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JRy SRS IR AR KRR 5 K A 25 T T K A AR
FAM S R AT W (X A T AR AR BT MR
= N R A A N NI N G D <R
I S LR AU I e s
R AL 0 R O T 5 B B X R 9 00 5 1k s
P O A W R R AR . N, A ST AE
VAL A i 390 A R A L, A vt s X R A AU R R Y 4
FOL ST AR 2 {0 S5 E AU 3 - B T X &R R
PP 7E ) WA 1k BF 5 & 2 A [ 58 B 5 4 e 0
v AN [ 5 e 5 400 A B Al o A b W O AR
LR BRI, LU P4 1/ 90 1l AR AR AR S
R G v R B AL o R ST B A — S A BRI BERE

R T

L1 #HRXEHR

F5E DI A T U 1] 45 ) 300580 IR 2 6 A TR ) B
FLEEH B ML X (31°147 ~31°197 N, 102°53" ~ 102°
57" E, WK 2 458 ~4 619 m) , Hi kb 7 5 5 L AR 4 5
DO 1| 35 3t 2ok 30 1) g L ok A b Y o 3 IXCBRUAR P 2R
M2 ~4C R 23C (7 A) AR E - 18C
(1 J) 4FEFEK i 850 mm; & ZE[EH W48 11 A
BYWAE 4 A BHAE 1L AT AIFRIE RS Bk,
12 FARWAE3 AVIE N T WE S, HE 4
AIFURRE Y o X P 3L O 34 5 K S 21 HE ( Bet-
ula albo-sinensis) IR VLY ¥2 ( Abies faxoniana) . JI| P4
= #2 (Picea balfouriana) %5 , #E AR N E M (Salix pa-
raplesia) 5 1L ¥ B ( Rhododendron lapponicum) A&7
Hit'r (Fargesia nitida) %" + 3900, b R & T
Bl b i mshasge ™ A HLUR A R W% 1,
1.2 HMigESEHAIE

T A R A 25 R BIF SRR M B AR B ) B
JEERHBL I 5t B W VT ¥ A2 AR P N (31°147 N, 102°
53" E, 3579 ~3 582 m) , Ik 3 A~ HEAC
TR R /NY 25 m x 25 m FPRET , B4R ) bRk
F500 m ™ I i H AR MROE RS AT

TP 3 ~4 m WHE 6 2 m x2 m B/NETS DUBCE A
(] ) i v 4%, 36 72 DR DT (6 Wl x 4 BEDRE x 3
FEHL) L LAH A ZOIR ST 1Y 254005 B8 20 ) A 4008 5 9
BB ( Deep snowpack, DS) . H & % BF H¢ ( Moderate
snowpack, MS) % 25 g B £t ( Thin snowpack, TS) Fl
JET RS (No snowpack, NS) A0 25 s
(Snow cover thickness, SCT) F 4 % K A:H H R £ 5
AN b Bl ML 8 A% 5 B R 1) 22 A (1)
AR AR 300 1 1R M I Kl | o SO T R SR AR H ) =2 )
AR SR — A>T G HE , B T ] (Snow cover
forming stage, SF, 2012 —11 - 15 % 2012 - 12 -26) .
E 7 75 W] (Snow covering stage, SC, 2012 - 12 - 27
2 2013 - 03 - 08) F1E5 #f @l AL 3] (Snow cover melting
stage, SM, 2013 =03 =09 % 2013 -04 -24) ,

W
[«
T

B | b G 2
SC

I
=)

W
[«

E W E Snow cover thickness (cm)
> 8

2012-11-15 2012-12-26
XA H #] Sampling date (YYYY-MM-DD)

2013-03-08  2013-04-24

1 SF: FHILMM, SC. JHad a1, SM. FHpmifbil, DS:
BT, MS: mEB B, TS: WEH K, NS: LH
Peo BUENVIIME £ FRAER (n =9) o AR SRR R T PR
TEAR TR SR AE FY AN R 5 Bl Bk 2 [ 22 53 {2 3% (p <0.05) . T [l
Note: SF: Snow cover forming stage, SC: Snow covering stage, SM:
Snow cover melting stage. DS: Deep snowpack, MS: Moderate
snowpack , TS: Thin snowpack, NS: No snowpack. Values are mean
+ SD (n =9). Different letters indicate significant differences in
thickness of snowpacks between different snowpacks sampled on the

same sampling date (p <0.05). The same below

FL RIRSRAE B BB e 1 5 B 5

Fig. 1  Thickness of the snowpacks sampled at each sampling date
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Table 1 Basic properties of the soil organic layer in the sampling sites

