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Abstract; The mining of ionic rare earth elements causes serious ecological problems, and it has become an important issue
for ecological restoration management in South China. Ecological stoichiometry, combined with the basic principles of
physics, biology, and chemistiry, can be used to investigate the ecological processes affecting chemical elements. It can be
used to investigate soil ecosystem nutrient cycling and to identify the limiting factors on plant growth when it is used in ionic
rare earth mining ecology restoration projects. The present study used ecological stoichiometry to analyze the topsoil nutrient
contents at soil sampling depths of 0—10 cm and 10—20 c¢m over three different management years in an ionic rare earth
mining area and one unexploited rare earth mine in Changting County, Fujian Province. The results showed that the soil
organic carbon, total nitrogen, and total phosphorus contents were in the range of 0.69—15.7 g/kg, 0.26—1.21 g/kg, and
0.05—0.11 g/kg, respectively. The soil nutrient contents were higher in the 0—10 cm layer than in the 10—20 c¢m layer.
The soil C:N, C:P, and N :P ratios were in the range of 0.89—15.42, 9.50—136.46, and 4.17—20.87, respectively.
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The ratios first decreased, and then increased as management time progressed. The soil ecological stoichiometry
characteristics were affected mainly by the organic matter content because of the residual nitrogen levels and the loss of
organic matter in the early management years. In the later management years, soil ecological stoichiometry characteristics
were mainly affected by nitrogen limitation due to its increased loss during the late management period. Our research
suggested that stress resistant plant species should be planted to take full advantage of the residual nitrogen in the early
years of management. Plant growth and soil nitrogen uptake as time progresses means that nitrogen should be applied during

the late management years to overcome nitrogen limitations.
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FE (AT LRV 60% L L)  RAREE W LRI R Z Wbk RS Eh, —T7
T TT B SR AR A /K R R fog™ Bl DX 22—, [ s e e I g O 0 AR il X 2R 25 R G AL Y — 4> A
RFED R MBS S 0 R R IFEAR A R R R AT T IRATRR 85, 690 L0 X iz R
MG ™, O T T 2 AR TR AR AR R L8 3l iR AR PR T80 B B N K 1
TR RN SR i B BB E S R AL

F 2000 £E LK, K7 T BB AT R IT IS RTA B, BT SR S0 B A S LA R AR S AR R i 48 52 05 12k (B
P T 1 X 25 O AR BRI, i JUARL ) ol SR SO DRI, s 7 DX 3 B 2% DX A SR A 1 — A
e BRI L S S T FREE Y 75 T DX 3l T A AR R HE O S R
AN BT T i ) SR 5 B S A R IR B SR 20 ) R 2R, i 3 R 0 LA A Y S TR
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UG A B Ry 7 R A A R N R 1) AR B i 48 B ( Paspalum wetsfeteini ) , e w5 FE 29 68% , 15 H
( Dicranopteris dichotoma ) 3 %% /N, K B W4 R IEH X, 36 B A H 6%, I+ K VI FE ( Liquidambar
formosana) AAuj ( Schima superba) A £ , iR ( Liquidambar formosana ) WEIIH 5 4 190em , HiA2 24 5.
dem, YR DX A AFTEHD AR EE G O, FAAE G LA FE 48 B Paspalum wetsfeteini) i 3, 55 FE 2R 73% , B
NE LN 85¢m, TEH ( Dicranopteris dichotoma) B4 Yo X B & /N SE NS R 5.3em, T FI0" X K
B AR TR X IR BERT A 2 IR R IRS B R AN RS AR TR AL, SRR D R
( Pinus massoniana) B 208 9.5m , SEIM015 A 12em ; #13e JL-F- 9% 5 H ( Dicranopteris dichotoma ) 4378 55
W ETE 92% L) I,

F1 HITEERRESIMIEAMERER

Table 1 The location and vegatition of sampling points in rare earth elements mining area

FEH PR YE Tt = AR e300 (Kt HE b )

