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Litterfall ecological stoichiometry and soil available nutrients under long-term

nitrogen deposition in a Chinese fir plantation
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Abstract . Nitrogen (N) deposition because of continuous anthropogenic emission of air pollutants, is one of three major
drivers of global change. Elevated N deposition may lead to N saturation, soil acidification, plant nutrient imbalances, and
even forest productivity decline. Nutrients released from litterfall decomposition represent a large part of the input to the
soil, which has been studied extensively in forest ecosystems around the globe. However, the relationship between soil
nutrient availability and litterfall remains largely unknown regarding nitrogen deposition, especially in subtropical forests in

South China. In the present study, the litterfall and soil nutrients were determined in a nitrogen-loaded Chinese fir
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( Cunninghamia lanceolata (Lamb.) Hook) plantation forest. A field experiment with simulated N additions at three doses,
N1 (60 kg N hm2a™'), N2 (120 kg N hm™>a™"), and N3 (240 kg N hma™"), with NO as the control (0 kg N hm™
a”'), was conducted by adding the required amount of urea dissolved in 20 L water. This field experiment was initiated in
January 2004 with continuous operation and was monitored for almost 13 years. Ten 1 m X 1 m litter collecting frames were
randomly set up in each plot in January 2004. Litterfall samples were collected monthly and mixed together into one sample
per plot. We selected litterfall samples in June 2016 and separated them into fallen leaf, branch, and fruit. In total, there
were 12 plots X 3 components = 36 samples. Soil samples were collected randomly at the depths of 0—20 ¢m, 20—40 c¢m),
and 40—60 cm in each plot in June 2016, which together (4 treatment levels X 3 doses X 3 soil layers) constituted 36
samples. The ecological stoichiometry of fallen leaves, branches, and fruits, and soil available nutrients, such as
ammonium N (NH;-N) , nitrate N (NO;-N) , alkali—hydrolyzed N, available P, available K were measured. Our results
showed that N deposition increased N content by 35.27% in fallen leaves and 32.21% in fallen branches averagely. The high
level of N addition (N3) decreased the carbon to N (C/N) ratio by 25.95% and 32.21% in fallen leaves and branches,
respectively, but increased the N to phosphorus ( N/P) ratio in fallen branches by 38.4% and in fallen fruits by 31.7%.
Nitrogen loads produced no significant effects on litterfall C content, P content, or the C/P ratio. The concentrations of soil
NH,-N and NO;-N increased significantly with increasing N deposition levels at all three soil depths, with stronger response
from NO;-N. The NI treatment significantly suppressed soil available K, whereas the N2 treatment significantly promoted
soil alkali —hydrolyzed N at 0—20 c¢m, but N deposition showed no significant effect on soil available P. Pearson’s
correlation and redundancy analysis (RDA) between litterfall ecological stoichiometry and soil available nutrients indicated
that litterfall P concentration ( Monte Carlo (999), P = 0.018 ) and C/P ratio (P = 0.037 ) were the major determinants
of soil available nutrients. Negative relationships exited between the litterfall C/N ratio, C/P ratio, and soil available

nutrients, which suggested that higher ratios were unfavorable to the accumulation of soil available nutrients.

Key Words: nitrogen deposition; litterfall ecological stoichiometry; soil available nutrients; soil available nitrogen;

Chinese fir plantation
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Table 1 The basic properties of soil before nitrogen deposition

e LR e B e M B
Treatment Organic/ Total N/ NH;-N/ NO3-N/ Available P/ Available K/ pH
(&/kg) (g’kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
NO 19.23 0.86 22.33 14.86 6.21 134.82 4.59
N1 17.31 0.68 21.91 14.94 6.04 130.69 4.76
N2 18.88 0.80 22.28 14.77 5.42 130.54 4.65
N3 18.14 0.81 21.94 14.85 5.16 112.94 4.71

NO NI N2 N3 ZpfC3 4 R4 BE 5 NO (0 kg N hm™2a™' %t #8) | N1 (60 kg N hm2a™') | N2 (120 kg N hm2a™") Fl N3 (240 kg N hm2
a™') ;Four levels of nitrogen treatment were set at 0( control,NO) , 60(N1), 120(N2) and 240 (N3) kg N hm™2a™", respectively
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BRI 206 B AN T 5% 260 A J 26 o R i U DT R At AT 4400, AR AFF 52 2 R 1 A1 ) 2R A 5T,
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Europe) ' 7 H fI4t 3¢ Harvard Forest ' SRR 5815 1T, ZUUTRE Bt (8 2 2 BT 24 b R0 TR it DA 2
ARXF R AETT R, He UM & 1 = AIK, 4315 4 B AR 2R, 435108 NO (0 kg N hm™a™ , %) | N1 (60 kg N
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Table 2 Two-way ANOVA of litterfall eological stoichiometry

