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Leaf Ecological Stoichiometry in Understory Plants with Different Life
Forms in a Subtropical Evergreen Broad-leaved Forest
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Abstract: To explore the formation and maintenance mechanisms of the understory plant diversity, the ecological
stoichiometric characteristics of leaves of understory trees, shrubs, herbs and vines and their relationship with
phylogeny were studied by conventional and phylogenetic comparison methods in Maoershan subtropical
evergreen broad-leaved forest, Guangxi. The results showed that the phylogenetic signals (Blomberg’s K) of leaf
stoichiometric characteristics ranged from 0.020 to 0.183. The contents of N and P and the phylogenetic signals of
C/P, P/Ca and K/Ca in leaves were significant, indicating that phylogenetic conservation existed in the process of
species diversification. The contents of C, N, K and Mg in leaves and most of stoichiometric ratios were
significantly affected by life form. The contents of N, K and Mg in leaves of vines were the highest, while the

contents of C, Mg, C/N and C/P in leaves of herb were the lowest, which indicated that there were differences in
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the requirement and proportion of nutrient elements in leaves of different life forms. The stable selection of the
optimal ecological stoichiometric characteristic values of leaves of different life forms was the optimal
evolutionary model, which indicated that plants of different life forms chose the optimal combination of leaf
stoichiometric characteristics to adapt to themselves in the evolutionary process. In addition, there was a close
correlation between the stoichiometric characteristics of leaves during evolution. Therefore, phylogenetic
conservation of leaf ecological stoichiometric characteristics and optimal stable selection in the process of species
diversification jointly promoted the formation and maintenance of understory plant diversity in subtropical
evergreen broad-leaved forests.

Key words: Leaf ecological stoichiometry; Understory plants; Life form; Phylogeny; Subtropical evergreen

broad-leaved forest
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Table 1 List of collected species
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T4 Species

J& Genus

KWt Castanopsis carlesii

fithé C. eyrei

¥ C. fargesii

DFHE C. faberi

T EW Cornus controversa
ZALA Daphniphyllum macropodum
3% Elaeocarpus decipiens
HAKLYE Elaeocarpus japonicus
FRW Emmenopterys henryi
% llex chinensis

WPARZETF Litsea elongata
W7 Lithocarpus hancei

WA L. henryi

B X Quercus glauca

WX E Sloanea sinensis

AR Ardisia crenata

H¥i4 A crispa

MIRIAR Blastus cochinchinensis
FINSEER Callicarpa brevipes
RIEEH Camellia cuspidata

A3k Cleyera japonica

HEJE Castanopsis
HEJ® Castanopsis
HEJE Castanopsis
HEJE Castanopsis
KRB JE Cornus

PR K& Daphniphyllum
MIJE Elacocarpus
F3JE Elacocarpus
HRWIE Emmenopterys

AT )@ llex
KREZTJ® Litsea
FIJ& Lithocarpus
¥IJ& Lithocarpus
¥rJ@ Quercus
WX E g Sloanea
KEeN)E Ardisia
KE&4 R Ardisia
MR AR B Blastus
RIkIE Callicarpa
WWZJE Camellia
LR Cleyera