Sampling plot Niushitang Xiakeng Sanzhoutongba Longjing ( reference )

IR HL} ] Management time 2006 2008 2011 2006

2% Longitude 116°23'41.1" 116°24'57.1" 116°24'39.6" 116°27'37.6"

ZG ) Latitude 25°36'11.2" 25°36'33.0" 25°36'13.3" 25°39'31.9"

KB Vesatition HOKRM BT & E R WE s N SR R E D REM R, R
i ¥ R I A LASRES RS

E1 RERGEE

Fig.1 Location of sampling points in study area
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Fig.2 Landscape of sample plot
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D5E T AN cpH 2R 4K = 1:2.5 7K -HL AL I A 5 HIUACZR R FH 5 7K SORLEE 43 BT {X ( Masterrizer 2000,
) I 5 1A LR M2 B R B T R M1 ( Elementar Vario MAX, {55 ) I %2 ; 4% HH i &R TH 2
B BHBEHT LG I 5 R TSR I % 1CP—MS ( XSERIES 2, Thermo Scientific, Z5[H) ",
TIEIATAPE BT A LT R SRR 2,
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Table 2 Physicochemical properties and REE of the soil

HLAHEH i Mechanical Composition

FeHb REETREL S REE/
Sample plot Sampling depth/cm pH R KL ik (mg/kg)
Sand particle/% Silt particle/% Clay particle/%
4 JRYE Niushitang 0—10 4.64+0.15 51.44+5.19 39.13+£3.43 9.43+1.99 212.92
10—20 5.22+0.17 51.10+12.02 39.15+8.31 9.75+3.73 234.39
THL Xiakeng 0—10 4.35+0.12 44.97+10.59 44.89+8.72 10.13+2.03 595.90
10—20 4.44+0.32 52.83+3.83 38.64+3.59 8.53+0.26 432.63
= IHAI Sanzhoutongba 0—10 4.72+0.03 53.61+4.40 38.42+5.52 8.05+1.24 105.81
10—20 4.58+0.15 54.42+5.52 37.36+4.92 8.23+0.74 89.82
T30 (X R ) 0—10 4.31£0.14 23.93+7.25 61.07+7.45 15.01£2.04 38.48
Longjing( reference ) 10—20 4.60+0.15 20.56+6.42 60.11+3.86 19.63+2.68 27.67
Y REE fi T3 H oo 2 &ht
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1.3 Hdloabr

SRS I B YITE Microsoft Excel 2003 1 SPSS 19.0 # 4 N AL H5E AL, R A 2K J7 22381 ( One—Way
ANOVA) [ f5e/N i 35 25 53 (LSD) ] 38 Ul 75 43 F1 A Ak A T B R AE 04T 25 SRR 58, IR H Pearson
AR TR AT A A HT

2 HREHS

2.1 AN[)YA FRAT B %) ek R A RRAE

3 3 ATLLE W, I LR & AL TG BN 0.69—15.7 g/kg, TEA R SRFER I, 51 (X BE Hb ) #5535
i T AL = AN SRFEHL (P<0.05) , =AM FEHIAN [A] )2 2 18] R 808 A B35 25 5, 0—10em 384 HLAR 5 5 K/
HEF MR35 (F BR ) > 2 BRIES = IR > T 5T, 10—20em 15248 HLER & & K/ INHEF Hy 1 350 (6 BR b ) > = Wi
MRS A4 BRIES T, HIESE S RAMEIE RN 0.26—1.21 g/kg, 5 T IAHAER B K A9 24 BRI 10—20cm + 3
B AT A A RE R FIXT BE 3 (P<0.05) |, 25/ 2 18] (1 22 R AS .35 5 0—10em 3 K/ NVHEF by g 33
(X B b ) > = PRI > 2= I > T 30, 10—20em 3K/ INHEF S = I AR 300> e 20 (X BE M) > R 30> B 3E R
] )2 Z [AI B3 19 BAE BR A i = R340, A B 0—10em +)2H T 10—20em +J2, & R
AR 0.05-0.11 g/kg, S35 (Xf M ) AN [R]RAEGR BE O i #0wes T3LA —= R, BR T 10—20em +J2 5
BRI A B B 2= A Hol 2 5 B 3525 7 (P<0.05) ;0—10cm Fl1 10—20em 13848 & 5 K/ NHEFE
KR E (T REHL) >R TS = RIS 2 R 3E

