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Effects of forest gaps on decomposition of recalcitrant litter substances in
Castanopsis kawakamii natural forests

Lin Hongyu' ZhuJing' Jiang Lan' LiuJinfu' He Zhongsheng' Xing Cong' Wang Xuelin®
(1. College of Forestry, Fujian Agriculture and Forestry University, Key Laboratory of Fujian Universities for Ecology and
Resource Statistics, Cross-Strait Nature Reserve Research Center, Fuzhou 350002, Fujian, China;

2. Zhenjiang Municipal Bureau of Natural Resources and Planning, Zhenjiang 212132, Jiangsu, China)

Abstract: [Objective] The content of recalcitrant compounds in litter constitutes a crucial intrinsic factor
influencing decomposition rates, serving as a pivotal component in nutrient cycling within forest
ecosystems. Forest gaps mediate the degradation process of refractory substances by buffering microclimatic
disparities between canopy interiors and exteriors. However, comprehensive understanding remains limited
regarding how litter-derived recalcitrant compounds respond to heterogeneous gap environments. [Method] In
the end of May 2018, gap and non-gap plots were established in the Castanopsis kawakamii natural forest
reserve, Sanming City, Fujian Province of eastern China. Focusing on leaf and branch litter of Castanopsis
kawakamii, this study investigated how gap size regulates the decomposition of recalcitrant substances

(tannins and total phenols), thereby identifying key drivers governing their decomposition dynamics.
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[Result] Gap size significantly affected the decomposition of recalcitrant litter components (p < 0.001). The

decomposition of tannins in leaf litter in large forest gaps was the fastest, while in non forest gaps, it was the

slowest; the tannin decomposition of branch litter in small forest gaps was the fastest, while in medium

forest gaps, it was the slowest; the total phenolic decomposition of leaf litter in large forest gaps was the

fastest, while in small forest gaps, it was the slowest; the total phenolic decomposition of branch litter in the

central forest gaps was the fastest, while it was the slowest in non forest gaps. [Conclusion] Forest gaps

significantly influence the decomposition of litter tannins and total phenolics by modifying understory

microenvironmental factors such as canopy openness and soil temperature. These findings advance our

understanding of soil ecological balance and material cycling in forest ecosystems.

Key words: forest gap; litter decomposition; tannin; total phenol; Castanopsis kawakamii
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Tab. 1 Overview of forest gap research sites

E MEER/mM EEFREE%  EE%  ER/m
LGl 210.56 23.93 27.25 224
LG2 200.38 31.96 33.69 211
LG3 207.57 29.91 31.81 214
MG1 74.22 11.56 36.39 196
MG2 50.59 17.33 35.47 214
MG3 74.65 19.21 26.84 188
SG1 32.11 5.67 31.51 225
SG2 31.59 7.46 39.68 203
SG3 36.78 8.32 38.43 214
NG1 5.62 221
NG2 5.47 221
NG3 5.53 221
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Tab. 2 Differences in environmental factors and soil fungal diversity among forest gaps of varied sizes

WE WEIFEE% FRIREC BRIEBE%e THEE/C 1S /KE/(gke) ACE{RH Chaolfi#t SimpsonfE% Shannon-Wienerf %l

NN 28.60a 25.15a 90.08b 24.38a
BN 16.04b 25.20a 85.34c 24.25a
ANBR T 7.70¢ 24.91b 90.14b 23.40b
e A 5.47d 24.27b 91.75a 23.01¢

302.77a
280.72b
277.90b
269.56b

580.38a  586.37a 0.11a 3.59a
597.26a  603.43a 0.05b 4.05a
595.21a  598.50a 0.07ab 3.84a
633.10a  631.37a 0.04b 4.23a

e AEAAR TR RRERERE (p<0.05), TR

x3 MEXNNSEHESEEDETEENNEARTESHT

Tab.3 Two way ANOVA results for the effects of forest gap size and decomposition time on litter tannin contents

