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Abstract

Aims Little is known about constrained ratios of carbon, nitrogen, and phosphorus (C:N:P) in terrestrial ecosys-
tems. Our objective was to examine the C:N:P stoichiometry and its relationship with N and P resorption in ever-
green broad-leaved forests (EBLF), evergreen coniferous forests (CF) and deciduous broad-leaved forests (DF) at
the regional scale.

Methods The study was conducted in Tiantong National Forest Park (29°52' N, 121°39’ E), Zhejiang Province,
eastern China. To estimate foliar and litter C:N:P ratios and N and P resorption efficiencies, we quantified the C, N
and P concentrations in leaf and litterfall in EBLF, CF and DF. We used type II regression slopes (reduced major
axis, RMA) to determine whether C:N:P stoichiometry varied across gradients of forest production and nutrients.
Important findings The C:N:P ratios in EBLF, CF and DF were 758:18:1, 678:14:1 and 338:11:1 in fresh leaves
and 777:13:1, 691:14:1 and 567:14:1 in litterfall, respectively. The foliar C:N ratio was highest in CF, intermediate
in EBLF and lowest in DF, while the foliar C:P and N:P ratios were highest in EBLF, intermediate in CF and low-
est in DF. In contrast, the litterfall C:N and C:P ratios were higher in EBLF than in CF and DF, and there were no
significant differences of N:P ratio among forests. The type II regression slope for N vs. P in leaves of overall plants
was statistically >1, suggesting an increasing investment of N with increasing of P in fresh leaves. In contrast, the
slope for N vs. P in litterfall approximated 1. N resorption in EBLF was significantly higher than in CF and in DF,
but the highest P resorption was observed in DF. Although foliar N:P ratios indicated that EBLF was P limited, DF
was N limited and CF was both N and P limited, the nutrient resorption efficiency did not respond with relatively
high N resorption in EBLF and high P resorption in DF. We concluded that the relative higher resorption of N and
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P before leaf abscission could be an inherent property of plants, but was not a mechanism thought to have evolved
to conserve nutrients in environments with limited N or P supply.
Key words C:N:P ratio, model Type 1I regression, nutrient limitation, nutrient resorption, stoichiometry
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Tl WHTREHK MR AR. HAREF AR AE R AR A AN B RIC. NAIPE R
Table 1 Foliar and litter carbon and nutrients contents (N and P) among evergreen broad-leaved forests, evergreen coniferous forests
and deciduous broad-leaved forests in the Tiantong region, Zhejiang Province