R3 TEREBSERE

Table 3 The features of soil carbon, nitrogen and phosphorus contents

- AR RHERIE bk 25 s
Sample plot Management Sampling Organic carbon/ Total nitrogen/ Total phosphorus/
year/a depth/cm (g/kg) (g/kg) (g/kg)
22 DR YE Niushitang 8 0—10 3.76+2.17aB 0.53+0.29aA 0.06+0.02aB
10—20 0.70+0.49aB 0.26+0.12aB 0.05+0.01aB
THE Xiakeng 6 0—10 0.88+0.19aB 0.33+0.11aA 0.08+0.02aB
10—20 0.69+0.24aB 0.32+0.03aA 0.07+0.02aA
YA Sanzhoutongba 3 0—10 3.17+1.93aB 0.93+0.64aA 0.07+0.01aB
10—20 1.02+0.74aB 1.21£0.95aA 0.06+0.01aB
Je3(x HE ) 8 0—10 15.7026.92aA 1.01+0.40aA 0.11£0.02aA
Longjing ( reference ) 10—20 4.19+0.14aA 0.37£0.18aA 0.08+0.02aA
NG FRARRFRR R — R A R AEBR E LE Z [8] 22 3 B3, KRS TR RN AN R R Rl — SRR BE 13 2 1] 22 e 3% (P<0.05)

2.2 ANREEAFRAEBR Y 3 A 2 AT R AE

A EBAEBR RS 8 X e BAA R E ST IR 4, a4 nTLUEH, 13 C N FA LI A
0.89—15.42 , Hi A = ANEEHB AN IR 251 (F BE L ) 2452 0—10em +3E75 T 10—20em 358 R T F o, HoAb B AL
HUFI B AN ] £ )2 34 5L i 25 25 57 (P<0.05) |, B30 (6 BE b ) AN [R) J2 558 €N He3s 3 v T H At = AR
(P<0.05) ;0—10cm 3 C:N FeA/NHER 2R 850 (X BE M ) > 2F BRI > = AR 3> F 3T, 10—20em +3 C:N
FANHERS R R 850 (O BEH ) >4 BRI >R 5T> = AR, +38 C P AR, S 9.50—136.46, JE 851 ( X
e b ) AN ] 245 (38 i T HA =B M (P<0.05) |, RIF) )2 2 18] A 4 BRSE AU 200 (5 B ) B2 1 35 25 %
(P<0.05) ;0—10cm 13 C:P HR/INHER A 0 81 (6 B ) > 28 B I8 > = I HR 3> F 31, 10—20em +3 C:N b
KANHERF R e 850 (O B ) > = PRI > 24 BRYES T30, 13 NP HARRIE RN 4.17—20.87 , KA H ARG
FHAR: R AR S A = AR LAY 10—20em - 458, 55 Al 79 4 A b R e b, 22 1) 522 4 3 2% 5% ( P<0.05) ,0—10cm +-
B KAB AR = IR ;0—10em -4 C =P L IR/INEE S = UHAR 3> e 35 (Oof Bt ) >4 BR 3> T 3T, 10—20cem
45 C N L R/INHEIR Ry = YA > 25 BRSE > e 301 (6 b ) > 370,

