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Abstract: [Objective] This study aims to investigate the altitudinal differentiation patterns of forest soil carbon
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(C), nitrogen (N), and phosphorus (P) stocks and their ecological stoichiometric ratios (C/N, C/P, N/P) in
the transition zone between the southern subtropical and central subtropical regions, and to elucidate their driving
mechanisms. These findings provide crucial scientific evidence for understanding nutrient cycling responses in
mountain ecosystems. [ Methods] This study focused on three forest types in the Guangxi Dayaoshan National
Nature Reserve: low-altitude (600 m) evergreen broadleaf forests (EBF) , mid-altitude (1 430 m) mixed
coniferous-broadleaf forests (MCF) , and high-altitude (1 750 m) alpine dwarf forests (ADF). Soil
physicochemical properties, C, N, and P stocks, and their ecological stoichiometric ratios in the surface soil layer
(0—10 cm) were measured and calculated. [ Results ] Soil organic carbon stock (Cs) exhibited a U-shaped pattern
with altitude, reaching its lowest value (24.75 t/hm?®) at MCF. Soil nitrogen stock (Ng) significantly increased
with rising altitude (from 1.15 to 4.69 t/hm?), while soil phosphorus stock (Ps) showed no significant differences
across altitudes (range: 0.09~0.11 t/hm?®). Random forest modeling revealed that Cs was primarily driven by soil
organic carbon (SOC) and dissolved organic carbon (DOC) content. Ng was predominantly controlled by total
nitrogen (TN) content, while Py was co-regulated by soil bulk density (SBD) and total phosphorus (TP)
content. Additionally, soil C/N ratio decreased significantly with altitude (from 37.78 to 8.13) , indicating
enhanced nitrogen mineralization potential at mid-and high-altitudes. Soil C/P ratio displayed a U-shaped pattern
(range: 252~425) , reflecting relatively low phosphorus availability overall (all forests™>200). Soil N/P ratio
increased stepwise with altitude (from 11.04 to 55.20) , demonstrating a sharp intensification of phosphorus
limitation with higher altitudes. Mantel tests and random forest modeling confirmed that TN was the dominant
factor controlling both C/N and N/P ratios, while the C/P ratio was jointly regulated by SOC, DOC, and TP
content. [Conclusion] Phosphorus availability is a key factor limiting the productivity of subtropical montane
forests. The altitudinal patterns of soil C, N, and P stocks and their ecological stoichiometric ratios in these
transitional climate zone forests are driven by nonlinear interactions among multiple factors, with the climatic zone
context playing a critical regulatory role in shaping the altitudinal distribution patterns of soil nutrients.
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Fig. 1 Comparison of soil physicochemical properties of forest types at different altitudes
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Table 1 Variation characteristics of soil carbon, nitrogen,
and phosphorus stocks and stoichiometric
ratios in forests at different altitudes
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stoichiometric ratios, and soil physicochemical properties

3.2 AEABHHFKTEREABUFITELEE e C/P IRATAL AT LT i 7 v e 2 R

L3 C/NJRRAE LA DL S i R G s W SRR R bR ABFSE T, 3 AN IR
bi L TR ZISE W G ek VR IR O M ERIR IR S BUIR SROBRARIE R C S AR BT R TR AR L LR RO Y 1
9 C/NMEGE R C/N<2)/RE BRI LIRAS L HC/PHEAHE ST 2000 D, il i 4= F + 58(0—10
BB EREAIL AN T A ESA MESEOME  coD) PEIKF360 0 X —Z5 R RH BF5T X 24
BRI A A F R YE sh A Al TR TR PR R AR B2 i — 2B b &
F IR AR SR B RIR AR (C/N= B, 15 C/P Bk Th a5 900 3 0 U B3 A 4% o
8.9D M E IEM(C/N=8.1 M 11 C/NKH BT (HRIERIR X Pl U B AR - S A 5t (1 65
T 25, T H &% AR (C/N=37.7) W i TR B fH . O FAE = AL . Mantel K 5645 & BEAL AR AR 2
K — 5 LT O R Y AR T S R AR BT IR 2 iR 2 TP, SOCHIDOC & 2 IE (M 33 C/
RN R LR AR AT PR R WL A e R e PROE S . SR, 2% B 576 AN [R] T 4R AR B[R] B 23
SR AR R EE AR E R . RS R PR IR 1 TP 5 i
5 WL 25 L v B — B ——FF R R SRR LR AR R TR HOR S R AR (HH SOC T DOC & i
9+ AU i TR R AR BE— Pl XEE|T RS IEACE Do X R C/P i
Mantel test FIREHL AR ARAE AL S0 B R BL, 13 TN & it SR U B AE i TP, SOCMDOC X 34 K5 N4
SEEEE C/N M OCHIR S 7 (& 2, I 3) . (HAHER R AR Al 32 (a3 RV R A2
92, 38 TN 755 a2 VA A T v S B e 14 3 B N/P R PP AG R A 7 32 R o0 BRI 2 R Y
(p<<0.05) (W 1), 3 B Wk 45 1 35 40 B ] RE 38 43 5% M) TS ARl E N/P<<1048 m A ZE R, N/P>20
TN B, X 38 C/N RIEHISE A PR 4 SRR RS ARBESEh, SRR AR 13 N/P
figg AR i AR 7 A R AR FAAE 35 22 5 (p<<0.05) , AR T 4k &k i AR (N/P=



