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Dynamics of soil nutrients and their response to seasonal freeze-thaw in the

subalpine-alpine forests of western Sichuan
TAN Bo', WU Qinggui'®, WU Fuzhong', YANG Wangin" "

1 Key Laboratory of Ecological Forestry Engineering, Institute of Ecology & Forestry, Sichuan Agricultural University, Chengdu 611130, China

2 Ecological Security and Protection Key Laboratory of Sichuan Province, Mianyang Normal University, Mianyang 621000, China

Abstract ; Soils in subalpine and alpine ecosystems during winter experience extensive snow cover, freezing, thawing, and
freeze-thaw cycle with air temperatures fluctuating above and below 0 °C. Such conditions have profound repercussions on
soil nutrient availability, microbial biomass, and enzyme activity in subalpine and alpine ecosystems during winter, yet
systemic studies of these ecosystems are lacking. In order to deeply understand winter ecological processes in the subalpine
and alpine forests of western Sichuan, three fir (Abies faxoniana) forests including primary fir forest at 3582 m altitude, fir
and birch mixed forest at 3298 m altitude, and secondary fir forest at 3023 m altitude were chosen as study subjects. Soil
was collected at different stages; at the onset of the soil freezing period, the soil frozen period, the soil thawing period, and
the growing season from November 2008 to October 2009. Concentration of dissolved carbon and nitrogen, NH;-N, and

NO;-N were measured in each soil sample. Compared to the growing season, the content of measured nutrients was relatively

EE£TE . HR A RPAIE A H (31170423, 31270498) 5 EK + = H7 BHE 840 (2011BAC09BO5 ) 5 1)1 78 5 AR 22 R 5 H AR Sk A
FEEWUH (2012]Q0008, 2012JQ0059) 5 18 45 2 AL A4 d (15 2%) LIHIRHIF 3L 42 (20105103110002) T H

Y5 B H#A:2013-12-30; [P 4% HH R B 38 :2014-09-25

# M iHA/EZ Corresponding author. E-mail ; scyangwq@ 163.com
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high during winter in all sampled forests. Moreover, the dynamics of the measured soil nutrients changed with the processes
of the soil freeze-thaw cycle. In the soil organic layer, the amount of dissolved carbon and nitrogen, NH;-N, and NO;-N
significantly increased followed by a decrease in both the onset of the soil freezing period and the soil thawing period,
whereas they showed little change in the soil frozen period, except for NH;-N. In the mineral soil layer, the content of the
measured nutrients also significantly increased and then decreased with the onset of the soil freezing period. However, the
content of the dissolved nitrogen, NH;-N, and NO;-N visibly increased in the soil frozen period, reaching a peak in the soil
thawing period. Additionally, the interaction of the altitude and soil layer affected the amount of dissolved carbon and
NO;-N. Correlation between the concentration of soil nutrients and soil temperature varied with the altitude. The results
suggested that the seasonal freeze-thaw period is a crucial stage for ecological processes in the soil, and the soil freeze-thaw

pattern significantly affects the dynamics of soil nutrients in the subalpine and alpine forests of western Sichuan.

Key Words: subalpine/alpine forest; seasonal freeze-thaw; soil nutrients; winter ecology
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Fig.1 Dynamics of soil dissolve carbon in the forests at different altitudes from November 5, 2008 to October 25, 2009

S5 HAARAEANA S, B 5 6 - Sl Ak S s o 2 58 A il Ak S PR BRI B AR Ak, T 4V 3k T - R JR & R AT i
PR B B 32 VRS0 3 - R VR TG B 52 ) S S5 10 i DR R AIG WS R A B B R, ik (3 A 25
H ) iR 5 Bl PR (] 2) , 3 Mk A2 TiE RS B RGSIIN (11 A 15 H) 5 iR E,
3582 m Al MR SR SAERKERST (8 A5 H) ZRARE 3298 m 13023 m & & FAERK N Hike4F
A, A TR SRR S BAERE I (3 H 25 H) ARG, B8 m T 5E KRS
WO HS5H),
2.3 HHEESA