EERIRS X
pH Organic carbon

(gkg™")

Total nitrogen

(gkg™")

Total phosphorus

(gkg™")

R B

Humic acid

BRI

Fulvic acid

J hE AL B
Humification

carbon(g kg™") carbon(g kg ™!) degree (% )

6.2 £0.3 160.2 + 15.7 58.02 = 0.88

1.70 + 0.01

44.36 = 6.50 60.73 + 6.27 61.10 + 6.21

VEEE R E £ 45UEZE (n=3) Note: Values are mean + SD (n=3)
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TR A 3 1 A 7] 25 Bl 5 B A 25 b B AL i
W2 A4, 3 ) i — Mol dn 208 B I 5 4%
(iButton DS1923 - F5, Sunnyvale, CA, [ ), & &
B2 hadsg— YR . R 2% OGBS [R]
E W BEH ) H ¥R (Daily mean temperature, DMT) |
&Y R ( Mean daytime temperature, MDT, 7.00 ~
19:00) 7% ¥J 15 ( Mean nighttime temperature, MNT,
19.00 ~ ¥k H 7:00) . 1F FH & ( Positive accumulated
temperature, PAT) . 11 f1 J& ( Negative accumulated
temperature, NAT) F1 % fl 7§ ¥F X 2 ( Number of
freeze-thaw cycles, NFTC, & & & T KT 0°C £54:
3h R EEEHATES T 0Cidh | AR
W) (2, £2),

1.3 HERLESSH

2012 4F 10 H I 1ErE b B i Wi 5 4 ML 3T R
IR YT ¥ 42 (Abies faxoniana) . J7 K #f ( Sabina saltuar-
ia) DU 2142 ( Larix mastersiana) 21 ¥t ( Betula albo-
sinensis) Al 2 T4t 2 K 5 € Ml ( Salix paraplesia) |
&5 1L ¥ 5% ( Rhododendron lapponicum ) >4 4 7 & I %
AR B AR FRBUAE R 10 g T
/NHR 20 em x25 em, fLIE N EFRE 1.0 mm, F FRE
0.5 mm YR 7EAE " I 708 4% (3 4% x 3 KiHb x 4
BEY x 6 W)l x3 W +10 48 x 6 Yyff) , I T 2012 4F
11 15 H Pl (R 2 1m0 ) 78 x5 B RE 7 3%
10, 42 A BE N 10 em DLHEBRAE L 40 FF ol B 35 i
3D AE 6 B XTI Y R &K B B RS O T

x2

AEREHRXEHESUHRRNBAYE. EYNE . YR ERE. A

et R3]

e A Y

H EH3R J& Daily mean temperature (°C)

—12 1 1 1 1
2012-11-15  2012-12-26 2013-03-08  2012-04-24

FA¥: H ] Sampling date (YYYY-MM-DD)

TE:SF: FHOR W, SC. FH AW, SM: Fyimfbi. DS:
JEEYBEH, MS: h IR pEtk, TS @S PHEHL, NS: LH B
He, Air:

ering stage, SM: Snow cover melting stage. DS: Deep snowpack,

gy

75’5 Note: SF: Snow cover forming stage, SC: Snow cov-

MS: Moderate snowpack, TS: Thin snowpack, NS: No snowpack,
Air: Air
K2 &SP BT R S H I R

Fig. 2 Daily mean temperatures of the snowpacks and the air

FRIR 0% B E FR R #

Table 2 Daily mean temperature (DMT) , mean daytime temperature (MDT) , mean nighttime temperature ( MNT) , positive accumulated

temperature ( PAT) , negative accumulated temperature (NAT) , number of freeze-thaw cycles (NFTC) under snowpacks at various stages

