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Abstract: [Objective] To characterize regional patterns in carbon stocks and nutrient properties of litter
and coarse woody debris (CWD) in natural Picea schrenkiana forests across the Tianshan Mountains, and
thereby improve understanding of the composition of aboveground dead organic matter pools and their role

in ecosystem nutrient cycling. [Method] Natural Schrenk spruce (Picea schrenkiana) forests located in five
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representative regions of the Tianshan Mountains, including Zhaosu, Xinyuan, Hutubi, Tianchi, and Qitai,
were selected for this study. Concentrations of carbon (C), nitrogen (N), phosphorus (P), potassium (K),
calcium (Ca), and magnesium (Mg) in litter and CWD were determined to evaluate their stoichiometric
characteristics and carbon storage patterns. [Result] (1) Significant regional differences were observed in
nutrient concentrations and stoichiometric characteristics of litter, whereas nutrient composition in CWD
was comparatively stable, with only P, K, and Mg varying significantly among regions. (2) Compared with
litter, CWD exhibited higher C:N and C:P and greater stoichiometric variability, indicating enhanced
elemental losses and retention during long-term decomposition. (3) Regional variation in aboveground dead
organic matter carbon storage was primarily driven by litter and generally increased from west to east across
the Tianshan Mountains. Although the relative contributions of litter and CWD differed substantially among
regions, total aboveground dead organic matter carbon storage showed no significant regional differences.
Litter and CWD accounted for 57.2%—86.6% and 13.4%—42.8% of total aboveground dead organic matter
carbon storage, respectively. [Conelusion] The spatial pattern of the aboveground dead organic matter C
pool in Tianshan spruce forests is jointly shaped by regional variation in the C and nutrient characteristics of
litter and CWD and in their relative contributions to C storage. These findings improve our understanding of
the formation and nutrient cycling processes of aboveground dead organic matter pools in mountain forests
of arid regions.

Key words: Picea schrenkiana forest; litter; coarse woody debris; ecological stoichiometry; aboveground
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Fig. 3 Regional variation in nutrient stoichiometric ratios of litter and coarse woody debris



oM I A TS A2 MRt _EFEAT MR RN 7% 43R5 AE 1 X 35k 2 57 T 20y 0 = 117
5¢ 35¢ a
—~ a :\
E b b { Esof a
= 4 : T a
nﬂ?ﬂ b & 25| T
= 3 b =
B E20F
= } E A a
Ez =157 4 1 a
E = 1o
2Ot =
B = o5}
¥
0 L - . . - 2, i
WZn  BR WPEEE K AR BRTR OB PREEE S K AHG
(] vad&s [ R Tk ik
Ter a a a 100 ¢
g a
Zs
g?g o 75
=y [0)
= s
E 3 Z 50
£ HE
\g 2
= 25|
B 1
o
L L - L - 0
WRIN OHR PEEEE R &G IR OBE PEREE K WA

B4 AN DX st S0 LIS B fid B 2 L 2H 2 Dk

Fig. 4 Carbon stocks and component contributions of aboveground dead organic matter across different regions

ez .
T -1.0 =05 O 05 1.0 HLA R A
- NPt ]
o | =
e ([ [+
kit [ I
R Mg | B
. carrit ([
I ki [
[ [Ty =
o -
8 ¥ o“’@@@@ &7 R o‘b*x@%k@é* @N &

MAP. PRk MAT. A3 ; DBH. e, *. =+ RIFR7E p <0.05. p <0.001KF LB EAHHE,
5 FTEMR CWD [37 5 8 B AL R LG SR B 1 1A 6

Fig. 5 Spearman correlations of nutrient contents and stoichiometric ratios in litter and CWD with environmental factors

TvEY R IR O IR B2l T RKIIFR AR R ARG 2202, (K] i,

FVEYIAT CWD (177 7> AL XA SRR AR XS IR 0 34 P4l o #3780 A CWD A1
ANTEIE SR, RSB BUBRIFAE— MR — 8 G — ISR PR T e s e A S R YR 0 4
B, T 2 E AN [ B e b ) ROBE AR 2 o L R B AR @ Ve T IR A, Rl —# A R A A
HH BT REW B S i 24 BT A5 S5 A BV ), CWD I TR) ROBEAFAE A 23 23 Sl PR AT



