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Abstract

Aims  Snowpack plant communities in alpine tundra are active in comparison with surrounding vegetation, de-
spite the short growing season due to thick snow cover. Our objective was to understand the growth mechanism of
snowpack communities.

Methods The nutrient dynamics and primary productivity of snowpack Sanguisorba sitchensis community in
alpine tundra of Changbai Mountain was investigated in different seasons.

Important findings Soil temperature under snowpack during winter was warmer than snow-free areas, and the
minimum temperature was significantly higher. Litter decomposition and nitrogen mineralization under snowpack
were active even in winter, and nitrogen content was high with rapid mineralization. Annual net primary produc-
tivity was 4 046 kg-hm2a™. The unique hydro-thermo conditions, nutrient cycling features and high leaf area
index were key factors maintaining community structure and primary productivity.

Key words community productivity, hydrolysable nitrogen, nutrient cycling, snow cover
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Fig. 1 Variation of monthly average air temperature in alpine
tundra of Changbai Mountain (altitude 2 036 m, 2008-07-
03-2009-07-03).
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Table 1  Soil temperature characteristics in alpine tundra of Changbai Mountain

BH Ttem Ff5106 P 21070601 F£11070603
Sampling point 06 ~ Sampling point 070601 Sampling point 070603
YT Yearly average temperature ('C) 25 3.9 -0.1
4 H T 3593)% Mean temperature of coldest month (C) -14 -1.0 -14.7
e P43 Mean temperature of warmest month ('C) 12.3 13.6 13.0
Ik HF359%)% Minimum daily mean temperature ('C) -15 -13 -16.9
15 51 H T 3593 )% Maximum daily mean temperature (C) 15.1 16.9 16.3
H i it BF - Extreme high mean temperature (°C) 20.5 19.3 21.8
H Wi fp (IG5 Extreme low daily temperature (C) -15 -13 -17.8
ImIEFEEL Warmth index (C) 15.6 25.4 21.2
FEAFREL Coldness index ('C) 0.0 0.0 -22.9
TR E>0 'C H4L Number of days with daily temperature > 0 “C 187 279 179
PRI =1 'C H%L Number of days with daily temperature =1 C 109 142 151
SFH9EE[-0.99, 0.99 ‘C1H #Number of days with daily temperature at 178 193 74
[-0.99, 0.99 C]
3% <1 “C H%L Number of days with daily temperature <-1 °C 79 31 141
SR E <0 'C H % Number of days with daily temperature <0 C 179 87 187
ity B I ¥R % <0 °C H % Number of days with extreme low tempera- 179 91 211

ture< 0°C

06, #Fik2 260 m, THE; 070601, #Eik2 036 m, T HF; 070603, #Eik2 036 m, AT B,
06, altitude 2260 m, snowpack; 070601, altitude 2 036 m, snowpack; 070603, altitude 2 036 m, snow-free.

20

15

5 k - .

1
s S

Snow-free

T 3B Soil temperature (C)
|
[é)]
:

