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Abstract

Aims Litter is an important component of terrestrial ecosystems. The dynamics of litter can reflect the stage of
terrestrial ecosystems and the impact of environment on vegetation. Our objective was to explore the dynamics of
litter production and standing crop in evergreen deciduous broad-leaved mixed forests and the underlying factors.
Methods During 2009-2015, we observed the litter production and the standing crop of a typical vegetation at
Shennongjia, Hubei Province and analyzed their dynamics and relationships with meteorological factors.
Important findings 1) The results showed that the average annual litter production and standing crop were
5.94 thm > and 10.46 t-hm 2, respectively. Additionally, there was no remarkable inter-annual changing trend be-
tween 2009 and 2014, nevertheless a significant lower value appeared in 2015 with much more days of late spring
coldness. 2) The seasonal dynamics presented double peaks, in March to May and October separately. 3) The
monthly litter production was positively correlated with the monthly average air temperature of the previous 14
months, but negatively correlated with that in the 8th, 9th and 10th months before the month. In addition, it was
negatively associated with the monthly average relative humidity of the 6th, 7th and 10th months before the
month. 4) The average seasonality index of litter production was 0.032, which was strongly positively correlated
with the annual average air temperature. We concluded that the phenomenon of long-term late spring coldness will
affect annual litter production and standing crop significantly. The monthly average air temperature and relative
humidity had significant lag effect on the seasonal dynamics of litter production, and the annual average air tem-
perature had positive influence on the seasonality index of litter production in the major forest types in north sub-
tropics.
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DRI 28 DA S A AR AGE P o o ST s A 0 B,
FEVE AR 2 S R VA V) B s A 1 32 2R 3R (R
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BEH X TT & VR V) shas it Fixs 1 b I Ry Al
T AR B R R a3 B 3.

AT G0 X A G S v - [ VR A AR T A
V) PRI ¥ 4 7 e B A B UL B s 1 A, SO

www.plant-ecology.com

GULR A el 6 Ay 1t DX R AR 4 v i
il TR SR s SR BRI ? 5 AR
RE . MR B BRI R R ?

1 MRFZE

11 #Mxtes

T f A T WAL 2 Va R AR BE R 3, ik
B S YA v R TR AE AR EE B W37 1 S5 AR PR
1SR AMERE D, HFRA7 B H31.33° N, 110.49° E,
W1 700 mo 1% X T 2% B 1L b R S P i i R AR
WASKX, FFHAIE106 C, FEKE
1306-1 722 mm. L3Ry 11 B AR 13, pHAES. 77,
L+ EEEN100 cm, HAF0-20 cm y7bIE, Bt o
20-50 cm i), PR 50-80 ecm Ay KL,
T 80 em L FAEKA, KA, LIERRRFE
NAREMTUE . FEHIIEE40°, SEAINW 590 HEY)
& RIR25 m, BEVRSSHEBTIRE . HERZE . HA
JZUL R Z AE A R, Hrh IRk Z AT 43 N34 2
(I. II. IO0), BV EEZ4190%. FrARZE T TR ARIE
2 F B K0 /KT K (Fagus engleriana). % ik X
(Cyclobalanopsis multinervis) . 2 # [X| (Cyclobala-
nopsis oxyodon). 1L H-4li(Carpinus hupeana).
Mk (Quercus serrata) 14T & # (Bothrocaryum con-
troversum) S FR AR FPZH AR, = EE15-25 m, @4
40%; FrAKIZ LA Z 7 X (Cyclobalanopsis spp. )
14t B9 (Rhododendron hypoglaucum). = % 45 (Quer-
cus engleriana). P4 4E(Cornus kousa ssp. Chine-
nss). —AMZZj(Lindera obtusiloba). 111 ##(Sno-
wilsonia henryi). Z FiR i (Acer spp.). A KIEMK
(Sorbus folgneri)&E2H ik, mifE8-15 m, %/ £160%;
T ARINZ % iy )1 £9 8% (Lindera pulcherrima var.
hemsleyana)- 4 ) Lii)(llex pernyi). B & K 2 T (Litsea
ichangensis) . % k¥ (Eurya brevistyla). 7 M1
(Lindera fragrans) LA & £ A X B /MRS AL R,
JE4-6 m, E235%; HERZFEHFTT(Fargesia
spathacea). #5147 (Indocalamus tessellatus) A & Fr A
ISR, B 14 m, BJEZ160%,; HAZE I %
S ERL 2 M 5 (Carex spp.) AR H S
(Deyeuxia spp.)F1Z MR EHEMARK, =05 m

