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W OE OUWAERDAIRENFE,HILRAEASRAY A BEA N EEIR WEAKREKHNE
FAWEERR, AXATHATR, H(K)MH(Na)ERTSEETHHAEREEEZNE
F MBI REL, MG R K B Z S ERE, Bk, LR 3589 m & 1Lk A X S AL By
W9 Il 1. % ( Larix mastersiana) -U& L% 1% ( Abies faxoniana) J& 4 AR 4 #F % 3t %, 78 2015 49 A
212016 4 8 AMEEET A XBEEN T K Na JUF AL B BH 0y HERAE, %%
F ) FAEY K Fr Na TEE AL E | K 25.34 F1d.4d kg - hm™> , ZIN B E > %
B> AR FEHSHEZSH EMY>EHEET, HF AEHFE S EEEY KM Na TF
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Dynamics of potassium (K) and sodium (Na) return in litterfall in a Larix mastersiana—
Abies faxoniana primary forest. ZENG Xin', FU Chang-kun®, YANG Jia-ping', ZHU Liang',
WU Fu-zhong', ZHANG Li'" ('Provincial Key Laboratory of Ecological Forestry Engineering in
the Upper Reaches of Yangize River, Long-term Research Station of Alpine Forest Ecosystems , Insti-
tute of Ecology and Forestry, Sichuan Agricultural University, Chengdu 611130, China; >College
of Life Science, Sichuan Normal University, Chengdu 610101, China).

Abstract: Nutrient return with litters is the main process of ecosystem material cycling and an
important source of nutrients for tree growth. Compared with other elements, potassium (K) and
sodium (Na) play an extremely important role in regulating osmotic pressure. Both elements are
easy to be lost, as their leaching is strong. However, there is a lack of necessary attentions. We
investigated the return characteristics of K and Na in different types of litter from September 2015
to August 2016 in a primary dark coniferous forest (3589 m a.s.l.), which was dominated by
Larix mastersiana and Abies faxoniana. The results showed that; (1) The amount of annual return
of K and Na in litter was 25.34 and 4.44 kg + hm™, respectively, with the order of different
organs: foliar litter>twig litter>miscellaneous>bark litter>epiphytic litter>reproductive organ lit-
ter. Among them, foliar litter and twig litter accounted for more than 85% of the total return of K
and Na. (2) The return dynamics of K and Na in total litter, foliar litter and twig litter presented
“bimodal” patterns, with the maximum values in May and October. The dynamics of K and Na
returns in bark litter and reproductive organ litter showed a “unimodal” pattern, with a maximum
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in May. (3) The K and Na in tree litters showed a “bimodal” return pattern, with the maximum

values in May and October. The K and Na returns in shrub litters showed a “unimodal” pattern

with peaks in September to October. These results illustrate the seasonal characteristics of element

return in different types of litters in typical coniferous forests in alpine areas, providing basic ref-

erence for further understanding regional forest material cycling and related ecological processes.

Key words: litter; element return; material cycling; seasonal dynamics.

AR I R AR Y R AR KO B I R BB
BRI, 2 T HE T Y T2 ORI R SOZARAR
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WA RGN BT R 60% L Xk
H R & WAL 25 T3 1Y 37 53 P06 2R B2 ( Chapin et
al.,2002) , # (K) Z2AEHYE K E T b 18 FRIT
2K AT 60 Z2 Fh S 1, O E 2 BT ORI
LR R, $21 CO, YRR FE T B i |
AL Sl A SR AR P00 Dy A A AR
FE (8 2 42 2007 ; o o 4 45, 2016, X1 — 7 %6,
2018) , TERZE MW A K L F L fEh, &M
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Fig.1 Monthly dynamics of K content in litters of each component
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Fig.2 Monthly dynamics of Na content in litters of each component
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Fig.6 Monthly dynamics of K and Na returns in different life types

T HORE AR NG FREFOR TR A BIAE P<0.05 K225 B3,

Note: Different lowercase letters indicate significant difference at P<0.05.

