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Effects of thinning on litter decomposition and nutrient release in Larix
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Abstract: [Objective] This paper explores the effects of different thinning intensities on decomposition
rates and nutrient release dynamics of needle litter and fine roots in Larix gmelinii var. principis-rupprechtii

plantations to provide a reference for sustainable plantation management. [Method] The study was carried
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out based on long-term permanent plots established in 2019 at Saihanba Mechanical Forest Farm, Hebei
Province of northern China, totally 12 fixed monitoring plots (30 m % 30 m each). These plots included a
control (CK, no thinning), light thinning (LT, 20%), moderate thinning (MT, 39%), and heavy thinning (HT,
60%). An in-situ decomposition experiment was carried out for one and a half years using the litterbag
method starting in November 2023. Soil temperature and water content were monitored synchronously. The
initial total carbon (C), total nitrogen (N), and total phosphorus (P) contents of the litter were measured, as
well as mass residual rates and nutrient release dynamics during decomposition. The Olson exponential
decay model was used to calculate decomposition rates, and key influencing factors were analyzed through
the mixed-effects model and correlation analysis. [Result] (1) Thinning treatments significantly increased
soil temperature and water content at 5 cm depth, with the largest increase observed in HT. Meanwhile, LT
significantly increased initial N and P contents of needles and fine root litter and decreased the initial C/N
and C/P, thereby improving litter quality. (2) All thinning treatments promoted the needle litter
decomposition, with decomposition rates following the order of LT > MT > HT > CK. In contrast, the
response of fine root decomposition to thinning intensity was inconsistent. LT and MT significantly
promoted fine root decomposition, while the decomposition rate under HT was lower than under CK.
(3) The decomposition rate of needle litter was significantly positively correlated with soil temperature and
initial N and P contents of litter itself, and significantly negatively correlated with initial C/N and C/P. The
decomposition rate of fine roots was mainly significantly correlated with initial chemical properties of litter
itself (N and P contents, C/N and C/P), with no significant correlation with soil temperature and water
content during monitoring period. [Conclusion] LT and MT effectively promote the decomposition of
needle litter and fine roots and nutrient cycling by improving soil microenvironment and litter quality.
Although HT accelerates needle decomposition, it inhibits fine root decomposition. Litter decomposition is
jointly driven by microenvironment and substrate quality, but the dominant factors vary. Overall, light to
moderate thinning is appropriate management intensity for optimizing litter decomposition and nutrient
return in L. gmelinii var. principis-rupprechtii plantations.

Key words: Larix gmelinii var. principis-rupprechtii; needle litter; fine roots; decomposition rate; nutrient

release rate; thinning; sustainable management of plantation
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P<0.05fFEREE R, BERMKT, N EHE R
FXHE, C/N B BAR T X . ARFEARAL R, 4018
¥Igh C(F=1.28, P=0.35F N/P(F=1.59, P=0.27)
T2, 1 N(F=6.14, P<0.05). P(F=6.33, P<
0.05). C/N(F = 10.186, P < 0.01)H! C/P(F = 9.470,
P<O00DFEREER, TERINEEELT, 41
RN FI P & & L B R T &, 1 /N A C/P L
HELBF B2 AR
33 MRABEEWMFERS BEREET L

ANE] (ARG BE T, Sedb g i pA i v ) A g
R o 2 Bk B 26 35 I 53 g T[] 184 o 2 5% 3 e I ot 35
CE 1), HLTa) A3 Ak B A0 43 fife B[R] i 8 95 90 (F =

K2 AEEEKEET Scm ®LTIEREMES/KETKL

Tab.2 Changes in soil temperature and moisture content at 5 cm depth under different thinning intensities

Bzt I CCKD

B & (LT)

AR (MT) HZFKHT)

HHERE/C
LA K R m )

2.08 £0.05a
0.041 £0.001a

2.51+0.08¢c
0.055+0.001b

2.34+0.05b 2.57 +0.06¢

0.091 £0.001c 0.107£0.001d

T AFEVNG T BHER [ —SE AR AN A () AR AR B 2 ) 22 53 . 25 (P < 0.05) . 1.
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Tab. 3 Initial nutrient concentrations of needle litter and fine roots in Larix gmelinii var. principis-rupprechtii

under different thinning intensities

Bt Eitan FoHE(CKD R (LT R (MT) HAE R (HT)
CHE /% 47.84+0.61a 48.41 £ 0.96a 47.85 +0.68a 47.61 £ 0.94a
NE®=/% 0.78 £0.01a 0.92 +0.05b 0.83 £ 0.04a 0.86 + 0.04a
PEE/% 0.06 £0.01a 0.07+£0.01a 0.06+0.01a 0.06 +0.01a