©U 00000 Chinese Journal of Plant Ecology



A AR 8 i A R SRS sl S S R 621

Fefa, difELI15% . JE YA 4E T ] I (Holb-
odllia angustifolia). £ FfirsEpk(Actinidia spp.). %
Pl #(Smilax spp.)~ % Pk £k % (Clematis spp.) 55 ik
AW, AT A90.5 mBIARTE 920 mARZ,
Fe s J2 B RE 510 eme iZ AR AR 25 RGN K,
IEAL T TS & B B, BEHLAL T SRR X 0
My, NRIGENRAD, e, By iR 5
THRRE.
12 AEYEIWESEE

I (T RE J7 TR 100 m x 100 mo 7ET
WA, FE—B XI5 BT 100N TRFEJ7 (10 m x
10 m), FENLEREI3NULHFETT, HAERFAFET ik
=AM m > 1 miP)/NREDT, 78 AROMR b T B30 2 b T —
SE BB KPR — NI m 5 HE R g 4%,
LA B8 TS R FH JE JE R B 20, Y R FH A HE 2] 5
H20084F10 H 222015512 A, & H KU EAR Py UicdE
TR TED), BAE R IR IE D o e . B ARRIR
IS R R . . TERCETES ) M.
BEEHAC . ST, 1665 C N ZE i &I
FrREdsk, FH T REY = =R EPRENAS 2T
BIASWEIC. G AR 75 R 48 W SUIG BT 4
WO PRI RE T B R I 2 2 DG At P 3 O T e e 7
JRArE . H20094E 220154, M47H FdEY A
KHEIA, V&V IAT & i /D) A2 T TR D W ER HE AT 3
M EFE— A1 m x 1 miOFE )y, WL AT
Y, AbFTTE B, KUk R AT & A bR
W
13 SREIEAIIKE

RGHHRE K B 7AW B 1 pe e SR AR AR AR
A R G0 o B AR 75200820154 WLl
RIS R e EdE, B HFYRE. AP
YRR Asmr iR ABIRAIER. ABKE. A
SPRGE . HPIIMSRE . A FSES LR A H
HEU ]
14 HES

it o ik 2 EAAFE R FH 2 55 7 BT (PCA) i
A AFEARE, - RHKMO (Kaiser-Meyer-Olkin) £
56 1| W 23 B &5 SR 42 75 7] H (Caritat et al., 2006), KMO
JEFEAE0-1 2 /], KMO > 0.5 £ 45§ 2 [A) e B
E, FRAT TR R R EAREOB R  5
TR ZET M8 B (Parsons et al., 2014). 115 A
wr:

1 .
m, = EszonCOS@O xi)

m, = %ZLmonsi n(30xi)

m=(m,,m,)

S =Iml/L
iR A -1, Lue G H KD &, LR
KT EY &2, IREFTIEIRS. s
()2 RV AL — 4 TR AN R A 0y 0 2 FL i i,
YO EIFE0-1 2 8], i T oK M s = &/E—4F
HHANE] A TR T T3 a0 A, I T 14K
I L AT 1N H W REYshE 220 A
S a0 2 R 52 R 2R 40 0 R ELAH G 43 T
(CCF) LA ARSIE AT, B2 MKFR080.05. FiTE
GiiH o MR - R (http://www.r-project. org) SEHL .