RITETTRRR 9N 76.51% 81.59% , it ik i T H:
A By T b
MIERHEH#AE , EAR)ZHEARZN K TR
RS & T Na TR R, NSTlkFEKE,
TR ARZH) K 1 Na 76 FK 138 538k 5 53 51 90.00%
F194.23% (3£ 2) , 7 /5 T #E K JZ /) I0 &R 5 16 51 ik
R, AR FEAFP RIS IE R TR A 2
AW 22 5 (P<0.001) , FFAJZE K Fl Na JTER HiE
FEPh WA W L EAE 5 AR 10 A, #ER
JZ K Fl Na TG HiA SR H A 9—10 A (E6)

x1 AEDEES K.Na tERTE5TME
Table 1 Amounts of K and Na return and contribution
rate in each litter component

%20y KIHiAHE  KAETTERAE Na HifiE Na ETTHOR

Litter component K return K annual Na Na annual
(kg - hm™2) contribution return contribution
rate(%) (kg - hm™2) rate(%)
I Foliar litter 12.83+0.65 50.61 2.10+0.13 47.25
F Twig litter 8.84+0.65 34.90 1.90+0.13 42.71

% Bark litter 0.84+0.08 331 0.15£0.02 3.8
BRI 0.23+0.06 0.90  0.05:0.01 1.04
Reproductive organ litter

FfHAEAES) Epiphytic litter  0.7920.04 310 0.0620.00 1.40
HAb Miscellaneous 1.82+0.06 719 0.1920.01 4.33
A1 Total 25.34+2.16  100.00  4.44+0.40  100.00

F2 AEEFERHMHAFMMNITES R Tk E
Table 2 Amounts of K and Na return and contribution
rate of different life types

E e KIHEE KAERHE NaHifE Na E5iRR
Classification K return K annual Na Na annual
(kg - hm=2) contribution return contribution
rate(%) (kg - hm™2) rate (%)
GE R 7354038 57.33 1154006 5477
Evergreen species
&R 5474045 4267  09540.09 4523
Deciduous species
A1 Total 12.83£0.29  100.00 2.10 £0.05 100.00
Tr K2 Arbors 11.5440.58  90.00  1.98+0.34  94.23
HEAJZ Shrubs 1.2840.10  10.00  0.1240.03 5.77
A1t Total 12.83£0.70  100.00 2.10 £0.12 100.00

3 e S4iR

VU LTAZ - R T8 AZ TR IR AR PR 75 9 Na JTCE &%
HHN1.16g- kg K TESRENG660g-kg', 5
RIS R R L = AR IE Y K TR & &5 (6.52
g - kg ') (XUSESE,2014) AT, o T AR W
A E AR LR ARIE Y K JCE & (2.59
g - kg™) (FESE AR, 2018) FIMIACHE EL LIV A2 R AR
MITE K TCR &8 (2.92 g - kg™') (W55,
2017), HJFEHTTRER, BN R K T8 K TR
FEIRVE, T P2 K JC R & B (Austin et al.,
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2001 ; BR/R & % ,2005 ), [A] B, B 7R i 45 (2016) 7E
Xof o [ SR AR 95 0 2 1) 2 () o A B ELRE i R 143
B iy FRE R &Y - i 22 a1
eI AR B N N7 F R 7 o RN 7
FERAHZERK . FRRIRTE Y e R AL & th s
N OCE & L 2 (Paudel er al.,2015) , Rt
ARHFFE HP P LAZ IR VTV R2 SR AR AR IR VE 9 K I
H(25.34 kg + hm™) B0 & T 3 PR AR (%
3). PRI RE & RCR M IE TR IH IR 1 20k
U8, 76 A W 5% DX 380 v i 5 8 2 () BTk 3 56 %)
85.50% , iy TAEE LR 2K (75.36% ) R A S I 1L
BAZHK (77.46%) , AR T K 11 2 42 4k (86.10%)
(#£3),