£l Family H Order VR Life form
7t} Fagaceae 53} H Fagales TEARLH Sapling
75} #} Fagaceae 52} H Fagales T AR Sapling
75 }#} Fagaceae 5%} H Fagales TeAR LM Sapling
523} El Fagaceae 723+ H Fagales TeARM Sapling
LhZEBEE} Cornaceae WWZEB H Cornales TeARLH Sapling
JEJ A%} Daphniphyllaceae  JRHH H Saxifragales FEARLIH Sapling
F3R} Elaeocarpaceae FEHHH Oxalidales TRARLIP Sapling
F9eF} Elaeocarpaceae MEHRFH Oxalidales TE ARG Sapling
HEEL Rubiaceae AR E Gentianales T AR Sapling
%% Aquifoliaceae %% H Aquifoliales TeAR LM Sapling
£} Lauraceae 1 H Laurales TeARM Sapling
7¢3}+#} Fagaceae 5t} H Fagales TeARLH Sapling
75} #} Fagaceae 5¢}H Fagales T AR Sapling
523} El Fagaceae 7%+ H Fagales TeARM Sapling
F9EF} Elaeocarpaceae MEHFH Oxalidales Tr AR Sapling
&SRl Primulaceae FLESAEH Ericales #EA Shrub
ELLFEL Primulaceae FLES4EH Ericales K Shrub
B P1RL Melastomataceae Bk4xU H Myrtales H#EA Shrub
JEEAL Lamiaceae J§XH Lamiales #EA Shrub
thZ$F} Theaceae FLES4EH Ericales K Shrub
HFIAF} Pentaphylacaceae FESHEH  Ericales H#EA Shrub
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H¥) Species J& Genus El Family H Order B3R Life form
ik Eurya nitida )& Eurya FiHIAF} Pentaphylacaceae FLHS1EE Ericales #EAK Shrub
MEHS E. loquaiana )& Eurya FiBIAE} Pentaphylacaceae FLHS1E H Ericales H#EA Shrub
BYikLEY Rhododendron henryi KRS 1E)E Rhododendron FH54EFR} Ericaceae FLESFEH  Ericales #EAK Shrub
A Syzygium buxifolium kR Syzygium Bh 4 Ft Myrtaceae Bh4xitH Myrtales H#EA Shrub
Sk EBR Arachniodes aristata S HBRE Arachniodes % E R} Dryopteridaceae KHE H Polypodiales K Herb
M FKES: Begonia palmata WigS B Begonia FFHEL Begoniaceae #7 H Cucurbitales HA Herb
+5EE Carex cruciata HEIJE Carex PEF}L Cyperaceae ARAH Poales K Herb
4FH Cibotium barometz &EMJE Cibotium 4FEMF} Cibotiaceae JKJe B Polypodiales A Herb
HIRTEW Cyclosorus acuminatus EBJE Cyclosorus & JFL Thelypteridaceae KJe H Polypodiales LA Herb
HNEEERR Dryopteris decipiens k-EWKJE Dryopteris BB R} Dryopteridaceae K% B Polypodiales BA Herb
3 Elsholtzia ciliata %%J® Elsholtzia JETZA} Lamiaceae JEZH Lamiales K Herb
WiBR Hypolepis punctata Wi & Hypolepis Wik Al Dennstaedtiaceae KIH H Polypodiales A Herb
WASERE Iris japonica BRE Iris &R} Iridaceae K14 H Asparagales HA Herb
AT Lophatherum gracile WY& Lophatherum AAFL Poaceae AAH Poales BA Herb
TS Miscanthus floridulus T8 Miscanthus AAF} Poaceae AAH Poales A Herb
Y-8 Oplismenus compositus SRKEJE Oplismenus AAF} Poaceae AAH Poales A Herb
WBYEL Ophiopogon bodinieri VEMELJE  Ophiopogon KIT4EL Asparagaceae KIT4H Asparagales WA Herb
SRBEL Selaginella uncinata L& Selaginella HHIFL Selaginellaceae HH1H Selaginellales A Herb
¥ Zingiber mioga )&/ Zingiber £k} Zingiberaceae #H Zingiberales B Herb
M ILEE Callerya nitida SR Callerya =R} Fabaceae 5. H Fabales A Climber
JEIH/REHE Hedera nepalensis HHEMER Hedera TNE} Araliaceae 4 H Apiales JBEAS Climber
LR Gynostemma pentaphyllum LR Gynostemma #i7Bl Cucurbitaceae B H Cucurbitales BEA Climber
WG4 Lygodium japonicum HEWE Lygodium 47 F Lygodiaceae KIEH H Polypodiales JBEA Climber
E 2L Morinda umbellata EE K JE Morinda P ERL Rubiaceae JZHHH Gentianales A Climber
INETERE Sabia parviflora EXEIR Sabia &R R Sabiaceae B H Proteales AR Climber
¥ Smilax china WHE Smilax FK#1FL Smilacaceae H&H Liliales B Climber
HAEG. Spatholobus suberectus EALEJE Spatholobus 5 F} Fabaceae . H Fabales A Climber
XU Tripterospermum chinense WS Tripterospermum — JEJHE} Gentianaceae JHE Gentianales A Climber
W& E il Wisteriopsis reticulata S WEJE Wisteriopsis F 8} Fabaceae T H Fabales A Climber
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Castanopsis fargesii
C. faberi
C. carlesii