TR - ; ; ; . ; e A TR v
TR H R B R AR IERR AR 5 AR PR B
The critical stages
Snowpack DMT (C)  MDT (C)  MNT (C)  PAT (%) NAT (C) NFTC
of snow cover
EX 3R ] JE % B Deep snowpack -3.97 -2.24 -5.71 378 -2296 43
Snow cover forming 12 4 Moderate snowpack -2.90 -1.25 ~4.65 408 ~1799 56
stage, SF K .
i i # Thin snowpack -3.46 -1.88 -5.03 356 -2017 50
TE W No snowpack -3.54 -1.60 -5.48 448 -2 149 59
T B JEE W Deep snowpack -3.97 -1.85 -6.08 1 004 -4 433 75
Snow covering H1E P Moderate snowpack -3.25 -1.14 -5.49 1 066 -3 875 100
stage, SC . .
WiE WL Thin snowpack -4.15 -1.99 -6.31 1 039 -4 624 92
JoE B No snowpack -3.67 -1.07 -6.27 1328 -4 501 105
R IUIA | JEE  Deep snowpack 2. 14 4. 80 -0.82 1 604 - 482 54
Snow cover melting 172 5 Modenrate snowpack .13 2.36 ~0.18 922 ~287 29
stage, SM . .
HE W Thin snowpack 1.82 3.71 -0.07 1418 -391 49
TE B No snowpack 1.24 2.57 -0.08 1 005 -305 38
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JoT £ A R 58 e S BE AL IR 45y b O v 1 10 4€
i 2R %, T 60 °C oMk Z H w0 i i o A Y
P R i, T 3 [ A B U Y 0 I D AG T BT i
F2012 4512 A 26 H 2013 43 H 8 H 12013 4 4
J 24 T NASFF 3 9 AN [R] =5 9l It B B AL R 4 6 b 4 %
M- 3 4% ] 928 = KT B, 2o 0. 25 mm i
HABORR B B B BRI 4> B 2 (R e AR
LRI E MO AT ML FR #E LY /T 1238 —1999) . FRHUX
FHES 1.00 g F 150 ml #EJE I, il 100 ml 0. 1 mol
L~ NaOH F10. 1 mol "' Na,P,0, - 10 H,0 1& & 42
BUR, INZE PR35 10 min, #7K¥E 1 h, R H 5L UE,
F 3000 r min ' B0 10 min, F5d 0. 45 wm JE R g
WA IR BE W, M 5E 6 58 5T 42 B 7 B (Humus carbon,
HC) , BUR 42 20 ml 3304, 4 o, 220
0.5 mol L™' H,SO, % pH 2 (ZRULIE), T 80 T /K
¥ 30 min, i3 % . FH0.05 mol L™ H,SO, 7%, o i,
ULE B R AR . FH AR % 0. 05 mol L' NaOH /b &
ZWPEBRITIE , 1L B 100 ml 2580, 5 2, WO

S ER 0. 45 o R, I 52 W) SR ik 5
( Humic acid carbon, HAC) . J& %8 i 4k . 6H 008 ik
&K TOC (multi N/C 2100, Analytic jena, %
) M 5E .

= B g ik (Fulvic acid carbon, FAC) = J&4H R
EX ik AT

DLSA SRR Bk 5 LR bk o 1 5 A v Ik R Y
e PARAE B BOMR B & HLIR Bk R A &, DL R B
0T A A BORR 0k LR ke 3R AR i 22 22 R AE T 9
b p e ZRETT L UK SR B B Y TR szl
WO Bk | w BLTR B o A TS RO /LR B
DARAE I v T8 58 A ik 7 ob 1 B2 L B LR 110 AR X
Fr AR R 6 B ) 06 A LR A
AW 0 i R FH B TR B A AR VB IR E RUE B B
Pk (b Ae AR SR MOl A7 o A5 E LY /T
1237 1228 \1232) , KM A HLE M RIS 70 7
S FHZER K RN B B R $5 30, 9 4% 1) R A ] 7K
RSy IR AR Y (% 3) .

R3 CHMAEHMKBASSE

Table 3 Initial concentrations of organic carbon (OC) , total nitrogen (TN), total phosphorus (TP) , water-( WSC) , organic-( OSC) ,

acid-soluble components (ASC) and acid-insoluble residues ( AIR) of the 6 species of foliar litters

L/ EERiIN T3 £ e K P L4y EERIRGS i FR¥EPEA Sy BRAETEA S
Speices 0C (gkg™) TN (gkg™') TP (gkg™') WSC(gkg') 0OSC(gkg™') ASC (gkg™') AIR (gkg™ ")
IR YT 42
505.6 £29.6a 8.75+0.60c 1.14 £0.10b  40.83 +0.54ab  27.62 +2.28ab 27.36 £1.33b  23.92 +2.54b
Abies faxoniana
Ji KA
516.3 £17.6a 8.77 £0.09¢  1.24 £0.05ab 35.74 £0.69¢ 33.16 £3.43a 32.43 £1.29a 20.60 +£3.41b
Sabina saltuaria
£ A
543.4 £6.2a 8.60 +0.41c 1.33+£0.02a 40.08 +1.08b 19.11 £0. 68¢ 29.24 £0.87ab 21.46 +0.94b
Larix mastersiana
AR
496.8 £14.5ab13.34 £0.22a 0.91 £0.04c  25.06 +1.96d 11.43 +£0.75d 27.74 £0.94b  50.96 £0.96a
Betula albo-sinensis
e 5E i
452.2 £16.5b 11.46 £0.89b 1.11 £0.02b  41.71 £0.32ab  18.48 +1.57¢ 28.56 £1.88b 26.15 +3.29b

