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Changes in carbon, nitrogen, and phosphorus of the understory ecosystem in
Castanopsis hystrix forest interplanted with Aspidistra elatior

LI Xiaoyin'*, WU Sini"*, PAN Lijin'**, QIU Quan'?, SU Yan'*, HE Qian'"’
(1.College of Forestry and Landscape Architecture, South China Agricultural University,
Guangzhou, Guangdong 510642, China; 2.Guangdong Key Laboratory for Innovative Development and
Utilization of Forest Plant Germplasm, Guangzhou, Guangdong 510642, China)

Abstract: To evaluate the influencing mechanisms and potential risks of understory cultivation of medicinal plants on nutrient
cycling, we compared pure Castanopsis hystrix ( non-intercropping) stands with the stands intercropped with Aspidisira elatior on
Maofeng Mountain. Carbon(C) , nitrogen(N), and phosphorus(P) content of understory plants, litter, and soil was measured to
analyze their stoichiometric characteristics and differences between treatments. The results showed that intercropping increased the
total nitrogen(TN) content in the aboveground part of the herbaceous layer( P<0.05) , while decreasing the organic carbon( OC)
content as well as the C/N, C/P, and N/P ratios in the stems and leaves of the shrub layer( P<0.05) , indicating enhanced N and
P absorption and utilization efficiency in understory plants. In the litter layer, intercropping reduced the OC content( P<0.05),
decreased the C/N ratio in the semi-decomposed and fully decomposed layers( P<0.05) , and increased the TN content in the fully
decomposed layer, which reflected accelerated litter decomposition and enhanced N mineralization, while the P release was delayed.
In the soil layer, intercropping increased OC, TN, and the C/N, C/P, and N/P ratios( P<0.05). The rise in soil N/P indicated
the mitigation of N limitation, while the decreases in total phosphorus( TP) and available phosphorus( AP) suggested an increased
risk of P limitation. Soil enzyme activities were enhanced under intercropping( P<0.05) , reflecting stronger microbial decomposition
and mineralization. Redundancy analysis revealed close coupling relationships among the C, N, and P characteristics of plants,
litter, and soil. Overall, intercropping A. elatior in C. hystrix forests optimized nutrient utilization, promoted litter decomposition,
and enhanced soil C and N accumulation, thereby altering the C, N, and P allocation patterns within the plant-litter-soil system,
while highlighting the potential ecological risk of reduced soil P availability.
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M ETAE A IR T FP 2 R R, IRk AE DB R | USRI Y 2R 55
FHZBN 2R, MR GMRR TG B Z P <deik” “JRfib” BOE, W mR0R Rk
], HASERRE, fedcE T, REFRaE | IRIHERRERE M, 1A, S AR Rm A
A3 R PE R 25 AR AR B T RAFARE 251, A B RS HA U R . AR 2R E T
BN AR R R, (R 0 AR S R AIR A, IR | A AR A B R R R T A
B, HATRES R By 8 . G, FEHMES MR, SR AT AL HLOE AU AUy, X T I
A SRS S EENR: | H8 PR g s A R L,

WY, WY, BIERARERRSERGER 3T, ENRFEERVIKR,, EEASET R
HFERM, W(C) . A(N) ., Bi(P) TEAHY - MY - TIRR G H 0 SR, HISEWMARNES RS
MBS . BEREFAL KA IR e . MR R, ARl YR R ) -3, SRR o)
R AR €, N, P, ER— s SRA MR | A L (C/N/P) RU/NET, £
TEWURE RS RIEB R4, JRMP e A= 71 . YIFh Z R0k Kl DR 3R 55 .

MREGIEA T L — Rl AR AFRIE S, TIEE IR GRS A0mE , g AWFE > R, IRA#
R N BRI RIS AEEARRE I, BlanssinE B3 N P RIS, HERIE RS —45e, 2RI,
AW ZE T TR T ER YA I T2 50 R OUECR — 2 o 9520, T A ) - P Ve ) - TS R 58
HAR A AT R E S HFR G AR FHALH A RGEPERF IR o R R AT PR LD X, 135 P
GEE . FREARE, WO A TR AR R, WEE Y R R ROR
()26 57 Noxilt— D TR SR X PR 40, R, RGEHLAE R T SRR . 7R YA L3R C
N, P& S HAR AR L5, ANURT LAPPAG AR 2R O Bk IR 0 B 1Y T B0, W A oA pk
MYBCE | PSR S 2 TR IR L TR AR