A F(P)H Value

Factor C N p C/N C/P N/P
JHIE W44 Litterfall components 2.098(0.145)  7.155(0.004) 17.437(<0.001) 8.072(0.002) 17.502(<0.001)  1.102(0.348)
R UTIE Treatment 0.542(0.658)  4.721(0.010)  0.142(0.934)  5.551(0.005) 0.229(0.875)  7.596(0.001)

PRI S < BT

Litterfall componentsXTreatment

1.476(0.228)  0.119(0.993)  0.307(0.927)  0.077(0.998) 0.664(0.769) 0.967(0.468)

22 HHEARGRSY

145 pH ME KR ILE 3,5 NO AHEE, NT N2 A1 N3 & FEK T 0—20 em +)Z /) pH (B3 fin T+ 8 &K
i, HEHEERGE(E 4) vl RUTREAC B R 25 38 im + 3 NOS-N Fl NH;-N & &, 888 N3>N2>N1>NO,
XUR Ry 2253 Bras e (32 3) KW, L2 xR TN NOS-N NH; -N FI& 7K AW B & 500, HHEER3R5 I
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Fig.2 Mean percentage changes of measured parameters (C, N, P, C/N, C/P, N/P) after N deposition relative to N0 (NO/NO=100% )
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Table 3 Two-way ANOVA statistics of the effects of nitrogen treatment, soil depth, and their interactions on soil available nutrients
F(P){H value

HF Bl 2

. AL AL A A ok
Factor Alkali- . ) _ . pH ..
Available P Available K NO3-N NHj-N Soil water concent
hydrolyzed N
T2 Soil depth 36.924 24.949 4.897 357.915 44.576 3.739 17.331
2 Soil dep! (<0.001) (<0.001) (0.016) (<0.001) (<0.001) (0.039) (<0.001)
SRR Treatment 2.587 1.081 1.041 1232.112 20.476 3.075 11.143
FLILEE Treatmen (0.077) (0.376) (0.392) (<0.001) (<0.001) (0.047) (<0.001)
+ B XA IR 1.406 1.297 1.050 12.473 3.746 0.265 8.250
Soil depth X Treatment (0.253) (0.296) (0.419) (<0.001) (0.009) (0.948) (<0.001)
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Table 4 Pearson correlation coefficient between litterfall ecological stoichiometry and soil available nutrients

e ‘ﬂiﬁf‘ R R A SR " fl*%
Variable hydrolyzed N Available P Available K NO;-N NH}-N P ‘:;nz’:nfr
C 0.191 0.290 0.242 -0.055 -0.060 -0.027 0.019

N 0.226 0.366" 0.042 0.580 " 0.307 -0.064 0.388"
P 0.374" 0.465 " 0.260 0.267 0.184 0.069 0.200
C/N -0.217 -0.395 " -0.041 -0.619** -0.346 0.014 -0.487 "
c/P -0.359 " ~0.431** -0.250 -0.220 -0.138 -0.102 -0.171
N/P -0.115 -0.011 -0.211 0.422" 0.213 -0.112 0.300

w FRBEMIE(P<0. 05) , = « FRHEFEMR(P<0. 01)

3 itig 1.0 P P=0018 N
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P75 C/N B2 T B PR AT g2 8 v R 2R

TR A FRAR AR R Y el Il 8l N:C{E ™, FETE o i A b N A P AG 3R
SRR AR S HAE (A A2 ) AR MR N I R S T PR s R A AT e
A A AT P BRI AU 2 4RSS TS Y4 PR I TR R A, KRR A R
Wik, MRIEHFIE A N/P LRI RS 14 F116, 25 N/P>16 BF, W32 P RERE™> . AR5 h %Y 4%
30 N/P It 20> 16, UL AT S T 1338 RS T A 2K, B X ARG T | A4 2538 i — 2655

RDA2 (0.9%)

-1.0

10 RDAI (19.5%) L0
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ORI N+ A R 0 B i, I SRR AL AE B pH (ERRAR, AU R T4 e MEIA PR O 25, 18 T LIS
RIS,