Salix paraplesia

1= Ll R
Rhododendron

502.9 £15.9a 6.66 £0.21d

lapponicum

1.07 £0. 09be

43.14 =1. 16a 25.84 £2.29b 27.00 £0.59b  21.84 +3.42b

T BUE N FIE £ dRiEZ (n=3) o FSIREV/NG 8RR % A 0 1045 P A Z 0] 22 5 8.3 (p <0.05) Note: Values are mean + SD (n =

3). Different lowercase letters indicate significant differences in component concentrations between species of foliar litters (p <0.05)

1.4 HiELLE

B35 % A SPSS 20. 0 (IBM SPSS Statistics Inc.
Chicago, IL, USA) ¥ 47 J5 22 43 #r . Canoco 4.5 for
Windows #f47 CCA 43#7 . Origin Pro9.0 ( OriginLab),
Northampton, MA, USA) #474: &, JH & & I & J

207 BrRE 56 O T) 5 Bk O B 109 035 BE e X ) R
T P e L R Al v SR FR B 1) S i, FH B DR R O 25 A
(one-way ANOVA) K5 45 AN [F] 1) Fh 0] 4 20 5 3 15 1 22
S EM HE /DB FH%E S (Least significant
difference, LSD ) £ %5 =5 4 J& BE | [m] F 5 9% w5 45 iR
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¥

B (o i o R e Rk (F a5 B ) M
O B/ e LR Bk AE A [R) 55 0 B B i 22 S 0 3
., i H§ CCA ( Canonical correspondence analysis,
BAL XS R 53 BT ) 53 B LB, L A W R v i
MR Bk | HLIR B v 2R B S P R IR T R o o Y
MRKFR ., BEMAKFB N p=0.05, LY
{H * bpifE2E (mean = SD) EIR

2 4 R

2.1 EURRRMNASRKSENSERENEZI

e L AR AR (7] 55 Bk BE B b ok 3 52 i) O] VK i A
JEFE AL A B A R ik BAL(F =17.22, p<0.01),
H 6 P vt Z [a] R B A B M Fh 22 5% (F =
49.06, p<0.01; £ 4), & —PE&F, AFAERE
Tk BN A R A VR I RO A Y v R, H
EMRENWNLA (32.5 ~69.5 mg) > JEE N
(33.4 ~64.4 mg) > URITAF (41.4 ~58.0 mg) >

il AL ES (36.5 ~48.0 mg) > £T HE (28.2 ~ 36.7
mg) > J A (15.0 ~35.6 mg) . BB ik 1 2R
I TR I R R AR A A R B N 7E T b
T SRRl A 0 el 2 1 A L 3 ) T R Bk
TR AR A5 B U X B S kR R s T B i
(FRS5) o ETYIU A, 6 FhJE 7 i £ ok 1y
e A, ELBR DU I £ AZ F0RE 2 M0 A 16 Jor A4 0 b O 9%
I 347 ot 25k J5E 8 D/ i S B (p <0.05) . EH
Bl S, BR 7 BT AN I AT R R o R ik
K EYEHE BT ¥ B R R R, FL O I £
K2 R MDA e L AT RS R s A R ik i R R B
TR R A T S R . S e IY] R B
Wak e A A 9 W ORR Bk AE A S R BE R 1Y
HH AN [ R 2 01 A e, EL D AT W )T 2T A2 00 5 s A
R I R ik o 5 R U/ T G .
ASKZRT 6 PRV RO Al AE A T W BE T 1Y
e R EL R U121 A2 R s A0 08 9 A R
e 1 B2 FFL A 4% I 5 5 s/ T S S R

R4 TRESBHEXEHY (Time) H)7 (Species) . F # Bk ( Snowpack ) Xt # B Bk (HAC) 71 E BB (FAC) # R EHW
EEMNERENN