Wk A1 2 (Aspidistra elatior) {8 FR— 2%, 8 H 5 FF ( Liliaceae ) Wl Wk 0 5 J& (Aspidistra Ker-Gawl. ) |
N AT A 22 AR AR R TR, HOARDIRZE AT W0 I ARRE | AR S i 1k v S5 TRk, Wik 4 2 i ]
PR, FERBI B AR A K N A, 0.8 BRI B g s - iy HoA: K 5 25 R A 21 B
GBI AELLHE ( Castanopsis hystrix) R EF MBI E, BRI T Y -HMEY -HHERER C.
N, PSRRI R AR R A SE M, PP AR 25 2R Ge ke e 1 AR ) 9 5 0 O A S AR
ARACAR T R A BRI . DRRAR S 2T R R S A S RGP SRR AR

1 HRERWASEHARFE
1.1 HRERER

WXL T R A R IRTAMIZIEIE L (23°17'40'N, 113°27"18"E) M F A m ik, ¥k 470 m,
JE T WA R, ERATEAT, SREW, FEWAFEN, FFHREKEBD 1800 mm, 4
PR 28.2 °C, 8 AR SR T IA 38.1 °C, FEIAIEE N 10~30 d, [HYIBRFERIEACK 1~5 d;
P R BESAR I FEBR X, HeA FE AL A A BUA A, HERa e, BARMEURE A, PSR
Wi, TERIE, WKL pH (E R 4.5, AHLERE N 18.39 ¢-keg™', AT EN 1.28 g-kg™',
EWEEEN 022 g-kg', BHAA SN 59.69 mg-kg', AR EE N 0.71 mg-kg ',

1.2 #FiigE

I L HE N T 4libR, PRI PAE 30~35 a, XEAREFEIZE 1991—1993 Z (], WEMSGHELE 3 a
FTHEAERAL, T 2020 FFRILE AL, FH 1R, HREEZ) 30% , T HEA)Z LI §] g A 3,
BRI | A B AR N

RIS R FREHLX 28, BEE 3 4~ 100 mx100 m X 41, XAMEE =20 m, HEARGFEWE 1 PR, &
AXHBIA 20 mx20 m FEJ7 (AIEE>10 m) , ZF5IBCEAR T SR/ (SR MBRAE) | REF PRI 2T,
34X 6 MY,

2020 4F 1 H, EMRTEMABRE T, RAKEREMITR, a7 K AR 20 BAR O B, W5k
1.2 m, BFAHFFEPAT SRS, BRATEE R 30 emx30 em, FAERATHEASLIE, MG HITEOK, G A
HATIBACAIBEK . ZRAERT, kit 8 SRR A RAT, PR S R 57.88 cm, P 42.15 cm,
M 5E7E 9.65~10.99 em Z[a], E&EEMT 5N 79.77 g A1 21.85 o, WMk 78 55 44 %) 58.35%, &
EFAE IR R A MR, RIETZRMEYIGIA, AT 5T ER AR i, ik
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NETH—EtE, TERREIr WHEARIE DT AT B 5 4 1 mx1 m B PEPRAE/ ML DT, A A 5 A
2 mx2 m HIPIRARETT, SRR THEARR | SR A RGE,

F1 HHMERER

Table 1  Basic overview of plot

S AL BShH bﬁ‘ﬁ%fg R LU IR . 'fmf'llﬁ. Wz
Experimental block Canopy closure tand dcnsilaty Average DBH Average tree height Crown width Slope
/(tree-hm™) /cm /m /m /(%)

1 0.72 319.65 30.9 27.03 9.76 16

2 0.76 314.71 32.94 29.04 10.37 18

3 0.73 309.93 35.24 30.11 10.28 14

1.3 BEAESHERSH

2023 4F 3 A, AR IFICSRARHTT AR FSEANHIE, A AERRE . BiE . ARIRE | AL MR R Rk
B X EAEIATIZHE, R Ay (25, ) MR (IRR ), B2 200 g, Al
SEERE AL VEAREAMBEUE KA | RS SE B IO UE R bR, UL RAIZE, 2% 4%
U RRRIE, AT MR GORAIREE, BT 200 g, SRR ZTEE WIS, HRAETE %
WESRFER AR EE , S HRI I IR R)Z | B Z e 2002 3 D2, B2 7 A
fEEHT AT, FrA EYFERTE 105 CTFAT 1.5 h, HFA 65 CHHEiR TRFE T2 fu