5 3 3]

KBS TV BRI S G A AR DR AP DA [] W 4 AR bR - Stk SRR A ek % A 35 Al 2 T UARAE 197

11.04) <<rfifg 3 5t R TR 28 R (N/P=28.61) <& 1 3K
R AR (N/P=55.200(F 1. A ZFRMAIEAIM +
BEN/P s T4 £ 0—10 em) FE 4 (9.3)'%7,
2 W 90 DX Sl A I A7 7 ol FR A s g, L s R 11
SER JIE L VA T R T A TR 49 5 DA S R I AR Y T
94 B ) 1) e L A 1 R 2 PR D o Mantel K6 5 45
G BENLAR AR AL 23 B it — D47, 15 TN FINO; -N
e IE O N/P RS SR, R R T
SR B — A S 4 4 TN & it 2 80 3% 1 n
M NO, -NFEH P EFREE D, X —IbiE
WA 1 28 Al A% Jay B B R W, 75 3K 2l N/P I e 09 3o 72
o, TN Y IE 1) 5T BR800 3 K F NO, -N (1 61 ) 28
ERLNE o P IE , VSR B B AR 3 N/P I T
FIEEF TNFURMW R REH.

4 & ®

B At o 52 U Y B 0 A Cr PR R R AR T AR A
et I Y AT v R B I WA O B IR
C/NAE | 1 AR (<<25) , N/P 16 = i 31 5
(55,10 C/P U B4k o3 A o HIE 3R AT L
B (SOC) FNE i M A ALK (DOC) 1 T [7] 31 #E 3 [
on i B fe I, 2 LRk U B AR A R R L IR
RS T AILE RS i R, S B B CTNDTE & i
WERM. BELUI WS, LA ESBD) 2 (TP)
I SOC Z 6] B H5HTAE T, IR 18— P& A I 4K 4L
N FA G R AR C/N L& B BE TR T, B AL
PESE N . B BRI R, NP LR S R M X
AR R E RS 7. 2R (TN 2
JE 4 C/NFIN/P L i G HE, Fog Sk MO i £ % 7 &
fEFrad . C/PUM” M TPCHEEHK ) 5 SOC
K DOC iy 4k e e ) 19 A 7] 25 728 Al A [7) 99 38
2 2% 3 ik (References) :

[1] ElserJJ, Fagan W F, Denno R F, et al. Nutritional con-
straints in terrestrial and freshwater food webs [J].
Nature, 2000,408(6812) :578-580.

(2] g Ze bk, SRR, 45 T VT 00 1 30 455 A0 bk L e ik
B A 43 A AR AR B S R R (T K B AR R AR
2023,37(6):180-186,193.

Zhong JJ, LiL, Wei S G, et al. Distribution characteris-

tics and influencing factors of soil carbon, nitrogen and

phosphorus storage in karst forest in the Lijiang River

Basin[J]. Journal of Soil and Water Conservation, 2023,

37(6):180-186,193.

[3] Ruttenberg K C. The global phosphorus cycle [M] //
Treatise On Geochemistry. Amsterdam: Elsevier, 2014:
499-558.