WEYEFR TR SR EEZEE RO R A
TIHE R M ( Vasconcelos et al., 2004 ; Samuelsonlisa et
al.,2014) K TR MY ERK LA KEICE, Na
TEREIELTEBITER, A D, MEYH K
TR FEIGZAET Na LR, K TR UG SIHER®R
[ FARSAEAE , FH55 12 RE 10k, 25 9 otk s (22 1
CAE,2013) , FEYIYH K tR SRR BN
B Y AR ET  HARKEER K, KT
FAE A T T 1 R T R A AR BRI R 8%
B k) KRR O #8545, 2015) , 1E4E
AR, Bl SRR A, B8 TR St 920 A ) iR 47 26 3
PEIEITIEE AMRIRIRZS | BURS AT F B 955, B 597
YN B rp R RS B A AR B (Liu et al.,
2001 ; #HFMESE 2008 ) , X L IEAL ) K PI3E I FREE Y

R3 BIMRMRLBWEAZFNHTRSERRATE

iR, fERFERYREA PR SRt EA 2R
(P<0.01) ,K JCZE & iR/ INIUT - HALJE 7% 21 > B A=
FEH)>PR7% > B2 B STV B > TR AL, SRk 28
T TR ) K JC R & AL 5 9 > 7%
> 8 95 B 45 2R — B0 (T4, 2013 5 X1 4%
2014) , KRN 22 S5HEY A arid BN K JTEEHE
YR N AR b A A T ShIE B A SR s
(4 ¥¥%,2010) , BRIL 241, K DG a2 286 A 1 H
(B IESE 2016) , A TEH ST EEDI T R, iX
FIREAENT B K J0 % & B s TR R A

Na TR — B DL PRSI D, 5
B LE ( Laskowski et al.,1995) . AMFFE | BRI %
A HAB PR T P 4153 9 Na LR S HE 5.6 HE
B AT H AL 0, X nTeE R+ 5.6 HREMEZ,
JHTE Y Na 70 R R Sk vk s, (R 276 08
P Na S EE 6 HIRE T IR, IR Y5 41
O 2SS 0 R DR R AR AR ) A RE 2 T RS B 3R
W H W 2 2043 A fE TR ER A 4L 2 T . Na ot
RN SRR 1A A = ZEAEH (X — 3% 5F,2018) ,
A EA R ZI A K B A R,

FERE A Wy e B R v AR B S R A 3L TR
YERTR, DU 2T AZ — IR T4 A2 B AR s T I AR K Na
IEBay =y W T TS S et O - 315 N B2 % S
PR M R R E T - F R - BT R A fe
P SAE I INAE 5 AR 10 A, RS TER
FIA 2 PR P& = AR IR ) P oe R Ak TR e
SE R, T A 7 U A e e T2 B S TR Sk T [ W R

Table 3 Potassium content and return in different forest litter types

psin R o T £ MERE Koz K Jt% FEMFE K JAETRA K 23R
Forest type Altitude(m)  Precipitation Annual K concentration AFIHif g TLEFEIH A& JTTEFEIH Reference
(mm) production (g- kg’l ) K annual K annual WH TR
(kg - hm™) return return in K annual
(kg - hm’z) foliar litter return contribution
and twig litter rate in foliar
(kg * hm'z) litter and
twig (%)
BB A 2100~2300 1830 5625.8 2.59 14.59 10.67 75.36 O REE,
Abies fabric forest in the 2018
Fanjingshan
FA LR EL LA A2 AR 2440 800 ~2500 6217.44 2.92 18.15 14.06 77.46 FEI IR
Abies fargesii naturel forest 2017
in Shennongjia
PNIIRER 27N 1300~ 2800 400~ 600 2622 6.52 17.09 14.70 86.01 XA,
Picea schrenkiana forest 2014
PUNILTAZ - IRV AZ R 3589 801 ~850 3839.68 6.60 25.34 21.67 85.50 BN
WG MK Larix mastersiana — This
Abies  faxoniana original research