TERFEDT N, % “S” BRI LI 10 D, BERIZ (0~20 em 1)2) R G X5 571 ] 5256
=, HE LB IE . BIBRARBUS , BOU o2 —FE v ] T R IR s e, AR B TR0
A R A TR S T X, T R A B A

MTAEYIEARZA . 25 MRIEAZ - R E5, DRIREY &0 )2 . 584 MLk (organic
carbon, OC) 7 R FHEH B IR AT A AL - AN 2 , 4% (total nitrogen, TN) 7% iz F 2 m PR E R
AT, 20 (total phosphorus, TP) & & MR BB/ CREEAGIN ; 1+ 4984 %% (available phosphorus,
AP) Fr iR BRI L IR IE N RE . (3 IR AR BUE L IR FRZ RIZE P2 1Y GO303W . G0304 W48
GO301W 1257 & 73 I 5E + 3 WAL S ( catalase, CAT) | MRVEWEMME (acid phosphatase, ACP) . fIkHif
(urease, URE)7&EM:,
1.4 HiEQESS

FIFH Excel 2021 {4 B BA g , 85T SPSS 26.0 F iR b3 N Y . JAVEMI A EIEA B . A
Bl o S 13 pH (| AW i | WIS R 1 25 S EAT U7 22 00 BT SRR R U7 2K B Canoco 5 3K
1, DA YA S 2= T AR S i AR & DAV A 3 A Sk i S EOh I B E =i 7T
AT (redundancy analysis, RDA), K Origin Pro 2025 AR {4 1A

2 ZEREHH
21 ARKLEHRTHEY., AEYTIENR, &, BTHESE

WE 1 PR, REMOIARTREARZM, 25 M RRRZHTF A0 OC & S8 K m TAR T Efh
PR, BREEARJZZESN, BEARBM, MR RARE L b RS TN & R EAR T BRI T s TR E
FabBE, o BERZM TN &Rk B 0EE, SAZM EHAM TN & B ERT(P<0.05), &k
b, TP &RZERARE, HEAZER, M REARZH . # R3O0 TP & BT B/ T T
KREFPLEIE, MHEARZZENA; Hep, 7EM T EMAHE T FARZ b 1350 TP & fm ., Mg s
HEEH OC, TN M i BB R0 R 2> 02> E 202, TRNMIZN TP (i, WTFEM
PR PRI YIS TR Z 1 OC & ) W F AR TR R, SR s mtk, RAETEMF LT 1
B OC SR FAUIR, (AART ER AL 25 TR EMALEE(P<0.05) . Y TN & ETE%E 20k )=
Hr, KRB S TR EFAL B (P<0.05), MITERMRIZ . K MZd, PR AR 22538 5
F. HHETN SR AEWIR L R 25 5 3 (P<0.05) , K NAK FERAIE S REMAC B, WAk
JZH TP FritfE R BRI A UL B 2 22 5, (HAREFIAbFRRY 3 TP it B2 5 T T R L (P<0.05) .
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Figure 1  Carbon, nitrogen, and phosphorus content in understory plants, litter, and soil under different planting patterns
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B2 ARLETHTEY, AEHNLEOEEITER

Figure 2 Stoichiometric ratios of carbon, nitrogen, and phosphorus in understory plants, litter, and soil under different planting patterns
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23 AELETLHESEEE, pH EREGUHSE
2 iR, T EMAERE ZRF T L EREG, HAAPE A L1 CAT, ACP, URE iGtEd 3
BT AREMMAE(P<0.05), 1+ pH {EHA AP & EH B E KT AEMALL(P<0.05)

x2 FREAETHEEEE, pHEREGHBHSE

Table 2 Soil enzyme activities, pH value, and AP content in understory stands with different planting patterns

i A S PR WA R S R I 185 1 H i A RO

AbFR CAT activity ACP activity URE activity II—)I | AP content

Al b (pgg ) Jmgkgtd) T gk )

A£Fh Non-interplanted pattern 5.60+0.21b 140.78+6.59b 304.51+3.43b 4.41+0.01a 2.13+0.08a
FTFEFH Understory interplanting pattern 6.34+0.13a 180.33+8.24a 490.64+1.98a 4.32+0.01b 1.62+0.11b

W VBRI AN 7 h 2 7 B Fh AL 2RI A7 7 3 22 5 (P<0.05), Note: different lowercase letters in the same column represent

significant differences between treatments( P<0.05).