R IR TR 2 &2 Foliage T Senesced litter
Vegetation and community types % C (%) & Ngkg") B P(gky N B C (%) & N@gkg!) #P (kg™
H 4R E MR Evergreen broad-leaved forests
FEWEE MEW Castanopsis fargesii 43.8(1.6) 13.9(1.5) 0.7(0.1) 46.2(1.4) 9.0(1.6) 0.6(0.1)
%4t B Tricalysia dubia 44.2(2.2) 176 2.1)  0.9(0.1) 39.7 (1.7) 49(1.4) 04(0.1)
HARET Litsea elongata 48.6 (2.5) 115(1.7)  0.7(0.1) 46.4 (1.9) 43(0.6) 0.5(0.1)
EBR Camellia fraterna 41.9 (2.6) 104(23)  05(0.1) 42439 49(1.0) 04(0.1)
RAKE Cinnamomum japonicum 49.1(1.4) 121 (1.7) 0701 472 (1.8) 50(09) 0.5(0.1)
REiEAR Daphniphyllum macropodum 418 (2.2) 126(1.6) 06(0.1) 392 2.1 62(1.1) 04(0.1)
BT Meliosma regida 43.2(1.9) 9.4(0.7) 070D 39.7(1.7) 49(1.4) 05Q0.1)
AW BE AKEF Schima superba 49.7 (3.1 9.7(14) 0.6(0.1) 44.9 (0.8) 7.7(0.9) 0.5(0.1)
#* R Castanopsis fargesii 462 (4.2) 13.6(1.2)  0.6(0.1) 42.1(1.9) 11.2(1.8)  0.7(0.1)
LA Pinus massoniana 51.4(1.2) 11.8(1.5)  0.5(0.1) 47.9 (0.4) 8.8(0.1) 0.8(0.1)
Fikf Lithocarpus glaber 47.9(1.2) 9.7(1.3) 0.7(0.1) 46.9 (5.2) 88 (L)  0.6(0.1)
HEEF Camellia fraterna 43.5(1.1) 10.7(1.9)  0.7(0.1) 40.4 (1.7) 74(1.2) 0.7(0.1)
WL Symplocos sumuntia 32.0(1.6) 93(0.9) 05(0.1) 33.5 (1.6) 6.0(0.6) 0.5(0.1)
HABHY Eurya spp. 40.5 (1.6) 89(1.8) 04(0.1) 37.5(2.8) 6.6(0.3) 0.7(0.2)
#4534 Evergreen coniferous forests
LM DR Pinus massoniana 424 (5.7) 11.3(06) 1.1(0.0) 50.4 (1.7) 54(04) 0.6(0.1)
ARIGHE A Schima superba 33.6(5.9) 9.1(0.7) 0.5(0.1) 47.7 (1.8) 6.4(0.8) 0.5(0.1)
X ERE Castanopsis sclerophylla 42.0(5.0) 10.4 (1.2) 0.9(0.1) 46.9(1.3) 10.1(0.7)  0.7(0.1)
KW Castanopsis fargesii 39.3(1.0) 125(1.2)  0.8(0.2) 45.7(1.2) 87(1.2) 0.7(0.1)
FREFW Cyclobalanopsis gilva 355(5.1) 146(L.1)  09(0.1) 46.6 (1.5) 104 (2.3) 0.7(0.1)
HER Camellia fraterna 37.7(5.9) 79(1.7)  0.6(0.1) 39.1(1.7) 9.4(0.5 0.7(0.1)
st it LR Symplocos lancifolia 39.1 (5.6) 11.9(1.3)  0.6(0.1) 35.3(1.6) 105(1.5)  0.6(0.1)
WL Symplocos sumuntia 38.6 (3.7) 10.5(1.9) 0.6 (0.1) 39.8 (3.6) 11.2(0.9) 0.7(0.1)
REFLLL K Eurya rubiginosa 36.0 (1.2) 11.0(1.1)  0.7(0.1) 423 (3.1) 72(1.1)  05(0.1)
DM DR Pinus massoniana 51.4 (1.6) 58(1.0) 0.5(0.1) 48.7 (1.7) 54(0.6) 0.5(0.1)
B S K77 Schima superba 45.9(1.2) 9.1(1.3)  0.6(0.1) 46.6 (1.3) 6.6(0.6)  0.5(0.1)
HRE Castanopsis sclerophylla 46.1 (1.7) 85(1.1)  0.5(0.1) 455 (1.7) 93(0.8) 07(0.1)
Fi¥k Lithocarpus glaber 51.6 (2.6) 8.1(1.5) 0.6(0.1) 43.0 (2.1) 109(1.2) 0.6(0.1)
¥R Castanopsis fargesii 47.4(1.9) 83(1.1) 0.6(0.1) 43.2(1.7) 104 (0.8)  0.8(0.1)
B Symplocos sumuntia 32.9(1.9) 9.5(2.0) 0.6 (0.1) 31.7(1.5) 103(1.2) 0.7(0.1)
A Loropetalum chinense 44.2 (1.6) 11.6(1.5) 0.8(0.1) 40.2 (4.3) 85(23) 0.7(0.1)
7% H-FE M Ak Deciduous broad-leaved forests
WER WFEF Liquidambar formosana 43.4 (1.8) 185(2.0) 1.4(0.1) 37.9(1.3) 13.3(1.1)  1.0(0.1)
" {3 Platycarya strobilacea 43.6(1.2) 16.7(2.5)  1.8(0.2) 35.5(3.4) 154(1.1)  12(0.2)
B#k Quercus fabri 43.9 (1.4) 173(1.5)  L7(0.1) 39.6 (2.0) 125(1.7)  1.0(0.2)
FHIRH TR Phyllanthus glaucus 39.5(1.3) 235(3.5)  2.1(0.5) 40.1 3.6) 141(1.7)  09(0.2)
FAWE Ficus erecta var. beecheyana  36.6 (1.2) 183(L.7)  13(0.1) 392 (2.7) 13.8(1.6) 0.9(0.1)
4 Indocalamus tessellates 41.4(1.1) 156(1.2) 1.8(02) 33.3 (3.5) 132(1.9)  0.9(0.1)
BT HME Choerospondias axillaries 36.3(1.2) 144(23) 1.8(0.3) 44.0 (1.5) 7904 05(0.0)
BEESY RME#E Lithocarpus harlandii 40.0(1.1) 11.5(0.9) 1.4(0.3) 46.9 (3.4) 84(1.6) 05(0.1)
RN Machilus leptophylla 41.5 (2.6) 125(1.3)  1.1(0.2) 42.1Q2.7) 11.6(12)  0.8(0.1)
Pt B E Hlicium lanceolatum 38.5(2.1) 83(0.7) 0.9(0.1) 45.6 (1.9) 7.6(09) 0.5(0.1)
%15 Phoebe sheareri 39.7(2.2) 143(1.8)  1.0(0.2) 38.7(2.3) 88(1.5) 0.6(0.2)
HIARZET Litsea elongata 37.6 (1.5) 11.6(1.6) 0.8(0.1) 45.9 (3.6) 6.6(0.1) 0.6(0.1)
HEEXE Camellia fraterna 40.1(1.3) 79(0.5)  0.7(0.1) 35.7(4.5) 10.6 (0.6)  0.9(0.1)
FrAgH Alniphyllum fortunei 41.6 (1.4) 163(1.6)  0.9(0.1) 42.1 (4.4) 109(1.1)  1.1(0.1)
B AT SRR E) -