forest
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WEBMEHE THEY AR LS, S Ea Ry
HAARE 2R IR R LT, T 5 7 Ik B e
(XUBREE 20185 An et al.,2019) . 5 I[aINE, A
AR VEFRTEAERGE T RKERE, EHL
iy g T S JR R] SRy U I T RN % W sl A A AR AS e
HEF5 1 H BRI SR S BRI A T v
BB G TR I e A (X F5 754 ,2017)
AR T XA T 2 BRI 2 K il Na
JCR IR KB R A& P & s, 15
A A A TR

HARTE A E K Na JH3I8 57 kR 0T 2 08 75 >
I8 > AR T W > T 7 Ko > B AR ) > B AE AR
PR I RE 95 A 1 T R H IS R VE e 2 B HIR Y
FEENCUR L R R U 5 I R P A ) R 7 e
A 28 B (TS ,2017) , 15T X 38
BT Ry TR T T, Rl I FE I R DD 7
W RS , KIEERA TS FLR R S5 e Bk 2% , 3
T AR JFEAESR S, 2010) s TEAEY A K
FIHAA , AR A B A K e S ke | 9%
=, AT A R VR AR, Rk
P A i B PR R B AR AR
T HA BB AR 2 /N

VIR TV AZ R0 R AT by 32 04 S AR Y K Na
VA S W 1 1 F DU 2042 Sk =6 BB A 7 AR ol
TR B A A A R () 5 | SR Rl 7R
5 ARSI O T T AR RS, 758
FAER S AR AR AU T, (145 32 07 R
7% , B G B st A UH A 1 3k B T e KAE ( Zhou et al.
2015) . EAERARIARRKA T SRS, N TiE
IO 25T AR AR B A % R K 20 0 1 R 1T — Uk T
LS YA 7 R T | U3 et B = A 2 R KA (W et
al.,2017) , V&R IS 38 2 = 22 fh DU )1 2142 0
I A A S 2R 7 ) Sk 7 iR o e A AR
AR HEIRFEARSE R K Na 58, (Bl TR
X IR B D Vs RN B AR/, BT
TRAR TP 7 -1t 76 4 3 - gt b 5 8 X0 DR (4
FEFEAE,2017) , FIr AT AR B FPY) K Na JCE IH A 57
R = THEARRI RN, A AR X IR = ZE T AR Y
WEITA K2 RN L0 A2 P P AE 5 A RN 10
F IR B 3 = 0 BRI TR AR K Na JC % IH i 5
WAt IAE 5 H A 10 H o BRI R 2408 AR
R T 75 Rl DRHE 9—10 H k8 1 I8 g i

ZE LR, LA Z0AZ FUR VTR AZ R d Rl i)

o LU DX I B AR R 75 ) K Na 536 52 3R 90 1)
BN, BRAEYMIEE T K Na LR IHIE
R B TRL” f RAE S BAE 5 A AT 10 H I8
K R B AR K Na J0E H I8 5 i KME HETE 5
A AP K Na J0 3 JH 38 5 e R fE 2 50 3
fES AR 4 7 A Y) K Na SLR BB = A7E 7
HIRE KA AN IR 28700 P 95 4 70 S [R) 0 % et 300
K Na JH3£ (% STHERAG BT AS 6], DL R 7% i 19 5 kR i
i, FUOR VAR, STIR B B A BFH A . A
I b 22 ) A B B iy, S ) A 5 R R V%
K Na A FHE AT iy 25 5, Forp LY £0 42 RT
PR RAIX 3 PR AER Al 0 DTk de g o X
BB 5T 4 G A i — A TR AT ST JT5 It B 25 &R
S G PR T T R E AR

% 0k

BSHE, W A, EORRR, AF. 2017, MR IS AZ KR
Py 7203 HE Ko R AE. i mUMOl A4, 1(41) ¢
194-199. [ Cui HX, Pan L, Huang ZL, et al. 2017. Char-
acteristics of litter production dynamics and decomposition
process of Abies fargesii forest in Shennongjia, Hubei Prov-
ince. Journal of Nanjing Forestry University, 1(41) . 194—
199.]

