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Litter decomposition in a Chinese fir plantation in response to nitrogen deposition
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Abstract; Litter decomposition is a key process of nutrient cycling in terrestrial ecosystems and a major component of the
global carbon budget, which is presently being affected by the global atmospheric nitrogen deposition. Studying the litter
decomposition and nutrient release patterns might be of great importance for better understanding the carbon balance and
nutrient cycling of forest ecosystems in response to global change. Many studies on the litter composition have focused on
fallen leaves. However, very little is known about the composition of fallen branches and fruits. To investigate the response
of nutrient (C, N, and P) dynamics in fallen leaves, branches, and fruits decomposition to elevated N deposition, a field
experiment was conducted in a Chinese fir ( Cunninghamia lanceolata) plantation, located at the Guanzhuang National

Forestry Farm, in the subtropical region of China. Simulated N deposition treatments were designed as NO (0 kg hm™ a™",

control) , NI (60 kg hm™ a™ | low-N), N2 (120 kg hm™ a™', medium-N), and N3 (240 kg hm™ a™", high-N) , with

three replicates in each treatment. Starting from January 2004, each treatment was sprayed with CO(NH, ), on the forest
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floor at the beginning of each month, and this spraying is being continued till date. After 12 years of N— application, the
decomposition of fallen leaves, branches, and fruits were studied by using the litterbag method. The fresh litter samples
were collected in December 2015 and sorted into three litter fractions: leaves, branches, and fruits from each plot.
Decomposing litter in the litterbags was collected at 3—month intervals for 2 years from each plot, and then the mass loss
and C, N, and P contents were determined. The results showed that the percentage of dry matter remaining of fallen leaves,
branches, and fruits was on an average 27.68% , 47.02% , and 43.18% , respectively, for all the treatments, after 2 years
of decomposition. The decomposition rate of litterfall fraction decreased in the order leaf > fruit > branch. The decomposition
coefficients (K values) of fallen leaves, branches, and fruits were 0.588, 0.389, and 0.455 on average. The turnover
period (time to 95% decomposition) of litter leaves, branches, and fruits was 4—5 years, 6—8 years, and 5—7 years,
respectively. Low— and medium-N treatments (N1 and N2) had a significant, positive effect on the litter decomposition
rate, with N1 showing a greater impact. The turnover period (time to 95% decomposition) was 4.50, 6.09, and 5.85 years
for fallen leaf, branch, and fruit, respectively, under N1 treatment, and 4.95, 8.16, and 6.19 years, respectively, under
N2. Simulated N deposition increased the N and P contents in the litterfall fractions, but decreased the C content. During
the decomposition process, litter C showed release-enrichment-release pattern, and N and P showed alternately release and
enrichment patterns, except for the N content in the branches. The released amounts of litter C, N, and P content were
greater than the enrichment. In summary, low- and medium-N deposition promote litter decomposition, with stronger effects

for the low-N treatment. The litter C, N, and P exhibited the pattern of nutrient release under long-term N deposition.

Key Words: nitrogen deposition; Cunninghamia lanceolata; litterfall decomposition; dry matter remaining;

nutrient dynamics
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Table 1 Soil physicochemical properties in different nitrogen treatment before litterfall decomposition experiment

pas:l fr anic =R 28 wﬁﬁf—k AR TR
pH & Total N/ Total P/ Available P/ Available K/
Treatment carbon/ (/ke) (/ke) hydrolyzed N/ (mg/kg) (me/ke)
m, m,

(¢/kg) i i (mg/kg) v ’

NO 4.37 23.65 3.31 0.73 108.41 0.99 81.53
N1 4.36 20.94 3.42 0.69 101.68 0.72 73.89
N2 3.86 22.46 3.75 0.81 111.48 1.12 76.25
N3 3.82 23.81 3.25 0.90 107.80 0.72 65.83

NO N1 N2 N3 75403 4 Fhab3E g NO (0 kg N hm™2a™' , %} #®) . N1 (60 kg N hm2a™') . N2 (120 kg N hm™2a™') #1 N3 (240 kg N hm™>

a ),

(2) J7& W) o fidp i %
SR Olson (1963 ) 0 48 B AR RIS U 75 ) o Atk B 55 UR P& 0 At R 8K
M/My=a - e™ (2)
b, K PTEY) 0 w80 0 o3 fis 8] (a) o PRI 93 A 50% (T, ) F11 95% (Tos,, ) F it i[RI 355075 12: 2 MR
] TS A5 (2017) 7 R IS B4 (2017) ¥
Ty =—In(0.50)/K ; Ty, ==In(0.05)/K (3)
(3) WVEYIFRII R A (R, %)
R=(C,xM,)/( CyxM,)x100% (4)
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Table 2 Initial characteristics in leaf, branch and fruit of litterfall ( mean+SE)