Aoy ®F B df F p
LISTPNGN 3 11.396 <0.001
UEhany IR TE] 4 160.873 <0.001
MR KA x 53] 8] 12 3.252 <0.001
R KA 3 7.819 <0.001
VAR 53 RN (] 4 20.960 <0.001
PRET RN x 43 fif i 1] 12 1.720 0.068
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Tab. 4 Variation of litter tannin content with decomposition time in forest gaps of varied sizes g/kg
1 I El/d
iy WE
0 90 180 270 360
LG 14.00 + 3.78a 446+ 1.77a 3.54+12la 347+1.01a 2.21+0.64a
MG 10.67 +2.95b 3.93+1.22a 2.61 +1.14b 2.31+0.55b 1.80 = 0.50b
by
SG 9.77 £3.28b 3.70 + 0.64a 2.58 £0.66b 2.23+0.67b 1.65 £ 0.43b
NG 8.22+0.52b 4.08 + 0.40a 3.18 + 0.64ab 2.58+£0.43b 1.97 £ 0.58ab
LG 10.71 £ 7.25a 5.30+3.02a 3.94 +2.80a 2.47 + 1.67ab 2.75+0.90a
MG 5.01 £2.67b 2.02+1.37b 2.20 + 0.49b 2.02 +0.52b 1.97 £ 0.67b
AL
SG 10.79 + 6.74a 4.03 +2.40a 3.20 £ 1.34ab 2.87+0.92a 2.09 £0.85b
NG 5.65 +2.38ab 3.62 + 1.56ab 2.79 £ 0.99ab 1.99 +0.07b 1.74 £ 0.59b

RS MEX/NNSEREXNEZEY BB NERTES T

Tab. 5 Two way ANOVA results for the effects of forest gap size and decomposition time on litter total phenol decomposition

Hay ESa H I df F p
VINPNAN 3 23.512 <0.001
Ry G fgE i 1] 4 150.727 <0.001
MBI RN x 23 fff i ) 12 2.555 <0.001
VINTPNAN 3 9.117 <0.001
TRV oy iRl 4 55.859 <0.001
PRI KA x I3 fiffin [6] 12 0.865 0.583
F6 ARXNKEAZYEHMIEMESHEH BT
Tab. 6 Variation of litter total phenol contents with decomposition time in forest gaps of varied sizes g/kg
3 fER it [E)/d
iR &
0 90 180 270 360
LG 2420+ 3.16a 14.09 + 7.48a 13.99 +2.93a 9.59+4.01a 5.51 £2.10a
» MG 21.71 £3.79ab 10.75 +3.32b 6.34 + 5.50b 3.71 £2.04b 3.30+1.77b
T SG 20.20 + 3.64b 12.48 +2.00ab 4.32+1.88b 3.92 +1.49b 3.61 +£1.75b
NG 21.93 + 1.16ab 11.03 + 1.20b 8.03 + 1.28ab 5.78 £ 1.44b 3.82 + 1.62ab
LG 14.85 +4.54a 10.21 +3.43b 9.64 +3.49a 6.43 £3.38b 5.05+ 1.64a
MG 14.03 + 3.96a 11.23 +£2.56ab 7.99 +£3.13b 4.81+1.75b 3.25+1.75b
JEE AL
SG 16.40 £2.71a 12.94 +2.78a 11.01 £2.30a 8.46 £2.39a 5.90 £2.37a
NG 13.59+3.37a 10.28 + 3.25ab 8.85+2.12ab 7.15+1.31ab 6.17+1.49a

K(p <0.05, FIEM AR A5 &S5 R 2
BEHIEMIE(p <0.05), HIEHE . itk R Al fE /& UK
IRV T . o) R T TR R
TUARAHT R 20, WE R A EE . A
Y2 FEVEXS PR T B B E R R RN 73.00%, X R
TR A BN 72.25%, X RE M S8y &
AR BN 75.60%, XM IRER AT S EREREN
63.97% . 7B T & B 5 e 2 T R B R A

7, 5141 ACE 45 %1, Shannon-Wiener #& £ 2 £ 4
Ky WEH R TS BESWE EZ 2 IR, 5
TR R MG MEHSMETES L IESKE
£ IEAM K, 5 Shannon-Wiener 15 % &2 A ¢ 187
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Fig. 3 Driving mechanism of gap size and understory microclimate regulating the decomposition of tannins and total phenolics in leaf and branch litter