-20 1 1 1

i
Snowpack

50 100 150

200 250 300 350

HJ¥ Day of year

B2 K s L i g P R B AR A B S FRAS K9G 5.(2008) o
Fig. 2 \Variation of daily soil temperature in relation with surface status in alpine tundra of Changbai Mountain (2008).
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P35 FR K AR s 49 kg-hm™, A 5070601 )5
7B 77 LA A7 15 77 1 11120 kg-hm ™ (%3).
TEENER MR L AR A
L N = W (R A 8 Vi 5 o =TT L) || R (3 S A
-15.20 - -0.93 °C, N L3814 i 7 0.177 kg-hm ™
dt, BEHIZEARIR A1 R I TR TE IR, A e
YRR 1k, -0.93-7.58 'C, FH b RIIEE K, 7
X X R B N34 %, 7.58-14.83 C, FH 1L
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Fig. 3 Seasonal dynamics of soil water mass fraction in alpine tundra of Changbai Mountain.
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Table 2 Soil nutrients and organic matter content
it REEH AR HHUR LB A
Site Samplingdate  Total N (g-kg™) Organic matter (g-kg™) Organic C (g-kg™) CIN
EHHE Snowpack 2007-06-26 4.66 103 59 12.77
EHHE Snowpack 2008-08-22 3.74 85 49 13.14
EHE Snowpack 2007-10-16 291 60 35 11.93
T Mean 3.77 82 48 12,61
FTHE Snow-free 2007-06-26 2.98 135 78 26.32
ETBE Snow-free 2008-08-22 3.42 133 77 22.59
IESBE Snow-free 2007-10-16 3.99 156 9 22.66
T# Mean 3.46 141 82 23.86
& 3 AR IR LKA LU
£ _ Table 3 Soil hydrolyzable nitrogen contents of soil of on-site
£400F . S0l _
) l T and off-site incubation
E 300 FE R R R IKAENE
g r < - Sampling point  Status Incubation Hydrolyzable N
IE g 200 f - ES period content (kg-hm™)
’& S r 06 Jpr 2006-06-28- 441
g 81007 Onsite  2008-08-23
X2 . I 06 AT 2006-06-28— 392
o S = = ~ ° Offsite  2008-08-23
8 e g S O N 070601 JRUT. 2007-08-30- 257
= S 3 2 8 e Onsite  2008-08-21
e S 5 5 * * 070601 BAr 2007-08-30- 237
£ Q Q Q Q Q Offsite  2008-08-21
KHEH W Sampling date FE IR L,

El4  FERI07060L1K LR LK AR 5 1N 2= 15 3)

BCPFELbR AR Z) -

Fig. 4 Seasonal dynamics of soil hydrolyzable nitrogen content
in Sanguisorba sitchensis community at sampling point 070601

(mean = SE).

Sampling point see Table 1.

R, &Ik K E1.141 kg-hm™2d ™ (&15).
iR A S S A R B R AR R
JiRE, e TR RO R TR . R B Ry =

0.3702e"%2% R? = 0.9596, Zk: 7 F y = 0.0377x
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Fig. 5 N net mineralization rates of soil from Sanguisorba
sitchensis community in relation with temperature under indoor
incubation.
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Table 4 Litter decomposition rate of Sanguisorba sitchensis
community

I 4479 oy i

Period Decomposition ratio (%)
2008-08-24-2008-10-16 0.086
2008-08-24-2009-07-03 0.184
2008-08-24-2009-10-14 0.373

VNS R LY p St )

Table 5 Structure of Sanguisorba sitchensis community

¥ 15070601 2009-07-05 2009-08-01 2008-08-24
Sampling point 070601
X FF Density (stem-m™?) 392 920 615
=11 Height (cm) 9 50 40
5% Coverage (%) 76.7 100.0 98.0
FHk T Individual dry  0.072 0.353 0.637
weight (g-stem™)
A KR Annual growth 280 3250 3920
(kg-hm2.a™)

FE AL

Sampling point see Table 1.

MR Ev& 6 H brh R N AT, e i
A%, HoAT b BB (20074E L), Ak W 2 40,
THO G, WEEE, e, AN T AKEAE
W, 78— N2 H, AKEHKIE1.38%, 1A
3 247 kg-hm™2a™t, K8 A M b A
e g kg 3B 0114 25 7 34 046 kg-hm™2a s
Hu A AR B 4 3.981%. [RIL, HOMTEETE R
IR B 161 kg-hm™2a™ (£6). HukiEvs +
156-8 1 /KR Ak /> 131 kg-hm™ (&14), Tk nN
8 RE & 161 kg-hm™, Ui W 7E A K 2= ],
LR AT - 3 Rk D

3 itig

AR SCIH I Y A O TR B E .
JIEE, St T 0l & RS B AR B R 5
AR UL SRR AL, R EE0  gi FE A R o4t
NEFJE, WA TR L R I AE R
B BEURR K ISR 2 40, I RIS LA R
KA AR A A 1, AEAR AR I T m K
31 EWEEIIERT UMEIWEER

T AR AT N ARG T EE W
WALRY, AR T m HIEME i, i+
5 % W 1k (Kitayama, 1996; Bremer & Kuikman,
1997; Sanchez et al., 1997; Z4=%§#55, 2003). 5B 1
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Table 6 Biomass, organic C and N content of Sanguisorba sitchensis community

KA H 3 Ay YA HLC HPAHPIN

Sampling date Aboveground biomass Organic C content in plant Organic N content in plant
(kg-hm2a?) (kg-hm2-aY) (kg-hm2a?)

