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Impacts of nitrogen addition on foliar nitrogen and phosphorus stoichiometry in a subtropical
evergreen broad-leaved forest in Mount Wuyi
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Abstract

Aims  Our purpose was to explore the effects of nitrogen addition on foliar nitrogen (N), phosphorus (P) and N:P
stoichiometry and to assess their differences among different species and functional groups.

Methods N addition experiment has been conducted in a subtropical evergreen broad-leaved forest in Mount
Wuyi, Fujian Province since 2011. Foliar concentrations of nitrogen and phosphorus were measured and foliar
stoichiometry was estimated in tree, shrub, herb, fern and moss species following the N addition treatments from
2013 to 2015.

Important findings Generally, foliar N increased for almost all species and herbaceous plants are much more
sensitive than trees and shrubs under N addition. Foliar N of Castanopsis carlesii, Amomum villosum, Wood-
wardia japonica increased significantly under N addition. Foliar P for most species was sensitive to the N addi-
tion. Foliar P of herbaceous plants increased significantly but foliar P of Leucobryum chlorophyllosum decreased
significantly. The results showed the subtropical evergreen forest in Mount Wuyi was mainly limited by P and
mean foliar N:P ratios enhanced from 18.67 to 19.72 under N addition, indicating that the strength of P limitation
was enhanced by N addition. N:P ratios of the dominant arboreal species in the communities tended to be stable,
while N:P ratios of herbaceous plants and shrubs increased. The changes in N:P ratios were mainly determined by
P dynamics instead of N dynamics under N addition, and our results confirmed that increasing N availability can
affect P cycling.

Key words nitrogen addition; foliar stoichiometry; nitrogen concentration; phosphorus concentration; subtropi-
cal evergreen broad-leaved forest; Mount Wuyi
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Fig. 1 Effects of N addition on foliar N concentrations, P concentrations and N:P ratios in different functional groups (mean + SE).
CK, LN, MN and HN indicate that N addition were 0, 50, 100 and 150 kg N-hm2a?, respectively. Different lowercase letters indi-
cate significant differences between treatments at p < 0.05 levels. A, D, G, Trees. B, E, H, Shrubs. C, F, I, Understory plants.
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Fig. 2 Effects of N addition on foliar N concentrations of nine species (mean * SE). A, Castanopsis carlesii. B, Machilus pauhoi. C,
Cunninghamia lanceolata. D, Dendropanax dentiger. E, Eurya japonica. F, Rhododendron henryi. G, Amomum villosum. H, Wood-
wardia japonica. I, Leucobryum chlorophyllosum. CK, LN, MN and HN indicate that N addition were 0, 50, 100 and 150 kg
N-hm-a™, respectively. Different lowercase letters indicate significant differences between treatments at p < 0.05 levels.
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Fig. 3 Effects of N addition on foliar P concentrations of nine species (mean + SE). A, Castanopsis carlesii. B, Machilus pauhoi. C,
Cunninghamia lanceolata. D, Dendropanax dentiger. E, Eurya japonica. F, Rhododendron henryi. G, Amomum villosum. H, Wood-
wardia japonica. I, Leucobryum chlorophyllosum. CK, LN, MN and HN indicate that N addition were 0, 50, 100 and 150 kg
N-hm2-a?, respectively. Different lowercase letters indicate significant differences between treatments at p < 0.05 levels.
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Fig. 4 Effects of N addition on foliar N:P ratios of nine species (mean + SE). A, Castanopsis carlesii. B, Machilus pauhoi. C, Cun-
ninghamia lanceolata. D, Dendropanax dentiger. E, Eurya japonica. F, Rhododendron henryi. G, Amomum villosum. H, Woodwardia
japonica. I, Leucobryum chlorophyllosum. CK, LN, MN and HN indicate that N addition were 0, 50, 100 and 150 kg N-hm=-a™,
respectively. Different lowercase letters indicate significant differences between treatments at p < 0.05 levels.
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indicate that N addition were 150, 50 and 100 kg N-hm2-a™%, respectively.
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RL AFING AL L3575 7RG CP B E bR HE R 72)
Table 1  Soil nutrient status under different N addition treatments (mean + SE)

