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Stoichiometric characteristics of carbon, nitrogen, and phosphorus in
fine roots of ferns along elevation gradients in the Wuyi Mountains
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Abstract The stoichiometry of fine roots reflects the adaptive strategies of plants to the environment. Examining
the stoichiometry of fine roots in ferns, one of the oldest plant groups, provides valuable insights into the adaptive
strategies of plants to their environment. We collected fine roots of ferns at various altitudes in the Wuyi Mountains
of China and analyzed the stoichiometric changes in carbon (C), nitrogen (N), and phosphorus (P) and their
responses to soil physicochemical properties. The fine roots of ferns exhibited average contents (all mg/g) of
417.92 £ 21.61 for C, 8.73 £ 3.43 for N, and 1.25 + 0.51 for P. Furthermore, the C/N, C/P, and N/P ratios of the fine
roots of ferns were 65.43 + 41.48, 415.74 + 256.71, and 8.23 + 5.59 respectively. As the altitude gradient increased,
the P content in the fine roots of ferns decreased, while the C/P ratio increased. This ratio was significantly
positively correlated with the C content, C/N ratio, and C/P ratio of the soil. Conversely, the P content of fine roots
was significantly negatively correlated with the soil C/N ratio. The stoichiometry of fern fine roots was significantly
different across elevational gradients and was correlated with soil physicochemical properties. Ferns adopt an
environmental adaptation strategy of simplifying their organizational structure and rapid growth and reproduction
because of their low nutrient requirements and relatively simple resource acquisition strategies.
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Table 1 Ferns of the plots

) Elevation #J7l Species

$i T A4 Fr Latin name

L R Hypolepis punctata
TEH Dicranopteris pedata
2000 m AFFEiGG Bk Athyrium yokoscense
LiEAS| Diplopterygium glaucum
FBIZE 4 B Bk Coryphopteris japonica
KRR Pentarhizidium orientale
Al R % Lk Polystichum pseudomakinoi
RS Dennstaedtia hirsuta
FHIZE4 2 Bk Coryphopteris japonica
1600 m T Bk Dennstaedtia scabra
5] Diplopterygium glaucum
BRPU I Dicranopteris linearis
R 2 Plagiogyria euphlebia
R Athyrium vidalii
SKH Osmunda japonica
LORCy Woodwardia japonica
JMFES R Coryphopteris japonica
LS| Diplopterygium glaucum
1200 m TEH Dicranopteris pedata
2R 3k i 25 Bk Athyrium vidalii
5k Odontosoria chinensis
FiE 5 3L Phegopteris decursivepinnata
KGRI Pentarhizidium orientale
IR 2 TR Plagiogyria adnata
Sl Pyrrosia sheareri
JAPAN Cyrtomium fortunei
Bk Pyrrosia angustissima
PiR s UL Pteris multifida
WLWEER.  Dryopteris fuscipes
4 B Parathelypteris glanduligera
HISkEME B Arachniodes exilis
900 m S Woodwardia japonica
VER T Pyrrosia lingua
B Lepisorus obscurevenulosus
HEE ] B SR Phegopteris decursivepinnata
M WEE R Microlepia marginata
R Hypolepis punctata
T3 Dicranopteris pedata
LS| Diplopterygium glaucum
B4k FE 4k Onychium japonicum
PAREEREEY Lepisorus fortunei
3 AR Pseudocyclosorus subochthodes
WA Diplazium virescens
PN Cyrtomium fortunei
i =R UL Pteris multifida
WK Goniophlebium wattii
600 m BRI Woodwardia prolifera
A R Coniogramme centrochinensis
EREE %, Deparia petersenii
HIE P51 5% Phegopteris decursivepinnata
E<y Woodwardia japonica
LR Odontosoria chinensis
TEH Dicranopteris pedata
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Fig. 1 The phylogenetic tree of ferns in this study.
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YN, R MM AIRCE i (RCC) “FIYMH N417.92
21.61 mg/g, AFEEHR 2 BAE R B3E 25 (K3 ; RN &=

(RNC) “F¥1E 48.73 + 3.43 mglg, & MilFik A &1k %
S RPE & (RPC) N1.25 £ 0.51 mg/g, HiFH A 4EP 4
A EE, BRI, PSR PR (B2 .

MR A & b (RC/ND « 4R Bk B Lt (RC/P) Fl4H 4R Z
Et (RN/P) HI¥{E 45 511 965.43 + 41.48. 415.74 + 256.717
8.23 + 5.59 (£3) . kRN C/NAYIAREN/PLEAR R
I3 2 25 5, AR C/PIE IR 3R T i v ([ 2e) .
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Table 2 Phylogenetic signal of the traits in ferns

AR AL 2 S K p
Fine root stoichiometric index
RCC 0.156 0.835
RNC 0.147 0.981
RPC 0.214 0.409
RC/N 0.131 0.927
RC/P 0.210 0.604
RN/P 0.269 0.385

ARKGE M PGB, 152 B SCHR[25]). RCC: 4R & B RNC: 4HiR
H & RPC: 400 &5 RC/N: IMRAKALL: RC/P:  4RIRBRBE L
RN/P: 4R AL

For a detailed description of K statistics see references [25]. RCC: Root
carbon content; RNC: Root nitrogen content; RPC: Root phosphorus
content; RC/N: Root C/N ratio; RC/P: Root C/P ratio; RN/P: Root N/P ratio.