Data are mean (SD); #, Castanopsis fargesii community; %, Schima superba community; X, Pinus massoniana and Schima superba mixed
community; §, Pinus massoniana community; A, Liquidambar formosana community; Yr, Choerospondias axillaries community.
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3 HEATHER. G AR IR A A ST E YN S PE B R A A R
Table 3 Summary of regressions of foliar and litter nitrogen and phosphorus content for three vegetation types (evergreen broad-
leaved forest, evergreen coniferous forests, and deciduous broad-leaved forest)

IR Layer Btk Overall HERFEM AR W aREF AR T bR
Evergreen broad-leaved forests _ Evergreen coniferous forests _Deciduous broad-leaved forests

b (conf. inter.) R(n) b (conf. inter.) R(n) b (conf. inter.) R(n) b (conf. inter.) R(n)

E Foliage

F*AK Tree 1.39 0.47 1.03" 0.31 1.04 0.58 1.03” 044
(1.15-1.69) (58) (0.65-1.64) (16) (0.8-1.35) @n (0.66-1.59) 1s)
121 0.62 1.0 0.57 0.67 0.6 1.08 0.72

BA Shrub {45, 39 (78) (0.77-1.31) @7 (0.5-0.9) @ (0.88-1.32) (30)

¥k Total 1.29 0.54 1.01 0.47 0.92 0.54 1.12 0.63
(1.15-1.45) (136) (0.81-1.27) (43) (0.76-1.13) (48) (0.93-1.35) (45)

W74 Senesced litter

FFAK Tree 0.92 0.53 0.73 0.41 1.44 0.97
0.76-1.1) (58) (0.53-0.99) @n (1.29-1.6) (15)

#AK Shrub  0.89 0.53 075" 0.34 0.7 0.57 0.99 0.68
0.77-1.04) (78) (0.54-1.04) @n (0.51-0.95) @ (0.8-1.24) (30)

4k Total 0.9 0.53 0.76 0.31 0.69 0.49 1.09 0.72
(0.8-1.01) (136) (0.58-0.98) (43) (0.56-0.86) (48) (0.92-1.28) (45)

PRI TEEENSIE, RETRRERY, conf. inter. BRIS%ERS XA, nRAHABEBAENEL), M THARMERY, RAESHIEE
£ %p<0.001, *FRp< 0.05, **FRp< 0.01; 5k, FEbHBAIRICEI BEAT BN T1(p< 0.05); AIRLHE Y, yRRPER, xRT
NEE, FEiEHH, FIANMPEEHEIT T loghkit.

b represented the slops, 7 was the determined coefficient, and conf. inter. is the abbreviation of confidence intervals in Type 11 regression, respec-
tively; n represented 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< 0.01; In the Model II (reduced major axis, RMA) regression analysis, P content repre-
sented by y and N content represented by x; All data were log transformed.