[4] TIppolito J A, Blecker S W, Freeman C L, et al. Phos-

[7]

[8]

[9]

[10]

[12]

phorus biogeochemistry across a precipitation gradient in
grasslands of central North America[J]. Journal of Arid
Environments, 2010,74(8):954-961.
Wei L L, Chen C R, Xu Z H. Citric acid enhances the
mobilization of organic phosphorus in subtropical and
tropical forest soils [J]. Biology and Fertility of Soils,
2010,46(7):765-769.
ZEARREL, TR AR 55 0006 A OIS TRIIE AR e TR AR L R
R BRI AREAELT ] K R R FEHEST, 2016,23(3) 1 19-24.
Li XY, Zhang W Y, Liu F, et al. The distribution char-
acteristics of soil carbon, nitrogen and phosphorus at dif-
ferent altitudes in Fanjingshan Mountain[J]. Research of
Soil and Water Conservation, 2016,23(3):19-24.
TR AR, AR AN A5 ZR I R I LD AL R HLRK
fitt 2 ARTRE SR LA Sy [T ). A 25241, 2020,4002) :629-639.
Zhang Y J, Yu'Y C, Niu JJ, et al. The elevational pat-
terns of soil organic carbon storage on the northern slope
of Taibai Mountain of Qinling [J]. Acta Ecologica
Sinica, 2020,40(2):629-639.
fE/NEY ATECRE, B %2, 45 i3 L A TR T A S 5 R b
o A LA N A AR A A RRAE [T ] K AR BT AT,
2022,29(4):83-88.
Xiong X, Ren Y, Lu M, et al. Distribution characteris-
tics of soil organic carbon and total nitrogen storage in
typical forest soils at different altitudes in Wuyishan
Mountain [J]. Research of Soil and Water Conservation,
2022, 29(4): 83-88.
Gutiérrez-Giron A, Diaz-Pinés E, Rubio A, et al. Both
altitude and vegetation affect temperature sensitivity of
soil organic matter decomposition in Mediterranean high
mountain soils[ J]. Geoderma, 2015,237/238:1-8.
Crovo O, Aburto F, Albornoz M F, et al. Soil type
modulates the response of C, N, P stocks and stoichi-
ometry after native forest substitution by exotic planta-
tions[J]. Catena, 2021,197:104997.
ER, T o ASRERAB TR WAL=
SRRELT] AR 25 24, 2008, 28(8) : 3937-3947.
Wang S Q, YuG R. Ecological stoichiometry characteris-
tics of ecosystem carbon, nitrogen and phosphorus ele-
ments[J]. Acta Ecologica Sinica, 2008,28(8):3937-3947.
AT B SRR 27, XU, 45 8 4 e SRR [R] 4 B f R+
BeAe F it i R S AT (7], K PR 5231, 2017, 31(2)
339-344.
Ren L. L., Zhang B X, Han F P, et al. Ecological stoi-
chiometric characteristics of soils in Robinia pseudoaca-
cia forests of different ages on the Loess Plateau [J].
Journal of Soil and Water Conservation, 2017, 31(2) .
339-344.
HORBR , RS REEEE A5 RBE L A AR X bR 5
HKIBREFIFELT ] K LARFFRTSE , 2007, 14€6) :301-305.
Huang C B, Huang JJ, Tan X F, et al. Study on water

conservation benefit of forest in Dayaoshan natural



198

P/ S VI S

33 %

[15]

[16]

[18]

[20]

reseve [J]. Research of Soil and Water Conservation,
2007,14(6):301-305.

RO MBS RO, % LT TERER L E R AR
DR X R WL LT ] 2B B, 2009, 37(33) -
16708-16710.

ZhuH G, LinJY, Wen Y G, et al. Study on the pteri-
dophyte flora in Dayaoshan national nature reserve of
Guangxi [J]. Journal of Anhui Agricultural Sciences,
2009,37(33):16708-16710.

JURL, B B AR S RIRINE R R AR R X Al
BEIIR SRR ) Z2 FEMELT]. ) UL, 2015, 22(6)
600-605,611.

Yan L., Wang L., Luo B T, et al. Plant species diver-
sity of mixed broadleaf-conifer forest in mid mountain
region of Dayaoshan state natural reserve, GuangxilJ].
Guangxi Sciences, 2015,22(6):600-605,611.

WL WM, R AE A )T ORI L KA AR TR
XA [F) 1 R AR AR 1 M BLBR 9 AL AR AE [T ], SR B8 A 35
2#,2025,7(1):46-52,130.

Huang Y Z, Hu B, Zhang L. R, et al. Characteristics of
soil organic carbon mineralization under different altitude
forest types in Dayaoshan National Nature Reserve of
Guangxi, China[J]. Environmental Ecology, 2025, 7
(1):46-52,130.

IR, BOREE )V R EE L A AR AR XA W 2 AT
FERARA M AL 5T o EFREE AL AL, 2010.