WA, s, X1 w4 2015, B AR RS R LR
B B IS Mo . A AR, 35(6) ¢ 1769-1778. [ Deng
CC, Jiang XM, Liu Y, et al. 2015. Litter decomposition of
Rhododendron lapponicum in alpine timberline ecotone.
Acta Ecologica Sinica, 35(6) : 1769-1778. ]

XFEF, TR, 2=, % 2017, WivT R IE 7 & MM H
EWERFTHE KIS IRHE TR, P Mol R
H K2, 37(3): 73-79. [ Deng XX, Wang ZC, Li
C, et al. 2017. Seasonal dynamics of the litter fall produc-
tion of evergreen broadleaf forest and its relationships with
meteorological factors at Tiantong of Zhejiang province.
Journal of Central South University of Forestry & Technolo-
gy, 37(3): 73-79.]

WO, TSR, FLERR, S5, 1997, kAR T DR A UL
5201, dtat. J EARME At [ Dong M, Wang YF,
Kong FZ, et al. 1999. Survey, Observation and Analysis of
Terrestrial Biocommunities. Beijing: China Standards
Press. ]

FLgte, BOLID, 3K 26, . 2008, WL ECREDHI A AR
PR R o . AR AR 2A A, 28(2) ¢ S08-516.
[Du CY, Zeng GM, Zhang G, et al. 2008. The eluviations
and acid buffering effect of litterfall in Shaoshan conifer and
broad-leaved mixed forest. Acta Ecologica Sinica, 28(2) :
508-516.]

T, WHESB. 2013, VOBUR AR 22 K895 ) 77 55
AR, AR BT EAR, 7(23): 1139-1146. [ Fang
JP, Ba QWM. 2013. Nutrient return of litterfall of Picea



1434

7

EREAE OE39E HESH

likiangensis var. linzhiensis forests in Tibet. Journal of Nai-
ural Resources, 7(23): 1139-1146.]

HHEK, KB, XA, 45 2018, FEG LA AIRTE Y Bl
SRR, PO R4, 2(36) 0 161-167.
[Huang XF, Zhang ZM, Liu YY, et al. 2018. Litterfall
dynamic and nutrient characteristics of Abies fabric ( Mast.)
Craib in the Fanjingshan. Journal of Sichuan Agricultural
University, 36(2) ; 161-167.]

B, B, XK, . 2016. T E R IRARE K ) E
23 [0 A Je FERZ WA A e . b R AR A B,
46(11): 1304-1311. [ Jia BR, Zhou GS, Liu YZ, et al.
2016. Spatial pattern and environmental controls of annual
litterfall production in natural forest ecosystems in China.
Scientia Sinica Vitae, 46(11) : 1304—1311. ]

M. 1999. W MR Y Y B R IR D) RE. R IR,
(2): 37-38. [ Li MS. 1999. Sodium in plant and its nutri-
tional function. Plants, (2): 37-38.]

2RO, FESCEE, O B, 4F. 2013, AR - I A TR
SRR T ) S SR oy B A RRAE. A 2SR, 33(24)
7707-7714. [ Liu ZW, Yan WD, Zheng W, et al. 2013.
Litter fall production and nutrient dynamic of Cinnamomum
camphora and Pinus massoniana mixed forests in subtropics
China. Acta Ecologica Sinica, 33(24) : 7707-7714. ]