Table 4 ANOVA of repeated measures of net accumulations of humic acid carbon (HAC) and fulvic acid carbon (FAC) relative to time,

species and snowpack

[HF Factor M f B df IR Bk FH Fiac BRI FH Fy
K] Time 2 6427 718.5*
YIFl Species 5 49.06 ** 524.1 **

L HEYe Snowpack 3 17.22 ** 25.81 **
K] x YR Time x Species 10 380.5 ** 322.1 **
Kk x THP BB Time x Snowpack 6 39.24 ** 50.02 **
YFP x P BEHL Species x Snowpack 15 9.106 " * 5.079 %"
R x B x F P HEL Time x Species x Snowpack 30 31.85 ** 15.21 **

#* % p<0.01

2.2 EUNMBRNEERBKIENERERENEZM

o LU AR MRS 7] 25 i B B bl b 3 S ) R 9 AR
JEFH A AR o Bk B (F =25.81, p<0.01),
H 6 F i & it Z 8] R BLIL  E Fp 22 5% (F =
524.08, p<0.01; £ 4), &nt—NKZE Hetesh
JIT A A R U E LR B A A5 T Rk BE R ) B
Wi, LR 2 E M U 20 42 (- 56.5 ~ - 46.5
mg) > m AL ( -53.8 ~ =30.7 mg) > FEEMI( -
43.6 ~ -26.8 mg) > FAM( -34.4 ~ —=2.1 mg)
SIRITEAZ (= 10.0 ~31.5 mg) > 40 #£(103.3 ~

163.8 mg) , & HLAR Bk 3 B 76 =5 408 B0 Ak
S0 bt =5 4 JE 8 /b T 0 i AE 25 v B S ) BE 5 Rk
JEEJEE i /> i ik A 4 A (1T ) i e B TR e 7 i AR
B 7 A5 I 300 247 i 5 4 P R 0k 20> T A ) A (3R
6) o BREEEMISN BT A 9 B U8 v i E IR Bk i R
BURAE S IE 3] X i =5 5 52 i /b 7 =5 48
(p <0.05) , 11 £ =5 #¢ A 5 201 BE T B 5 2 ek 2> i
FID o AT BRI R 0T Z0AZ 0 R E A Y
JIT A R U R R LR Bk v R B 1 B R
ok /U T 8 =5 84 o, G v R VT v A2 £ M R s 1 A S
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R 75 e LR B A A% T B T 8 i A
ATRM T URTT Y AZ T BORA Z0ME A0 1l A 5 0 7%
- LR Mgk e 3R B P i T R 0 /D T 4 s R

A LLHEPE V5 i LR B R B AE A TR
P3G, 10 J5 RO 09 )1 £ AZ B S MR L AL BS O
Ve A A T BB T Bk b

£S5 JIBESURMRTEEHHRT 6 AR AEHESESHXBPNARBRBIE
Table 5 Concentrations of humic acid carbon in the 6 typical species of foliar litters under snowpacks in alpine forest of West