C. eyrei Fagaceae
Lithocarpus henryi

L. hancei

Quercus glauca

Begonia palmata | Begoniaceae
Gynostemma pentaphyllum 1 Cucurbitaceae
Spatholobus suberectus

Callerya nitida Fabaceae

Wisteriopsis reticulata
Elaeocarpus japonicus
E. decipiens
Sloanea sinensis
Syzygium buxifolium
Blastus cochinchinensis
Daphniphyllum macropodum
{rdisia crenata
{. crispa

‘ Elaeocarpaceae

! Myrtaceae
! Melastomataceae
! Daphniphyllaceae

| Primulaceae

Camellia cuspidata 1 Theaceae
Rhododendron henryi 1 Ericaceae

Eurya nitida

E. loquaiana Pentaphylacaceae
Cleyera japonica

Cnime, S T —

Emmenopterys henryi | Rubiaceae

Morinda umbellata
Tripterospermum chinense
Callicarpa brevipes

1 Gentianaceae

Elsholtzia ciliata | Lamiaceae
Ilex chinensis 1 Aquifoliaceae
Hedera nepalensis 1 Araliaceae
Cornus controversa 1 Cornaceae
Sabia parviflora 1 Sabiaceae
Miscanthus floridulus
Oplismenus compositus Poaceae
Lophatherum gracile
Carex cruciata 1 Cyperaceae
Zingiber mioga | Zingiberaceae
Iris japonica 1 Iridaceae
Ophiopogon bodinieri I Asparagaceae
Smilax china 1 Smilacaceae
Litsea elongata 1 Lauraceae
Arachniodes aristata | Dryopteridaceae
Dryopteris decipiens
’—4—'——: Cyclosorus acuminatus + Thelypteridaceae
| | Hypolepis punctata 1 Dennstaedtiaceae
| Cibotium barometz 1 Cibotiaceae
Lygodium japonicum 1 Lygodiaceae

Selaginella uncinata

1 Selaginellaceae

Fig. 1 Phylogenetic relationships of understory species ina subtropical evergreen broad-leaved forest!'l. Blue: Tree sapling; Green: Shrub; Black: Herb; Red:

Climber.
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Fig. 2 Principal component analysis of leaf element concentrations and their
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Table 2 Leaf element concentrations (g/kg) and their stoichiometric ratios and the PC1 and PC2 scores in understory plants with different life forms