http ; //www.ecologica.cn



6 S % 378

R4 TEETUETERE

Table 4 Ecological stoichiometry characteristics of soil

B Hb TRHAEIR RAFRIE o Cc:p NP
Sample plot Management year/a  Sampling depth/cm
4= RYE Niushitang 8 0—10 7.02+0.30aB 61.62+17.38aB 8.76+2.3aA
10—20 3.02+2.25bB 14.03+7.30bB 5.79+3.46aB
Tt Xiakeng 6 0—10 2.74+0.56aC 11.41£2.50aC 4.17+0.59aB
10—20 2.17+0.80aB 9.50+3.59aB 4.40+0.57aB
Z YA Sanzhoutongba 3 0—10 3.51+0.26aC 46.42+22.01aB 13.58+7.55aA
10—20 0.89+0.16bB 17.53+11.99aB 20.87+15.47aA
T35 (X ) 8 0—10 15.42+0.58aA 136.46+33.74aA 8.81+1.86aA
Longjing ( reference ) 10—20 11.04+1.84bA 51.85+20.78bA 4.60+1.27bB
INE FRE R 7 ] — R M A (R R R B - 3E 2 ] 22 S M W 2, K5 S RS [) 2 AN [R) e Ml J) — SRR VR B2 -3 =2 i) 25 S Bl 35 ( P<0.05)

2.3 HHER AT R A G

T 3T AT R I Pearson FHOCHESHTEE R NZR 5, 3 5 ATLIE H HEA PR 5 2 A (o=
0.05) &8 (a=0.01) 2 BEMC, M HELE S LB MAHCHEARE , HHAPIRS C:N .C:P LIER
FEHX(a=0.01),5 N:P LWHHEARZE; TIES2AS C:P LE R EMX(a=0.05),5 N:P 2B EHC
(a=0.01),5 C:N WHXEMHEALRE, THESEES C:N .C:P 2R EME(a=0.01),5 N:P LHLEES
W,

®5 18 CNPRESUFITEILREXYE

Table 5 Correlation coefficients of soil C, N, P and ecological stoichiometry

c N P C:N C:p N:P
1 0.446 * 0.783** 0.815** 0.958** 0.089

N 1 0.302 0.086 0.458 = 0.912**
1 0.623"* 0.670"* -0.085

# % F/RAE 0.01 K REHE, = FIRTE 0.05 K BEHK

3 e

3.1 AR S AR ARRIE L

T HEOR R BEE Ry R (0 B AR, T LA e Ay ARG AR T A5 R B X R
FER A6 HL i+ A AURRAR 3 5 TR X BTG B, R TR M 280 8 4F BIA BRI IA], 0—10em 564 HLAK
FEEIL 157 g/ke, SREE LTI 22.1 o/kg B BRI 07 X R PR A0 9 2% b it 25 A 4% 114
WA AR T K BT A DA & B A5 0 510 10—20em +HEAT HLAK & HEAUH 4.19 o/kg, A
R S — AR AR PR SR SR B A 0 0 A R AN SR O i i T A 4 P 7E 1 0—10em
T2, RRKOFAEZ X AR5 AR T, 10—20em B2 5T 30 AFE A HE L A PR & W EEARTE 5 g/kg A2
£ EATERIX A MU S kA, B o 2ead 8 AR A A 1] (4 2R BRIEFE HL ) 0—10em 135, {3 R
3.76 g/kg, -1 B B A BT (] (9 HE SRR JS B M i R 3 7 207 DXR BRI, S (o o R 1) A1 400 BB 8 B 4
AR R — 2 (R AR, (EE: Hh ) 0 R %) R P AR M T A DX 45 B AR KBRS , U R I AN . 2Rk
IR RS 0 X RS A I, 7R YA B A BT AR S — A B BT . Bl R B E TR K
B, A VUK & A =S IR 5 TR Z 5 7515 H ( Dicranopteris dichotoma ) 55— LA iy B Fif
BEAR G, A A5 -G MURA e