3 AR A MU A T 8 23 4 2R B A G e AR A2 R 45 40 1 - 0 R A B R i) 8 A i R
AR, JFTEVRGS I R R 2 3 e s AR (1 3) . HIEA D2 SR & = IERE RN (3 A5 H)
EROINEA i E, BE R TR MG M R AR B RREAL, WA R 2SR A RN
e IERALRI (3 H 5 B BE SRS R iRAUE, 15, b e B e S 3wk I (3 H 25 H) B
e PR BRI . AR TR Y 3298 m Al 3023 m, ZREEHFSE I [A] AN VR RIS ER U EICRE /=5 119 3582 m 48R A
AL N
24 HIEMESHA

3 MR A MUZ A ZE A AU S R A2 VR G003 - S VR G B4 52 1) S 5 348 o s DR B A1, 7 R 25
AR AN S 7 A S R A B TR SHRE i 2 Ak S PR BRI A (BT 4) , 35823298 m F13023 m AL
TSR GRS IIEMA 3 H2S H 4 HSHM3 H S HAA S EEHE, BES T S5E KK (8 H S
H), MNP EARLI(12 A 15 H),3582 m M1 3298 m & i + 2L AR & & B E AL, 3023 m
AN B3 Bl AR EE RS, 3 MR T 32 A RS B B, I A Rl AL G R AR, 3 MR
W R RS W ARG I S A B B B s T KT
25 THEFISHEREXLR

MR 2R A A AR AL B 52 T 3 MR R i (R 1) o IR LRSS HAE B
SO T T R A A A B R A S A S RN B IR R Rl 22
YEFXT T s A S s 3 (B = SRR R m 7 RS A S B, R, RIERES

http ; //www.ecologica.cn



15 1] TR A P I e Lo L AR S R 0l 25 R HE X 23 3 P A il g i 2 5179

100
TN
80 | 0 3582m
£13298m
60 | N §3023m
..
\
40 \ s
™ F TN § By h b M M § [
~ N N m N sy R [ 8 T N 3%
= N N & B N rh N g RS I N 1Ry
N N IS N N N N N N | & N N
¥g oWNIIN NN TN N TIN TEN TN TEN TEN TEN TES
& % 100
F iR A3
Z 80 |- 0 3582m
(=}
2 £13298m
8 60 L §3023m

11-05 11-15 11-25 12-15 O01-15 02-15 03-05 03-25 04-05 04-25 05-25 08-05 10-25
H #j Date

2 AREBEHHAKRTETARERNEE
Fig.2 Dynamics of soil dissolve nitrogen in the forests at different altitudes from November 5, 2008 to October 25, 2009
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Fig.3 Dynamics of soil NH}-N in the forests at different altitudes from November 5, 2008 to October 25, 2009
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Fig.4 Dynamics of soil NO3-N in the forests at different altitudes from November 5, 2008 to October 25, 2009
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Table 1 Three-way ANOVA for soil nutrients to altitude, soil layer, and freeze-thaw stage

[X-F Factor Al YRR Dissolved carbon  RAIATEZA Dissolved nitrogen S NHX -N AR NO3-N

A <0.001 0.893 <0.001 <0.001
L <0.001 0.004 <0.001 <0.001
FS <0.001 <0.001 <0.001 <0.001
AXL <0.001 0.911 0.156 <0.001
AXFS <0.001 0.626 <0.001 <0.001
LxFS <0.001 0.710 <0.001 <0.001
AXLXFS 0.622 0.996 0.009 0.727
A MR Altitude; L. $J2 Soil layer; FS: #ZRfhHSH Freeze-thaw stage
F2 TEBEUESTERENEXRY
Table 2 Correlation coefficients between soil nutrients and soil temperature
WEH/m T PR A B GE
Altitude Factor Dissolved carbon Dissolved nitrogen NH;-N NO3-N
3582 T HERE 0.108 * 0.123* 0.101 ns 0.084 ns
3298 ek 0.083ns -0.118ns 0.373** -0.019 ns
3023 TR -0.008ns -0.012 ns 0.288 ** —0.078 ns

ns: P>0.05; * P<0.05; * *P<0.01

ST VEA LT (DOM) 2 W) AR b 5 o ik B e DR AN IR 0 B IR, X RS AE A (Ui B TR ) mig i
FRURREY® o 2R VR P S o 1 - P SRR A () B R AN TR LA A A S e 3 TS R
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