0.4

0.2

-0.2

-0.4

-0.6

JLE

TEARHIR

LN

A

Bk

PR A

Element Sapling Shrub Herb Climber All species P
C 430.25+7.38a 428.64+8.96a 396.37+7.55b 418.58+10.06ab 417.43+4.52 0.013
N 20.60+0.70b 18.35+1.00b 25.90+1.15a 26.23+2.34ab 22.86+0.78 0.000
P 1.42+0.13ab 1.12+£0.12b 1.61+0.11a 1.31+0.13ab 1.3940.07 0.067
K 9.11£0.94b 8.46+0.83b 13.27+1.36a 15.75+1.55a 11.55+0.72 0.000
Ca 11.41£3.36ab 7.36+0.86ab 6.90+0.97b 14.33+2.59a 9.83+1.22 0.122
Mg 3.39+0.51a 2.70+£0.35ab 1.62+0.18b 4.25+0.64a 2.89+0.25 0.001
C/N 21.224+0.79a 23.93+1.30a 15.83+0.88b 16.90+1.29b 19.28+0.67 0.000
C/P 356.58+46.15ab 427.51+49.31a 265.42+20.85b 352.234+35.99ab 342.55420.60 0.045
C/K 53.47+4.82a 54.55+4.64a 36.90+5.53b 29.43+3.44b 43.90+2.83 0.002
C/Ca 65.70+10.45a 72.09+15.29a 86.47+17.54a 53.76+21.38a 70.82+8.00 0.548
C/Mg 176.89+31.13b 185.97+25.56b 291.26+36.05a 130.55+26.68b 203.75+17.86 0.006
N/P 16.54+1.74a 17.62+1.44a 16.88+1.11a 21.14+2.12a 17.7840.82 0.219
N/K 2.50+0.19a 2.31£0.19ab 2.34+0.33ab 1.77£0.16b 2.27+0.13 0.235
N/Ca 3.04+0.45a 2.98+0.52a 5.78+1.28a 3.45+1.34a 3.93+0.51 0.273
N/Mg 8.29+1.39b 8.24+1.51b 19.39+2.74a 7.71£1.36b 11.50+1.23 0.008
P/K 0.17+0.02a 0.14+0.02ab 0.14+0.01a 0.09+0.01b 0.14+0.01 0.002
P/Ca 0.20+£0.03ab 0.18+0.03b 0.35+0.07a 0.17+0.07b 0.24+0.03 0.089
P/Mg 0.53+0.09b 0.48+0.10b 1.18+0.16a 0.37+0.06b 0.68+0.08 0.000
K/Ca 1.29+0.24b 1.48+0.37ab 3.03+0.78a 1.96+0.67ab 1.9840.30 0.117
K/Mg 3.46+0.59b 3.65+0.61b 9.26+1.38a 4.16+0.39b 5.38+0.59 0.008
Ca/Mg 3.2240.41a 3.41+0.79a 4.69+0.85a 4.88+1.90a 4.03+0.49 0.537
PC1 —0.40+0.21b —0.41+0.18b 0.93+0.24a —0.40+0.26b 0.00+0.14 0.000
PC2 0.26+0.27a 0.59+£0.19a -0.10+0.24ab —0.81+0.29b —0.00+0.14 0.007

AT 504 5 A A 3 BE R 22 7t .3 (P<0.05) 0

Data followed different letters at the same line indicate significant differences at 0.05 level.
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R AICe {Hf R, R OUM FRALE LA
1M BM 528 U 2 d 72 R4S B4
BM HERL[) sigsq {4 0.000 20~0.005 85, OUI
FEAI ) o {5 N 14.5~13 846.5, Pagel’d BEAU K] 5 (N
29.4~118.4, RN o R & 2RI BA

3T R R SR AR RGRAES

R R Z R K. /£ OUM BBLR, mf i C &
1 Optsa BiH, No P & &M Opta B, K. Ca.
Mg 7 5] Opte #im o X R TR AR YA B 1)
MR C SRRINE, SAEYAERERH A N, P&
BRAOUE, MEAEDAE RN R K. Cay Mg &
BEEUE, BT A EAEE R EY L ESEA
[F oz & B R AUE RS .