Sichuan relative to thickness of the snowpack and time

Yy Fh = 5 5 e SR % & & Concentration of humic acid carbon (g kg_l )
Species Snowpack P Initial TR SF R SC R SM
[P IREY A JEE B BB DS 5.67 +2.04a 11.22 0. 42b 10. 06 +0. 50b 12.50 £2.02ab
Abie faxoniana
rf g B MS 5.67 +2.04a 11.91 0. 44ab 10. 61 +0. 93ab 12.99 £1.01a
WH W B TS 5.67 £2.04a 11.94 +0. 65ab 11.06 £0.99ab 11.20 +2.05b
JCE B BE B NS 5.67 2. 04a 13.31 0. 46a 11.82 0. 43a 11.32 £0.61b
J5 B JEFH Y B DS 4.09 £0.57a 5.43 +0.90b 8.66 +0.67h 6.64 £0. 48¢
Sabina saltuaria
o B BT H MS 4.09 £0.57a 6.69 0. 62a 8.91 +0. 54b 7.50 £0.42b
W B BE e TS 4.09 £0.57a 6.78 £0.41a 9.22 +0.32b 7.86 £0.47h
T 5 W BEHe NS 4.09 +0.57a 7.33 +0.46a 10.17 £0.51a 8.88 £0.40a
Y I 21 %% JEE S B BE B DS 4.21 +0.32a 10.31 £0. 34a 11.77 £0. 61a 9.06 +0. 69¢
Larix mastersiana
o g BE e MS 4.21 +0.32a 9.60 +0.27a 10. 19 £0. 49b 11.58 £0. 60b
M BT TS 4.21 £0.32a 10.06 +0. 44a 11.02 +0. 50ab 11.92 +0.96b
TG B BEH NS 4.21 +0.32a 9.69 +0.45a 11.58 +0. 60a 13.18 +0. 54a
21 it JELZE Bl B e DS 4.75 £0.21a 6.94 +0. 44c 9.20 +0.29a 10.02 1. 50a
Betula albo-sinensis
o Bl BT H MS 4.75 £0.21a 7.91 £0. 36bc 9.44 +0.47a 9.34 +2.32a
W BB TS 4.75 £0.21a 9.35 £0.65b 9.32 +0.32a 8.75 +0.75a
T BEEe NS 4.75 +0.21a 11.20 £0.39a 9.82 +0.50a 9.55 +0.69a
i 72 W JE Y B DS 3.79 £0.41a 7.50 £0. 55a 7.36 £0.47b 9.44 +1.30b
Salix paraplesia
g BEH MS 3.79 £+0.41a 7.14 0. 34a 7.93 +0.46b 10.94 +0. 81b
HE W B TS 3.79 +0.41a 7.57 £0.55a 8.62 +0.39ab 12.84 +0.77a
TG B BEH NS 3.79 £0.41a 7.77 0. 36a 9.23 +0.36a 13.26 0. 55a
1 Lk A JEE BB DS 4.71 £0.29a 12.23 0. 44a 11.70 +0. 34b 11. 64 £0. 76a
Rhododendron lapponicum
o Bl B H MS 4.71 £0.29a 12.61 +0.33a 12.30 +0. 52b 11.71 1. 03a
W B BEH TS 4.71 £0.29a 12.89 +0. 39a 12.76 0. 52ab 10. 12 +0. 35b
T W BEHE NS 4.71 £0.29a 13.19 £0. 40a 14.18 £0. 67a 10.74 £2.57ab

[E:SF: THIL Y, SC: TR, SM: Tyimfeil]. DS: JEHH, MS: hIyE,

TS: WEH, NS: T FE N FIHMHE = bnifE 2

(n=9) o AT RSB B 1 70 R 5 9GS R TR 5 4 BE e 2 18] 22 53 .35 (p < 0. 05) Note: SF: Snow cover forming stage, SC: Snow
covering stage, SM: Snow cover melting stage. DS: Deep snowpack, MS: Moderate snowpack, TS: Thin snowpack, NS: No snowpack. Values are mean

+ SD (n=9). Different letters indicate significant differences in concentration of humic acid carbon between snowpacks at the same stage (p <0.05)
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lapponicum. SF: Snow cover forming stage, SC: Snow covering stage, SM: Snow cover melting stage, W: Winter. DS:

Deep snowpack, MS: Moderate snowpack, TS: Thin snowpack, NS: No snowpack. Values are mean + SD (n=9). Dif-

ferent letters indicate significant differences in net accumulation of humic acid carbon between snowpacks at the same stage
(p<0.05)
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Fig. 3 Net accumulation of humic acid carbon in the 6 typical species of foliar litters under

snowpacks in alpine forest of West Sichuan relative to thickness of the snowpack and time
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F6 JIEFLUHZHRFAESHMRT 6 AR FEHESSHXEINEERBAE
Table 6 Concentrations of fulvic acid carbon in the 6 typical species of foliar litters under snowpacks in alpine

forest of West Sichuan relative to thickness of the snowpack and time

Yy Fh = b 5 e HHMRM S HE  Concentration of fulvic acid carbon (g kg_l )

Species Snowpack WA Tnitial TP ) SF TR SC T g AL SM

[ PARES 2 JE W BB DS 18.61 =1.82a 14.99 +1.33b 17.94 £0. 89a 19.49 £2. 14b
Abie faxoniana

o g B MS 18.61 =1. 82a 15.00 = 1. 16b 17.80 1. 38a 20.48 +1.55b

BT TS 18.61 +1.82a 17.15 +1. 11ab 17.28 + 1. 34a 23.69 +3.39a

TG B BEH NS 18.61 +1. 82a 18.26 +0.93a 16. 84 +1.46a 23.63 £2.56ab

J7 KA JEEH W BE e DS 13.25 £0.23a 10.09 +1.40b 12.64 £1.24a 11.35 +1.31b
Sabina saltuaria

