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Effects of gap sizes on the lignin degradation of foliar litter in a subalpine forest
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Abstract: Lignin, a major component of foliar litter, plays a crucial role in litter decomposition process in forest
ecosystems. However, forest gap may affect lignin degradation of foliar litter in subalpine forests, since gaps with different
sizes not only regulate snow cover and its associated freeze—thaw events in winter, but also affect temperature and moisture
conditions during the following growing season; however, little information about the gap size—effect is currently available.
To test the seasonal effects of forest gap sizes on litter lignin degradation, a field experiment using litterbags was conducted
in a subalpine forest in western Sichuan, which is located along the upper reaches of the Yangtze River and in the eastern
part of the Tibetan Plateau. Litterbags containing red birch ( Betula albo—sinensis) and Minjiang fir (Abies faxoniana) foliar
litter were placed on the forest floor under four gap sizes conditions: a closed canopy, a large gap, an intermediate gap and
a small gap. The litterbags were sampled at the onset of the soil freezing, during soil deep freezing and soil thawing, and
during the early, middle and late growing season. The experiment was conducted from November 2011 to October 2012. The

lignin concentrations of the litter were measured, and the rates of lignin degradation were calculated. The results indicated
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that season and gap size had significant effects on lignin degradation of both red birch and Minjiang fir litter. Over the course
of the one—year study period, lignin losses from the foliar litter were 21.53—27.65% for red birch and—7.95—19.40% for
Minjiang fir, across the four size gaps. The large gap promoted the degradation of lignin in the Minjiang fir litter during
winter, and that of lignin in the red birch litter during the growing season. Conversely, the large gap inhibited the
degradation of lignin in the red birch litter during winter, while the lignin degradation rate of the Minjiang fir litter during
the growing season was as follows: closed canopy > large gap > intermediate gap > small gap. In addition, a step—wise
regression analysis result revealed that lignin degradation of foliar litter is significantly correlated with negative accumulated
temperature and frequency of soil freeze—thaw cycle in winter, suggesting that the degradation of lignin that occurs during
winter is mainly driven by physical damage to its molecular structure. Furthermore, close correlations were detected between
litter lignin degradation rate and average temperature, and positive accumulated temperature, suggesting that biological
processes may contribute to lignin degradation during the growing season. These results imply that differences in forest gap
size significantly affect the lignin degradation process of foliar litter in subalpine forests; however, the effects may depend

on plant species and season.
Key Words: subalpine forest; forest gap; litter decomposition; lignin degradation; winter; growing season
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Table 1 Initial quality in foliar litter of Betula albo—sinensis and Abies faxoniana (mean = SD, n=5)

’ , Tk 2 Wk TRA Wew L
Y Species
C/(g/kg) N/ (g/kg) P/(g/kg) C/N c/p

£I ¢ Betula albo—sinensis 484.27+17.00b 10.41+0.79b 0.82+0.08b 46.52+1.76a 590.57+21.53a
URIT¥3 42 Abies faxoniana 505.85+30.64a 11.43+1.11a 1.71+0.11a 44.26+2.01b 295.82+15.28b
Wi Species AW VNS YR VNI VE S VNIEVE

peeies N/P Lignin/% Cellulose/ % Lignin/ Cellulose Lignin/N
£IHE Betula albo-sinensis 12.71+0.28a 26.87+1.11a 12.90+0.71a 2.08+0.32a 25.86+0.45a
IRYT¥2 12 Abies faxoniana 6.67+0.22b 22.58+1.15b 12.59+0.65a 1.79+0.24b 19.81+0.39b

REE/NG FREFOR B2 S (SIAEA LR, P< 0.05)
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Table 2 The areas, species of gap maker and border and gap formation types of sampled site