ARG 48 NH,-N 2R E & T NO-N &, A 3 M a R A . —J& NH;-N o NO3-N 255 8
2 T RO SR P B NOS-N &) =25 NH-N 47 1IE B A A H, NOS-N 45 47 B 7 BT 45
Sy i WA R SR R B, A DT AL P 5 B T 139 NOS-N Rl NH-N &, AU 3 5%
Z(NH;-N + NO;-N) FIRZ I A77E SRR > | bt TR Al 8 s ) & ik . IR b 2
1AER 2 4R)5 , HIEA SR S 53 2 40 mg/kg 146 mg/kg ‘2 AbFE 10 4EJ5 , HIEA SR LN 52 me/kg 1
o JHARSCHIRFFE A5 SRR, A R S 2 19 me/kg, LELARTAYIRE FFE T 50% L F, BE H B0 T &2k
538 7 AT e A U AT B AR U A 1) VR 2 RV M A R =X, He v 2 349%—95% 1 AU A
T LR AR (0—20 em HIE2) Ty kA8, AR B AR SC I SR WAIE B T X — A8 (BdlE R kR FR) . ik ok
SEATTRE (NT R N2 ) fi i - R A0 7 i 34 1 =5 0 DORE KO (N3) B AIE T L35 i (R B R 3k 31 g K
o ATRRJE PR AR-H KA (NT AT N2) DLRRAR o T 385 W 3% 3, 8 3% NH-N Al NOS-N 7% &3
T, SR T A PR IR T A T T (R R A 40k, DT B R A 1 Y R K TR (N3) N5k
I I E IR (pH =3.5) Btk 13 SRR AL I 5 TCHLBE & AR RO, B AR 1) R, A A
Wyt - HE A A RS, R A 7 R AR L TR S B R I T R 4 (0—20 em) -1 P st Ui 55
R ZE £ (20—40 em 40—60 cm ) A S0, AT BES R R ML R T 52 2 AR VAR B T IR, s T AR e
TR (R o f /N, B0 R 3 B J5 AR )2 30—50 em 4B,

RDA HEJF [ Rl T 7E AR T i 5 A 2R AR 4 pH M K Z M E AR GG &R,
HY P F (P =0.018) fIC/P (P =0.037) 5 HIEAREEF BEMK, MED T C/N I .C/P 55757
5 I S OO H (BB S ORI T H 500 00 B, VR Y C N (P 55543 283 43 35 10 43 i R T
[ 3] 4, B B R IR R RS RO S R VR ) o i 2 TR A AR R R ) i 22 T
TE BARERT G A 535 53 B A S5 ot U 40 1) e 38 R A VE P, U8 9 400 43 A 2 B st ok S8 9% - 1R 3R 4y
PG , BEAR TR AT A A 5k, DT B R4 1) 2 7= B T DR P o 0 o i L DR 8 00 43 Ak (0 DL B 3225 T
SR A R AR, LR S S A OG R R AR A BRI Y VAR R GE R AR C N (E) B
IR TE ) i) BN R 22— FXRIE, 5 C iN(108: 1) {E A IR &, 20 il A R ESZ N RR il ;
% €N (12:1—20: 1) B 05 i, 0 AN N BRI, a8 45 % AR LR 21 - 3 rp ) JRVE 07 C
TN EA T4 B N R RS 3R N A 8ot A R0k N & S 80N AR A4 S LA S C
N {EAED =4 R U (3—6 4F ) Hh & AbFIUK S (N2 ) A2 RV I5 90 (0 43 A | T e AL B K S (N3)
PIVER  SRUTRIE T A FRAR A S R G AE P BRI TR RS T Yo i AR P
PSS KRB, B g & PR iR A S [ 50 C/P A3 FR2k R 600: 1, /NE& R C/P 43 FL2E 1200:1—1400:
1, KAk C/P 4354k 2500:1, AWF5E gt C/P {E# T 800:1, 754 C/P {Hil L 1400: 1,745 C/P {625 1200
1, W ERVE DA AL P B TR R ECIRAS . JRYE D P o) 3R R T LA A ) (B AN R
LRTR S ) P 22K P 1) e T RS R R 9 S T IS v el R XY S I B Ca-P  ALP
Fe-P %5, Jo ik (W FRHVE T, e 2 S B8O P xE AR 2

4 £t

AR FREER R, BORESAE T AR N TR W25 A5 (B TR RCMTE R ) 9 C N P LI
M >YE R STE R T C/N C/P N/P HAENIGF S AR, B PE I <P5A < V5 S, N1 N2 Fl1 N3 b RIS T 98 7%
WIS E N i, AU T S YAH 8 N S8BT /N BT NP e T, sy
AR RGN, H NH,-N & 8 200 305 T NOS-N &, R I N3>N2>N1>NO, (HE WA DTIRE, WlR
HAARNT AR T &0, N2 Ab B 3 0—20 om Blff A S &, MRt H3E(pH<3.75) S )2
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P T BRI NT A H I 2 AR 0—20 om BOBALER, A DU N L3 AR AL, 13 b BB S5 8R40
ALY L H BRSSO A 0, AN T AR RS e S AR P I AL
PAVE DA AT A S F T 5 465753 Pearson FITUAR T (RDA) R B . P8 WA S 4k 2T iR + 3
ARSI B, JA7 ) P AT C/P LR L e R O A R R LR, Vs P /N
[:I: C/P Lo s 52 0 25 SRR O, U e O 7 S 20 19 R AR, A 7 W0 2 A R 5 [ ) 281 1
S SN B L IR A, - HESR I A S AL R i T R e D B BR AR T AR S
SEFRIy Z (A AFAERE ) AN 3 it 25 2Z 1R B TE SRR, LA BP9 1 B 2R 7 A1 5 A0 - S BRAL R 1 25 B0 7 10
TR EAE AR 2R,
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