A f+K Tree 507 p Jr A Tree b
30t { a ns 40t o (J=245, p<00l) I
[a
a 0
20} % i ;
20 ]’ a 1 @
T
101 I
10
0 o . 0
» : b #EA
::‘:: sol B [ . #EA Shrub ? E 1??4\ Shrub
2 1 * (F=152, p<0.01) 8 301 *(J°=72, p<0.05) { a
- Q9
£ 40t E: [
= c [
& ]
= 30¢ ] & 20
B b &
g 20t l 8
- v
z = 10} b
- 10F b a T
=
g ° - g 0
£ 50 [ it .
z SFI5M Average a 40fF Y- H{E Average R
40 t ] 2 *(F=9.2, p<0.05) =19, p<0ol) {
l 30t
301
I ab Ja
20+ I
20} b | .
I I
T T
10} 10
0 L i L 0 R R "
H AR AR HERE AR N B AR R AR AR
Evergreen broad- Evergreen coniferous Deciduous Evergreen broad- Evergreen conifcrous Deciduous
leaved forests forests forests leaved forests forests forests

E1 AL REMXIFEEBRAIN, PHRESERBIFME. a b, c, RRFEEAERFGE LRREEZEF(p<0.05);ns, FEBE.
Fig. 1 N and P resorption among evergreen broad-leaved forests, evergreen coniferous forests and deciduous broad-leaved forests in
the Tiantong region, Zhejiang Province. a, b, ¢, Different letters in each bar indicate significant differences (p<0.05); ns, no signifi-

cance.
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FJR LA A1 959:40:1F11 752:31:1), BE ST
EIERHEAR FRCNPR FH A 212:28:1; Mc-
Groddy et al, 2004). ¥ M AR B C:N:P N
338:11:1 (JRT L A873:24:1), BHFETA2HRAKF. H
SRpRIEAR, H A ORI I R AR VR A I CINCP
SRIATITA3:1. 691:14:151567:14:1 (FT & KR T L
302 008:29:1. 1 886:31:1H11 465:31:1), R E
KT 2B FEY K CNP L ZE (B 007:45:1;
McGroddy et al., 2004).

H5RERARERERX HHFRLE R He e
al., 2006, 2008), AWFF A HLEFHAR(39.9). HEk
BF AR (48.1) A& i [ AR (30.8) I i IC:NIY B 3%
TR EX A RCNFKF(17.9); BREMHH
N:PH) A (15.3) M K T 401 5T 3 8 A8 4 P35
(14.4), K T & &% £t #K (14.2) F0 % nf i) 0 #k
(11.1), (B /T H LRI MM (17.8). S RRER
W4 BAH L (Han et al,, 2005), 1 [E A Rl FEH
T53FhFE AR NP LT IE RN 14.4, dEF
Van, K553k FiE 55 e AHmE
(14.4), BEARHIHEM AR IR T (14.2), (HEZH
N TR SRR AR (17.8), B KT K o R AR
(11.1). 5&EHE - FHNPLLE (Reich &
Oleksyn, 2004), <K 51 H 3 S # # N:P ) F S5 1l
(14.4) H SR IR(17.8)F1H SR 6K (14.2)H K9
N:P¥ KT 2Bk FHH13.8, KA %EHEH A &
N:P/NTRBCESME, o0, M5 C:NPIEX IR E
b, PLRAEBU/N L R AR AR R 8 R A HBUR )9
FERFE, X EE S AR SRR BN A K
(McGroddy et al., 2004; Reich & Oleksyn, 2004; Han
et al., 2005).

TEARBRFL, BAR S B o MO SR BT AR I
M SF 3 C:NFINP & 28k KF, (HC:NAINPLE
BB R RIE REAR S 2RAFREE R —
], BN AR SRR R M AR, BRI
H AR HERE RS , iF A CINL C:PRINPZ IR %
{&(Reich & Oleksyn, 2004; Han et al., 2005; Liu et
al., 2006)c AATFFUHFTLAE H, 7EE AR
X, BIMEFERNREE B, A7 E— R AN E A
MY, HTHAGMER, WA A
C:N. C:PFIN:PE T V& M i vl AR R0 3 4841 i Ak