JLE Elements A FE Treatment I Leaf £ Branch B Fruit
C/(g/kg) NO 490.01+60.48 516.86+54.16 434.10+63.76b
N1 557.52+36.46 575.27+35.58 654.14+24.72a
N2 569.95+39.01 531.59+31.88 481.57+18.66b
N3 562.64+31.53 582.57+33.38 540.83+19.97a
N/ (g/kg) NO 11.20+0.67 9.20+0.25a 9.58+0.72
N1 11.32+041 6.69+0.79h 9.27+1.09
N2 12.09+0.96 6.88+0.59h 9.48+0.85
N3 12.82+0.52 6.28+0.38b 8.41+0.27
P/(g/kg) NO 0.57+0.07b 0.37+0.04b 0.65+0.06a
N1 0.60+0.06b 0.43+0.04ab 0.45+0.09b
N2 0.55+0.07b 0.40+0.05b 0.74+0.04a
N3 0.80+0.05a 0.55+0.06a 0.59+0.06ab
C/N NO 43.94+5.26 56.17+5.53b 47.38+8.32b
N1 49.50+3.57 91.70+£10.69a 76.86+11.47a
N2 47.86+3.16 80.12+8.33a 53.23+6.05ab
N3 44.27+3.02 93.89+6.71a 64.46+2.61ab

C . 4&2Wk , total organic carbon; N: 4%, total nitrogen; P: 4, total phosphorus; AN[FFHEEFE R BE 2R P<0.05

32 3 ™ Olson FEECE MBI AHOC R AL (R ) Y3k B i 2 40 C (P<0.001) , LB JRVE Py it R R B T
Yy sk B R IRl Z LG ROR RAF . 456 0 R EC(K) RS (4 50%4FBR ) F0JR 56 30 (73 i 95%4F:
B3 S8R AT LA P IE ) o ifadt e ohy it S IS B, 2K N DR 52 e, U 95 ) 45 453 04 o ol 2 25 S
B, Horh NTRT N2 AbEEEIRUE T PR 0 o N3 AL BB T — R B9 I RIAE . JR IR P R A o 4—5
A PR TE YRR 6—8 AF  JRTE R R e Ao 5—T7 4
F3 BEWA KL RHHE Olson FELAER

Table 3 The Olson exponential models for the average decomposition rate of litterfall leaf, branch and fruit

IMRZEE K M S0%AERE  4M# 95%4F KR

4 s Y Simi Decomposition 50% 95% }fﬁ%g‘%&@z) PH
Components Treatment Olson equation rate K/ decomposition  decomposition Corre']a.tlon P value
(vV/a) time/a time/a coefficient

M Leaf NO y=107.76¢703%" 0.536 1.29 5.59 0.9406 P<0.001
N1 y=119.27¢ 70660 0.666 1.04 4.50 0.8878 P<0.001
N2 y=111.70e70-605! 0.605 1.15 4.95 0.9176 P<0.001
N3 y=108.39¢ 034! 0.544 1.27 5.51 0.9531 P<0.001

# Branch NO y=101.21e7034 0.345 2.01 8.68 0.9825 P<0.001
N1 y=105.86¢ 042 0.492 1.41 6.09 0.9682 P<0.001
N2 y=102.71e70-367¢ 0.367 1.89 8.16 0.9708 P<0.001
N3 y=104.45¢703%1 0.353 1.96 8.49 0.9519 P<0.001

5 Fruit NO y=104.47¢70421 0.421 1.65 7.12 0.9508 P<0.001
N1 y=104.45¢705121 0.512 1.35 5.85 0.9673 P<0.001
N2 y=103.24¢ 70484 0.484 1.43 6.19 0.9722 P<0.001
N3 y=99.885¢ 0402 0.402 1.72 7.45 0.9620 P<0.001

y AT AL T S8R B 2 0 it ]