o Bl BT H MS 13.25 £0.23a 8.91 +1.73b 12.59 +0. 75ab 13.15 +2.70ab

W BB TS 13.25 +0.23a 16.25 +1.77a 11. 14 +1.48b 13.87 £1.77a

T L BT NS 13.25 £0.23a 14.98 £ 1. 46a 10.51 1. 07b 14. 82 £0.94a

Pl a7 R B BE S DS 18.00 +0.49a 13.89 +3.83a 11.96 +1.21b 12.07 1. 17b
Larix mastersiana

g BEH MS 18.00 £0. 49a 14.38 +2.96a 13.30 £0. 90ab 14.90 +0.91a

WE W B TS 18.00 £0. 49a 14.99 +1.78a 12.60 +1.78ab 14.93 +0. 85a

T W BB NS 18.00 0. 49a 16.04 +1.35a 13.56 0. 67a 13.22 +1.04b

AN JEE BB DS 11.27 £0.21a 10. 60 +1.05b 9.57 +0. 44a 26.40 +3.20b

Betula albo-sinensis

o Bl B H MS 11.27 +0.21a 12.90 1. 25ab 9.13 +0.98a 25.93 £3.11b

W B BEH TS 11.27 £0.21a 12.57 +1.50ab 9.32 +0.97a 31.94 £4.90a

TCE B BEHe NS 11.27 £0.21a 14.58 +1.49a 9.91 +1.00a 32.56 £3.12a

3 2 M JET Y BE L DS 14.38 £0. 78a 14.29 +2.50ab 14.92 £1.25a 13.40 £0. 76ab
Salix paraplesia

g BEH MS 14.38 £0. 78a 15.75 £1.52a 15.55 £0.71a 14.96 £2.30a

W B R TS 14.38 £0. 78a 12.09 +1.88b 15.53 £0. 82a 11. 85 £0. 94b

I BB NS 14.38 £0. 78a 13.57 3. 48ab 15.40 £0.95a 12.56 £1.20b

[oRliE N1 JE S B BE B DS 20. 88 0. 14a 15.09 £1. 17a 17.35 £1.00a 18.60 0. 93a

Rhododendron lapponicum

o W B MS 20. 88 0. 14a 15.41 +1. 16a 18.01 0. 90a 18.62 £2.35a

W W B TS 20.88 +0. 14a 16.06 £0.92a 17.51 +0.58a 20.19 +2.62a

T B HE NS 20.88 +0. 14a 17.43 +0.91a 14. 81 £0.93b 20.74 2. 65a

TE:SF: [THILMM, SC. FHE LY, SM: Twmiibyl. DS: EFH#, MS: T, TS: WMiFH, NS: K. FUH N THHE + brEx
(n=9), RFEFRFRRE BB &M F SO R 25 B 2 (7] 25 5 .3 (p <0.05) Note: SF: Snow cover forming stage, SC: Snow
covering stage, SM: Snow cover melting stage. DS: Deep snowpack, MS: Moderate snowpack, TS: Thin snowpack, NS: No snowpack. Values are mean

+ SD (n=9). Different letters indicate significant differences in concentration of fulvic acid carbon between snowpacks at the same stage (p <0.05)
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Fig. 4 Net accumulation of fulvic acid carbon of the 6 typical species of foliar litters under snowpacks in alpine forest of

West Sichuan relative to thickness of the snowpack and time
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Fig. 5 Humic acid carbon to fulvic acid carbon ratios of the 6 typical species of foliar litters under different snowpacks at

each critical stage in alpine forest of West Sichuan
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Fig. 6 Canonical correspondence analyses of humic acid carbon (a ~d) and fulvic acid carbon (e ~h) in the 6 species of foliar litters with

environment factors and substrate qualities at each critical stage
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EFFECTS OF WINTER SNOWPACK ON ACCUMULATION OF HUMIC ACID AND
FULVIC ACID DURING HUMIFICATION OF FOLIAR LITTERS IN AN ALPINE FOREST

Ni Xiangyin Yang Wanqin Xu Liya He Jie Li Han Wu Fuzhong’

