soil C:N ;P stoichiometry and nutrient stock
in different secondary mixed forest types in the Qinling Mountains, China. Peer], 2020, 8. €9274.

Querejeta J I, Prieto I, Torres P, Campoy M, Alguacil M M, Roldan A. Water-spender strategy is linked to higher leaf nutrient concentrations
across plant species colonizing a dry and nutrient-poor epiphytic habitat. Environmental and Experimental Botany, 2018, 153. 302-310.

Lin T, Fang X, Lai Y R, Zheng H Z, Zhu J M. Shifts in leaf and branch elemental compositions of Pinus massoniana ( Lamb.) following three-year
rainfall exclusion. Forests, 2020, 11(1); 113.

Kerkhoff A J, Fagan W F, Elser J J, Enquist B J. Phylogenetic and growth form variation in the scaling of nitrogen and phosphorus in the seed
plants. The American Naturalist, 2006, 168(4) . E103-E122.

Yan Z B, Guan H'Y, Han W X, Han T S, Guo Y L, Fang J Y. Reproductive organ and young tissues show constrained elemental composition in
Arabidopsis thaliana. Annals of Botany, 2016, 117(3) . 431-439.

PR TR, R, B, S0, XIEE, E4EAT, OB BVTIR CO M 3 R s T MR AR MRS 2014, 12(3) .
293-298.

A, WA, 2R, PR, Batr, FEYE, bk, XUIR. 5 #0m EURFR A e B AR Rk R BRI T AR L. A AR S
2017, 41(1) . 126-135.

Zhao N, Yu G R, Wang Q F, Wang R L, Zhang J H, Liu C C, He N P. Conservative allocation strategy of multiple nutrients among major plant
organs: from species to community. Journal of Ecology, 2020, 108(1) : 267-278.

AR, HEE, e REFEARFTREAPESAAITRAME. FlFk, 2011, 28(6) : 915-920.

FEIELS, RBE, FEEW, TR, SO, BT R T M ik A B TR AR A . A A SRR, 2013, 37(6) : 551-557.
PR, W NER, BREIM , JE O, VT AR B R RA MR A Y A I FR A B A SR AT i N AR, RS,
2017, 41(4) : 450-460.

Wang J Y, Wang J N, Guo WH, Li Y G, Wang G G, Wu T G. Stoichiometric homeostasis, physiology, and growth responses of three tree species
to nitrogen and phosphorus addition. Trees, 2018, 32(5) ; 1377-1386.

Zhu D H, Hui D F, Wang M Q, Yang Q, Yu S X. Light and competition alter leaf stoichiometry of introduced species and native mangrove species.
Science of the Total Environment, 2020, 738. 140301.

Han W X, Fang J Y, Reich P B, Woodward F I, Wang Z H. Biogeography and variability of eleven mineral elements in plant leaves across
gradients of climate, soil and plant functional type in China. Ecology Letters, 2011, 14(8) ; 788-796.

Yu Q, Chen Q S, Elser J J, He N P, Wu H H, Zhang G M, Wu J G, Bai Y ', Han X G. Linking stoichiometric homoeostasis with ecosystem
structure,, functioning and stability. Ecology Letters, 2010, 13(11) . 1390-1399.

Fernandez-Martinez M, Preece C, Corbera J, Cano O, Garcia-Porta J, Sardans J, Janssens I A, Sabater F, Pefiuelas J. Bryophyte C:N;P
stoichiometry, biogeochemical niches and elementome plasticity driven by environment and coexistence. Ecology Letters, 2021, 24 (7).

1375-1386.

http ; //www.ecologica.cn



