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Abstract Many broad-leaved subtropical forests have been converted to plantations (mainly Pinus massoniana
and Cunninghamia lanceolata) in subtropical China, resulting in a substantial decline in soil fertility. Foliar and
twig litter are the primary components of aboveground litter in forest ecosystems. Parts of carbon (C) and
nitrogen (N) in foliar and twig litter can be returned to forest soils after progressive decomposition and are an
important source of organic C and nutrients in forest soils. Therefore, a comprehensive understanding of C
and N content and return dynamics in the foliar and twig litter of P. massoniana and C. lanceolata is of great
significance for assessing soil nutrient turnover and fertility improvement after subtropical forest conversion. In
this study, we collected fresh foliar and twig litter of Castanopsis carlesii (a dominant tree species in subtropical
evergreen broad-leaved forests) in a natural C. carlesii forest, as well as P. massoniana and Cunninghamia
lanceolata (two main planted trees in subtropical China) in their separate plantations over one year to assess
the seasonal dynamics of litterfall, C and N concentrations, and return amounts, as well as their C/N ratios in
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fresh foliar and twig litters. The results showed that not only the foliar and twig litterfall, but also the C and N
concentrations and returns showed obvious seasonal dynamics in different months for all tree species studied.
They were generally higher from April to May and August to September, and lower from December to January
of the following year. Specifically, C and N concentrations were generally higher in summer (June to August).
Moreover, the annual foliar litterfall were 3 613, 3 054, and 2 587 kg/hm? for C. carlesii, P. massoniana, and C.
lanceolata, respectively, and the annual twig litterfall were 881, 2 135, and 1 228 kg/hm?, respectively, for the
three studied litter species. The annual litterfall was greater in C. carlesii foliar litter than in the foliar litters of P.
massoniana and C. lanceolata. Moreover, both C and N concentrations were greater in foliar litter than in the
twig litter of the corresponding tree species, but the C/N ratios were lower in foliar litter than in twig litter. The C
concentrations in the foliar litter of C. lanceolata and P. massoniana were significantly higher than those in C.
carlesii, but the N concentrations were significantly lower than those in C. carlesii foliar litter. The C return from
foliar litter of the three studied tree species showed a range of 5.18—210 kg/hm?, and those in twig litter showed
a range of 0—205 kg/hm®. The N return of the three studied tree species were 0.14—4.69 kg/hm? for foliar litter
and were 0—2.34 kg/hm? for twig litter. These results suggest that C and N concentrations and C/N ratios
in the litter varied greatly among litter types, tree species, and the time period. The results suggest that the
conversion of subtropical evergreen broad-leaved forests (i.e., C. carlesii) to P. massoniana and C. lanceolata
plantations could lead to decreased C and N return from foliar and twig litter. Lower litter production and the
associated lower nutrient returns are important biogeochemical reasons for the decline in plantation soil fertility
in subtropical China.
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Fig. 1 Monthly precipitation and temperature at the sampling site
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Table 1 Some properties of the study sites

MM Forest type

ZH K ik DR LZN
Parameter Castanopsis Pinus Cunninghamia
carlesii massoniana  lanceolata
4 Altitude (h/m) 330 313 301
3 ¥ Gradient (a/°) 40 38 30
% Stand age (t/a) 45 46 46
RECLel
Mean tree height (h/m) 108 183 182
AR
Mean DBH (d/cm) 12.2 18.3 15.6
VAN Z45ES
Moy 3788 1500 2858

Stand density (n/hm?)

DBH: i AJfg1z.
DBH: Diameter at breast height.

PR, ffi I Vario EL I JGE 3 #T{X (Elementar, #8E) i &
FEREIC, N i, TR CINEL RN A &
1.4 HTFAIBS ST 5

A FH IR 35 77 222 43 W A 360 A o R 08 7 420 23 28 xR 96
FAEL CINMEAC, NB & K VT30 B 5L A Ak 37 B A thés
IO LR VA R A C L NE i T C/NAE 7E 7 V& R R 36 B 2

TF1) F 22 S Sk 285 s A8 P B IR 3R 07 22 0 T e/ 5 k2 e 1

(least significant difference, LSD) % [f— 3 #3A [F] 4 Fifr )
C. N& & S C/NTH AT B A 56, X AS[RIAR Fh 2 %) (¥ 8 % ot
AR EA VR CRINE & LCINE T2 HILEK, B35
PEAKFBCAP = 0.05. LA EEHE /- HTTESPSS 21.0% 44 kAT