118 b = ok X

¥k

548 4

3.2 AE®S CWD L FITEHE

AW TR I, R VR 3R 4 & 2 AR X [A]
AR 25, I NP fRFFHFE . AL T,
CWD ] C:P F1 N:P R B H B KA X 3848 S s
X R EIEA N A D E T E R R LAEE
BZER.

TR NP I X3R5 3R B 25 08 25 42 %) Bl
PR BRI B B T se 1. S i A B
R, EPLE 2l FE o 2 R RN A
P, DA 35 50 R 803 FE kb 7R o0 4 %, R B 2 RF
IR E AT R R R X 5 AT FUETEY NP
TE XS R AT PR R R e I 45 S — 3. X Rl e e 4L 2
THERHIEA R T IR R VAP0 53 R AN 37 20 A 18 3 R 1
HEEEVE, W4EFR AR E S RGE R TER N E i
17 S, CWD A E &1 CIN fl C:P
H X300 7 B B R, Ul B R T R A & B KT R A4
ek, HIR AR FERF LT MK, TGRS b5 5
fR I FEASWT R AE B APY, HRI& BF A HLIX CWD %
P B = CiP AT NCP, B CIP R NP IR
Wt P S EMNT C N SRR, Fik, CWD
A2 BRI S B R K R A AR AR N R X
BERGS FRAAEE R, T FEEL A E C N P 2 H
HIE 9% R R A A . ST, CWD L2t
R BB % B AURR M 1 K I AR AR R T R IR R
IEFR I Xk 2 5
33 BIR=FZ#it F BV RBREARFIEREX
WAESENX

BOAT AT AR 127 2 A bR AE 75 28 B i 12 110 2 B 40 i
T4, o AH BCREAE B R e AR AR TS R SRR A
RPN AR TR I, IR AL R A BT
Tk g 3 B RVE A 1, PR TE P TR FR B B 57.2% ~
86.6%, W& =T CWD. CA M7 EW, CWD fif &
FEZ TR J A Hh 2 1R)P 48 G JR 4 il
FOAR R W T R (] RO, AR T AR
BACTART R R 1) 22 W BT AR, AHF 5T [X 38 b
B WL R R TE A & R S A, R B
PRI BT T A S i N A2 24 47 S8 WL i 26 1 B
P SR, CWD 3T HR T 13.4% ~ 42.8% (115 i &,
42 X IR AIEAT MU B e AN o] 2 AR 2H B 43, 3
LFYE T A LT 1 FR e TP

WA, AHIEFE I, 5 R L ik R P ) 2R CAA B
BB, YA E Bk 21Nk, i CWD
Ty s B 2 BLARN N B (8 5, (R X 3R] 22 S R0k
ST G A by B S 3 EE R gl IS IR RS2 TDN
TE R JE s A AR, SEAE AR 7 A0 SR A &
Oy f I FE S A R B, T CWD U 2 R R SR

TEAVEIARTE i, Hof N BAG BRI BN, JF52 05
SRS EE R T s R A R K s e 203
AR, AN H X 38t 204 MU B e 4
R BN E YA CWD [F) 25 1 0, 1 A2 22 B A
AR S . R PR A TT AR ], {H A
My BEAT AL B fify A X 8 () HE AR R B 6 22 5 o
XU B XA AR X 55 08 = A2 bkt E BB WL B
JEE ) 520 2 AR IILAE AN [F) 26 23 DTk 2R 1 R 8, 1
SR ) V3 OO . AR EIEA AL 53 () 2
S5 M 7 T S DX 358 R RSE BEAG WL Bk 2 (1) S J 12k )
HER A B, 7R R DXIOR B R AR BRI VAl B
T E 2 R ISR CWD SRS, A BEEE N
HER PPN AR AR AR S RA MR A7 BE /1152,