R )

C/N 61.34+0.58b 52.60 +3.33a 57.99 +2.39ab 55.49 + 3.16ab
N/P 13.08 £0.21a 14.31 = 1.06a 12.88 +0.52a 14.13+0.77a
C/P 802.21 +20.31a 749.31 + 15.95a 747.59 + 49.98a 782.30 + 37.74a
CHE/% 41.80 + 1.43a 40.44 +0.16a 40.28 +0.88a 40.79 +0.28a
N #/% 1.15+0.02a 1.38+0.03b 1.24 £0.10ab 1.26 £ 0.02ab
PEE/% 0.13+0.01a 0.16+0.01b 0.14 £ 0.0lab 0.15+0.01ab

i C/N 36.48 + 1.60b 29.32+0.71a 32.73 £ 1.87ab 32.38 + 0.44ab
N/P 8.94+0.10a 8.58+0.27a 8.83+£0.18a 8.67+0.11a
C/p 326.18 £ 17.71b 251.31+5.72a 289.19 +21.37ab 280.65 = 0.58a

245, P<0.05)FZHHR(F = 8.78, P < 0.001) Jii &4k Bd
R EZERWCE 4. &5 1 F2FL10 0, RFE
Qb 3R R T ) R B 2R 43 i R R ((64.50 +
7.99)%) > B JE A% ((61.49 + 2.700% ) > v} [Al 4%,
((60.89 + 4.96)%) > 1 J& [A] £} ((59.13 + 2.69)%),
A [ ) A5 2% A 350 2 AR adk i R T 0 o e, 8 BEE ) AR
AR T A A R A [F) A B R GEAR T &
B B 2y ) R B TE) AR ((47.56 £ 2.51)%) > i I
((43.26 £3.91)% ) > £ ((34.67 £ 6.28)% ) >
P A% ((28.15 £ 2.66)%), HFE A A% ASF T 41 AR
I AR, SR ARSI A R T AR 53 fif, ELAER FE )
T GHRR 3 i e TR o

FIF Olson 8O WA B 0L & U4 V5 40 7 il 2,
ANFERCERT, 8 T4 o3 fi SR 26 53 73 R % B ) A
(0.369) > 1 []£%.(0.349) > H [ [6]£%(0.342) > %t
HC0.297), X R B R o FE AN R R AT, i i
57 i 509% Jit 7 I8 TE] 43991 09 2.335. 1.877. 1.987,
2.028 4, 73l 95% BT 75 I 18] 23 1) 29 10.090. 8.114
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X R EY) C & &P <0.000)51 C/NCP <0.001)
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Fig. 1 Decomposition dynamics of needle litter and fine roots in L. gmelinii var. principis-rupprechtii under different thinning intensities
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Tab. 4 Two factor variance analysis for decomposition rates and nutrient release rates of needle litter and

fine roots in L. gmelinii var. principis-rupprechtii (F value)

FA W S 45 e yoss B[R] ALFE < 5 8]
Wiy (ST e 7.60%** 19.09%** 2.45%
CREGHE = 2.09 29,53 %+ 1.26
N i 22 0.63 1.47 1.52

R RV PRI 1.30 0.14 0.82

C/N 2.18 9.90%** 1.17
N/P 1.89 2.68 0.43
c/p 0.68 2.32 0.55
iy SrEs 30.20%%x 42,725 8.78%x*
CREGHE % 19.16%** 74.96%%* 4.63%%*
NRETSUE 2 10.70%%* 10.18%+* 7.60%%*

R PRI 4.69%* 20.01%*+ 3.77%*
C/N 12.64%%% 6.00%** 4.06**
N/P 0.09 3.09% 0.53
c/p 0.46 1.57 0.64