XBE, RCE B, AROCkE, A5 2018, MR AR LRI IR
SERIATE D) B A5 B e R R R A S, 42(6) -
619-628. [ Liu L, Zhao CM, Xu WT,et al.2018. Litter
dynamics of evergreen deciduous broad-leaved mixed forests
and its influential factors in Shennongjia, China. Chinese
Journal of Plant Ecology, 42(6) : 619-628. ]

x|, Bk B, XURU. 2014, K1z A2 T 9 41 A% B
BEIRBOMOETE. AERIAO K2 F A, 35(3) : 114-116.
[Liu P, Zhang Z, Liu SC.2014. Compositions and nutri-
ents in the forest litter of Picea schrenkiana. Journal of
South China Agricultural University, 35(3) ; 114-116. ]

X—F%, AR e, 4 2018 FETETE R X BRAR -
N TR S MR T o o TR+ 80 01 94 80 420 T 94 5 Wl
A 2524k, 29(11) ; 3503-3512. [ Liu YL, Wu FZ,
Jiang L, et al. 2018. Effects of on the redistribution of po-
tassium and sodium ions in rainfall in Quercus acutissima
and Campiotheca acuminate mixed plantation of the rainy
area of western China. Chinese Journal of Applied Ecology,
29(11) ; 3503-3512. ]

Rlidiige, S0UER, BN, 55 2016. FRRINHAEYOLEG1EM
BOAE FRALE. AR AR, 52(12) ; 1773-1784. [ Lu
ZF, Lu JW, Pan YH, et al. 2016. Physiological mecha-
nisms of potassium regulating plant photosynthesis. Plant
Physiology Journal , 52(12) ; 1773-1784. ]

U, ErEie, JRINRE, 4§, 2019, ARARUAVE WA B o) il
Whos kR, Bemipfol Bl 4L, 47(1): 104-108. [ Ma SM,
Xin XB, Pei SX, et al. 2019. Research progress on forest
litter production and decomposition. Shanxi Forest and
Technology, 47(1) : 104-109. ]

IRIR K, Wreitty, FRARE , 45, 2005. JBRAT Lt 55 FHARIE 7
B GriR B IRy VAR B A, N AR, 16(5)

811-816. [ Qiu EF, Chen ZM, Zheng YS, et al. 2005.
Dynamics of litterfall and its decomposition and nutrient re-
turn of shoot-used Dendrocalamus latiflorus inmountainous
areas of Fujian Province. Chinese Journal of Applied Ecolo-
gy, 16(5) : 811-816. ]

FEZ, mEHK, 7K. 2007, JLE0PE AR R T ARA %
PZ KA A P . B AR S 4, 18 (11) 2 2637 -
2641. [ Wang DZ, Xiang XZ, Nie LS. 2007. Hydro-chemi-
cal properties of litter layer in two kinds of plantations in
Beijing Xishan Mountain. Chinese Journal of Applied Ecolo-
gy, 18(11) ; 2637-2641. ]

Mo, MR, B 2010, JUHTE IR A AR K
YIEFRIC R TR FRIEIE. K B4, 2(24) « 112
-116. [ Xiao Y, Chen LH, Yu XX. 2010. Study on nutri-
ent element return of litterfall of Pinus tabuleaefomis Forest
in Miyun of Beijing. Journal of Soil and Water Conserva-
tion, 2(24) . 112-116. ]

T, kB, T, 45, 2015, RFEAARBINZTE A
B AR & X LR, NS MO RN, 41(4) .
13-17. [ Xing TT, Zhang QL, Wang XH, et al. 2015.
Comparative study on content of nitrogen, phosphorus, po-
tassium in various organs of Larix gmelinii with different
forest types. Journal of Inner Monglolia Foresiry Science &
Technology, 41(4) : 13-17.]

Wi, &, T, S 2017, ILRAS X G bR
TR s, SRR YA, 23(4) 153~
160. [ Yang JP, Liao R, Yang WQ, et al. 2017. Litter
production and its dynamic pattern in a dark coniferous for-
est in the alpine gorge region. Chinese Journal of Applied &
Environmental Biology, 23(4) : 153-160. ]

JRAESR, 22000, AT, 4. 2010. 4 H L LD ARTE 3
WIS LA S S AR AR, 21(9) ;2171
2178. [ Yuan ZQ, Li BH, Bai XJ, et al. 2010. Composi-
tion and seasonal dynamics of litter falls in a broad-leaved
Korean pine ( Pinus koraiensis) mixed forest in Changbai
Mountains, Northeast China. Chinese Journal of Applied
Ecology, 21(9) ; 2171-2178.]