TRRE Ab#E £ £l e N:P pH

Soil depth (cm) Treatment Total C (mg-g™) Total N (mg-g™) Total P (mg-g™) N:P ratios

0-5 CK 47.44 +9.22 3.39£0.02 0.41 +0.02° 8.28 +0.30° 4.27+0.22
LN 49.53 + 3.69 3.65+£0.11 0.47 +0.02° 7.83+0.07% 443+0.15
MN 43.75 + 3.53 3.24+0.10 0.43+0.01% 7541012 4.42+0.19
HN 4559 + 5.64 3.32+£0.16 0.46 + 0.02% 7.26 +0.22° 4.45 = 0.06

5-10 CK 36.93 £ 7.59 2.62+0.20 0.39 £0.02 6.75+0.21° 440+0.17
LN 36.27 £ 3.25 2.81£0.09 0.43 £0.02 6.57 +0.31% 449+0.14
MN 28.38 £ 5.53 2.32+0.17 0.40 £ 0.02 5.76 +0.18° 444 +0.14
HN 31.37£2.13 2.44 £ 0.08 0.41+0.01 6.04 +0.22% 4.58 + 0.06

CK. LN. MNFIHNFEN &4 550, 50, 10051150 kg N-hm2-at, R [F/NE 7 RELR R4 BEIA) 2 53 2. 3 (p < 0.05).
CK, LN, MN and HN indicate that N addition of 0, 50, 100 and 150 kg N-hm=2-a?, respectively. Different lowercase letters indicate significant differences

between treatments at p < 0.05 levels.

o R Bk T 8 5% 2 1 Rl A A 1 (Townsend &
Bustamante, 2007). DA I St 2o, EYA A
WA oTR S ES HEPEN TR S EEIEE E
He 5% £ (Reich & Oleksyn, 2004), 4+ 33 rh 5 ffi gy
iR TCE & RGN, MR N AR AT TR B
2Bl 3G . DhHREFEANY AU M it NS PAb
vk B R AR S HORE NS n e B 7 EE 2 R 3R (Reich
& Bowman, 1999; Sterner & Elser, 2002; Sardans et
al., 2012). NSO, HEPIXIN. PR TR
PR SEmE R 75 oKL 384+ S AL B2 AN RN T A7AE
7= 5 (Tilman, 1990; Glsewell & Koerselman, 2002).
AT, TRAM BT NS g R BU, N
IS 7 e NS E(E’2). XAReH T4
T AR AR, R RGER TN, PN
JR TG 3R s K B A A 2, AR Se PRAIE
4K 7K (Aber & Melillo, 1989; Elliott & White,
1994) . AHIFFE HPAR T A A MIN B B0 NI I
Wi )3 BN UK (B12) o AR FE IR, BEAR. Bk
K BB SEA R 6 NS 0 B U B v T
FoAd A, X AT e 5 8 A P Rh AR ER IR 75 0 e i
J I F5 455 Hug n] DR H 2 N K (Aerts &
Peijl, 1993).

A FE R BN O FE PP oG 2 1) WSO {2 gk
YER, 1% 5 S L 0 #8s NS 0 S 56 19 45 SR (Huang
et al., 2012)/H—3K, (55— i AR 5T 45 R
(Nilsson & Wallander, 2003; Braun et al., 2010) 4[]
NS 01 5| R A7 P 8 o ) R R 3 4 5 P 5 T
—J5 T, NI 52 & I R P e R A, 1R
HYENKPE &, XEAMFAHERZLIEPEED
HEWInm s RER)ME 3. 5 —J7l, Fujitads
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(2010) () BfF 7T BH, NS N2 38 0 (2 2E AR 2R 1ol R A
PEEETT AR S Y LI P RE T . EAE, N
ISR N UK E S 2 REONH TG E 2
(T R I, AT (R 3E X 3P T Rk, TS
o FrP4 & T (Kathleen & Vitousek, 2001).