303 ®
31 MEEEYRETHRIFLE

P BT S = A B g e — N R 1B )
AR o PRI O AR TR B, TR T 45 R I )
M B A0 5 1 43 fe ik RS, B FC SR B, AR A R
VDT A A, 3K T R A DR A A (B R/ PR R o
AR KRG S5 A, S0 3 i B M, AT — 58
FEE EAR R 73 R (RN o3 i A2
rh, OROPR B R v P BT R N 2 v T A AR
FEPR TG R AE SIS 7 v . 45 7 R
REIR, o J= T e FEd i 48 R S R B
SR VE ) BT o0 A ROPR B T F ) e i v 1 A 55 A
BARHE T IX— I8 . %4510 5 Canessa S5PHF 51 45
8 AINRE TR V& BT O R R b ey, IX R g
LR g e 2O a] IV R A 0%, HAr e
552 AN IR BH0), Mantel 45561 — RS, 13
BT B B EREER, K& R
SR B RGN AR N R BT Oy AR R .
N, AR T o IR 5 K IIEH, %%
FSOME S R G o /N B R e A B B R T
BB O TV R ET I, B RS RARAROR
MR8 V& BT o R AR A I, BV PR T AN [F] AR
XTI KB IER M Z SR . ZMBUEA TR EL
A K ZE(5—9 A, RIS AE & o B 2 1 i
W RARE IR T 200 5 R AR, 3 B 2 B oK
B TREYZ, INHS5E 1 iE 208, {2k 5

TR il
3.2 MEEEY S RRAE

Ty A R YR V0 M % A A7 R 1 S S
X TE D) oy iR i 72 LA R ARARAE TS R0 I 3 37
IYEIR B A B U, 7R R IS A R B
KRG PV P Ty 43 sk 26 v TR AR, oAk oA
VPR O3 R R TR o X ] BB AN R R/
R 5 B K R BT R 22 R 0% o Bl MR R T AR S
5, J22 o s FE AR 58 K BEL ARk 553, s e e R Ik 1 T 38
5, (A1 B DLJE W) R A i o TUAR AT o, 11
REMEKESEEY AR S ELEME, 32
TESE T MR el e R SO 35546 R 08 4 S 1y
I F . X5 Aomiao FEPIRF AL R — 8. 5 LR
FEAR SRR S o AR e, 5 OB S R VR RS
Ty o0 i 2 SR AH O o IX AT R A DR 2 SR T v T 5
STI R AN NTITE: i il e S /R SR i 1 a3 Rry

AR R, VAT B R A R R
TR, 3X 32 BER g P8 I8 T B v 5 o) ik, TRIR
B SIdE K 220 e 78 2 AT I, R VA R R
O3 i R 2R IE B e KA, H KM o il R At
XG5 RS SE R FER A ) 45— B, R
AT 3 1 1 B IR A P R 5 R A A, T P i
VIR AT ) T B E A

PR T8 50 R iR B A ], AL s R AR T
A Y IR B, T R R YA 0 B AR A R oy
AN BN =P ad T = proe P P AL ST N
ORI R BIRS R T, SR T RE AR A A R,



80 A AP 4§47 %
SR 2 REAE 5 TR T P A B2 A 00 5 3 A2 O . 5 A 2023.

R, X AT RE A PR AR B R T R T e N AR )
AW, FEEWARR BN A ZP,

4 % ®

UNCPNANTE S - AL REZ//PRES 127/ )i
PN R TR i sy 4 /TR (SN =4 RV
R RS TN ay (55 4P R N7 R dl-Pi N N Y
SN P 4/ AN AN B = 4 e b U T R LY 5 B
(73 Al Bie R, AR T B8 o R I B R ) 2 i
AP LR T ITE R AR A B A 7
R B A 00 5 140 93 gt EL v T R T o P 52 i i 9 S

o LR R BT O e A A ) i
oD R A P T R AR A 0 2 A R B T A X R

No SR EPITIR, bR I o e 2 T R R A L R
F*‘f:éfmﬁ% VR 7 R T A M B A D o 1) 93 f
XA fEHT AR LI TG A S R AR Rt T

I ER A .

& £ X #

(1] B33, 2, KHTE, 55, WSO R Xt 6 2w L AL RS

T8 V& W) 4 f3 0 52 (9], oh B RO K S 4R, 2024, 29(4):
264-273.
Hou Z N, Li X T, Zhang X J, et al. Effects of elevation and slope
orientation on litter decomposition of Rhododendron simsii in
Mount Segrila[J]. Journal of China Agricultural University, 2024,
29(4): 264-273.