2009-07-05 284 142 11

2009-08-01 3247 1624 129

2008-08-24 3979 1990 158

2007-08-29 4046 2023 161

SRR BT -1 HUR 5 R s 82 1141 gkg ™ (%
2), St AZEK A hdediEL2 000 (121 g-kg ™A
2 100 m (100 g-kg " )ALIRI4E BAEGE s X EASEE
0 7 S ORI Ay R R /K 1R, 2003) 0 K 1 1 & st 2
MR AU S, Sl RS e T 2 A
R AHE A 55 A O A AT CINIRAI Tt +
BANLEN 1k, CINE W SR B A AP e
(Z=57e5s, 2008), ARE2# A, CIN/NT-15:11,
eI AEH — TR, A VLR S A =
LB A R R, AR AT PT e AT BT
A3t 2 TR SR A R AR (Vitousek et all., 1982).
T HE T IEC/INTE3IANZE 17 E I 45 B/ T15:1 (3R
2), A HEE AR T TSR

AL PR e IR A e R R R
TLEE S 7K AR A A B 5 I 1 A8 FAE FH (B e
2S5, 1998). AISI%E L1 AN )4 e 2E ) 3985
WAL R B, 75 20%-8006 -+ 3335 5 Vi I i, YL
FE T i 5 s R N (e g E A%, 2007); HAFKH
L PR R (] P 2R BRRT 25 A A2 0R) (R 5t
FW, LIRS AR D (R AR
FH4E, 20014, 2001b). 3% 1£.30%—-40% 37 {1 fE
FHEAE FH 5, 9 B0 36 2 T 3 U0 b 5% oK
Ao i B R R B N (Leirds et al., 1999). &
BEHBEL, PB4 T 15 KR HRE AT, &FF
TSI BT AT B B (R L), X A ¢
REPAFRLS I BRE TRZ MG, TRHE -
B KRR B /KT (B13) o AR
()i 5 R A I R T AR, AR
T BN G FATE ST BRI AE A A A A
A (4) o WAL & SRR B TR 5t R IR AR 25 3
fff LR R, AN T A A R, T H
WU T B TR A FR SR ) R R R R N )
(Schimel et al., 2004), FATHIBFFESE R A2

AARE T, B R AR AL, BALA

AR, RS AAAEHIE 220, FE A Tl
e, AT A ) 3 A KR R RT R A K
IEAAREEAL o E, BRI SE BRI 0 2 35 7K B A v
FIARTRAL G, ARSI AELE0T0601Ff 1, Mk
TE 22 AN T DS 35 BEHB B =y 20 A i (1) S PR 25 7K
FIFE 5 N AR F B0, o] B2 (Hiltbrunner et al.,
2005), ARIGABUESE T 1% —45 1 (X ER4E, 2009).
32 BUHUEEFEAZEMNXR

TR FH A R TR AN - AR R R 4 A
HAzFE, HEEmB B ESERAENE™ )
(Binkley & Hart, 1989; Aber et al., 1993). X} &4
BREMFRM, 775550 ol % 2 EZ
PEFISCIC R, 3 T A S5 A 8 AT DR R A
A7 171183% (Reich et al., 1997); [ P22 W
FAAESE RIS REVI R A= 1 5 AN i R
ZAFH O ME B B 2 (A1 5%, 2005); X H AR 2
R FRAT H2RLM gh i, TR XY=
[ TTBR A IA86.73% (A/Nedk, 2007). HEERR
G JE TR A RGN — 504y, k] CAHED,
I E R EBERE I S A S m R IEAN =
ZIAFAE HEEM IR . HANE 2GR & i A
TALFUR T @A P ARG R B, AR I TR 4 AR K
ZEE K, M AR B T PRI (Wipf et al., 2009). &
B b B R A K IS, b e Rk A=
AV EN A, R A IR S B
st B R 6 ARFFAA(40671008)F 8. HEikAH
K& L KL 3E 1 & B oy @ 4T K A thBh; X
K. BEES RIS LA, GIEE. AR
Bl E N 5HT.
S 3CHk
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