24 MTHEPESUFTEFTSAEY. TENTRSH

DIAK T A4 0 A A R A i AR i, DAYR P 0 RN 38 () 2 25 AL 2A TR S R R i R A bt
FICANT, A 3(a) B, AEY . B3RS ﬁi%'éﬁxﬂzkﬁﬁﬂ%iuﬂc fri#'éﬁmu?i
THRFER N 80.37% , #F 1 fliff R 778 B0 55.05% , 26 2 B 778 B9 25.32%, Hb, POC, PTP &%

w5 CAT{&E, D(C/N) ., D(C/P) R RZFIEMK; PIN &, P(N/P)5 CAT i, D(C/N). SOC
B FEIEHSE; P(C/N), P(C/P)5 DTN &, D(C/P) & EIEAMHL,
2 POC = = P(C/P)
PTP
D(C/N)
D(C/P) e D(N/P)

~ = - STN
) B DR D(C/N)
- , = POC
- = POC -

-1.0 1 Axis (55.05%) 1.0 -1.0 i1 Axis (66.81%) 1.0 -1.0 1 Axis) (57.67%) 1.0

(a) WY ST RS
TR UAR ST
RDA of content and stoichiometric ratios of
carbon, nitrogen, and phosphorus in understory

plants, litter, and soil

(b) EFALI AT R S5
ISR TR T
RDA of content and stoichiometric ratios of
carbon, nitrogen, and phosphorus in plants,

litter, and soil under interplanting

(o) REFMAL BT AR 1% 5 U875 90 |
AR I TUR T
RDA of content and stoichiometric ratios of
carbon, nitrogen, and phosphorus in plants,

litter, and soil under monoculture

PTP. ¥ &0 & ik, P(C/N) . AEBRALL; P(C/P). RWIBRBELL; P(N/P). AHY)

R, SOC. B HLI S &, STN. BIRLR L, STP. TSP A&, SAP. AN AL, S(C/N). HIIRA L, DOC. MEWAH
BLER &5 DTN, JAd 2R & i, DTP. YRR & i, D(C/N). WEWBA L, D(C/P). WL, DN/P). MEWAB L,
CAT. 36T AL A IEHE; ACP. HIEIRYERSIREIG . Note: POC. plant organic carbon; PTN. plant total nitrogen; PTP. plant total phosphorus;
P(C/N). plant carbon-to-nitrogen ratio; P(C/P). plant carbon-to-phosphorus ratio; P(N/P). plant nitrogen-to-phosphorus ratio; SOC. soil organic

. POC. MM NS & PIN. YIRS,

carbon; STN. soil total nitrogen; STP. soil total phosphorus; SAP. soil available phosphorus; S(C/N). soil carbon-to-nitrogen ratio; DOC. litter organic
carbon; DTN. litter total nitrogen; DTP. litter total phosphorus; D( C/N). litter carbon-to-nitrogen ratio; D( C/P). litter carbon-to-phosphorus ratio; D
(N/P). litter nitrogen-to-phosphorus ratio; CAT. soil catalase activity; ACP. soil acid phosphatase activity.
B3 AELETHTEOSEEY. TEESUFTEN TR
Figure 3 RDA of content and stoichiometric ratios of carbon, nitrogen, and phosphorus in understory plants,

litter, and soil under different planting patterns
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WE 3(b) fon, TEARTEREY FiEY . BN BT YA BT
FRPRI S BRI BER N 88.75%, A5 1 B T AR 1Y 66.81%, 5 2 Bl 7 AR5 1Y 21.94% , Hrr,
POC &#:5 DOC, DTP &, D(C/P)Fl S(C/N) BB FIEME; PIN &5, PTP F&, P(N/P) 5
S(C/N). DTP &R E R FEIFH L, P(C/N), P(C/P) 5 DOC &+, D(C/P), ACP iHMEE BEIF
R,

