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Long-term dynamics in litter production and their environmental drivers in six
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Abstract; Exploring dynamics in litter production and their environmental driving mechanisms are important for maintaining
the productivity and carbon sequestration of forest ecosystem. In this study, we selected four natural secondary forest stands
(i.e., hardwood stand, aspen-birch stand, mixed deciduous stand, and Mongolian oak stand) and two plantations stands
( Dahurian larch plantation and Korean pine plantation) in the Zhangguangcai Range of Changbai Mountain, which had
similar stand age but various site conditions and stand compositions; and we continuously measured the litterfall and its
components and related environmental factors for 14 years (from 2008 to 2021) with an aim of understanding the spatio-
temporal variations in above-ground litter production and their environmental drivers. The results showed that there was no
significant difference in the total litterfall (TL) among the six forest types, varying from 500.5 to 556.1 g m™> a™'. However,

there were significant differences in the litter production of leaves (LL), reproductive tissues ( RT), and other tissues
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(OT) among the forest types, varying from 333.9 t0391.8 gm ™~ a™', 8.431069.93 gm™>a™", and 93.4 10 185.9 gm™a™',
respectively. There were significant inter—annual variations in TL of the six forest types, of which the significance degree for
LL and OT varied with forest types; but there was no significant inter-annual difference in RT of all the forest types. LL was
positively correlated with mean daily temperature, mean daily minimum temperature, mean daily soil temperature at the 10
cm depth, mean daily minimum soil temperature at 10 ¢cm depth (Ts ) and soil moisture content at the 5 cm depth ( Ms)
during the growing season in all the forest types except for Dahurian larch plantation. RT was negatively correlated with Ms
in the mixed deciduous stand, hardwood stand and Korean pine plantation, while OT was negatively correlated with Ts . in
the mixed deciduous stand, aspen-birch stand and hardwood stand. The plot-level LL was positively correlated with soil
moisture content at 10 cm depth, whereas the plot-level RT and OT were negatively correlated. These findings indicated that
the temperate forests with similar forest age tended to converge their above-ground litter production, and adapted to various
site conditions by changing the distribution pattern of litter components. The fluctuation of soil moisture and temperature

resulted in inter-annual variations in litter production, and their sensitivity to environmental changes depended on forest

types.

Key Words: litterfall ; litter component; interannual dynamics; abiotic factor; temperate forest
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K ARSI FIRHEE 70% ; M vk 38 MRS HRE , A IRIR | A e e k™
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leucantha) KW ( Equisetum spp.) EFILFF( Ostericum spp.) WK ( Urtica spp.) %520
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Table 1 Summary of site conditions and stand characteristics of the six temperate forest types ( Based on the survey results in 2021, Mean+SD,

n=3)

G Vig:ds

; . . /(0 ] g ] e T T A - e .
feho e o PO e sa IR0
Forest types Code Location P Stand age density/ 2 q o ’ Species composition
degree N (m“/hm®) DBH/cm
(Fk/hm?)
ﬂ*’% MO By 23 73 1678+82 37.1:1.4 16.8 10 SR+ SRR+
Mongolian oak stand
=AM . 2 HABRAK 2 1A 1 B BE 1R
Mixed deciduous stand D AL 14 2 17224302 352423 16.1 LA 1 S0 R L 1 R
PkEpk . Sl 1K 1 SR 1 AR
Aspen-birch stand AB Highr 16 72 147842 32.2+5.4 16.3 Sk | s S
T e e ) . 6 KN 2 BIBEAR 1 223045 1 i
Hardwood stand HW YA 7 67 1300562 33.1£2.1 18.0 JEya g
T RN
'”“M?*’“ . KP T 12 56 1989123 46.4+1.3 17.3 7 LIRS 3 M
Korean pine plantation
FEH-FN
HIPHATAR DL T 3 64 739224 32.9+5.8 23.8 9 YK 1 F i

Dahurian larch plantation

DBH ; i f% Diameter at breast height ; 20§, Fi1 25 B0 g 25 97 T AL oy g g T TED R AR T AR 4 5+, =R LR L il < 59% 1 < 2%

1.2 W5k
1.2.1  FEEDIE
H 2008 42 2021 4F , FER L BLBENLACE 5 AN IE IR T DAL &% | WOAE #8488 FH JE 8 I R0 9 7173 D
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Fig.1 Inter-annual variations in mean temperature and soil

moisture content at the site from 2008 to 2021
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B"J%ﬁ ﬂ[’tﬂﬁé’@ﬁ F):rquﬁjo %% n.HQ/A j\IM‘ &l‘,/ﬁ\é‘% 3 ﬂ‘ 77F')l<< Fig.2 Comparisons of annual litter production among the six
ARA R S EREH URHE(Te) 285 EA :zr;:;g;f‘{ﬁﬁf( =3) IR E A I/INE TR AR
K5 FARMAT IO SC RO r LIy 0.23—0.33, 0 e
P<0.05) ; 24 ABR AHERR BE [ I BRORITZT A BRI - 7