KR, XIEFR, BEE, 5. 2019. )75 & L Ak F 2%
WRISTL PR P AL B 3h 25, A B4R, 39(2): 502-
508. [ Zhang YD, Liu YC, Gu FX, et al. 2019. Litter
composition and its dynamic in five main forest types in
subalpine areas of west Sichuan, China. Acta Ecologica
Sinica, 39(2) . 502-508.]

An JY, Han SH, Youn WB, et al. 2019. Comparison of litterfall
production in three forest types in Jeju Island, South Korea.
Journal of Forestry Research. DOI. 10.1007/s11676-019-
00929-6

Austin AT, Vitousek PM. 2001. Precipitation, decomposition
and litter decomposability of Metrosideros polymorpha in
native forests on Hawai’ i. Journal of Ecology, 88: 129 -
138.

Balasubramanian D, Arunachalam K, Das AK, et al. 2012.
Decomposition and nutrient release of Eichhornia crassipes

(Mart.) Solms. under different trophic conditions in wet-



JORAE : DU ZLAZ-URITV A2 SR A AR I 75 ) KR Na (U348 3l 25

1435

lands of eastern Himalayan foothills. Ecological Engineer-
ing, 44, 111-122.

Bray JR, Gorham E. 1964. Litter production in forests of the
world. Advances in Ecological Research, 2: 101-157.
Chapin FS, Matson PA, Mooney HA. 2002. Principles of Ter-

restrial Ecosystem Ecology. New York: Springer.

Fu CK, Yang WQ, Tan B, et al. 2017. Seasonal dynamics of
litterfall in a sub-alpine spruce-fir forest on the eastern Ti-
betan Plateau: Allometric scaling relationships based on
one year of observations. Forests, 8. 1-15.

Laskowski R, Niklinska M, Maryanski M. 1995. The dynamics
of chemical elements in forest litter. Ecology, 76. 1393 -
1406.

Liu CJ, Westman CJ, Ilvesniemi H. 2001. Matter and nutrient
dynamics of pine ( Pinus tabulaeformis) and oak ( Quercus
variabilis) litter in North China. Silva Fennica, 35: 3—13.

Liu X, Bao WK. 2014. Understory plant assemblages present
distinct short-term responses to the clear-cutting of an old-
growth spruce forest near an alpine timberline. Canadian

Journal of Forest Research, 44. 562-571.

Paudel E, Dossa GGO, Xu J, et al. 2015. Litterfall and nutrient
return along a disturbance gradient in a tropical montane
forest. Forest Ecology and Management, 353 97-106.

Samuelsonlisa J, Stokestom A, Butnorjohn R, et al. 2014. Eco-
system carbon stocks in Pinus palustris forests. Canadian
Journal of Forest Research, 44. 476—486.

Vasconcelos HL, Luizao FJ. 2014. Litter production and litter
nutrient concentrations in a fragmented Amazonian land-
scape. Ecological Applications, 14. 884-892.

Wu QQ, Wang CK, Zhang QZ. 2017. Inter- and intra-annual
dynamics in litter production for six temperate forests. Acta
Ecologica Sinica, 37. 760-769.

Zhou L., Shalom ADD, Wu P, e al. 2015. Litterfall production
and nutrient return in different-aged Chinese fir ( Cunning-
hamia lanceolata) plantations in South China. Journal of
Forestry Research, 26: 79—-89.

EE BN JiK, 2z, 1998 44 B RFSE AR BESE 7 [l
FEIMAEZS ) E-mail; 1657845189@ qq.com
=EHE kM




