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Effects of gap sizes on foliar litter decomposition in alpine forests
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Abstract; Forest gaps are one of the most normal interferences in primary forest ecosystems, and they play an important role
in not only aboveground processes but also belowground processes. However, many studies have paid more attention to the
effects of forest gaps on aboveground processes. Increasing evidence has demonstrated that forest gaps have a strong effect on
mass loss and carbon and nutrient release in litter by redistributing precipitation, light, and other environmental factors. At
high latitudes and altitudes, litter decomposition due to forest gaps may be more complex because of seasonal snow cover
and freeze-thaw cycles. Theoretically, interception of rainfall and snowfall in the winter by the canopy and canopy shading
may cause the hydrothermal dynamics on the forest floor to vary with respect to gap sizes and critical periods. Currently,
little information is available on the effects of gap sizes on litter decomposition at different critical periods. In order to
understand the effects of forest gaps on litter decomposition in forest ecosystems at high altitudes, litterbags with red birch

( Betula albosinensis) and Minjiang fir (Abies faxoniana) foliar litter were incubated on the forest floor in small, medium,

E&WA : EHRARFIAEAIUH (31170423, 31270498) 5 EIZ“ + " BHE S TR (2011BACO9BOS ) 5 PUJI A A Hh T 4R 2 AR SRR kA
B E BUH (2012]Q0008, 2012JQ0059) 5 H1 [ 5 Fh2f i 4 (2012T50782) 5 PUJI 4 07T 1 4F 342 (2013SZB05S3, 13TDO01S) 3 R LA 5Pk
U148 A S g IO 4 0 H (ESP201309, ESP1404)

5 B H#5:2014-10-19; 0 4% H kit B 88 : 2015-

# 3B ifEH Corresponding author. E-mail; scyangwq@ 163.com

http ://www.ecologica.cn



2 S % 36 &

and large gaps and the adjacent closed canopy from November 21, 2011 to October 29, 2012. Then, the litterbags were
sampled at the periods of onset of soil freezing (OF) , soil deep-freezing ( DF) , soil thawing (TP ), early growth (EP),
mid-growth (MP) , and late growth (LP) , and the mass loss was calculated. After a year of litter decomposition, red birch
and Minjiang foliar litter lost 27.25—30.12% and 27.04—27.96% mass, respectively. The mass loss of red birch and
Minjiang fir foliar litter in the non-growing season accounted for 53.8—60.18% and 50.23—59.09% of the total mass loss,
respectively. Gap sizes have strong effects on the mass loss of Minjiang fir and red birch foliar litter, depending on tree
species and sampling periods. Forest gaps accelerated the litter decomposition of Minjiang fir, but slowed down the litter
decomposition of red birch. Regardless of tree species, forest gaps significantly accelerated the rates of mass loss of foliar
litter in the non-growing season (P < 0.05), but significantly lowered them in the growing season ( P < 0.05). The rates of
mass loss of foliar litter increased with gap sizes in the non-growing season, but decreased with gap sizes in the growing
season. Moreover, the rates of mass loss of Minjiang fir foliar litter in the periods of OF, DF, and TP increased significantly
with gap sizes (P < 0.05), but the effects on red birch foliar litter were not significant (P > 0.05). In addition, the
contribution of litter mass loss at different critical periods to a year of mass loss was in the order of DF > MP > OF > EP >
LP > TP. Mass loss of red birch foliar litter in the non-growing season accounted for 60.18% , 54.46% , 55.34%, and
53.83% of the one-year mass loss in large gaps, middle gaps, small gaps, and closed canopy, respectively; similarly, the
contributions of mass loss of Minjiang fir foliar litter to the one-year mass loss in the non-growing season were 59.09% ,
54.37% , 52.22% , and 50.23% , respectively. These results suggest that forest gaps accelerated the mass loss of foliar litter
in the snow-cover season, but slowed down the mass loss in the growing season. The responses of litter decomposition to gap
sizes in the snow-cover season were different from those in the growing season, implying that gap sizes could have strong

effects on litter decomposition at different critical periods in the coniferous forest ecosystem of alpine regions.
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Table 1 The areas, species of gap maker and border and gap formation types of sampled site

NS METR /(m?) A PR LW
Types of gap Area of gap Species of gap maker Species of gap border Gap formation types
KME Large gap 255.16~290.41

e IR K2 URYTYS 42 Abies faxoniana .