5310 em FEEEANEEE (Ts) PME 5L W IEAHSE (r BTSN 0.32—0.44,P<0.05) ; BRIHATE A1, 6 Flizk
MR A 20 5 R P8 T35 Ta R0 Ts TOAHCHE . BRIGHAS TSR, Ay 5 MR RE R Y S
FHE S5 em TRALAY E KR (Ms) 2 B3 IEASC (r B9FEH 0.40—0.63, P<0.05) ; #HEM (r=0.39,P<0.05) i [
MR (r=0.52,P<0.05) FIZLAA N AR (r=0.53, P<0.05) B I8 59 0 5 A4 K F 0 SRR E ( Ta,,, ) 2 2
FFAROG B BRI K (r=0.48 , P<0.05) FIZIAA AN THAK(r=0.54,P<0.01) (P TE ) 7755 3 10 em WAL
AR BE (T, ) S0 IE ARG R A BRMER RN PR Y Bt 5 Ta, M Ts JORHIEME S BRVE IR N T ARSE,
HAY 5 FhAR ARSI 75 15 Ta, (r BTG 0.64—0.80,P<0.01) \Ts, . (r BY3EF 0.57—0.75,P<0.01)
I Ms(r BTG 0.66—0.87,P<0.01) I B E FAHKE LR (FE3),

F2 HREBMERWNEAEYFTEZMATESNT
Table 2 ANOVA of forest types and years on litter production

PRI A 4y A 5k Y I H P 5B
Litter components Source of variation df Significance
PRV Ay 13 82.25 0.00**
Total litter production PR 5 2.47 0.03*
ARGy x FRARE Y 65 0.43 0.83
- % ARy 13 122.01 0.00**
Leaf litter production FRRIEY 5 9.23 0.00**
ARG X BRI HY 65 4.75 0.00**
BIH A S TG Ay 13 6.70 0.01**
Litter production of FRARIEAL 5 28.45 0.00 "
reproductive tissues ARG < FRARSHY 65 2.18 0.06
HALH LI 1 ARy 13 14.79 0.00**
Litter production of PR 5 18.04 0.00**
other tissues AR X BRI HY 65 1.37 0.24

* PR FAAIE (P<0.05) 5 * % KA #E MK (P<0.01)
TEARTG JEAF BRI SR T | AR H K A4 b R v B R AT 38, 5 SR A R 75 9 B 5 3 10 em Ab
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Fig.3 Inter-annual dynamics in the litter production in six forest types

NS FIR LI TE Y = AL 14 4R 030 .35 22 5%

T KT B AH O, TR YR S 3 10 em A S K IEAAE R E R IEMC KR (R = 0.65,P<0.01) , 1 %
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%3 AEYFESHEAREEFHHEXRE(n=14)
Table 3 Correlations between litter production and related environmental factors (n=14)
P Uﬁ?@?%éﬂ% S ii"il{fﬁ%iﬂ%‘ it%efiﬁfﬁ i@ﬁiﬁa’a‘lﬁﬁf i% ﬁ&i
Forest types Litter Air temperature Minimum air Soil Minimum soil Soil moisture
components lemperature temperature temperature content
SRR T 0.01 0.14 0.10 0.11 0.52**
Mongolian oak stand RV 0.33* 0.65** 0.28 0.75** 0.87"*
LI LRI 0.07 -0.14 0.01 -0.22 0.24
HoAh g 2L % it 0.01 -0.11 0.03 -0.18 0.14
A PR 0.12 0.32 0.16 0.20 0.44"
Mixed deciduous stand -8 % 5 0.30" 0.80*" 0.44** 0.75** 0.80**
AL IE 0.02 -0.05 0.08 -0.33 -0.44"
HoAh 2 2L 95 0.01 -0.36 0.04 -0.42" -0.06
LN TIE Y B 0.27 0.39* 0.21 0.28 0.40"
Aspen-birch stand -] 95 1 0.33* 0.64™* 0.35" 0.57** 0.66"*
AP TS 0.13 0.06 0.12 -0.07 -0.30
HoA 2 5 0.08 -0.28 0.01 -0.38" -0.11
T i 1 TR 0.23 0.52** 0.28 0.48* 0.63*"
Hardwood stand R v i 0.33* 0.75** 0.41* 0.71*" 0.78*"
AL LR TS 0 -0.01 0.02 0.12 -0.31
HoAbH S Y5 0.01 -0.29 0 -0.39* 0.01
FAR/AUNEIY N PRV 0.13 0.53** 0.24 0.54** 0.58*"
Korean pine plantation -1 V% 5 0.23* 0.72 %" 0.32* 0.71** 0.74%
Ly katibany 0 -0.11 0.03 -0.04 -0.45"
HAbA L5 0 -0.17 0.02 -0.15 0.10
TEI RN N T AR iRy Bssiy 0.06 -0.20 0.01 -0.34 0.17
Dahurian larch plantation -1 V% 5 0.03 -0.22 0 -0.26 0.08
BB PR P 0.11 0.09 0.04 0.29 0.22
H AL 2 9% 0.05 -0.16 0.01 -0.34 0.17

Al AR HARRIIE(Ta) , LHEREE : 135 10 em BUEALRIRBEIIME (Ts) , SRl : A K H RAR ORI ( Ta,y, ) , TIRIRARIR AL : 135
10 om PRBEAS I RRARIELEE (T, ) , LIEE KR LHE S om BALHPFIE KRN (Ms) 5 # FORBEIC(P<0.05) ;5 # x TR B E I (P<0.01)

ZE5E(1E12) o AAWHTERY 6 Bl AR IL B U8 v 1 e i B S D 500.5—556.1 g m™ a™' o BLARAEC AR AL
A BRI T Y B 2 0 AR PR VR ) B R AR RIS A IR 22 R W AR AR A 2 1) 4% 4143 A
VRV BRI 22 5 . AR 1B H, BIZEAR ) AU S A5 T PRI R (0L BRARSE 2, SR 7 )
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