2.3 WEYS AT C NP S
FED it R b i RIS AY C i 3 B BRI - PR A RA A (1 2) o N ULRRAL BRI C & i
TESE 18 N H KAESE 3.6 A 18 AN H AR C HEAESE 9,12 Ml 18 N H k2 8 & M 22 5 K F (P<0.05) . 43 fift
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N1, P=0.023
30F N2, P=0.006
0L N3, P=0.520

FHJiER BB 2 Dry matter residual rate/%

NoO,
40 [~ Nl
30 N2, P=0.043
N3, P=0.074

H Month

B1 SREFGTEAEYH BMRSBIEPTURRERNETL
Fig.1 Changes of litterfall leaf, branch and fruit dry matter residual rate in the decomposition process under nitrogen deposition
* ForR AN IR IR 7] 2 53 .3 (P<0.05) , NONT N2 N3 43-5Ift3% 4 Fib2E, 25 NO (0 kg N hm™a™" , %) | N1 (60 kg N hm™a™") | N2
(120 kg N hm™2a™") F1 N3 (240 kg N hm™2a™!) . Four levels of nitrogen treatment were set at 0( control,NO) , 60(N1), 120(N2) and 240 (N3)

kg N hm™2a™! respectively

24 A A M BRI B8 C &R0 286.90,348.97 o/kg A1 332.83 g/kg, SR C F AL, 735 TR
T 47.36% 36.73%F1 36.92% , H A IR [ AFEAE 2 5

SyFEIE] N B S BN -FRAR-E mp A (& 3) . M N SRS 9 N IR B e, 5 18 A ik B B
B N SRTESS 15 A H k805, 56 21 A IR BRI, AU N S R7ESS 12,18 21 124
A KRRAESS 3.9 12 Fil 18 N H ¥4 B 2257 (P<0.05) , 40 24 5, ARURAY N &5 508
19.78 .18.35 g/kg 1 18.65 g/kg, HLLAMERT, M ALFIR N &3 3 T 66.91% ,152.75%F1 102.93% ,
HON ULRE (N1 N2 A N3) &89 T 0 N 512 (P<0.05) XA AR A 520

SRR P R W BV (8] 4) ,0—3 D FEIK,3—9 A A B, 9—12 A 2URIBEAK, T e
e, SLEPRA P EETESS 9.21 A1 24 N H KRS 6,15 F124 S HFUR P EETES 12 F 18 A A W
PEZE S (P<0.05) o 20 24 DA G M B SREY P& H53 50 0.91,0.85.,0.94 o/kg, AH /3 I, 23 54 hn 1
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44.44% 93.18% .56.66% , FHLL NO b3 N1 i FHFEALETE WA P & (P<0.05) .
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Fig.2 Carbon content in decomposing litterfall leaf, branch and fruit response to nitrogen deposition

A RN 22 53 35 (P<0.05) , BB A I AR 22 (n=3)

.W

e C content/(g/kg)

i3

[ =3

(=}
T

2.4 JVES SRR C N R P T ER AR O

JHIEYIT BRI C TR B RO IEA — B, R B - 5 - (1 5) . /7 6 M PRE Rk, 5%
BRI N T 57.63% .62.88% 11 53.72% ;6—9 A~ H ,C LRI T E4E;9—15 A, C uE W BICIRE,
15—21 > Ao s & M5 PRk, Ak E  MEY it C TRMBE R TEE R,

t & 6 vl AP BRI N TR 3 A B E S, 3—6 N H MR, AR (21—24 A H)
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Fig.3 Nitrogen content in decomposing litterfall leaf, branch and fruit response to nitrogen deposition
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FIEREE DR F (40 W TRRE ZE R M X 45 ) Ml ' 5 I 43 Ak Bk ) A SiE K M 5 012 LR (A, o L
T SRR ) AR DU e 0 o (s 2 BT R BT R 55 ) 58 UM SR PR iR A, XA 1 R AZ R VR ) A B Y B
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Fig.4 Phosphors content in decomposing litterfall leaf, branch and fruit response to nitrogen deposition
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Fig.5 Carbon remaining rate in decomposing litterfall leaf, branch and fruit response to nitrogen deposition
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Fig.6 Nitrogen remaining rate in decomposing litterfall leaf, branch and fruit response to nitrogen deposition
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Fig.7 Phosphorus remaining rate in decomposing litterfall leaf, branch and fruit response to nitrogen deposition
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