W S [ AR RN R SREF MR FIICNE Z S T
I RE AR, H SRR AR CP B, HARET AR

thAE, VM RE AR AR, RIS S e T A
MY R s ICE &, RFAEBAIN, PR
PR, W SR AROR R ST MR R s A
R BEETEMEYMcGroddy et al., 2004; 7Kk
HIF RAE, 2004; Niklas, 2006). U FEHYIN, P
BB TR E M ] 43 T 2R U 3t DX 3R A s AT
H, AN, PEREMEIAREHEZERFL @ <
0.05), RIFM Fr @At FEH XN PILEZ L HIFEA
IR WA FAERER ARG, AN, PR RN
HAEZEBRAKRR, (AREYN. PE R
JARF . HGRREAR, H A KRR o i bkt
JN. PEERGFHHBALRGRLETL), 1
R AR S REVE NS PE R FIFEDA
FEREZENDNTL (p < 0.05), RYIRREEY T
B, AEAEN. PR LIRS R, S22, %
HE AR AIN, PEERPFIARIRAETL, £
A SR P RSO #E 25 R(McGroddy et al., 2004;
Niklas, 2006).
3.2 HEYEHEMIN. PHROERFE

H#E MR, HSRFEEMN, PERE
WA BRI AR —MIEN, K2R 5%
R LL, G BRI K T iy R D IR
Gy, XALAFEATEFRE S Bk BRI 7 B
BEHERWFES T, UIERITRE, ANFRERR
T 374 E R ArAE B B2 B (Aerts, 1996; Aerts
& Chapin, 2000; #MBFFEERZ, 2001; Liu ef al,
2006), WMEMRIH N PFRA & E R T HE MR,
fE R R S B N S T AR SRR
A H(2003)%F A H X 42FFFE ) NS P& B AR
FIEAN, St AN, PHERERER THE
fE A, Wk A AT R .
FAk, MK FE(2006)5F A kb X H WA FR2h 1 28 E
N. PHEMIIRSGE R BoR: HEWMLTH AN, P
HEHBATERHHFSE . AFFTAEREE
RARH—BUESL T IR, Bl &R
AN PR EEE R T H SRR e k.
AHIF T 4 i P ARR SR A A R P
&= B E T %M A EES54%, p < 0.001), KRG
W MBI PR R, Bl 5L,
L% i ) 55 R A P T A P BE 2 I I AR ) & (Aerts,
1996; PMPAFFPRR 2, 2001).

R, MXEMHEDINS, ¥aREWEE
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RS, #A kB IR R
% # (Chapin & Kedrowski, 1983; Boerner, 1984;
Chapin & Moilanen, 1991; Aerts & Chapin, 2000). {8
£, KRN, PFS ERIL RAR LR 4L,
Bl: B4RV A AR RN SR bk 2 RN R )
YEFE, SR, HERMAM MR FINER R & e T H 4
EREAR, {85 ARG B 3E E R (B1C), B
HEERA AR EZEZ PRI, (B2 F &R RRPE
Wl B E LT RN AAREIND, 1F). WHRE
B: ZNZERHEMEEA— T BH &G HINERSCE,
ZPRRFIMEBEEA—ERASHPERKE, H
B, ANEEME S B MRS B IR NE WS
B RIMHRFSENAR, DAEBEREAESN
FROTERBOHE. RN, EENREN. PFES
HEBETRIFAZEANN. PFRMHER —FEE
& NEH LA Killingbeck (1996)% ML [MIfRRE . £E
RGN EBSRIE MY B A TR S B E,
R T 3% 2 8 1] 5 B R 48 & & (phylogeny) MU A7 (1
g, FIS KRS R L EYME A MR
fiE, B A REEZREFR S EBRE MR EGE
RHEYNBEEES.

B2, BTEYN. PFHIHBIEREIER
(Chapin & Kedrowski, 1983; #h 45 7 il [k R 2,
2001), FEmF, 438575 BRI SHE MR E R AT
ERMECIX 7, Bk, F5 TR ERENPAL S
BHRMIE, TN, PR BRI FIHE 4k 57 7 38 N AR AR AT
HRRMHIFA
Bujt BRAKRHFEAEG0770365) KT g+
SRS FHIFR A (20070269011) K 8h . Rt EX
B RT. AR EIHRFAETASH IS LT
a8,
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