% Inte late g 153.36~176.4 Beakage ¢ k
"FAKE Intermediate gap 33.36~176.43 Abies faxoniana 2T HE Betula albo-sinensis i1 Bea age at trun
JNARE Small gap 38.25~46.58
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Table 2 One-way ANOVA results of daily mean temperatures in sampled gaps and the closed canopy during each decomposition period

2y f ;\/ »—{\/vﬁ 7, ﬁ K7 7 % S 7
e WIRIY . Wéf ] ;Mc Ji R A o) KA
Onset of soil Soil deep Soil thawing Early growth . . . Later growth
Types of gap - . - . . j Mid-growing period ;
freezing period freezing period period period period
KB Large gap -0.56+0.16* -1.39+0.19° 2.98+0.41° 9.78+1.04* 12.51+0.41° 7.94+0.74
AR Intermediate gap -1.60.13" -2.12£0.29" 2.16+0.36" 9.4+1.08" 12.34£0.54 5.68+0.51"
JINFRTR Small gap -1.98+0.15¢ -2.13£0.33" 1.95+0.34" 6.16+0.96" 11.63+0.44" 5.66+0.63"
ABAIALR Closed canopy -2.4+0.12¢ -3.1420.45¢ 0.59+0.14¢ 6.04+0.53" 10.13£0.55¢ 4.37+0.55¢

ANTF/INE TR 28 5 3 (SLARAS ¢« K8, P < 0.05)

AR R IN 4 m LA AR A A ZR T (&) FA K Z 1 AT A i R 4R LA R A K A5 A0
(12 H 27 H ,onset of soil freezing period, OF) JR (3 H 7 H ,soil deep freezing period, DF) flifbi (4 H
27 H ,soil thawing period, TP) ; 2K Z=TT R (6 H 16 H , early growth period, EP) (8 H 25 H mid-
growing period, MP) FfI/5#1(10 H 29 H ,later growth period, LP) . IR AR BEALN AR5 K0 10 4304
it EBRZE T o5 CHET B IEEIFARE TR I R A 2 PR I M I RI IR AL AR IR 3

R3AHEMIRISIZEEM VG RERFE( FHEATERE, n=5)

Table 3 Initial quality in foliar litter of Betula albo-sinensis and Abies faxoniana (means + SD, n=5)

0 B/ (g/kg) A/ (g/kg) i/ (&/ke) B C/N ARBUH LA
Species Organic carbon Nitrogen Phosphorus = Lignin/N

21 Betula albo-sinensis 484.27"+17.00 10.41°+0.79 0.82"+0.08 46.52*+1.76 25.86%+0.45
IRYT¥2 12 Abies faxoniana 505.85%+30.64 11.43°+1.11 1.71*+0.11 44.26°+2.01 19.81+0.39

1.3 IR 553t
M) ( T, ) (9590 MR ( Ty, ) TR AR SR i 401 G 7 e B A G5
50% S3ftla] =— In(1 - 0.50)/ (k)
95% 3fEIta] = — In(1 - 0.95)/(k)
JEEWRE L (%) =100 x (M, —=M,)/ M,
BB AE 30 d TR HER V(% d') =30 x (M,_, =M,)/ M, x 100/D,,
BB R R R (%) = 100 x (M,_, - M,) /( M, - M)
A, M o 2P TR (g) , MoARIER T H ( g) , (M, =M,) I AHSRRAE I (6] U8 v 5k B 2 (1= 1,2,
3eeeeee6) , Dy K ARG RAL B[R] [A] R K AL
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Fig. 3 Mass losses of foliar litter in forest gaps and the closed canopy
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Table 4 Some properties during the decomposition of foliar litter in forest gaps and the closed canopy

