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Stoichiometric characteristics of C, N, and P in soil and plant leaves in three
typical evergreen forest types in subtropical zone*
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M The aim of the study was to investigate the stoichiometric characteristics of C, N, and P in plant leaves and
soil and to provide a scientific basis for a better understanding of nutrient cycling and stability mechanisms in subtropical
evergreen forests. The study site was located in the Laojunshan National Nature Reserve in Yibin City, Southwest Sichuan
Province, China. The stoichiometric characteristics of C, N, and P were investigated in the leaves of three typical forest
plant types—trees, shrubs and herbs—and topsoil (0-10 cm) in two artificial forests dominated by Cryptomeria fortunei or
Metasequoia glyptostroboides, two secondary forests dominated by Schima sinensis or Acer palmatum, and two primary
evergreen broadleaved forests dominated by Symplocos botryantha or Lindera tienchuanensis. The results showed that: 1)
the concentrations of C, N and P in the topsoil were highest in the primary forest and lowest in the plantation forest. Soil C:N
was highest in the plantation forest, C:P was highest in the secondary forest, and N:P was highest in the primary forest. 2) The
concentrations of C, N, and P were highest in tree leaves and lowest in herbs. Tree leaves in plantation forest had the highest
C:N and C:P, indicating the highest utilization efficiency of N and P. The tree, shrub, and herb N:P ratios were 13.9, 14.1, and 9.3,
respectively. Plantation trees had the lowest N:P (10.2), while that in secondary forest trees (14.5) and primary forest trees (13.8)
was higher. 3) The II linear regression slope for vegetation as a whole and whole leaf N, P concentrations in trees, shrubs, and

herbs was approximately equal to 1, indicating that leaf N and P content had uniform input relations. In conclusion, trees and
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shrubs were more limited by P, and herbs were more limited by N; the plantations forest had relatively poor soil N and P supply

and more obvious N limitation, while the natural forests with relatively high species richness and adequate soil nutrient supply

had more obvious P limitation.

K@mﬂg stoichiometry; forest type; life form; nutrient limitation; model Type Il regression
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Table 1 The characteristics of forest communities along a successional forest series in the Laojunshan National Nature Reserve of Yibin City
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Fig. 1 The changes in carbon, nitrogen and phosphorus concentrations
of plant leaves of different life forms with forest types in the evergreen
broad-leaved forest in Laojunshan National Nature Reserve of Yibin City
(mean £ SD). Uppercase letters indicate the difference between forest types
within a life form, and are tested using a one-way ANOVA with a Tukey’s
post hoe test of significance (P < 0.05).
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Table 2 The concentrations of carbon, nitrogen, and phosphorus in top soil (0-10 cm) along a successional forest series in the Laojunshan National

Nature Reserve of Yinbin City

Bk I A L Y 20
Succession Commun/i; e Soil organic carbon  Total nitrogen  Total phosphorus CN C:P N:P
stage yop (wigkg) (v ke)) (wgkg")
Witz
) Cryptomeria fortunei Hooibrenk ex Otto et 20.0(1.7)a 1.4(0.1)a 04(0.1)a 107 (1.5)a 45.8(6.8)a 4.3(0.6)a
ANTH  Dietr
Plantation Kk
forest >
ores Metasequoia glyptostroboides Hu et Cheng 17.5(0.3) b 1.7(0.2)a 04(0.1)a 14.5(0.6)b 52.3(2.8)a 3.6(0.1)a
)& Mean 18.8 (1.7) B 1.5(0.2)C 0.4 (0.1)C 126(23)A 49.1(6.0)B  4.0(0.6)C
AEA T
Jokp Schima sinensis (Hems) Airy-Shaw 249(2.8)a 3.2(0.3)a 0.5(0.1) a 80(12)a 515(7)a 65(0.3)a
Secondary i /i 35.8(2.0)b 3.1(0.1 0.5 (0.1 114(07)a 702(62)a 61(04
forest Acer palmatum Thunb 320 10.Da S0.ha 40.7)a 2(62)a 104)a
HJ{ii Mean 30.4 (6.2) A 3.1(0.2)B 0.5(0.1) B 97(2.0)B  60.9(11.7)A 63(0.3)B
SR
etk Symplocos botryantha Franch. 329@4.0)a 4.8(0.7)a 0.7(0.1)a 70(1.3)a 4474.0)a 6.5(l.1)a
Primary 444 fif
forest Lindera tienchuanensis W. P. Fang et H. S. 27.8(3.6)b 6.2(0.2)b 0.7(0.1)a 45(0.6)b 382(5.1)b 86(0.1)a
Kung
4l Mean 30.3 (4.5) A 5.5(0.9) A 0.7 (0.1) A 58(1.7)C 41.5(.5B 75(1.3)A