[ 2] Hartzfeld P W, Forkner R, Hunter M D, et al. Determination of
hydrolyzable tannins (gallotannins and ellagitannins) after
reaction with potassium iodate[J]. Journal of Agricultural and
Food Chemistry, 2002, 50(7): 1785—-1790.

03] kbl BRESE, S, S5, MR 11 G S vey L 38 m 5 Py A 4

TR W [0 YA i, 2023, 47(5):
660—671.
Du T, Chen Y L, Bi J H, et al. Effects of forest gap on losses of
total phenols and condensed tannins of foliar litter in a subalpine
forest of western Sichuan, China[J]. Chinese Journal of Plant
Ecology, 2023, 47(5): 660—671.

(4] BZ. AN ARG 2 AR 35 - 23 R 52 S L
il [D]. HAH: HRERITTE K2, 2020.

Liang Y F. Subtropical plantation litter layer fine roots on litter
decomposition effects and mechanisms[D]. Fuzhou: Fujian
Normal University, 2020.

[5] Guo C, Tuo B, Ci H, et al. How detritivores, plant traits and time
modulate coupling of leaf versus woody litter decomposition rates
across species[J]. Journal of Ecology, 2023, 111(1): 227-239.

Lo 1 SRFCH. Al v ¥ o fgf i L 8 07 5 A 355 7 o 1A A0 2= 715 A2 AL Al
4t [D]. 52 FH: SEMIK, 2023.

Wu B L. Litter decomposition response karst habitat heterogeneity

and seasonal variation research[D]. Guiyang: Guizhou University,

[7] Dong X D, Gao P, Zhou R, et al. Changing characteristics and
influencing factors of the soil microbial community during litter
decomposition in a mixed Quercus acutissima Carruth. and
Robinia pseudoacacia L. forest in northern China[J]. Catena,
2021, 196: 104811.

[8] Yin Q L, Wu J Q, Wang X, et al. Deepened snow cover
accelerates litter decomposition by stimulating microbial
degradation[J]. Soil Biology and Biochemistry, 2024, 193:
109402.

[ 9] Scharenbroch B C, Bockheim J G. Impacts of forest gaps on soil
properties and processes in old growth northern hardwood
hemlock forests[J]. Plant and Soil, 2007, 294(1-2): 219-233.

(10] K3, skFHE, sRAE, 5. T RAA N AR B /N 19 o o 7% -

M [ AR 0 R A R B A (D). R AR 2SR, 2015, 39(8):
785-796.
Zhang Y, Zhang D J, Zhang J, et al. Pinus massoniana plantation
gap size on two litter types difficult-to-degrade substance content
effects[J]. Chinese Journal of Plant Ecology, 2015, 39(8):
785-796.

[11] Chen J J, Zhu J, Wang Z W, et al. Canopy gaps control litter
decomposition and nutrient release in subtropical forests[J].
Forests, 2023, 14(4): 673.

[12] Chen S, Jiang C, Bai Y, et al. Effects of forest gap on soil
microbial communities in an evergreen broad-leaved secondary
forest[J]. Forests, 2022, 13(12): 2015.

(13 xiexAs, dfh, 88508, S5, b E 2R FFS bR 10 SO R AL (0],
JSLFH -5 P05 AE 541, 2002, 8(1): 14-19.

Liu J F, Hong W, Fan H B, et al. China rare Castanopsis
kawakamii forest quantitative characteristics[J]. Chinese Journal
of Applied and Environmental Biology, 2002, 8(1): 14—19.

(14] R, L, 792, 55 8 KB R G 2 it S
RGUKE ZHEAE (0] LM ZFENE, 2021, 29(4): 439-448.

Chen B, Jiang L, Xie Z Y, et al. Castanopsis kawakamii natural
forest gap plant species diversity and phylogenetic diversity[J].
Biodiversity Science, 2021, 29(4): 439—448.