Tan W F, Luo B T. Research and conservation of biodi~
versity in Guangxi Dayaoshan natural reserve [ M ]. Bei-
jing: China Environmental Science Press, 2010.

B andm . LR A o B 07 IML e ST R E AR
BHE AL, 2020.

Lou R. Soil agricultural chemical analysis methods[ M ].
Beijig: China Agricultural Science and Technology
Press, 2020.

ERR BRI, 5, A5 o TR A AT S ] T AR
BRI AR e A I AR B A R E [T ] AR
A4z, 2023,43(5):1793-1803.

Wang W H, Yu Y N, Xie ] Q, et al. Characteristics of
soil carbon, nitrogen, phosphorus accumulation and their
ecological stoichiometry in Chinese subtropical forest
under different afforestation patterns[J]. Acta Ecologica
Sinica, 2023,43(5):1793-1803.

SRRV AR, A A [ AR AR DA () 98 AR
T AT LR P A AR S HE e R AR [T ] R R
FiRlE (P3RS0, 2022,2003) £ 142-150.

Qiu S H, Lin S'Y, Wang W Q. Characteristics of soil
organic carbon pool at different altitude gradients in East-
ern China and its influencing factors: a review [J]. Sci-
ence of Soil and Water Conservation, 2022, 20 (3) :
142-150.

TRMERS  TRERDY , ERAR, AR IR ARMR A B
R A bk 1) TR SRR A S5 MR IR R RE [T ] A 2 o A

[23]

[24]

[25]

[26]

[27]

#5,2024,43(10):2979-2987.
Zhang X Z, Zhang H F, Wang C L, et al. Elevational
patterns and environmental drivers of soil organic carbon
content and storage in a warm-temperate forest [J].
Chinese Journal of Ecology, 2024,43(10):2979-2987.
Wiesmeier M, Urbanski L., Hobley E, et al. Soil
organic carbon storage as a key function of soils: a
review of drivers and indicators at various scales [J].
Geoderma, 2019,333:149-162.
R R IR AL B SR, A T R AR % T T A A
bW LR R A R AE [T ] K AR R AIE YL 2020,
27(5):17-23.
MaZ L, GuGJ, Zhao W Q, et al. Carbon and nitrogen
storage of ground covers and soils in the forest-shrub eco-
tone of eastern Qinghai-Tibet Plateau [J]. Research of
Soil and Water Conservation, 2020,27(5):17-23.
EAEW, F AR B A, ST A AR LA Lk A
fiff ek S FE A B0 A ARAE [ T]. £ A4, 2019,39(11)
4096-4105.
Wang Y L, Zi H B, Cheng R X, et al. Forest soil
organic carbon and nitrogen storage and characteristics
of vertical distribution in Qinghai Province [J]. Acta
Ecologica Sinica, 2019,39(11):4096-4105.
TEE I, B, B o, 45 . BRI A AR R X
RUAE % 26 R LA LR S 4 ALK 1Y 23 [ 43 A R AR
[T]. Abmtpoll K244, 2019,41(11) : 104-115.
Ren Y L., Lu M, Cao Q B, et al. Spatial distribution
characteristics of soil organic carbon and total nitrogen
stocks across the different typical vegetation types in
Nangunhe National Nature Reserve, southwestern
China[J]. Journal of Beijing Forestry University, 2019,
41(11):104-115.
JESLUE NP, BT A T A AR L e A B R
SyAAR R [T ] A A 3254, 2019,43(12) : 1091-1103.
Tang L T, Liu D, Luo X P, et al. Forest soil phospho-
rus stocks and distribution patterns in Qinghai, China
[J]. Chinese Journal of Plant Ecology, 2019, 43(12) :
1091-1103.
JEJ5 v A R AR Y R AL I DR 2 R X
- BEwR AU T T AR A S [T ). R AR K A2
He: AARPBLE IR, 2025,49(5) : 29-37.
Zhou F, Ye L. H, Tong R, et al. Impacts of forest
stand types on the stoichiometric characteristics of soil
carbon, nitrogen, and phosphorus in low hilly region of
southwest Zhejiang Province[ J]. Journal of Nanjing For-
estry University: Natural Sciences Edition, 2025, 49
(5):29-37.
DengJJ, YinY, Zhu W X, et al. Variations in soil bac-
terial community diversity and structures among differ-
ent revegetation types in the Baishilazi nature reserve
[J]. Frontiers in Microbiology, 2018,9:2874.
(T#%2187)