22 TIERTESE

T HECH & (SCO “FHME H53.25 + 8.95 mg/g, ZH L
BRI 600 milg k1 HEECH & B2 | T h il k. 3
N& & (SNC) “FH{H 43.91 + 0.55 mg/g, 1B& Mk L1
NG BRERE 2R, HEPE & (SPO) “FiE ~0.41 +
0.04 mg/g, 600 mifg ) L3P & & W 2 = F900 m. 1 200
mAi11 600 mik ik .

TR L (SCIND | B EL (SCIP) A& Mtk (SN/P)
HISEIE 23 5 7913.26 + 0.82, 141.37 + 18.924110.18 + 1.05,
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#3 TREISHRREEYMIRNF T EHFE
Table 3 Fine root stoichiometry of ferns across elevational gradients

UL R R 4k Altitude -
Fine root_stomhlometrlc Average
index 600 m 900 m 1200 m 1600 m 2000 m

RCC/mg g 402.20 +23.61b  422.57 £+22.25a 423.92+13.41a 42540 £16.83a 418.45+12.82ab  417.92 + 21.61
RNC/mg g 9.41+4.05a 9.50+3.05a 792+275a 8.38+3.06a 6.79+3.45a 8.73+3.43
RPC/mg g 1.33+0.38 ab 1.52+0.62 a 111 +£0.33 b 0.96+0.39b 1.03+0.42b 1.25+0.51
RC/N 64.48 £+ 43.96 a 57.55+34.77a 64.32+26.51a 64.63 £ 34.52 a 96.74 £ 67.91 a 65.43 +41.48
RC/P 332.74 £+ 111.84b 342.95+ 186.34 b 430.08 + 170.30 ab 590.65 + 409.01 a 520.96 + 307.15ab 415.74 + 256.71
RN/P 776+4.46 a 727 +4.21a 7.82+4.57 a 11.51+9.36 a 748 +3.79 a 8.23 +5.59

SFEME bR A2 FAT AR TR ORI IR (0] 22 R R 3% (P < 0.05) .
Mean + SD; Data with the different letters are significantly different at the 0.05 level.
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Fig. 2 Fine root stoichiometry of ferns across elevational gradient. (a) The correlation analysis of the root C content and altitude gradients

(P > 0.05). (b) The correlation analysis of the root N content and altitude gradients (P > 0.05). (c) The correlation analysis of the root P content and

altitude gradients (P < 0.05). (d) The correlation analysis of the root C/N and altitude gradients (P > 0.05). (e) The correlation analysis of the root C/

P and altitude gradients (P < 0.05). (f) The correlation analysis of the root N/P and altitude gradients (P > 0.05).

F4 FREISHRERE TIBEBAMER
Table 4 The physicochemical properties of soil across elevational gradients

F b B bR 3k Altitude b
AP : FHME

Soil stoichiometric A

index 600 m 900 m 1200 m 1600 m 2000 m verage

SCC/mg g 31.82+8.84a 4373 +10.74 a 4176 +1541a  101.22+19.41b 29.86+4.81a 53.25 + 8.95
SNC/mg g 315+0.85a 440+114 a 3.49+1.59a 5.44+0.99a 2.32+0.25a 3.91+0.55
SPC/mg g’ 0.57+0.07 a 0.39+0.10 b 0.25+0.07 b 0.38+0.05b 0.45 +0.03 ab 0.41 +0.04
SCIN 10.02+0.23 ¢ 10.03+0.19¢ 13.40+117b 18.47 +0.58 a 12.82 + 0.68 bc 13.26 + 0.82
SC/P 54.38+9.31¢c 118.99+£29.32bc 15174+ 12.06b  259.32 + 18.50 a 7158 £ 11.61¢ 141.37 + 18.92
SN/P 5.40+0.90 b 11.91+3.06 a 11.92+1.94 a 14.05+0.94 a 555+ 0.61b 10.18 + 1.05

I AR 2 RAT AR R R R % 7 83 (P < 0.05) . SCC: L3Rk & &; SNC: L% & &; SPC: L& &; SC/N: LHf%lt; SC/
P: HERREELL; SN/P: IR,

Mean * SD; data with the different letters are significantly different at the 0.05 level. SCC: Soil carbon content; SNC: Soil nitrogen content; SPC:
Soil phosphorus content; SC/N: Soil C/N ratio; SC/P: Soil C/P ratio; SN/P: Soil N/P ratio.
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XxFH A% R, AP S - HECINAE A8 538 (1 b 26 54 &
SHAIRRAL 2 S e E A A EA T (B3, R (P < 0.05). 4BHRC/PSEHC, - EC/NFI - HEC/PYIf71E
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Fig. 3 Relationships between fine root stoichiometry of ferns and soil nutrients. (a) The correlation analysis of the root P content and soil
C/N (P < 0.05). (b) The correlation analysis of the root C/P and soil C/N (P < 0.05). (c) The correlation analysis of the root C/P and soil C content (P
< 0.05). (d) The correlation analysis of the root C/P and soil C/P (P < 0.05). To ensure the normality and homogeneity of variance of the data, the

square root transformation (SQRT) of the data is performed.
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