2 MARER

21 BEEYFEERES

TS RER W, HEY) & IME 594
t-hm *-a ', 2009-20144F T W] & K4 FRAZ LR 3,
20154 8 2 FEAR (B - TS A7 & B (thm 22 )
KA (2.56-5.65) >15(0.49-1.89) >KIHLH
(0.08-0.68) >Z4<41(0.16-0.36) ># }7(0.10-0.25) >&
BEHIAZ(0.01-0.05), 737 5 A IE ) S ET71.5%-
17.4%+ 5.1%+ 3.3%-. 2.5%%10.3%. MR EIH
FER S, HERESRHESENFRIE—E

—
(=]
1

oo
T

=)}

NN

&Y% Y7 & Litter production (t-hm=2a")

4
2F q
%\E/i\ — i / __\
0 A‘é** e =§>$
2009 2010 2011 2012 2013 2014 2015
4EH} Year

—=— Hif Total litter —o— M- Leaf  —e— % Branch
—o— #EH#: Flower/Fruit —— % Bark —a— E2EHAK Moss/Lichen

Bl 2009-2015% 1 ¥ )7 AR bR ah A5 22 A CF 24 {H bR
M2E)o BF—MEEE U 13N TE VIR AE I P33 MH
Fig. 1 The dynamics of annual litter production from 2009 to
2015 (mean = SD). Every point is the average annual value of
the mass in 13 litter traps.
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Fig. 2 The relationship of litter production and the number of
late spring coldness days from 2009 to 2015. Every point of
litter production is the average annual value of the mass in 13
litter traps.
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Fig. 3 The intra-annual dynamics of different composition of litter production from 2009 to 2015 (mean + SD). Every point of litter
production is the average monthly value of the mass in 13 litter traps. A, B, C, and D denote leaf litter, twig litter, reproductive organ

litter and total litter, respectively.
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Fig. 4 Principal component analysis of the monthly values for
eight meteorological variables from January 2008 to December
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each axis). “prep” stands for monthly precipitation and “temp”,
“max temp”, “min temp” stands for monthly average air tem-
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minimum air temperature respectively.
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Fig. 5 Cross correlation coefficients for monthly total litter production (A), leaf litter production (B), branch litter production (C)
and reproductive organ litter production (D) as a function of monthly average air temperature and cross correlation coefficients for
monthly total litter production (E), leaf litter production (F), branch litter production (G) and reproductive organ litter production (H)
as a function of monthly average relative humidity. For these analyses, the litter time series was lagged against monthly average air
temperature and monthly average relative humidity. n=87. *, p<0.05; **, p<0.01; *** p<0.001.
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Table1l The litter production and standing crop of forests in the main climate zones around the world

AR AT

Climate zone Forest type

TN THE I = EE PN

Litter production (thm™a™) Litter standing crop (thm™-a') Reference

ki .y Ph 7 - BR bR

Tropics Semideciduous forests in Amazon Basin

VB R SV b 8 HA AT PR

Tropical rain forests in northern Australia
o [ £ T2 S Ak A

The evergreen broadleaved forest in
southern Taiwan, China

W R ERBIN TE R
Subtropics  Semideciduous forests in Parana, Brazil

o ]S 980 L R AR
The evergreen broadleaved forest in Dinghu Mt., China
o 1 16 I i L T R
Subalpine bamboo communities in western Sichuan, China
o [ Ao AR G S R R S AR
The evergreen deciduous broadleaved
mixed forest in Shennongjia, China

W hEAC L TR A AR
Temperate  Coniferous broadleaved mixed forests in
zone Changbai Mountain, China

P E AR AL R AR

The main forest types in northeastern China

L VG 2R G VT R R A AR

The secondary Atlantic forest in southeastern Brazil
o LTI RA B R b

The forest of Quercus mongolica and Pinus
koraiensisin Liaoning, China

8-10.5 5-8 Sanches et al., 2008
5.44-11.29 3.7-10.94 Parsons et al., 2014
6.98-9.13 Liao et al., 2006
7.17-9.33 Gongalves Toscan et

al., 2014
6.39-11.04 Guan et al., 2004
6.5-46.3 Qietal., 2004
5.94 10.46 AW
This research
3.15-5.12 Lietal. 2010
2.34-4.15 Zhang et al., 2008
5.7 Ferreira et al., 2014
11.13 Cui & Chan, 2008

AR BAR P S A = B (R ) IX VLWL R
M, A [ A 5 TR) K B SR i A A8 Ak, 38 T 53 T 4
JA 7% (Adame et al., 2013). 540 FSEH A A F £
MBI A X 1, 31X 18 B A R AR AR S Y P 75 4
FEEAATLE 3 22 (5K BT 4%, 2008).
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