3.2 NARMMXTHEII FN:PRYFZE

FPIN:PT] DL KA RN PG 2 X A2 K PR il (1)
AHXT 5% 55 (Gusewell & Koerselman, 2002; Tessier &
Raynal, 2003; Gusewell, 2004). Koerselman#iMeu-
leman (1996)#2 i FIWTAEYIN P& 7= Rl FIbRAE: 24
Y NPT 140, M A K ZNTT R 4
NP T-14F116 2 [A] I, 4K ZNFIP T R LA
PR N:PRT160), YA KZPIUR RS . 4
SIG rho] RERE IR o FNEP Y 18.67, B
FIN:PIIK 16, FRHINAINAE #1338 P 0 3 it N AT
Bk, AT EZPILER RG] X5 AertsT(2003)
KTV Ry b X AR AR AR K 32 252 T 3P RR ) (1) 8 1A
—3, I 5HHan%5(2005) 5% T-FH K 43 H X PIC 3=
R (25 RART & o BRI, A NS I 22 1) 3
I, I NGPIZET TR, NP HO IR 18.67
HnF119.72, 1 WIREE NG IS R, YA
(R PRE 1138 i o 3K 55 HARBIE 7 Hh 90 TN R A it A
A F 48 DN R 1) 1) PR 1) #% 22 1) 45 12 (Elser et al.,
2007; Sardans et al., 2012)4H—%{ .

T NP5 ) Fl ) AR 2 SR % A % (Reich,
2003; Jeyasingh et al., 2009), fEYFN:PHIZ1L R
fIE T REL ) 4 F A PN b 22 0 1 9 R M 1D B8 D7 (Sterner
& Elser, 2002; Demars & Edwards, 2007), Bk A4
WD IAEE AR AL 1) 3E B2 (Elser et al., 2010a). 44k 5+
PRER R AR R I, R A U ) T RS AR O AR E 1
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N:P K3 /& B & I e 1Y £2 2 (Demars & Edwards,
2007; Elser et al., 2010b; Irakli & Elser, 2011), A
FSEINGRIISLIR R B TR F NP X AR g,
BACA B, MEARZEYH A FINPHE 53,
KRNI AT, TRAREY NP
WA EINFE . SUEARZEHEY S, HNPHN
TSNS SRR I H B S ) TR) 5 N2 (B 4) . B NS
SR BRSNS AEL A NP S NS T A ) 87 326 4 48
R, XA Aberd (1998) 48 H N B %, B N
TSN 52 me 47 AE BAVNE, ik E TN NAT 2568 B
TE A ST B 2 AR 52

AR RN IS 5t R, SR LY NP
A E B2 P EARNEW, MIEZNE &
AT (E3) . HARW T4 R RIR, fENJCEA
X TR MPICRARXT B Z RS RS, NN R
MR %A R G IPTE A (Gusewell, 2004; Liu et al.,
2013). N. PTG M\AMBIEEH REGRE, HIAER
) #A F F (Elser et al., 2000; Sterner & Elser,
2002; Vitousek et al., 2010), A —Fhyoz 1R I Z
F A —M R AT R PER 2 (Agren et al., 2012),
IR NS 0 2 388 3 52 i - 388 P mT R A R R AR
FA Tl TR Il v M 2 v R D T P ) W A 5 T K AR A
25 R G IPTEIR (Treseder & Vitousek, 2001; Mark-
lein & Houlton, 2012). AHfF 7tk Rt — B3R, N
Jooxr sCER LR V& P S 2, M P
EEARE R A NPARL i B R A

EE£WMEB B¥EaARA5A4(31321061),

Buft RBtdbrRKFTM=. T ARFLT
AL E ST, ARFW, TRA, BF
RFaERpfLFEEIRFLTHRLITY,
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