T *RIRP < 0.05; **RIRP < 0.01; ***FIRP <0.001,

£S5 ARIEMEEE TEIGEMHRM R IAZEYMERSBAERIESH

Tab. 5 Decomposition equations and decomposition parameters of needle litter and fine roots in L. gmelinii var.

principis-rupprechtii under different thinning intensities

Bl bR WA T MEREH MRER/GY  FERS0%FTT R RIS % T I ] /a
CK y=0.995 37026 0.850 5 0.297 2335 10.090
LT ¥ =0.990 2¢ 3% 0.900 4 0.369 1.877 8.114

Y RF ]

MT  y=0.987 0e " 0.891 1 0.349 1.987 8.586
HT y=0.991 ¢ -3 ¥ 0.897 8 0.342 2.028 8.765
CK y=1.0322¢ 058 0.964 1 0.568 1.220 5272
LT y=1.086 2¢ 373 0.955 1 0.867 0.799 3.454

A MT y=1.058 1e *™7" 0.9225 0.725 0.956 4.134
HT y=1.011 6e " 09115 0.522 1.329 5.742

FEADMBACFERRRBAREBN, 25 —HE
BIARES, — 02 G, TR, R, A B A
WA, A EEY N &2R& B YIEHE 5
BINT 84.11%- 60.77%- 78.33% 1 67.50%; M-} ¥

P RIS R R, S R
ARAS, (LY T I IRTEIRIG P A, S BB

TV P& EIINT 33.10%- 15.30% 19.90%
F119.78%. Gl 3 B, BAN -t #E i, w5 %
Y1 C/N BILEMOIRA, — R fE, MR, 2
FE  F R R R () AR Ak 3 4 ) EL W A C/N PR AR T
54.80%-+ 47.30%- 54.33% 1 50.61%; W} & & ¥
N/P A1 C/P ¥ IS BRAK J5 B IIRAS, ok 7 4
N/P 7543 filf — 521 2 Ja, et J Y8 & ) 90 46 N/P
B SN, 3 BT AE BN T 39.95%. 39.63%-

49.82% 1 41.47%; 1M 8754 C/P 425 i — 2
25, e A RTEYINILE C/P L AR, 2 BB I as
- JEEY) C/P FEK T 36.99%- 26.35%- 31.51% FlI
30.61%.
YR Cv Ny Py C/N TEA R AR 58 BE J AN [ 43 fif
N HALEAE B 3E Z (P <0.01), 1 N/P A1 C/P T &
EEFP>0.05K D, MR CFEIEEAN T
T REREBCRAS, —F L2 )5, XTI, ?E\
HhREFN A LA R, 0HR C SRS B C
7 ”IJ [5¢TEE 14.14%. 8.78% 6.13% F1 8.02%:; éEEH‘E N
—HEEMRE, —ERW R G, MR
%FE\ HORE AT BE AR R, AR N S ERE AV
BN ES M T 60.85%. 44.20%- 58.41% Al
59.72%; 4HAR P & S 1EREAN i 7R o 2 IR O
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Fig. 2 Changes in C, N, P concentrations of needle litter and fine roots in L. gmelinii var. principis-rupprechtii under different thinning intensities
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Fig. 3 Changes in C/N, N/P, C/P of needle litter and fine roots in L. gmelinii var. principis-rupprechtii under different thinning intensities

F o6 LAEMARMFEARYMARSBERS TER
E. 8KkE. MIBHEIESENXER
Tab. 6 Relationship between decomposition rates of
needle litter and fine roots and soil temperature, soil water
content, as well as initial nutrient contents in L. gmelinii
var. principis-rupprechtii

i Viy. SUES
W ) gl
TR 0.68* 0.26
TS KE 0.34 -0.28
Co& 0.34 -0.13
N& & 0.74%* 0.79%*
s PEE 0.72%* 0.75%*
P TR AR ON C0.68* Py
N/P 0.17 -0.35
C/p —0.72%* —0.69*

VE: R EUE N Spearmantil < R EL *REKP < 0.05; **{LEKP < 0.01;
*ELFP <0.001,

Y, R PR O R R R R B 2 IE AR G
(3R 6), NGB 7 i de it 7 € &

Fro REEERMN, L8eE S KRR R K,
R 43 A IR IR 2R AR F 59 T8 BE AN o BE AR B, TX SR
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