(Key Laboratory of Ecological Forestry Engineering, Institute of Ecology & Forestry, Sichuan Agricultural University, Chengdu 611130, China)
Abstract Accumulation of humic substances, such as humic acid and fulvic acid, during humification of foliar lit-
ters is one of the main pathways of soil formation and carbon sequestration in alpine forest ecosystems, where low tempera-
ture and frequent geological activities often limit soil formation. Snow cover, a typical meteorological characteristic during
winter in alpine forests, may play an important role in foliar litter humification thanks to its insulation effect during the
snow covering stage and its leaching effect during the snow cover melting stage. What’s more, the ongoing climate change
is altering the pattern of snow cover, which could also have some essential effects on litter humification. However, the re-
sults so far available are still not clear which limits the understanding of foliar litter humification and its response to chan-
ges in winter snow regime in cold biomes. Therefore, to explore effects of snowpacks different in depth on accumulation of
humic acid and fulvic acid during the early foliar litter humification stage, a field litterbag experiment was conducted in an
alpine forest in Southwest China in the winter of 2012/2013. Air-dried foliar litters of six local species dominant in the re-
gion, namely, fir (Abies faxoniana) , cypress (Sabina saltuaria) , larch ( Larix mastersiana) , birch ( Betula albo-sinen-
sis) , willow ( Salix paraplesia) and azalea ( Rhododendron lapponicum ) were incubated under snowpacks different in
depth (deep snowpack, moderate snowpack, thin snowpack and no snowpack) , naturally formed at the forest gap center,
canopy gap, extended gap and under the closed canopy, respectively. Thereafter, concentrations of humic acid carbon and
fulvic acid carbon were measured, and for calculation of net accumulations at three critical stages, i. e. snow cover form-
ing stage, snow covering stage and snow cover melting stage, in the first winter of the incubation as foliar litter humifica-
tion proceeded. Results clearly showed that the concentrations of humic acid and fulvic acid carbons both displayed a ris-
ing tendency with the snow cover decreasing in depth during the three critical stages, and the net accumulations of the two
humic substances also exhibited a similar trend at the snow cover forming and melting stages, but a reverse trend at the
snow covering stage. However, net accumulation of the two humic substances was affected by the initial concentration of
acid-insoluble residues in the foliar litters. In terms of net accumulation of humic acid carbon in the foliar litters incubated
under snowpacks of any depth, the six different species of foliar litters followed an order of larch > willow > fir > azalea
> birch > cypress. The net accumulation of humic acid carbon in the foliar litters of cypress, larch and willow signifi-
cantly increased with the snowpacks decreasing in depth, but the net accumulation of humic acid carbon in the foliar litters
of fir, birch and azalea were lower under thin and no snowpack than under deep and moderate snowpacks. However, fulvic
acid carbon in the foliar litters except for that of birch was observed degrading to a varying extent, showing an order of
larch > azalea > willow > cypress > fir > birch. Humic acid carbon accumulated in all foliar litters but fulvic acid
carbon decomposed under snowpacks at the snow cover forming stage, and net accumulations of both humic acid and fulvic
acid carbons in the foliar litter of fir, cypress, birch and azalea significantly increased with the snowpacks decreasing in
depth. Humic acid and fulvic acid carbons in the foliar litters except for that of cypress decomposed at the snow covering
stage, and net accumulation of fulvic acid carbon in the foliar litters except for that of willow significantly decreased with
the snowpacks decreasing in depth. Most of the humic acid and fulvic acid carbons in foliar litters accumulated at the snow
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cover melting stage, and the net accumulation of humic acid carbon in the foliar litters of cypress, larch and willow and
fulvic acid carbon in the foliar litters of fir, cypress, birch and azalea significantly increased with the snowpacks decrea-
sing in depth. Meanwhile, the humic acid carbon to fulvic acid carbon ratios showed a significantly decreasing trend with
the snowpacks decreasing in depth at the snow cover forming and melting stages, but increased at the snow covering stage,
whereas the ratios in the foliar litters except for that of birch were lower than 1, suggesting that the formation of fulvic acid
was faster than humic acid at the early foliar litter humification stage. In addition, canonical correspondence analysis
showed that net accumulations of humic acid carbon and fulvic acid carbon were positively related to concentrations of ni-
trogen and acid-insoluble residues, but negatively related to concentrations of carbon, phosphorus and soluble compo-
nents. These findings suggest that the early humification of foliar litter in alpine forests is promoted by reduced snow cover
in the scenario of climate warming, but it is controlled by litter qualities and snowpacks at different stages through the win-
ter.

Key words Humic acid; Fulvic acid; Snowpack; Foliar litter humification; Alpine forest

(BEERE . ZHL)

http : //pedologica. issas. ac. cn