AR E F iy F R AN R AR AL 0] 22 57 . 2, R [R) /N - p e R [R] — AR MRS U [R) R % 0] 22 5 ol 2. SR B S P2 8 (hRafie 22 )
Uppercase letters indicate the difference between forest types, and are tested using a one-way ANOVA with a Tukey’s post hoe test of significance; lowercase
letters indicate the difference between communities within a forest type, and are tested using t-test (P < 0.05). Data are mean (SD).
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Fig. 2 The changes in carbon, nutrients and phosphorus concentrations
of plant leaves of different communities with life forms in the evergreen
broadleaved forest in Laojunshan National Nature Reserve of Yibin City
(mean = SD). Uppercase letters indicate the difference among tree, shrub
and herb within a community, and are tested using a one-way ANOVA with a
Tukey’s post hoe test of significance; lowercase letters indicate the difference
between communities within a life type, and are tested using t-test (P < 0.05). CF:
Cryptomeria fortunei; MG: Metasequoia glyptostroboides; SS: Schima sinensis;
AP: Acer palmatum; SB: Symplocos botryantha; LT: Lindera tienchuanensis.
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Fig. 3 The changes in C:N, C:P, N:P stoichiometric characteristics of
plant leaves of different life forms with forest types in the evergreen
broadleaved forest in Laojunshan National Nature Reserve of Yibin City
(mean = SD). Uppercase letters indicate the difference between forest types
within a life form, and are tested using #-test (P < 0.05).

— 7K Tree == A Shrub = # A Herb

SB LT

E4 BEEEWLEEEHKRREEEMISCN, C:P, PSR
BEBERRNTN (FHELREE) . ARKEFRERRRE—#%
Tr B 0] 22 5 2, /NG R R OR R — AR R AL PR (] 22 S 3 (P <
0.05) . MG: JK1%; CF: ilZ; SS: AL ; AP: 48T SB: KUKl
Wl; LT: RAeFIH.

Fig. 4 The changes in C:N, C:P, N:P stoichiometric characteristics of
plant leaves of different communities with life forms in the evergreen
broadleaved forest in Laojunshan National Nature Reserve of Yibin City
(mean = SD). Uppercase letters indicate the difference among tree, shrub
and herb within a community, and are tested using a one-way ANOVA with a
Tukey’s post hoe test of significance; lowercase letters indicate the difference
between communities within a life type, and are tested using ¢-test (P <
0.05). CF: Cryptomeria fortunei; MG: Metasequoia glyptostroboides; SS:
Schima sinensis; AP: Acer palmatum; SB: Symplocos botryantha; LT: Lindera
tienchuanensis.
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ACHEARM AN, P IEAANERIARPREZEAFET(P <
0.05) , UL BN SF LU A FR, MF A AN, PE B R
AW ENT L, RO T UM S IR AR F AR AN AF7EN | PR
i AU ECNC S o O NI/ NNBY 2 =% (NN R NSO R <N e
N, P i RL AR A5, A SRR ZE/NT1(R3).

SR iliT

3.1 T#EC N, PEEREMLZFITELLR

+HEC. N, P ESHYOEEIENS T AR 5% i 72
BANA L, A58 h £ )2+ (0-10 em) C, N, P25
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TrE1112, 1.06 g/kg, {H HIEP AL T 4 [E P44 5 #0.65
g/kg ™. HHEC, NEZORIET LA HLUE S5 8% W0y 53 it
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YIIRTE Y P NP 25 50 00 Ak SR ™). 3 sz e AF 9 IX 0
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e, 0 P BRI T BAR AT R, AR AS TR AR A ] -
BC N, PHENMAFERFEER. A THALEEC, N P
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Y5 /NS WG B, AR UE T I PN PRI R
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BIo63:5:1, 97:10:1F129:5:1, Horp, A MG F 4 E £HECNP
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YR o f R0, 18 0 B A R o BR A B N TR CN