TR S AR B AR L S, TR R LR R R R R R T4 0 K IR R84
FR R R B IR B | 205 = AR IR BRI E] A9 = PR I 10—20em +IER A& ik 1.21 g/kg, MiiZH X R 2T
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BEAUA 0.6 g/kg 2247 AT LA XA B ATV AR 2 () 5% BA 0 R R R S RN, TR A VA BT IR
MEA K ASBEAA BRI 3 AR B8 A AU, 1T v % BR AR R BR B AR 25 ) 32 MK a2k 2, U A TR O fi
0 X R S E— 2 TR IR EERF R R 6 4R F TR AR SN 0.3 g/kg 2247, A E BT WK il
WIEVERIT P 10—20em +JEAFEE T 0—10em 2 M5 i B LFE TG B R Y iR B kXt B R
JZ S BRSh , LA E A R R A BRI

TR FEORIE TR w8 AR Sk = B R, KRR LTI L 0—20em 485 & s {h 0.
15 g/kgmﬂ X IR 8 AR AYYA L, 0—10em 340 & m B AR AT L 5T, {H 10—20em +3E 4%
Fr iR SRR, SR X Al R AIG , B A B = BR ) R R E i A K S B0 IX IR T 1) i
B PRI, — e R b R BRI AR B et A Y AR X I T G 4 A A AR A AR i 3 T
[ 4) S0 K S 184 F 3 Uk , ¥ B0 el T AR A A W — o TR B 3 AT A — DI AR IR Ml 4 4 b 2 A
SRR BEE AL IFET , B R AR 1Y b ATE 6 4 AT JoREH S & B s AR RHE B 2 5 B B
T AR MR FH B | 40 2o 15 1 N R R 3
3.2 bR EARE KRR A

SRR U LU AR S B A SRR IR R AR bR, 25 G B T A E R R G RR AR 50 A B TR E
T HEAE S RGBT AR AR IR 0 B X AR S E Tk R ER MY B E ik, TR
KA I OB 0 e R B 2 R AR A2 FE R LT IR A 25 R G Th A B T8 R A A9 A
KA, TRl Bz 2R 1 sg ), 9 m 2wk L (25 SR AR FSE b 3 C N H AR R YE
TE 0.89—15.42 Z[i] 4w 45 Ll 48 C N HZRARE F Ry 11.7—18.20 &+ HEFI4(E H 11.9M BR TR
FER I X E H SR DX AR v R 4 P 0K R SR M 283 8 AR ] 36 B, SR AR & 3 A
B RFE FRL B E AT RIS . TR B T ReHh C N L IA B A 1] B 4 B 2E BRI 0—10em 34X Ky 7.02, 38
RSB 4 AT I TG EEET R R 3 AR =N 10—20em +3E C N FEEFE AR 0.89, 1] WL R b Y
C:N HAab Fr=E R AR . A C N JTCR AT P Bl & 28T R C N JTRAE 0.01 /K-
S AR M X R A e 7 LR R AR T R W € N I3 HAE 0.05 7K 5 5 35 A5G, A6
REAA N 0.446, T UL X 398 f T 200k N T30 FE S0 RR I e 25 24 K (1035 T I V5 o6 45 - 39 23 44 1l 3] 7
BN, 138 C N JTEAM MRS . WG AR RO B ERI I R T R AR AR 13 C N A, 1+
HE C N BRI A R B A R R AR R e Y 75 LI R — LR ol ARG IR B
BN KA HUBR A MBI 1 B A R AR K AORRBE 41, i 358 C N HLREAL TR AR

3 C P AT IR K 9.50—136.46 , Tian' " 45 (O FF 5T 45 3 I, v [ AHT 7 AGH L X 348 C <P LE
HYIAE R 78, W58 X A X BRI 0—10em T4 T8, 213 C P WK, SRR RE Rz
W & A e BRI X R o - SEER AT B 0 1k, R R R AT b X A 43 3R R
B R IF R MR BE 8 4FJ5 10 HHE C P LUk 136.46, L IUBRBIRRIG , YA PRI 13 C P LA, AT RE T
WGP A Y R RN | X R AT SR AR AR, BT AR R AR FAR R R A A K TR, A
AR FRAERR L AR b T LA Y, 458 C P EL R I PR A (] (0 4 1F 52 5035 080 B 34 e 3 R AT PR 8 4R 11
FRRYE LI CoP AT B 61.62, MG BER A B N ARG AE K HE T, L5 C:P ks C.PITEM
AR AT LA, 13 C P 2 C e R AL 2 5 A i