B R B A, 2010 4F BASK, 37 88 A % i [X
R 1 0 o S S B o R A S T PN
BIF 8 A P 2R B0 A B 2H 20 1A e i s R 5 0 TR T g
MR KPR — 8 E 5. SR, AN A 322G
AN [ [X 38 P45 P AT CWD 22 J8) A X 22 5, s L)
B XSRS . MR o5 0 B oy T i ik AR SR R VE AR
)7 (8] 73 S AHFAE o AR SR I AR, Hik =42
AKX K AR LA B 5 1 2 (R RN 3 22 S5 10, O
Y5 93 iR e 0 2 R JIUA X K R 2% A A8 A B N
U M2 R, CWD TR RS B AT £ 2 B bk 4y
FE T3 N B A 15 it 3k 2 0 2 i 071, X S g 9 S
FET A TG X A5 22 S A A WL 455 53 7+
M. BRI, ARHF T 45 R AT AR N R LTI = A2
H BB AL TR B R 7 43 R AIE 1) B X Sk R 2, IR N HE
Fl AN [V BEAT AT 20 43 1) 25 18] 53 57 B JFL A 05 o 7 g 4
Z%,

4 % ®

T AP YR CWD X [X 453 455 4 i 36
T AN () A o B X o TR A0 77 43 R 21 I A 5 ) 8
BUHUR, T CWD 777 4 Al i Fe e, (H Ho b 2 0
EE (CP Al NP X 38038 St B 5K, 3% B 9 2858
BAWRHS NI ERR LAAEHE S 7. XK
IR AR b, = T AR % A 6o Bk i D DT R R, T
HUAT AT T3k ity 2L 7 [X 358 1) 788 e A K A 70, 58 A X3
JOBEBEA WL B g 2 18] e Joid A = BRI T AN [F] 26 43
() 22 S e B o D], 7 DXIAR MR Bi 2E F Ak R0 77 23 1
B FeH, N [E N5 SR TE A CWD R4 4, DL
B ORI T T X L Hb AR AR R BB 2H Bk
S HARURFAE

S £ X

[1] FibZs, MM, PhJE A, 25, 200k T84T LT 0 1 BLIR 5
W [J]. e 24 &, 2020, 39(11): 3829-3843.


https://doi.org/10.13292/j.1000-4890.202011.033

59

T PR T ZAZ M L BUA WL BRAN IR 7 R AL A X322 57 e 419 90 5 119

(21

(3]

[4]

[51]

(6]

(71

(8]

(91

[10]

[11]

[12]

[13]

[14]

Wang Q K, Tian P, Sun Z L, et al. Research on soil organic matter
in forest ecosystems: status and challenge [J]. Chinese Journal of
Ecology, 2020, 39(11): 3829-3843.

Stokland J, Alfredsen G. From deadwood to forest soils:
quantifying a key carbon flux in boreal ecosystems [J].
Biogeochemistry, 2024, 167(10): 1225-1242.

WRME, R, RILE, S5 BAHA TR AR 20 R 0F Tt e (7).
TP E 2R, 2024, 48(5): 541-560.

Chang C H, Zhu B, Zhu J L, et al. Review on the study of forest
coarse woody debris decomposition [J]. Chinese Journal of Plant
Ecology, 2024, 48(5): 541-560.

SR, 75 FY, WL, 45 SRR ML X AR A K IR MR R VR
V& 53 M B 77 43 BT [0 AE ML IR 27 241, 2022, 44(3):
65-74.

Zhang D, Man X L, Liu S Q, et al. Litter decomposition and
nutrient release of typical forest communities in non-growing
season in cold temperate zone [J]. Journal of Beijing Forestry
University, 2022, 44(3): 65-74.

Marafion-Jiménez S, Castro J. Effect of decomposing post-fire
coarse woody debris on soil fertility and nutrient availability in a
Mediterranean ecosystem [J]. Biogeochemistry, 2013, 112(1):
519-535.