SHRFEE/K MIRRERT REOREHE/a 95% /3 i B/ a

Yyl BT AY [l 5 75

Species Types of e R dels Decomposition Correlation Time of half Time of 95%
peeies ypes of gap cgression modets constant /k coefficient R*>  decomposition decomposition
FAR 2 PN y = 96.476¢ 03" 0.287 0.987 2.413 10.428
Betula albo-sinensis SN y = 97.412¢7030 0.306 0.994 2.266 9.794
/B y = 96.927¢7 032! 0.321 0.991 2.157 9.324
AP y = 97.503¢7 03 0.344 0.995 2.015 8.708
AR 7 PN y = 97.494¢ 7032 0.328 0.992 2.110 9.121
Abies faxoniana kT y = 97.684¢ %307 0.307 0.993 2.256 9.751
IINBRET y = 97.182¢702% 0.283 0.986 2.449 10.585
CifzikzN y = 97.286e 027! 0.271 0.980 2.557 11.053
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Fig. 4 Mass loss rates of foliar litter in forest gaps and the closed canopy
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Fig. 5 Mass loss rates of foliar litters in forest gaps and the closed canopy in winter and the growing season
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Fig. 6 Ratios of mass losses at each critical stage compared to the entire decomposition year
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x5 HEEBE(T)MEMBEINAH(F) 5REH& XN RENKEREXESH
Table 5 Correlation analyses between daily mean temperature and frequencies of freeze-thaw cycle and mass loss rates of foliar litters at critical

decomposition period

W BRI Fl LI A KW A K EE N
2K Types Y Species Onset of soil Soil deep Soil thawing  Early growth ~ Mid-growing Later growth
freezing period  freezing period period period period period

AR (1) ZIME Betula albo-sinensis -0.201 0.607 ** 0.687 ** -0.139 -0.236 0.077

verage IRYTYAAS Abies faxoniana  0.691** 0.422* -0.230 0.564 -0.182 -.007
temperature
RAMEIR (F) £IME Betula albo-sinensis -0.173 0.151 0.355* 0.079 - 0.085
F 2y of soil NI ‘

requency Of SO yRIT AL Abies faxoniana  0.581** 0.587** 0.650"* 0.280 - 0.023

freeze-thaw cycle

*, P<0.05; *=* , P<0.01.

RTET T YR 5 400 3 it 00 5 0 BREMA 8 T AR R /N TG R A2 A B A IR SR 4 R B AN e >
TAFE 8 3, KR v i V4 0 ) O A 4B R 3 L/ INPR T RURR AR 2% oAy W9 3 DA R AR T BRIk 7%
W15 IR AN T A O Th R S A SR RIS B AE 1 SRS AR D 2 R R
EAE A ZE A S A R R B B T AR I i/, AR AR AR R F 0 AR VTV AZ R it LR R A 31 B A0 A 7
I P S 45 2K 3 S bR T T AR AT T8 00, T 200 2 S0 M AR S £ AR A P i 45 2 o 3 AR [ T AP 18T P 22
FEANRE (PARE RSN o ANFTATE AN R AR AR i T4 22 3 90 o DA S A ROk o3 28 i 22 S AR PR o
EORERER EL , ELHSE AR AR M B o i B . WESER I, JA W) B (quality ) 2 AP SR 1A A By
i SRR PR 0 A b/ N RUBE 1 RVE I 0 R Y ARG v ZAS AR T AZ 4 0 2 vt R vk
VeI L T S A7 A S0 22 5 (3R 3) , R PR A A g mig oz ok R R T A7 AN ) (P 3) o 2 ik, |
VU i LR BT T AR/ N R 9% Ik it ™ A 35 ), LR R - v A AR A R 5 A R 0 AR
R A7 I 22 5
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