(12.6) fefmr . NP (4.0) A%, F e s N AR TE Py NSy fift [l
AR, EIINFRGIERE; AR C: PR, HNP (6.3)
TN bR, R S U AR BRI 5 4 N fid 8105 B4 5, (HLR v
WIPENAFAR, I PRR G FRIE; B Ak L C:N, C:PHER K
HN:P(7.5) e, £ THEIBAR LN, PALR 68 713 %
151, JATEPIN. PAy i [ A 3458 , (A7) 2 80— i PRI il R R A1E.
32 EYMHHKC. N, PEE

CYENEmANANFZILER, BHILTYRIMNS0%L 42
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BB BE ST, AN, H5RIRMIRAN M, AN T TF
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W 1220, B IEIX N AS ) AR 316 UKL i O i 4 S B
TR >HEAR > BARR LA, X532 i & et — 50, X
AIREE A TR AN R B A 5 im0 A ORI 1S TR R
TR BE 77 8 5

TP AN, POCE & o £ 22 A 5K AR, 4
R B BER I A BER B B 52 i P02 H AR SR BN, PR
R RE 115 350 PR (25 4 R W P52 AR BIESE

H, FEARM AN, PEEIIE A5 22.3, 1.6 g/kg, T 4Bk
Py AN 20,09 g/kg, R TPH 177 g/kg ™, HIRTF# L
BRI AE I P B 2.17 g/kg B X RIS A ER R R
DA K A b v 4 B L X AR B, B 58 X TR oA B AT AR i i
P DS R R AT REAFAEPIC R B = L. E AR AR
FUA], AP AN, PRy A TR 35 IR T R AR, AR ARAIR
TR, N TARMIEZ TR A2 ZF0 S TP kR 2k 4
A o A K PR — R A TR B9, NG = Y,
DA B NE A%, JF BLAEF A At B s ) CIR AL B ) 2>
7 A0 07 P R N [T BT o AR AR AT T R EENL P

K3 BEEZBEUARRMELENHANSPEEM | KL EERASTER
Table 3 Summary of regressions of foliar nitrogen and phosphorus concentrations along a successional series in the Laojunshan National Nature
Reserve of Yibin City

TR FA Overall T #k Plantation forest WK Secondary forest JE IR Ak Primary forest
Life form b (conf.inter.) R* (N) b (conf.inter.) R* (N) b (conf.inter.) R* (N) b (conf.inter.) R (N)
Fi K Tree 0.76 (0.65-0.9) 0.52 (75) 1.137(0.44-2.95) 0.36 (6) 0.87" (0.65-1.17) 0.11 (42) 0.75 (0.56-0.99) 0.52 (27)
WA Shrub 1.06 (0.87-1.29)  0.38 (66) 118 (0.65-2.14)  02(12) 099 (0.7-1.39) 038(24)  0.86(0.64-115)  0.41 (30)
K Herb 0.80 (0.6-1.06)  0.25 (39) 104 (043-2.55)  0463(6)  0.557 (0.35-0.86)  023(18) 071 (043-118)  0.21 (15)
% { Total 0.86(0.73-0.95) 039 (180)  0.62(0.5-0.78)  075(4)  0.66 (0.57-0.77)  0.54(84)  0.60(0.52-0.69)  0.64 (72)

bFIR AL LM M AL 3, RPFRYCE REL, conflinter. /R 95%E A5 X ], N /R FEAK CHUREA RS0 5 XTI RSk iR B B4R ic & 2l P
<0.001, *3Z/RP > 0.05, **FKIRP < 0.05; FERBMARICFR RLFR TIUNT1(P <0.05) 5 75 MELIERIN T, yRRPE i, xRm A S &, fEiH
R BT AN AT T logh ik,

b represents the slops, R’ is the determined coefficient, and conf. inter. is the abbreviation of confidence intervals in Type II regression, respectively; N represent
the number of samplings (individuals). For all slopes, P < 0.001 unless otherwise indicated. Slopes statistically greater or smaller than 1 (P < 0.05) are indicated
by boldface font. * P> 0.05, ** P <0.05; In the Model II (reduced major axis, RMA) regression analysis, P content represented by y and N content represented by x;
All data were log transformed.
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