WK 3(e) B, TEARERMAR,, Wi . LEESE RIS R Y R S 2=t E TR
PRIy BTl B 82.39%, 55 1 W RE T AZ 1Y 57.67%, 55 2 #hiff B T A & 1Y 24.72%, Hrp,
POC. PTN, PTP &KX P(N/P)5 D(C/N) . D(C/P) BB FHIEMZE; P(C/N)5 DIP &, D(N/P) .,
STN & &4 W FIEA I,

3 54t
31 HTEMEMRTEYR, &, BEENLRITENT N

HI T 00 A BRI S SRR SR (52 ), A 38 B IR P U R AR AP AE I &5 5 5, AR ER
WY, ZLHESEMOMR N SRR R TR S Y I FR e S H B, SRS, AR EM A
B MR HEARZN: | KDL R FAR)Z MR ER 0 OC & i WL, 2l TEFMKIEERS, Ik 17
B A, X — S S REYE A RIE . S8R )E 0 C/N T R S 4 BRI PR T = A, 3
IR OC P AR, VEMR2 AL Xt OC BYMI, T AR )2 s 13 20 1 TN 5 &t 25 T
R EFAC A B TSR TP N ZRAHRCR,, FAZH T #45 0C & akEk, F3UL C/N, C¢/P
REAR, X UHTAR N SR R A L i T FEAHE Y X 253 (R, 7T BEE AR N SR R RS S, AT
VIR ZREPE TR, MR TR R S50 m N . ARG, WREAZEZE, 1 C/N 76 B fl b
P 25 7 CREFAL IS KT EF LI ) | X AT BESE H T B 5 Wk 8 0 F- 28K 5 (57.88 em) X
AT AR ROCI BRI Ah e, RS AR R T A AR, AREARZAY NP #>16, F
B AP AL B A AR AT5 52 P BRG], (HEFMEAMR FHEARZ M0 N/P U, $RRERMSM T P BRI,
AL T AR KR 25 eah, 22, I N/P BBkt — Ui I E MBI UE T N, P (1A
X Rl
32 MTEMMAZEDR, &, BEEMAATENTN

AT LI, AT SRR R O TR IE W0 o i 7R AR C/N (A5 A ) e A% B e ih o3
IRy, TS C MR, FEIIEY TR OC &ML, EEFMLHE T, WMEW a2, Ta
SHRIZER C/N RSERARIZN C/P W R EM T REMAI, RS20 E)Z0 TN &R EAteE, 3
WA R A5 | AGRHE T VRTE D e, A R T 3240 RO MR b - S0y 4 Y TR, MR S P Ad
S VA =0 N/P RN, XOE W TR T SRR TR A A, 520y ih
ORI R A BT SRR S T RVE Y e 2R E R TN Fri, (H N/P JFRRIN W3 2=
S, ATRESE M TAR N SRk SN 7 N A1k SRk, 1 P RRHOR X i O B g E, XS
AT S ST A R —E, ERRELT, IS P R sE I, X AT BE IV P X I 0 1L
Mo IX A3 P FA RS L —FRE R HLE L BeAh, AR B 1€ CAT, URE, ACP i
PEY R S T ARSI, kB R e T A A ReR R, Bk CL NIRRT, P RUE T
R Ak, JEHE/R T U T 2 s A5 32 40 B s A a3
33 MTEMLER, &, BEENALFHITENTN

TR LA 1 B EVR , FOTR A S IRIE YR o i AR O . AP R, AR
TR A RS T L8 OC, TN Frar, UiPIMT ER G E S L C. N RLERE, SR,
TIETP SRADE TR, XAER S WHRERLIED P RS 5% BEMYIE MR GY, R
P A RERARAE 2L, MiAHESE i L3 pH {ERT AP 5 e B b B kI 8 5 B E AR, R BRI
IR, sEmgsE P A S EEER, SECP AT R TR, AR, R
B C/P 5 NP BETE, CAEVSERH, 24 NP /NTF 10 B, 323 N RS AuFsd,
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M EMAFERS T N/P M 6.46 #2532 11.16, 1 P ZHENARXHH G, UiRHER Mk M T 145
N BRI, (H P RREGRES IR, X5 E AR LS RARF AT eAh, MRFER LIS -4 C/N B E T
L, FBEM R AR E T £ C RN e el B, B E RN IE C LR B[R B nT BEREAR T
FHEAR Sy, X SRR 4SR5

- S5 Sl 32 BRI T R E MR TE Bl . REAR FR 5T R ) AR AR A, LR A v (I R
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