Dadda M, Thorn S, Luo A R, et al. Tree species richness and
productivity influence deadwood amount, but microclimate its
decay in an early successional subtropical forest [J]. European
Journal of Forest Research, 2026, 145(4): 80.

de la Casa J, Sardans J, Galindo M, et al. Stoichiometry of litter
decomposition under the effects of climate change and nutrient
enrichment: a meta-analysis [J]. Plant and Soil, 2025, 506(1):
709-726.

Zhang X Y, Hedénec P, Yue K, et al. Global forest gaps reduce
litterfall but increase litter carbon and phosphorus release [J].
Communications Earth & Environment, 2024, 5: 288.

Herrmann S, Bauhus J. Nutrient retention and release in coarse
woody debris of three important Central European tree species
and the use of NIRS to determine deadwood chemical properties
[J]. Forest Ecosystems, 2018, 5(1): 22.

Yuan J, Hou L, Wei X, et al. Decay and nutrient dynamics of
coarse woody debris in the Qinling Mountains, China [J]. PLoS
One, 2017, 12(4): e0175203.

Herrmann S, Dunger S, Oehmichen K, et al. Harmonization and
variation of deadwood density and carbon concentration in
different stages of decay of the most important Central European
tree species [J]. European Journal of Forest Research, 2024,
143(1): 249-270.

Pan Y D, Birdsey R A, Fang J Y, et al. A large and persistent
carbon sink in the world’s forests [J]. Science, 2011, 333(6045):
988—993.

Berg B, McClaugherty C. Plant litter: decomposition, humus
formation, carbon sequestration [M]. Berlin: Springer, 2014.

Yuan J, Wu F Z, Peng C H, et al. Global spectra of plant litter

carbon, nitrogen and phosphorus concentrations and returning

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

amounts [J]. Journal of Ecology, 2024, 112(4): 717-729.

ik H B, SRS, T, 55 RE PG AEAN R AR R Y BER A2 N AR
AR R B AR AR A 3] bR ARl R 2R 4, 2021,
43(11): 20-27.

Zhang R S, Huang Z G, He Bin, et al. Biomass accumulation and
productivity changes of Taiwania flousiana plantation at different
age stages in northwestern Guangxi, southern China [J]. Journal
of Beijing Forestry University, 2021, 43(11): 20-27.

Giisewell S. N: P ratios in terrestrial plants: variation and
functional significance [J]. New Phytologist, 2004, 164(2):
243-266.

Sardans J, Rivas-Ubach A, Pefiuelas J. The C: N: P stoichiometry
of organisms and ecosystems in a changing world: a review and
perspectives [J]. Perspectives in Plant Ecology, Evolution and
Systematics, 2012, 14(1): 33—47.

Xu X L, Yang Z P, Saiken A, et al. Natural Heritage value of
Xinjiang Tianshan and global comparative analysis [J]. Journal of
Mountain Science, 2012, 9(2): 262—273.

VRS, WAL, MR, 55 R AR AR S R G RoAR R S LR
WK 2 [J]. BRI, 2016, 40(4): 364-373.

Xu W Q, Yang L, Chen X, et al. Carbon storage, spatial
distribution and the influence factors in Tianshan forests [J].
Chinese Journal of Plant Ecology, 2016, 40(4): 364—373.

LK. RINEZHA G A LS IRERERT A [D]. S HE: %
Ok R 7, 2013

Ma X Y. Ecological functions of coarse woody debris of Picea
schrenkiana var. tianschanica in Tianshan Mountains [D]. Hefei:
Anhui Agricultural University, 2013.

Mz Je. R BASRETE S5H SF 2 BEEIT T (D). & IE: 28
A0l K2, 2013.

Bai Y L. Heterogeneity of community structure and species
diversity of Picea schrenkiana var. tianschanica in the Tianshan
Mountains, northwest China [D]. Hefei: Anhui Agricultural
University, 2013.