VNS MR TR TE AR AR TE BT =

Types of gap Area of gap/m? Species of gap maker  Species of gap border Gap formation types
T -3 T S e
HOE Intermediate gap  153.36—176.43 ﬁgﬁf . iﬁ%‘:ﬁ ljb;;({ (ZTZ::LZZ“ T Beakage at trunk
/NARBT Small gap 38.25—46.58 /“; ijiﬁimm g;ﬁzﬁbﬁf “&Z:;f:“ “ T Beakage at trunk
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Fig.3 Remaining mass and lignin concentration of Befula albo-sinensis and Abies faxoniana under different sizes of forest gaps at different
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Table 3 Stepwise regression multiple correlations of lignin degradation rate in foliar litter with environment factors at different critical periods

(R? and step number in brackets; n=24)

W17 Onset of soil freezing period RZRI Soil freezing period Al Soil thawing period
SRHEIA T : ; :
Fnvironmental factors 2 HE ARy A 21 Betulaalbo- IR A2 21 Betulaalbo- IRV 2
Betulaalbo-sinensis ~ Abies faxoniana sinensis Abies faxoniana sinensis Abies faxoniana
SFEJEE AT 0.373(1) 0.917(3)
IERUE PAT 0.785(3) 0.707(1) 0.510(1)
FAE NAT 0.721(2)
VRRLIGFR UKL FSFC 0.875(2)
HHIEE SCD 0.836(4)
FlE T R ZETPIN Early growth period A K 5] Mid-growing period KA Later growth period
N
Environmental factors A2 IRITS #2 21 M RIS FaR i IRITYS 2
Betulaalbo-sinensis ~ Abies faxoniana  Betulaalbo-sinensis ~ Abies faxoniana — Betula albo-sinensis  Abies faxoniana
SERURE AT 0.253(1) 0.328(1) 0.321(1) 0.320(1)
IERR PAT 0.792(2) 0.705(2) 0.454(2)

FBUE NAT
FRREIF R FSFC
LHEEREE SCD 0.575(3).
AT FHIUEE Average temperature; PAT: IEFH Positive accumulated temperature ; NAT; 5 FHJi Negative accumulated temperature ; FSFC ; 433 %R

TGP EL Frequency of soil freeze—thaw cycle; SCD : HHEE Snow cover depth
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Additional table 1 Soil average temperature (AT) , positive accumulated temperature ( PAT) , negative accuamulated temperature (NAT) and

frequency of soil freeze-thaw cycles ( FSFC) in each decomposition period under different sizes of forest gaps

T
Types of gap

BT T

Environmental factors

1IR3

Onset of soil

Soil freezing

G|
Soil thawing

ARFTO ARFTHE ARFNRY

Early growth Mid-growing Later growth

freezing period period period period period period

PN N7 SRR AT -0.56 -1.39 0.08 9.78 12.51 7.94

Large gap IERUE PAT 93.31 21.52 5.48 439.22 805.77 367.95
FF NAT -4.63 -172.58 -1.55 - - -

PRI B FSFC 32.00 29.00 30.00 0.00 0.00 10.00

LRV INT] SRR AT -1.60 -2.12 3.36 9.40 12.34 5.68

Intermediate gap ~ IEFUE PAT 56.34 21.52 172.42 470.16 863.49 284.45

FFE NAT -31.04 -172.02 -0.81 - - -0.56

RAMGEREL FSFC 32.00 30.00 22.00 1.00 0.00 24.00

NN SRR AT -1.98 -2.13 2.15 6.16 11.63 5.66

Small gap IERUE PAT 42.72 36.18 116.70 308.16 814.33 369.38
L NAT -63.37 -135.04 -6.86 - - -

VR AR R B FSFC 16.00 66.00 24.00 4.00 0.00 9.00

ik EYEIEE AT -2.40 -3.14 0.39 6.04 10.13 4.37

Closed canopy ERUR PAT 36.96 - 45.04 331.94 740.13 516.04
FBLE NAT -59.54 -364.67 -25.08 - - -

VR RIE IR SR FSFC 18.00 19.00 33.00 1.00 0.00 4.00

AT, FYJIEE Average temperature; PAT, 1EFE Positive accumulated temperature; NAT, HiFIE Negative accumulated temperature; FSFC, -

HEARRAE PR R EL Frequency of soil freeze—thaw cycle
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