Table 3 Phylogenetic signal of leaf element concentrations and their stoichiometric ratios of understory species

AP & Variable K P A & Variable K P
C 0.036 0.551 N/P 0.105 0.093
N 0.183™ 0.007 N/K 0.020 0.744
P 0.160" 0.014 N/Ca 0.125 0.068
K 0.023 0.644 N/Mg 0.064 0.247
Ca 0.082 0.214 P/K 0.020 0.727
Mg 0.060 0.283 P/Ca 0.125" 0.035
C/N 0.087 0.150 P/Mg 0.102 0.103
C/P 0.128" 0.036 K/Ca 0.180™ 0.005
C/K 0.021 0.651 K/Mg 0.022 0.685
C/Ca 0.059 0.340 Ca/Mg 0.034 0.541
C/Mg 0.065 0.238

**: P<0.01; *: P<0.05

4 MY R R SRR G AR

Table 4 Fitting results of evolutionary models for leaf element concentrations of understory species

A BM ouU1 OUM Pagel’o
Variable AlCc sigsq AICc a Opt AlCc Opts, Optsy Opty Optc AlCc 6
c 6424 0.00020 —190.25 124115 41619 -19425 42937 42777 39531  417.43 ~173.98 1184
N —61.78  0.00021  -90.24 145 2270 -10435 20.39 18.14 2551 25.45 —90.10  29.7
P ~13.12  0.00055 -45.05 147 130  -45.06 1.24 1.03 1.57 1.24 —4495 294
K 10470 0.00585 —18.56 138465 1053  —29.15 8.58 8.14 1210 15.01 242 1184
Ca 8632  0.00405  29.92 2728 767 3055 8.47 6.77 5.77 11.59 3124 1184
Mg 87.14  0.00412  13.10 320.7 242 0.43 291 249 1.49 3.75 16.03 1184
HE S I, HAICRGERPMAHEES P. K ZE2WMG PEHESE K. Mg & & 24

EZER. CEESPEEEDEBMG NSRS

RS MRITTRG RN RGULE) L — 3B Hr
Table 5 Phylogenetic generalized least squares regression analyses for the

correlations among leaf element concentrations

C N P K Ca Mg
C
N -0.08
P -0.09" 021"
K -0.05 0.16™"  0.28"
Ca —-0.03 0.01 0.10 0.05
Mg -0.01 0.01 0.18* 0.24™ 0.39"

*ak: P<0.001; **: P<0.01; *: P<0.05

K; KEEE Mg SEEBMER; CatlMg 5EE
MK, HC &&E5 N, K. Ca. Mg §EZHE
5%1‘59%- N &®=5 Ca. Mg &8 ZAI255FHK; P

B Ca TEZAEGHMEL KTEE Cadgr
Eﬂzﬁﬁ*ﬁ?@o

3 Vj‘l/t\ﬁn nlb
3.1 W ARAFREY i AT BRI

E5
AWFFERI, MREASFAESRED R A C.
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N. K. Mg % &K C/N. C/P. C/K. C/Mg. N/Mg-
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P & B AN ST N/PL C/P AHARAR, B AE Kok R
a2, BAKEY) R I N K & &0l RE 2 B
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VIR = 1R P2 B ANAR N AR N/PL C/P
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YHEY) 3 BRI g s B B 5, B AR
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KRIEYIERIR/N, L EZEA BN AR AR 15
TINS5 2 25227, By DA FLEN MG £ T Bt
TANEY) C FRERMERF 2 —20, tehh, R
VIR IR Ca R Mg & & ] RE A BT IR AR () 2
R % BN KA H (Poales) Fll 7K J& & H (Polypo-
diales), CAEMFFIEAIX 2 N HBHEY) Ca. Mg &
R,

EHEAEKK N, Py K. Ca. Mg &S E
3N 15~40. 2~5. 5~40. 0.5~10+ 1.5~3.5 mg/gl*"!,
AHEFRW, FraEYN N MK EE. TRRYIM .
BEA . BARN Mg & & KIERF B AN Ca &
EIE FRTEE 2 A, e P R A KRR
TGN AAE Y K) Ca &5 8 LA SRR A HE Y 1 Mg
TR, HIERIEBEAHEMIGREE(Ca>
100 mg/g, Mg>15 mg/g). XKML E K Cas Mg
TE RSN AR A —E MR, (HHR
P B A A AR Y. SR, AN P A
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