Harmon M E, Franklin J F, Swanson F J, et al. Ecology of coarse
woody debris in [M]//Advances in
Ecological Research. Amsterdam: Elsevier, 1986: 133-302.

Wi, R TR HR I T Y57 20 R KRR (AT E BT AL [D].
s BRI R, 2013.

Fan J. Nutrient and water-holding characteristics of litter of Picea

temperate ecosystems

schrenkiana var. tianschanica forest in the Tianshan mountains
[D]. Hefei: Anhui Agricultural University, 2013.

Fanin N, Bezaud S, Sarneel J M, et al. Relative importance of
climate, soil and plant functional traits during the early
decomposition stage of standardized litter [J]. Ecosystems, 2020,
23(5): 1004-1018.

Hu Z H. The decomposition of woody debris in subtropical forests
[M]. Beijing: Science Press, 2023.

Palviainen M, Finér L, Laiho R, et al. Carbon and nitrogen release
from decomposing Scots pine, Norway spruce and silver birch
stumps [J]. Forest Ecology and Management, 2010, 259(3):

390-398.


https://doi.org/10.13292/j.1000-4890.202011.033
https://doi.org/10.13292/j.1000-4890.202011.033
https://doi.org/10.1007/s10533-024-01170-y
https://doi.org/10.17521/cjpe.2023.0237
https://doi.org/10.17521/cjpe.2023.0237
https://doi.org/10.17521/cjpe.2023.0237
https://doi.org/10.12171/j.1000�1522.20210338
https://doi.org/10.12171/j.1000�1522.20210338
https://doi.org/10.12171/j.1000�1522.20210338
https://doi.org/10.1007/s10533-012-9744-x
https://doi.org/10.1007/s10342-026-01919-0
https://doi.org/10.1007/s10342-026-01919-0
https://doi.org/10.1007/s11104-024-06718-3
https://doi.org/10.1038/s43247-024-01453-0
https://doi.org/10.1186/s40663-018-0140-4
https://doi.org/10.1371/journal.pone.0175203
https://doi.org/10.1371/journal.pone.0175203
https://doi.org/10.1007/s10342-023-01618-0
https://doi.org/10.1126/science.1201609
https://doi.org/10.1111/1365-2745.14250
https://doi.org/10.12171/j.1000-1522.20200107
https://doi.org/10.12171/j.1000-1522.20200107
https://doi.org/10.12171/j.1000-1522.20200107
https://doi.org/10.1111/j.1469-8137.2004.01192.x
https://doi.org/10.1016/j.ppees.2011.08.002
https://doi.org/10.1016/j.ppees.2011.08.002
https://doi.org/10.1007/s11629-012-2214-z
https://doi.org/10.1007/s11629-012-2214-z
https://doi.org/10.17521/cjpe.2015.0235
https://doi.org/10.17521/cjpe.2015.0235
https://doi.org/10.1007/s10021-019-00452-z