(15] TSP M MG RAAMAME 7D 5 R AR S T B AE
WE5C [D]. A& AR IR, 2017,

Feng X P. Castanopsis kawakamii natural forest gap litter and soil
ecological stoichiometry characteristics research[D]. Fuzhou:
Fujian Agriculture and Forestry University, 2017.

(16] Tk, XA, FIrh A, 55 s R E 3R R & T hE

2R E A RAE D] b SOOI R 2 2R, 2020, 42(7):
77-88.
Wang X L, LiuJ F, He Z S, et al. Castanopsis kawakamii gap soil
microbial community functional diversity seasonal dynamics
characteristics[J]. Journal of Beijing Forestry University, 2020,
42(7): 77-88.

[17] He Z S, Liu J F, Su S J, et al. Effects of forest gaps on soil
properties in Castanopsis kawakamii nature forest[J]. PLoS One,
2015, 10(10): 141203.

[18] He Z S, Wang L J, Jiang L, et al. Effect of microenvironment on


https://doi.org/10.11841/j.issn.1007-4333.2024.04.23
https://doi.org/10.11841/j.issn.1007-4333.2024.04.23
https://doi.org/10.1021/jf0111155
https://doi.org/10.1021/jf0111155
https://doi.org/10.17521/cjpe.2021.0321
https://doi.org/10.17521/cjpe.2021.0321
https://doi.org/10.17521/cjpe.2021.0321
https://doi.org/10.1111/1365-2745.14028
https://doi.org/10.1016/j.soilbio.2024.109402
https://doi.org/10.1007/s11104-007-9248-y
https://doi.org/10.17521/cjpe.2015.0075
https://doi.org/10.17521/cjpe.2015.0075
https://doi.org/10.3390/f14040673
https://doi.org/10.3390/f13122015
https://doi.org/10.3321/j.issn:1006-687X.2002.01.003
https://doi.org/10.3321/j.issn:1006-687X.2002.01.003
https://doi.org/10.3321/j.issn:1006-687X.2002.01.003
https://doi.org/10.17520/biods.2020399
https://doi.org/10.17520/biods.2020399
https://doi.org/10.12171/j.1000-1522.20200052
https://doi.org/10.12171/j.1000-1522.20200052

57

AT 5 A% P IR SRMA T X 8 A e e AR 0 I 0 f ERI 5 81

[19]

[20]

[21]

[22]

23]

[24]

[25]

species distribution patterns in the regeneration layer of forest
gaps and non-gaps in a subtropical natural forest, China[J].
Forests, 2019, 10(2): 90.

BIELUR, R A, RBEH, . AR LATRRE RN E i (0] R
A2, 2010, 30(7): 1911-1919.

HuL L, LiJS, WuXP, et al. Forest gap geometric characteristics
measurement method[J]. Acta Ecologica Sinica, 2010, 30(7):
1911-1919.

Xu J, Xue L, Su Z. Impacts of forest gaps on soil properties after a
severe
Pedosphere, 2016, 26(3): 408—416.

TSP, B IR, 458, 45 )1 VG g 1 3 25 e FA PR 3 30 R MR et
MG EmEZE [J]. bl K54k, 2007, 29(6): 66-71.

He Y P, Fei S M, Xu J, et al. Southwest Sichuan mountain Pinus

ice storm in a Cunninghamia lanceolata stand[J].

yunnanensis forest gap border tree crown eccentricity
phenomenon and influencing factors[J]. Journal of Beijing
Forestry University, 2007, 29(6): 66—71.

Price M L, Van S S, Butler L G. A critical evaluation of the
vanillin reaction as an assay for tannin in sorghum grain[J].
Journal of Agricultural and Food Chemistry, 1978, 26(5):
1214-1218.

AR, VRIS, R A - R R S A R, B AR
EEBIIMA 0] &MEE, 2004, 25(2): 157-161.

Li CY, Xu S'Y, Wang Z. Vanillin-hydrochloric acid method
determination grape seed, content
research[J]. Food Science, 2004, 25(2): 157-161.

FETH, WPOR Y, ks, 5. B840 B R IR T Z IR (7).
PHALFR 2B 23], 2006, 21(5): 156-159.

Yang Y L, Hu T M, Liu HY, et al. Puna chicory total phenolics

stem proanthocyanidins

extraction process research[J]. Journal of Northwest Forestry
University, 2006, 21(5): 156—159.