2 FERESH
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V5 2 B G JR T R R e B R E R (P <
0.05, #2) . K Aff I 7 W R0 % Bl 7= 2 v 0 43 )t L 7E4 H
FIBH , Ty 2 A% I 5 v R V4 A 77 v g 43 i) tH R E11-12 H
HN6-9H, AZA & 74 - FHE ¥ Bl 7 = W o B B AE 4 H FI9 H
([E12) . 3R FN Y % 7 B A5 AL 9 11.4-2 259 kg/hm?,
TV P AR ALY 9 0-454 kg/hm?. KA. SRR AATE
P AETE R4 3 6130 3 054512 587 kg/hm?, VA 4F
TRTEE ) 99881, 2 135711 228 kg/hm?, K i 74 H-4F V%
EETODRERIEA (E3).
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Fig. 2 The monthly dynamics of foliar and twig litterfall of
Castanopsis carlesii, Pinus massoniana and Cunninghamia
lanceolata. Values are mean * standard errors (N = 3).

2 WIMHAMEEMABEIDAZEYTE, CINELFIC, NS ERATENWNE R T =N
Table 2 Two-way ANOVA analysis testing for the effects of tree species and litter types on the concentrations and return of carbon and

nitrogen, the ratio of carbon to nitrogen and litterfall

A3 & Variable A5 %ok Source of variation % d F P
4 Tree species 2 6.373 <0.010
fi% & & Carbon concentration T Litter type 1 25.099 <0.001
B R X % P25 7 Tree species x Litter type 2 2.352 0.104
¢ Tree species 2 172.486 <0.001
% & Nitrogen concentration VR Litter type 1 224.555 <0.001
R X K2R Tree species x Litter type 2 12.524 <0.001
4 Tree species 2 119.987 <0.001
%t The ratio of carbon to nitrogen JETEY2R A Litter type 1 195.248 < 0.001
BRI Tree species x Litter type 2 25.071 <0.001
W Tree species 2 0.254 0.777
TRIE P & Litterfall TR Litter type 1 4.490 <0.050
B R 2 AL Tree species x Litter type 2 0.480 0.621
4 Tree species 2 4.375 <0.050
fi5J1i4 & Carbon return VST Litter type 1 6.988 <0.050
B X P27 Tree species x Litter type 2 0.431 0.652
W Tree species 2 1.297 0.281
RIHEE: Nitrogen return VR Litter type 1 25116 <0.001
B X TR MK T Tree species x Litter type 2 0.412 0.664
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Fig. 3 Annual litterfall of foliar and twig litter of Castanopsis
carlesii, Pinus massoniana, and Cunninghamia lanceolata. Values
are mean * standard errors (N = 3). Asterisks denote significant
differences between foliar and twig litters for the same tree species
(* P < 0.05; *** P < 0.001). Different uppercase and lowercase letters
denote significant (P < 0.05) differences in annual litterfall among tree
species for foliar and twig litters, respectively.
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Fig. 4 Carbon concentrations in foliar and twig litters of Castanopsis carlesii, Pinus massoniana, and Cunninghamia lanceolata (A, B,
C), and difference among tree species and litter types (D). Values are mean + standard errors (N = 3). Asterisks denote significant differences
between foliar and twig litters for the same tree species (** P < 0.01; *** P < 0.001). Different uppercase and lowercase letters denote significant (P
< 0.05) differences in carbon concentration among month/tree species for foliar and twig litters, respectively.
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Fig. 5 Monthly dynamics of carbon return from foliar and
twig litters of Castanopsis carlesii, Pinus massoniana, and
Cunninghamia lanceolata. Values are mean + standard errors (N = 3).
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Fig. 6 Nitrogen concentrations in foliar and twig litter of Castanopsis carlesii, Pinus massoniana, and Cunninghamia lanceolata (A, B,
C), and difference among different tree species and litter types (D). Values are mean * standard errors (N = 3). Asterisks denote significant
differences between foliar and twig litters for the same tree species (*** P < 0.001). Different uppercase and lowercase letters denote significant (P
< 0.05) differences in nitrogen concentration among months/tree species for foliar and twig litters, respectively.
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Fig. 7 Monthly dynamics of nitrogen returns from foliar and
twig litters of Castanopsis carlesii, Pinus massoniana, and
Cunninghamia lanceolata. Values are mean + standard errors (N = 3).
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Fig. 8 The ratio of carbon to nitrogen in foliar and twig litter of Castanopsis carlesii, Pinus massoniana, and Cunninghamia lanceolata
(A, B, C), and difference in among different tree species and litter types (D). Values are mean * standard errors (N = 3). Asterisks denote
significant differences between foliar and twig litters for the same tree species (*** P < 0.001). Different uppercase and lowercase letters denote
significant (P < 0.05) differences in the ratio of carbon to nitrogen among month/tree species for foliar and twig litters, respectively.
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