120 = N AN 948 %
[27] T, sk, TN, 2. o R a0 R AR X =0k 7K e V8 7% [X gL 7Y University, 2013, 30(1): 114-122.
R ORI M (7). = BOR LR, 2011, 39(19): 11539— (35] W, e gk, £I716, & AR RGO AU T A B fif 1
11541,11546. R REE (0], £ 2EIR, 2021, 41(20): 7913-7927.
Yu H, Zhang L, Wang G, et al. Effects of light and temperature on Cao Y, You W B, Wang F Y, et al. Research progress on carbon
phosphorus release in typical soil of drawdown area of Three storage of coarse woody debris in forest ecosystems [J]. Acta
Gorges Reservoir [J]. Journal of Anhui Agricultural Sciences, Ecologica Sinica, 2021, 41(20): 7913-7927.
2011, 39(19): 11539-11541,11546. [36] Su#h, x4, BER, & R BSIEREDDR KRR 25 10 53 51
[28] Berg B, Sun T, Johansson M B, et al. Magnesium dynamics in P [0, Z bR K224, 2013, 41(5): 56-60.
decomposing foliar litter—a synthesis [J]. Geoderma, 2021, 382: Fan J, Liu H, Bai Z Q, et al. Spatial heterogeneity of Picea
114756. schrenkiana forest litter water-holding characteristics in the
i, ¥4 455 ] REREX 4 JEN . . . R
(291 M. IRBLA T RIR SR FAT DIy 7793 EIRACHIFE N [D] Tianshan Mountains [J]. Journal of Northeast Forestry University,
L OKHKE, 2023,
R RER, 2023 2013, 41(5): 56-60.
Li S. Effects of i tal fact d phyl leaf
! ects of environmental factors and phylogeny or fea [37] Russell M B, Fraver S, Aakala T, et al. Quantifying carbon stores
nutrient resorption in plants [D]. Dali: Dali University, 2023. L .
and decomposition in dead wood: a review [J]. Forest Ecology
[30] Harmon M E. The role of woody detritus in biogeochemical
and Management, 2015, 350: 107—128.
cycles: past, present, and future [J]. Biogeochemistry, 2021,
[38] Ouimette A, Hastings J, D’Amato T, et al. Can coarse woody
154(2): 349-369.
) ) material account for the nitrogen imbalance at Hubbard Brook
[31] Sun X B, Li D J, Lii X T, et al. Widespread controls of leaf
. . . o L Experimental ~ Forest, New  Hampshire, = USA? [1.
nutrient resorption by nutrient limitation and stoichiometry [J].
Bi hemistry, 2026, 169(2): 18.
Functional Ecology, 2023, 37(6): 1653-1662. 1ogeochermsiry @
[32] it BGEUE, T34k, 25 2k 25 2 S HLA TR 5% 1 T e [39] Jin C H, Wang B, Cheng T F, et al. How much we know about
1 ], 1 A AORRE, 2022, 49(2): 85-92 precipitation climatology over Tianshan Mountains—the Central
Li'Y, Sheng J F, Yu M J, et al. Research progress of coarse woody Asian water tower [J]. npj Climate and Atmospheric Science,
residues in forest ecosystems [J]. Guangdong Agricultural 2024, 7(1): 21.
Sciences, 2022, 49(2): 85-92. [40] He J, Shen Z, Ning C, et al. Elevational effects of climate
[33] Yan Z B, Tian D, Han W X, et al. An assessment on the warming on tree growth in a Picea schrenkiana forest in the
uncertainty of the nitrogen to phosphorus ratio as a threshold for Eastern Tianshan Mountains [J]. Forests, 2024, 15(12): 2052.
nutrient limitation in plants [J]. Annals of Botany, 2017, 120(6): [41] Gong L, Chen X, Zhang X, et al. Schrenk spruce leaf litter
937-942. decomposition varies with snow depth in the Tianshan Mountains
(34] B, e R, ZIEE, 55, o B BRMOH AT B A A B 2 L2 [J]. Scientific Reports, 2020, 10(1): 19556.

e BRI 25 [J]. WiV LRAROR 52544, 2013, 30(1): 114-122.
LiKL,RaoLY,LiFF,etal. Storage and determinants of coarse
woody debris in China’s forests [J]. Journal of Zhejiang A & F

(IrtEsmit & &
wERE REHE)



	1 研究区概况与研究方法
	1.1 研究区概况
	1.2 研究方法
	1.2.1 样地选取
	1.2.2 样品采集
	1.2.3 凋落物和粗木质残体的养分含量
	1.2.4 凋落物和CWD的单位面积碳储量
	1.2.5 数据分析


	2 结果与分析
	2.1 不同区域凋落物和CWD养分含量特征
	2.2 不同区域凋落物和CWD养分化学计量特征
	2.3 不同区域地上死有机质碳储量及组成
	2.4 凋落物和CWD养分含量及化学计量比与环境因子的相关性

	3 讨　　论
	3.1 凋落物和CWD养分分配格局的区域差异
	3.2 凋落物与CWD的化学计量特征
	3.3 雪岭云杉林地上死有机质碳库组成特征及其区域生态意义

	4 结　　论
	参考文献