Yotk S0ER, SR, 5. Rk X AR A N TR S
SRR [7]. B AEZSF4%, 2024, 35(4): 1025-1032.

Yao J F, Guo Y, Dong Y, et al. Litter thickness on Larix

[26]

271

28]

[29]

[30]

[31]

[32]

[33]

principis-rupprechtii plantation natural regeneration effects[J].
Chinese Journal of Applied Ecology, 2024, 35(4): 1025-1032.
Haas B, Gevers D, Earl A M, et al. Chimeric 16S rRNA sequence
formation and detection in sanger and 454-pyrosequenced PCR
amplicons[J]. Genome Research, 2011, 21(3): 494-504.

Hortal J, Borges P A V, Gaspar C. Evaluating the performance of
species richness estimators: sensitivity to sample grain size[J].
Journal of Animal Ecology, 2006, 75(1): 274-287.

Lenk A, Richter R, Kretz L, et al. Effects of canopy gaps on
microclimate, soil biological activity and their relationship in a
European mixed floodplain forest[J]. Science of the Total
Environment, 2024, 941: 173572.

Li X, Zhang D, Zhang Y, et al. Forest gap size can efficiently
promote litter decomposition and nutrient release in south-western
China[J]. Southern Forests: a Journal of Forest Science, 2019,
81(2): 185-194.

Canessa R, van den Brink L, Saldana A, et al. Relative effects of
climate and litter traits on decomposition change with time,
climate and trait variability[J]. Journal of Ecology, 2021, 109(1):
447-458.

Thirunavukkarasu A, Hedenstrtom M, Sparrman T, et al.
Unraveling the dynamics of lignin chemistry on decomposition to
understand its contribution to soil organic matter accumulation[J].
Plant Soil, 2024, 505(1-2): 1-18.

Aomiao W, Rui Y, Xu Z F, et al. Forest gaps slow lignin and
cellulose degradation of fir (4bies faxoniana) twig litter in an
alpine forest[J]. Geoderma, 2022, 424: 116010.

Schliemann S A, Bockheim J G. Influence of gap size on carbon
and nitrogen biogeochemical cycling in northern hardwood forests
of the Upper Peninsula, Michigan[J]. Plant and Soil, 2014,
377(1-2): 323-335.

(jiHEpE H 82 F 2
TR ER)


https://doi.org/10.3390/f10020090
https://doi.org/10.1016/S1002-0160(15)60053-4
https://doi.org/10.3321/j.issn:1000-1522.2007.06.011
https://doi.org/10.3321/j.issn:1000-1522.2007.06.011
https://doi.org/10.3321/j.issn:1000-1522.2007.06.011
https://doi.org/10.1021/jf60219a031
https://doi.org/10.3321/j.issn:1002-6630.2004.02.036
https://doi.org/10.3321/j.issn:1002-6630.2004.02.036
https://doi.org/10.3969/j.issn.1001-7461.2006.05.039
https://doi.org/10.3969/j.issn.1001-7461.2006.05.039
https://doi.org/10.3969/j.issn.1001-7461.2006.05.039
https://doi.org/10.1101/gr.112730.110
https://doi.org/10.1111/j.1365-2656.2006.01048.x
https://doi.org/10.1016/j.scitotenv.2024.173572
https://doi.org/10.1016/j.scitotenv.2024.173572
https://doi.org/10.2989/20702620.2018.1542564
https://doi.org/10.1111/1365-2745.13516
https://doi.org/10.1016/j.geoderma.2022.116010
https://doi.org/10.1007/s11104-013-2005-5

	1 研究区概况与研究方法
	1.1 研究区域概况
	1.2 样地设置
	1.3 凋落袋分解试验设计
	1.4 凋落物难降解物质测定
	1.5 土壤理化性质测定
	1.6 数据统计与分析

	2 结果与分析
	2.1 林窗与非林窗微环境因子变异
	2.2 不同大小林窗各分解时期凋落物单宁变化
	2.3 不同大小林窗各分解时期凋落物总酚变化
	2.4 凋落物难降解物质与环境因子分析

	3 讨　　论
	3.1 林窗凋落物单宁分解特征
	3.2 林窗凋落物总酚分解特征

	4 结　　论
	参考文献