1 NP HA AR FITE 4.17—20.87 Z 0], o A + 600 P 349(E 0 6.4 B9 X BR R 30 e 4 R
IV T XS BB Y 10—20em 3841, HoATRE M + 3 A0 TP (E . 4% MR Tessier ™ ZEAUAFFT N :P A4E K
2 N B RTER N :P<14 HEBRE N P> 16 A@ERE], AFFEXER =M 10—20em + 5850, A M1
-4 F A A7 B AR 17— AR 0 32 R A P AT PR T A B R i ke B A 32 SR 9T LA T AGA
TR+ XA R E A 2 BVRBREIE . kBT SRR gtk Sy, i X R A 1 AR K R A
WA N T I IR BRIR AL, A AR AR e AR U e B O AU 4 NP b SRS A OGP
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ALAE S RERAE 0.01 Kk B ANSE HE— U] 1 NP L 322052 R AR

Ml A TR I B SR 70 ) R U e i SRR X DA A B R AR T A T PR i P i i) - 4
BEAE PO IR B T S ) A B 1t R FRA DX O R [ R i 7, -t 2 AR 2 T JR AIF 5 189 — I [, W] LAAER
AT B4 A JRE 46 75 i LA DI LT T8I XA, DA DX AR 2SR O Rt S e Al

4 i

M 1A X SR I 5 A AR IR BRI AR AL, A BILRR 4 5805 i 22 S DR B 4 e B, R
D) 5% S5t ol i 3o ) e i 8 AR IR AR B, SR i R TR R, R X R KR
R RIA SR, 13 C:N C:P N :P LUFfIE N ] 9 HE 5k L2 e 0 i 16 5 A a3, it — 4B il 18-
DA i BRI AR o T 52 2 A BRI PR 3%, A6 BRI E R 00 3 52 il T LR 19 152 = i BR i A A 1 2B 4G T )
Jr AR R 32 R BRI A, DRI 1 08 07 e 3R B A AR X U R B 58 A i AR AT, 2 S b
FEAAFRE T 0 AR , I LAAT HLAE AR A AR G, B AT L5 23T DX 5k P A 2 2, vl i S R R R T
Wrftin e, BEF IR B A A, R AR X RERE R AR R, DU 2805 ) — 5 SRUNIE DA S IR 0% ik = X AL 2B
K S BRAVE R

52 3T ( References)

(1] XESE, §10, BRREZE, SREE. PIEM - BEURE 2Rk A TP, . A B4R, 2012, (12): 26-29.

[2] Fr s T h RGO s, TiReMEHME R, 2010, 7(5/6) : 72.

[3] BR&R, MG, B ERA LR KK R O A BT —— U A RTINS 1. JEoT . BR i it 2013.

(47 XISQ&E, Xy, FaE, B, v, s, BT 60 0 R vk = i 701 5T. L84, 2015, 52(4) ; 879-887.
[5] Wi, RS W2 8 R IT Rl B A 75 e Sou IR AL AR PRE RS 5242k, 2011, 30(12) : 2915-2922.

[ 6] E/NZE. M 0 X IR SR - SRR AT R D). BT Bk, 2012

[ 7] Z9NK, BB, TRRM, PRARTR. B 0 X R 36 o0 2 3 i SOl R KU PR A BRBERME244, 2013, 33(3) . 835-843.

[8] LiXF, ChenZB, ChenZ Q, Zhang Y H. A human health risk assessment of rare earth elements in soil and vegetables from a mining area in

Fujian Province, Southeast China. Chemosphere, 2013, 93(6) ; 1240-1246.

[ 9] ElserJJ, Stermer R W, Gorokhova E, Fagan W F, Markow T A, Cotner J B, Harrison J F, Hobbie S E, Odell G M, Weider L. W. Biological
stoichiometry from genes to ecosystems. Ecology Letters, 2000, 3(6) : 540-550.

[10] Cleveland C C, Liptzin D. C: N: P stoichiometry in soil: Is there a “Redfield ratio” for the microbial biomass? Biogeochemistry, 2007, 85(3) ;
235-252.

[11] Tian H Q, Chen G S, Zhang C, Melillo ] M, Hall C A S. Pattern and variation of C: N: P ratios in China’s soils: A synthesis of observational
data. Biogeochemistry, 2010, 98(1-3): 139-151.

[12] Hessen D O, Elser J J, Sterner R W, Urabe J. Ecological stoichiometry: An elementary approach using basic principles. Limnology and
Oceanography ,2013, 58(6) : 2219-2236.

[13] Gonzdlez-Alcaraz M N, Egea C, Jiménez-Cérceles F J, Parraga I, Marfa-Cervantes A, Delgado J. Storage of organic carbon, nitrogen and

phosphorus in the soil-plant system of Phragmites australis stands from a eutrophicated Mediterranean salt marsh. Geoderma, 2012, 185-186:

61-72.
[14]  ZRGSR, SIBKIE, SKMIMH, A1, B TTI] O 2 2 B AEOK Aol ARG Al S 424 VA 3 R B O A L 2. AR 25244, 2016, 36(12)
3628-3638.

[15] Di Francesca P, Fornara D. Soil fertility and the carbon: nutrient stoichiometry of herbaceous plant species. Ecosphere, 2015, 6(12) : 1-15.

[16] Jiao F, Wen Z M, An S S, Yuan Z. Successional changes in soil stoichiometry after land abandonment in Loess Plateau, China. Ecological
Engineering, 2013, 58 249-254.

(171 &dndp. L3l brrid. Juat. P EROAHE T AL, 2000.

[18] SixJ, Conant R T, Paul E A, Paustian K. Stabilization mechanisms of soil organic matter; Implications for C-saturation of soils. Plant and Soil
2002, 241(2): 155-176.

[19] tEaEs LA A%, e LI mM . mERERAR M, 1991

[20]  BRiEpg. AEpd g il A 3 g RO A B PR [ D] AN R Iisiokay:, 2005.

http ; //www.ecologica.cn



14 PRI 25 AN[RNA BRAR FR A9 2 7~ 20 8 X A 25 A H R R R 9

[21] KBS, WRUGSE, BRI, H0%Z%E, BERE, BT AR E R M A S TR e, o EUK RO RRLE, 2016, 14(2) : 59-66.

[22] ZSKE5. B BURG R oR IR S e BRI Jbat. b2 Tl Rk, 2014.

[23] Hou E Q, Chen C R, Wen D Z, Liu X. Phosphatase activity in relation to key litter and soil properties in mature subtropical forests in China.
Science of the Total Environment, 2015, 515-516; 83-91.

[24] E4UR, T3, ESREMAPTRAEDMFTHEFRE. A%, 2008, 28(8) : 3937-3947.

[25] TR, MU, B0 S AR B ST i Sk S R . b s P EMROl R R, 2010.

[26] B, TMH %, KE, R, &+ RS KOR R X A ST RARHE. AE8%R, 2013, 33(15) : 4674-4682.

[27] ChenZ Q, Chen Z B, Yan X Y, Bai L Y. Stoichiometric mechanisms of Dicranopteris dichotoma growth and resistance to nutrient limitation in the
Zhuxi watershed in the red soil hilly region of China. Plant Soil, 2016, 398(1-2) : 367-379.

[28]  WRVRI. BRI LA, Junt. BR2liiiat, 2010.

[29] Tessier J T, Raynal D J. Use of nitrogen to phosphorus ratios in plant tissue as an indicator of nutrient limitation and nitrogen saturation. Journal of

Applied Ecology, 2003, 40(3): 523-534.

http ; //www.ecologica.cn



